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PREFACE 

Design of virtually every product intended for manufacture 
in large quantities and involving the use of metals or plastics 
must be predicated upon having some or all of the parts required 
produced by one or more of the high-production processes: 
stamping, sand casting, die casting, screw machine, die forging, 
heading, or plastic molding. Otherwise, the product cannot be 
manufactured with maximum economy and is likely to be dis¬ 
placed by some similar product in which full advantage is taken 
of these highly developed processes. 

It follows that every engineer engaged in design, as well as 
those employed in styling products to be produced in quantity, 
should know how to design the product as a whole and its 
various parts so that they lend themselves, as far as conditions 
permit, to ready manufacture by quantity-production methods, 
l^ingineering and other designers should have at least a general 
knowledge of the processes themselves and should know in 
detail how to design in such a way as to take full advantage of 
the economies of these processes as well as how to avoid types of 
construction that increase cost unnecessarily. 

It is the purpose of this book to provide engineers, engineering 
students, and others interested in design of the type referred to 
above with as much practical information on designing for 
quantity production as can well be compressed within a volume 
of this size. The authors of the various chapters are or have been 
intimately associated with work involving their respective sub¬ 
jects and are ranked as authorities on these subjects. They 
are not only familiar with the latest methods of production 
but are in frequent contact with shops that employ high-produc¬ 
tion methods as well as with other engineers engaged in design 
for production in large quantities. They know well what 
des^igners of items intended for produ(^tion by the methods 
d^alt with should do and should avoid doing if the parts designed 
are to be produced to best advantaipe. 

vU 



viii PUEFACE 

Tliis book in intended not only for reference by engineers 
already engaged in design, but also for use by students of engineer¬ 
ing who must understand practical considerations relating to 
production before they can apply the theory of design with 
optimum economic results. It is intended that the book be used 
as a textbook, partly because no student of engineering can hope 
to become a practical designer of products for quantity production 
until he gains at least a working knowledge of those facts of which 
he must take advantage if such products are to be manufactured 
economically. 

In making numerous contacts with designers of widely diversi¬ 
fied products manufactured in quantity, the editor of this book 
(who is also author of several of its chapters and of numerous 
articles dealing with products covered in the remaining chapters) 
has found that many designei-s well versed in one or two types 
of production employ these types more or less to the exclusion 
of other types. Often, through habit, they think chiefly in 
terms of one or two types of production and unwittingly pass up 
economies that could be gained if they used to advantage such 
basic facts about other high-production products as are here 
given. Evidently, then, this book should prove helpful even to 
advanced designei-s who wish to profit by supplementing their 
knowledge of certain typers of design with facts about other 
types. 

Production men, especially those who are in frequent contact 
with designers, also can benefit by using the book to point out 
how, in specific instances, designers are failing to design for 
maximum economy. If used to full advantage, the book will 
help greatly toward avoiding the redesign so often necessary in 
adapting products, supposedly ready for manufacture, to actual 
economical production. Such use will not only help to gain 
economies in the production itself but will save on tooling costs 
and in the time of many individuals who otherwise have to 
correct faults in design that could have been easily avoided by 
proper design for rapid production in the first instance* 

Specific rules for design are given in seven of the chapters 
constituting Part L The reasons for each rule are explained, 
and there are ample illustrations to indicate how the rules are 
applied. In this respect, the book may be regarded as unique 
in its field, for it has usually been considered that it is impossible 
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to formulate such rules or that, if formulated, they would prove 
either too general to be useful or, if made specific, would involve 
too many exceptions. The authors have not only formulated 
rules but regard them as being exceeding!}^ useful They are 
well aware that no such rules can be considered as unvarying 
in their application and that exceptions arc often necessary. 
If, however, the designer strives to follow the rules given and 
checks his design against them when it is progressing or nearing 
completion, the resulting product will lend itself better to rapid 
and economical mass production than if the rules are not followed. 

All designs for quantity production involve compromises 
between what may be termed ^^deaT^ and wdiat it is practical to 
accomplish with I'easonable or maximum economy. Although 
the designer must, seek to design a part or a product that will 
perform the function for which it is intended, he should realize 
that it will have little value for manufacture in quantit}^ unless 
it can compete with other products. To do so, it should be 
designed for production at minimum or at least at moderate 
cost. With this second phase of design the book deals in w^hat is 
believed to be a highly practical way. 

In Part II, various types of products manufactured in quanti¬ 
ties at moderate or minimum cost are compared, one against the 
other, partly because it is often impossible to say, in advance, 
which type of product is likely to prove lowest in cost and most 
acceptable in other respects, without first making a comparison 
under several specific headings. Such comparisons are made, 
with actual production costs in many instances, and tabular 
comparisons are given, some general and some specific. A 
study of these chapters, it is believed, will be exceptionally helpful 
in choosing the type of design likely to be best adapted for 
economical manufacture in particular instances. 

Forkst Hills, N.Y., 
December j 1943. 

Herbert Chase. 
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PART I 

CHAPTER I 

DESIGN OF DIE CASTINGS* 

By Heiibert Chase 

Die Castings Defined.—Die castings are the products secured 
by forcing a molten alloy into a metal mold, called a “die,” 
under pressures commonly mnging from 400 to 20,000 psi. Such 
castings are occasionally referred to as “pressure castings,” a 
term that has not gained general acceptance, although it is some¬ 
times applied to castings produced in so-called “cold-chamber” 
machines (see Methods of Producing Die Castings, p. 4), In 
England the term “die c^istings” is applied to castings produced 
in metal molds, whether cast under applied pressure or under 
gravity head. In the United States, it is customary to refer to 
castings produced in metal molds under grwnty head as “per¬ 
manent mold” or “semipermanent mold” castings as distinct 
from die castings produced under much higher pressure. As used 
in this book, the term “die castings” includes only the type cast 
in metal dies under pressures many times greater than gravity 
head. 

Dies used in producing die castings are, in reality, a form of 
mold and often take the place of sand molds, but as the term 
“die” is commonly accepted, it is here employed. As a die is a 
device for shaping metal and a die for die casting performs that 
function, use of the term *‘die” rather than “mold” is not with¬ 
out justification. 

Importance of Die Castings.—Within the past two decades, 
die castings have become of great industrial and engineering 
importance. This is largely because they are capable of exceed¬ 
ingly rapid production at low cost and within closer dimensional 
limits than are other types of castings. In general, strength 

i Published originally, in condensed form, in Product. Engineering. 
X 



2 DESIGNING FOR QUANTITY PRODUCTION 

and most other significant physical properties compare favorably 
with those of gray iron and of most nonferrous castings and sur-» 
face smoothness is commonly much better. In recent years, 
the allo3"s available have been increased in number and in quality. 
Casting facilities and technique have also been rapidly improved. 
Sources of suppl}'^ have multiplied, too, and are to be found in 
almost every important metalworking center. There has been a 
parallel improvement in methods of machining and of finishing 
die castings. The net outcome is a si;^able and growing dies 
casting industry and the general acceptance of die castings for a 
wide range of uses. 

It is not unusual for die castings to supplant sand castings, 
stampings, screw-machine products, and plastic moldings for 
certain classes of applications, though each of these products 
has its own peculiar merits. Choice often hinges upon relative 
costs, which not infrequently favor the die ca^sting. It is true, 
however, that the die-casting industry is more than liolding its 
own in highly competitive fields of quantity production and that 
die castings deserve and are likely to receive consideration 
wherever their properties and availability are such as to meet 
requirements. 

Reasons for Using Die Castings.—Die castings are selected 
in preference to products made by other means when they 3deld 
the most favorable combination of properties, appearance, and 
cost. Minimum cost is often the paramount considemtion but 
such factors as strength, impact resistance, weight, resistance 
to corrosion, appearance, and ease of holding relatively close 
dimensions have a marked effect upon choice. 

Basically, die casting possesses most of the advantages of 
other forms of castings plus certain additional advantages. A 
primary advantage is that the die retains its shape and size 
over a long period of production during which many thousands 
of substantially identical castings are or can be made; it is not 
necessary, as with sand castings, to make up a new mold and 
new cores every time a casting or gate of castings is produced. 
Section thickness can b^ varied to meet most conditions, as with 
sand castings, but sections can be much thinner than the mini¬ 
mum for sand castings, coring can be more intricate and more 
accurate and dimensions closer and surface smoothness superior. 
Die cost, however, is considerable and cores must be of stich shape 
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as to permit ready withdrawal, since the core does not disin¬ 
tegrate as with sand cores. The maximum size feasible is far 
below that for sand castings, however, and onl}" nonferrous 
alloys have proved suitable for die casting. Speed of production 
is far higher for die castings than for sand castings but, as a rule, 
involves more expensive equipment. 

A more comprehensive comparison with sand castings and 
with other quantity-production products is given in other 
chapters and does not invariably favor die casting, since there 
are many conditions under which die casting does not meet 
certain requirements that can be met by other quantity-produc¬ 
tion methods. In general, however, the reasons for using die 
eastings include one or more of the following: 

1. Low over-all cost per piece. 
2. High rate of production. 
3. Adaptability to production where marked variation in 

section thickness is essential. 
4. Prodircibility in relatively thin sections. 
5. Ability to hold relatively close dimensional limits, as cast. 
6. Ease of coring, including the use of small cores and cored 

holes held within comparatively close dimensional limits. 
7. Excellence of surface smoothness. 
8. Requirement of comparatively little machining, only 

light cuts being necessary when needed at all. 
9. Adaptability to almost unlimited shapes and to pleasing 

contours, without expensive supplementary operations* 
10. Relatively good corrosion resistance. 
11. Uniformity in size throughout the life of the die. 
12. Relative ease of finishing, including electroplating and 

organic coating. 
13. Light weight as compared with most alternative metal 

products. 

14. Higher strength-weight'ratio than for most cast products. 
16. Adaptability to integral ^‘self’^ fastening devices and to 

the inclusion of inserts of wrought metals and of other 
materials. 

16. Ease of machining with favorable effect on tool life. 
17. Moderate casting cost as compared with several other 

quantity-production products. 
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These reasons are not all-inclusive, are not secured in equal 
degree by all types of die castings, are subject to certain excep¬ 
tions, and, in several instances, are not exclusively applicable 
to die castings. The list is sufficiently impressive to indicate 
why die castings have gained a merited place as one type of 
product well suited to extensive use, especially where production 
in medium to large quantities is required. 

Methods of Producing Die Cai^tings.—All die castings, as here 
defined, are produced by applying pressure to molten alloy and 
thus forcing it into a die that gives the casting its shape. The 
pressure can be applied by compressed gas (usually air) but the 
preferred method is by using a ram, generally actuated by pneu¬ 
matic or by hydraulic means. In the early days of die casting, air 
pressure directly on the metal was commonly employed, using 
what is generally called a gooseneck machine. Today, such 
machines have nearly disappeared in American die-(;asting 
plants, except for the die casting of aluminum alloys, and this 
use is decreasing in favor of the so-called *V.old-chamber^^ 
machine, which applies higher pressures and yields denser cast¬ 
ings. Direct air injection is limited as a practical matter to 
about 550 psi maximum and has the disadvantage that the 
molten alloy stands in contact with iron or steel, which aluminum 
alloys tend to dissolve. This tendency results in high main¬ 
tenance cost on the machine and also in increased iron content 
in the alloy, which is adversely affected if the iron exceeds that 
permitted in the usual specifications. In addition, aluminum 
alloy cannot be permitted to stand in contact with a ram and its 
cylinder, as the ram would stick. These drawbacks are avoided 
to a large extent by using a cold-chamber machine, in which 
the chamber is a cylinder into which the alloy is ladled in a 
quantity sufficient for only one die filling. The ram fitting the 
cylinder is then instantly advanced under high pressure, forcing 
the alloy into the die, where it freezes quickly. Because contact 
with the cylinder and plunger is only momentary, excessive 
pickup of iron is avoided. 

Cold-chamber machines are employed not only for aluminum, 
but are essential for magnesium and for copper-base (brass) 
alloys. Excellent castings are produced, although hand ladling 
is rather slow and usually requires extra labor. In addition, 
the pressures needed commonly run from 6,000 to 20,000 psi, 
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necessitating a heavy and expensive machine having hydraulic 
accessories that are not low in first cost and tend to increase 
operation and maintenance costs, although these usually can be 
held within moderate limits. 

By far the largest proportion of die casting in recent years has 
been done with plunger machines using zinc alloys, largely 
because these alloys are low in (iost, have favorable properties, 
are easy to cast, and yield excellent castings with moderate 
(usually lowest) over-all costs. Plunger machines are used in 
continuous contact with the zinc alloy, the cylinder being sub¬ 
merged in the molten alloy. This is possible because modern 
zinc alloys do not attack or dissolve iron or steel in significant 
degree and zinc alloy does not cause a ram to seize. Most 
plunger machines operate at or below 2,000 psi, as little or no 
advantage has been found to result from higher pressures. 

Satisfactory die castings for many purposes, especially in 
aluminum alloys, are secured with direct air-injection machines 
that one man can operate, but separate high-pressure air-com¬ 
pressing equipment is needed, and the tendency has been toward 
cold-chamber machines, especially for castings of small to 
medium size, as sounder castings commonly result, especially 
where a die of proper design is employed. Though cold-chamber 
machines can be used for zinc alloy, there is little occasion to 
use them, as the plunger machine can be made to apply as much 
pressure as required, and the need for ladling, in the cold-chamber 
type of machine, merely slows the operation as compai'ed with a 
conventional plunger machine designed for zinc alloy. 

Within certain size and weight limitations, the type of die¬ 
casting machine used concerns the designer of the casting only to 
such an extent as it may affect soundness, strength, and finish 
of the castings produced. This is a matter to be considered in 
choosing the die caster or in drawing the specifications that he 
must meet. In some cases, however, the alloy chosen dictates 
the type of machine employed. 

When to Use Die Castings.—As with other products covered 
in this book, the die casting should be chosen only when (1) it 
fulfills the physical, mechanical, and other requirements imposed 
and (2) cost is below that for other products meeting the same 
requirements* Naturally, the die casting is chosen only when 
size and weight limitations are such as can be met by the equip-* 
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ment available. These limits are given approximately for 
different alloys in Table I, but there are special cases in which 
castings outside these limits have proved feasible. In other 
words, the limits are only a general, not a fixed, guide. The 
die casting has proved most useful in small- to medium-sized 
paits, from a fraction of an ounce to a few pounds in weight, 

i'ABLK I.— ApPHOXIMATE DIMENSIONAL LlMlTS FOR DlE (’asTINOS IN 

Vaiuous Aij-oys 

Zinc 

alloy 

Alumimun 

alloy and 

magnesium 

alloy 

Chopper 

alloy 
(brass) 

Minimum wall thickness, large, castings, in. 'l6 0.085 H 
Minimum wall thickness, small castings, in. 

Variations from drawing diinen.sions, per in. 
0.030 0.050* 0.050 

of length or diameter min., in.f. O.OOlt 0.002§ 1 0.003t 

Cast threads, external, max. number per inch 

Cast threads, internal, max. number per 

24 20* 1 10 

inch. 2411 

0.030 

None None 

Cored holes, min. diam., in. ?ifi 
Draft per inch of length or diameter of cores, 

mill., in. 0.003 0.015 0.020 

Draft per inch of length or diameter at side 

walls, mill., in. OOM 0.010 0.020 

* Small aluminum die castinga having walls only 0.040 in. thick have boon produced in 
quantities, as have been also some threads as fine as 24 per inch. 

t Applies only to dimensions between points formeii by solid portions of die. When 
dimension is across parting or between points controlled by parts of di(i having I'elative 
motion, wider limits must be allowed. 

t Depends upon conditions. 
§ As close as for zinc alloys in certain instances. Shrinkage, ns with other types of 

castings, cannot always be predicted within close limits, but, onrje determined for a particular 
casting, close limits can often bo set and held subsequently. 

II If cheaper than tapping. Fine internal threads are nearly always tapped. 

but there are instances in which large sizes have been found 
both economical and highly successful. Such cases should be 
considered with special care and with due regard to other possible 
methods of production; t^here are, for example, many cases in 
which sand castings, stampings, and forgings much larger than 
it would be feasible to die cast can be used effectively. 

The choice between die casting and other methods suited for 
quantity production often hinges upon the cost of the die needed. 
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alihotigh there arc many cases in which die cost is less than, for 
example, corresponding stampings, forgings, and plastic*, mold¬ 
ings. Dies for c^avStings frequently cost less than is generally 
supposed, and tlicre are many instances in which the savings 
brought about by die castings are sufficient to amortize the die 
and make it a good investment when a thousand or even a few 
hundred castings are all that the die is expected to make. This 
is especially true in many cases where a sand casting, for example, 
would cost so much to machine that the cost per piece would be 
very high even though the sand casting itself were moderate in 
cost. In such cases, it pays handsomely to put machining 
expenditures into the die and, by thus obtaining castings very 
close to the required size, save much on each casting in machine 
work. 

Even though the known quantity of castings required may not 
yield a saving in machining sufficient to offset die cost completely, 
it may still be a good plan to consider die casting the piece for, 
if reorders are made, the saving soon mounts up and, after the 
die cost is once amortized, every further casting adds materially 
to the over-all saving realized. If, on the other hand, a sand 
casting is chosen, every one produced requires a certain machining 
expense, no matter how many ultimately may be needed. 

Some die castings are used with no machining required except 
for flash removal, but, even when machining must be done, cuts 
are always light and most die-casting alloys are easy to machine. 
Many holes can be cored to size while, in sand castings, holes 
below ^4 in. diameter are seldom cored unless very shallow. 

Section thickness must also be borne in mind, since much 
thinner sections are often feasible in die castings than in sand 
eastings. Of similar importance is the matter of surface smooth¬ 
ness, which almost invariably favors the die casting over a sand 
casting. The latter must always be ground to secure a surface 
suitable for plating or even for really smooth enameling, but the 
die easting, if properly made, usually can be so smooth, at least 
on criticai surfaces, that only a buffing is needed before plating, 
and, for most enameling, a good die casting requires no buffing 
or grinding to yield a finish of required smoothness. This is an 
important considemtion, for it is not at all unusual for the finish¬ 
ing to cost more than the casting, especially if the casting is a 
rough one. 
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Where weight is a factor, a stamping may be somewhat lighter 
than a die casting, but not always, because in die casting the 
weight can generally be put where needed, whereas the stamping 
must usually be of nearly uniform thickness throughout. 

As to dimensional accuracy, the die casting (as cast and without 
machining) is usually produced with less variation in dimensions 
than the stamping and almost invariably less than the sand 
casting, the die forging, or the plastic molding. 

All these factors are significant and many of them are of vital 
importance, in respect to over-all cost. All should be weighed 
when determining which product to use when conditions permit 
a choice. The die casting is not without its limitations, how¬ 
ever. It can rarely compete in strength, for example, w4th a 
wrought part of steel and it is softer than many feiTous alloys, 
besides costing (usually) more per pound, at least in the as-cast 
condition. The die casting ma}^ have, in common with most 
castings, some porous sections and some types are subject to 
creep. 

Alloys for Die Casting Compared,—There are a score or more 
of nonferrous alloys suitable for die casting, but the number in 
extensive use does not exceed ten. Zinc alloys have long seen 
widest application. They account for about 75 per cent of the 
total tonnage of die castings produced in normal times. By far 
the largest part of the remainder is in aluminum alloys. Many 
die casters, including some of the largest, do casting only in zinc 
alloys, and only a relatively small number cast any except zinc 
and aluminum alloys. Still fewer cast the copper-baBC or 
magnesium-base alloys in the United States. Though mag¬ 
nesium alloys have been gaining considerably where minimum 
weight is desired, the total output is only a small fraction of that 
in aluminum alloys, which are employed when light weight, 
though not the lightest, is desired. 

Table II gives the order of importance or of merit of all the 
foregoing types of die castings under various headings but does 
not list tin-base or lead-base die castings, as they have only 
slight commercial importance. They cast readily but are low 
in strength and rank higher in cost than zinc and aluminum, 
hence are employed only in a few special cases, chiefly where 
certain types of corrosion reristance or high density are essential. 
Copper-base (brass) die castings rank highest in strength but 
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are also high in cost. For this reason, their use is confined 
chiefly to applications in which maximum strength or corrosion 
resistance is required. 

Table II.—Dib-cas^ng Comparator 

Selection factor 

Aluminum 
alloys 

A.S.T.M. 
5, 7, 12 

Copper alloys 
(br.'iss) 

Magnesium 

alloys 
A.8.T.M. 
12 and 13 

Zinc alloys 
A.8.T.M. 
21, 23, 25 

Mechanical properties: 
Tensile strength. 1 (strongest) 3 2 
Impact strength. 3 1 (toughest) 3 2 

Elongation. 4 1 (most ductile) 3 2 
Dimensional stability. 2 1 (most stable) .3 3* 
Resistance to cold flow. .. . •> 1 (most reeistant) o 3 
Brinell hardness. ,3 1 (hardest) .3 2 

Physical constants: 

Electrical conductivity.... 1 (highest) 2 3 2 
Thermal conductivity.. .. 1 (highest) 2 4 3 
Melting pointf. 2 3 (highest) 2 1 (lowest) 
Weight, per cu. in. 2 i 4 1 1 (lightest) 3 

Casting characteristics: 
Ease, speed of casting. 2 3 2 1 (easiest) 
Maximum feasible size.... 1 2 1 1 
Complexity of shape. 1 2 1 1 
Dimensional accuracy.... ' 2 3 2 1 (most accurate) 
Minimum section thickness 2 3 2 1 (thinn^t) 
Surface smoothness. 2 3 2 1 (smoothest) 

Cost; 
Die cost:):. 2 3 2 1 (lowest) 
Production cost. 2 3 2 1 1 (lowest) 
Machining cost. 2 3 1 1 
Finishing cost $... 3 2 3 1 (lowest) 
Cost per piooeit. 2 3 2 1 (lowest) 

Extent of use. 2 4 3 1 (most used) 

* Through the use of a low-temperature annealing, alloy 23 can V>e made virtually stable in 
dimensions. 

t A low melting point is favorable in reducing die cost and upkeep and facilitates casting. 
t Dies for casting the low melting-point alloys are least expensive and have longest life. 
{ Includes polishing and buffing expense as well as ease of applying all types of commercial 

6nishes. both electrodeposited and organic. 
]j Based on die, material, and fuel costs, production s]>eed, and machining and finishing 

costs. 

Zinc die castings (see Table II) have attained widest use 
because they cast easily at moderate temperatures, are usually 
lowest in cost per casting, and have mechanical properties 
superior in most respects to all other die-casting alloys except 
those based on copper. Remarkably smooth finishes are secured, 
often so smooth that only buffing is needed to permit plating, 
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Typical die castings in zinc alloy including, top, a base for an automatic 
phonograph record changer and the frame and aprons for a washing-machine 
wringer; second row, base for a hydraulic jack, capable of withstanding high 
pressures; a one-piece cage-type blower rotor with integral three-step V-groovo 
pulleys; and a housing for a gasoline pump; third row, motor end frame with 
recess and bearing bosses for a gear reducer, a slide fastener the tiny elements 
of which are die cast on the edge of a tape, and a nine-step spur gear, all teeth 
being east; bottom row, a clock case no thicker than if made as a drawn stamping, 
a box of button shanks, of which there are 4,100 in a pound, and a radio chassis 
with numerous mounting bosses and compartments. The range in size is 
representative and section thickness of castings shown varies from about 0.030 in. 
to about % in. {Courtesy of Tfie New Jersey Zinc Co,) 
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which is easily and rapidly accomplished and is done on a large 
scale. The moderate casting temperature makes for long die 
life, for low die costs, and for low casting costs. Ready adapt¬ 
ability to rapid casting in plunger-type machines is also an asset. 
Under such circumstances, and especially where minimum cost 
is desirable, the chief reasons for the commercial existence of 
other die-casting alloys than the zinc tji^e lie in their possession 
of certain special properties. Light w^eight is a primary asset 
of aluminum and magnesium, and high strength and hardness 
are important reasons for the use of copper-base alloys. Some 
aluminum alloys take and hold a high polish for long periods 
without plating whereas zinc alloys, though capable of taking a 
similar polish, tarnish unless plated or lacquered. 

Table III gives in detail the properties of zinc alloys. Their 
moderate melting point is an advantage but precludes, in general, 
their use at temperatures above 300®F. 

There are standard specifications for three zinc alloys, and 
of these only two, Zamak 3 and Zamak 5, are now in extensive 
use. All three contain 4 per cent of aluminum and 0.03 per cent 
of magnesium. Aluminum prevents the zinc from attacking 
(dissolving) iron and steel and avoids the sticking of plungers 
in plunger-type machines. It also improves casting and physical 
properties. The use of a small percentage of magnesium is 
specified in the zinc alloys because of the beneficial effect it has 
in making the castings permanently stable. 

In all zinc alloys, iron content should be kept below 0.10 per 
cent and other impurities below the very small maximum figures 
given in Table II. If the lead, tin, or cadmium content exceeds 
the limits given, castings become subject to considerable dimen¬ 
sional changes and to intergranular corrosion if exposed to warm, 
moist temperatures. For this reason, responsible die casters 
take precautions to keep the impurities within the limits named 
and purchasers should see that specifications are rigidly followed, 
even though this requires spectrographic analysis. 

All zinc alloys are subject to slight contraction subsequent to 
casting, followed by a slight expansion over a long period. These 
changes for standard alloys are so slight, however, that they 
rarely need be considered by the designer, as Table III indicates, 
and, when significant, can be hastened by a stabilizing heat- 
treatment. The accompanying changes in physical properties 
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Table III.—Composition and Properties of Zinc Alloys for Die 

Casting 

DoHigiiaiiou: 
A.S.T.M. XXI XXIII XXV 
S.A.E. 021 903 925 
Tlie New Jersey Zinc Company Zamak 2 Zamak 3 Zamak 5 

Composition,* % by weight: 
Copper. 2.5'3.r, 0.10 max. 0.7&-1.25 
Aluminum. 3..'>-4.5 3.5-4.3 3.5-4.3 
Magnesium. 0.02-0.10 0.03-0.08 0.03-0.08 
Iron, max. 0.100 O.KK) 0.100 
Lead, max . 0.007 0.007 0.007 
Cadmium, max... 0.005 0.005 0.005 
Tin, max. 0.005 0.005 0,006 
Zinc (99.99 -f % purity). Remainder Remainder Remainder 

Mechanicalt properties: 
Charpy impact strength, ft.-lb., by ,’4-iu. 

bar, as cast. 20 20 20 
Charpy impact strength, ft.-lb., ’-4- bj- *4-111. 

bar, after 8 years indoor aging. 2 25 19 

Tensile strength, psi, as cast. 47,900 10,300 45,400 
'J'cnsile strength, psi, after 8 >ears indooi aging 49,400 34,400 37,200 
Elongation, % in 2 in. as cast. 5 1 3 
Elongation, % in 2 in. after 8 years indoor 
aging. 2 8 5 

Expansion (growth), in. per in. after 8 years 
indoor aging. 0.0016 0.0001 0.0001 

Other propertiest and constants (as cast): 1 
Brinell hardness. 83 74 79 
Compression strength, psi. 93,100 60,600 87,300 
Electrical conductivity, mhos per cm. cube at 
20®C. 140,000 157,000 153,000 

Melting point, ^*0. 379.5 380,9 380.6 
Melting point, . 715.1 717.0 717.1 
Modulus of rupture, psi. 116,000 95,000 106,000 
Shearing strength, jwii. 45,800 30,900 38,400 
Solidification point, ®C. 379.3 380.6 380.4 
Solidification point, ®F. 714.7 717.1 716.7 
Solidification shrinkage, in. per ft. 0.15 0.14 0.14 
Specific gravity.. 6.7 6.6 6.7 
Specific heat, cal./(gm.)(®C.). 0.10 0.10 0.10 
Thermal conductivity, cal./(8ec.)(cm. cube) 
(•’C.). 0.26 0.27 0.20 

Thermal expansion per ®C. 27.7 X 10-* 27.4 X 10“< 27.4 X 10 • 
Thermal expansion per ®F. 15.4 X 10 • 15.2 X 10“< 15.2 X 10 « 
Transverse deflection, in. 0.22 0.27 0.16 

Weight, (lb.) per cu. in. 0.24 0.24 0.24 

* Composition as provided in A.^T.M. and S.A.E. spoctficatione. The Zamak alloys 
meietf these specifications but are held within closer tolerances as to composition than those 
speomied. 

t Properties and constants are as determined on standard teat specimens die oast in 
Zamak alloys by the New Jersey Zinc Qompany. Values |6r impact strength, tensile 
strength, and elongation^ as east, are erisU above the mihtmnm A.B.T,M. and S.A.E. 

requirements. 
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are also only of slight significance in the two alloys most widely 
used. They are significant, however, for Zamak 2 alloy, con¬ 
taining 3 per cent of copper, but the use of this alloy is decreas¬ 
ing, and it need never be employed when the changes involved 
are of moment. 

Zinc alloys are subject to some cold flow (creep) at atmospheric 
temperatures, but this rarely need be considered unless high 
bending stresses are involved. Impact strength is high for a 
cast metal at normal room temperatures. It decreases con¬ 
siderably at low temperatures, though even then it is above that 
for most alloys. Millions of zinc-alloy die castings are used 
yearly on automobiles operated under low temperatures, how¬ 
ever, yet breakage of these castings is rare. Zinc alloys are not 
recommended for use in coIntact with steam and are subject 
to the formation of white corrosion products when used without 
coating in contact with water. Such corrosion can be minimized 
by simple chemical treatment and is substantially eliminated by 
(common finishes of proper thickness. 

Zinc alloys cost less per pound than aluminum alloys, but the 
lower density of the latter (and also of magnesium alloys) may 
make the cost per unit of volume favor the lighter alloys in 
certain cases. This has been offset in most instances by higher 
casting casts for aluminum and magnesium and is affected also 
l)y the relatively higher strength and sometimes by the lower 
minimum section thickness that can be attained with zinc alloys. 

Aluminum alloys make excellent die castings. These alloys 
can be cast, as a rule, in shapes and sizes duplicating those of 
zinc alloys. Strength, except in impact (see Table IV), is not far 
below that of the zinc alloys and is adequate for a wide range of 
parts. Light weight is a pronounced asset in most applications 
of aluminum alloys and has always been the most important 
single factor favoring their use. The alloys containing nickel 
take a brilliant polish and hold it in ordinary atmospheres for 
long periods without an applied finish, though tarnishing and 
surface corrosion occur in time. Resistance of aluminum alloys 
to corrosion is often called high but this depends on the character 
of exposure and, to some extent, on the particular alloy chosen 
(much as for the alloys of most base metals). Some alloys 
machine readily. Others, especially those high in silicon, are 
harder to machine. 
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The aluminum alloys cast at 1100 to 1300°T., or about 400° 
above temperature for zinc alloys. This is an advantage only 

liepresentative group of aluminum die castinga including: top row, traffic- 
light shield, assembly of die-cast typewriter parts, and cradle for a surveyor’s 
transit; second row, meter box with cover, commercial baker’s cupcake pan, a 
fruit-juice squeezer; smaller castings include: aircraft-engine cover plate, fishing- 
rod handle, hairbrush back, frame for carpenter’s level, propeller for outboard 
motor, opera^glass frame, brake shoe, tea-kettle spout, and fender step plate. 
These castings are characterized by light weight, many being in quite thin 
sections. Some are for outdoor exposure and some for contact with foods. 
{Courtesy of Aluminum Company of America.) 

when, applications involve temperatures above those permissible 
with zinc alloys. It is a marked disadvantage in respect to die 
life and casting costs. Casting is slower and more expensive 
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than for the zinc alloys (though costing less than for the copper 
alloys) and involves higher die costs. Although aluminum die 
castings can be plated, plating is not widely done and is con¬ 
sidered more difficult than for zinc alloys. Aluminum alloys 
of some compositions are readily anodized and the anodiz(^d 
coatings can be dyed in attractive and brilliant colors. Organic 
coatings are easily applied, possess excellent adherence, and can 

Magnesium-alloy (Dowmetal) die castings, characterised by minimum weight 
and designed primarily for aircraft applications. Siaes and section thicknesses 
are typical of such castings, but some larger parts have been produced in mag¬ 
nesium alloys. {Courtesy of The Dow Chemical Company,) 

be baked at high temperatures. Dimensional changes sub¬ 
sequent to casting are understood to be nil. 

Table IV gives the composition and properties of the more 
important aluminum alloys. Choice between these alloys is 
commonly made largely on the basis of casting qualities by the 
die caster. He generally selects the alloy he considers best 
suited to his needs unless a particular one is specified by the 
purchaser. 

Ma^msium-^dloy die castings are confined almost exclu¬ 
sively to applications in which minimum weight is desired or is / 
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essential Their mechanical properties tiro about the same as 
those of aluminum alloys, but casting necessitates certain pre¬ 
cautions against fire haajards and can be done only with special 
furnace equipment and in cold-chamber machines. Machining 
properties are good, but machining requires precautions against 
ignition of chips. Surface-corrosion resistance is generally con¬ 
sidered to be poor, and nearly all castings produced are given a 
treatment designed to inhibit corrosion and to serve as a base 
lor applied finfebes^t Tbotigh placing has been dPnc, it is only 
jiiM i^merging as a commercial process.^ ^ Casting is (lone at about 
thfe same temperature as for aluminum alloys, and the same 
dies can be used. Table V gives the properties and composition 
of the most generaUy used magnesium alloys. 

Table V.—Composition and Properties of Magnesium ALi>oyH for 

Die Coasting 

Designation: 

A.S.T.M. No. 12 No< 13 

S.A.E. 501 

Dow Chemical Co. Dowmetal K Dowmefal R 

American Magnesium (/orp. . . AM 230 AM 263 

C/omposition, %:* 

Aluminum.. 9,0 to 11 0 8.3 to 9.7 

Manganese, min.. 0.10 0.13 

Zinc. 0.3 max. 0.4 to 1.0 

Silicon, max. l.O 0.5 

Copper, max. OM 0.05 

Nickel, max. 0.03 0.03 

Magne.sium. Remainder Remainder 

Properties and Constants :t 

Tensile strength, psi. 30,000 33,000 

Yield strength, psi. 22,000 21,000 
Elongation, % in 2 in. 1 3 

Brinell hardness number. 62 60 

Izod impact strength, ft.-lb.. . 1 2 

Specific gravity. 1.81 1.81 
Weight per cu. in. 0.066 0.066 

Melting point, °F. 1100 1120 

* Compoeition of ailoyns aa in A.S.T.M. speoifioation. 
t Properties, as in data furnbhed by Dow Chemical Company and by American Mafne- 

aaum Corporation. 

Copper-hem alloys, generally referred to as “brass,” are cast 
at the highest temperatures of any fdloys for die casting and are 
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(tiist only in the cokl-chainbcr tyiM^ of nnuihim!. The high 
casting temperature is hard on dies. JOven the Iniat-jesisting 
die steels have only moderate life and necessitate rather frequent 

All these are copper-base die castings, produced on cold-clianilior maehirieH 
and range in weiglit from something over I oz. to about 13 lb. The largest 
part is in manganese bronze, measures about 6 by 0 by 2}^ in. and has sections 
up to in. thick. It is a part for a canning machine and is subject to shock 
loading and the alloy used has a tcu.sile strength approximating that of mild 
wrought steel. Several of the other parts are for the plumbing trade. Part 
in lower riglit corner is a retainer for flyballs in a Diesel-engine governor. All 
except the largest part, whi<;h is of exceptionally large size for a brass die casting 
(possibly the heaviest yet produced), are fairly typical of the copper-base typo. 
The thinnest section in these parts is about in., but somewhat thinner sections 
in brass die castings have been achieved for small parts. 

redreasing if smooth eastings are demanded. In addition, 
copper-base alloys are commonly higher in cost than most other 
types. It is possible, however, to produce copper-base die 
castings having tensile strength of above 100,000 psi, or far 
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above that for other die-casting alloys. High hardness and high 
impact strength tp-e also attained and corrosion resistance is 
superior to that for most other alloys. Uses are confined almost 
entirely to applications in which these properties (which, with 
compositions, are given in Table VI) are essential. 

Table VI.—(Composition and Properties of C opper Alloys for Die 

( c ASTI NO 

Common name of alloy 
Yellow 

brass* 

— 

Dolcr 

bras.s 

No. 1 

Doler 

brass 

No. 4 

“Brastil” 

Dolcr 

brass 

No. 5 

Titan 

Tinicosil 

Man¬ 

ganese 

bronse* 

•S.A.E. I>Of.sigaation 43* . . 43* 

Composition, 

CopiK'r 57 50 05.0 81.5 83.0 42 0 55 60 

TiUiv, 40 42 llem. Hem. Rem. 41 0 38-42 

Tin 1 5 max. 0 25 max. 0.10 max. 0.25 max. 1.5 max. 

Aluminum 0 1 max. 0 05 max. 0 05 max. 1.0 1.5 max. 

Lead . . 0 40 max. 0.25 max. 0.25 max. 0 25 max. 1.0 0.40 max. 

Manganese 0 0-0 25 0 26 max. 0.25 max. 1.0 3.5 max. 

Nickel 0 25 max. 0 25 max. 0 25 max. 16.0 

•Silicon ... . . 1 0 4.0 6.0 

Iron ... 2 0 max.j 0.25 max. !o 15 max. lO. 25 max. 2.0 max. 

Other impurities.. 0 25 mux. 0 25 max. 0 25 max. 

Properties and constants: '1 1 
Ultimate teasile strength, psi. 05,000 65,000 85,000 1 : 106,000 85,000 66,000 

Yield point, psi. 1 40,000 35,000 50,000 00,000 65,000- 30,000 

72,000 

Impact strength Charpy, ft.-lb. 33 1 30 36 30 36 

Elongation, in 2 in. 15 0 25 0 8 00 5.0 16.0 10 0 

Reduction of area, %. 15-20 10-15 10-18 

Brinell hardness numljcr 120-130 120 170 190 160 110-130 

Specific gravity. 8 5 8.6 8.3 8.2 8.5 1 

Weight per cu. in... . ., 0 305 0.308 0.297 0.295 0 305 

Melting point, “F . . 1,050 1,575 1,676 1,504 1,675 1,650 

Solidifioation shrinkage, in. per ft. .! •^6 

Machinability. Fair Good Fair Fair Good Fair 

Corroeiou resistjinee . .. Good 

1 

Good 

1 

High 

1 

High High Good 

these alloys come within S.A.E. No. 43 tolerances as to composition but yellow brass is normally 

' ubetantially free of manganese. 

Choice of Alloys by Designer.—In general, the designer of 
products for quantity production should choose that type of 
g-lloy which affords the properties needed and at the same time 
yields the lowest over-all cost consistent with these requirements. 
Often this involves much study and sometimes makes it necessary 
to secure competitive bids on two or more types. It should not 
be forgotten, however, that the cost per casting, as produced, 
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is usually far from being the over-all cost. Ease and extent of 
machining and cost of finishing arc likely to be important, as they 
frequently exceed the cost of the casting itself. Die cost and 
die life also require study, as they vary widely and have a 
bearing upon machining and finishing costs (see Table II). 
Reliable die casters should be consulted, as experience counts 
heavily in this regard. In general, it is best to allow the die 
caster to make the choice of alloys of a given base metal unless 
there are specific and weighty reasons for naming the particular 
alloy wanted. This is because the die caster is the best judge 
as to the alloy he can cast to best advantage. When, however, 
there are standard specifications covering the type of alloy 
chosen, such specifications should be followed and corresponding 
checks should be made unless the departure from standard is 
based upon valid reasons and a guaranty of satisfactory per¬ 
formance is definitely assured. 

Visualizing conditions surrounding production and making due 
allowance for these conditions can aid greatly in the logical 
design of any product. It is futile, of course, to design a die 
casting which it is utterly impractical to produce and, when 
minimum cost is an objective, it is illogical to design the piece so 
that its cost materially exceeds that of an equivalent part which 
meets every requirement. For this reason, the most successful 
designer is likely to be the one who best adapts his design to the 
production process to be employed, always assuming, of course, 
that the product meets a given set of other requirements. 

In designing a die casting it is helpful to visualize it in a rigid 
steel die from which it must be capable of ready removal, usually 
after cores have been withdmwn. All dies are made in at least 
two parts, which have to be locked together while the die is being 
filled and while the metal injected assumes a solid form. The die 
parts are then separated (opened) and the casting ejected. It 
must, of course, clear the die and be ejected without significant 
distortion. The designer should consider where the die parting 
must come to permit the casting to clear the die and how cores 
can be pulled out. 

If separate slides are required to clear the casting, this should 
be considered and the location and shape of cores should not 
involve unduly expensive die construction. In other wprds, 
factors tending to raise die eost should not be allowed to enter 
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unless the result fully justifies the expense involved. These 
factors are considered in more detail elsewhere, but if the designer 
can visualize what is required to produce the casting, he is better 
able to design it so as to gain the advantages of minimum cost. 

Visualization is often greatly facilitated by constructing even 
a rough model of the casting needed, though one made to scale 
is still better. The model almost invariably reveals one or more 
features of design that (‘.an be altered with profit in lower die 
or in piece cost, partly because the model can be viewed from all 
angles whereas ordinary projection views show the part usually 
from onl}^ two or three positions. With a model in hand, it is 
easy to see how a die must be built to fit around it and how the 
paid) will then be renioved from the die. Since a good model 
looks precisely like the (tasting to be made, it is eiisy to judge 
the appearance of the casting in its finished form. This often 
helps greatly toward ensuring the Ix^st possible shape and con¬ 
tour. It enables those not familiar with mechanical drawings 
to criticize api)earance constructively and may thus avoid a 
type of design that lacks (\ve appeal and so will not sell readily. 
This applies especially to external parts, the appearance of which 
is important, but it a][)pli(?s also to some extent to parts seldom 
seen. 

A two-piece die is usually lowest in cost, and, if the cavity is 
given a shape that is easy to machine, die cost is minimized. As 
appears later, however, there are many cases in which complex 
dies, though costing more than simpler ones, yield advantages 
and economies in casting cost that ampl}^ justify higher first 
cost. All design involves a scries of compromises between what 
may be called ^rideaT’ and such pmctical considerations as have 
to be introduced to lower cost or to gain some other benefit such 
as to justify the expedient employed. 

Need for consulting experienced die casters is often urged 
upon the designer of a part to be die cast—and with good reason. 
The die caster lives daily with problems of casting, machining, 
and finishing that the designer of the part may never encounter 
and may thus fail to comprehend. If he knows little of the 
problems, steps by which they are avoided or rendered less 
bothersome may never be taken. Then, inevitably, costs a1^ 
higher than they need be and, though the designer may never 
know the facts, he or the purchaser of the casting pays more than 
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need be paid had some simple step been taken when the design 
was in a formative state. 

As die casters welcome opportunities for constructive sugges¬ 
tions on casting and corresponding dic^ design, the designer who 
fails to consult the die caster when preparing the design is more 
than likely to pass up economies otherwise gained. Even the 
most experienced designer of die castings may overlook economies 
recognized by the die caster and, the earlier in the process of 
design that the die caster is consulted, the more likely is the 
design to be well adapted for production at low cost. 

Rules for designing die castings can never be hard and fast, 
that is, unvarying in their application. But general rules can be 
formulated and, if followed with judgment, can go far toward 
realizing a design that is both logical and helpful in attaining 
low cost. Rules here given are not universally applicable, and 
it should be understood that there arc sotind reasons for excep¬ 
tions in particular cases. Reasons for the rules and, in many 
cases, examples of their application are given in the belief that 
this will help them to be remembered and observed, A careful 
(‘heck of any given design of die casting against the rules is quite 
likely to reveal some shortcoming of the design or some oppor¬ 
tunity for economy or other improvement. Although many of 
the rules may seem self-apparent, even experienced designers 
sometimes fail to heed what should be obvious, and nothing is 
lost even though a quick check of such points does not reveal 
oversights or indicate desirable changes. 

Since the rules apply primarily to designs of parts to be pro¬ 
duced in large quantities, where low cost is nearly always a highly 
important consideration, many of the rules are aimed at achieving 
minimum cost, although they can be applied to advantage in most 
cases even when low cost is far from a paramount consideration. 

It should be kept in mind that, even if not indicated in each 
case, the rules presuppose that the designer has not failed to allow 
sections of suflBcient thickness to ensure adequate strength and 
to provide the factor of safety that good engineering practice 
dictates. This assumes, <if course, that the designer has taken 
into consideration the physical properties of the particular alloy 
to be used, the properties being given in accompanying tables. 

Porosity.—Die castings, in common with all other types of 
castings, are seldom, if ever, completely free from porosity. 
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There may even be voids of coiisiderabk; size jiust as blowlvoles 
often oeenr in sand eastings. Partly for this reason, it is com¬ 
mon practice to allow larger factors of safety in all cast parts 
than are allowed in similar parts made from wrought metals. 
Air causing porosity or voids is often trapped in die castings. 
Proper gating and venting of the die, however, can reduce 
porosity and voids to a minimum and can largely confine them 
to areas in which stresses are low and strength is ample. Die 
design is largely empirical and changes in gating and venting are 
often made after the die is built to minimize porosity, especially 
in critical areas. This is primarily a matt(^r for the die caster, but 
he should be specifically informed as to where porosity has to be 
minimized and drawings or specifications should indicate areas 
where porosity is not permitted. 

There is some evidence that high injection pressures tend to 
reduce or even substantially to eliminate porosity, l^ut expense 
may be inc*reascd, without any corresponding gain, by using a 
pressure higher than good practice has shown to be essential. 
This matter is commonly left to the die caster, as it should be, 
for the designer of the casting is concerned chiefly with the results 
secured rather than with the methods or equipment by which 
they are attained. It is the designer’s function to prepare 
adecpiate specifications, but with due regard both to what it is 
absolutely essential to attain and to what this may involve in 
the way of cost. 

Rule 1. Size of Casting: Keep size at a minimum consistent 
with other requirements. Reasons for this are largely those 
involved in attaining low cost of both die and piece and, in 
extreme cases, holding size within limits feasible for the equip¬ 
ment available. Increased size commonly means higher die 
cost (except for very small parts) and always involves more metal 
in the casting and consequently a higher metal cost. Machining 
cost may also go up and, if a larger size of casting machine is 
needed, casting rates may be decreased. There are cases, how¬ 
ever, in which a single large piece costs less than two smaller ones 
cast separately, provided that the shape is not rendered unduly 
difficult to cast. There are many cases in which combination 
dies (having more than one cavity of different shapes) or multiple- 
cavity dies (having two or more duplicate cavities) are most 
economical In such instances, part/S of minimum size may make 
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it possible to gain a given pnxluetion more rapidly aiul/or with 
lower die cost than otherwise*, again favoring the smaller size of 
casting (see also Rules 19 and 20). 

Rule 2. Section Thickness: See that all sections are of mini* 
mum thickness consistent with reasonable ease of casting and 
with adequate strength and stiffness. Thin seedions not only 
ensure the use of a minimum of metal in the casting hut are 
stronger, in proportiori to thickm^ss^ than are thicker ones. This 
is because the skin of castings is (^hilled rapidly by contact wit h 
die walls, and such chilling makes for greater strength than is 
attained at interior parts of the section, where slower cooling 
occurs and a less favorable giain structure is produced. Since 
the skin fonns a larger part of the total thi(‘kness in a thin section 
than in a thicker one, the thinner one is stronger in proportion 
to its thhikness. In addition, thin sections cool more rapidly 
than thick ones, hence dies can be opened sooner and casting 
rates can be higher. Moreover, thick sections arc much more 
prone to be porous than thin ones, and a smoother surface (esp(*- 
cially advantageous where plating is to be done) is likely to l^e 
attained on thin sections. 

Quite often, a thin section requires reinforcement with ribs but 
still affords lower over-all weight than on unribbed sections of 
greater average thickness. It is essential, however, that sections 
are not made so thin that the die cavity cannot be completel>' 
filled. Much depends upon how the metal has to flow. Judi¬ 
cious placing of ribs often aids flow into thin sections. 

A common practice is to specify average section thickness in a 
convenient fraction of an inch rather than in decimal parts of an 
inch, say a few thousandths thinner than the fraction indicates, 
noting that this is the maximum desired. Sections even a few 
thousandths of an inch thinner may effect a considerable saving 
in metal, especially when orders involve many thousands of 
castings. Often the matter of section thickness is left largel}^ to 
the caster, who docs not always make sections as thin as he could 
since thicker sections are likely to he easier to cast. The matter 
is one that should be discussed with the die caster, as sections 
should never be specified so thin as to make casting unduly 
difficult. On the other hand, the caster should certainly be 
made to understand that sections must not exceed the maxi¬ 
mum thickness agreed upon, though he should be allowed, 
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of course, a reasonable tolerance, as precise thicknesses are hard 
to hold. 

It is significant, however, that if a die is made for a given 
desired section thickness, which is as low as conditions appear 
to admit, and it proves impossible to cast at this thickness, thick¬ 
ness is easily increased by grinding the die, whereas, if the section 
be made thicker initially than it need be, it is not so easy to 
decrease it, as then the die must be rebuilt or metal must be 
welded in and ground to make sections thinner. Many die 

Fig. 1.—These zinc-alloy die castings, the largest of which measures 6 by 8 by 
18 in. over all and yet has an average section thickness of only 0.050 in., are good 
ejiamples of what can be accomplished by reducing sections to a minimum. 
The parts are no thicker than many stampings but would be difficult to reproduce 
in stamped form and would involve much greater die cost if stamped. 

castings, such as those in Fig. 1, for example, are as thin as 
stampings yet can be made in shapes that cannot be duplicated 
in one-piece stampings and involve a lower die cost. 

Rule 3. Uniformity in Section Thickness: Make sections as 
nearly uniform in thickness as due regard for other desirable 
features allows and, where variations in thickness of section are 
necessary, make the transition from thinner to thicker gradual 
ratibier than abrupt Reasons for this are much the same for dip 
castings as for sand and other castings. TWn sections solidify 
and cool more rapidly than thick ones, and unequal contraction 
causes shrinkage stresses and may result in warpage or even in 
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cracking of the casting. Cracking may occur while the casting 
is still in the die or during ejection, since the die cannot be opened 
until all sections are adequately solid. There may thus be severe 
internal stresses set up between points on thin areas, which 
tend to contract more rapidly than the die, yet earlier ejection is 
not feasible since thick parts of the casting are still too soft. If, 
however, the transition from thick to thin sections is gradual, 
serious difficulties from unequal shrinkage stresses are usually 
avoided. 

There are, too, other factoi*s that control section thickness. 
If, for example, it is desired that the casting weigh as little as 

Fig. 2.—This large die casting for a washing-machine gear housing, though 
fairly uniform in section thickness over most of its area, has many thicker areas 
around bosses, fastening points, and bearings. Ribs are employed to gain 
stiffness and help distribute stresses where loads are concentrated, as at fastening 
points. Black extensions are stamped parts cast in place to act as motor 
supports. 

possible, consistent with adequate strength, it is usually neces¬ 
sary to vary the section thickness in proportion to the stress 
involved. If this is done, the casting will be thickest where 
stresses are greatest and thinnest where they are lowest. Again, 
where the casting is fastened to another part, a boss, involving a 
thicker section, is commonly provided at the fastening. To 
help distribute the stress, ribs may be added around the boss. 
Trouble from such thickening at various points is avoided, in 
general, by making the transition gradual. Addition of ribs is 
often a good way to increase strength as well as stiffness without 
making a significant change in section thickness but, in such cases, 
the rib thickness should not materially exceed that of the area 
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it adjoins and should not bo so placed that it will complicate or 
interfere with removal of the casting from the die. 

Examination of the accompanying illustrations (Figs. 2 to 4) 
of entirely satisfactory die castings shows that many considera¬ 
tions outweigh the desirability of strictly uniform section thick¬ 
ness, even though the reasons favoring uniformity in thickness 
are valid. One such consideration is the need for having castings 
of a particular shape, say for appearance reasons or to match or 
blend with some mating part. 
It may not be feasible to use 
a core where it would help to 
maintain a uniform section, or 
it may be necessary to add 
some extension, for example, 
to provide a hub with a key¬ 
way or some element that 
must support a concentrated 
load and thus requires thicker 
sections in particular loca¬ 
tions. Despite such factors, 
a study of an average cast^ 
ing will usually reveal that 
sections at some points could 
have been made more nearly 
uniform in thickness without 
any undesirable sacrifice and 
with a saving in weight. 

One way of gaining or more 
closely approaching uniformity 
in section thickness is to provide for cores where otherwise there 
would be unduly thick sections. Cores termed metal savers 
are often utilized for this purpose as well as to save metal. 
(Recesses marked M, Fig. 4, are formed by metal savers.) In 
other cases, the core provides a hole required for some part to 
be added anyway, but still helps to avoid sections unduly thick. 
In short, if the designer keeps Rule 3 in mind, he can find ways 
of putting it into effect and thus gain corresponding advantages. 

Rule 4. Use of Cores: Provide for cores wherever, consistefit 
with other requirements, they (1) save metal, (2) save machine 
work, (3) make for sounder castings of reasonably uniform 

Fig. 3.—Sections are fairly uniform 
in this die-cast frame for a projection 
machine, partly because ribs are properly 
used, but there is some necessary thick¬ 
ening at bosses. 
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section thickness, (4) tend to lower cost. Since ease of precise 
coring is one of the major advantages of the die casting, especially 
as opposed to the sand casting, the designer who disregards this 
rule is likely to sacrifice important gains. Naturally, the extent 
to which cores can be used with net advantage varies with the 
shape of the casting and with the cost of providing and operating 
the cores. Cores often have a considerable effect upon the cost- 

Fig. 4.—In a complex die casting, such as this carburetor part produced in 
aluminum alloy, the multiplicity of passages and the use of an insert cast in 
place necessitates wide variations in section thickness, but the use of liberal 
fillets helps to make the transition from thick to thin sections gradual and the 
use of numerous metal-saving cores, forming recesses marked , helps to avoid 
excessively thick sections. The bronze insert (which is a sand-cast part) the 
ends of which arc marked a, h, and c, is shown separately and by dotted lines in 
view at right. Holes marked K are formed by core pins the axes of which are 
parallel to each other and to direction of die motion. Holes marked P and Q are 
made by movable core pins parallel to die parting. 

of the die, but the greater the number of castings required and 
the greater the saving per piece effected by coring, the more 
important it is that cores be provided. In other words, even 
though cores are expensive (and commonly they are not) their 
cost is amply justified if they save more than their cost, especially 
as they afford advantages aside from cost saving. Cores in 
most casting dies either last as long as the die itself or are rela¬ 
tively inexpensive to renew. They are not like sand cores, which 
have to be made and set separately for each individual sand 
casting in which they are used. 
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The usual core in a die casting is a slightly tapered pin of 
circular section or a bar of metal having the shape of the hole it 
is to produce, though it can be a tube or can form an}^ one of a 
great variety of hole shapes, providing it is so shaped that it can 
be withdravm after the casting is formed. Cores are used to 
form holes or recesses. They may be either fixed in the die or 
movable in reference to the die. In general, they cost least and 
are easiest to operate when they lie parallel to the axis (direction 
of motion) of the die itself or of a die slide in which they are 
carried. (Holes marked Fig. 4, are formed by pins lying 
})arallel to die motion.) Cores can be applied, however, at 
almost an}'^ angle. They have to be firmly supported and pro¬ 
vision for pulling them is necessary. Their actuating mechanism 
is commonly a part of the die assembly, though casting machines 
often include some die-oiKU'ating parts and many cores depend in 
part upon manual or even upon hydraulic operation. 

In essence, the core either makes the casting hollow or provides 
holes or recesses in the casting for particular purposes. As the 
holes or recesses are commonly siz(‘d with relative precision, they 
usually require little or no machining. This is not true of 
recesses or holes formed by sand cores in sand castings. More¬ 
over, holes as small as J'32 in, in diameter can often be cored in 
die castings. It is common for die castings to have numerous 
cored holes, all held within fairly close center distances and none 
requiring more than a light cut with drill or reamer to be brought 
to precise size. It is not unus\ial for cored holes to be held 
within dimensions so close that no machining whatever is needed. 
Holes to be tapped are frequently cast to tapping size. 

In general, cores must be given a slight draft (se<^ Table 1) and 
must never contain undercuts such as to prevent their withdrawal 
from the die. Under certain circumstances, however, even 
cores involving undercuts are feasible, but there must then be 
some special provision for withdrawing the core from the casting. 

As previously indicated, cores are effectively used to save 
metal, to help keep sections more nearly uniform in thickness, 
and to avoid or minimize porosity as well as to provide holes 
or recesses where they are needed. There are cases, however, 
where it is cheaper to drill or to punch small holes through thin 
sections of die castings than to core the holes. This is partly 
because flash is usually formed at one or both ends of a cored 



30 DESIGNING FOR QUANTITY PRODUCTION 

hole and has to be removed by machining. Since this machining 
is usually needed anyway, it is no more work to drill a small hole 
or punch it through a thin section than to machine out the flash. 
Holes over in. in depth are commonly cored, however, unless 
they come at a point where a core involves undue cost in the die, 
in operation, or in both. It is often helpful, however, to use a 
pointed core to spot a hole that is to be drilled subsequently, the 
core forming a recess such as a center punch might make. 

Fig. 5.—Diagram of a die-cast vacuuiri-cleanor housing in which the cores, 
made in several pieces, form an undercut. The central core, a, supports and 
positions the knockouts h, c, d, r, /, g, h, and i. A separate core j is supported 
by the die, as is the central core, a. After the die is filled, cores a and j are 
withdrawn, the die is opened, and the casting, with knockouts still in pla(!e, is 
ejected. Knockout h is then tapped free and releases the remaining knockouts, 
which are then easily removed. All knockouts are assembled around central 
core a before the die is closed for producing the next casting. 

The utility of cores and the savings and other advantages that 
usually attend their proper application arc so great in most 
castings in which there is any occasion for coring that it pays to 
study their proper use and to design the casting not only for 
coring but in such a way as to facilitate the use of cores and their 
ready withdrawal from the casting. 

There are even cases in which it is expedient to employ that 
type of core called knockouts” to form an undercut recess. 
Such a core (see Fig. 5) has to be so made that it is positively 
positioned by the die or by other cores but comes free of the die 
within the casting when the latter is ejected from the die. Such 
cores are commonly made in two or more pieces and have to be 
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knocked out of the casting after the latter is taken from the cli(‘. 
'Jlicm the same pieces or a duplicate set are assembled in the die 
again before the next casting is made. This expedient is justified 
only when equivalent results cannot be secured otherwise at 
the same or at lower cost, since it slows the casting cycle and 
often requires an extra man to remove the knockouts and set 
them back in the die. Although no more than one casting design 
in a hundred, perhaps, may require knockouts, there are cases 
in which their use results in substantial savings, as otherwise, in 
general, the casting must either be made in two or more separate 
pieces or must be cast wth a sand core not suited for use in a 
die casting. It is best, however, to avoid knockouts except 
where, after careful consideration of other expedients (such, for 
example, such as making a two-piece assembly rather than a 
single casting) such have been weighed and the advice of,a 
competent die caster is secured. 

Though the designer of the casting rarely designs the die in 
which it is produced, he should be sure that the casting design 
is such that a practical die of reasonable cost and one not too 
expensive to operate can be built. Die casters are usually 
.able to offer suggestions which, if followed, lower both the die 
cost and casting cost and still yield castings that meet all reason¬ 
able ioquirements in other respects. 

In designing cores, it should be remembered that, as and after 
the casting solidifies around them, considerable shrinkage of the 
(tasting occurs, causing it to grip the coies. For this reason, 
the core must b(i strong enough to resist shrinkage stresses. 
Cores should also have sufficient draft to facilitate their with¬ 
drawal. Minimum draft is indicated for different alloys in 
Table I. Still larger draft, when conditions permit, is often 
desirable, partly because it reduces the abrasion on cores, sime 
they come free of the casting more readily. 

Rule 6. Length of Cores: Avoid cores of extreme length, 
especially slender cores, unless assured that their use is com¬ 
pletely justified by some special conditions. In general, the 
length of cores supported at one end only should not exceed three 
to four times^ their diameter, particularly in sizes below in. 

‘ Table I; Chapter XI, gives specific data on core length in relation to 
diameter, based, presumably, on the experience of a user of many die 
castings. 
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diameter. Somewhat longer cores can be used in special cases 
or when the outer end of the core is supported by telescoping 
into some part of the die. Slender cores are easily bent or 
broken by metal impact or shrinkage stresses. Although their 
use is occasionally justified when their location is favorable, the 
designer should make sure that the die caster considers a long 
slender core feasible. 

Cores of exceptional length, even when having sufficient 
strength and stiffness, often require special means for pulling, 
such as a long-stroke hydraulic cylinder, whieffi has to be added 
to the die and increases its cost accordingly. There are cases, 
however, when cores 12 in. or more in length have been used 
both with success and with ample economic justification in 
lowering the cost of the casting. When a deeper hole than it is 
feasible to core is required, it is often economical to core a part 
of its length and leave the remainder to be drilled. This applies 
especially when the section left for drilling is not so thick that 
undue porosity will result and, perhaps, make drilling difficult. 

Rule 6. Position of Cores: Design the casting so that, con¬ 
sistent with other requirements, cores come where ready with¬ 
drawal is achieved with a minimum of special die parts for 
withdrawal and locking of cores. Unless this rule is observed, 
die cost is in(u*easod and t he cost per casting may also be higher 
))ecause extia time for core operation is needed (see Fig. 6). 

The cheapest core usually is a pin whieffi is lying parallel to 
the direction of die motion and is fixed either to the front or to 
the rear section of the die or (if the die must have a slide anyway) 
which is arranged to move with the slide. Many castings have 
cores in other positions but they then require some special means 
for actuation and are likely to imu-ease die cost and sometimes 
operating cost (see Fig. 6). Cores are often placed, without 
undue cost, either in the parting plane of the die or, if essential, 
at almost any angle thereto. In such cases, the extra cost of 
the die (and of the piece, if any) shovdd be warranted by the 
benefits, including any saving in metal and in machine work on 
the casting resulting from use of the core. 

All cores have to be locked so that they do not move when 
metal is injected into the die and the locking as well as the operat¬ 
ing means, usually built into the die, are not negligible factors in 
over-all cost, even though atnply warranted through savings 
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in the cost of the casting. Many die casters have machines 
equipped with core-operating devices but, even then, parts of 
the mechanism, as well as the core and its guiding parts, are 
usually built into the die and affect its cost materially. 

Fig. 6.—In thia casting, the vertical parting plane ia through horizontal axis 
of piece and midway between hollow rectangular projections at far end, which is 
closed except for central hole, latter being formed by a boss on end of large 
cylindrical core, which is withdrawn, of course, parallel to axis. Core for 
projection at right is fixed in die, its axis being parallel to die motion and at right 
angles to parting plane. At least two angular cores are needed to form passages 
in rectangular projections and recess between them, making an expensive die. 
Die cost would be much decreased if front and rear walls of rectangular projec¬ 
tions were made continuous, a single vertical core used, and a triangular bridge, 
A, cast in small separate cavity of same die, inserted to form separate passages. 
Reduction in cost could also be effected if far walls of rectangular projections 
were made as a separate plate, as in sketch B. Then recesses of rectangular 
passages and a triangular recess between them would be formed by a core moving 
parallel to large central core but in opposite direction, the plate being die cast 
in a separate cavity of same die. 

Fixed cores, attached permanently to some part of the die, 
need no operating mechanism and are lowest in cost. They 
have to be placed, however, either so that they are withdrawn 
from the casting when the die part holding them is moved or so 
that, when the casting is moved with a part of the die or is ejected 
from the die, the casting is forced off the core. For this reason, 
the fixed core must have its axis parallel to the motion of some 
movable part of the die, either the movable rear section of the 



34 ‘ DESIGNING FOR QUANTITY PRODUCTION 

die or a slide carried in the die. This does not apply, of course, 
to the knockout coi*e, which comes away from the die with the 
casting and is subsequently knocked out, as elsewhere described. 

Rule 7. Shape of Cores: See that cores have the simplest 
shape which will yield the result required. This rule is based 
chiefly on the desirability of making cores inexpensive to produce 
and of avoiding undercut cores, which, though sometimes 
Avarranted, are likely to be rather expensive to make and to keep 
in good operating condition. A core that is nearly cylindrical 
(it should have some draft and therefore is necessarily slightly 
tapered) is easiest to machine and is used most generally unless 
conditions require another shape. The hole in which it fits is 
usually drilled and reamed or ground and so involves only simple 
operations. Usually the shank of the core is a true cylinder 
even if the projecting part, forming the hole in the casting, has 
to be of some other shape. Metal-saving cores, as for those 
forming recesses marked il/, Fig. 4, are often of odd shape to 
fit between other elements, but even some such cores are circular 
in section. 

Cores involving undercuts are usually of the knockout type 
but are occasionally designed to be rocked rather than pushed 
into place or are made in two or more parts, one of which has to 
be withdrawn before the remaining portion can be cleared and 
pulled from the casting. Cores made from two or more mating 
parts involve fitting at joints, which increases expense. Cores 
that intersect, as core P, which meets core marked X, Fig. 4 
(see also Fig. 6) are useful in certain complex castings but involve 
extra expense and a mechanism for operating in correct sequence, 
which adds further to their cost. 

Any core that has a joint where parts thereof mate inside the 
casting results in the formation of flash at this joint, and provision 
for removing the flash in each casting, at some extra expense, havS 
to be considered. 

Cores that form blind rather than through holes have the 
advantage that no flash is produced at the closed end of the hole. 
Flash forms where movable cores must have clearance in die 
parts in which they move, and the usual need for removing this 
flash involves some expense, which is avoided when a fixed core 
is employed. Flash occurs at both ends of a movable core that 
pilots in both halves of the die. 



DESIGN OF DIE CASTINGS 35 

Cores that have an external thread arc occasionally used, 
espet^ially where a shallow hole with a coarse thread of fairly 
large diameter is needed. Such cores, however, have to be 
unscrewed before the casting Ifirinks too tightly around them, 
and this usually requires a special mechanism in the die, adding 
to its cost. For this reason, such cores are seldom used except 
where it is known that their use will be cheaper than tapping the 
hole or threading it with a single-point tool. 

Rule 8. Minimizing Machine Work; Design the casting so 
that the cost of machine work is minimized without undue 
sacrifice in accuracy, appearance, and performance of required 
functions. Advantage should be taken of the ability to die cast 
within reasonably close limits and with comparatively smooth 
surfaces to secure parts that require a minimum of machine work, 
since machining costs usually increase in proportion to the thick¬ 
ness of metal that must be removed. Though many die castings 
need little or no machining, a large proportion must have some 
machining in addition to the flash removal required on virtually 
all die castings. In general, however, the areas to be machined 
can be small and all such areas should be so placed that the 
machining is of as simple a type and is as quickly accomplished as 
possible^ consistent with results demanded. Where facing or sur¬ 
face grinding is necessary, it can often be done most economically 
by having the bosses or other surfaces to be machined on one 
common level. Holes that have to be drilled, tapped, or reamed 
should be no deeper than conditions demand, and it facilitates 
these operations if the hole axes are parallel, besides making 
coring of the holes relatively simple. A small boss is more 
quickl}^ machined than a large surface and a narrow flange than a 
wide one. It is especially desirable to avoid the need for machin¬ 
ing at points that are hard to reach or that require unusual or 
unduly complex special tools. 

There are cases, however, where machining costs less than a 
substantially similar result gained by complex coring or by other 
expensive features of die construction. This may depend upon 
the number of parts to be made, that is, upon the complexity 
of the die warranted by the number of castings needed. Certain 
forms of undercuts, for example, which can be produced by 
coring, may require more expensive coring construction or more 
time in handling loose cores than the results secured warrant. 
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In such cases, if the undercut is essential^ it may be cheaper to 
machine it rather than core it. Even then, however, the type 
of machine work should be kept as simple and the amount as 
small as conditions permit. Though this may appear self- 
apparent, su(di items are apt to be overlooked, with the result 
that costs are higher than they need be. Since it is not at all 
unusual for the cost of machining a die casting to exceed the cost 
of the casting itself, the importance of designing so that machine 
work will be minimized should need no further emphasis. 

Rule 9. Flash and Its Removal: Design castings so as to 
minimize the cost of flash removal. Flash always occurs at die 
partings and where joints in the die, as at slides and around mova¬ 
ble cores, form crevices in the wall of the die cavity. Removal 
of this flash constitutes a considerable factor in tlu^ cost of the 
casting. Flash rcunoval is, in fact., one phase of mac^hining that 
is practically unavoidable, but this cost can be minimized by 
bringing the flash, as far as possible, where its removal Is most 
easily and quickly accomplished. Flash at the parting is com¬ 
monly removed most readily by a shaving die, through which 
the casting is forced by a press or its equivalent. If the parting 
is in a single plane (preferably at right angles to the motion of 
the die) the flash is easily sheared, but if the parting is not in a 
single plane more time and greater cost usually are incurred in 
flash removal. Other tools besides a shaving die may be needed, 
sometimes raising costs on another score. It follows that, for 
minimum piece cost, a single-plane parting should be provided, 
if possible, especially as this also helps to avoid higher die costs. 

Flash removal is facilitated M^hen the flash occurs at a flange oi* 
bead rather than in a recess or on a flat surface. Not infre¬ 
quently, flash can be made to come on a surface or edge where 
machining is required in any case, and, when this is done, a 
separate flash removal operation is avoided. Thus, for example, 
if a casting has a flange that has to be machined on one face, and 
the parting comes at that face. A, Fig. 7, machining of the face 
wilf remove the flash, whereas if the flash is made to come on 
the opposite face, R, of the flange a separate flash removal opera¬ 
tion would have to be performed. If the flange edge is rounded, 
however, as in Fig. 8, the parting must come at the maximum 
diameter but can be readily removed either by turning or in a 
shaving die. 
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Although the designer of the casting may not design the di<', 
he usually can determine where the parting will have to (•om(\ 
In general, the parting must come at the maximum diameter, 

Fig. 7.—If, in tliis simple die casting, the parting is at face A, which has to be 
iTiacliined, the flash will be cvit ofiT in the process of machining. But if face B 
is made the parting, flash will have to be removed in a separate operation and 
will require either a special shaving die or much more time to machine. 

and, of course, other portions of the casting must be so disposed 
that the casting will clear the dies. The designer who visualizes 
the casting in the die and aims, 
ejection is facilitated can also 
determine where flash will come 
and endeavor to bring the flash 
where it is easily removed. 

Often, a bead can be thrown 
up at the parting, as in Fig, 9, 
so as to bring the flash where 
it is easily machined off. As 
the bead forms a narrow convex 
surface, the flash will come at 
a high point and be easy to get 
at, whereas, if the surface is 
kept flat, it is not easy to shave 
or grind the flash away with¬ 
out leaving tool or grinding 
marks on adjacent areas. This 
may appear to be a minor 
matter and yet it may have a 

as he should, to shape it so that 

Fig. 8.—When a die casting lias a 
flange with a rounded edge, as here 
shown, the parting plane has to be at 
the maximum diameter for casting to 
clear the die when ejected. Flash at 
the high point is not hard to remove 
but may be more noticeable than if the 
outer edge were square. There is also 
more maohining on the cover half of 
the die. 

marked effect upon the cost of 
flash removal and of subsequent finishing, especially where good 
appearance is essential. 
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FUihIi at the end of a liole is usually (uisiest to jornovc when it. 
constitutes a thin dia})hragin closing the end of the hole, as then 
it is easily punched or drilled out. If, however, the flash forms 
a sort of collar at the end of the hole (as where a core has clear¬ 
ance in a hole in the die) a facing and/or chamfering operation, 
involving higher costs, may be needed. On this score, as well 

as on others, a fixed core and 
one that ends slightly short of 
making a through hole is pre¬ 
ferable to one that is movable 

Fio. 0.—A hollow (lie casting of this Fig. 10.—With a complex die cast- 
shape has to be parted in a plane at ing of this shape, slides forming the 
right angles to the base and passing side walls of the cavity are required, 
through the hole axes of bosses. If a This involves an expensive die but 
naiTow bead is provided at the parting, i.s fully justified, as many thousands 
flash is easily removed without leaving of castings are required and the 
noticeable toolmarks on adjacent sur- slides form undercuts that save a 
faces. Such marks arc almost unavoid- great deal of metal, besides providing 
able otherw'ise, and it requires much flanges to fit mating parts, thus 
extra cost in grinding and polishing to facilitating ready assembly, 
remove them from a flat or even from 
a crowned surface. 

or that pilots in a mating hole at its free end (though the latter 
may be preferred as having greater strength, especially when a 
long slender core is needed). 

Since the use of slides in a die results in flash where the slides 
join the cavity or meet each other, slides add to flash removal 
cost and this fact deserves consideration even though the use of 
slides is necessary in sonie cases and often results in net benefits 
(Fig. 10) as pointed out elsewhere. 

Rule 10. Use of Undercuts Requiring Slides: Avoid the use 
of undercut castings that require the use of slides in die dici 
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^Kcept where offsetting advantages outweigh the disadvantages. 
The first part of this rule is among those most commonly men¬ 
tioned by die casters, yet the qualifying exceptions, though well 
imdei-stood when cited, often are neither stated nor explained. 
Cautions against undercuts are usually based chiefly upon the 
well-recognized fact that, if the}^ exist on the exterior of the die 
casting, one or more slides (or at least movable cores) arc needed 
in the die, for otherwise the casting cannot be ejected from the 
die. Naturally, the addition of slides and their operating 
mechanisms greatly increases die cost, not to mention extra 

Fig. 11.—This aluinirium die-cast motor housing, if made with an undercut 
recess between tiie Vjos.ses and the flange, as at A, would require either the use of 
slides or parting the die in the plane through the vertical axis of tlic pieces 
and through or at right angles to the boss axis. Either alternative involves an 
expensive die. By extending the boss to the flange, as at B, and parting the die 
in the plane of the flange, a relatively simple die is required. Practically no 
additional metal is used, as the extended boss is cored out, yielding a substantially 
uniform section thickness at all points of the casting. 

costs for flash removal. Yet there are thousands of cases whertj 
slides are effectively employed to save metal and to make cast¬ 
ings of uniform wall thickness, thereby effecting savings that 
far more than compensate for the extra die and flash-removal 
costs. Moreover, there are many die castings that could not be 
made as such at all except by the use of slides in the die. 

For such reasons, the exceptions need to be kept in mind by 
the designer. He should, however, make no needless undercuts 
and should determine, if they appear at first thought to be 
essential, whether or not they can be avoided by certain expe¬ 
dients. When the quantity of castings required is large, a 
complex and expensive die may be fully justified by even a small 
net saving per casting. But if an equivalent result can be 
secured by small changes in casting design without investing so 
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much in a die and without any offsetting disadvantage in the 
castings produced, the alternative ought not to be disregarded. 
Study of the accompanying illustrations, especially Fig. 10, makes 
it apparent that undercuts requiring slides yield net gains in some 
instan(;cs but are quite unnecessary in other cases, as in Fig. 11, 
where a slight redesign of the casting avoided an undercut. 

Bosses and projections on the sides of castings are often extended 
to the parting line so as to avoid undercuts, as in Fig. 11, but, 
if this results in adding much extra metal to the casting, a slide 
may prove a better alternative, especially if the casting is required 
in large quantities. Where there are several side cores that can 
be attached to a common slide, it may prove better and possibly 
cost less to use a slide rather than to provide for pulling the cores 
sepanitely, especiall.y if the slide can be made to produce under¬ 
cuts that result in saving metal, as in Fig. 10. 

Rule 11. Use of Fillets: Fillets should be used at inside 
comers where surfaces join and at exterior comers to join 
adjacent surfaces unless some special consideration requires 
that such comers be square. As with sand castings, fillets make 
for favorable grain structure at corners of die castings. Under 
some circumstances fillets are less likely to produce excessive 
turbulence in the flow* of molten metal entering the die at high 
velocity and consequent!}" there may be less tendency to trap air 
that might be expelled otherwise. This is of more importance 
when the flow is transverse to a sharp edge of the die cavity 
(such as would form a sharp interior corner on the casting) than 
for square exterior corners of the casting, since the latter are in 
recesses of the die, where less effect on metal flow occurs. Sharp 
die edges swept by molten metal are liable to heat cracking, 
especially when the alloy used has a high melting point. 

Although fillets are favorable on the above-mentioned scores 
and sometimes also make castings easier to eject from die cavities, 
it is entirely feasible to produce castings having square corners 
and edges when some special requirement (such as a desire for 
sharp lines to produce certain appearance effects, for example) 
dictates (as in Fig. 12)., Sharp exterior edges and comers on 
castings add to buffing and plating difficulties and are better 
avoided unless demanded for good reasons. Sharp edges produce 
excess wear on buffs, especially if buffs must run transversely 
to the sharp edge, and such an edge h likely to be rounded some- 
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what by polishing or buffing anyway. Sharp edges, especially 
exterior ones, also comphcate finishing problems and are likely 
to be buffed through where plating must be buffed or colored. 

Moreover, sharp exterior corners and edges on castings require 
sharp interior corners in the die and add to die machining costs. 
When a substantially square exterior edge or corner is required, 
therefore, it is better to break the edge, that is, chamfer or round 
it slightly, so that it is not sharp, and this is commonly done. 
The very slight rounding is hardly noticeal)le to the eye and so 

Fig. 12.—Although the face of this die>cast radio grille is substantially flat, 
the appearance is enhanced by breaking up the areas into panels, in one of which 
the name of the product appears in bas-relief, several of the panels being slightly 
recessed. A plain flat surface with openings l>etween bars of tlie grille would be 
decidedly inferior in appearance. The unsymmetrical area at left is to match 
a mating part of an instrument panel. This casting is materially lightened by 
metal-saving cores in the grille bars. Most edges are relatively sharp, for ap¬ 
pearance reasons. Projections on the back are integrally cast studs for receiving 
speed nuts. 

need not affect the appearance significantly. An advantage of a 
die casting over a stamping in parts such as grilles, for example, 
is that sharper edges can be produced which often make for 
smarter appearance. Sharp or square exterior edges are easily 
marred or nicked, however. 

Fillets are recommended almost invariably in joining bosses 
and ribs to supporting walls of the casting, as the fillets help to 
avoid localized stresses and to distribute concentrated load over 
larger areas. Although fillets can be as small as may be required, 
large fillets are advantageous in strass distribution and sometimes 
make stiffer castings and render the casting easier to eject from 
the die. Under most conditions, too, fillets tend to strengthen 
a casting. 
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An exterior fillet adjacent to the parting line (for example, at 
the edge of a flange) .sometimes makes it more difficult to remove 
flash without leaving toolmarks where they are more apparent 
than if the parting came at a square corner (see Figs. 7 and 8). 
It is sometimes advocated that outside edges at die partings be 
left square, both to simplify flash removal and to lower die cost. 
Not infrequently the parting face of the cover portion of a die 
is perfectly flat, especially when the parting is one face of a flange. 
This makes for lower die cost, as no cavity has to be machined 
in the cover die. If a radius is specified at the parting (see 
Fig. 8), however, part or the cavity must be in the cover die, 
which usually adds somewhat to die cost. 

Rule 12. General Shape of Castings: Keep the shape of the 
casting as simple as conditions permit, avoiding all unnecessary 
irregularities and large flat surfaces. Naturally, the (lasting 
must be so shaped as to perform its function and to mate with 
parts to be combined with it, but, with proper forethought, the 
shape often can be simplified both to enhance appearance and to 
minimize die costs. Smooth surfaces, free from all unnecessary 
projections, often referred to as being ^^st^eamhned,^^ arc xisually 
favorable from a casting standpoint. 

If the projecting bosses in Fig. 9, for example, could be 
eliminated, the casting would be greatly simplified, as the flat 
bottom face could then be the parting and the interior could be 
formed by a single fixed core. This would avoid a parting where 
the bead is and make the bead unnecessary, thus improving the 
appearance of the casting and reducing its cost as well as that 
of the die. 

Surfaces of rotation are easy to machine in the die as well as 
on the casting, thus tending to lower costs. Any projections, 
such as bosses, at an angle to the axis of rotation, though often 
needed, make the die harder to machine, and the same is true 
when shapes arc angular or of odd contours. Some shapes are 
practically impossible to machine in the die though they can be 
sunk by the bobbing process. The latter is useful in some special 

circumstances but should be avoided, since it is rather expensive 
and necessitates the use of a highly ductile die steel that may lack 
enduring qualities, especially for casting alloys of high meltjng 

point. 
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Although castings having large flat surfaces can be cast, it is 
best to avoid them because it may be difficult to prevent warpage 
on cooling and irregularities often show up prominently. The 
latter is especially true when the surface is to be polished, plated, 
or enameled. Large flat surfaces arc feasible on flanges, though 
facing or grinding may be Required to make them truly flat. 
Such surfaces, however, arc usually hidden in assembly of the 
casting to a mating part. 

Any large surface that is to remain exposed is better if at least 
slightly crowned rather than flat. Curvature commonly adds 
to strength and stiffness and, if the surface is polished or has a 
glossy finish, highlights catch the eye, tending to mask surface 
defects. Crowned surfaces arc ‘^rnore interesting,^' as the artist 
says. Large surfaces that might be flat and still satisfy purely 
structural requirements can be broken ))y steps, beads, or other 

means so that the flat areas are smaller and appearance is 
improved, as in Fig. 12, though this may add materially to die 
cost. Stippling or other bas-relief is also sometimes used 

effectively to improve the appearance of large flat areas. Such 
(expedients, as well as beads, steps, or crowning, should not be 
adopted, of course, when their position is such as to involve 

undercuts or unduly complicate the die or interfere with ready 
ejection of the casting from the die, unless, of course, some special 
consideration amply justifies this departure. In the latter case, 

a slide may be required and may add considerably to die costs. 
Rule 13. Tolerances: Never specify tolerances closer than 

are essential unless they are in keeping with limits commonly 
held in die casting the alloy to be used. However obvious this 
rule may appear, it is frequently overlooked, with the result 
that costs are or may be materially increased without any com¬ 
pensating gain. There are, of course, good reasons for close 
limits being specified where mating parts must be held within 
correspondingly close dimensions or where unusual precision for 
locating points is essential. But no useful purpose is served in 
setting closer limits than are required on mating parts (on those 
dimensions governing fits) or where wider limits will meet 

requirements. 
Table I (p. 6) gives the closest limits that it is commonly 

practical to hold in the part as cast Under favorable conditions, 
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and especially on certain definite dimensions, it may be possible 
for the die caster to hold to slightly closer as-cast limits, but in 
no case should the latter be demanded without first consulting 
the caster and heeding his advice as to the effect upon cost. 

If the dimension is so close as to require machining, it is possible 
to hold dimensions as close as on any metal part, but the possi- 

Fig. 13.—Example of a properly dimensioned drawing of a barrel-cook body to 
be die cast in zinc alloy. Three intersecting cores are used in a piece of this shape, 
the horizontal bore being machined to hold the close limit required and remove 
draft. Though no draft is indicated on the other cored holes, the fact that dimen¬ 
sions are given in inches and fractions (rather than decimals) indicates that only 
scale measurements are required and hence the normal draft for a core leaves a 
hole well within the ±0,010 in, limit commonly applying where only scale dimen¬ 
sions are given. 

bility of doing so depends largely upon the machine and the tool 
chosen and upon the allowable cost if extremely close limits are 
demanded. Where fractional dimensions are used on drawings, 
it is common to apply scale measurements or to hold within 
±0.010 in. of the nominal dimension unless (for long dimensions) 
this is closer than can be cast. Where dimensions must be 
within definite or fairly close limits, the latter should be given 
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on drawings in decimals, as in Fig. 13, which is a good example 
of a properl3^ dimensioned drawing of a die-cast part. 

As Table I indicates, there is a difference between limits 
governed by fixed parts of the die and those affected by die parts 
having relative motion, as the latter are affected, in turn, by 
the fit of die parts (which miist have clearance and are subject 
to change as dies wear) and, in some cases, by the machine used 
and the pressure applied to the die and to the metal injected. 
Measurements across die partings occasionally vary, since a bit 
of flash may prevent the die from closing as tightly as it normall}^ 
would. On cores, dimensions are affected by fits and, in certain 
cases, by the size and degree of rigidity of the core or by wear 
in the core or of its actuating mechanism. In all cases, however, 
dimensions can be held within much closer limits, as cast, 
than in sand castings and cores are not subject to shifting to the 
extent common in sand cores. 

Dimensional limits arc affected, of course, by drafts needed to 
(dear the casting from cores and from the die cavity (see Table I). 
For example, if a hole diameter is given as 0.500 ± 0.005 in., 
these limits may be held and also provide the taper needed. 
Thus the hole ma}^ measure 0.505 in. at the large end and 0.495 
at the small end—the extreme limits allowe^d. Only in excep¬ 
tional cases can holes be cored straight (without taper), a fact 
that the designer should consider. It is a simple matter, how¬ 
ever, to ream the hole and make it straight by removing only a 
slight amount of metal. 

When limits specified arc too close to be held in the as-cast 
form, the caster may elect to hold them b^^ machining, but, as 
this is an extra operation, cost is increased. Many companies 
purchase castings as cast and machine them where needed in 
their own shop. If, however, machining is to be done by the 
caster, this should be made clear on the drawing and allowances 
for machining cost should be made, as indicated in Rule 14. 
Unless otherwise agreed, the die caster furnishes castings free 
of flash but properly adds to his price a charge for flash removal 
and for an}’^ special tools needed in effecting this removal. A 
part of the charge can be avoided, however, if the purchaser 
plans to do his own flash removal and so stipulates. 

Castings always have a line where the flash foimed at the 
parting comes and the line may project slightly even after the 
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llusli i)ro])cr hus l)cen removed. Shaving die« and uiluu’ /lash- 
removal tools lea\’c toolmarks that ai'C not usually removed 
unless considerable machining or polishing is done, hence toler¬ 
ances at the points of flash removal should not be so close as is 
permitted at other points unless allowances for extra machine 
work arc made. Dies for alloys of high melting point are subject 
to checking, and, when this occurs, they must be redressed if 
smooth surfaces are to be maintained. This, of course, changes 
the dimensions of the casting and affects, to that extent, the 
limits that can be maintained. 

Rule 14. Machining Allowances: Provide sufficient metal 
at all points where machining is required to permit machining 
within the limits specified. As with other castings, some 
allowance for machining is recpiired, although the allowance 
is relatively slight as compared with that necessary in sand 
castings. This is partly because the casting itself is held within 
closer limits and in part because a hard scale is not formed. 
In general, a cut of }i2 to ^^^4 in. below the cast surface is 
sufficient on die castings, but, if the dimension involved is a 
long one or the casting is so shaped that warpage occurs and 
has to be corrected by machining, the total allowance for machin¬ 
ing may have to be larger. In general, it is necessary to indicate 
on the drawing where machining is to be done or to indicate by 
close limits that machining is required. The die caster then 
makes the allowance he considers necessary. If he does not 
do so initially, he can usually increase the size of the cavity or 
decrease the size of core to allow more metal for machining at a 
given point. In all cases, however, the draA\ing should indicate 
precisely what is required. 

Holes are commonly cored very close to size and need only 
be reamed to remove a very thin layer of metal (and usually the 
draft) to yield the final size needed. Holes that require tapping 
are often cored so close to tapping size that no prior reaming or 
drilling is needed. As most casting alloys are fairly ductile, 
warpage, if it cannot be avoided completely in the as-cast form, 
can be largely corrected by subsequent straightening. 

Rule 15. Drafts: Allow ample drafts both on cavity walls 
and on cores. Table I gives the minimum drafts commonly 
recommended. Though drafts can usually be less than for 
sand castings, they should not be made so small as to interfere 
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witJi ready ejection of the casting or easy pulling of cores. If 
the designer tries to visualize what happens when the casting 
shrinks upon hardening and in subsequent cooling, the need for 
draft and the points where it should be ample usually become 
apparent. Castings tend to shrink away from die walls, but, 
if cores or projections come at points between 
side walls, shrinkage may bind the casting to 
or between these elements and make it hard 
to eject. The casting may also be distorted 
or injured by the pressure necessary on ejec¬ 
tor pins. If drafts arc ample, a slight motion 
frees the casting and makes ejection easier. 
Ample drafts may also reduce wear on the 
die and on core pins and avoid any tenden¬ 
cies to scratch or mark the casting. Though 
the effects of such items on cost may not be 
large, they may not be negligible and, unless 
appearance is noticeably and adversely 
affected, there is nothing gained by decreas¬ 
ing drafts to a point where they merely 
handicap the die caster without benefit on 
any score. 

Rule 16. Location of Ejector Pins: See 
that ejector pins are so located as not to 
leave objectionable marks on the finished 
casting. In general, since the designer of a 
die casting rarely designs the die, he may 
be unable to say where ejector pins will come. 
He can specify, however, that the marks left 
by ejector pins shall not come on certain 
surfaces, especially where these marks would 
leave disfiguring blemishes. If question exists 
on this score, the matter should be discussed in advance with the 
die caster and locations agreed upon. In some cases, ejector 
pins may bear upon surfaces that will be cleaned by machining 
anyway or upon flash or on runnel’s that will be cut away (see 
Fig. 14). It may be impossible to avoid some marks on the 
casting but they can usually be brought where they will not 
noticeably blemish appearance, for example, on a face that is 
hidden when the casting is later assembled to a mating part. 

Fig. 14.—To avoid 
blemishes that ejector 
pins would make on 
this die casting if the 
pins were to bear on 
the faces of the piece, 
the die caster provided 
bosses, one projecting 
from each of the three 
runners through which 
metal enters the cast¬ 
ing and in wliich the 
metal freezes, coming 
away from the die with 
the casting. An ejec¬ 
tor pin bears on each 
boss and the runners 
with bosses are sheared 
off flush with the boro 
when flash is removed, 
leaving the casting 
unmarked by ejector 
pins. 
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Once a die is built, it may be costly to change ejector-pin locations 
and, if the drawing is not marked to indicate requirements in 
this regard, an extra charge may be made against the purchaser 
for effecting a change. 

Rule 17. Integral Fastening Provisions: Employ integrally 
cast fastening parts wherever their use will lower assembly 
cost and meet other requirements. Failure to follow this rule 
may result in sacrificing an important advantage of the die 
r*asting, since it is commonly a very simple matter to add the 
integral fastening means and such ])rovision often lowers assem¬ 
bly costs materially. The usual integral fastenings are pro- 

Fig. 16.—One of these ziuc-alloy die castings is cast with integral studs and 
the other half (only part of which is shown) with holes that mate with the studs. 
Upon assembly, the studs are all headed by a single blow of punches in a press to 
form a complete automobile-horn body at very low cost. The studs project from 
a narrow flange that cannot be machined, but the surfaces are cast smooth enough 
to form a satisfactory joint, especially if a soft gasket or a sealing compound is 
applied. 

jections added to the canting by providing corresponding holes 
in the die (see Fig. 15). At assembly, the projections are passed 
through corresponding holes in a mating part (which may or 
may not be another casting) and are headed or staked or spun 
over to effect the fastening. Such projections are in effect 
integrally cast rivets and may be either solid or hollow, but, if 
the projections are a part of the casting, they do not have to be 
handled separately and often can be clinched on assembly by a 
single blow, especially if the alloy used is sufficiently malleable. 
Studs without threads are often provided to receive speed-nut 
fastening devices (Fig. 12), which are quickly applied. The 
usual stud for this purpose is of circular section but, if it is made 
of D-shaped section, the speed nut is easily removed. Many 
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other types of speed nuts or speed clips can be employed in 
recesses of die-cast parts with marked savings in assembly costs. 

Where both parts to be assembled are die cast, the holes in 
one can be cored to mate with projections on the other, as in 
Fig. 15. Tubular parts of considerable size cast integrally can 
be provided with a thin lip to be spun over after passing through 
the mating part or (^an have threads cut or cast thereon for 
fastening by a nut. Studs can also be cast integrally and 
threaded, but this is not usually recommended, since a threaded 
integral stud is easily broken off unless of large diameter and 
there is little if any saving over using a bolt, stud, or screw of 
stronger material applied either as an insert or after casting. 
Bosses cored for tapping provide a good fastening means in some 
cases but require tapping, and the use of a screw or stud as the 
actual fastening member. 

Although integrally (^ast projections arc often provided on the 
faces of flanges, this is feasible only when the face of the flange 
from which the projections protrude does not require machining, 
as the projections interfere with machining. Integral projections 
should have at least a small fillet where they join the casting, as 
this adds considerably to their strength. In all cases, of course, 
the projections must be so placed as not to interfere with ejection 
of the casting from the die. In general, this makes it necessary 
that the axes of the projections be parallel to each other and 
at right angles to the parting of the die. The projections should 
have a slight draft to ensure clearing the die when the casting 
is ejected. 

Rule 18. Threads: Provide for cast threads wherever their 
use reduces cost over that for the same thread cut subsequently. 
By following this rule, one advantage of the die casting over 
most other forms of product treated in this book can be taken. 
There are, however, definite limitations governing the use of 
cast threads and there is no point in providing them when, as is 
often the case, they cost more than cut threads. The latter is 
true of most internal threads, since they have to be formed by 
threaded cores and such cores have to be unscrewed subsequently. 
This may involve as much work as tapping the hole and, in 
addition, is Kkely to slow the casting cycle unless a rather 
expensive unscrewing mechanism is provided in the die. For 
this reason, cast internal threads are generally used only in 
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zinc alloys or those of lower melting ])oiiit and only when th(^ 
threads arc fairly coaise and when diameters are over % in. and 
not always then. They are occasionally useful for very steep 
pitches (see Fig. 16), and, whatever the pitch, the thread can be 
carried right down to a shoulder or to the bottom of a blind 
hole, whereas this is not feasible in tapping. All holes requiring 
fine threads are tapped, and cast inside threads under ^ in. 
diameter are rarely feasible or economical. 

Most external threads can be cast and it is common practice 
to cast them when they are coarse and over ^-in. pitch diameter 

(unless quite fine in pitch) pro¬ 
vided that they are located at 
a die parting, as in Fig. 13, 
or are formed by the end of a 
slide. Threads that come at 
a parting have a flash at this 
joint that has to be removed 
either by a chasing die or by 
some special tool (Fig. 17). 
Although it is possible to cast 
external threads without a part- 

Fig. 16.—A coarse steep-pitch in- ing by using a nut that is with- 
ternal thread such as is shown in this i ..r .1 x• 1.1 

die casting is readily produced in zinc ^rawn With the Casting and then 
alloy whereas it would be difficult unscrewed, this practice is slow 
to produce by machining unless cut by 1 1 • j x 
a special broach or other special tool, ^nd rarely required. Cast 
probably costing much more than a threads are inclined to be some- 
core pin for die casting. In any event, i. j. u i j 1 

a separate machining operation would "^A^t rOUgh unless chased and 
be required in any method of produc- it may COSt no more tO CUt the 
tion ezeept die casting. ^ 

cast it and chase it subsequently with a die or other tool. There 
are, however, many cases where the finish of a cast thread is 
entirely satisfactory and in such instances casting the thread 
often proves highly economical. It is essential, of course, that a 
cast thread be so placed that it either does not form an undercut, 
or, if an undercut is formed, some expedient, such as a loose nut, 
must be provided to come away with casting or the latter must 
be unscrewed from the die. 

Most die-casting alloyiS are easily and rapidly tapped (the hole 
often being cored to tapped size) and/or threaded and it is 
usually wise to discuss the feasibility of forming threads by cast- 
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Fig. 17.—The die-cast aluminum-alloy de-ioer manifold at the right is pro¬ 
duced ill one piece with threads cast and the only machining needed is to chase the 
Mireads and remove flash. This product, if not cast, would require two end fit¬ 
tings made in a screw machine and five pieces of tubing all welded together, at 
much greater expense. 

ing with the die castor J)cforc specifying that they be cast rather 
than cut. 

Rule 19. Gears, Gear Seg¬ 
ments, Cams etc.: When a 
gear, gear segment, cam, 
ratchet, or other similar part 
is needed, consider the possi¬ 
bilities of die casting it either 
as a separate piece or inte¬ 
grally with some other part 
Application of this rule often , one-pieco die caetinK. 

there are combmea a complete spur gear 
leads to remarkable economies with cast teeth, a cam near the center 

in manufacture, as a complete ®'?d a smaU one near the periphery, a hub 
. With a hex recess, and two bosses. To 

gear or even the combination form all these parts separately with 

of two or more geai-S, some- equal accuracy and assemble them would 
, , 1 1 i* expensive but tlie die casting can be 

times with an integral shaft, produced comploie at the rate of several 

cam, pulley, or similar part, is ^ minute. 

made every time the die is filled (see Fig. 18), This is in marked 
contrast to such alternatives as cutting a gear, tooth by tooth, 
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machining it^ hub, and joining it to one or mor<^ otlier parts, 
each of which must be produce<l and macliined separately. 

Several types of die-east gears, including spur, internal, bevel 
helical, and some worm types, can be die cast with a fairiy high 

Fig. 19.— All these gears, many of them integral with other parts, are die cast 
with the teeth formed in the die and require no machine work except, in some 
cases, removing a slight amount of metal in a shaving die. By no other piwtess 
can such parts l>e produced so accurately at so low a c.ost. 

degree of precision as to tooth form, pitch diameter, tooth 
spacing, and other dimensions, as indicated in Fig. 19. Allow¬ 
ances for shrinkage and for draft are necessary, but draft for 
usual tooth length is slight and may even be zero in some spur 
and bevel types. When draft is needed, it can usually be 
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removed by a shaving die, required anyway, in some instances, 
to remove flash. Two or more gears are often produced as a 
single casting (see Fig. 19) and with bevel gears or other parts 
combined. In stepped gears, teeth can end at a face or shoulder 
where machining of a one-piece unit would be practically 
impossible. Gear sectors are made as readily as complete gears. 
Tooth faces can be made so smooth, as cast, as to be suited for a 
wide variety of applications. Allowable tooth loading and 
resistance to wear dejiend, of course, upon the die-casting alloy 
chosen, its strength and hardness. Precision is far ))ctter than 
for sand-cast gears and, where machining is done, can be as close 
as for blanks of any material. 

Gears for vending and business machines, for coin-opci*ated 
phonographs, for stokers, and for numerous other light machines 
are die cast in endless variety, often in combination with inte¬ 
gral cams (Fig. 18), other gears, pulle3\s, shafts, cranks, levers, 
ratchets, clutch disks, flanges, etc. By no other process is it 
possible to produce many of these combinations of parts so 
cheaply with comparable precision, if at all, in integral form. 

Rule 20. Combination of Multiple Parts: Design the casting 
so that it will combine as many parts needed in the completed 
unit as conditions permit and still avoid undue die complexity 
and excessive casting costs. If proper study is given to ful¬ 
filling this rule, marked savings 
in production cost can often be 
realized, for the die-casting proc¬ 
ess permits combinations not at¬ 
tainable to the same extent with 
equal precision at so low a cost by 
any other process. This quickly 
becomes apparent by the study of 
castings in the design of which 
the rule has been followed, as, 
for example, in Figs. 18 to 20. It 
is not unusual to find products 
which could be die cast in one piece 
or with many fewer pieces made instead largely or wholly by assem¬ 
bling screw-machine parts and stampings (see Fig. 21). A clock 
frame, for example, can be made from two stamped plates 
joined by three or four stepped pins and having a dial, bosses, 

Fiu. 20.—Part for a number 
.stamp now die cast in one piece. 
Formerly the stem and two pivot 
pins were screw-machine products 
and the U-shaped end was blanked, 
pierced, and formed and then 
riveted to the stem, making a far 
more expensive assembly than the 
one-piece die casting. 



54 DESIGNING FOR QUANTITY PHODUCTWN 

and other elements added by subsequent operations requiring 
considerable time for assembly. By die casting, it is possible 
to make two similar plates with integral projections for spacing, 
an integral dial, all bosses required with holes cored to or very 
close to size, integral lettering, and certain other parts sub¬ 
stantially read}^ to reccnve internal mechanism. Marked 
economies result largel.y because so many elements arc die cast 
in only two pieces. Scores of similar cases could be cited but 
may not become apparent until comparisons such as the above 
are made. 

Fig. 21.—Two die castings form this clock frame, of which hundreds of 
thousand.s were produced. The hollow spacing members, all bearing l:)ossos, 
recess for a lamp, and various proiections and lettering on the back of rear plate 
are all integral parts of the die casting. Tljese replace many parts of the usual 
stamped plates assembled with parts made in the screw machine common in 
clock construction. 

Application of the rule naturally depends upon conditions 
to be met, but, if the designer keeps in mind the fact that, unless 
parts of a component have to, be made so that they can come 
apart or must be separate pieces for some other good reason, they 
should be made in one piece (if such construction is at all feasi¬ 
ble), he is quite certain to find that economies will result if 
integral construction is sought. In other words, there is little 
point in making an assembly in two or more parts when it can 
be made as one piece unless the one-piece unit will cost more or 
fail to do some essential thing that the multiple-piece unit will 
do. Every extra part means, in general, extra assembling, 
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exim (Iiavving.s, extra parts to stock and liandle, and other 
expense, often needless, that can bo avoided by careful fore¬ 
thought in designing a die casting combining several parts. 

In designing one-piece die castings, however, care needs to be 
exercised to avoid a construction that will (1) involve undue die 
cost, not justified by the saving’anticipated and (2) require 
ina( Inning co.sts out ol line with tlie saving in assembl}^ expected 
When there is uncertainty on these scores, it is best to secure 
the (‘onstructive criticism of a competent die caster who can 
evaluate the merits and shortcomings of given alternative 

Fkj. 22.---All the eastings on this gate (a valve body, valve cover, and pi.ston) 
are parts of a single assembly and are produced at each filling of the coinbinalion 
die, making for high economy in production. The .same principle can be applied 
with corro.spondmg economy to a wide range of small parts under .some circum¬ 
stances, thereby making a single die do work otherwi.so needing several dies and/or 
a diversity of rnacliining operations. 

designs from a cost standpoint and aid in working out a die-cast 
product involving minimum cost. 

Rule 21, Use of Combination Dies: Make use of combination 
dies wherever cost can be lowered and other conditions can be 
met by this means. Having decided to use one die-cast part in a 
given assembly, most careful consideration should be given to 
the possibility of simultaneous production of one or more other 
parts for the same assembly in one or more other cavities of the 
same die. This applies especially where the parts required are 
small and of such shape that a combination die is readily made 
and simply operated. In such dies there are produced at each 
die filling, of course, as many castings as there are cavities in the 
die (see Fig. 22). As this is done at or nearly at the same rate 
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ajs for a .single casting, the economy n^alized is considemble e\ eii 
though separate flash removal on each casting of the group is 
commonly required. 

Some users of die (tastings make it their practice to follow this 
rule even though certain of the components die cast could, if 

vmde individually, he produced moi'c (cheaply by other means, 

A 
Fio. 23.—Set of four unit dies in a coinraon holder. Four castings all of dif- 

when the required number of 

say by stamping, for example. This is done because the com¬ 
bination casting die gives a whole set of parts in a single operation 
with a single die in a single machine^ whereas, if one or more 
parts of the assembly are stamped, a separate die is used in a 
separate machine for each part and needs a separate setup and 
another operator. 
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Although Rule 21 is valid, the qualifying phrase should not be 
overlooked. Its application is not universal but, where condi¬ 
tions are favorable, great savings frequently result from its 
application. 

Combination dies are feasible under some circumstances when 
the parts are not for the same assembly but it is, in general, 

B 
fcrent nhape are made simultaneously in these dies. Each die is quickly changed 
castings has been produced. 

better not to use them unless the parts from each cavity aie 
required in the same number, as otherwise some of the castings 
produced in the die may have to be scrapped because made in 
larger numbers than needed. For parts not needed in the same 
number, small unit dies having one or two cavities per die are 
little more expensive and, since four or more unit dies are com- 
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monly filled at the same time, a close approximation to the coni- 
bination die economy is realized and each die then need be run 
only for the precise number of castings required. 

Most unit dies are locked in a (*ommon frame or chas(^ (Fig. 
23), usually holding two to six small dies, and are filled simul¬ 
taneously. They form, in effect, a single combination die 
but can be changed individually without changing the entire 
group and so are run only so long as necessary to meet a given 
order. Setup time, however, may be slightly more than for a 
single combination die, although most unit dies are designed for 
rapid changing. Not all castings can be produced in combina¬ 
tion dies or even in unit dies, as both types impose certain limita¬ 
tions both on size of castings and on the number and position of 
cores that can be employed. The chief utility of unit dies and 
of combination dies is for small, simple castings in whicdi only 
simple coring is commonly feasible, but low costs arc secured 
with both t3q)es. 

Rule 22. Inserts and Their Utility: Employ inserts whenever 
their use results in economy or in securing results that cannot 
be realized at equal cost by other means. Inserts are useful 
when it is required that (1) certain parts of the casting must be 
stronger, harder, or more ductile than if the base metal of the 
casting alone were used; (2) some element that it is not feasible 
to cast be produced; (3) the casting act as a matrix for combining 
into one unit parts that cannot be held together so well or so 
inexpensively by other means; or (4) some other special combina¬ 
tion of benefits not so readily attainable otherwise be secured 
(see Figs. 24 and 25). 

The foregoing rule applies especially to inserts that are cast 
in place, although it is true, in some instances, for inserts placed 
in the casting after it is removed from the die. Following 
comments apply especially to inserts cast in place. Such inserts 
invariably add somewhat to the cost of the casting not only 
because they cost a certain amount to make, but also because 
of the extra time required to place them in the hot die, which 
tends to slow the job of placement. Inserts thus tend to decrease 
the rate of casting and thd output per man and per machine 
with a corresponding cost increase per casting. For this reason, 
die casters often discourage the use of inserts, although they 
readily admit that their use frequently results in increaSing the 
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utility of the casting and is amply justified when ecpial results 
are not so(airable by other means at no greater cost, 

In general, the purchascu^ furnishes the inserts and is pro]>erly 
required to meet the extra costs that their use involves. Inserts 

Fio. 24.—Group of die castings in which inserts are cast in place for the reasons 
indicated: (A) Insert provides strength and stiffness in projecting part. (B) 
Hub and nuineral.s on rim are die cast but steel insert provides hard wear-resistant 
teeth. (O Bronze half-bushing posses.se8 l>earing properties superior to those of 
zinc alloy in the casting itself. {/>) Flexible tempered-steel springs form inserts 
around whicrh end fittings are cast. {E) Laminated magnet-steel poles piece.s 
provide magnetic properties and bronze bushing bearing properties not obtainable 
in aluminum alloy, which acts as matrix, binding parts togetlier. (F) Bending 
and shearing strength are increased by perforated steel plate, and hardened 
steel bushings provide extra strength and wear resistance. Zinc-alloy die-cast 
matrix binds parts together and is shaped to provide ilesired external appearance 
of pifK* cutter. 

should be fuimshed within close dimensional limits at points 
w^here they must fit the die. 

Inserts are most commonly applied either to add greater 
strength than the metal of the casting affords or to provide wear 
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fZinc oUe cctsHn^ 

Fig. 25.—All these die castings have inserts east in place for following reasons: 
{A) End fittings in sine alloy are cast around aluminum extrusions 39 in. long (for 
thermometer case) to give desired shape and fastening means. Dies used are of 
moderate siae, as extrusions extend from them. (B) Zinc alloy die cast around 
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resistance through greater hardneas or superior bearing prop¬ 
erties. Thus such elements as studs, screws, stems, shanks, nuts, 
bushings, and the like are often cast in plaice. A flexible ele¬ 
ment, such as a leaf spring, may be added to good purpose or a 
dielectric part may be applied. Wood and even paper inserts 
have been used, the former to lower the weight and the latter to 
provide a good friction surface (as in a pulley or clutch). Slight 
charring of such combustible inserts may occur from contact 
with molten metal, but the latter freezcjs so quickly that the 
chari’ing is negligible, at least with an alloy, such as the zinc type, 
having a medium-low melting temperature. Soft iron, per¬ 
manent magnets, or other magnetic materials are often used 
as an insert, as in a magneto frame, ])roviding a property that 
no die-casting alloy affords (see Figs. 24 and 25). 

Some inserts are, except for supporting elements, completely 
buried in the casting, but in most cases they are partly exposed 
or protrude from the casting. In all (‘as(ss they must be so made 
i hat they can be clamped or otherwise j)ositiv(4y positioned by 
the die. Occasionally the insert projects through the die and 
may even be larger than the casting itself (A, Fig. 26), but, 
except in rare cases of this kind, the insert should be made so 
that, if it is inadvertently left out of the die, molten metal cannot 
be ejected through the die opening left or so that the casting will 
become locked in the die in such a way that ejection is impossible. 

Most inserts are knurled or are provided with grooves that 
fill with metal and anchor them in the casting. Inserts should 
always be so anchored if subjected to stresses that otherwise 
would result in their being loosened when the casting is put into 
service. Threaded studs should be provided mth a shoulder, 
which is preferably located slightly above (outside) the surface 

thermosetting plastin insert, which provides dielet^tric properties and is not 
jifTected hy casting process. (C) Steel bushing and strips of J4- by %-in. steel 
cast inside zinc alloy, widely provides desired external shape. Strips add strength 
and arc subsequently welded to stool rim of steering wheel. (D) Pres.sed-paper 
insert gives zinc-alloy pulley desired friction surface. (E) Steel bushing provides 
hardness and cast-iron toe gives shape and hardness not obtained in zinc casting. 
Brass screws add strong fastenings. (F) Flexible-steel inserts with sharp teeth 
serve to fasten this zinc-alloy die casting to a fiber conduit. (G) Valve seating 
tool in which hardened blades and central bushing are heUl in correct relative 
l)osition by zinc-alloy matrix cast around them, central stem being pressed in 
place subsequent t« casting, which thus requires only a small die. (ff) Crank for 
windshield wiper of zinc alh^y cast around ball permits ball to oscillate, making 
split socket imnewssary. 
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from which the stud projects (Fig. 20). Th(' s<(^p helj)s to 
prevent the metal from filling the thread of a stud (which is 
placed in a hole in the die), and the shoulder takes the pull result¬ 
ing when a nut is tightened on the stud after the latter is passed 
through a part subsequently fastened to the casting. 

Hardened parts, such as cutter blades (6r, Fig. 25) or springs oi* 
bushings, can be cast in place without losing their temper as the 
molten metal cools too quickly to cause the temper to be drawn. 
Tn this, as in other cases, the casting seiwes as a matrix {E, Fig. 24) 
which fastens the parts in proper relative position and holds 

them securely and permanently in 
the casting. Tn such cases, the cast¬ 
ing pro(‘ess effects the assembly and 
yields a shape that meets require¬ 
ments an<^l (*an Ix' madc^ to yield a 
more phrasing appearance^ ((7, Pig. 
25) than perhaps would be attained 
otherwise. Often, the (*asting is not 
only a highly effective and conven¬ 
ient means of assembly but is tln^ 
most economical and practical way 
(or perhaps the only feasible way) 
of effecting th(^ assembly. A study 
of Figs. 24 and 25 makes many of 
these advantages of the insert ap¬ 
parent and should serve to suggest 

many similar applications of equal utility. 
Rule 23. Appearance; Design the casting so that, consistent 

with meeting other requirements, its appearance will be pleasing 
and will blend with that of mating parts. Although this rule 
is fully justified on aesthetic grounds alone, it is warranted also 
by strictly utilitarian considerations, for it is well recognized 
that, other things (including price) being equal, the better 
appearing prod\ict greatly outsells that lacking the sales appeal 
that good appearance affords. 

It is generally agreed that appearance is enhanced by simplicity 
in line and form, rarely by embellishment applied only for decora¬ 
tive i)urposes. Proportions should be such as to be pleasing to 
the eye and to convey the impression that the casting has 
adequate strength and will perform the function for which it is 

jmiforahly sliould liavo a hIiouI- 
dcr projertiiiff sJightly above 
the face of the casting or a bos.s 
tlieroof. The shoulder tends to 
prevent molten metal from find¬ 
ing its way along the stud and 
into the thread and also (if the 
hole in the mating part is not 
larger than tlie shoulder) takes 
thrust applied by tightening a 
nut on the stud that otherwise 
may be pulled out of the casting 
if the nut is tightened unduly. 
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intended. In other words, the desip;n should be functional, that 
is, should be in harmony with the function the casting must 
perform. Thus, for example, a handle may be either spherical 
or of some other shape that the hand can grasp comfortably, 
never of a shape that will be uncomfortable to the hand; a wheel 
may be solid or sj)oked, l)ut it should not have a hub of excessive 
bulk or a rim so slender as to appear weak or easily damaged. 
Parts intended for rapid motion can often be streamlined so as 
to indicate adaptation for speed with minimum resistance (Fig. 

FiCi. 27.—This noinhination horn and head lamp for a bicycle has its housing 
die cast in a streamlined sluipc snuKcstive of speed, the effect bein^c cnlianced by a 
series of horizontal beads. Absence of protrusions is (rharacteristic of stream¬ 
lined dosij^ns. 

27). Such ])arts prt^ferably have no protrusions such as might 
t(‘nd to check tludr si)eed. 

A design that answers all requirements as to strength and 
ability to perform its function may still be lacking entirely in 
eye appeal (Fig. 28). If the engineer does not possess artistic 
ability, he should leave the matter of appearance to a designer, 
who is trained to provide lines and forms that appeal to the eye 
and who, in general, should indicate the color or finish required 
on exposed surfaces. The proper combination of strength and 
ability to perform as required should not be sacrificed merely to 
gain good appearance and need never be if the engineer and the 
artist cooperate as they should. Neither should demand a 
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construction that sacrifices good j^oiiits in the other^s work so 
long as the net result deemed neccssarv is attained. If each is 
competent and supplements the other’s efforts, a pleasing design 
is likely to result, as in Fig. 29. 

There is no logic in designing a die casting or any other product 
in such a way that it is ugly or lacks eye appeal (if it is exposed to 
view in use), even though it may })erform its fun(*tion perfectly, 

28.—Gummed tape dispenser as it appeared in a design entirely lacking 
in eye appeal although it functioned satisfactorily. Top, base, and lever 
are sand castings and housing is stamped, as are some other parts. 

when it is just as easy to make the casting have eye appeal. 
Ugly appearance is almost certain to affect sales adversely 
whereas attractive appearance tends to stimulate sales, which is 
usually one primary objective of the design. Internal parts 
that remain hidden are not subject to this rule, but it is often 
just as easy to make even such a part pleasing in appearance as 
to make it unattractive. There are cases in which good appear* 
ance necessitates some increase in cost though in others the 
reverse may be true. In general, the difference is slight, but it 
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may be expedient to sanction some increase in cost to gain good 
appearance. 

The foregoing rules could be stated in other ways and certain 
other rules could be formulated to govern the logical design of 
die castings. But if those here given are followed and if the 

I' lQ. 29.—streamlined redesign of dispenser for gummed tape, main housing, 
cover, and other major parts being die cast in zinc alloy to afford greatly im¬ 
proved appearance as well as a marked reduction in cost. A few parts, mostly 
hidden, are stamped and others are screw-machine x^roducts, 

final design is checked against each of them, costs will be mini¬ 
mized and many other advantages will be gained. 
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C^HAPTKR II 

DESIGN OF SAND CASTINGS FOR PRODUCTION 
IN QUANTITY^ 

Bv N. F. Hindle 

Why Sand Castings Are Used.—Sand castings arc produced in 
(jiiantities exceeding 20,()()(),000 tons annually in the United 
States alone. Such castings promise to continue in still more 
extensive use, partly because (1) they constitute a basic*, low-cost 
necessity; (2) they lend themselves to highly economical pro¬ 
duction in large (|uantities; and (3), among other reasons many 
wa^^s of increasing their utility are being developed. Crank¬ 
shafts and camshafts for automotive engines, for example, are 
now being sand-cast in large quantities, wheioas hardl}' more 
than a decade ago even the mention of a feasible cast crankshaft 
would have been received with scorn. Today, engineers can 
sec^ure almost any set of properties desired in sand castings. 
Beside being available at moderate cost, sand castings can be 
produced in an almost unlimited variety of shapes and sizes 
(some designs being practically unproducible by other means) 
and with the metal favorably disposed in relation to stresses 
imposed. As no dies are required, tooling costs for small castings 
are often much lower than for somewhat similar products suit¬ 
able for quantity production, although machining costs some¬ 
times offset this advantage. 

^ The author gratefully acknowledges his debt to those who have enunci¬ 
ated certain fundamentals of casting design in articles appearing in engineer¬ 

ing and metalworking publications, books, and society and association 

publications of interest to the foundryinan as well as to casting designers. 

The subject is a complicated one. Little strictly basic information is avail¬ 

able, though considerable is in process of being accumulated. Designers 

can assist the foundryman in his search for such information. They can, in 

turn, by seeking the foundryman’s advice on casting production, learn to 

adapt their designs to efficient quantity production. In short, through 
cooperation, the designer and the foundryman can help each other and, at 

the same time, benefit all others concerned. 

67 
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Production Sand Castings.—Production castings cover a wide 
variety of sizes and designs. This makes it difficult to cover 
the subject of design in an all-inclusive manner. Most casting 
methods other than the sand process, such as centrifugal, per¬ 
manent-mold, and die casting, are limited in application, in 
possible alloys that can be used, and in size and/or shape of 
the casting. 

This is not true of the sand-casting process, in which there is 
little restriction as to size or alloys from which castings can be 
made on a production basis. As an cxainj)le, thousands of valves 
of varying types, cast in a variety of metals, are made b}' the 
sand-casting process annually. Many of them are molded on 

Fig. 1.—One-piece, cast-steel uiiderframe for 70-ton flatcar 50 ft. long, which 
in made as a built-up (assembled) core job. {Courtesy of General Steel Castings 
Corporation.) 

machines by the match-plate method. On the other hand, 
relatively few engine and car frames in comparison to valves are 
made in the same period. Such castings weigh from about 60 
to 75 tons and yet are considered production jobs. They usually 
arc made by what is termed ‘^pit moldingand in foundry 
language are built-up core jobs.^' Production of such castings 
requires a large number of core boxes and no pattern. Figure 1 
shows a one-piece 70-ton flatcar underframe, 50 ft. long, made 
by that method. 

Obviously, it is difficult to draw up design rules that would be 
applicable to such a wide range of product. The following 
suggestions may be used, however, as a guide for designing 
castings for production regardless of size. 

The Casting Process.—^Sand castings are made by pouring 
liquid metals into sand molds. Either ferrous or nonferrous 
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metals can be used, and castings weighing from a fraction of an 
ounce to over 200 tons can be produced. 

Advantage of the Sand-casting Process.—Sand casting lends 
itself to the formation of intricate as well as of simple integral 
parts, often with strength and rigidity not obtainable, at equal 
cost, by any other method of fabrication. In sand castings, 
the properties of the metal are practically the same in all direc¬ 
tions. Metal can be so disposed that it will do the most good. 
The smooth, flowing lines possible in sand castings often have 
proved to b(i important sales advantages. Proper design of 
sand castings often results in a saving in weight over other 
methods of fabrication. In other instances, castings have 
reduced machining time, numbc^r of operations, and assembly 
costs. Small parts that can be cast in sand molds can sometimes 
be cast in metal molds economically, but the reverse is also true. 
Many small castings, especially those having cores that could 
not be withdrawn if made of metal, can be sand-cast readily but 
cannot be die cast. In addition a large proportion of sand 
(tastings are too large to be cast in feasible metal molds, and 
many alloys suitable for sand casting are not suitable for casting 
in metal molds. Although it is occasionally possible to duplicate 
the siind (;asting, as far as dimensions are concerned, by forging 
or by welding wrought metals, this can seldom be done at equal 
cost if quantities rcciuired are considerable, and, in many cases, 
the resulting product is less satisfactory, in certain respects, than 
the sand casting. 

Nature of the Sand-casting Process.—In sand casting, sand 
is, of course, the material used for both molds and cores. A 
pattern, commonly of wood or metal, is required to form the 
cavity into which molten metal is introduced. Variations in 
contour of cavities or recesses in the metal are produced by cores 
made largely from sand. 

Molding Methods and Patterns,—^For high production of small- 
to medium-sized castings, metal match plates or metal cope 
and drag patterns are used. These are mounted on molding 
machines, the type of which depends upon the size and shape of 
the piece. A flask (a container for the molding material), the 
contour of which may depend on the shape but mostly on the 
size of the piece, is placed in position around the pattern, mounted 
on the platen of the machine, and filled with sand having the 



70 DKSUININC FOR QUANTITY PROhVCTlON 

correct ph3^sical properties for tiie ty])e of casting? l)oiiig ina(l(\ 
The sand then is rammed, squeezed, or jolted into position around 
the pattern in the flask to produce a mold of the proper hardness, 
permeability, and strength. Sometimes a combination of jolt¬ 
ing, squeezing, and ramming operations is lux^essary to produce 
tiie proper type of mold. FolloAving preparation of the mold, 

Fig. 2. -Match plate on which 24 duplicate patterns are nriounted. With 
thi.s equipment several thousand castings of this size can he made daily on one 
machine. 

the pattern is withdrawn from the sand mold automatically or 
semiautomatically, depending on the type of machine used. 

Most patterns for machine molding are designed with gates 
and risers attached. By machine molding, substantially precise 
duplicate molds are ma^o by controlling carefully the properties 
of the sand and the amount of ramming. Usually, in production 
molding, where cope and drag patterns are used, two machines 
are operated, one to produce the top part of the mold or cope, 
and the other the bottom portion or drag. After both parts of 
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f-he mold have been made, the eores, if any, are correctly phn^ed, 
the mold iw closed and clamped, and the assembled mold is ready 
for j)ouring. 

Metal match platen arc used to produce castings in large quan¬ 
tities. They are used generally for machine molding; they 
consist of a plate on which the pattern is mounted and are con- 

.‘i. —Cope and drag views of a match plate in prueohs of niMkiiig, on 
which a.single pattern is mounted. 'Flic number of castings prodintcd daily from 
the finished plate depends on the speed of the molding machine and the number 
of machines and duplicate patterns operated on the job. In J'igs. 2 and ‘h tim 
gating arrangement is a permanonl part of the equipment. {Covrtes)/ of 

Scientific Cast Products Corporationfi 

structed to be lifted either automatically or manually from the 
mold after it has been properly rammed, depending on the type 
of molding machine used. For small castings, such as those 
made on squeezer-type molding machines, the patterns for both 
the cope and the drag sections of the mold are mounted on the 
plate, on the top and bottom respectively, in the proper position 



72 DESIGNING FOR QUANTITY PRODUCTION 

and the same match plate is used for making both the cope and 
the drag. The plate in all match plates serves as the parting 
for the pattern. For larger castings, it is often more economical 
to use a pair of match plates, one for the cope and one for the 
drag. Figures 2 to 4 sliow various types of match plates. 

Fig. 4.—An unfinishecl match plate on wliirh the grating arrangement is not 
yet mounted nor the holes for the flask pins cut. This illustration shows how an 
uneven parting line is feasible in some instances and still permits use of match- 
plate equipment without the necessity of special flasks and machine setups. 
{Courtesy of Scientific Cast Products Corp,) 

The limiting factor in the use of match plates is the size and 
weight of the mold. This in turn is limited by the handling 
equipment available in the particular foundry. Heavy squeezer 
molds, which must be handled manually, result in fatigue, and 
production has been found to fall rapidly toward the end of the 
day when workmen tire. 

Metal match-plate patterns for large quantities of small- and 
medium-sized castings assure rapid and accurate reproduction. 
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The initial cont of such equipment is greater than nonmounted 
patterns but the extra cost is more than justified by other savings 
when the total pattern cost is spread over a large quantity of 
eastings. 

The number of castings on an order that juvstifies the use of 
match plates varies, depending to some extent upon local con¬ 
ditions and the equipment in the foundry doing the job. Stand¬ 
ard time studies have shown that lower costs can be secured 
from match plates rather than loose patterns when the order is 
for only 50 castings. Cases are known where match-plate equip¬ 
ment has been used with economy on orders for as few as 10 
castings. 

Metal match plates are most adaptable to those castings which 
have a straight (single-plane) parting and can be made on mold¬ 
ing machines of the squeezer type, but straight parting is not 
neciessarily a limiting factor. When the number of castings 
desired is extremely large and it is impossible for the engineer 
to design a casting with a straight parting, a match plate having 
an irregular parting can be used, but this involves the design 
and use of special flask equipment and special setups on molding 
machines, which results in additional costs. In such instances, 
it should be determined w'hether or not the job will justify the 
cost of the extra ecpiipment. 

Another point to remember is that in match-plate molding, 
the patterns are drawn upward vertically. There is no oppor¬ 
tunity for twisting a 2)attern to withdraw it from the mold. 
Designs that do not facilitate a straight draw" thus cannot be 
mounted on match plates unless cores are provided to form the 
sections that cannot be drawn vertically. 

Castings having surfaces so disposed that patterns can be 
drawn vertically are generally lowest in cost because they can 
be produced by machine-molding methods, which is the most 
rapid method of mold production. It is rather difficult to 
prescribe rules for the design of castings to be machine-molded 
(other than those of a general nature, as contained in this chapter) 
because the process is so versatile. The only limitations to 
machine molding are the size of the molding machine available, 
the quantity of castings, and the shape of the parting line. 
Of these three, the last is of least importance if the quantity of 
castings is large. 
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Cope and drag paitrrm are used for castings of considerable 
size. The size of castings that can be made, however, is limited 
only by the size of the molding machines, the iflasks available, 
and the flask-handling equipment in the shop. This type of 
pattern equipment is used for machine molding of what are 
termed medium-sized’^ castings. 

Machine molding is not the only type used to make production 
castings, however. Floor and pit molding are used for larger 
castings made on a production basis, such as the engine frames 
previously mentioned. In such instances, the mold may com¬ 
prise several parts in addition to the cope and drag. All parts 
are assembled, the cores set, and the mold (dosed and clamped 
before pouring. 

Melting Equipment.— Metal used in the sand-casting process 
may be produced in a cupola, ekn'tric, open-hearth, reverberatoi*y 
converter, crucible, pot, or air furnace. By far the largc^st 
tonnage of cast iron is produced in the cupola, although signif- 
icjant tonnages are produced in the electric and aii’ furna(‘es. 
The latter type of furnace melts the majority of the white iron 
from which malleable iron castings are made. Certain non- 
ferrous alloys are melted in the cupefla but the majority are 
melted in crucibles, pots, and electric furnaces. Large tonnages 
also are melted in the oi)en-flame and reverberatory furnaces. 
Steel for castings usually is melted in either direct-arc electric 
or open-hearth furnaces, although high-alloy steels sometimes 
are produced in the indin^tion furnac^e. In some instances, the 
metal is melted in one furnace and heated to the proper tempera¬ 
ture in another. This is called '^duplexing.’’ ^^Triplexing” 
involves the use of three different furnaces, as, for example, 
cupola, converter, and electric furnaces. 

Pouring.—When metal of proper chemical composition is 
melted and heated to the proper temperature, it is withdrawn 
from the furnace, by tapping in vsome types and in others by 
removing the container and either pouring the metal directly 
into molds or into ladles and thence into molds. 

Cleaning.—After pouring., is completed and the metal has 
solidified and cooled sufficiently in the mold, the casting is 
shaken from the mold, the gates and risers are removed, atid the 
casting is cleaned by such proc^ses as abrasive blasting, tum¬ 
bling, or the like. 
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TaBMiJ I.—(iKAY-lllON (USTIN'GS—ENGINEERING PROrERTlES* 

Plain Ciray IroiiHf 

Property 
' ■ 20 ■ i " 26 ! "' 30 35’ 1 40 

Tensile strength, psi. 
Compressive strength, psi. 
Brincll hardness. 
Permanent set. 
Endurance limit . , . 
Modulus of elasticity, psi. 

20,0001 2.5,000 
80,000’ 90,000^ 

noi 140 
6,000' 7.000| 

8-10,000' 10-12,000 
11,000,000 12,000,000 
4.000.000! 4..500.(K)0 

5moo 
i 100,000 

170 
; 9,000 

12-15,000 
13,000,000 
5,000,000 

36,000 
110,000 

1 200 
: 11,000 

14-1(),000 
14,0(H),000 
5,600,(HK) 

1 40,000 
125,000 

1 230 
13,000 

10 20.000 
15.000.000 
6,000,000 

45.000 
135,000 

265 
16,000 

18 22,000 
16,000,000 
6,500,000 

Less than 1 

(Wp, 6.~1%/1,000 hr,: 
840‘*F . 8,000 8,000 i No data 

j 
No data 

lOOO^F.1 0 0 
Machinability. Excellent Excellent Excellent Excellent Fair 
Wear resistance . Good Goo<l Good to Exetdient 

('orrosion resiatanw.| Fair Fair 
excellent 

Fair ! Fair Fair 
excellent 

Fair 
Good 

7 4 

Vibration damping capacity. Excellent Excellent Excellent 1 Exeellent Goofl to 

Specific gravity. 7.0 7 0 7 1 7 2 
exeellent 

7 3 
Melting point, °F. 
Thermal expansion X 10 * .| 
Thermal eonduetivity, e.g.s. units .. 
Kh'otrical resistance, microhms. j 
Magnetic permeability (gausses with j 

if at 100).f 

'C>.7 ■ 1 
0 11 

80 100 

9,000 i 

2150-2300 
0 7 
0 11 

80-100 1 

_9,000 1 

0 7 
0 U 

80 100 

9,000_ 

6 7 
0 n 

80 100 

9,000 ' 

6 7 
0 11 

80 too 

9.000 

6 7 
0.11 

80-100 

9. (MM) 

Alloy (iray Irons 

Property 
30 35 

.\.iS.T.Kf. class 

’ 40 60 60 

Tensile strength, psi 30,000 35,000 40.000 45,000 Wm 60,000 
(lompresflive strength, psi 100,000 110,000 125,000 135, (XHI 150,000 176.000 
Brincll hardness.. 170 190 210 230 2.50 275 
Permanent set . 9,000 11,000 13,000 15,000 17,(HH) 19,000 
Endurance limit . 15,000 17,000 20,0(X) 22,000 2,5,000 30,000 
Modulus of elasticity, psi . 14,000,000 15,000,000 16,000.000117,0(H).000 18,000,000 20,000,000 
Torsion modulus, psi. 
Toughness (bod impact). 
Ocep, 0.1%/1,000 hr. 

5,500,000 6,000,000 6,500,000 
Less than 1 

7,000,000 8,000,000 
Vp to 2 

9.000,000 
Vp to 2 

840“F . 9,.500 No data No data 
No data 
Good to 
excellent 

No data 
No data 
Good to 
exeellent 

lOOC’F. 0 No data No data 
Machinability. Exceilent Excellent Excellent Exex*Ueut 

ll’ear resistance. Excellent Excellent Excell(‘iit Excellent Good to 
excellent 

Good to 
excellent 

('orrosion resistance. Fair to Fair to Fair to I’air to Fair to Fair to 
good good good good good good 

Vibration damping capaidty. Excellent Excellent Excellent Excellent Good to 
excellent 

Good to 
excellent 

Specific gravity. 
Melting point, °F . . 

7 1 
1 

7.1 7.2 
2150-2300 

7.2 7.3 7 3 

Thermal expansion X 10. "‘67' 6 7 6.7 1 6.7 6.7 6.7 
Thermal conductivity, e.g.s. unite... 0 11 0.12 0.12 0.12 0 12 0.12 
Electrical resistance, microhms. 
Magnetic permeability (gausses with 

Hat 100). 

80-100 80-100 80-100 80-100 80-100 80-100 

9.000 ! 9.000 9,000 10.000 10,000 10,000 

* These tobies give the engtoeoririg and physical properties of some typical gray cast irons—both plain and 
alloy—falling within the familiar A.8.T.M. strength classifications. 

(Compiled oy Frederick G. Befing. 
t Caution Concerning Comp08ition.~>Oomposition8 of alloys for sand castings, as given in these tables, 

are merely indicative of those sometimes used. In no case should be made the basis of specifications. When 
essential, the designer may specify prop&iies, based upon accepted types of test specimens and test procedures. 
However, except for indicating the general type of alloy to be used, the designer should not specify composition 
unless ^ first checks with the foundryman who is to make the casting and reaches an agreement upon the 
composition that the foundry is prepared and equipped to supidy. 'ms is because there often are several 
compositions that produce the same physical properties within a given class of allo^, and certain foundries, 
by ei^rienoe and technique, are especially qualifi^ to cast certain alloys to give Uxe desirfid properties, Other 
foundries may use different alloys to secure the same results. 
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Inspection.—The casting is insi>ected at various steps in the 
cleaning process and finally just before shipment. In well- 
managed and properly equipped foundries, all steps in the process 
are carefully planned and controlled to ensure the best product 
possible. As the design of the casting often affects the cost of 
one or many steps in the process of production, the more familiar 
the designer becomes with production technique, the better is 
his design likeb^ to be in respect to minimum cost as well as in 
other respects. 

Selection of Material. Cast Iron.—One of the first decisions 
the designer must make concerns the choice of the metal or 
alloy to be cast. Use of such general terms as ‘^cast iron^^ or 

steer' is too indefinite. There are uncounted types of cast 
iron. The American Society for Testing Materials (A.S.T.M. 
Specifications A48-41) lists seven classes of cast iron based on 
strength alone. Some properties of cast irons are shown in 
Table I. There are many other classes of cast irons than the 
seven there mentioned. In some, strength exceeds that in the 
highest classification by as much as 20,000 psi. Others are 
especially designed metallurgically for heat resistance, corrosion 
resistance, wear resistance, machinability, hardness, and other 
properties. 

Steel.—There are also many types of steel for castings and 
over 70 known alloy steels being produced in the foundry indus¬ 
try today with tensile strength varying from 40,000 to 250,000 
psi and elongations from 0 to 75 per cent. Noteworthy improve¬ 
ments have been made in the properties of straight-caiUon cast 
steels through improved control of all operations, melting, heat- 
treating, and molding. Table II shows the compositions and 
properties of some cast carbon steels and Table III gives the 
same information for some low-alloy steels. 

Malleable Iron.—Malleable iron is no longer merely that. Iir 
addition to the regular malleable irons, produced under A.S.T.M. 
Specifications A47-33, Grades 35018 and 32510, short-cycle and 
pearlitic malleable irons are available. These are “tailor-made'* 
malleables and have special properties for use in many engineei'- 
ing applications. Table IV shows some properties of regular 
malleable irons, while Table V gives the properties of some 
pearlitic malleable irons. 
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Table III.—('ombosition and Mechanical J’robekties 

Clifnjicai oom))OHition, % 

Typo of caai sk>ol 
Sie<*l 
no. Mo- 

lyMe- 
num 

(’ar- 
bon 

Man¬ 
ganese 

Sili¬ 
con j Niekel Chro¬ 

mium 

1 

Vana¬ 
dium 

- 1 0.15 0.58 0.30 2.90 
2 0.19 0.91 0.30 2.14 
3 0.26 0.90 0.18 1.76 

Nickel.. . . ... • 4 0.30 1.05 1.95 
5 0.40 0.52 2.39 
6 0.35 0.82 0.31 3.00 
7 0.30 0.68 0.38 3.14 

0.32 1.14 0.36 
0.32 1.33 0.33 

Medium manganese. {lO 0.35 1.51 0.31 
0.34 1.77 0.34 

112 0.25 1 43 0.65 
/13 0.39 0.84 0.48 0.79 

13 0.39 0.84 0.48 0.79 
13 0.39 0.84 0.48 0.79 

Chromium. )l4 
Sl5 

0.28 
0.36 

0.47 
0.78 

0.81 3.05 
2.97 

16 0.41 0.67 2.56 
16 0.41 0.67 2 66 

\l7 0.36 0.74 0-41 0.8;i 
/18 0.30- 0.70 0.40 0.30- 

0.40 0.40 
Molybdenum... . . 19 0.24 0.64 0.36 0.50 

20 0.30 0.70 0.30 0.54 
21 0.26 0.64 0.30 0.51 

Vanadium. . 22 
23 

0.22 
0.38 

0.70 
0.87 

0.40 
0.32 

0 20 
0 20 

Silicon. ^24 0.17 1.11 1.11 .... 

It 
0.13 0.62 
0.13 0.62 

26 0.29 
26 0.29 

Copper. <^7 
0.31 
0.31 

6! 75 
0.75 

6!42 
0.42 

27 0.31 0.75 0.42 
28 0.31 0.75 0.42 
28 0.31 0.75 0.42 

128 ! 0.31 0.75 0.42 
/29 0.33 1.20 0.38 iioe 
lao 0.33 1.20 0.38 1.06 

Medium manganese-nickel. hi 0.30 
0.28 

1.10 
1.66 

l.OO 
1.27 1 32 

|33 0.29 1.44 1.41 
V34 0.30 1.44 2.30 
/35 0.39 0.86 6!37 1.78 0.67 
|36 0.33 0.75 0.39 1 50 0.85 

Nickel-chromium. <37 0.40 0.52 0.37 2.39 1.00 
]38 0.35 0.80 0.40 1.30 0.94 
139 0.33 0.66 0.16 3.19 0.63 

2;
 I* [ £ i 40 0.32 0.70 1.35 6.32 

Nickel-vanadium.j 41 0.29 1.02 6. si 1.49 6j3 
Medium mangauescHilmMnium.. { 42 0.40 1,40 0.60 6.’60 

Medium manganese molybdenum (43 
U3 

0 30 
0.30 

1.36 
1.36 

0.36 
0.35 

6.35 
0.36 

Medium manganose-vanadium . 44 0.30 1.65 • 
©

o
 

6!i6 

Medium mBagane8e>titanium_ 45 
146 

0.30 
0.26 

1.68 
1.46 

0.43 
0.37 

(Approx.) 
(Approx.) 

/47 0.30 0.80 0.40 0.80 6 >20 
47 0.30 0.80 0.40 0.80 0.20 
48 0.39 0.81 0.39 0.69 0.43 

ChrcHOkium-mcdybdenuin . . /49 
)50 

0.27 
0.90 QM 6.41 

1.00 
1.36 

0.50 
0 30 

n\ 0.22 0.71 0.60 4.02 0 46 
52 0.25 0.46 0.41 5.22 0.45 

0.20 0.68 0.37 2.05 1.06 .... j 

('oi>- 
IKT 

1. 

1. 

0.94 
0 94 
1 21 

For footnotes, see p. whore tatde is continued. 
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OF Representative Low-alloy Cast Steels 

Meehan icai projxirtio.s 

Tensile 
stren^h, 

psi 

Yield 

in.. % 

Re¬ 
duc¬ 

tion of 
ar('u, 

% 

Brinell 
hard¬ 
ness 

i 
1 

Impact 
value 

Heat-treatment, ‘’F. 

76,800 61,200 33.1 .5,5 5 m Normalised 1750, normalized 1550, drawn 1200 
85,100 51,250 29.0 52.U Normalized and drawn 
92.000 52,000 28.5 39.8 Annealed 1475 

104,550 63,550 25.0 54.8 Normalized 1650, drawn 1200 
145,000 128,000 20.0 58.6 Normalized 1500, oil quenched 1425, drawn 1100 
111,000 72,000 13.0 22.0 Annealed 1435, drawn 1110 (furnace cooled) 
85.000 64,000 31.0 58.5 33i Normalized 1700, normalized 1525, drawn 1200 
81,000 42,000 28.0 45.0 Normlaized 1650, drawn 1250 
88,000 57,000 25.0 56.0 Normalized 1660, drawn 1250 
97,500 55,800 25.0 53.0 22* Annealed 1660, normalized 1550, drawn 700 

107,000 61,000 24.0 52,0 23* Annealed 165(>, normalized 1550, drawn 700 
92,000 62,000 24.1 53.2 .30t Water quenched 1650, drawn 1186 

122.000 77,850 13.5 20 0 228 Normalized 1650, normalized 1550, drawn 700 
110.850 67,150 17.0 25.0 217 Normalized 1650, normalized 1.550, drawn 1200 
120.450 90,200 16.0 35,7 241 Normalized 1650, oil quenched 1550, drawn 1200 
150.000 125,000 13.0 23.0 Normalized 1650, normalized 1550, drawn 1000 
151,000 127,000 14.0 29.0 Water quenched 1650, drawn 1150 
166,000 143,000 12.0 20.0 Normalized 1650, drawn 1100 
142,000 117.000 19.0 39.0 285 Normalized 1650, drawn 12(K) 
95,000 55,000 18.0 31.0 213 29* NormalisiHl 1650, drawn 1250 
83,200 58,100 21.0 33.0 208 2H* Annealed, normalized, drawn 

73,650 46,400 33.0 46.0 153 Nm'malized 1650, drawn 1200 
75,800 52,000 32.0 48.0 163 NOTmalized 1650, drawn 1200 
75,100 46,100 31.0 53.0 156 Normalized 1650, drawn 1200 
79,000 46.000 31.0 58.6 50.2* Double normalizfkl, 4 drawn 
94,100 64,900 24.0 53.9 30* Double normalized, § drawn 
71,000 45,000 27.0 54.0 Annealed 
70,000 50,000 31.0 54.1 i43 Normalized 1600 
89,000 70,000 23.5 49.7 196 Normalized 1600, drawn 950 
88,000 58,000 19.0 31.2 179 Normalised 1550 

104,000 76,000 20.5 36.4 207 Normalized 1550, drawn 1000 
97,500 68,000 25.5 51.0 170 m Normalized 1650 
90,000 61,000 24.8 43.6 161 m Annealed 1650 

110,500 82,500 21.0 45.8 201 m Normalized 1650, drawn 930 
114,500 86,000 19.8 42.0 216 Ilf N(nmali»d 1650 
90,500 58,500 24.5 41.4 159 lof Annealed 1660 

116,500 89,500 18.8 38.8 215 m Normalized 1650, drawn 930 
100,750 62,000 21.0 34.0 179 25* Annealed 1600 
99,000 63.500 23.5 48.0 187 43* Normalized 1600, drawn 1200 
95,000 60.000 23.5 47.5 180 47.5* Normalized 1650, drawn 1200 
96,000 63,000 26.0 58.5 Normalized 1600, drawn 1100 

102,000 65,000 26.7 58.9 Normalized 1600, drawn 1100 
114,000 64,000 15.7 25.5 Water quenched 1650, drawn 1250 
112,000 66,500 19.0 32.0 27* Normalized 1600, drawn 1200 
99,000 60,000 22.5 45.0 41* Anneaded 1700, normalized 1650, drawn 1250 

145,900 101,500 20.0 58.6 2^ Normalised 1500, oil quenched 1425, drawn 1100 
102.000 67,000 21.0 41.0 38*’ Annealed 1700, normaliaed 1650, drawn 1260 
128,000 108,000 14.5 36.0 quenched 1510, drawn 1100 
91,045 60,536 24.8 54.5 Annealed 1850, normalised 1700, drawn 1275 
93,000 65,000 29.0 67.8 55.6* Double normalised and drawn 

120,000 75,000 23.0 52.0 10* Ano^ded 1650, normalised 1550, drawn 700 
96.000 68,000 25.5 67.5 210 231 Normalised 1650, drawn 1250 

102,000 76,000 25.8 58.0 228 29t Oil quenched 1575, drawn 1250 
101,000 67,000 27.0 55.0 46* Double normalised and drawn 

106,000 78,000 28.0 69.0 40* Normalised 1600, drawn 1050 
91.000 63,000 31.0 55.0 55* Normalised 1600, drawn lOM 

110,000 80,000 20.0 40.0 2i6 Normalised 1550, drawn 1260 
m.ooo 94.000 18.0 50.0 230 Water quenched 1550, drawn 1250 
103,000 73,000 19.0 40.0 26* Normaluied and drawn 
107,000 85,600 20.0 46.7 Oil quenched 1575, drawn 1260 
156,000 95,000 9.0 9.0 Normalised 1525, drawn 1100 
121,000 91,000 19.0 51.0 Normalised 1650 
102,850 77,000 21 0 58.8 iw Not mven 
110,500 86,250 18.0 42.0 207 . 

Double normalised and drawn 
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Tabi.e III.—Composition and Mechanical Properties 

('h«*rnifiil rompOHition, % 

Type of cast steel 
Steel 
No. 

(’ar- 
bon 

1 
i 
1 Man- 
' ganrw^ 

' Sili¬ 
con i Nickel Chro¬ 

mium 

Mo- 
1 lylnle- 

num 

! 
1 
j Vana- 
1 dium 

('op- 
I)er 

('hromium«viiiiadium. r>3 0 30 , 0.80 0 40 l.OO 0.10 
('hroinium-tung8t(‘ii. 
Medium mangaiu-Hc-chromium - 

54 0.25 ; 0 .53 0 42 5 87 (W)0.80 

silicon-vaiu^iuin, 55 0 42 1 1 45 0 80 0 38 0.16 
foO 0.37 j 0.80 0.40 1 1.76 0 75 0.40 

Nickel-chromiura-mdybdeuum 
1 
{57 0.72 I 0.88 0.30 0 75 1.50 0.38 
157 0.72 0.88 0.30 0 75 1.50 0.38 

Medium mauganese-ohromium- 
molybdeimm.I 

Medium manganese-nickcl-vana- j 
58 0.34 1 19 0.96 0.34 

dium. 1 59 0 28 1 34 1 0.39 1 1.72 0.11 
Medium manganosp- f {^0 0 15 1 28 1 11 i!97 

silicon-copper ... 
Medium manganese-chromium- ' 

(61 0 23 1 H ! 1 58 
! i 

1.51 

vanadium ' (12 0 34 1 51 0.29 0 47 0.16 
163 i 0.10 1 43 0 20 1 0.11 1.15 

Medium manganese- 1 i 1 
copper-vanadium ... (•>4; 0.29 1 12 0 44 1 0 10 1.04 

M(*dium manganes<'- f65| 0 29 1 1.17 0 38 
j 
0 05 Ti (approx.) 1 07 

coppcr-titaniiun. .. ( 1 
fOO 1 

{ 1 
0.30 0.08 1.05 2 15 , 

1 
0.52 

Chromium-molybdenum silicon. . 
(67 ! 

j 
0.29 1 0.08 0.78 

1 

5 20 

i 
0.52 

No7tfcrrous,—With the application of heat-treatment, age, 
and precipitation hardening of aluminum and magnesium 
alloys and some of the brasses and bronzes, the fields for non- 
ferrous castings have been considerably widened. The prop¬ 
erties of many of thcvse alloys can be varied to suit the engineer's 
requirements. Table VI gives normal compositions and prop¬ 
erties of various classes of nonferrous alloys. 

Specifications.—When a cast metal is specified, the general 
type of alloy, such as steel, malleable iron, cast iron, brass, 
bronze, aluminum, magnesium, lead, tin, nickel-base, should be 
named but the composition should not be specified, as many 
foundries may produce a material of a general type that will 
meet strength and other requirements by several different 
methods or by several different compositions and treatments. 
The engineer and designer desire certain properties in a given 
shape of casting. It is not of particular interest, so long as the 
piece meets the service requirements, how those properties are 
obtained. 

Because of the large variety of metals cast in foundries, the 
large number of types within each class, and the many treatments 
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OF KEruBSENTATiVE Low* * * §Ahix)Y ('ast Steels. 

Tensile 
.strength, 

psi 

Yield 
l>oint, 

p«i 

Klon- 
gution 
in 2 

iu., % 

Re¬ 
duc¬ 

tion of 
urea, 

% 

Brinell 
hard- 
ncas 

impact 
value 

llcut-treutmcnt, "F. 

94,300 64,750 27 5 57.1 Double normalizt'd and drawn 
125,000 100,000 18 0 45 0 Normalized 1750, drawn 1260 

116,000 74,000 19.0 43.0 Normalized 1650, drawn 1150 
149,000 90,000 17 0 25.1 262 27* Normaliz(‘d, drawn 1250 
146,000 56,000 7 5 8 5 270 . . AnneahHl 18(K) 
216,000 18:i,(K)0 6 0 12 5 415 Annealed 1800, normalized 1650, drawn 1000 

115,800 82,4.50 21 0 55.0 227 VVat<*r quenched 1600, drawn 1300 

103,0.50 71,500 23 0 40.4 43.3* Aim<‘al(‘d 
85,800 64,000 28.1 44 8 Annealed 1740 
92,200 69,200 29.6 44 2 .\nn<;aied 1740 

<IK,0(K) 72,000 25 0 54 0 i 44* i Doubh' normalized 16.50 1 6.50, drawn 1200 
90,900 69,950 30 0 60 0 1 76 2* ! Double normalized 17(K)^A.5.50, drawn 7.50 

106,1.50 88,150 24.0 50.6 1 42 0* . Double normalized 1700-15.50, drawn 9.50 
96,400 73,200 30 0 57 0 ... 1 61 0* Double normalizd 16.50-1500, drawn 760 

107,750 87,000 26 0 1 51.9 1 30 8* Double normalizt'd 1650-1,500, drawn 9,50 
100, (MK) 68,000 25 5 51 9 1 31 0* Normalized 1600 
98,000 71 .(MK) 26 2 55.8 . 1 28 8* Normalized 16(K), drawn 11.50 

120,.500 89,600 19.0 39.0 197 1700, 4 hr., cool to 1.500, hpld 6 hr., air cool; 12.50, 4 hr., 
furnace cool 

103,500 78,500 20.5 47.0 I 197 1700, 4 hr., cool to 1500, hold 6 hr., air cool; 1250, 4 hr., 
furnace cool 

• Izod impact value, in 
t Fremont impact value;, kg.-iu. of work alworbed in breaking standurd Fremont bar. 
X Charpy iuiiiuct value, ft.-lb. 
§ Impact value, m,-kg. per sq. cm. (XI.12 ~ tt.-lb. per sq. in.). 
j| Titanium added: 5 Tb. ferro-carlwn-titanium per ton charge. 

that may be applied to the casting to produce intentionally 
a given set of properties after the (tasting has been made, any 
compilation giving typical analyses and physical properties is 
merely indicative of what can be ac(*omplished under particular 
sets of conditions. Hence, tabular data included here are for 
guidance only and should not be used in specifying niaterial. 

Space limitations preclude an extended discussion of the vari¬ 
ous types and classes of cast alloys. In general, it may be stated 
that the most economical material is the one that gives satis¬ 
factory service at lowest unit cost. Again, in general, material 
costs for the production of nonferrous castings constitute a 
greater proportion of the total cost than is the case with ferrous 
casting. To cite a given casting and give the cost of manu¬ 
facture in a variety of metals means little as it is the ultimate 
cost of the part, which takes into consideration its service life, 
that is of real significance. A part cast in one material may cost 
initially much less than if cast in another metal, but if the service 
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'fABLE IV.—SttMMAUY of DaTA ON THE C^OMFOSITKiN AND PROPERTIES 

MAiif.KABt.E Ikon 

A.S.T.M. 

! 

1 A.S.T.M. 
Grade 3r>0l8 Grade 32610 

(Chemical composition,*—white iron; 
Carbon, . 1.76-2.30 2.25-2.70 
Silicon, ' . 0.86-1.20 0.80-1.10 
Manganese, . Less than 0.40 Lf^ss than 0.40 
Phosphorus, ' ^. . Less than 0.20 Less than 0.20 
Sulphur, %. Less than 0.12 0.07-0.15 

Chemical composition, finishes! product: 
Temper carbon, . Less than 1.80 Less than 2.20 
Silicon, %. Less than 1.20 Less than 1.10 
Manganese, %. Less than 0.40 l.<es8 than 0.40 
Phosphorus, . . Less than 0. 20 Less than 0.20 
Sulphur, . Less than 0.12 Less than 0.13 

Physical properties: 
Specific gravity. 7.2(V 7.45 7..34-7.25 
Shrinkage allowance, in. per ft. . . . •^16 
Coefficient of thermal expan8i(»n 

Per«r. 0.000012 0.000012 
Per . 0.0000006 0.0000066 

Specific heat, cal. i>er gram per °C’. Varies with tem¬ 
perature; average value between 20 and 100®(\ . 0.122 0.122 

Mechanical properties: 
Tensile strength, psi. 

! 

1 63,000-60.0(X) 60,000-52,000 
Yield point in tension, psi. . 1 35,000-40,000 32,,500-35,000 
Elongation in 2 in., c'. .. 1 i 18-25 10-18 
Modulus of elasticity in tension, p.si. . 25,000,000 25,000,000 
Poisson’s ratio.i 0.17 0.17 
Ultimate shearing strength, psi.i 48.000 48,000 
Yield point in shear, psi. ... . ! 23,000 23,000 
Modulus of elasticity in shear, psi. .j 12,600,000 12,500,000 
Modulus of rupture in torsion, psi.| .58,000 68,000 
Brinell hardness number.1 110-145 110-135 
Charpy impact value, ft.-lb. 

Using V notch 0.394 in. square bar, 0.079 in. depth 

of notchf.^. 10.5 
Using "keyhole" notch 0.04-in. radius at bottom, 

0.39 in. square bar, V notch 0.197-in. depth. . . 7.0 6.5 
Ijsod impact value, ft.-lb. (using V notch 0.394 in. 

square bar, 0.079 in. depth of notcht. 10.5 
Fatigue endurance limit §. 25,(K)0-20,500 25,000-26,6fX) 
Endurance ratio (endurance limit/ultimate strength) I 0.43-0.54 0.50 
Resistivity, micro-ohms per cc. 30 32 

♦ Thes«J choniicttl compositions ftre not to be taken as specifications, hecaimo the specificn- 
lions for mechanical properties can he met by a numVs^r of compositions, depending on 
foundry practice and conditions. 

t Fig. lb, “A.S.T.M. Symposium on Impact Testing of Materials," 1922, p. 53; also 
Proceedings A.S.T.M., Vol. 22, Part 2, 1922, p. 87. 

tFig. 2b, "A.S.T.M. Symposium on Impact Testing of Materials," 1922, p. 67; also 
Proceedings A.S.T.M,, Vol. 22, Part 2, 1022, p. 88. 

$ The longer range of values for grade 36018 material is due, in part, to more frequent 
Investigatioft. 
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rendered is proportionally less, the ultimate cost of the part, 
when service life and maintenance are considered, may be much 
lower for the casting that costs more initially. 

Table V.—Properties ok Pearlitu’ Malleable Iron 
^ — 

: No. 1 i No. 2 i No. 3 

Tensile strength, min., psi. GO,OCX) 65,000 ] 75,000 

Yield point or yield strength, luiii., p.si . . . .; 43,000 | 50,000 | 60,000 

Elongation in 2 in., min., .j 10 ; 8 j 5 

The above properties have been a<loi>led by the Ordnaiiee Depaitrueiit in their tenttiti\e 
sp<^cification AXS-623 (Rev. 2). 

General Classification. —In general, the various cast metals 
ina}^ be classified as to their relative merits in service as follows: 
Steel is known for its ductility, rigidity, and impact resistance. 
The casting in klg. 1 requires these properties in service. Certain 

Fig. 5.—Hefiigerator crankshaft. Adopted because damping capacity of (a.^t 
iron resulted in quieter operation than when forged-steel crankshaft was used. 

types exhibit excellent corrosion resistance and resistance to 
heat at high temperatures and prevssures. Cast iron possesses 
excellent machinability, good corrosion resistance, high (com¬ 
pressive strength in relation to tensile strength, high vibra¬ 
tion damping capacity, and excellent nonseizing, nongalling 
characteristics. Cast iron was adopted for the refrigerator crank¬ 
shaft in Fig. 5 because of economy and the vibration-dampingcapac- 
ity of that material. Malleable iron is the most easily machinable 
among alloys of equal strength and has good ductility. It also 
is an excellent material for resisting certain types of corrosion. 
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\ r 

jrjo. 6 —Ma))eabIe«iron casting that has been intentionally twisted to illustrate 
the ductility of timt material. 

Fig. 7.—Front view of large bronze door for Parthenon at Nashville, Tenn. Many 
parts, including the panels, are cast in bronze. 
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Jb'igiue 6 indica-ies tlu^ (hictility of malh^able iron. Hram and 
bronzv are primarily corrosion-resistant alloys, are made in 
various colors for architectural and color-matching purposes, 
arc well suited for plating (although other alloys also are), and 
include excellent bearing alloys. Some of the bronzes, such as 
the aluminum and manganese bronzes, approach steel in strength. 

They also are, in the main, easily machinable. Figure 7 shovs 
a large bronze door, the panels for which are bronze castings. 
This door is one in the Parthenon in Nashville, Tenn. 

Fig. 8,—Aluminum cylinder-head casting with thin cooling fins. {Courtesy of 
Aluminum Company of America.) 

Aluminum and magnesium are the bases for 'Tight alloys.’' 
They are used primarily in appli(;ations where light weight is 
desirable or necessary. Aluminum castings possess good corro¬ 

sion resistance under ordinary atmospheric exposures. Alumi¬ 
num is also resistant to many chemicals. Aluminum alloys 
machine readily and certain of them take and hold a high polish 
without plating. A variety of colored finishes are produced 
thereon by chemical treatment. Magnesium alloys are one- 
third lighter in weight than aluminum alloys and are very easy 
to machine but, in general, are low in corrosion resistance unless 
given a chemical treatment. Figure 8 shows an aluminum 
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cylinder head with thin fins. Figure 9 shows a inagnosiuin 
aircraft landing wheel Ixnng checked for accurac3^ 

Choice of Foimdry,—The first step in the production of any 
casting should be a sketch or drawing showing the general shape 
and approximate dimensions of the piece. Before the design 

Fig. 9.—Checking a magnesium aircraft-landing-wheel casting for acciiraijy. 
{Courtesy of Dow Chemical Company.) 

takes its final form, however, the designer or engineer should 
consult a qualified foundryman, for the casting of metals is not 
an elementary process, as many may imagine. In common with 
other manufacturing methods, it has its complications. Much 
time and often much expense can be saved if the designer will 
heed the reasonable advice that foundrymen qualified by long 
experience in casting production can give. 
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Selection of the producer should be given serious consideration. 
A choice should not be based on price alone. Items to be weighed 
should include assurances that the foundry has the proper equip¬ 
ment, sufficient capacity, skilled workmen, capable personnel to 
('xercise the nfjcessary control over the various operations, 
materials and processes to ensure the grade of product required^ 
and a record of performance such as to justify the expectation 
that satisfactory castings will result. Choice of the foundry 
may have little to do with design, but a good choice is likely to 
r<‘sult in securing good castings or even the best castings possible 
Irom the design under consideration. 

Pattern Considerations.—When a foundry has been selected 
and a design worked out, the foundryman or his engineers should 
be called into consultation l^efore the pattern is made, as the 
type of pattern and size of the piece are important items, which 
influence the final cost of the product. At this conference, 
there should be discussed such items as (1) metal shrinkage; (2) 
method of molding; (3) location of parting line; (4) provision 
for gates (openings in the mold into which the metal is poured 
and introduced into the mold cavity); (5) location of risers 
(reservoirs of molten metal to compensate for decrease in volume 
as the metal solidifies), if any be needed; (6) number of castings 
to be produced in each mold; (7) feasibility of using match plates; 
(8) accessibility for cleaning surfaces; (9) location of machined 
surfaces; (10) dimensional limits that can be held; and many 
more items that contribute toward making the casting the best 
and most economical possible from a production standpoint. 
Many of these items have a pronounced influence upon cost and, 
as designing for quantity production is usually predicated upon 
lowest cost consistent with securing satisfactory castings, all 
factors affecting cost demand adequate consideration. 

In designing for quantity production by the sand-casting 
process, the types of patterns that can be used are somewhat 
limited. If the order runs into the thousands for small castings 
and hundreds for large or medium sizes, to be made by machine 
molding, wood patterns are definitely out even though they may 
be made of hard wood. For large quantities of small castings, 
metal match plates are recommended. For large (piantities 
of medium and heavy castings, metal cope and drag patterns 
are recommended. Wood is not advocated because, when such 
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patterns are in constant use, the sand abrades the pattern surfaces 
and produces inaccuracies in the casting at a faster rate than if 
metal patterns are tlsed. Also, the water in the sand is inclined 
to cause the pattern to warp, thus producing inaccuracies. 

A pattern is a tool for the foundryinan and is merely a means 
to an end. As with other tools, the more accurate and sturdy 
the pattern equipment, the better are the results obtained. 

Shrinkage,—All cast metals* shritik when changing from the 
li(|uid to the solid state (licpiid shrinkage) and in (tooling from the 
solidification temperature to room temperature (solid shrinkage 
or contraction). Therefore, in pattern construction, allowance 
must be made for solid shrinkage or contraction by an amount, 
added to the dimensions given in the casting drawing when 
producing the pattern. Shrinkage allowances on patterns 
vary with the metal in the casting and with th(' lelation of one 
vsection to another in the same casting. For example, on a 
particular gra^Mron cylinder-block casting, the shrinkage is 
} iQ in. on the length, none on the height, and }g hi. on the M’idth. 
JOngineers do well to be guided on shrinkage allowances by the 
advice of the foundryinan and patternmaker. There are no 
fixed rules governing shrinkage, even with a given alloy, but 
the designer of the casting need consider shrinkage, as a mle, 
only as it affects the tolerances reipiired on given dimensions, 
and this is a matter to be agreed iqion in conference with the 
caster. 

Risem.—As all cast metals shrink in volume as they solidify, 
it is necessary to compensate in some way for this phenomenon. 
Risers, which hold reservoirs of molten metal, are used for this 
purpose. Such risers must be placed so that heavy sections 
and hot spots may be fed properly. Hot spots occur where, 
because some sections are thicker than others, solidification 
proceeds more slowly than in other, thinner, sections. Such 
hot spots arc likely to contain shrinkage defects if not fed prop¬ 
erly. Hot spots can be avoided if sections are uniform in tliick- 
ness throughout the casting. 

It is necessary that the casting should be designed, and the 
pattern so constructed, thdt ithe ’heavy sections and hot spots 
can be placed in the mold where <they can betfed until the metal 
solidifies completdy. Figure 10 fllustrates the rig^ht and wrong 

1 Except certain-bismuth alloys, not commonly sand-cast*—:EditQT 



DESIGN OF SAND CASTINGS 1)9 

methods of designing to allow for shrinkage compensation. By 
designing the castings with sections as nearly uniform in thickness 
as possible, the need for lisers is reduced to a minimum and the 
cost of the ultimate casting will be less than if the sections of 
the casting vary in thickness over a wide range. Designers 
should rememl^er that the fewer the risers necessary for a given 
design, the lower the cost of the casting. 

10.—How location of .seciioriH in relation to otliers influences the mannei’ of 
solidification. The castiriK includes sections BE], and C1C2, risers by A 
and C. In cooling, A-^ is fed by the heavier section Ai, which, in turn, receives 
metal from riser A. Sections B and ^1, because of their lightness, cool almost 
instantaneoiLsly and require little feeding. Because heavy section Ci is below 
the lighter section Ci, it has its supply of liquid n)etal shut off by the quicker 
freezing of section Ci. The provision of excess metal in riser C is iiiefToctivo 
because C\ is lighter than C2 and solidifies before the latter. This result.s in a 
defect at I). The remedy is to increa.se section Ci to such a thickness that it 
will be as heavy or licavier than section C2. 

Increased cost of casting with increase in number of risers 
results from additional cost for removal of risers, additional 
molding time, additional pattern cost, and decreased yield of 
metal as a casting compared with total licpiid metal poured 

into a mold. 
Gating.—In production of patterns, the means whereby molten 

metal is introduced into the mold (the gate) should usually be 
included and permanently attached to the pattern, except in 
very large production castings not producible on molding 
machines. The location of gates, as well as of risers, should 
be the subject of a conference between the engineer, the foundry- 
man, and the patternmaker. In instances where a foundr>nman 
of known competence is to make the castings, the gating should 
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be left to him, as he will have the greatest amount of special 
knowledge and experience with regard to both gating and risers. 
No rules for location of gates can be given because of the wide 
i'ariety of sizes and shapes of castings made. E^ach design must 
!)(' considercHl sci)arat('ly. 

Parting.—In general, patterns Mnth straight parting lines, that 
is, with parting in one plane, are more economical to produce 
than those with irregular partings. This is because special flask 
e([uipment and setups on machines are necessary to accommodate 
[^attei-ns or match plates with irregular partings. Thei*efore, a 
casting should be designed so that the pattern will have its part¬ 
ing in one plane, if this is at all possible. This is especially 
desirable for match-plate machine molding. With large castings, 
weighing several tons, which cannot be made by machine mold¬ 
ing, sti'aight paj’ting lines arc desirable but to a slightly less 
degree than in machine molding. 

Distortion Allowances.—In certain types of castings, such iis 
those having large flat areas or those of U shape, it often is neces¬ 
sary purposely to distort the pattern to secure a straight casting. 
The amount of distortion of the pattern in such instances is 
called distortion allowance^’ (also referred to as faking the 
pattern'’). It is well for the engineer to be guided in the appli¬ 
cation of such allowances by the advice of the foundryman 
and patternmaker, as there are no fixed rules governing such 
allowances. 

Machine F'mish Allowance.—When portions of castings are 
to be machined, patterns are constructed so that excess metal 
is provided for that purpose on the sections to be so treated. 
This allowance, commonly called ^‘finish/’ depends on (1) kind 
of metal used, (2) shape of the part, (3) size of the part, (4) 
tendency to warp, and (5) machining method or setup. 

Wherever possible, the. casting should be designed in such a 
manner that surfaces to be machined can be cast in the drag 
section of the mold. When there is no way to avoid casting such 
surfaces in the cope, an extra allowance for finish should be made. 
Allowances for finish are not covered by fixed rules because they 
involve many variables. The matter is one to be agreed upon in 
conference with the foundryman. 

Draft.—DreSi is the taper that must be allowed on all vertical 
surfaces of a pattern, disposed approximately parallel to the 
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direction in which the pattern is draw n, to pca iuit withdrawal of 
the pattern from the sand without tearing the mold. Figure 11 
illustrates the result of withdrawing a pattern from the mold 

I'lG. 11.—Poor stripping from the mold results when using this pattern hooause 
no allowance is made for draft. 

Fia. 12,—This pattern has ample draft; hence it strips easily from the mold. 

when no draft was allowed on the pattern. Figure 12 illustrates 
how the mold retains its shape upon withdrawal of a well-drafted 
pattern. Regardless of the type of pattern equipment to be used, 
draft must be considered in all casting designs. In cases where 
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(Iral’i may iiOVct ilu' us(‘ of tlu^ casting, thr drawing 
should s]>ecify whetlKU' tlu' draft is to Ik* added to or subtracted 
from the dimensions given. Normally, draft is added to the 
design dimensions. 

Machine or high-production (mai.ch-])late) ])atterns require 
less draft than patterns of othej* types. In green sand molding, 
interior surfaces of all types of patterns usually require more 
draft than exterior surfaces. I^he amount of draft usually 
required on high-production match-plate work is about 2 deg. 
With exj^erience, however, it is possible in some instances to 
reduce the draft to 1 deg. It is a good rule to allow' as much draft 
as possible, even exceeding the 2 deg. noted, providing it does not 
affect the section size variation too much or impair the usefulness 
of the casting. Ample draft piomotes easy withdrawal of 
pattern from the mold, reduces mold patching, and hen(‘e 
decreases molding time, a distinct economy. 

Core Prints,—Cores are masses of sand placed in molds to 
create cavities or recesses at desired locations in castings. When 
dry sand cores are required in a casting, provision must be made 
in the pattern for prints to provide anchorages or supporting- 
recesses in the mold. In addition, core boxes must be con¬ 
st rmded for making the cores, and, in J^nany instances, core 
driers also must be provided. Figure 13 shows a core box and 
a core drier for an automotive-engine-manifold core. Core 
driers arc metal supports, usually made of a light metal, such 
as aluminum, in wdiich the unbaked cores are mounted during the 
baking operation to prevent the core from sagging and warping. 

In general, the length of a core print should equal its diameter 
or width. When a core has prints in the cope of the mold, such 
prints should be larger and provide a closing clearance to avoid 
crushing the cope while closing the mold. It is also desirable for 
vertical core-print surfaces to have at least a 2-deg. taper to 
facilitate setting the core. 

Core Boxes and Driers.—If cores arc of such a shape that they 
may be set upside down or wrong end to, locating or indexing 
lugs to ensure proper setting should be provided on the pattern, 
in the core box, and in the core drier. The same draft should 
be allowed in core boxes as in patterns, namely, about 2 deg. 

When the vdhting of cores can be determined in advance, it is 
desirable to discuss this subject with the foimdryman and have 
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venty indicated on the core prints by means of strips or projec¬ 
tions and in the core boxes by some appropriate means. 

Locating Points.—When ])osHiblc, locating points to be used 
by the machine shop should be indicated on the drawing so that 
(tastings and patterns always may be checked satisfactorily from 

Fi(j. 13.—Core box used for producing automotive manifold cores. The lowest 
view shows the core resting in a form called a “drier,” which prevents the core 
from warping while it is being dried. 

the same point of origin by the pattern shop, foundry, and 
machine shop. An effort should be made to place all locating 
points on the same side of the parting line. In other words, 
locating points should be so placed that they will not be influenced 
by a shift of a core, the cope, or the drag. The points should be 
as far apart as the sii»e of the casting permits, as this ensures 
the most accurate results. Points on the casting having no 
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finish allowance and requiring to be held to close limits should 
be chosen for locating points when designing fixtures. 

Jig spots are important items frequently neglected until the 
casting is made, with the possibility of considerable subsequent 
loss. It is important tliat chucks or jigs, particularly when 
machining malleable iron castings for production, be constructed 
with three universal jaws or three or more independent jaws. 
In the latter case, the casting should be mounted in an inde¬ 
pendent fixture and centered in the chuck by it to be sure that, 
when the jaws are closed, the casting will be properly centered. 

Casting-design Recommendations. Metallurgical Constdera- 
lions,—Casting design must include consideration of the metal¬ 
lurgical features involved because they influence greatly tho 
recommendations here made. In any casting, however, regard¬ 
less of the metal from which it is made, the design should be such 
that the metal in the mold will solidify progressively from th(^ 
lowest to the highest portion of the casting as it sets in the mold. 
This is a paramount consideration in the design of any casting 
and one which influences practicalh^ all rules of design. 

From the foundryman's viewpoint, the ideally designed casting 
is one of such shape and thickness that the casting can be: 

1. Poured easily in all its parts. 
2. Cast without the use of risers or with not more than one 

riser (depending on the metal), located at the casting's high¬ 
est point in the mold. 

3. Made to solidify regularly and progressively from the lowest 
to the highest point in the casting. 

4. Poured in such a manner that the last fluid metal w ill be 
in the riser. 

5. Cleaned with minimum difficulty. 

l''he solidification of any cast metal, neglecting mold influences, 
is dependent primarily on three factors; namely, (1) pouring 
temi^erature, (2) solidification time (section size), and (3) solidi¬ 
fication range of the metal involved. 

The designer has no control over the pouring temperature. 
That is the province of the foundryman. Likewise, he has no 
(^ontrol over the solidification range of the metal used, which is 
inherent in the metal. He does have control, however, of the 
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solidification time, as this is dependent, in gem^al, on tlie tliick- 
ness of the sections of the casting. 

In any casting, the thin sections freeze first and draw metal to 
compensate for their liquid shrinkage from the still-liquid metal 
in heavier sections. If these heavier sections afe not so placed 
that they can be fed adequately by risers, they will contain 
defects. Furthermore, if these heavy sections are not so placed 
in the mold that they solidify progressively from the lowest to 
the highest portions, defects also will be present, hence the 
necessity for considering how the casting can be molded to 
secure progressive directional solidification when it is being 
designed. This may be accomplished by tapering the section, 
making it slightly wedge sha^X'd from bottom to top as it sets 
in the mold, as by accentuating draft in horizontal and ^'ertical 
sections. 

Visualizing the Casting in the Mold.—Since the (^ost of a casting 
is greatly affected by the cost of making the mold, it follows that 
anything the casting designer can do to lower mold cost will 
reduce the cost per casting. For this reason, if the designer tries 
to visualize the casting and the pattern in the mold and studies 
those factors which influence molding cost, including the removal 
of the pattern from the mold, the setting of the cores, arid othei* 
supplementary operations, he has a much better chance to 
lower the cost of the casting than if he disregards such matters. 
It is of even greater importance to visualize how the metal will 
enter the mold, how various portions will be fed, and how solidi¬ 
fication will proceed. The foundryman has to consider sindi 
matters, and, if he is permitted to do so in conference or coopera¬ 
tion with the designer, the probability of achieving low costs and 
satisfactory castings is greatly increased. 

Visualization can be aided by the use of a model made to scale 
or full size or in the form of a pattern that can be used later in 
making the production pattern for the job. In some cases, 
such a model may be quite expensive but, if it results in securing 
castings that cost less and perform their function better, as it is 
likely to do, it may result in a lai^e net saving, especially when 
the number of castings required is large. A model can also help 
the designer see how cores can be designed and placed, where 
gates and risers must come, how the casting must be placed and 
the pattern constructed to clear the mold and secure sound cast- 
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iugs, and how tlu; (tasting will look when completed. Tint lattcM* 

is of special importance from an appearance standpoint, as it 

enables the designer to see how the casting will look from every 
angle. 

Rules for Des'ign.—In general, castings arc complicated struc¬ 

tures containing several members. Recognizing this I’actt, and 

after considerable experimentation, the United States Navy has 
recommended seven design rules for steel castings, which se(un 

applicable to castings quite generally: 

1. An attempt should he made to dc^sign all sections in a cast¬ 
ing with a uniform thickness. 

2. It is not desirable to design structures with abrupt changes 
in section. 

3. Sharp corners at adjoining sections should l)e eliminated 

if possible. 
4. When the design of a cast-steel stru(‘turc becomes very 

complicated or intricate, it is suggested that it be broken 

up into parts so that they may be cast separately and then 

assembled by welding or bolting. 

5. In designing unfed sections in L or Y shapes, it is suggested 

that all sharp corners at the junction be replaced by radii 

so that this section becomes slightly smaller than that of 

the arms. 

G. In designing sections that join in an X section, it is suggested 

that two of the arms be offset considerably. 
7. In designing any joining sections, it is suggested that all 

sharp corners at the junctions be replaced by radii. In 

the case of unfed T and X sections, these radii should not 
be large. 

The first three of these rules are probably the most important 
although the others are only slightly less so. In steel castings, 

the rules assume equal importance. 

Uniformity of section thickness is important in any casting 

because, in addition to the shrinkage difficulties previously 

referred to, any metal just after solidification is at its lowest 

tensile strength. If extremely heavy and light sections are 

joined, it is possible that the light section has completely solidified 
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and contracted while the heavy section has just solidified, just 
begun to shrink, and is at its lowest strength. The stress set up 
by such a condition sometimes is sufficient to cause rupture of 
the two sections. 

Sometimes the effects of variations in section thickness can 
be compensated for by the foundryman through the use of chills, 
providing the variations are not too great. This, however, 
involves additional cost, which the designer should consider. 
The design and use of chills, where necessary, should be left 
to the foundryman and his metallurgist. Section uniformity 
is the best way to avoid the use of chills. 

Section Thickness.—The best practical in regard to section 
thickness is to use the minimum that will provide tlic necessaiy 
strength, stiffness, and weight without, recpiiring excessive pour¬ 
ing temperatures. High pouring temj)eratures in some metals 
result in abnormal physical properties. Again, some metals, 
such as certain gray irons, are more susceptible to variation in 
properties across a given section than others. Generally, 
although not ahvays, the high-strength irons possess more nearly 
uniform physical properties throughout the section than do the 
lower strength irons. Then, too, some irons that are gray 
in heavy sections are wdiite or mottled (part w^hite and part 
gray) if poured into thin sections, showing that the rate of cooling 
affects structures and has, in turn, a marked effect upon hardness, 
rnachinability, and other properties. In gray iron, however, 
hardness is not necessaril}' an index of rnachinability. 

Incidentally, in gray iron, there is another reason wdiy too 
great a variance of section should be avoided. It often is 
difficult, without additional cost, to make and control an iron 
that will give the properties required in all sections when sections 
vary greatly in thickness. Where this does occur, the casting 
may contain gray, mottled, and wdiite sections, the latter being 
practically unmachinable. This particular difficulty of melting 
and control, as experienced in gray iron, is not so pronounced in 
the other metals, although shrinkage difficulties, previously 
mentioned, are still present. 

Minimum Section Thickness.—There are no well-defined 
minimum section thicknesses that ai’e feasible to cast even for a 
particular type of metal or alloy, as the size, intricacy, and 
application of the castings, and detailed composition of the metal, 
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are the real factors that determine minimum section thickness. 
The following are the normal minimum section thicknesses foi 
various general classes of metals cast in sand and arc given as a 

guide only. 

Kec;()mmeni>ed Minimum Sections foh 8and-(’ast Metals 

Normal 

Minimum Section 

, Maicrijil Thicknesses, Inch 

(iray cast iron (soft). % 

White cast iron. % 
Malleable iron. ^ y 

Steel. ^0 
lira-ss and bronze. 2 

Aluminum. 

It should be remembered that the relation of cross section of 
the various memlx^rs in a design has as much to do with the 
minimum section thickness permissible within that design as 
any other fatitor, although this relation may dictate sections 
heavier than the normal minimum possible. 

The use of chills also has an effect on the minimum section 
posvsible within a design. In case of sections remote from risers, 
it ordinarily is possible to produce castings without the use of 
chills where section thicknesses are not less that 80 per cent 
nor more than 120 per cent of adjacent sections. 

It is again emphasized that the figures in the above table are 
normal minimum sections, but thinner sections can be cast under 
certain circumstances. Thus, for example, sand castings of 
small size, such as some found in low-priced door locks made of 
gray iron, have sections as thin as Ke i^^v but they constitute an 
exceptional case. Sections of such thickness cannot be expected 
in high-strength gray iron. Gray irons cast in such sections 
usually are of the high-carbon variety containing relatively 
high percentages of phosphorus to promote fluidity. Such irons 
are low in strength. 

Economy in metal and hence in weight, of course, dictates 
the use of the thinnest sections that can be employed and still 
afford adequate strength, stiffness, and other properties necessary 
in the design. Naturally, there is no point in specifying a section 
so thin that it cannot be cast. A competent foundryraan knows 
the approximate limits feasible in a casting of a given size and 
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shape to be made iu a alloy and should be eonsidtcd before 
(.he final design is made. If the seetion (hickness desired is below 
that thought to be feasible, tests can be run to determine the 
minimum feasible section for the shape and size of casting needed. 
The expense of such tests, in general, should be borne by the 
purchaser. 

It should also be remembered that certain metals are more 
sensitive than others to variation in section thickness. This 
is particularly true in the case of a gray iron, as has been noted 
elsewhere. In the casting of steel, extremely thin sections 
lequire high pouring temperatures, which (end to produce abnor- 
inalities. In the casting of any metal, the thinner the wall 
section, the greater the chilling effect of the mold walls on the 
metal, and the lower the pouring temperature of the metal, the 
greater is the mold wall effect. This being the case, the designer 
should not recommend sections so thin that they have a tendency 
to remain unfilled. Such designs result in high scrap losses and 
higher net cost than if the thin section is made somewhat thicker. 
In general, sections that do not vary too much in thickness in 
relation to the thickness of adjoining sections, even though all 
sections be thin, make for rapid casting and rapid cooling of the 
(*astings produced as well as for economy in metal. , 

Member Junctions.—Irregularly situated heavy sections, con¬ 
nected by thin members, result in a series of localized hot spots 
during cooling, thus preventing the regular and progresvsive 
solidification of the casting desired and often resulting in rupture 
at or near junctions because of contraction stresses, as previously 

noted. 
Where light and heavy sections arc unavoidable, the transitif)n 

from one to the other should be as gradual as poasible. This 
may be accomplished by tapering sections or by proper fillets or 
both. Figure 14 illustrates the various methods for blending 
heavy and light sections. These suggest that flowing lines be 
used in the design of castings. 

If blending of sections cannot be attained as in Fig. 14, fillets 
of fairly large size should be used at junctions, especially at 
interior corners, but fillets should not be so large as to result in 
undue thickness of section at junction, as explained below. 
Sharp corners in any design are to be avoided. Fatigue testing 
has demonstrated that sharp corners result in stress concentra- 
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(ions. In a, laistiiiji;, (his coiulilioii is l>(a*aiiso of 
the maimer in A>iii(*h (he metal solidities around the corner. 
Solidification generally j:)rogresses from the mold face inward. 

At a sharp corner, crystals form in 
such a way as to constitute planes 
of weakness. In some metals, steel, 
for example, this weakness is difficult 
to overcome, but in alloys with a 
narrow freezing range, such as high- 
conductivity copper alloys, this 
weakness is not so pronounced 
although still present. 

For these reasons, engineers should 
use fillets at member junctions re¬ 
gardless of whether tapering sections 
can be. used or not. Figure 15 illus¬ 
trates the types of fillets and radii 
found to produce the best results in 
steel castings in an investigation of 
this problem by the United States 
Naval Research Laboratory. In 
the author’s opinion, the same gen¬ 
eral design principles should be con¬ 
sidered in joining sections of castings 
made from other metals. 

The avoidance of sharp changes 
in section also applies to the design 
of pads and bosses. Figure 16 illus¬ 
trates how a radius should be aji- 

Fia. 14.—Good and bad plied at a boSS. 
methods of dcsiffning section radius of a fillet to be used in 
junctions and sections; (1) poor i* i* i i i ^i 
design, (2) not recommended, any application shoiild cQual the sec- 
(3) fair, (4) good, (5) best and, tion thickness. Injoiningtwomem- 
m some cases, better than 6, (6) i i -i nn i 
no change in section (in general bers of unequal thickness, the nllet 
recommended design), (7) the rgdius should equal the mean of 
same as 6. section thickness. 

Cross Members,—Figure 17 represents a right-angled crossing 
of members of equal thickness, such as those frequently found 
in the reinforcing ribs under a plate. The mere crossing of the 
members increases the mass of metal at the crossing point and 
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retards cooling of the metal at that point. (It is to be noted that 
j’adius S2 i‘S greater than radius Si.) The condition may oven 

Fig. 15.—Methods of securinK equalization of cooling stresses and acceleration 
of solidification in various types of joined members. ((/. S. Naval Research 
Laboratory for Steel Castings.) De.signs on t he left are considered to be the best 
and most i)ractical; those on the right are satisfactory. Where lieavy sections of 
several inches thickness are joined, a core is used at the juncture to equalize 
section thickness. 

be aggravated when liberal fillets are used and applies to all cases 
where members intersect. 

Often it is feasible to avoid the crossing of members by stagger¬ 
ing them so that the casting will have the desired stiffness and 
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Fici. 10.—Gradual blending of thick section into surrounding thinner metal. 
Where bosses are used, they should be blended gradually into the body of the 
casting. The radius H should equal the section thickness and radius R' equals 
boss thickness. The radius R" is included to illustrate that sharp corners 
should not be used in a design. 

Fio. 17.—Concentration of stress occurs at an angular connection. Use of 
fillets helps to secure stress distribution. Circles with radii *S'i and A's are drawn 
to show increase in section size. Radius is greater than S\, illustrating that 
the mere crossing of sections increases section size. 

Fig. 18.—Intersecting members arranged as at right is preferred. Staggering 
intersecting members gives more nearly uniform metal section and provides for 
more even solidification at the intersection. 
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other proi>crtie.s without being injuriously affected by hot spots 
(Figs. 18 and 19). 

Where staggering cannot be done because of dimensional 
restrictions, the next best procedure is to form a depression or 
core a hole at the crossing point, so as to accelerate solidification 

Fia. 19.—StaKK^ring rihs anU webs promotes uniformity in rate of cooling. 

and better to equalize the cooling stresses, by removing some 
of the metal at the critical point, as shown in Fig. 20. 

Ribs.—Ribs are used primarily as stiffeners and reinforcing 
members. In certain castings, the tendencies of large flat areas 
to distort, when cooling from casting temperature, may be 
eliminated by properly designed and 
correctly located ribs. Rib con¬ 
struction may also be used to advan¬ 
tage to reduce weight of castings 
and attain section uniformity. Ribs 
should solidify earlier than the sec¬ 
tion which they adjoin and act as a 
bond and as conductors of heat to 
promote cooling of the section in¬ 
volved and prevent distortion. 

The relationship of rib section to 
main section should be such as to 
permit, as far as poissible, a uniformly 
graded metal section. Where feasible, rib intersections should 
be staggered. Figure 21 illustrates recommended rib designs 
for castings, and Fig. 22 shows additional designs recommended 
because theil* spctioas are uniform in thickness. 

Fig. 20.—Method of coring to 
secure solid junction and eliinin- 
nate hot spots. Diameter of 
the core should bo such as to 
make the junction section as 
nearly equal in cross section to 
the joined members as possible. 
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In a\orag(^ designs tlio preference is for ril)s having deptii 
considerably greater than thickness. It should be remembered 
that thin ribs, while accomplishing the desired early solidification 
for keeping the piece from warping, often cause high solidification 

Fig. 21.—Three typen of rib designs: A is not advocated because of high fiber 
stresses possible in the extreme outer edge. B is more satisfactory. C is best 
design, as outer fiber stresses can be reduced to a minimum, but its use is advo¬ 
cated only where it does not unduly complicate the molding procedure. 

stresses to be set u]) w'here the rib joins the body of the casting. 
Rules discussed under Member Junctions apply to the junction 
between ribs and casting. Ribs should be proportioned, in 
general, in such a manner that their thickness approaches that 

of the section to which they are joined, 
as is advocated for the joining of 
major casting sections. 

Figure 19 illustrates the manner in 
which ribs on a flat plate should be 
staggered to promote equalization of 
sections. Figure 23 illustrates the use 
of rib construction to equalize section 
thickness at a boss. In this case, sup¬ 

porting rib construction, as illustrated at the right of Fig. 23, 
is used under a pad or flange to avoid the thick section in the 
original design, as shown on the left of the same figure. It 
should be noted that, in thh ribbed design, the boss surface area 
has not been decreased. 

Bosses and Lugs,—Properly designed bosses and lugs often are 
of great assistance to the foundiymen in reducing molding costs. 
An attempt should be made by the designer promote uni*- 

Fig. 22.—T- and H-shaped 
ribbed designs have the ad¬ 
vantage of uniform metal 
sections and hence uniform 
cooling. 
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Fig. 23.—Designs for bolting or hearing bosses. Thnt at left is poor because of 
ibe tliickened soc.tion at the boss. That at right is gorxl, even thougli it involves 
the use of cores, because it protuotes section uniformity. 

Fig, 24.—Bosses on large castings. Those at left are common designs but are 
unsatisfactory because they involve, at the bosses, metal sections thicker tlian the 
main casting section through which the bosses are fed. The heavier metal sec¬ 
tions of the bosses nitty have defects because of inadequate feeding. Those at 
right are designed to give more nearly uniform metal sections and permit sound 
castings to be made with less weight and lower machining cost. 



116 DESIGNING you QUANTITY PRODUCTiON 

formity of iiielal sec^tion between Ijossoh and lug8 and the body 
of the casting. Such a practice allows such projections to be 
fed properly through the body of the casting, which in turn 
should be fed by properly located risers. 

Figure 24 illustrates two types of bosses often found on large 
castings. The designs at the left have heavier sections at bosses 
than in the main casting section through which the bosses are 

/A 
/ 

Fig. 25.—Casting with bosses, which, if left circular, requires loose pieces on the 
main pattern, entailing additional pattern cost for loose sections and higher 
molding cost. If sections between bosses and parting face are filled in, the boss 
section can be solid with the pattern, making for ease in molding. The parting 
line is shown at A. Wide variation in section thickness is unfavorable and might 
be avoided, especially if castings were cored out oii \inderface, though this might 
increase cost. 

fed. Such designs, for this reason, invite defects. The designs 
on the right are such as to equalize the solidification, as less metal 
need be fed, because of uniform metal section. As less metal is 
required, the weight of casting is lowered. 

Some engineers appear to have a preference for round bosses. 
If such bosses, or any other type, can be cast without the neces¬ 
sity of loose pieces on the pattern, there is no reason why they 
cannot be used providing they a^e properly blended into the 
section on which they occur. 
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Loose Pieces.—Any design requiring the use of loose pieces in 
pattern construction and in molding costs more to produce than a 
corresponding one in which such features are not necessary. 
When the mold is made for -a design involving the use of loose? 
pieces, the latter remain in the mold when the pattern is with¬ 
drawn. Additional time is consumed in drawing the loose pieces, 
thus increasing the molding time and hence casting cost. 

In the casting (Fig. 25) the bosses are required to be round, 
and they must be molded as loose pieces on the main pattern. 
Such designs involve higlun* pattern cost and additional molding 
cost. If the bosses are extended to the parting (as indicated by 
the shaded area) they can be solid with the pattern, making 
molding much easier and reducing pattern cost also. 

The use of loose pieces, though often necessary, not only 
increases the casting cost but also, in many instances, is the cause 
of an inf(?rior product. For these reasons, loose pieces should 
be a>a^ided whenever it is possible to obtain a satisfactory casting 
without them. 

Pockets.—Deep pockets and small recesses should be avoided 
if possible when the casting is designed. Such features increase 
cleaning costs, often quite out of proportion to any advantages 
gained. If pockets and recesses cannot be avoided, as many 
large openings as possible should be provided so that the casting 
can be cleaned properly. It is good design practice to allow 
sufficient room in all castings for accessibility to all parts for 
cleaning purposes. 

Cores.—Cores are masses of sand placed or created in molds 
to form cavities at desired locations in the castings. Cores 
usually are made of baked sand mixtures. If a design requires 
such cores, core boxes must be provided for making them. These 
core boxes are a part of the pattern equipment, as are core 
driers, which are often required to keep the cores in shape whik? 
they are passing through the baking cycle. Cores must bo 
inspected, sometimes pasted (if made in sections), and sometimes 
coated or otherwise treated before they can be inserted in the 
mold. As all these items add materially to costs, either dry 
sand cores should be eliminated, or their number should be 
minimized except where the benefits gained outweigh the extra 
cost. Often the use of dry-sand cores is a necessity and many 
castings today require that they be used. Cores not only save 
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Fio. 26.—A complicated casting design the manufacture of which is made possible 
by the use of cores. The cores shown were set in a machine-made mold. 

Elimination of Interior Cores.—Designs sometimes can be such 
that the pattern can be made to leave its own green>sand core or 
cores. Figure 27 shows two views of a casting requiring the use 
of complicated interior dry-sand cores, elaborate and expensive 
core-box equipment, and special attention during production. 
Figtire 28 illustrates the redesigned casting, which eliminates 
the use of interior dry-sand cores by permitting the pattern 
to leave its own green-sand core when withdrawn from the mold. 
Some cores were required to produce the brackets and ribs on 
the exterior siirfaces, but the equipment was simple and inex¬ 
pensive and production cost of the casting was much lower than 
in the first design. 
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Th(' idoa.1 castiiija;, both from the vie\v{)oint of the foundry and 
from that of economy, is (me which c^an be molded to leave its 
own ^reen-sand core or cores. Thougii designers cannot always 
take advantage of this fact, they should do so whenever possible 
without undue sacrifice in other directions, as cost is then 

minimized. 

Fkj. 27. 'C'listing design that involves the use of complicated interior cores in the 
mold, making for liigh core covst, high molding cost, and extra cleaning cost. 

Fio. 2S.—Same casting as Fig. 27 redesigned to leave its own green-sand (‘orc, 
thus avoiding the use of the expensive core boxes required for the design shown in 
l^ig. 27. Si»nplc, low-cost core-box equipment was required to make the cores 
used to produce the exterior brackets and ribs. The smaller, simpler cores were 
made and set at lower cost than the larger, more complicated cores required, by 
the design in Fig. 27. 

Cored Holes.—In additi(3n to being used to create major cavities 
and contours cores often are used to form holes that are later 
drilled to dimensions, thms saving machining time as well as 
metal. The minimum sized hole that can be cored varies for the 
dilfferent metals as well as with other conditions. A core for an 
iron sand-blast nozzle not over in. in diameter functioned 
perfectly when surrounded by relatively heavy metal sections, 
but this core was so critical that six grains of sand of improper 
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size in one section made thcMliffercnccbc^tween success and failure. 
On the other hand, it is sometimes advised that no hole smaller 
than I in. in diameter should be cored in sections of steel castings 
over 2 in. thick and that cores for such castings should not have a 
diameter less than half the thickness of the wall they pierce. 
Since the number of variables is so great no fixed rules as to 
minimum core size is given. The matter is one which should be 
discussed with the foiindryman. If there is any doubt, however, 
that the insertion of a small core to provide a hole, say for a bolt, 
will cause casting trouble or will make core removal difficult and 
hence increase cleaning cost, it is better to require that the hole 
be drilled. 

Core Length vs. Diameter.—Core length in relation to diameten- 
is especially important in steel castings but should be gi\'en 
serious consideration in all castings where cores of considerable 
length and small diameter are contemplated in the design. 
Slender cores must be anchored firmly by core prints and sup- 
porte^d in some manner to prevent sagging. 

If possible, such slender cores should be avoided for at least 
two reasons. First, a long slender core necessitates the use of 
chaplets for support, and chaplets should be avoided, if at all 
possible, especially in castings that must withstand pressure. 
It is difficult to secure complete fusion of chaplets with the metal, 
thus leaving a potential source of a flaw or porous spot. 

Secondly, when a long thin core is surrounded by massive 
metal sections, the cleaning of the core from the casting is an 
expensive process. In such causes, the pressure of the liquid metal 
often is so great that it is forced into the core between the grains 
of sand so that the core becomes a mass of metal and sand. The 
time necessary to remove the core and clear the casting surface 
in such instances is so high as to defeat the purpose of the core. 
If such cores are demanded, the purchaser must expect to pay 
extra for core removal. 

A cored recess or hole is most likely to be cleaned with a mini¬ 
mum of labor and with a maximum of effectiveness (1) when the 
opening thereto has an area^, proportionately large compared 
with the thickness of the surrounding wall of metal; (2) when 
the recess or hole is not of excessive depth compared with outlets 
accessible for removing the core used to form it; (3) when the 
recess or hole, if long, is straight rather than curved (thereby 
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facilitating the use of cleaning tools); and (4) when suitable 
outlets are provided not only to facilitate cleaning but to aid in 
firmly placing the recpiired cores. 

Venting,—Venting of cores also is important from the design 
standpoint. Internal cores, (that is, those largdy surrounded 
by metal) require adequate provision for venting the gases 
generated when the core comes in contact with the molten metal. 
In such cases, the designer should provide for the passage of this 
gas through oik^ or moia^ prints. 

I’ lG. 29.—Section through aluminum-alloy cylinder head showing core print left 
to provide a vent and to permit removal of core sand when casting is cleaned. 

Cleanout Holes,—Some castings must be designed in such a 
manner that a core is entirely surrounded by metal save for 
relatively small cleanout holes, though such a condition is to 
be avoided if at all possible. In such castings, however, cleanout 
holes for the core must be provided. Such holes may later be 
plugged before or subsequent to machining or by welding. 
Figure 29 illustrates a section through such a casting. 

Dimensional Tolerances.—The general design of castings, the 
number of castings to be produced, and their size are three of 
the most important factors influencing dimensional tolerances. 
This fact makes it essential that allowahle dimensional tolerances 
be a matter of agreement between the producer and the consumer. 
It is especially necessary, in cases where close tolerances are 
required, that the manufacture of the pattern equipment be 
under the supervision of the foundryman. 

A general rule applicable to allowable dimensional tolerances 
is that such tolerances should be at least half the maximum 
shrinkage allowable for the metal involved. This rule does not 
always hold, however, and many castings are made with sufficient 



122 DESIGNING FOR QUANTITY PRODUCTION 

accuracy so that no machining or finishing, other than that 
normally done in the foundry cleaning department, is required^ 
to fit them for us(\ This is especially true of mallcable-ii‘on 
castings when purchased in sufficient (luantities to justify the 
use of the coin-pressing or die-straightening processes. In 
automotive-production foundries, where castings manufacture 
is highl}^ specialized and where millions of castings of the same 
general type, such as cylinder blocks, an^ produced annually and 
where experience has extended over a large munber of years, 
the castings are made within exceedingly^ narrow dimensional 
tolerances and with only a few thousandths of an inch finish 
allowance. 

Such close woi k is possible', how(‘ver, only in the case of highly 
specialized quantity production and long familiarity on the part 
of the foimdryman with the given design. The designer cannot 
(expect a new casting (even though the order for it may require 
production in large (quantities) to l)e made within such narrow 
dimensional limits. Only experiemee and, through it, an under¬ 
standing of the vagaries of mold and metal behavior in a given 
casting make the specification of extremely narrow tolerances 
feasible. In Table VII are given, hat only as n very rough guide, 

Table VII.—Approximate Maximum Tolerances for 8anl Castings 

Minimum Over* 

all Dimensional 

Metal Tolerance, Inch 

('list iron. . Ke 
Mall(?ablc iron. . 
Cast steel. . 5^2 
Aluminum alloys. . H4 

Magnesium allovs. 

Brass. . H-z 
Bronze. . Yh 

the approximate maximum tolerances that can be held, without 
machining, on castings of various classes. Minimum tolerances 
are sometimes specified withii^ a few thousandths of an inch, as 
cast, but are permissible only under favorable conditions, as 
previously mentioned, especially when malleable-iron castings 
may be coin-pressed or die-straightened. 

Also, as a result of careful planning and cooperation with the 
foimdryman and patternmaker on the part of the designer, and 
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of careful .study of the ])rodue<iou operations on ili(‘ ])art of the 
foundry man (as det(u*min(‘d, for example, by the production of 
sample castings), closer tolerances than those specified in Table 
VII are obtainable, even on medium-sized castings. On the 
other hand, with very large castings, it may be necessary to 
recpiire wider tolerances than those listed in Table VIL 

If the designer does not seek the cooperation of the producer 
and does not afford him the opportunity of careful production 
planning and a study of the vagaries of the individual casting 
design, as mentioned above, closer tolerances than those given 
in Table VII should not be specified. The most important of 
lh(^ three general considerations that influence dimensional 
(olei-ances are general design or shape, but the size of casting also 
is important. 

Nothing is gained, of course, in sp(^(‘ifying close tolerances 
when wider ones meet every re(iuirement, and a great deal of 
delay and misunderstanding may result if tolerances are set 
closer than they need be. 

Because of the wide variation in size and design and in the 
production operations involved, any general statement concern¬ 
ing tolerances tliat may be expected by the engineer for a given 
design necessitates many reservations. A competent foundry, 
with proper engineering and control staff, can ])roducc the best 
possible castings from a given design when allowed to cooperate 
with the designer from the inception of the casting until actual 
production is begun. 

Machine finish allowances naturally should be held to a mini¬ 
mum for economy in the machining operation. The allowance 
varies usually with the size of the casting. As a guidey the 
machine finish allowances for various metals, as given in Table 
VIII (from the “Cast Metals Handbook'’)^ may be used, but 
particular attention should be paid to the notes at the bottom 
of the table. It should be remembered, as previously stated, that 
greater machining allowances should be specified for parts cast 
in the cope of the mold than for those cast in the drag. Table 
VIII applies to allowances on parts of castings formed in the drag. 

Use of Metal Inserts,—Castings are sometimes so designed as 
to call for the use of metal inserts to be cast in place. Such 
inserts invite trouble and extra cost. Not only must thcvsc 

^ Published by the American Foundrymen^s Association, Chicago. 
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TABiiB VllI.—Guidk to Machine Finish Allowances fok Vakious Meta ls 

T., . , Pattern size, 
Metal 

m. 
‘Bore, in. Finish, in. 

Cast iron. Up to 12 

13 to 24 ?i« 's 
25 to 42 H hi-. 
43 to 60 "lo H 
61 to 80 ?s ?i r. 
81 to 120 

7 / 3 / 

Over 120 Special instructions 
C'ast steel*. 

Up to 12 ?16 H 
13 to 24 H ?i« 
25 to 42 •'^ic hi) 
43 to 60 i's H 
61 to 80 H J.G 
81 to 120 'i 
Over 120 \ Special instructions 

Malleable iron*,. 
Up to 6 h 6 6 

(i to 9 >16 
9 to ]2 H2 H2 

12 to 24 1 H 
24 to 35 j / 1 6 ? i 0 

1 Over 36 Special instructions 
Bra.ss-, bronze-, and ahiininuiu- ' 

alloy castinsH^i. 

Up to 12 Mo 
1 13 to 24 hid M 
' 25 to 36 ? i 6 ^ 2 
i Over 36 i Special instructions 

♦Allowance ranKOS from ’s to 1 in. Values Kiven for finish are normal for ordinary 
finishes on the drag side, or on vertical surfaces where distortion is an jinlikely factor. If 

necesmry to have finished surfaces on the cope side of the castings, it not infrequently is necessary 

to double the finish allotcance. 

t When castings arc constructed so that they warp more than the average amount, the 
allowances given should be increased. 

X Disk grinding; only sufficient.finish required to take care of draft and possible warpage. 
I Coin pressing: practically no finish allowance required. As the properties of malleable 

iron particularly lend themselves to this mefhod of finishing, it should be employed to a 
much greater degree than it is. 

!1 For small parts, an allowance of from ^i2 lie is satisfactory. Larger parts require 
a slightly greater allowance. The allowance necessary depends on (1) whether the part is 
to be made in siifficiently large (luantities to justify the making of straightening dies; (2) the 
fact that many finishing operations on malleable castings can be performed in a coining 
press, which practically eliminates finish allowance in the case of those particular operations; 
and (3) the further fact that many disk^grinding operations are performed on malleable 
castings, for which only a few thousandths finish is required. 

^ For small medium-sised nonferrous castings, in, is a customary allowance, with 
correspondingly larger allowances 'on larger castings. On split, railway, motor bearings, the 
allowance is about >«4 in. at the parting for a grinding operation and in. each 6n the 
outsido and inside diameter on a side for machining. 
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inserts be kept scrupulously clean, that is, free from dust, rust, 
or other oxide on the surface, grease, oil, and even the perspira¬ 
tion of the hand, but, in some instances, they must be preheated 
so as to form as close a bond between the metal and the insert 
as possible. 

Even when preheated, the temperature differential between 
the liquid metal and the insert is considerable. The liquid 
metal must heat the comparatively cold metal insert, thus 
causing it to expand, while the molten metal is cooling and 
contracting l)ecause of heat absorption by the insert. Hence 
the possibility of local stress reversals, converting the stress 
over a small area from tension to compression, must not be over¬ 
looked. If inserts are used, they should be knurled or grooved 
to ensure a good mechanical bond, as this helps to hold them 
securely even though actual fusion with the metal of the casting 
may not o(‘cur. Sufficient metal must be provided around such 
inserts to eliminate the chance of cracks developing adja(^ent 
to the insert. 

Size of Mold.—Design of a casting should be considered from 
the standpoint of the size of the mold necessary to make tlu^ 
casting. As the mold size increases, the cost i)er mold increases. 
Sometimes, the total mold bulk can be reduced by making th(‘ 
part as two or more castings, though this is likely to involve extra 
machine work if the two parts have to be joined later. In other 
instances, the part may be redesigned to take a smaller flask 
than required originally, as shown in Fig. 30. In any event, 
economy dictates the use of the smallest possible casting that 
will meet requirements. 

When the castings are to be made by a foundry already 
selected, it often contributes to economy to learn what flask 
sizes the foundry possesses. This makes it possible to design 
the casting to utilize the flask equipment on hand and thus 
avoids the chance that special flask equipment for a particular 
job will hkve to be purchased. 

Finishing Costs.—Where cost per casting must be minimized, 
the effect of cleaning and finishing costs deserves study as, in 
some instances, such costs outweigh by far the molding cost 
or even the total cost of the casting itself, especially if polishing 
and plating happen to be required. The designer should keep 
in mind the expense involved in cutting off risers in inaccessible 
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spots, especially on high-slirinkage allot s such as manganescj- 
bronze or iron-aluminum-broiize or on alloys difficult to machine. 
Also, the difficulties encountered in cleaning small-dianu'tc'r holes 
in hea\\y sections, especially holes that are not straight, should 
not be overlooked. Wheic siiioothness is an important factor 
affecting finishing cost, as is often the case, it may be expedient 
to choose an alloy that can be cast with a relatively smooth 
finish even though this may increase metal cost. It is b(\st to 

so.—Top, end view of a manifold as first designed; below, manifold rede¬ 
signed to permit a reduced volume of sand, thus reducing mold cost, as smaller 
flaskH arc reciuired. 

avoid recesses that are hard to clean and surfaces that are 
difficult to machine (when machining is necessary) unless it is 
certain that the extra cost involved is justified by some com¬ 
pensating advantage. 

Marking Castings.—It is usually desirable that the foundry's 
trade-mark appear on the casting, frequently accompanied by 
the pattern number, part number, metal symbols, and other 
descriptive marking. In general, however, such markings should 
involve as few characters as possible and be limited to the drag 
side as well as to an area that will not unduly hamper the foundry- 
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ineirs choirc' of jyijato-inlot locations. FiOtters must liav(^ a(loquat(‘ 
draft and should not 1h‘ so placard as to ro(iuire loose pieces in 
the pattern unless the extra cost of such construction is amply 
justified. 

The presence of many cast mimbers, letters, and symbols 
ordinarily is of little or no significances as affeesting the servicea¬ 
bility of medium- and large-size^d castings. Jhit the matter 
becomes important when many embossed marks are required 
on small castings with thin sections that must be pressure-tight. 
Excessive marking may cause small isolated hot spots and attend¬ 
ant diflficulties, if increased section thickness is involved. This is 
the experience of many foundrymen, particularly steel foundry- 
men, who have been faced v it h the problem of producing castings 
of in. or less metal section with many letters, l-s in. or more 
in height, scattered over the body of the casting. 

Iiimphasis has been given to tlu' matter of marking in a pre¬ 
cautionary note that appears in each of several specifications 
for steel castings adopted by the Anuu-ican Society h)r Testing 
Materials, l^'lie note reads thus: 

The resistance of a sand mold to the erosive effect of inflowing metal 

is aided by smooth mold surfaces. C'ast identification marks are formed 

by making indentations on the face of the mold. Ff)r the ])revention of 

small defects caused by dislodged particles of molding sand, there should 

be provided the minimum feasible number of cast identification marks. 

Heat-treatment as Affecting Design.—Designers of castings 
should properly take advantage of the fa(d that certain cast 
metals may be heat-treated to develop maximum i)hysical prop¬ 
erties, as this can be made to reduce the weights of the coasting 
and sometimes its cost. Maximum physical properties in many 
metals are obtained by quenching and drawing or tempering 
heatr-treatments. In designing castings to be so treated, it is 
well to remember that, in such treatments, heavy Ksections do not 
cool so rapidly as thin sections. 

When there is great variation in section thickness within a 
casting, the quenching treatment may develop stresses sufficient 
to rupture the thin members of the casting. The possible 
development of such stresses in a design may preclude quenching, 
in water, oil, or air. In some instances, even though water 
(jnenching and subsequent tempering may be desirable from a 
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physical-property standpoint, the design may limit the applicable 
treatment to an oil or air quench with a sacrifice in the desired 
properties.. For these reasons, castings to be heat-treated 
require scrupulous adherence to the use of sections that are 
uniform in thickness or, if sections vary, to the use of gradual 
bl(‘nding from thick to thin, as these factors greatly influence 
the possible increase in rejects, which in turn affects costs. 

Conclusion.—From the above discussion, it is evident that the 
two main principles that should be observed in the design of 
cjxstings are uniformity of section thickness and blending of 
heavy sections into light oru^s where section uniformity is impos¬ 
sible. While, as already indicated, many other considerations 
(mter into the design of castings that are to })e made in large 
quantities in the most economical manner and at the same time 
be of greatest usefulness, adherence to the two principles men¬ 
tioned is of paramount importance if cost is to be minimized 
and satisfactory castings secured. 

Summary of Rules for Design.—From the foregoing, it should 
be apparent that there are no inflexible rules governing the 
design of sand castings. It is also clear, however, that there are 
certain conditions that the designer should strive to meet and 
others that he stiould avoid when laying down a design of a east¬ 
ing, especially if it is to be produced in quantity at minimum 
cost. These desirable procedures are summarized below. It 
should be understood that the rules given are general and that 
there may be valid grounds for departures from them to secure 
certain results not attained otherwise. 

The rules may serve as a check list, which the designer may 
employ effet^tively when a design is in progress or nearing com¬ 
pletion. If he finds that any of the rules are violated and that 
he can change the design to avoid the violations without sacrific¬ 
ing something more important, the casting will be produced 
with a minimum of difficulty in the foundry and probably at a 
lower cost than if the rules are neglected. 

The following procedure is suggested at the inception of the 
casting design: 

1. Make a sketch of the proposed design, 
a. See that sections are maintained as nearly uniform in 

thickness as conditiona permit. 
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b. Where uniformity in section thickness is not feasible, 
make the transition gradual, never abrupt, blending 
heavier sections into light ones. 

2. Seek the constructive criticism of the compeU^nt foundry- 
man who is to make the castings and endeavoi* to follow 
his suggestions where they appear proper from a design 
standpoint, with a view to simplifying and avoiding diffi¬ 
culties in the production of the castings. 

3, Explain to the foundry man the conditions that the casting 
must meet, where it fits into the total assembly, and what 
functions it must perform. 

By observing the following rules in the preliminary drawing, 
the foundryman will have minimum suggestions to offer, as 
their purpose, aside from being an aid toward securing sound 
castings, is to promote ease of manufacture. 

Rule 1. Visualize the casting in the mold and design it so 
that, as placed in the mold, it will solidify regularly and pro¬ 
gressively from the lowest to the highest point. 

Rule 2. Avoid designing castings so that heavy sections occur 
below lighter sections when the casting is in the mold, thus 
making adequate feeding of the heavy sections difficult or 
imposvsible. 

Rule 3. Design the casting so that it can be poured easily in 
all its parts with a minimum number of risers, so that the risers, 
w^hen required, are located at the highest point in the mold, and 
so that the last fluid metal is contained in the riser. 

Rule 4. Use fillets at junctions, especially at inside corners, 
but avoid making them so large as to produce excessively heavy 
cross sections at the junctions. 

Rule 5. Employ ribs where they help to avoid w arpage or are 
needed for extra stiffness and can be used to lower weight and 
still not interfere with the ready preparation of the mold. 

Rule 6. Where intersecting ribs or junctions of members 
result in undue concentration of metal with resulting hot spots, 
consider the feasibility of staggering or, in the case of large 
castings, the use of simple cores at the intersections to equalize 
cross section at the junctions. 

Side 7* Avoid the use of deep pockets in designs, as such 
pockets generally inyoJve m undue increase in cleaning costs^ 
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Rule 8. Aim to make the casting as simple in structure as 
conditions permit, investigating the possibility of using two or 
more separate castings, to be joined subsequently if a one-piece 
casting is highly complex and gives promise of lower over-all 
cost if cast in parts. 

Rule 9. Avoid the use of as-cast dimensional tolerances that 
are closer than necessary. Consult the producing foundry to 
make sure that such toleram^os as are specified can be met with¬ 
out undue cost increase. 

Rule 10, A^^here lettering and similar maj kings are required, 
see that they come on a, fa(‘e or surface of the casting parallel 
or nearly parallel with the mold parting and in such a position 
as to impose minimum restriction to metal flow and to proper 
progressive solidification. 

Rule 11. Avoid the use of metal inscuts, if possible. Such 
inserts should be avoided especiall}^ where fusion l>etw('en the 
insert and the casting is absolutely essential (unless it can be 
guaranteed b}^ the producing foundry) or unless the advantage 
gained is clearly not offset by greater difficulties in production 
than the proper insertion after casting Would entail. 

Rule 12. When castings are exposed to view in the finished 
product, see that they are as sightly in appearance as conditions 
permit, with simple and flowing lines and exteriors free from 
unnecessary projections. 

Rule 13. Keep the size* and weight of the casting, and hencci 
the sizes of sections, as small as is consistent with adequate per¬ 
formance of its function. 

Rule 14. Adhei-c, as far as conditions permit, to designs that 
simplify both the pattern equipment required and the molding 
procedure, avoiding the use of loose pieces in the pattern, if 
possible, and using them only where desired results cannot be 
secured by some other method, as loose pieces in the pattern 
generally mean increased molding costs. 

Rule 16. Avoid the use of designs that involve irregular 
parting lines in the pattern eqiiipment when a casting that meets 
requirements can be designed to have its parting line in one 
plane, as straight-pattern parting lines usually result in lower 
molding costs than irregular parting lines. 

Rule 16. Permit the pattern equipment to be made with 
ample draft so that the pattern can be withdrawn readily from 

mold.without injury to the latter. Allow the use of as much 
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dt*aft as is required by the appearance of the casting and other 
factors, such as avoiding higher machining costs than are neces¬ 
sary or the use of too much draft, which causes too gr(^at an 
increase in section size at points where proper feeding is impos¬ 
sible. Ample pattern draft means easier molding. 

Rule 17. Avoid designs in which more dry-sand cores than 
are essential are used, as designs such that the })attern can be 
made to leave its own green-sand core in the mold generally an^ 
the most economical to produce. 

Rule 18. Where dry-sand cores are essential, make them as 
few^ in number and as simple as possible. Ihovide for points 
of adequate core support in the mold. In castings that must 
be pressure-tight, the use of cores that must be supported by 
chaplets should b(‘ avoided. 

Rule 19. Make sine that interior cores, wdiich cannot be 
avoided in a casting and which are nearly or (‘ntirel.y surrounded 
by metal, can be properly vented and that julequatc^ cleanout 
openings are providcKl. 

Rule 20. Avoid designs in which cores are so placixl or are 
so slender that subsequent removal from ihe casting is difficult. 

Rule 21. Avoid the use of long, skmder cores surrounded ))y 
extrf.mely heavy metal sections, as such cores are difficult to 
remove in the cleaning operation. When such cores are unavoid¬ 
able, they should at least be straight and ample anchorage for 
them should be provided in the mold. 

Some of these rules may appear self-evident, yet almost any 
foundryman can point to castings in the design of which seem- 
in<\ly obvious rules have not been heeded, with consequent need¬ 
le* s increase in cost of castings. The rules do not, of course, cover 
all features of design but, where they are followed, production of 
castings will be simplified and costs lowered. It is, at least, 
worth while to check any casting design against the rules or 
procedures listed above and, where it is found that the rules 
have not been followed, to see whether the design can be altered 
to avoid this, with benefit to all concerned. 
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DESIGN OF SCREW-MACHINE PRODUCTS 

By T>. H. Montgomehy 

Reasons for the Screw Machine.—''Automatic screw machine'’ 
is the name commonly applied to a type of machine^ that is, in 
reality, a form of hollow-spindle turret lathe adapted to fully 
automatic operation. Such machines are made with single 
or multiple spindles, up to a total of eight spindles in some cases, 
but in all instances they retain the general characteristics of a 
lathe. In other words, they are adapted to manufacture prod¬ 
ucts having chiefly surfaces of rotation produced by turning, 
forming, facing, drilling or boring, threading, and cutoff opera¬ 
tions. But the machine differs from other lathes in that it is 
designed to function and to feed stock automatically. An 
important objective of the machine is to bring to bear on the work 
as many tools as are required, using some of them simultaneously 
or in rapid succession or both, so that the finished product is 
completc^d in minimum time and at minimum cost. Although 
screws and uncounted other threaded parts ai*e turned out, the 
machine is by no means confined to the production of screws or 
threaded parts, as its name would indicate, and to this extent 
the term "screw machine" is a misnomer. But since the name 
is well understood and commonly used in the metalworking 
trade, it is here used and the term "screw-machine product" 
should be understood as including all types of products produced 
by the automatic machine, whether they are screWs,“ “Kave^ 
threaded portions, or are without threads of any kind. 

Reasons for the existence of the screw machine include its 
ability to produce at an exceedingly rapid rate, in a repetitive 
cycle, classes of parts having a wide utility and usually within 
quite close dimensional limits. Comparatively recent and 
extensive improvements both in the screw machines themselves 
and in tools especially developed for use in these machines have 
permitted marked increases in the rate of production. In addi- 

m 
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tioii, it is possibles to hold the screw-machine ]woduct within 
materially closer limits than were once feasible. Moreover, tlu* 
modern machine makes possible certain operations once con¬ 
sidered impractical. Burnishing is now readily done, and some 
machines j)rovide extra spindle positions for doing it, thereby 
reducing the number of secondary operations once required. 
Modern machines in general require less setting-up time than 
do older types. 

Although the types of parts produced on the screw machine 
are chiefly those having surfaces of rotation, they are not con¬ 
fined entirely to products having only such surfaces. Some 
machines are readily adapted for other operations, and all can 
be fitted with stock or special attachments such as those for 
slotting, milling, or cross drilling. In othcT instances, supple¬ 
mentary operations are performed more advantageously in 
secondary machim^s better adapted for the ])urpose. 

Importance of Screw-machine Products. - - Because of the 
exceedingly useful character of screw-machiiu^ products and of 
the rapidity with which they are produced, they have gained 
extensive use in assemblic^s designed for mass production. The 
quantities manufactured exceed those for some of the mass- 
production items dealt with in other chapters of this book 
and screw-machine products are extensively used in combination 
with these items and with other metal and related products. 
Many screw-machine products find a wide sale independent of 
other products, forming in themselves finished articles of trade. 
A large number of jobbing shops specialize in manufacturing 
screw-machine products, and, in addition, a still larger number 
of manufacturers of other products have their own departments 
in which screw-machine products are turned out in prodigious 
quantities. 

Reasons for Extensive Use.—Since lathe operations are basic 
in metalworking and the screw machine is perhaps the fastest 
and most efficient form of lathe and is capable of operating on a 
fully automatic cycle, its products have become a basic necessity, 
not only in the metalworking trade, but in some related fields. 
The production of the higher grades of screws and bolts alone, 
many of them necessarily departing from what may be termed 

standard’’ because of special design requirements, constitutes 
an important business in itself. Added to this is the production 
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of bushings and bearings or bearing parts in great variety; of 
pins, washers, and special nuts in endless forms; of uncounted 
special elements for machines and me(*luiiucal products; of 
certain special pipe fittings and the like; of knobs and knurled 
parts in great profusion; of tubular ))roducts with o])en or closed 
ends; of dielectric parts from plasti(^s and other similar products; 
and of literally hundreds of spe(dal items for \^hich there is no 
other economical substitute. tVrtain of these* j)r()ducts can be 
produced in the same shapes but not necessarily within the same* 
dimensional limits or with equal finish or in the same metals 
by other means, even in some cases with eciual economies. Many 
bolts, nuts, and headed products are produced, of course, by 
die forging or cold heading; but, in gcmeral, such products 
lack the dimensional accuracy and finish that is readily secured 
in the screw machine and the range of metals suitable is more* 
limited. Certain ])roducts can be die east in forms j)roducibl(^ 
on the screw nuudiine and iilso Avith gr(*at economy, but only in 
nonferrous metals. As cast, they lack the bright finish readily 
attained in screw-machine products. Compe^tition belAvc^en th(^ 
two types of parts is quite limited. Some swage^d parts may 
compete to a limited extent with those of the screw machine 
but instances of this are comparatively few. In a broad s(mse, 
the screw machine has no effective competitor; it stands in a 
class by itself. 

Types of Screw Machine and Effects on Design.—In a brief 
chapter on the design of screw-machine products, little can be 
said about the machines themselves, but the designer of their 
product should know, at least in a general way, how the machine 
operates and something as to its capacities, if he is to design 
the product it makes intelligently and with an eye to maximum 
economy in production. Hence a brief description of the screw 

machine follows. 
All screw machines have hollow spindles^ through which the 

stock is fed or advanced into working position. The stock is 
gripped by a collet, which locks it endwise and causes it to rotate, 
usually at the highest speed feasible for the metal employed, 

1 Nearly identical with the screw machine, both in principle and often in 

general construction, is the chucking machine. Sometimes chucking 

machines are referred to as screw machines,’' as they can turn out parts 

duplicating those of the screw machine. Unlike the screw machines they 
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the character of machining required, and the types of tools to 
be used. Stock is fed against a stop which determines the length 
of the piece unless the outer end is subsequently machined, as 
it usuall}^ is. Two sets of tools are commonl.y brought into use, 
those carried by cross slides, of which there are usually two or 
more, and those mounted on a turret, the latter often carrying 
several tools for end operations. Cross-slide tools frequently 
turn (form) the outer diameter, often do some facing operations, 
and almost always perform the cutoft* operation. Turret tools 
perform all drilling, boring, and other interior operations, includ¬ 
ing tapping, and often do some facing, external turning, and exter¬ 
nal threading. In general, both internal and external operations 
proceed simultaneously and, on some types of machines, modern 
tools, which avoid interferences once encountered, make it 
possible to do certain simultaneous operations once considered 
imi)ractical or impossibie. In many cases, however, only on(^ 
tool can be in use or is required on a given piece at one time. 

Since it is an important objective of the machine to produce 
the pieces as rapidly as conditions permit, it is often an advantage 
to bring several tools into use at the same time. This accounts 
in the case of single-spindle machines for the use of two or even 
three crovss slides. It also accounts for employing, for certain 
types of work, multiple-spindle machines in which at least one 
cross slide and one turret tool are available in each spindle 
position. Each type of machine, however, has certain advan¬ 
tages as w^ell as certain limitations, and it is rarely necessary 
for the designer of the screw-machine product to determine in 
advance which type of screw machine will be used, except, of 
course, to make sure that the size of the piece to be produced 
is within the capacity of the machines available. 

Economy in tooling and in production is likely to be promoted 
by designing the product so that it can be produced by those 
operations for which the screw machine proper is inherently well 
adapted. On the other hand, supplementary operations, such 
as burring, slotting, milling, cross drilling, and the like, are 
frequently performed with high economy in standard attach- 

carry at the end of their spindle or spindles a chuck or chucks, which niay be 
mounted on a solid, rather than on a hollow, shaft. Such machines are 
not intended for bar stock and are commonly used for parts not adapted for 
feeding through a hollow spindle.—Kbitor. 
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inents or even by the use of special attachments. By applying 
attachments, it is often possible to perform certain operatioas 
on the cutoff end of the piece, and the screw machine is frequently 
used effectively as a chucking machine with a magazine feed 
arranged to insert pieces previously finished on one end into the 
collet and thereafter to macdiine them (on the end which was the 
cutoff end in the earlier operation) economically, just as if they 

Fig. 1.—Close view, showing a portion of a 1-in. New Britain Gridley six- 
spindle automatic screw machine. Three of tlio spindles and three cross-slide 
tools are seen at the loft and, to the right of them, the turret carr5r|ng tools 
that perform end operations. 

were still a part of the bar or tubular stock used originally. In 
other cases, secondary operations are more efficiently done in 
other types of machines that happen to be especially well adapted 
for the particular operation required. 

Although the present upper limit in size for single-spindle 
screw machines is 8 by 8 in., relatively few such machines are 
available. A maximum diameter of 2J4 in. is close to the limit¬ 
ing size of single-spindle machines in common use and a large 
nronortion of machines of this type are limited to 1 in. diameter 
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and 0 in. length or i-o smaller sizes. Multipk^-spindle inachim'S 
having a maximum rapacity of 5 in. in diameter by 20 in. long 
have been built but the largest size in common use is designed 
for handling up to 2%- by 0-in. pieces. 

Although the minimum diameter and length of work that can 
be handled is not so well (h^fined (since even a large machine (am 
produce (pute small diameters and short pieces), smaller machines 
are lik(‘ly to handle small work most economically. Multiple- 

Fig. 2.—Brown and Sharpe single-spindle automatic screw machine, showing 
tools in the front and rear cross slides and several in the turret mounted on a 
horizontal transverse axis to the riglit of the slides. 

spindle machines are used chiefly for work above 34 i^^- diameter 
but ate becoming available for small work also. 

When to Design for Screw-machine Production.—Factors to 
be considered in determining whether or not a piece can be 
produced economically on a screw machine include the following: 

1. Shape,—The piece should have only or chiefly surfaces of 
rotation. 

2. Material,—Material should be such as can be machined 
readily with the speeds and tools available. 

3. Naturally, the piece must come within the size 
limits for the equipment available. In some cases, by special 
tooling, normal maximum length for a given machine can be 



DESIGN OF SCREW • MACHINE PRODUCTS 131) 

exceeded, but in these cases one should be assured that the 
machine is not overloaded and that the extra tooling required 
will be offset, as to cost, by the economies realized as compared 
with an alternative method of production. 

4. Quantity,—The quantity of parts recpiired should be such 
fis to warrant any special tooling and the setup time^ and expense 
necessary for the job. For quantities of less than 1,000 parts 
it is seldom economical to use the automatic screw machine, 
especially if tooling costs are considerable and/or setup time 
involves considerable expense. For such quantities, comparative 
costs as against hand screw machine or s^)me other method of 
production may well be considered. 

5. Dimensional Tolerances.—Reejuirements as to dimensional 
tolerances should cither be such as are readily held, or, if closer 
than can be held readily, should allow for extra cost or some sec¬ 
ondary sizing operation (see subsequent paragraph on Tolerances). 

(). Character of Operations.—If th(' piece recpiires one or more 
operations not readily performed on tht' screw machine, due 
allowance should be made for any necessary secondary operations. 

Visualizing the Screw-machine Product.—In the design of 
screw-machine products (as, indeed with all parts intended for 
quantity production), the designer can profit by trying to vis¬ 
ualize precisely Avhat operations are required to produce each 
surface thereon. Since the screw machine is adapted especially 
for producing surfaces of rotation concentric with the axis, 
departures from such surfaces should be avoided (1) unless 
the cost of the extra operations recpiired is justified or (2) 
unless some readily available shape of stock other than a bar or 
tube of circular section can be used to provide the noncircular 
portion. Secondary or supplementary operations do not always 
increase costs as compared with equivalent operations in the 
screw machine, but they are likely to do so. If they do, the 
extra costs should be justified and allowances for them should 
be made. Anything that tends to decrease the number and the 
duration of the respective operations, especially the duration 
of the longest operation, can usually be counted upon to reduce 

1 Average setup time fpr multiple-spindle machines ranges, as a rule, from 
about 4 to about 8 hr., the shorter time applying to latest types of machines. 
For the single-spindle machine, the corresponding average time is about 
2M hr. 
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cost. Under subsequent headings there are additional recom¬ 
mendations as to what to do and to avoid doing to minimize 
costs. There often are other considerations which require that 
costs be subordinated, but, when this is not the case, the desira¬ 
bility of following cost-saving recommendations should not be 
overlooked. 

Consulting the Producer Desirable.—The expediency of con¬ 
sulting with a producer of screw-machine products when laying 
down a design of such a product is at least as great as it is in the 
design of other products for quantity production. Those who 
continually live with the problems that enter into such production 
naturall}^ know best how these problems can be solved or avoided 
and cost kept at a minimum, consistent with other results 
re(iuired. 

General Rules for Design.—It is not feasible to lay down any 
hard and fast rules for the design of screw-machine products or 
even any general rules to which exceptions may not be required, 
but useful rules can be formulated with the proviso that excep¬ 
tions or qualifications may often be necessary. If such rules 
as are here given are followed, production on the screw machine 
will be facilitated and cost lowered. These rules may well be 
kept in mind when preparing a design and will serve to aid in 
checking a given design before it is released for production to 
make sure that economies that might be realized have not 
escaped attention. Reasons for the rules will become apparent 
in most instances when the foregoing paragraphs or those follow¬ 
ing these rules are studied. 

Rule 1. See that all or as many as possible of the surfaces to 
be machined are surfaces of rotation. 

Rule 2. Limit machining to those Surfaces where it is defi¬ 
nitely required or is advantageous. 

Rule 3. Design so that machining is limited to the minimum 
depth and length of cuts required. 

Rule 4. Design the piece so that the smallest suitable diameter 
of stock that is readily available can be used and so that over-all 
length is minimized. 

Rule 6. Select material that, consistent with minimum eost 
and with other requirements, machines most readily. 

Rule 6. Never impose dimensional limits that are closer than 
js essential to meet requirements. 
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Rule 7. Design the piece so that the number and duration 
of Jiiachining operations required are minimized. 

Rule 8. Where feasible, design external surfaces so that they 
(•an be machined readily with a single forming tool or with rough 
and finish forming tools or by a rapid turning operation. 

Rule 9. Design the piece so that it can be machined with a 
minimum number of tools and with standard tools unless special 
ones will effect economies. 

Fig. 3.—Sketch of flanged hushing. 
The angle A, which tlie rear face of the 
flange makes witli a plane normal to 
the axis, is preferably not less than 
3 deg. . If face B must be square with 
axi.s, so indicate on drawing. If cor¬ 
ners, as at C, must be broken to avoid 
burrs, so indicate on drawing. A small 
radius or chamfer, as at points D, helps 
to lower costs as does also allowance of 
a spot relief at E, as left by a standard 
drill used in boring the hole. 

I'lG. 4.- “The length of full thread* 
whether internal or external, as at A* 
should always he indicated. A hole, 
formed by a standard drill, which 
leaves a conical recess at B, is cheaper 
than one with a flat (square) bottom. 
Tap clearance C equal to the length of 
three threads minimum for bottoming 
taps and five threads minimum for 
other taps should always be allowed, 
and the percentage of full thread re¬ 
quired, D (usually 75 per cent maxi¬ 
mum), should be indicated on drawing. 
The length of radius R if required at a 
corner should he indicated (usually 
0.005 in. minimum), hut tooling may 
cost less if the edge is chamfered, espe¬ 
cially when, if a radius is specified, 
close liinit.s on the radius must ho 
maintained. 

Rule 10. Avoid square external shoulders, and, where they 
are required, so indicate definitely on the drawing (Figs. 3 and 4). 

Rule 11. Avoid square-bottom holes when a hole made with a 
standard drill will meet requirements (Fig. 4). 

Rule 12. When a square-bottom hole is required, the bottom 
preferably should be relieved at the center or have a conical spot 
as left by a standard drill and outside corners should be chamfered 
or have a radius (Fig. 3). 

Rule 18. See that blind holes to be threaded provide adequate 
clearance for the ends of taps (Fig. 4). 
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Rule 14. Set' that drawings aro inurkc'd to show the length 
of full threads and the })ercentage of full depth of ta|)ped threads 

required (Fig. 4). 
Rule 16. Do not specify that threads come closer than 2}/^^ 

full threads to shoulders or to hole bottoms (F'igs. 4 and 5). 
Rule 16. Threads tapped close to the bottom of a blind hok^ 

or to a co\interbore shoulder should provide a radial recess about 
2)^ threads minimum in length at the end of the thread (Fig. 5). 

Fig. 0.—When threading to a 
shoulder, a recess having a width A 
usually at least 2^'2 threads and a 
diameter B about 0.010 in. smaller 
than the root of the thread is desirable, 
as are also 45-deg. chamfers at both 
ends of the thread. The length of full 
thread, E, should always be indicated, 
as well as the pitch and form of thread 
and class of fit nece.ssary. At least a 
small radius should be provided at C\ 
where the recess and shoulder .join, and 
the shoulder preferably should make 
an angle of 1 to 3 deg. minimum with 
the plane normal to the axis. 

Rule 17. Avoid specifying a thread requiring the use of a 
bottoming tap unless essential; if essential a recess at end of 
threads should be provided (Fig. 5). 

Rule 18. Allow for breaking or chamfering external corners, 
of, if required .^quare, so indicate definitely on the drawing 

(Fig. 3). 
Rule 19. Unless removal of burrs is necessary, do not so 

stipulate; if essential, indicate specifically where removal is 
necessary (Figs. 3 and 5). 

Rule 20. Do not specify a finish smoother than that normally 
left by the tools commonly used unless definitely required, in 
which case indicate the character of extra cuts and the type of 

' Considered desirable cornmereial practice. For exceptions, see below, 
under Threads. 

Fig. 5.—Chamfers of about 45 deg. 
are desirable at both ends of threads 
tapped to a shoulder or close to the 
bottom of a hole. The diameter of 
the reoess D should be at least 0.010 in. 
larger than the crest diameter of the 
tap and the width of the recess E 
should equal tlie length of at least 
three threads. If burrs must be re¬ 
moved at A and B, the drawing .should 
be so marke<l. 
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tool and where to be used or .submit a .sample to indicjate eiiarae- 

ter of finish necessary. 

Rule 21. Design for minimum tooling costs consistent with 

economical prodvK^tion and with other results required. 

Rule 22. I)€^sign so that as many as possible of the surfaces 
which recjuire machining, of a type such as is readily done in the 
screw machine, can be finished before the piece is cut off. 

Rule 23. Jf the piece is one normally exposed to view, make 
sure tViat its appearance is as pleasing as due economy in pro¬ 
duction permits. 

Although many of these rule.s may appear more or less self- 
evident, examination of the general run of screw-machine-product 
drawings show that many arc overlooked, often, of cour.se, with¬ 
out the designer’s being aware that possible economies have been 
pa.s.sed up. Other rules Uiav seem less apparent or perhaps not 
justified until a closer study of conditions surrounding the pro¬ 
duction of the part is made. - 

The more familiar the de.signer of the product l)econies with 
methods u.sed in its production, the better equipped he is to 
design it so that its cost of production will be the lowest con¬ 
sistent with meeting other requirements. The rules given are 
not all-inclusive and compliance with certain of them will re.sult 
in certain others being fulfilled automatically. This indicates 
a degree of duplication, but if rules are too general in character 
they are less likely to be understood and observed, ■— 

Materials for Screw-machine Products.—Proper selection of 
material, consistent, of course, with service requirements, has a 
great deal to do with the cost of the piece. Of particular impor¬ 
tance from the standpoint of the manufacturer of screw-machine 
products is the relative ease of machining, because the faster and 
more readily the material machines, the more rapidly it can be 
turned into finished pieces and the less down time is necessary 
for sharpening tools. The least expensive materials (per pound) 
are certain of the low-carbon steels and some of these, especially 
S.A.E. 1112 and XI112, rank as the freest cutting ferrous screw 
stocks.^ These and other steels suitable for screw-machine work 
ai*e commonly used in the cold-drawn form, as this drawing not 
only improves physical properties but also makes for freer 

^ See footnote* to Table I, 
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machining. Table I gives the type, S.A.E. number, and certain 
significant physical properties of representative cold-drawn 
steels used for screw-machine parts and shows their relaiiv(^ 
machining speed as compared with S.A.E. 1112. S.A.E. XIJ12 
is rated as the freest^ cutting and has about the same physical 
properties as S.A.E. 1112 but a higher sulphur content (0.20 
to 0.30 as against 0.10 to 0.20 for S.A.E. 1112), the higher sulphur 
accounting for freer machining. 

In some cases, at least, increased hardness of steel results in 
better machining properties. Some consider steels having a 
large grain size to be superior from a machining standpoint. It 
is highly desirable, in order to promote ease of production by 
screw machines, to select a material such that chips break up as 
they come from the tools. This facilitates chip disposal and 
avoids many troubles that result if long, tough, or stringy chips 

arc produced. 
Among the nonferrous materials, free-cutting brass such as 

S.A.E. 72 is most widely used. This alloy contains GO.00 to 
63.00 per cent copper, 2.50 to 3.75 per cent lead, iron 0.15 per cent 
max., other impurities 0.50 per cent max., remainder zinc. This 
brass can be cut as a rule at speeds as high as thfi modern high¬ 
speed screw machine is designed to run and is well adapted for a 
wide range of parts. Other alloys of copper, including the 
wrought bronzes and aluminum alloys listed in Table II, are 
well adapted for screw-machine work, but few of them machine 
as freely as S.A.E. 72 brass, although most of them cut more 
freely than free-cutting steel. 

vSince both material cost and ease of machining have an impor¬ 
tant bearing upon the cost per piece, it does not follow, of neces¬ 
sity, that the lowest cost material will give the lowest piece cost. 
Especially in small parts, where material cost per piece is small 
regardless of the material chosen, brass is often selected, despite 
its higher cost per pound than steel, because it machines so 
freely. In addition, brass scrap commands a relatively high 
price, whereas in proportion that for steel scrap is low. Scrap 
from nonferrous metals often has suflScient value to pay for 
machining costs on the piece. 

In the case of ferrous metals^ especially the cheaper grades, 
the cost of tubes is often so much higher than that of bar stock 

^ Sec footnote* to Table I. 
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TaBIJ!; I.—RKLA’J'lVji MACHlNlN(i AND OTHBH I’llOPEBTlES t»' VABlOUb 

Classes of Steel Suited fob Use in Subew-maohine I’boducts* 

Per cent 
Surface relative Tensile Yield 

Designation, cutting cutting strength, point. Elonga- Reduc- 
S.A.E. No. speed, 8pee<l, thou- thou- tion, % tion of 

or trade name ft. j)er 8.A.K. sands of .sands of in 2 in. area, ^0 
min. 1112 = Ijsi psi 

100% 
Fiee-eutting Steels 

3aii2 ' 225~ ■ 136 80 100 70-80 1 r '4(P60 ' no 202 
1112 165 100 80-95 70-80 10-20 40-50 170 202 
1116 136 81 70-80 60-70 16-26 45-66 140^ 170 

X1314 140 85 76-86 60-70 16-25 45-55 143-170 
X1316 140 85 
X1336 120 72 100-120 85'100 1 10 15 30-45 187 235 
Maxcutt 246 140 83 78 1 13.5 40 187 
Multicutt 275 167 75 72 1 14 47 160 

C/arbon Steols 
1015 120 1 72 1 70-85 60-70 1 15^25 i 46 65 ! 149 170 

X1016 130 ! 78 I 75 90 1 66-75 15-25 1 50-55 170-187 
1035 115 1 70 1 90 110 i 75-90 10-20 1 40-.50 170 202 
1045 95 1 57 1 85 115 80-100 1 10-16 1 1 30 45 183 228 
1050 90 1 1 54 1 100 120 1 85 100 1 10-15 ; ! 30 45 202- 235 

Nickel Steels 
2315 1 1 1 66 80 100 ! 60 80 I 15 25 ~ 50^60" 1 170-196 
2320 1 no 1 66 85 100 1 70-90 , 15-25 50 tiO 1 179-217 
2330 Annealed 115 i 70 95-100 i 85 100 , 15 20 40-65 1 182 212 
2336 Annealed 1 15 70 1 100-115 90- 100 ! 15 20 40-50 ' 187-235 
2346 .\nnealed i 85 I , 51 1 110-125 1 96-110 1 10 16 35 45 i 207-235 

Nickel-chromium Steels 

■31 f5. 
3120 
3130 Annealed 
3135 Annealed 
3140 Annealed 

no 66 85 -100 j 70 80 1 12-20 50- 60 179-196 
no 66 85- -106 80-95 ! 12 20 40- 50 187-212 
120 72 90 105 80-95 ; 15-20 60 60 183 228 
115 1 70 90- 105 ! 80 95 j 16-20 45- -55 183- 228 
1 10 1 66 95- no i 90-100 1 12-18 40 50 1 196-228 

M oly bden uni St (‘cls 
4130 .Annealed ! 120 72 95-110 86-100 15-20 45-56 187-217 
4140 Annealed j no 66 100 115 90-100 15-25 40 55 1196 228 
4615 1 110 I 66 90 105 1 80-95 15-20 46 60 [183-212 

(Chromium Stejels 
5120 100 60 90-105 80-95 12-20 50^60 170 196 
5140 Annealed 115 70 95-110 85 100 12-18 .35-45 1 187-228 
5150 Annealed i 100 60 100-115 90 100 15-25 36 46 1 87 228 

52100 Annealed 66 1 1 40 100 115 i 70-85 15 25 1 1 50-60 1196 241 
Chromium-vanadium Stt^els 

6120 100 00 100-116 80-100 j 12- -20 45 60 1 187- 228 
6130 Annealed 120 72 96 no 86-100 i 15 20 46 55 1 179 -207 
6140 Annealed j 115 70 100-115 90-106 ; 12 18 40 65 1 183- 228 
6150 Annealed I 100 60 ioa-115 90-106 1 12 -18 1 35-45 1 196- -228 

Stainless Steels 
Enduro 18-8t 75 45 80-90 36-46 60-65 66 56 135- 186 
Enduro AAt 90 54 76-90 4.5-55 30-20 56-40 145-185 
Enduro SIJ 
Enduro 18-8 

90 54 66-85 35-45 35-26 66-60 135-166 

FM 100 60 1 80-90 36-45 60-50 70-65 1 130-160 
Enduro FC 150 1 91 1 70-85 ! 40 50 35 26 i 65-60 1 146-185 

* Speeds given are approximate averages for general run of parts and (together with 
physical properties) are taken from data furnished oy Union Drawn Steel Division, Republic 
Steel (Corporation. The figures apply to cold-drawn grades suitable for screw-machine 
products. 

t Maxout and Multicut are the trade nam^ of Union Drawn steels developed especially 
to gain free-machining properties as well as to overcome certain drawbacks of the Uma- 
treated lead-bearing steels which, although developed for the same purpose, have not proved 
entirely satisfactory. Maxcut is a free-rnachining, high sulphur (0.350 to 0.500} Bessemer 
steel, but otherwise similar to S.A.E. 1112. Multiout is a low-oarbon, free-maohining open- 
hearth steel haviiM physicals similar to S.A.E. 1115. (It contains 0.06 to 0.15 carbon, 0.70 to 
l.OO manganese, 0.(>5 max. phosphorus, and 0.81 to 0.46 sulphur.) Neither steel contains 
lead and both are said to owe their free-maohining properties in part to special methods of 
manufacture. These steels carry a small premium over standard or regular grades, similar 
to that prevaiilng for lead-beariiig steals 

t Annealed and cold draw;. 
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that latter may prov(‘ nion^ ('eonomieal, (‘V(‘n for the prodmv 
tion of hollow parts. 4'he extra machining iK^eessary for remov¬ 
ing metal from the center of the bar may be more than offset by 
lower material cost per pound for the bar as compared with 
the tube. For this reason, hollow parts that could be produced 
from tubing are often made from bar stock, especially when the 
outside diameter is not large and free-cutting low-carbon stock 
can be used. As size increases, and particularly when the more 
expensive alloy steels are specified or when the walls of the piece 
are relatively thin, the saving in material and in machining may 
dictate the use of tubular stock. This is the case, for example, 
in making many ball-bearing races, especially those of larger 
diameter. 

In the case of nonferrous metals, especially those which are 
available in extruded form and in which the cost differential per 
pound as ])etween bar stock and tubing is not great, the use of 
tubing, even in moderate to fairly small sizes may result, when 
hollow parts are recpiired, in economies upon which the designer 
may count. When questions in this regard arise, they may 
well be discussed with the producer of the screw-machine prod¬ 
uct.^ In no case should a design be predicated upon the use of 
tubing having a wall so thin that it will be appreciably and 
permanently deformed by the pressure of the feed fingers or hy 

the collets that grip it in the screws machine. 
Parts that re(]uire a square, hex, or other polygonal shapes are 

often produced from bars or tubes having this shape, but of 
course the polygonal portion must come at the maximum diam¬ 
eter of the piece, as otherwise the faces of the polygon must be 
machined, usually in a secondary operation. Parts, such as the 
jaw^s for drill chucks, wdiich have a section the shape of a circular 
sector and which, when placed together in proper number, form 
a complete circular bar or a thick-walled tube can be machined, 
as a bar or tube of circular section w^ould be, by feeding them 
into the screw^ machine in groups forming, in effect, a bar or tube. 

Extruded or drawn shapes or tubes of odd contour, especially 
those which are symmetrical about the axis, are sometimes used 

^ Experience indicates that extruded brass tube is sometimes coated with 
a scale, which makes it harder to machine than free-cutting brass rod. This 
may tend to offset in some degree the potential economy in using extruded 
tubes in free-cutting brass rod, especially in small dmmetera. 
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to advantage? for screw-maohino inodncts requiring a correspond¬ 
ing contour, such as a splined or de(?ply serrated contour, for 
example. In such cases, however, the designer should make sure 
that the shape required is available and at such a price that the 
finished part will be more economical when produce^d from it 
than if produced in some other sto(*k that afterward has the 
contour shapcni by secondary operations. 

Materials for screw-jnachine products should be selected, of 
course, not only with due regard to physical properties, ease of 
machining, and low cost, but with assurance that the desired 
finish can be given the piece. Not all materials can be finished 
with equal smoothness, at least not with the same number or 
character of operations or at the same cost. Some considerations 
in this regard are mentioned under Finish. 

Shapes of Parts and Their Effect on Cost.—The simplest 
forms of parts produ(*ed by the screw' machine are naturally 
those which require fewest and short(?st machining operations. 
Thus, a piece that is merely cut off from a bar or tube, with a 
standard tool (which, if dcisired, will simultaneously chamfer 
the edge at one end) requiring only a single operation, is the 
simplest and cheapest product. Every added operation adds 
something, though often only a very small amount, to cost, 
including setup time. Even a light cut on a diameter already 
sufficiently true and smooth to meet requirememts adds slightly 
to cost. If the objective is minimum cost, it is also best to aim 
at minimum removal of metal, that is, cuts required should be 
of minimum depth and length. The ligher the cut, the faster 
it can be completed. 

Turning by using a tool that moves toward the axis (rather 
than parallel to the axis) of the piece, is commonly called “form¬ 
ing.^’ It usually costs least w^hen performed by a single tool, 
such as a forming tool, which often shapes the entire outside 
diameter (Fig. 4), or by a pai^V^pf such tools, one for roughing 
and one for finishing. The widti of such tools, however, seldom 
can exceed three times the minimum diameter of the piece unless 
a roller support, equivalent to a steady rest, can be used, in 
which case much wider tools are possible. If cuts* are deep, 
narrower tools may be needed. If the piece is long in reference 
to its diameter, so that it is likely to be materially deflected by a 
tool in the cross slide, and a roller support is not possible, the 
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effect of deflection must be considered in reference to dimensional 
tolerances, or a box tool, having a roller support for the work or 
balanced cutters 180 deg. apart must be fed in from the end, 
tending to increase the time for the operation. Such expedients 
arc frequently employed and are thoroughly pra(;tical, but when 
they can be avoided cost may be lowered somewhat. 

A perfectly straight-edged forming tool is the cheapest, but, 
once the forming tool is made, it will cut an irregular shape almost 
if not fully as fast as a straight face. A large proportion of 
forming tools are made to cut shoulders and cliamfers or to 
form special shapes, which they do rapidly and at low cost 
(Fig. 19 A). 

Drilling is the simple.st and usually the first end operation 
unlc.ss it is preceded, as it sometimes is, by a very simple and 
perhaps less expensive conical spotting to form a center (Fig. 
19.1). Drills, of course, are often made with a stepped diameter 
for counterboring or for chamfering the hole or both without 
materially increasing the cost of the cut (Fig. 19.1). Depth 
should be minimized for lowest cost and the bottom of the hole 
should preferably be conical, as made by a standard drill (Fig. 
4). If the hole is deep, the time for drilling is correspondingly 
increased, and, if it requires much more time than a simultaneous 
external operation, it may be economical to drill the inner portion 
of the hole in a later operation, that is, in two or more spindle 
positions, considering multiple-spindle machines. This adds to 
tooling cost but may reduce total cost by shortening the time of 
the machining cycle. 

Although the use of a drill as small as meets requirements from 
a design standpoint results in removal of a minimum of metal 
and is economical from that standpoint, too small a drill may 
require the use of a drill speeder^ and/or result in greater drill 
breakage, perhaps offsetting any economy. Reaming can be 
done rapidly but is, of course, an extra operation and requires an 
extra tool (Fig. 19C). Tapping, though readily performed, 
usually is a relatively slow operation; hence the depth of thread 
formed by the tap should not exceed minimum requirements. 
In some cases, tapping requires recesvsing at the inner end of the 
hole (Fig. 5), making it necessary to use an extra tool in prepar- 

^ An attachment for rotating the drill in a direction opposite to that of 
the screw-machine spindle. 
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ing the hole and to give this tool a compound motion. This is 
entirely feasible but increases tooling costs. 

All these items may appear to concern the producer rat her than 
the designer, but in reality they require consideration by botli 
and must be given due attention by the designer if, again, his 
objective is minimum cost, so often essential. They make it 
clear that, when the designer seeks minimum cost, as he usually 
must do, he should acquaint himself as fully as possible with 
details of production and seek to avoid designs that needlessly 
increase cost. 

Minimizing Material Costs.—Certain facts relating to minimiz¬ 
ing of material costs are given under Materials for Screw-machine 
Products, above. The need for selecting the lowest cost material 
that will meet other requirements and not unnecessarily increase 
machining costs may appear self-evident, yet it is sometimes 
overlooked. The same may be said of selecting the smallest 
size of stock that will give required results. It involves needless 
waste to make a part, say ^04 above some standard and readily 
available size when it can just as well be made from that size or a 
few thousandths of an inch under it and serve the same purpose. 
Although, when large quantities are reejuired, almost any size 
of stock can be secured on order without paying a premium, 
delays may be encountered, so that, unless cost can be lowered 
by ordering a special size of stock, it is best to base designs on the 
use of standard sizes. 

Savings sometimes made possible by using tubing instead 
of solid stock under certain conditions have been outlined above. 
For large hollow parts, especially those with relatively thin walls, 
considerable savings ma}^ result from using tubing, and the 
higher the cost of the material per pound, the greater the saving 
may be. 

Polygonal stocks may increase waste to some extent, especially 
if a cylindrical stock having a dimeter equal to or less than that 
across flats can be used and still meet requirements, but, if it is 
necessary to machine flats, the cost of the extra operations 
involved should be weighed against any saving in stock that 
will result. Somewhat the same may apply to special extruded 
shapes. Their use should be avoided unless they result in 
economies over an alternative method of securing the same 
result. 
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Parts having an outward Hange mu(‘h larger than th(^ shank or 
body of the piece result in considerable waste of stock and require 
deep cuts in machining. Conditions sometimes justify their use, 
but the diameter of the flange should be held to a minimum! 
When a wrought metal is required and a considerable difference 
as l)etween flange and stem diameter is necessary, as in a poppet 
valve, for example, it may cost less to use an upset forging or to 
produce the flange and stem separately in screw-machine opera¬ 
tions and to weld the two pieces together subsequently. 

ticj. 7.--Punches or nail sets produced in the screw machine, the cliiol dih 
lereuces in flesign being in knurling and other factors iiflFecting appearance. 
Actual differences in cost are snialJ, but the better looking products coininand a 
much higher jjricrc?, largely because of improved appearance. 

Appearance Factors.—\A'hen a screw-machinc product is to 
be used in a location exposed to view or may depend in part upon 
appearance to promote its sale, due care should be used to see 
that it is well proportioned and that details of design which 
improve appearance are not overlooked or are incorporated 
when their cost is not excessive. Such simple parts as the 
punches or nail sets shown in Fig. 7 illustrate the point. All 
the punches serve the same purpose, but that made from an 
unfinished round bar looks cheap and unattractive. The others 
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look b(*it(‘r and coiuiuaud a luf»:l\or ])rioc‘, (jiiiU' out of proportion 
to their slightly increastnl cost- 

Ciood design from an aesthetic standpoint calls for simple 
lines as well as for designing the piece to serve its function and to 
look its part. Simple forms of decoration may serve well to 
break up surfaces that may be regarded as uninteresting other¬ 
wise, but decoration that is applied only as such, without per¬ 
forming some useful function, is not considered good design from 
an artistic standpoint. Engineers should make sure, of course, 
that the part will serve its function acceptably (as to strength. 

ABC 
8.—Sketch showing the effci^t of small changes in design on the appear¬ 

ance of thumb screws for the same purpose, as prodm^ed in the automatic screw 
machine. Design A is best in appearance by reason of contour and use of a 
straight knurl. Design B, altlnnigh it may reduce cost slightly, looks clumsy. 
Design C is botli awkward in appearance and unsatisfactory because there are no 
chamfers at the edges of the knurled portion and no land is left at the outer edge of 
shoulder, where a burr will be formed. 

stiffness, and other purely engineering considerations) but if 
they lack the ability to make it look right, as some engineers do, 
the services of a qualified artist or stylist may well be secured to 
sec that appearance comes up to required standards of excellence. 
This may even mean the difference between a ready and a poor- 
sale for the product. 

Knurling, beads, circumfei-ential recesses, and the like, as well 
as chamfers, rounded edges, and fillets, are among the expedients 
that can be used in efforts to improve appearance. The knurled 
circumferential surface of a thumb screw may improve its appear¬ 
ance as well as serve a useful function (make it easy to grip 
securely), but the edge of the knurl should be chamfered both 
for better appearance and to avoid sharp burrs. Such a screw 
would look awkward if knurled over its whole turned surface, 
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(Fig. 8) but, if necked with a proper radius and given a narrow 
cylindrical land next to its seat, it looks the part, yet costs little 
more. Such details may seem self-evident or of little conse- 
(luence, but in fact they often constitute the difference between 
good or acceptable and poor and unacceptable designs, as far 
as appearance is concerned. Figure 9 shows hollow-ware parts 
produced in the screw machine, in which well-designed contours 
are important as affecting appearance. 

Fig. 9.—These parts, produced from free-cutting nickel-silver on the screw 
machine for use with hollow ware, illustrate the pleasing effect of well-propor¬ 
tioned contours on appearance. 

Tolerances.—With the modern highly developed and sturdily 
built screw machine, it is possible to hold closer tolerances than 
were regarded as feasible even ten years ago. It does not follow, 
however, that close tolerances should be demanded when not 
essential. To do so usually involves needless expense and gains 
nothing. It is likely to add to cost, for example, to insist upon 
tolerances closer than can be held in the mating part or to specify 
them close when the part makes no fits with anything.^ Toler¬ 
ances in screw-machine products depend upon the use of a well- 
built machine that is kept in good condition; upon the kind of 
tools and how sharp they are kept; upon the depth and speed of 
cut, in some cases; upon the diameter and length of piece; and 
upon like considerations. Not all of these can be controlled by 
the producer, and some of those which can be controlled involve 

^ Au exception would be when some surface has to he held within close 
limits merely to locate the piece properly in some secondary operation. 
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costs that may or may not be warranted by the requirements. 
The safest rule is to follow general commercial practice as to 
tolerances insofar as it meets actual requirements to do so. 
When closer tolerances arc essential, the drawing should be 
specific in this regard, and, if it adds to cost to hold the closer 
tolerances, an allo\\ ance for this should’be expected. Tools for 
holding close tolerances may cost more and there is apt to be less 
production ])er machine because of increased down tinu' for 
sharpening and resetting tools, extra gaging, and the like. 

Commercial practice calls for holding, when no definite limits 
are given, ±0.002 to 0.005 in. on diameters marked in decimals. 
Lengths from shoulders to other points are commonly held within 
±0.003 in. Practice on fractional dimensions is to work within 
±0.005 in. on machined diameters and ±0.010 in. on lengths. 
Naturally, much closer dimensions than ih(\se can ))e held where 
specified. Thus, diameters are often held within ±0.001 or even 
0.0005 in. limits, and lengths Avithin the same limits, but to do 
this requires extra care and extra expense. 

When eccentricity limits must be held, they should be clearly 
specified on the drawing as between definite surfaces. It is best 
to specify total runout on a dial gage, Avhich measurement, of 
course, is twice the actual eccentricity. The commercial allow¬ 
ance for runout as between bores and turned diameters usually 
is 0.005 in. Runout as close as 0.0005 in. can be held, if required 
under some exceptional conditions, but, when dimensions as 
close as this cannot be held, it is usually better to provide for 
grinding in a secondary operation. The deeper the hole, the 
larger the runout is likely to be. 

When tapered surfaces are required, the drawing should show 
clearly either the angle which the surface makes with the axis 
of the piece (Fig. 10) or the diameters at each end of the tapered 
surface (Fig. 11). When the angle is indicated in degrees with¬ 
out a tolerance, it is usual to hold ± 1 deg., but closer limits can 
be held when required. Whenever feasible, it is better to use a 
known American taper (such as Morse or Brown and Sharpe) 
than an odd taper. Surfaces intended to be true cylinders may 
have a very slight taper either way, but the actual diameter 
should come within the limits specified, or within commercial 
limits when not specified, at any point on the surface. On slender 
parts that are long in comparison to the diameter, a slight spring- 
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ing ol t li(^ piece*, under tool [)re\ssur(* may e^ause it to be slightly 
largei’ at the free end than at the supported end, resulting in a 
slight back taper. When even a slight taper must be avoided, 
the drawing should indicate Avhere and give the specific limits 
to be held. 

In thread specifications, the pitch diametcu* and number of 
threads as well as the precise length of full thread should be given, 
of course, and also the class of fit in accordance with National 
Screw Thread Commission standards. These standards con¬ 
template the use of the or National” form of thread, 

Fig. 10.—A part of this type can be 
produced on an automatic screw ma¬ 
chine hut requires special toolin^^ to 
form tlic tapered interior surface. 
The drawing sliould show, among other 
things, the angle A, which the tapered 
surface makes with the axis, and the 
chamfer B, if the burr tlnown into the 
hole by the cutoff operation must be 
remov^ed. 

Fig. 11.—This part is easier to pro¬ 
duce than that in Fig. 10, because the 
large end of the taper is outward and 
not back of a shoulder. The amount 
of taper is indicated in this case by 
giving the diameters A and B at each 
end thereof and by indicating the 
length C. 

as it is variously tinnicd. It is common practice to work t(^ 
class 2 fits on both male and female threads, but class 3 fits often 
can be held, when essential, although the.y are likely to involve; 
extra cost. If any other form of thread than the above-men¬ 
tioned standard is required, the drawing should state this clearly 
and give all essential dimensions with the limits required thereon, 
and a drawing showing a ten-to-one enlargement of the thread 
profile should be furnished. 

In all cases in which dimensional tolerances closer than those 
common in commercial practice must be held, limits should be 
(dearly stated, and, if there is doubt as to ability to hold them, 
the matter should be discussed with the supplier and an agree¬ 
ment reached as to the practice to be followed. If secondary 
operations, such as grinding or lapping, are required, suitable 
allowances for them should be made and the drawing marked 
accordingly. 
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External Threads.—External threads on screw-machine prod¬ 
ucts usually are produced by adjustable self-opening or adjustable 
or solid dies, but they are often produced with single-point tools. 
They can be rolled under favorable conditions either in the 
machine or subsequently in secondary operations. If the thread 
is back of a shoulder larger than the root diameter of the thread, 
it must either be cut with a single-point tool or V)e rolled, unless 
produced in a secondary operation. There is little to choose 
between the two types of thread but some contend that the 
rolled type is not so strong as the cut thread,'although the rolled 
type is likely to be smoother and free from fine burrs. Neverthe¬ 
less, cut threads in general are sufficiently free from burrs to meet 
most requirements. Cost differences between rolled and cut 
threads produced on the screws machine itself aie usually small 
but sometimes slightly favor the rolled thread on fiee-cutting 
nonferrous material and sometimes on free-cutting steel. It is 
not usually considered feasible to roll threads on the screw 
machine in other materials. 

When minimum cost is sought, the method of thread produc¬ 
tion may well be discussed wdth the producer, both as to tooling 
and as to effect on piece cost. Since threading dies in general are 
adjustable, wdiereas taps are not, as a rule, it is usually easier 
to hold closer fits on external than on internal threads, but 
either can be produced wi^i class 2 or (dass 3 fits, except that 
some materials are too hard for satisfactory production of class 3 
fits. Commercial practice usually calls for class 2 fits, with the 
probability that class 3 fits will increase costs. 

Drawings should indicate definitely the length of full thread 
required (Figs. 4 and 6). When threading to a shoulder, the 
thread should not, as a rule,- come closer than 2J^^ threads from 
the shoulder. It is good practice to turn the diameter between 
the end of the thread and the shoulder about 0.010 in. smaller 
than the root diameter and to chamfer the edge at the end of 
the thread at a 35- to 45-deg. angle (Fig. 6). A similar chamfer 

^ Other authorities are of the opinion that rolled threads are stronger as 
well as smoother than cut threads, and rolled threads, some even meeting 
class 3 requirements, are being widely used. Sec subsequent chapters on 
headed products.—EncroR. 

®This is usual commercial practice but, especially on single-spindle 
machines, some threads come within 1 threads or even closer to shoulders. 
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at the beginning of the thread is necessary to avoid a burr (see 
Fig. 6). The inner diameter of chamfers should be at least 
0.016 to 0.020 in. smaller than the root diameter of the thread. 

Threads requiring multiple starts can be produced when 
required, but they add to tooling costs because special tools 
(chasers) are needed. Taper threads are readily produced but 
(*ost slightly more than straight threads. 

Internal Threads.—Screw-machine products are often recjuired 
with tapped threads. These threads are usually produced with 
standard solid taps, but if the hole is at least in. diameter, 
collapsible taps are sometimes used to advantage. Tap drills 
and taps to give 75 per cent of full thread depth are commonly 
employed. Threads should be of minimum length to meet 
requirements and the length of full thread should be indicated 
on the drawing (Fig. 4). If the hole to be tapped is to be blind, 
but without a square bottom or shoulder, it can be produced 
with a standard drill but must be of sufficient depth to allow 
chip space and clearance for the end of a standard (not a bottom¬ 
ing) tap, say, a minimum of 5 threads beyond the straight tapped 
portion (Fig. 4). Through holes are preferred for tapping unless 
this requires a hole of excessive depth, which would take too 
long to drill. 

Threads that must be tapped in a hole with a shoulder or 
with a square bottom should not be required to come closer to 
the shoulder or bottom than 3 full threads. In such cases, the 
hole should be recessed and preferably chamfered at 35 to 45 
deg. at the inner end, back of the threaded portion, the diameter 
of the recess being at least 0.010 in. larger than the root diameter 
of the thread (crest diameter of the tap; (Fig. 5). A 35- to 
45-deg. chamfer (the outer diameter of which should be at least 
0.015 to 0.020 in. larger than the crest diameter of the tap) at 
the start of the hole is desirable to facilitate centering and entry 
of the tap and also to avoid a burr. A bottoming tap has to be 
used, of course, in tapping to a shoulder or square-end hole 

(Fig. 5). 
Fits are somewhat more difficult to hold on tapped than on 

external threads, especially when they must be produced with 
small solid taps, but class 2 fits are commercially held and 
class 3 fits can be held, usually at extra cost, if the material is one 
which taps freely. 
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Shoulders,—It is possible to make shoulders on external 
diameters perfectly square or even to undercut them, but they 
should not be so specified unless definitely required, in which 
case the drawing should be so marked (Fig. 3). This is partly 
because one or more extra operations usually are required to 
make a square shoulder, especially on steel. Wherever feasible, 
external diameters are turned with forming tools, which are 
ground initially, of course, to produce the required shape. If 
the tool must form a shoulder, it must be given side clearances 
similar to a facing tool and if the shoulder is s(piare, the forming 
tool, if used, must have its side face relieved and still may drag. 
Even when so ground, the tool will not face the shoulder smooth. 
In consequence, the producer of screw-machine products prefers 
to have the face make a minimum angle of 1 deg. (89 deg. vN'ith 
the axis), if the face of the shoulder is narrow or of 3 deg. mini¬ 
mum if it is a wide face (k^ig. 3), as this permits the use of a form¬ 
ing tool with adecpiate cl('aran(‘e and still gives a face of required 
smoothness. In fact, unless the drawing specifically indicates 
that the shoulder must be square, the producer often Avill, if 
tolerances permit, turn the sho\ilder with a slight angle. Thus 
if, as in Fig. 4, the dimension E is given as in., the face may 
be so turned that, at its outer diameter the measurement E is 
0.877 in., whereas it is three-thousandths less at its inner diam¬ 
eter, that is, 0.874. Since, where fractional dimensions are 
given, the usual tolerance is ±0.005 in., this would make the 
dimension well within the limits permitted and still give the 
producer the clearance desired for a forming tool, yet the shoulder 
Avould have a taper of 0.003 in. within the face width and would 
not be square. Again, if the dimensions for the thickness of a 
flange are given as 0.250 and 0.254 in., the producer will be 
within the limits if he makes the flange 0.254 in. thick at its 
inner diameter and 0.250 in. thick at its outer diameter, giving 
a taper of 0.002 in. on each side. Thus, the need for indicating 
a square shoulder, when one is required, is evident. If the face 
has to be undercut, a tool other than a forming tool has to be 
used, unless conditions make it feasible to feed the forming tool 
in at an angle, in which case a special attachment is required. 

Since it is not feasible to grind a forming tool with perfectly 
square inner comers, it follows that the outside comer of the 
turned piece produced with this tool will be broken, that is, 
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slightly roTinded or chamfered (Fig. 3). Thus, unless the corner 
must bo s(juare (which will require the \ise of some other tool 
and an extra operation), the drawing should be marked ‘‘Break 
corners’’ at appropriate points, the minimum radius usually being 
about 0.005 in. (Fig. 3). Tn general, it is an advantage to have 
broken corners, as thei’o is less likely to be a burr on the corner 
and the pie(‘e is less likely to give trouble in assembly. Cham¬ 
fered corners are less expensive to make than rounded corners 
if the radius of the rounded corner must be held within close 
limits. If the radius is required, and its length is important, 
the drawing should so specify (Fig. 4) and not recpiire a minimum 
radius of less than 0.005 in. 

Although interior corners at should(*rs can be made perfectly 
square, this again may require an extra operation. Of course, 
the corner will not be (piite square if produced with a forming tool 
designed, for reasons a])ove indicated, to cut the shoulder at an 
angle. A tool having a sharp cornei* is recpiired to make a sharp 
interior corner at a shoulder (Fig. 3). As the tool corner is 
likely to recpiire frequent grinding, cost is increased. Unless 
some mating part necessitates a perfectly square interior coimer, 
it is better to allow for at least a slight radius, as this is more 
easily produced and tends to strengthen the i)iece. If the piece 
is highly stressed or subjected to an alternating stress, as some 
rotating ])arts are, a flaw and subsequent breakage are more 
likely to develoj) at a sharp interior corner than at one with at 
least a small radius. 

Forming tools are extensively used to producer shoulders 
because, when once made, the tools often hold several dimensions 
within required limits uith minimum attention and minimum 
setup costs. Frequently, also, the required shai)e is not only 
made most cheaply with a forming tool, but cannot be made so 
readily, if at all, with any other type of tool. 

Holes.—Preceding paragraphs have made repeated references 
to holes which are often formed in the axis of the piece, usually 
by drilling. If the hole requires shoulders (Fig. 5), the tool 
(Commonly used is called a “counterbore” or “step drill” and 
(can be made to form either a square shoulder or one at some 
other angle (Fig. If the hole requires a square bottom, 
it is usually drilled to about the required depth and the bottom is 
then finished with a square-end tool, requiring, of course, a sep- 
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arato operation. Naturally, neither square nor other specially 
shaped bottoms should be specified in a hole unless definitely 
required (Fig. 4). If the}^ are required, it is better to permit a 
center spot from drilling (Fig. 3) to remain and to allow a radius 
or chamfer in the corner than to reepure a flat or specially shaped 
bottom over the full diameter (Fig. 3). Shallow holes or end 
recesses can be cut with a counterbore, end mill, or single-point 
tool without drilling and, in some cases, the end of the piece can 
be simultaneously faced and/or chamfered. 

If a smoother finish than is produced by a drill or other tools 
used to make holes is recpiired, the hole is usually reamed (Fig. 
19C). llurnishing is also done when a still smoother finish is 
needed. Hollow mills are feasible for rough-forming an annulus 
from the end of a piece. Holes in tubes are often finished or 
enlarged by boring tools and, of course, similar tools can he 
used to enlarge or machine holes previously drilled. 

In general the surfaces of holes are cylindrical, but they can b(' 
made conical or given other shapes readily. If the taper of tlu* 
cone is outward and there is no shoulder to interfere (Figs. 11 
and 19fi), it can be formed by a reamer, but if there is a shoulder 
that interferes or if the cone is smallest toward the outer end 
(Fig. 10), a boring tool operated by a tapei’ attachment or some 
equivalent is required. Internal shoulders usually are sharp or 
square at their inner diameter but can have a radius or chamfer if 
required. At the outer diaim^ter the corner can be square, but 
it is easier to produce if it has a chamfer or small radius (Fig. 3). 

Although the nature of the tool employed does not always con¬ 
cern the designer, some knowledge of the tools, of how they are 
used, and of the type of surface they can produce nearly always 
enables him to design more intelligently. 

Burrs and Their Removal.—As in much other machine work, 
that done on the screw machine often results in burrs. These 
can be removed but sometimes require extra operations, which 
add to cost and should be avoided unless there is good reason 
why the burrs must be removed. A burr or teat always occurs 
where the piece is cut from thd rod or tube, since the piece will 
break off just before the cutoff tool reaches the center or cuts 
through the wall if the stock is tubular or drilled through. To 
remove the burr, teat, or ^^flag,’' as it is sometimes termed, from 
a solid piece requires an extra operation, which can be avoided, 
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of course, if the teat is of no consequence on the finished piece. 
Such removal is often effected in a secondary operation or in a 
burring attachment, but if the machim^ is equipped in the cutoff 
position with a revolving pick-off collet, which is designed to 
support the piece and keep it rotating until the cutoff tool 
reaches or just passes center, no secondary equipment is required. 
If the piece is hollow where cut off, a burr is thrown into the hole, 
lii can be removed with a chamfering tool either in a pick-off 
collet or in a secondary operation. 

l’'o mark a drawing Remove all burrs may, if the instruction 
is carried out literally, increase cost unduly, because a burr may 
occur wherever two surfaces meet at an outside (corner, on the 
crests or ends of threads, along the edgt^s of knurled surfaces, 
and the like. Many such burrs are too slight to bother about, 
but if they ar(^ of importance and must be removed, the drawing 
should indicate exactly where (Figs. 3 and 5) and extra costs 
for removal operations should be expected. It may, for example, 
be necessary to tumble the pieces, if threads or other parts will 
not be injured by tumbling. Burrs can often be avoided or 
rendered negligible by chamfering or rounding edges at slight or 
no extra cost, providing the drawing indicates where this is to 
be done (Fig. 3). 

Finish.—Unfortunately, there are no generally accepted 
methods of designating finish or degree of smoothness on screw- 
machine products, except by reference to the type of tool or cut 
in the final operation. Perhaps the best way to dc^signate finish 
is to submit a sample having the required finish and specify that 
the product shall have a finish not inferior to that of the sample. 
To indicate that the piece shall be free of all toolmarks” or 
that given surfaces shall be ^‘perfectl}^ smootlri^ is too indefinite 
and may cause unnecessary expense since, strictly speaking or 
for practical purposes, neither condition can be completely 
fulfilled. Figure 12 shows methods of designating finish some¬ 
times employed. 

The usual commercial practice calls for leaving the external 
surface as it appears after forming or turning with the usual tool 
unless the sample or some other requirement calls for a smoother 
finish in which toolmarks are less in evidence. Similarly, the 
commercial finish in a hole or recess is that left by a drill or 
other tool commonly used. If these do not give the required 
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smoothness, the outside diameters can be skived or shaved, 
using a tool that gives a tangential cut. If a still smoother 
finish is necessary, surfaces can be burnished with a suitable 
rotary burnishing tool or tools, the finish being designated 
accordingly on the drawing. Combination tools, wliich cut and 
burnish simultaneously, are sometimes used to advantage. 
Interior surfaces smoothcM* than those loft by the tools that 
normally form them can be produced by reaming and often 
interior burnishing can also be done. p]nd faces also can be 
burnished. Drawings should so indicate if such operations are 
required and on what surfaces. Burnishing does not alter 
dimensions significantly but removes toolmarks or renders them 
invisible. 

V Rough machine f 

w Finish machine yy 
Grind or burnish x/y 

V vvy Po/ish or equal 
Fig. ]2.—Sketch showiiiR .syinlx)ls sonietinios iiwed to indicate tlie character 

of finish required. Tiie letters/ are more commonly used on American drawing.s. 
Triangles are used for the same purpo.se, chiefly on European drawing.s. 

Grinding is not commonly done in screw-machine operations 
although it can be and has been done in some cases by making 
use of special fixtures, which include small grinding wheels and a 
drive for them. If the part lequires grinding, the drawing 
should specify on what surfaces. Screw-machine products are 
frequently ground, but it is usual to perform the grinding in 
secondary operations. Contrary to some beliefs, burnishing is 
a good preliminary to grinding, as less metal need be removed 
in the grinding operation. 

Since extra operations are necessary for producing surfaces 
smoother than those usually left by primary tools, they should not 
be called for unless required, as extra costs are involved. If, 
however, appearance or other considerations dictate the superior 
finish, the extra cost may be fully justified. Pieces that are to 
be plated, for example, usually call for polishing and buffing, 
and the cost of these secondary operations can be minimized 
by making use of the necessary extra operations in the screw 
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for appearance sake, or that must be made rough for some other 
reason. Knurling increases the diameter of the surface to which 
it is applied, hence the drawng should indicate either the diam¬ 
eter required before knurling (which is preferred) or give the 
limiting diameter after knurling providing this is impoilant. 
The type of knurling, the approximate number of teetli per inch, 
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Fiu. 14.—-Another j^roup of brass screw-machine products, including some wit h 
straight and diamond Jkniirling. As the knurled surface of the safety-razo! 
handle is quite long, it doubtless was applied either by feeding in knurls from tlie 
end or in a supplementary operation on a thread-rolling machine. 

Fig. 15.—Well-made drawing of a spark-plug shell that is carefully designed 
for economical production on a multiple-spindle screw machine. C'are in indi¬ 
cating limits on all important dimensions and in stating allowable variation on 
fractional dimensions is noteworthy, as are also the explicit instructions and the 
enlarged detail of the lip, which is sx)un in, to hold the porcelain insulator, at 
assembly. The thread, being back of a shoulder, must be rolled unless produced 
in a set ondary operation. Chamfer at end of knurled portion prevents burrs, 
and those at the edges of the hex improve appearance. There is, however, 
nothing (except allowable variations in fractional dimensions) to indicate 
whether or not the shoulder adjacent to the thread must be square or not, and 
the designation, “smooth” on one of the interior shoulders is rather indefinite. 
Stamped letters on two fac;es of the hex require secondary operations that jnight 
have been eliminated by using a roll to apply the letters (in the screw machine) 
on the cylindrical surface l>etween the khurTandAhe hex. 
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and the niaxiiuuia depth of knurl should also bo specified, avoid¬ 
ing such terms as ‘‘medium^’ or ^^deop'' knurl, since they are 
indefinite and subject to different interpretations. The common 
forms of knurling arc diamond, straight, spiral, and bead. Dia¬ 
mond knurling produces recesses that cross, leaving a diamond- 
shape pattern. Straight and spiral knurling produce serrations 
that are respectively parallel to the axis and at an angle thereto 
but do not cross. Since it is very difficult to determine in 
advance just how many serrations a given knurl will produce on 
a given diameter, the number, if specified, should allow a toler¬ 
ance of two or three serrations more or less. 

Knurling can be done on any outside diameter including turned 
recesses. There should, hoAvever, be a (chamfer at the edge of a 
shoulder if the knurl overlaps or meets the shoulder, as otherwise 
a sharp burr may be left at the edge of the knurl. The maximum 
width of knurls suited for use in a screw machine is about in., 
but, if a greater width of knurl is required and shoulders do not 
interfere, knurls can be fed in from th(^ end of the piece and 
produce any width of knurled surface. Tn recesses or bac^k 
of shoulders the knurl must be fed in from a cross slide and 
maximum width is limited. Knurling is often done as a second¬ 
ary operation in thread-rolling machines, which are well adapted 
for rapidly making wide knurls with deep serrations. 

Many deeply knurled screw-machine products are employed 
as inserts in die-cast and in molded-plastic products, the knurled 
portion serving to anchor the piece and prevent it from turning. 
Straight serrations are often knurled on parts that must make a 
tight press fit in a mating hole and must not turn therein. This 
is especially useful when pressing the part into a piece not quite 
so hard as the knurled part and constitutes an inexpensive means 
of fastening pieces together that the designer may well keep in 
mind. 

By the use of a roller having raised letters, figures, trade-marks, 
and the like and operating on the same principle as a knurl, it is 
possible to produce corresponding debossed markings on external 
cylindrical surfaces of screw-machine products. This method 
of marking is frequently employed and costs very little, although 
it requires, of course, a special tool and an extra operation. 

Secondary Operations.—As already indicated, screw-machine 
products are often subjected to secondary operations, many of 
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which are done in .separate machines, just as other products dealt 
with in this book often require operations other than those by 
which they are produced initially. Little more than mention 
of the.se secondary operations can be made here, as this would go 
beyond the scope of this chapter. In some cases, however, 
especially in single-spindle types, the screw machine is provided 
with attachments, some of them small machines in themselves, 
and with pick-off and transfer mechanisms that take the piece 
as it is finished in the screw machine proper and transfer it to the 
attachment where the sc^condary operation is jx'rformed, after 
which the piece is ejected. This saves manual handling, as 
compared with transfer and feeding to an entirely separate 
machine, and .sometimes, tliough not always, effects a net saving 
as compared with the .separate machining. Space limitations 
preclude a full discu.ssion of operations done l)y all types of 
attachments that involve transferring the piece from the screw- 
machine spindles to the atta(;hment but the character of work 
done in the following common forms of attachments may be 
mentioned: slotting, ci’o.ss drilling, milling, burling, threading, 
tapping, counterboring, and chamfering. Standard attachments 
for performing each of these operations are available for certain 
single-spindle machines. 

Slotting is done most often on .screw heads, but of (*our.se lias 
other applications; it is performed with a circular saw or nairow 
milling cutter. Cross drilling is done on any piece that requires a 
cross hole within the capacity of the attachment. It is often 
used for cotter holes in screws and bolts, (*apstan holes in tiii'ii- 
buckle sleeves, and the like. Milling cutters are employed chiefly 
to cut flats that form wrench holds, including the flats of squares 
or hexes when these come at diameters such that square or hex 
stock cannot be used, but various other flats, such as fishtails, are 
often cut. Burring attachments are used chiefly to remove the 
burr at the cutoff end of the piece, whether this be a teat at 
the center or the burr at a hole, the edge of which is chamfered in 
the burring operation. In some cases, other light operations 
on the rear end of the piece can be done in such attachments. 
Attachments of the classes just described are designed, of course, 
to keep step with the screw machine, handling each piece as soon 
as it is cut off. In some cases they index the piece so as to drill a 
hole, for example, through a particular diameter. Such fixtures 
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are not available for all types and makes of machines, but when 
available they often effect economies that are worth while. 

Registry.—If two products of the screw machine are designed 
to mate in a particular angular or other relation that will not be 

Fig. 18.—Sketches showing (from bottom to top), the evolution, over a peritxl 
of many years, of spark-plug shell design for production by screw machine. The 
tendeiujy has been continuously toward smaller and lighter shells, which make 
for more economical utiliaation of metal. Use of a hex that does not come at the 
maximum diameter (as in second and third sketclies) makes it necessary to mill 
the hex flats with unnecessary increase in cost. 

attained unless this fact is given attention when they are being 
produced, this should be made perfectly clear on the drawings 
for both parts. For example, if the pieces are to be pinned 
together, through holes made independently, and flats oji each 
must then be parallel or have a specific angular relation after 
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2 nd Posi’Mon - Drill 

of co//c^ 

1st Position - rorm and 5po1 

5rd PosiiIon-Form and Drill 

4 th Posii ion - Skive and 
Step Drill 

r ' 

1 

5th Position-Ream 

Looking Toward Spindles 

2nd Position - Drill 

1^- - Face o f co//ef 

Ist Position - Form and 
Step Drill 

5rd Position-Form and Drill 

5th Posifion'Ream apd Face fi 6 th Position-Thread and Cut Off 

Fio. 19.—jQee page 171 for legend. 
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assembly, the relation of the holes to the fiats must be correct 
in each piece or the registry will not occur. Unless the drawings 
show that a particular registry is required, the i)arts are likely 
to be run through on different machines and the whole run may 
be made with an incorrect setup without the setup man knowing 
that the two parts go together and must register in a pailicular 
way. 

Looking Toward Spindles 

‘—/are of coUpi 

--4- 
\_ 

Ist Posdion- MuHiple “lurn and Drill 

2nd Position- Drill 

4+h Position - Rough Ream 

and Skive 

p ' { LL 
p 

\ 
-T..— - --- 

- - 
\l " 
\__ 

3rd Position - Drill and Form 

5th Position-Finish Ream 
and Form 

6th Position-Thread and Cut Off 
C 

Fig. 19 (A, B, and O-—SketcheH showing the nature and sequence of the 
operations required and the tools used to produce, in a six-spindle screw machine, 
several products typical of those requiring both internal and external cuts. As 
actual production operations are shown, study of these sketches make it apparent 
how the design influences both the nature of the operations required and the 
character of tooling needed, both of which, of coui'se, influence the cost of the 
product. 

Study of Specific Designs.—Few things are more instructive 
in the design of any type of product than a study of specific 
designs of similar products that have proved economical or are 
otherwise representative of good practice. The accompanying 
illustrations show a selection of such screw-machine products, to 
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Form 

Port Cufoff 

Drill 

Finish Cutoff 
Fig. 21.—Knurled bushing (at bottom) and (above) the five successive steps 

and the tools required to produce it in a No. 2 single*spindle screw machine. 
Tools at the right, of course, are those mounted in the turret. Cross-slide tools 
are shown in contact with the work, at the left. 
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some of wliicli rofcronc(\s have been made already. The captions 
point out specihe items deserving attention, but detailed study 
will reveal others that may prove equally illuminating. Some 
draAvings show types of parts not commonly produced on the 
vserew machine, chiefly to indicate what can be done when a 
particular type of design is required even though it involves 
somewhat difficult problems in tooling or production. Tt is 
believed that a study of the drawings here reproduced will repay 
many designers for the time it takes. Those designers whose 
contacts with screw-machine-product design have not been 
extensive are likely to profit most by such study. 



CHAPTER IV 

DESIGN OF STAMPINGS 

By Ralph A. Wagnlk 

What Metal Stampings Are.—Metal stampings arc parts 
pressed or otherwise tabricated from sheet metal or strip stock. 
They are applied extensively and sometimes almost to the 
exclusion of other types of parts in products such as electric 
toasters, stoves, refrigerators, automobiles, airplanes, cartridge 
cases, pens and pencils, containers, light machines, and hundreds 
of other familiar articles and assemblies. They not only play 
an important part in promoting convenience, pleasure, and 
comfort, but constitute an important product of industry. Their 
manufacture provides jobs for hundreds of thousands of workers, 
both directly and in the creation and sale of uncounted products 
which, except for the stamping, might never become economically 
practicable. 

The stamping industry has grown rapidly as the possibilities 
and advantages of stamping have become more widely appre¬ 
ciated by designers and manufacturers. Stampings often are 
substituted for heavier products, such as castings and forgings, 
effecting a saving in material, in machining, and in shipi)ing 
costs, but stamping is much more frequently combined with these 
and with other types of parts adapted for quantity production, 
to the benefit of both producers and consumers. New and 
more difficult stampings are constanth^ being manufactured. 
Although great progress has been achieved, there is still much 
to be acconfplished in adapting stampings to new uses and in 
lowering their cost. 

Unfortunately, many product designers have not had actual 
experience and training in die designing, in diemaking, and in 
the working of sheet metals. Product designers who have had 
this experience profit greatly by their knowledge of tooling and 
fabricating and, as a result, offer to the public products moderate 
or cheap in cost, yet sound in design and, as a rule, pleasing in 
appearance to the majority of prospective purchasers. Too 
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often, however, designs made without experience in stamping 
production are broken down into detail drawings, and blue¬ 
prints are made and distributed for estimate. Some stamping 
manufacturer procures the order and proceeds to design and 
build dies to produce the product according to the blueprints 
and specifications submitted. 

When the dies are completed and tryouts and developments 
are started, troubles begin. Difficulties are encountered in 
making a satisfactory stamping to conform with the bluepiint. 

Fig. 1.—Typical small stamijings, some of which are flats and others formed 
and drawn. 

Because of the very nature of the product, more operations may 
have to be added than were originally estimated, and broken 
promises often result. After much delay and extra expense, 
satisfactory stampings may be turned out, but the penalties of 
delay and higher costs have been paid. Even the most experi¬ 
enced designer may not achieve the best product or the lowest 
cost, but if heed is paid to rules that should control stamping 
design, costs can be lowered and many pitfalls avoided. It is 
one important purpose of this chapter to state certain rules, 
which the designer can profitably follow with a view to securing 
minimum costs and yet provide stampings that meet all other 
requirements. 

Stampings vary from simple flat washers and parts, such as 
shown in Fig. 1, to one-piece automobile turret tops’' (Fig. 2), 
which are among the largest thin-gage stampings produced. 
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Stampings may be products niadci from shc^ot metal only a few 
thousandths of an inch thick up to that JJs in. or more in thick¬ 
ness. The methods of working are similar but vary more or 
less with the size, shape, gage, and kind of material used, the 
press equipment available, and the quality and quantity of the 
product to be turned out. 

Fig. 2.—Turret top for an automobile, which is among the largegt thiiygagc 
stampings produced and which involves deep drawing in the die shown in the 

hackg round. 

Classes of Stampings.—Stampings arc classified in Various 
ways. One common classification is in accordance with the 
operations performed, such as blanked, formed, drawn, or coined. 
Blanked parts, or those which are merely cut (by blanking) to 
shape and remain flat, are referred to as blanks or flats. Holes 
are often punched, or pierced, in blanks. Formed parts are 
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blanks thai liave b(‘(‘n shnixal, chidly by bc^ndin^*, folding, or 
curling but wiUi little or no (low of metal. Drawn parts are 
those in which the metal is drawn over certain parts of the die 
or punch and is stretched in so doing. Drawing always involves 
more or less flow of metal. The finished drawn part does not 
ha\'e uniform thickness, as a rule. It is often but not always 
thinner than the blank over some areas. In coining, the metal 
of the blank is caused to flow as a result of pressure or impact. 
A coined stamping often has some sections that are thicker than 
the blank. Coined stampings are sometimes made from rod 
(wire) or bar stock but, in common mth nearly all other stamp¬ 
ings, are usually made from sheet or strip stock. 

The term pressed metal part’^ is sometimes preferred to that 
of stamping although ^^stamping^^ is the commoner term in the 
United States. In England, the term pressing^’ is used rather 
than stamping. 

Stampings are commonly made in stamping presses or punch 
presses, but some blanks can be made in shears and some formed 
parts in brakes. As a rule, neither shears nor brakes requin' 
dies, other than stock ones, but the stampings are commonly 
made in dies generally built especially for a given part. Dies 
usually include a part termed the ^^die^’ or female die,^^ which 
is fixed to the bed of the press, and a punch, which is usually the 
upper and movable member, attached to the ram of the press. 
Some dies have a multiplicity of parts, which need not be dealt 
with here. Metal is shaped between the die and the punch or by 
the combined action of these two parts. 

Most stampings come within one of the following nine classi¬ 
fications : 

1. Flats,—Flats are stampings the facies of which are not bent 
or formed but are in one plane. They may have straight or 
curved edges and may or may not have holes. Some flats are 
referred to as blanks, especially when other operations are to 
be performed on them, although they often constitute the finished 
piece. Flats include such articles as washers, linka^ bottle 
openers, some key blanks, disks, quadrants, corner reinforc 
ments, laminations, brackets, and certain typewriter or adding- 
machine parts. Several such parts are shown, in Figs. 1 and 3. 
Figure 4 shows flats blanked from strip stock as the latter is fed 
through blanking dies. 



Fig. 4.—These parts are blanked from strip stock as the latter is fed through 
a die that shears the iilank and leaves waste at the edges and between the holes 

pimohed in the strip. • 
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2. BendSy Folds, Brakes, Curls, and U^s,—This class of stamp¬ 
ings has one or more bends at any angle or angles and may have 
straight or curved edges. Included also are parts having folds, 
corrugations, or flanges. Flanges may be notched, curved, 
tapered, or plain, with or without holes. Such stampings are 
commonly made from stock up to Ke or even somewhat 
thicker and are often in long lengths. Most shops refer to such 
stampings as brake work, since they can, as a rule, be made on 
brakes. Examples of this class of stampings are shown in Fig. 5. 

Fig. 5.—Typical examples of bends, folds, brakes, curls, and U’s, which are the 
result of forming operation when produced on a press or brake. 

3. Small Miscellaneous,—Included in this group are round, 
irregular, oblong, and other stampings having straight or curved 
edges and with or without embossing, depressions, notches, per¬ 
forations, or flanges. The stock used ranges from very light up 
to material and size from very small up to about 4 by 4 
in. Parts in this class, some of which are shown in Fig. 6, include 
shade holders, latches, escutcheons, eyes for lacing, and small 
housings. Parts such as are made in progressive dies often fall 
in this classification. 

4. Srmll Cupped.—Cylindrical^ rounded, and other cupped 
sta^mpings having a bottom completely surrounded by straight 
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or return flanges, or parts of the same nature having the bottom 
portion removed or stepped or forming a neck, constitute the 

I'lci. ().—Exan^ple of small iiiisccllanoous parts (niassifiouiion 3) produced by 
stamping. 

Fig. 7.—Parts of this type (classification 4) are commonly referred to as small 
**cups,” though some of them have open bottoms. 

fourth class of stampings. All such are drawn parts have under¬ 
gone operations in which the metal is stretched or drawn. Size 
ranges from about H diameter or breadth up to about 4 
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in. In this class are such products as refrigerator skids, spring 
cups, caps or screw tops for containers, hinge covers, and small 
motor end plates. Figure 7 illustrates typical }^arts in this class 
and Fig. 8 shows how cupped parts appear after each successive 
operation in which they are formed and drawn. 

Fig. 8.—Parts, from blank to finished piece, showinji the successive steps in 
producing a sinull cup or drawn part. 

Fig. 9.—Examples of snialF to modium-sizod stamping (<!laHsification 5), all of 
which iiappen to tje formed rather than drawn. 

5. Small and Medium Miscellaneom.—In this class are formed 
parts such as straps, handles, brackets, hinges, bent broached 
gussets, reinforcement plates, Avith plain or extruded holes. The 
parts may be notched, lanced, bent, formed, or curled. Stock 
ranging in thickness from J-fg to in. is commonly used^ and 
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size runs from about 4 to 12 in. in length and I to 12 in. in width. 
Figure 9 shows parts of this class. 

Fk;. 10. —M(‘flium to liouvy ntainpiuKs (classification 0) that involve moderately 
deep draws and/or foriniuK. 

Fio. ll.-^These heavy stampings (classification 7) include one with fairly 
deep draw and some of large area with shallow forms, one of which has louver 
openings. 

6. Medium Heavy,—Cold-formed or -drawn parts, usually of 
mild steel, in shapes such as cups, flanged drums, step hanger, or 
other brackets in round and irregular shapes are included in 
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class 6. The cups run in size from about 3 to 10 in. in diameter 
and stock thickness from about %2 fo /ie > depending on tlie 
size of part and its design. Brackets and other parts in this class 
are usually from about Ke to 3^:4 in. in thickness, from 8 to 16 in. 
long, and from 2 to 4 in. wide. Examples of such parts are show^n 
in Fig. 10. 

Fig. 12.—Press equipped with a die for producing the heavy banjo-type axle 
stampings shown on the truck in the foreground. 

7. Heavy.—Cold-formed and -draw n parts made from material 
(usually steel) in. thick and ranging in sizes and shapes 
larger than class 6, constitute the seventh class. They include 
parts such as automobile frame side rails and cross member, 
frame parts involving difficult curves and contours, deep-drawn 
laundry tubs, large brake drums, axle housings, tunnel liner 
plates, heavy channels, certain tract^or partes, and parts with 
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louvers or heavy embossing. Examples of such stampings are 
shown in Fig. 11. Figure 12 illustrates a press in which heavy 
stampings constituting half of banjo-type axle housings for 
passenger cars are formed, some of the formed stampings being 
shown in the foreground. 

8. Heavy Hot.—Parts formed or drawn hot from high- or 
low-carbon steel in. thick, including such parts as end 
flanges, insulator caps, pipe trunions, handles bent from pipe, 
tractor lugs and wheels, corrugated plates, and heavy straps. 

P"tg. 13. —Examples of heavy hot-formed stampings (classification 8), including 
some in which the section thickness is varied by coining or its equivalent. 

braces, and brackets constitute class 8. Examples of such parts 
are illustrated in Fig, 13. 

9. Deep Drawn,—All deep-drawn stampings are placed in this 
classification. They range in size from small cartridge shells 
up to washing-machine and laundry tubs, cowls for airplanes, 
refrigerator inner and outer doors and side and lower panels, 
oil and tote pans, automobile fenders, door panels, corner top 
panels, hoods, tire wells, wheel parts, and many other automobile 
parts, including one-piece turret tops. Figure 14 shows typical 
parts of this type and Fig. 16 illustrates a toggle and a hydraulic 
press employed for deep drawing and shows some deep-drawn 
parts in process. 
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Metals Commonly Used for Stamping.—When designing metal 
stampings, it is always well to refer to the catalogues of metal 
manufacturers, for physical properties, for gages available, and 
for proper specifications to cover the particular sheet or stri)3 
stock to be ordered. Tliese catalogues often indicate which 
type and finish of material is best suited for given types of parts. 

Fiu, 14, Deep-drawn starnpiiigw (elassifieiitioii 9), all of those bIiowo beinj? of 
large .size. 

Ferrous materials, usually low-carbon steel, are employed for 
by far the largest range of stampings because they are lowest in 
cost and have excellent working properties and high physical 
properties. There is also a large production of nonferrous 
stampings, especially from l;)rass and aluminum. Other mate¬ 
rials used include bronze, copper, zinc, nickel alloys, magnesium 
alloys, and even silver and gold, among other alloys. There are, 
of course, many grades of steel, both hot- and cold-rolled, many 
special alloys, both ferrous and nonferrous, and some specially 
treated steels, such as tin plate, terne plate, zinc-coated plate, 
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and the like. Even clad, or composite, metals are soin(‘tim<*s 
stamped and drawn. 

The term “gage’^ (often spelled gauge"’) refers to thickness 
and is designated by number-- the larger the number, the thinner 
is the gage thickness. Table 1 gives the thickness in inches coi-re- 

Fia. 15.—A heavy press (left) and a hydraulic- press such as are extenv 
sively used for producinf? deep-drawn parts of tlie type here shown. The 
operator is removing a part produced in a single draw from blanks seen on the 

table in the center foreground. 

spending to each gage number. It is common practice to refer 
to sheet and strip by gage numbers, but thickness in inches is 
also given or used alone on many drawings. 

Hot-rolled Steel—Hot-rolled steel strips are produced in 23- 
to 7-gage material. Plates are rolled from up to 2 in. thick, 
but rarely are stampings made from material thicker than }i in. 
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Mills roll to specifications and (jualities as noted in their hand¬ 
books, which are published several times a year, as changes in 
prices occur. 

Table I.—(Jace Nttmber, Thicknesk, and Weight op United States 

Standard Steel Sheets 

1 Thickness, in. 

Gage No. 
1 

...- -- Weight per Weight per 

Fraction Decimal 
sq. ft. sq. in. 

0000000 H 0:50 20.4 0.141666 

000000 0 46875 19 125 0.132812 

00000 he 0.4375 17.85 0.123958 

00(K) 0.40625 16.575 0.115104 

000 0.375 15.3 0.10625 

00 0.34375 14.025 0.097395 

0 He 0.3125 12.75 0.088541 

1 H2 0.28125 11.475 0.079687 

2 0.26562 10.8375 0.07526 

3 }4 0.250 ‘ 10.2 0.070833 

4 0.234375 1 9.562.5 0.066406 

5 0.21875 i ! 8,925 0.061979 

6 0.203125 1 8.2875 0.057552 

7 H fi 1 0.1875 7.65 0.053125 

8 i 0.171875 7.0125 0.048697 

9 ^2 0,15625 6.375 0.04427 

10 0.140625 5.7375 0.039843 

11 0.125 5.1 0.035416 

12 ■ 0.109375 4.4625 0.030989 

13 H2 0.09375 3.825 0,026562 

14 H4 0.078125 3.1875 0.022135 

15 /'12H 0.0703125 2.86875 0.019921 

16 He 0.0625 2.55 0.Q17708 

17 Heo 0.05625 2.295 0.015937 

18 Ho 0.050 2.04 0.014166 

19 H 6 0 0.04375 1.785 0.012395 

20 Ho 0.0375 1.53 0.010625 

21 0.034375 1.4025 0.009739 

22 H2 0.03125 1.275 0.008854 

23 H20 0.028125 1.1475 0.007968 

24 Ho 0.025 1.02 0.007083 

25 H20 0,021875 0.8925 0.006197 

Stampings used in unexposed places or as part of some mecha¬ 
nism where refinement in finish is not essential usually are made 
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from hot-rolled steel. Switch boxes, automobile-frame parts, 
and tractor parts are typical stampings of hot-rolled steel, as are 
some of the stampings in classes 1, 2, 3 and most of those in classes 
5, G, and 7. The same parts often can be produced from any one 
of several different materials, but the place in which it is to be 
used frequentl,y determines the type of material to be specified. 

Cold-rolled Steel.—Light steel sheets arc rolled cold in gages 
from 30 to 17 and heavy sheets arc rolled from IG to 7 gage. As 
with hot-rolled steel, the strips are i-olled to s])ecifications that 
determine (piality. Cold-rolled sheets are superior in finish to 
the hot-rolled type as tluiy receive several cold pass€\s in rolling. 
Cost is usually higher than for hot-rolled sheet, but i^roducts 
made from the cold-rolled type are employed where superior 
finish warrants the higher price, jVIost stampings for exposed 
])arts used in homes and offic(’!S and for such products as refrigera¬ 
tors, automobile bodies, metal furniture, and many others with 
(mamcled or plated surfaces are pro<luced from cold-rolled stock 
to ensure better appearance and/or reduce finishing costs. When 
parts such as washing-machine tubs, refrigerator inner shells, and 
range parts are to be porcelain-enameled, special enameling- 
iron sheet is specified. It is a special type of cold-rolled steel. 
Stampings manufactured chiefly from cold-rolled steel are listed 
under classes 2, 3, 4, and 9, though some so listed are also pro¬ 
duced from hot-rolled stock where appearance is not important. 
Inhere are, of course, many grades and different anal3’'ses of cold- 
rolled steel. Certain grades are especial 1\^ adapted for deep 
drawing and must be ernplo^md for parts reciuiring deep draws. 

Tin Plate.—Tin plate is a good grade of steel, from 15 to 38 
gage, coated with tin by hot dipping in special machines. It is 
used for such products as tin cans and containers,^ inexpensive 
toys, noveltie^s, and a variety of other parts often seamed and 
soldered in assembly. This type of material is sometimes used 
for stamping in classes 2, 3, and 4. It is worked in the same way 
as other steel of the same gage. The tin coating is very thin but 
provides a bright finish, high in corrosion resistance and easily 
soldered. 

^ Tin cans and containers are an important but highly specialized type 
of stamping usually made by machines especially developed for the purpose. 
For this reason and because they are rarely produced in the ordinary stamp¬ 
ing shop, no details* concerning their design are included in this chapter. 
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Stainless Steel—Stainless-nteel sheets are rolled from 0.005 in. 
up to 8 gage in thickness and in plates from Kg up to 1 in. in 
thickness. Several analyses are furnished in a number of differ¬ 
ent finishes in both hot- and cold-rolled material. Many such 
sheets arc supplied polished, an operation done after rolling. 
This is an expensive and high-grade material. Cutlery and 
mirrors are among the products first made from stainless steel, 
but it is now drawn and formed into stampings of beauty and 
utility for household and many other uses as in flatirons, toasters, 
lamp bases, cooking utensils, trays, hospital, hotel and institution 
equipment, food containers, and the like. High corrosion resist¬ 
ance is a primary consideration in its use. A lasting polish and 
pleasing appearance arc readily attained. Stainless-steel stamp¬ 
ings are gaining important us(*s in the aircraft industry because* 
strength is high and vei y light gages aic available. Parts in any 
class except 7 and 8 can be produced. 

Several other materials containing hirge percentages of nickel, 
such as nickel-silver and Monel metal (both of which are non- 
ferrous), are sometimes used for stampings in ]:)roductH similar 
to those stamped from stainless steel, as they too are high in 
corrosion resistance. 

Copper,—Copper, a reddish metal and an impor tant one, is the 
base metal of bronze and brass. Copper, as such, is rolled into 
sheets and strips for fabricating into formed and drawn products, 
especially those requiring high corrosion resistance, great duc¬ 
tility, or high electrical or heat conductivity. Copper is available 
in either hard or soft grades. Copper and copper-base alloys can 
be had in thickness ranging from 0.0162 in. or less up to 0.250 in. 
or above. Copper can be purchased in rolls (strips) or sheets 
and can be had tinned on one side. Copper does not tarnish 
rapidly in dry air but does corrode in moist air, forming a poison¬ 
ous compound. Stampings produced from copper include electri¬ 
cal parts, kitchen utensils, washtubs, and radiator and condenser 
parts. Assemblies are often folded or seamed together and 
soldered where leakproof containers are required, although, of 
course, deep-drawn seamless parts are readily produced. 

Bronze.—Bronzes are alloys of copper, usually brownish in 
color, rolled into sheets of various thickness, as for copper. 
Bronze is formed or drawn into various products, chiefly those 
which require special types of corrosion resistance and/or in 
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which a bronze color is wanted for ornamental reasons. Many 
beautiful novelties, lamp parts, artistic hardware, springs, and 
stamping used in concrete mats are among the parts in which 
bronze is effectively used. 

Brass.—Brass is usually yellow or reddish gold in color. Its 
base material is copper but various percentages of zinc up to 40 
per cent or more are used and lead, tin, or silicon is sometimes 
added. Brasses are high in corrosion resistance and are more 
adaptable to deep drawing than bronze and than almost any 
common alloys. Brass is furnished in sheet, strip, and coils for 
forming, drawing, and spinning. Thickness ranges from 0.005 
to 0.004 in. in soft material and in ^Tialf hard’’ from 0.0126 to 
0.750 in. 

More types of stamped products are made from brass than 
from any other nonferrous material. A few such stampings are: 
(cartridge shells, fuse caps, liardware, gaskets, a wide range of 
electrical parts, name plates, clips, brackets, eyelets, tanks, trays, 
radiator parts, reflectors, lamp parts and fixtures, clock and watch 
parts, keys, paper binders, trim strips, evaporator parts, musical- 
instrument parts, and the like. Parts made from brass are often 
polished, lacquered, enameled, or plated and can be joined by 
practically all methods used on other metals. 

Zinc.—Zinc is a whiter metal and is available chiefly in strips 
used for drawing and forming. It is supplied in thickness rang¬ 
ing from 0.004 to 0.250 in. Zinc takes a high polish but tarnishes 
easily and, thoiigh corrosion resistance in dry atmosphere is 
good, zinc is subject to white rust in the presence of moisture. 
'Fhe chief stampings produced from rolled zinc arc can tops and 
cells for diy batteries, but weather stripping, embossed plates, 
moldings, eyelets, and similar parts can be produced as stamp¬ 
ings. Zinc is a relatively soft metal and quite ductile, hence it is 
easily worked. It can be plated, lacquered, enameled, or chemi¬ 
cally colored and is easily soldered. Manufacturers suggest 
that a sketch or drawing of the product be sent to the mill to 
ensure proper material for the job. 

Aluminum.—Aluminum is a silvery white metal and runs in 
hardneas about the same as zinc. It is a good conductor of heat 
and electricity. Resistance to corrosion is good in dry air but 
white oxides form in moist and salt air. Many aluminum alloys 
are available, some of which can be heat-treat4»d. Aluminum is 
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one of the lightest common metals and primary uses are those 
in which light weight, color, or special forms of corrosion resist¬ 
ance are desired. Aluminum and its alloys are rolled in sheets 
and strips for stamping, and different degrees of hardness and 
different finishes are available. The gages manufactured range 
from 0.0063 to 0,5 in. although very light foils are also made. 

Aluminum and aluminum-alloy stampings are used extensively 
in the construction of trains, bus and tnick bodies, airplane parts, 
kitchen utensils, mess kits, novelties, cups, caps, thimbles, and 
the like. Stampings in most of the classifications given above 
can be formed or drawn from aluminum and its alloys, as they 
are ductile materials. Welding, brazing, riveting, and other 
assembly methods are used. 

Table II.—Mechanic al Propekties of Sheet Metals and Alloys for 

Stampings 

Name 

Ultimate 
stnmgth 
(tension), 

psi 
. 

Yield 
strength 
(tension), 

psi 
. 

Elonga¬ 
tion, 
in 2 in. 

... 

BriuoII 
hardnc'ss 

Brass (sheet) hard. 45,000 28,000 27.5 50 
Bronze S.A.E. 77. 55,000 28, (HX) 15 82 
Wrought steel S.A.E. 1010. 56,000 28,000 35 110 
Wrought steel S.A.E. 1020. 60,000 30,000 26 120 
Wrought steel S.A.E. 1025. : 67,000 33,000 ! 25 135 
Wrought steel S.A.E. 1035. 87,000 ; 52,000 24 175 
Wrought steel S.A.E. 1045. 97,000 58,000 22 200 
Wrought steel S.A.E. 1050. 102,000 60,000 20 207 
Wrought steel S.A.E. 1095. 150,0(H) 1 

104,000 
37,500 

100,000 
54,000 
27,000 

15 300 
Stainless (18-8). 48 170 
Mild steel, 0.05 to 0.15% carbon 40 75-100 
Tin plate. 50,000 i 

24,000 ; 
24,000 
8,000 

36 77 
Terne plate. 35 40 
Monel metal.I 80,000 67,000 18 1 162 

Strength of Materials Applied in Stampings.—When in service, 
some stampings are heavily stressed and design has to be such 
that the stress is carried without injury to the stamping. The 
intensity of stress and the manner in which it is applied then 
commonly determine the gage and sometimes the character of 
material chosen. In the mantifacture of stressed parts, both 
the strengt/h and the working properties of the stock have to be 
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considered, but in parts that carry little or no stress, the working 
qualities of the metal are often the primary consideration govern¬ 
ing its choice. The more ductile the material, the easier it works 
and it is usually essential to select a ductile material when severe 
working (such as deep drawing) is required. Table II gives data 
on the properties of many metals, including the percentage 
elongation in 2-in. samples and Table III gives similar data for 

Table III.—Mechanical Propertieh and (>>MPosrnoN of Aluminum- 

alloy Sheet for Stampings 

Alloy Ultimat 0 Yield ! Elonga- 
Bri- ’ (’oinpositien * 

and stri'iigth jjsireiigth, ' tion, % 1 
i hard- ' 

temper psi I psi ' in 2 in. 
ness Si Mil Mg 

i 

2S-0 13,000 ! 5,000 35.00 23 i 
i 

2S-I4H 15,000 13,000 I 12.0 28 i 1 
2S-J^H 17,000 14,000 9.0 32 i 
28-H 24,000 21,000 1 5.0 44 i 

! 

3S-0 16,000 6,000 30.0 28 ^ 
38-! iH 18,000 15,000 10.0 35 1 

1 .25 
SS-hH 21,000 18,000 8.0 40 ! 
3S-H 29,000 25,000 4.0 55 ! 

i 

48-0 26,000 10,000 20.0 45 
4S.KH 
4S-HH 

31,000 
34,000 

22,000 
27,000 

10.0 
9.0 i 

52 
63 

1 
f 1,2.5 1.0 

4S-H 40,000 34,000 5.0 
1 

77 
, 

i 

52S-0 29,000 14,000 25.0 I 45 

52S-KH 34,000 26,000 12.0 : 62 
2.5 0 25 

52S-3^H 37,000 29,000 10.0 67 
52S-H 41,000 36,000 1 7,0 ; 85 

53S-0 16,000 7,000 25.0 26 0.7 1.25 0.25 
53S-W 33,000 20,000 22.0 65 
53S-T 39,000 33,000 14.0 80 

* Per cent alloying elements. Aluminum and normal impurities constitute remainder. 

alunimum alloys. When elongation is high, ductility is also 
high. Thoygh high ductility is commonly essential for severe 
worldng and can often be improved by annealing (which is some¬ 
times essential), costs can sometimes be lowered by employing a 
type of design in which high ductility is not required. Demands 
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for unusually high ductility often result in higher material costs 
and, when annealing is required to increase ductility, the cost of 
annealing, including pickling, handling, etc., should not be over¬ 
looked. Relatively rionductile materials are Avell suited for 
some types of parts, and, when stiffness is of more importance 
than ductility, harder and less ductile materials are commonly 
preferred. For such reasons, the designer, especially when he 
is not versed in production requirements, should consult with 
an experienced stamping producer before finally specifying either 
the type or the grade of metal to be used. 

Details of Stamping Design.—Much can be done by the 
designer to facilitate the manufacture and thereby reduce th(‘ 
cost of stamped products. Usually there are some apparently 
good reasons why stampings are so designed as to cost more to 
produce than simpler designs would cost. But product designers 
who have not had the opportunity to design dies or to follow^ 
their tryouts are likely to overlook certain simple rules that 
should be followed w^hen designing stampings. Supervising 
engineers are often too busy to follow detail designs of individual 
stampings and may not be able to keep abreast of stamping- 
fabrication methods. Often, detail design is delegated to 
inexperienced men who do not know what to do and what to 
avoid to simplify production and to ensure that no unneces¬ 
sary extra cost is incurred. As a result of the author\s experience 
in manufacturing stampings from drawings submitted for quota¬ 
tions (many of which could be changed in design to effect a saving 
and still Serve the same purpose), the following rules for design 
have been prepared. They are sound from an engineering stand¬ 
point but cover in particular those points w hich designers should 
observe with a view to economy in production and consequent 
lowering of cost. 

Rule 1. Size of Piece: As the cost both of dies and of stamp¬ 
ings made in them increases with size, the latter should be kept as 
small as conditions permit. Sometimes cost can be lowered by 
making stampings in more than one piece and subsequently 
assembling these stampings even though a single-piece job is 
feasible, but the number of pieces to be produced is the deter¬ 
mining factor. 

Rule 2. Blank Size: Stock lists should be studied and a 
standard size that is rolled without price extras should be chosen 
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so as to cut with minimum waste. (See Appendix for method 
used in computing blank size for certain drawn and formed parts.) 
The developed size of the material reejuired for each stamping 
should be determined to see Avhether or not the size will cut 
economically from the sheet. Figure 16 shows economical 
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r'u;. 10.—A shoot of Iho sizo shown at the left can be sheared into blanks 
dimensioned as indi(^ated, whereas much waste results if the sheet and blank size 
sliown at the right are employed. In all cases an allowance for squaring the 
sheet should be made. 

ALLOW STOCK THICKNESS ON ALL SIDES 

L— OF SHEET AND BETWEEN BLANKS BUT 

MOT LESS THAN^ INCH 

Fig, 17.—A blank having the proportions shown can be cut economically from 
strip stock when nested as shown above. If shearing is done as in the lower 
figure, much waste results. In all cases ^rj2 minimum or an allowance not 
less than stock thickness should be made at edges and between blanks when 
blanking is done by punching. 

and uneconomical shearing. Figure 17 shows how nesting 
is done and how waste results when good nesting on standard 
strip is not attained. Designs frequently can be modified as 
to size and contour to save material. Often the blanks for two 
or more different stam^hl^ can be A^rorked, put sq that they nest 
economically. 
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Rule 3. Gage of stock should be as light as conditions per¬ 
mit, as then stock is not only easier to work but costs less than 
thicker material. If a gage over or under mill tolerance does not 
matter, however, it is well to specify an alternate or the limits 
allowable, as sometimes a saving can be made in the purchase of 
material; or the vendor may have material on hand, for immedi¬ 
ate fabrication, which can be used with little or no adjustment of 
tools and dies. Thus earlier deliveries are possible. 

Rule 4. Type of Material: I.ow-carbon steel is usually the 
lowest cost material and should be chosen unless specific require¬ 
ments necessitate some other material or unless some other 
metal, which may work more easily or cost less to finish, happens 
to yield a lower over-all cost. Of the many grades of steel, that 
which is cheapest in over-all results, including'ease of working, 
but which still gives required results should be chosen. It 
should be remembered, however, that such factors as surface 
smoothness are often important, as they usually affect finishing 
and other costs which, in turn, affect over-ail cost, frequently in 
a marked degree. It is well to specify not only the type of 
material but the analysis required. The grade should also be 
specified, since seconds, when their use is permissible, are some¬ 
times available and can be purchased reasonably. 

Rule 6. Grain of Metal: It is best to avoid deigns in which 
bends and folds Avill be parallel to the grain of the metal, more 
especially in forming channel-type products. The grain of the 
metal always runs parallel to the length of the sheet or strip. 

Rule 6. Direction of Grain: All channel-type products, those 
angle-formed and those bent over on themselves, either in flat 
or in double bends, should be formed, as far as possible, with the 
bends across the grain of the metal to minimize the chance of 
checks and cracks where the bends come. This should be con¬ 
sidered, of course, when designing as well as when figuring what 
width of sheet and strip will prove most economical. Arrows in 
Fig. 18 show how the grain runs in sheet and how it should run 
in a channel, in a flat bend, and in a double bend. 

Rule 7. Inside Radii at Bends: Inside radii at bends, whether 
straight or curved, should usually be not less than the thickness 
of the metal (Fig. 19). A larger radius than stock thickness 
tends to lower cost and is essential for hard and nonductile or 
tempered materials. In general, the larger the radius, the easier 
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is production, especially when the radius is at the bottom of a 
drawn product. When the radii are specified less than stock 
thickness or a sharp comer, as in Fig. 20, is required, difficulty is 
encountered and the cost of producing goes up, as one or more 
extra operations or rehittings to flow the metal and sharpen the 
radius or eliminate it are required. Sharp bends tend to fracture 

GRAIN OF DOUBLF BEND 

Fig. 18.—Direction of metal grain is as indicated by arrows. It is preferable, 
especially for sharp bencis, to make them across ratlier than parallel to the grain 
of the metal, as cracking is less likely to result. 

Fig. 19.—An inside radius equal to 
stock thickness is commonly the mini¬ 
mum recommended on formed parts. 

Fig. 20.—An inside radius less than 
stock thickness or a sharp square cor¬ 
ner, though sometimes feasible, should 
be avoided. 

or tear the metal. This may necessitate a change to more ductile 
and more costly material or require extra annealing as well as 
extra press operations. Tooling cost is also likely to be higher. 

Rule a Radii at the bottom of drawn parts, whether cylin¬ 
drical (Fig. 21) or of other shape, having a bottom or a web flange 
always should be as large as possible. Products of this nature 
are fabricated by drawing the metal between a punch and a draw 
ring or die. The punch stretch^ the metal in drawing it through 
the ring. Stretching causes the metal to become thinner on the 
flange near the bottom radius. If the inside radius is too small 
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(Fig. 22) the metal may just staH, in draAviiigy to change from a, 
flat blank and, instead of continuing on through the die, as 
desired, the punch (which has a radius equal to that desired inside 
of the stock) will pinch the metal (Fig. 23) and break out the 
lx)ttom. The smaller the radius, the tighter is the pinch and 
tlie greater is the drag on the metal and the resultant stretching 

eij 
Fi(j. 21.—A large radiun, preferably 

four times stock thickness or greater, 
at the bottom of a cup or drawn part 
is always recommended. 

Fig. 22.—Drawn parts having a 
small radius at the bottom, as here 
shown, can be produced but only, as a 
rule, by adding extra operations, whic^h 
require extra dies. 

Fig. 23.—When the punch has a Fig. 24.—If the punch is well 
small radius, the metal has a tendency rounded, as here shown, pinching in 
to pinch between the punch and die, the die can be avoifled. 
rupturing the blank before it is drawn. 

and thinning of the wall. Too small a radius is sure to break out 
the bottom, but a larger radius, as in Fig. 24, avoids this trouble. 
A. small radius, as in Fig. 22, can be secured by performing opera¬ 
tions with larger radii, which are decreased gradually, but this 
adds dies and operations and correspondingly increases costs. 
A radius at least four times stock thickness, as in Fig. 21, is gen¬ 
erally recommended at the bottom of the drawn parts. 

Rule 9. Radii under Flanges: Products that have top return 
flanges at or approximately 90 deg. to the side wall, as in Figs. 26 
to 27, should have a radius under the flange not less than stock 
thickness. If the die radius is too sharp, regaixlless of the radius 
that the punch may have, the material will pinch and a ruptured 
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part will result. It is always better to establish an inside radius 
at a return flange to suit the draw radius required on the die, 
because, if the radius specified is too small, an extra operation, 
namely, rehitting to size the radius, must be added and an extra 
die must be made for this purpose, 

"fhe following practice is recommended: On very light~gag(‘ 
metal for small shallow parts, as in Fig. _i 
25, the radius under the flange should 
not be less than in. On large parts 
with deep draws using Ifl gage or thinner Fui.25. -For snuill light- 

metal (Fig. 26), the radius at the draw shaiiow-drawn parts, 

edge should be between Is and f'ie in. should not bo Uvsh than 

For materials over Ifl gage (Fig. 27) a 
radius under the flange of 1 ^4 times stock thickness is satisfac¬ 
tory. These figures apply, of course, for ductile metal suittnl 
for d('ep drawing. 

Rule 10. Connecting radii, as in paneling, embossings, or 
depressions, preferably should never be smaller than stock tbick- 

Fig. 26.—^Large parts of 16-gagc or Fig. 27.—Drawn parts of ductile 
tliinnor metal should have a radius metal over 16 gage should have a radius 
under the flange of ,4 to Me in. under the flange not less than 14 times 

stock thickness. 

ness; they should be larger, if possible. Metal l)et^^een an upper 
and a lower radius should be at an angle greater than 90 deg. to 
the sheet, as in Fig. 28, not at 90 deg., as in Fig. 29. Consider¬ 
able stretching of metal takes place in forming a recessed or raised 
area, and ample radii (in addition to ^ connecting slope that is 
not at 90 deg. to the face) tend to prevent any pinching action or 
tearing of the metal. 
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Rule !!• Inside corner radii joining the sides of rectangular 
or other straight-sided drawn stampings (Fig. 30) should also 
be as large as possible to allow the metal to pull down through 
the corners of the die walls without pinching or tearing. The 
length of these radii depend upon the gage and type of material 
used and the depth of the draw. On a draw 4 in. deep, using 

Fig. 28.—Side walls of depressions Fig. 20.—Side walls at 90 deg. to the 
should have a draft or tap(‘r, ninking Owe of dies for forming depressions are 
the angle indicated greater than 90 deg. preferably avoi^led. 

Fig. 30.—Comer radii joining the side walls of drawn parts should be large, 
five times metal thickness being aiiout the miniinuni for ductile material in a 
part such as this. 

cold-rolled deep-drawing steel 0.037 in. thick, corner radii five 
times the material thickness are the minimum feasible. On 
shallower or deeper draws, a corresponding decrease or increase of 
the radii is permissible or necessary, but best results are secured 
when the radii are as large as conditions permit. 

In general it can be said that square corners or edges, where 
forming or drawing of the metal is involved, have no place in 
any but exceptional stampings, unless coining, which is expensive, 
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can be resorted to and this usually is possible in relatively small 
parts only* The safest rule to follow is to keep radii as large as 
conditions permit and, when an unusually small radius appears 
essential, to specify this only after consulting experienced stamp¬ 
ing producers to determine whether the radius is feasible with¬ 
out prohibitive cost. 

Rule 12. Outside radii in corners and at bends are usually 
determined by the requirements for the corresponding inside 
radii and are equal, as a rule, to the inside radii plus metal 
thickness. Square external cornei-s can be formed by coining 
but should be avoided unless absolutely essential, liberal out¬ 
side as well as inside radii are recommended, as they usually 
facilitate production and help to gain minimum cost. 

Rule 13. Depth of Depressions: The depth of depressions 
and the height of pads should not be greater than is absolutely 
necessary. It is best for the depth not to exceed twice the stock 
thickness, although if a hole, pierced before forming, is permissi¬ 
ble in the center of the pad or depression, this depth can be 
increased as some of the metal will be drawn from the relieved 
center portion. 

Rule 14. Depth of draws, or the distance that metal is 
stretched by the punch at right angles to the die face, should be 
kept as small as conditions permit if cost is to be minimized. In 
general, the deeper the draw, beyond that possible in a single 
stroke of the press, the greater the number of operations and 
the number of dies required and the greater the cost. Drawing 
tends to work-harden most metals used in stampings and deep 
draws often require that the metal be annealed and sometimes 
pickled and cleaned l>etween draws, operations that add consider¬ 
ably to costs and that cannot always be accomplished with light- 
gage materials. Deep drawing generally requires a highly 
ductile material that often involves increased metal costs. 

Parts having a circular section are usually easiest to draw and 
also involve lowest die costs. It follows that, when a deeply 
drawn part is required, it should be designed with circular sec¬ 
tions at right angles to the punch axis, if cost is to be kept at a 
minimum. When sections are not circular, the radii in corners 
should be as large as conditions permit. 

For a given diameter, the deeper the draw, the larger is the 
blank required and the greater the cost of material. Large 
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blanks arc expensive and involve large scrap losses, also adding 

to over-all cost. 
Despite these adverse factors, deep drawing is often a highly 

economical method and frequently is the only method possible 
for low-cost production of a large range of parts. Draws as 
deep as the diameter of the punch usually cannot be produced 
in a single draw but commonly require two or more operations 
after blanking and necessitate a corresponding number of dies. 
There are no fixed rules for determining the number of draws, 
but for ductile materials to be converted into a deep cylindrical 
shape in a single draw, the p\inch area may approximate half 

H- BIANK 

Fig. 31.—In general, the area of the 
punch for a single deep draw in ductile 
material may approximate 50 per cent 
of the blank area. 

PRECCDING 
DRAW 

Fic}. 32.—In redraws, a punch having 
an area 15 to 30 per cent less than 
the area of the piec^e can be used, as 

a rule. 

the blank area (see Fig. 31). If the sectional area of the punch 
exceeds 40 to 50 per cent of the blank area, one or more redraws 
may be needed. In redrawing, the punch area is commonly 15 
to 30 per cent less than the area of the piece to be redrawn (see 
Fig. 32). As Figs. 31 and 32 indicate, drawing converts a part 
of the blank into a cylinder (if the punch is of circular section) 
and redrawing forces still more of the metal flow into a cylinder 
of smaller diameter. Drawing stretches the metal as it is drawn 
over the rounded edge of the die. There is a definite flow of 
metal and if either the punch or die has radii that are too small, 
the metal will be torn or ruptured, as previously indicated. For 
this reason, the radius at the end of the punch (which is, of course, 
the radius at the bottom pf the draw) should be generous, as 
already explained. 

Rule 16. Shape of Drawn Parts: Although it is possible to 
draw parts having curved rather than flat bottoms or even 
bottoms of hemispherical shape, a punch correspondingly shaped 
(Fig. 33) may tend to rupture the bottom or produce wrinkles. 
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Fig. 33.—A drawn i>art made with a punch of hemispherical shape (the end 
of which hits the blank far from the die) tends to pn^luce a part with a wrinkled 
bottom. 

Fig. 34.—Wrinkles can be avoided 
by starting a shallow draw with a die 
in which the distan(;e from the die wall 
to punch contact is decreased. 

Fig. 35.—After the shallow draw is 
made (Fig. 34) the piece is inverted as 
lierc sliown and then is given a finish 
draw. This “ skin-the-cat ” method 
tends to avoid wrinkles. 

RRST DRAW SECOND DRAW 

There are, however, expedients for avoiding such faults (such 
as are shown in Figs. 34 to 30) but 
they involve extra dies and extra 
operations. It is thus a good rule 
to avoid specifying drawn parts hav¬ 
ing hemispherical or deeply curved 
bottoms unless the benefits gained 
offset the higher production costs. 

Deep drawing of parts of irregular 
shape, such as automobile fenders, 
for example, though often done with 
marked success, is likely to require 
much expensive research or cut and try 
before success is attained (if realized at all). Such deep-drawn 
parts are advocated only when experience indicates that success 

Fiu. 36.—If the piece is 
drawn first with a shallow 
crowned bottom, as here 
shown, th^ second draw, to 
produce the finished siae, also 
tends to reduce or avoid 
wrinkles. 
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iH likely to be realized at a cost commensurate with benefits 
attained. If parts of similar size, shape, metal thickness, and 
type of metal are known to have been drawn successfully and 
with reasonable cost and an equally ductile material is to be 
used by a company having the necessary experience, the chance 
of success is much greater than if any such factors are absent. 
Metals that are not sufficiently ductile at normal room tempera¬ 
tures to permit of deep drawing can sometimes be drawn hot or 
after suitable annealing but the extra costs involved in the added 
operations named should not be incurred unless economically 
justified. 

A—^ 

SECTION A A 

Fig. 37.—A bead, nuch as is hero 
shown, or one which is much longer, 
is often employed to stiffen a sheet 
that, if left flat, would be too flexible. 

Fig. 38.—The beads here shown add 
transverse stiffness to thi.s stamping 
and the curl at the edge stiffens the 
piece along the axis of the curl. 

Fig. 39.—A flange thrown up around 
a lightening hole adds greatly to 
stiffness. 

Fig. 40.—Corrugations add greatly 
to stiffness or resistance to bending 
across, but not to bending parallel to 
the corrugations. 

Many stampings require drawing or forming operations rang¬ 
ing from shallow to fairly deep over a part of their area, as, for 
example, in producing depressions or ribs to stiffen an area which, 
if left flat, would be too flexible or perhaps give rise to drumming 
or oilcaneffects. Such parts are shown in Figs. 37 to 39. 
Depressions (or even corrugations. Figs. 40 to 42), however, 

require stretching or flowing of metal and the design must be 
such that the flow can take^ place without rupturing the piece. 
A pair of paraUel depressions are often feasible if radii are not 
too small and there is sufficient metal adjacent to the depressions 
to permit the draw, but, if a third depression or bead is called 
for between the two, the metal may lock in the outer pair and 
be ruptured in the central depression for lack of material to flow 
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into the latter. In some cases a series of clci)ressions or corruga¬ 
tions can be made easily, one at a time, in succession, as indicated 
in Fig. 42, where, if an attempt were made to form them all at 
one closing of the die, the piece would be ruptured. 

The edges of stamped parts are often stiffened greatly by the 
addition of flanges or return flanges, as in Figs. 43 and 44. An 

MITAL 

PUILS IN 
FROM THE 

CMOS 

metai stretches 

HERE 0^ 

Fig. 41.—A die can form two parallel 
<«orrugations when the metal is allowed 
to pnll in from the edge, hat to form 
a tldrd eornigation between the two 
.stretches and is likely to ruptare tlie 

jnetal. 

Fig. 42.—Rupturing can be avoided 
by making parallel corrugations one at 
a time in .succession, as hero indicated, 
whereas an attempt to form several 
.such corrugations simultaneously is 
likely to rupture the metal, as much 
.stretching of the metal is required in 
the latter case. 

FLANGE 

Fi(3. 43.- -A flange formed at the edge 
of a stamping .stiffens it materially. 

RETURN flange 

Fig, 44.—A return flange adds still 
greater .stiffness than one involving 
(as in Fig. 43) only a single bend. 

SECTION A A 

Fig. 45.-"Ribs formed acros.s the bend of a flange or channel .shape, as here 
indicated, add stiffness against lx*nding the flange in reference to the web or face 
of a .stamping. 

offset or flange around a lightening hole (Fig. 39) stiffens the 
piece greatly. A rib formed, as in Fig. 45, is often used to stiffen 
the side walls of a channel section. 

Whenever drawing or forming is to be done, whether for a rib 
or for a much deeper part, it is necessary to provide sufficient 
metal to flow into the shape required, whether the metal comes 
from the outer area of the blank as in drawing a cup (Fig. 31) or 
as a result of enlarging a hole (Fig. 39). Unless this is done, 
the piece is likely to rupttire or to be drawn so thin at some points 
as not to be usable. 
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Rule 16. Irregular or special-drawn parts involvo a variety 
of problems that cannot be dealt with in detail in a brief chapter. 
A part such as that shown in a die in Fig. 46, for example, being 
shaped largely by the crowned punch, tends to make a stamping 
which is irregular and unsightly on the sides and in the corners 
because the drawing begins at the center of the punch and metal 

Fig. 40.—In a part which is shaped, as in this case, largely by the punch and 
in which drawing starts at the (tenter, an irregular and unsightly appearance is 
likely to result. 

Fig. 47.—A part shaped as liere shown is likely to be smoother in appearance 
than one formed in the die shown in Fig, 40 because the metal flows over the full 
area of the curved portion of the die, 

flows toward the corners. A smoother and better looking stamp¬ 
ing results when drawing takes place uniformly between the die 
and the punch, as in Fig. 47. 

Most stampings for long-production runs are made with a 
solid steel punch, which, of course, clears the die by an amount 
approximately equal to the thickness of metal to be employed. 
Unless the die is split, such a pupch must enter the hole in the di^ 
and so cannot be larger than the hole. It is possible, however, 
to employ a flexible-rubber punch, which, after entering the 



DEJSIGN OF STAMPINGS 207 

drawn part, is made to expand and force metal in side walls into 
undercut recesses. When the pressure is relieved, the punch 
contracts in diameter and clears the piece, but the latter will not 
clear the die unless the die is split (see Figs. 48 and 49). 

Fig. 48. ~A (Irawti cylinder can 
be formed to produce a part hav¬ 
ing tlie «eciioii here shown (only 
half of the cylinder is pictured) in 
a split die by using a rubber punch 
to expand the circumferential ribs, 
as in Jf'ig. 49. 

Fig. 40.—A split die, ae here illustrated 
in section, can l)e used to form a cylindrical 
part with expanded (drciiinferential ribs, if a 
rubber punch of proper design is employed. 

Fig. 50. -A solid punch or form having an undercut, as here shown, can bo 
u,scd to shape a part such as a wing leading edge (Fig. 51) if a hox in whicli rubber 
is confined is used in place of a rigid die. 

Fig. 61.—Wing leading edge formed in a die such as that shown in section in 
Fig. 50. 

Conversely, if a solid punch has an undercut, as in Fig. 50, it 
can be made to form an undercut part, such as the wing leading 
edge (Fig. 51), if the die is made of rubber confined sidewise in a 
box but allowed to flow around the punch (with the work between 
it and the punch) in forming the piece. This method of forming 
and/or drawing a part over a male form or punch (which latter 
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need not be undercut, of course) without a mating cavity in a 
solid block or die is widely used in aircraft-part production and is 
known as the ''Guerin process/' If the punch or form has an 
undercut, as in Fig. 50, it must be of such shape that it can be 
cleared, that is, so shaped that the piece will come free. 

Rule 17. Notched Parts, Drawn or Formed: When notches 
are required in stampings, they should be so designed as to 
eliminate extra operations and to simplify manufacttire. In 
drawn or formed parts the metal flows to such an extent that any 

Tig. 62,—Stamping at the end of first draw, ready for notching of the flange. 

Fig. 63,—After drawing, as in Fig. 62, the flange is notched as here shown. 

notch put into the blank or sheet before draAving or forming may 
cau^^e the stamping to break, tear, or distort; hence, on this class 
of work, it is usually better not to notch until after the stamping 
is completely drawn or fprmed. Exceptions depend on the 
design of the stamping and on the location of the notches. If 
the notches are close to the edges of the flanges and the drawn 
portion misses the notches, a die cai:n be built to notch and trim 
while the piece is in the shape it assumes (I^ig, 62) as a result of 
the first draw. Notching and trimming are then done, as in 
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Fig. 53, and have to be followed by a redraw to give the piece; 
the required depth and to bring the notchCfS that were made in 
the flanges into required position, as in Fig. 54. In such cases, 
developments and tryouts to ensure the desired final notch loca¬ 
tion usually have to be made to allow for metal flow, as the lattc;r 
is not always predictable and depends upon the shape and charac¬ 
ter of the drawn part. Designers who are not familiar with 

54.—Same stamping sliown in Figs. 52 and 53 after it has boon redrawn, the 
notehoK imving l>eon iml ))cfore tlie redraw. 

Fig. 55.—When distortion of notches and holes can bo avoided, tlio notches and 
liole.s are done in tho fiat, as indicated by dotted lines. 

practice of this kind should discuss the design with a stamping 
manufacturer and try to bring notches and holes in such position 
that extra operations and extra dies (such as may be required 
if the notches or holes have to be made after the final draw) are 
avoided. 

When designing notches in parts such as are named in class 2 
for straight channels, angles, curls, double folds, or bends, it is 
well to remember that notches are put in by two methods. In 
the first, which is most generally used, notching is done in the 
fl^at (Fig, 55). The material is usually sheared to siase, if edges 
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aro square, and tluai is notched and, if holes an^ rc(|uir(id, is 
pierced, after which bending, forming, or folding operations ar(‘ 
performed. For large-quantity production, where extra die cost 
is offset by reducing individual operations of notching, trimming, 
or perforating, dies are designed to combine as many of these 
flat-sheet operations as possible, but for small-quantity produc¬ 
tion, where a high die cost is not justified, the designer should 
consider the shape and size of the notches required with due 
regard to some fabricating company's standard dies. Such 
a manufacturer uses more operations to manufacture the 
stampings, raising the price slightly, but keeps the die cost for 
notching at a minimum. When designing for this type of 
production, the designer should keep the notches and holes well 
away from any liend lines if possible. At the edge of the piece 
and away from bend lines, notches may not be affected by the 
forming, but any holes or notches that are near the bends (Figs. 

SECTION A A 

Fuj. 56.—A hole near a bend, as here Fui. 57. -Notching or piercing after 
indicated, may result in weakening t)ie forming, as here indicated, tends to 
stamping and in distortion of the hole, avoid distortion of the piece and of the 
as the latter is pierced before forining. iiole or notch. 

56 and 57) may cause weakness at these points and result in 
bent or distorted flanges or in holes or notches that are distortf^d. 
Tolerances of not less than }q4 to }^2 in. should be specified to 
allow for variations in the location of holes and notches in formed 
parts, as there are bound to be variations that are difficult or 
impossible to hold within narrower limits. 

The second method, notching after forming, is a more accurate 
one but usually involves greater die cost. If notches are required 
to run through the bend line of a formed stamping, the latter 
is set up on an angle, as in Fig. 57, and both flanges are notched 
in one operation. This, of course, cuts the edges of the notch 
at an angle to the flanges, that is, parallel to the motion of the 
punch, and an allowance may have to be made to provide clear¬ 
ance for any unit that may have to be assembled where the 
notches come. 

When a notch comes at a corner or a corner has to be sheared 
off at the edge of a bend as in an angle or a channel (Fig. 58), true 
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forming is dilficult, a.s the metal tends to pucker at the ))end, 
especially if heavy-gage metal is used, if the forming is done after 
shearing or notching. In such cases it is much better to keep 
the notch or shear line away from the bend, as in Fig. 59, or to 
form before shearing or cutting the notch. The shear or notcli 
is preferably kept beyond the point where the radius of the bend 
starts. Sometimes drawings show the shear or notch in such 

I' KJ. 5S.- Metnl, esi>ecially in lieavy gages, teiuls to pucker at the bend if the 
corner has been .sheared off. as here indicated, before forming. 

1*10. 59.—If .shearing is to precede forming, it is bettor to keep the start of Uio 
.shear or notch well away from the bend. 

position as to leave a mitered edge through thickness of the 
material, even though this may not be necessary. In this case, 
the estimator has to figure on machining the edge (at consider¬ 
ably increased and perhaps unnecessary extra cost), as shearing 
at an angle is not feasible. 

Rule 18, Holes and Slots: Holes are pierced in stampings 
by one or more of the following methods: 

a. Perforating in the flat, in conjunction with blanking. This 
is known as a blanking and* perforating.’^ 

b. Perforating in flat square-sheared blanks, which may or 
may not be formed later. 
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c. Perforating after the stamping is completely formed or 
drawn. 

d. Perforating in conjunction with trimming, commonly 
termed a perforating and trimming'' operation. 

e. Drop-punch method, which usually involves using a jig 
made of strap steel, welded or screwed securely together 
with bushings of correct hole size, properly located, l^he 
jig is made to fit around the blank and is clamped in place. 
This is then placed over a stock die unit having a punch 
arranged to drop into the flushings of the jig, which locates 
the punch before the press is tripped and the hole perforated. 
One hole is perforated at a time. 

/. Another method of perforating one ho^ at a time is some¬ 
times applied in light-gage metal that has undergone a 
drawing or forming operation during which locating blisters, 
or indentations, are made in those positions where the punch 
is subsequently to perforate a hole. A locating pin or finder 
having a cone-shaped insert is arranged so as to rise on the 
metal protrusions that act as finders for the hole centei’s. 
The centers are placed over an inverted punch having a 
tip to match the finder, and when the hole is perforate^d 
the slug moves upward into the die and finally finds its 
way into a container. No jig is required. 

Although these methods of piercing holes do not directly 
concern the designer of the stamping, a knowledge of them may 
well affect over-all cost since die cost is affected by the one 
chosen. When no die is required or a stock die can be used, die 
costs may be lowered but over-all cost may not be decreased, 
as the process may be slower than when a specrial die is employed. 

Naturally, the first and fourth methods, a and d, are lowest 
in cost, since the perforating is combined with other operations 
that are essential to the manufacture of the product, but such 
combination operations are not always fea;sible because of the 
nature of the stamping. 

Rule 19. Hole Location: designing stampings, the designer 
should consider the following points in locating holes and deter¬ 
mining size and limits, especially for large-quantity production,» 
low piece price, and low tooling cost: 

The distance between the outside of a hole and the outside 
edge of the stamping or the distance between the edg^ of 
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holes on 16-gage and heavier metal should be at least two times 
the stock thickness of the material used (Fig. 60). For metals 
under 16 gage, this distance should not be less than in. These 
rules apply whether the part is to be perforated before or after 
forming. If the holes arc closer than noted, the wall thickness 
of the die between the holes may not be sufficient to stand the 
pressure applied to perform the piercing in one operation. To 
ensure against frequent die maintenance, extra operations in 
a second die may have to be added. 

When holes are put into a stamping, the bend lines and the 
radii at each side of them always should be considered, whether 

DISTANCE BETWEEN OUTSIDE EDGE 

t OF METAL AND HOLE 

A 
T 

EDGE DISTANCE BETWEEN HOLES 

Flu. (iO.-’-Dijslance between the edges of holes and between tlie edges of a hole 
and the edge of the sheet should be at least twice stock thickness on lO-gage ainl 
lioavier stock and ts i^i- niiiiiimini for hto<*k under 10 gage. 

"OUTSIDE OF METAL 
STRETCHES 

-INSIDE OF METAL 

contracts 

Fig. G1.—When metal is formed, it stretches on the outside of the bend and teiuis 
to eoiitra<*t inside the bend. 

perforating is done before or after forming. Metal flows at 
bends (Fig. 61), hence holes should be kept as far away as possible 
from any bend, if stretching or distortion of the hole while form¬ 
ing is to be avoided. When perforating after forming, it is always 
better to gage from the inside of the metal. If the edge of the 
hole is at least two times stock thickness, away from a line 
through the center of the radius perpendicular to the metal face 
of the radius (Fig. 62), this provides enough wall thickness 
between the edge of the hole and the edge of the die. 

Rule 20. Hole Diameter; Pierced holes having a diameter 
less than stock thickness should not be specified. If holes are 
less than stock thickness, they usually have to be drilled, and 
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drilling is much more expensive than peiiorating. Hole diam¬ 
eter can be held fsi-irly accurate on the punch side. On the die 
side, it is slightl}^ greater because clearance is allowed betwec^n 
the punch and the die (Fig. 63). 

Hole diameters are determined in part by the use to whicli 
the hole is put. If the hole is for a cold rivet, J (34 in. clearanc<? 
over the nominal rivet size is generally allowed. The clearance 

Fig. 62.—The edges of holes should be kept away from a line normal to the 
metal face and through the center of the radius at a bend by an amount equal 
to at least twice stock thickness. 

PUNCH 

f j 
J Dir siDirir' 

Fig. 63.—A punched hole is usually 
slightly larger on the die side because 
the die hole must be slightly larger 
than the punch to provide clearance. 

Fi<;. 64.—Assembly is often facili¬ 
tated, when close fits are not essential, 
by providing slots or larger holes in 
one of two mating parts. 

for a bolt is between 3^4 and 3/^2 ^ but for aircraft 
work the clearance is much less. A tolerance of at least ± 0.005 
in. shpuld be allowed in specifying the distance between hole 
centers. 

Where bolts are to be used in an assembly, where close fits 
are not required, and where variations in center distances are 
not important or are difficult to control, it is good practice to 
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U8e lioles in one piece and slots or larger holes in the mating 
stamping (Fig. 64) providing the parts are not stressed, as this 
may facilitate assembly and decrease costs, because less care is 
required in holding center distance and less die maintenance 
is needed. 

Rule 21. Extruded holes are those in which the punch does 
not shear away the metal but pushes it outward so as to form an 
integral flange or collar around the hole. The length of an 

I'uj. (if).-Extrudod Fjg. G6.—Extiaded Fig. G7.—Extruded 
for Hciew thread. liolo for a pin, holt, hole for a coiuitersiink 

8tiid, shaft, or bushing. screw or rivet head. 

extruded liole is considerably greater than metal thickness and 
can be made several times as great. This type^ of hole is used 
for any of the following in gages of materials up to ''jg in. or 
greater: 

n. For sheet metal or machine screw threads (Fig. 65). 
b. To fit pins, bolts, studs, shafts, or bushings (Fig. ()(>). 
c. For countersunk scutw or rivet heads (Fig. ()7). 
d. For butt welding, brazing, or soldering to tubes or shafts 

(Fig. 68). 

Fig. 68.--Extrudod hole having a Fig. 69.—Extruded hole for elear- 
flange to which a tube or shaft is to l>e ance or lightening in which the flange 

welded, brazed, or soldered. adds stiffness. 

e. For clearance holes and lightening holes, especially where 
stiffening or added strength is required around the hole 
(Fig. 69). Such holes can be of almost any shape thatr 

does not involve sharp corners. 
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f. For other parts to slip into when assemblies are made 
(Fig. 70). 

Fig. 70.—Extruded holes in two 
parts designed for tele.s(;oping. 

For such holes, the designer should consider how high a flange 
is necessary and where the metal that is to be extruded or flanged 

is coming from. Metal can come, 
ordinarily, only from the area inside 
the hole, hut, if the metal recfuired 
for the flange is too great to come 
from the center, it has to be drawn 
in from the area around the hole by 

means of one or more pocketing operations, before punc^hing 
out of the center and flanging. 

The operation of extruding a hole usually involves first punch¬ 
ing out the center and then flanging. Sometimes a single oper¬ 
ation both perforates and extrudes, depending on the gage of 
material, the size of the hole, and the height of flange. This 
works out satisfactorily for light-gage metal on types of holes 
such as those in Figs. 65 and 07. 

The inside diameter of the extruded hole can be held close to 
size, but the wall at the raw edge of the flange thins considerably 

Fig. 71.—Extruded hole having a straight flange height C. 

and sometimes checks or cracks. This may or may not be 
objectionable, depending upon the particular application. If 
it is essential to thicken the wall, as is sometimes necessary for 
tapping certain threads, this can be accomplished by extruding 
the flange higher than required and then stoving back the metal, 
to yield, within certain limits, the desired wall thickness. Such 
stoving can be done cold if the metal is not too heavy and press 
equipment of proper tonnage is available. Sometimes hot 
operations are required. Generally, cracks or checks can be 
eliminated by a reaming operation after punching, if the hole is 
round. 
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The procedure the designer should follow when designing an 
extruded hole for economical manufacture and tooling is first 
to determine the size of the hole required and then arrive at the 
minimum flange height that can be used. Next he should 
check the areas to ascertain whether the metal required will come 
out of the center and still allow more than stock thickness for a 
perforated hole as shown in Fig. 71. If the area of the extrusion 
(equal to the area of a cylinder A and that of one-fourth of 
annular ring B) exceeds the area of circle E and the drawing of 
metal from the outside is necessary, much extra tooling is required 
and extra development expense is often involved. 

Rule 22. Lanced holes are formed by shearing the metal part¬ 
way around the periphery and then bending the metal adjacent 

Fig. 72.—Tab that is alieared on three sides and formed or bent outward. 

to that sheared. A tab, as in Fig. 72, for examples, is sheared on 
three sides and bent outward on the fourth side, forming a 
projection at an angle but integral with the original metal. 
Often the center of the projecting portion has a hole perforated 
for a wire, screw, or other fastening. Projections of this type 
are frequently used instead of attaching another small piece 
bent at an angle to the stamping, as in Fig. 73. Lancing and 
bending are much less expensive than to form a separate piece 
and weld or attach it by other means, but the hole may weaken 
the stamping and may afford a less sightly result than the 
alternative. A lanced hole and tab can be produced in one 
operation, but the metal will have a clean sheered edge on 
three sides up to the points where the bend starts, but beyond, 
where the cutting edges of the punch and die end at the l>ending 
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radius, the metal tears slightly because the bending is done 
before the cutting punch completes its stroke. 

Rule 23. Louvers are commonly lanced and fornu^d in on(‘ 
operation. They are usually formed on three sides and lanced 
on the other. The two ends of the louver bend and are stretched 
adjacent to the lanced edge. Louvers arc most commonly 
used for vents, but finger lifts, shelf rests, separators, or card 
pockets are formed in the same manner. T^ouvers can be lanct^d 
and formed either one at a time or in groups, but the forming 
should not be too deep, as the metal at the ends is likely to tear 
severely, making for unsightly appearance. 

Fig. 73.—Tab formed siiparately and welded or riveted in place. 

On light-gage material, better louvers are formed if cuts are 
spaced not less than api^-rt with a flat or bend line in. 
away from each cut (Fig. 74). On material over 16 gage, it is 
better to allow 1)4 iii- minimum between cuts, with a fiat bend 
line % in. away from each cut. The length of the louvers is 
usually from 4 to 6 in. but can be much longer. Depth from the 
outside of the louver lip to the face of the blank is preferably 
not over twice the thickness of the Stock. When spaced in 
rows, good tooling requires that at least 1 in. should be allowed 
between rows and that lancing should not come closer than 1 in. 
to the edge of the stamping. 

Rule 24. Tolerances: The widest tolerances permissible 
should be allowed on all dimensions, as this facilitates rapid 
production and tends to lower costs. This applies especially 
to over-all lengths, widths, depths, heights of flanges, diameters 
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ot' formed or raw inlges, and distances between hole centers. 
Where parts mate with other parts of an assembly, tolerances 
should never be closer than are held on that part. Important 
fractional tolerances should be specified to ±H2f i'Kc l^., or 
whatever limits must be held. Closer limits, when required, 
should be given to plus or minus the number of thousandths of 

/» — 

-j - % INC 

% INCH UP TO 16 GAO€ MATERIAL 
% INCH OVER 16 GAGE MATERIAL 

TWO TIMES STOCK THICKNESS OF METAL 

* • X SPACING BETWEEN CUTS 
^ tA INCH UP TO 16 GAGE MATERIAL 

1V4 INCH OVER 16 GAGE MATERIAL 

Fia. 74.—Louvers formed in sheet stock can be lanced at 3^^-in. intervals on 
' stock, up to about 16 gage. For thicker material Jl V^-in. spacing is advocated. 

an inch considered essential. Unnecessarily close dimensions 
tend to increase cost without any compensating gain. Spring- 
back of metal being stamped and wear on tools often greatly 
affect the limits that can be held. Extremely close limits, 
though sometimes possible on certain dimensions, may result 

in greatly increased costs. 
Rule 26- Fits: When fits are involved, as between two stamp¬ 

ings that must mate within close limits, both stampings should 
be produced by the same stamping plant, as otherwise the 
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desired limit may not be held. In any event, the limits that 
control the fits should be definitely indicated for both parts on 
the same drawing. 

Rule 26. Clearances: It is good practice to draw, in con¬ 
struction lines, at holes or notches, for example, the part or 
portion that must be cleared and to put on the drawing some 
such note as: Clearance hole or notch, size not important/^ or, 
if clearance must be close, a note giving, in fractions or so many 
thousandtlis of an inch, the clearance desired. This tells the 
manufacturer how far he may go in simplifying tooling. He 
may even be able to use an available die, thereby saving on 
tooling costs. 

Rule 27. Flatness: When the degree of flatness of any surfaces 
of a stamping is important, the degree or allowable variation 
from flatness should })e definitely stated, as springback in metal 
and other factors affecting flatness are sometimes difficult and 
expensive to control. A note on the drawing should read: ^‘This 
portion must be flat within (say) 0.030 in.^^ or ^^When laid on a 
surface, plate with this surface down, a feeler thicker than . . . 
in. (expressed in so many thousandths) must not pass under the 
surface at any point,^^ When no such note appears, it is general 
practice to assume that whatever the tools and metal normally 
give is satisfactory to the purchaser. 

Rule 28. Straightness, as applied to edges or straight bends, 
for example (in which camber, spring in the metal, or some other 
variation from a straight line is objectionable), should be desig¬ 
nated, when it is essential, by indicating, in thousandths of an 
inch, the maximum deviation from a tnie straight line that is 
permissible. In some cases it is better for the user to do his 
own straightening as parts straightened by the supplier some¬ 
times warp in shipping and thus involve double expense for 
straightening. 

Rule 29. Edges: In formed or drawn stamping on which 
the shape and location of edges are not important, this fact 
should be made clear on the drawing. Otherwise, trimming 
operations that are not necessary may be performed because it 
is not clearly understood that any considerable deviation from 
the contour shown on the drawing is permissible. . 

Rule 30. Bwrrs: When holes are drilled or when matedLal is 
blanked or sheared^ some burrs are bound to occur. If they 
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must be removed, the drawing should clearly indicate where. 
When edges must be rounder (or broken), this, too, should 
(Nearly indicated, as tumbling, liling, or some similar extra 
operation is then required. 

Rule 31. Coining is the stamping process in which metal is 
caused to flow, not as a result of drawing it over an edge, but 
by the application of extreme pressuie or impact, as in forming 
an imprint on a coin. In coining, the work is made thinner in 
some areas, from which the metal flows, and thicker in other 
ai’cas into which the metal is forced to flow. In reality, coining 
is a form of forging that is commonly done cold, although the 
metal can be heated. The work is not doru^ by a hammer, as in 

Fi«. 70.--Anotlier type of coiiiinia; 
die in wluch metal 6o\v is caused by a 
punch in sxich a way tliat some upper 
sections of the part, first drawn to 
approximate shape, are made thicker 
than in the blank. This type of coin- 
inf? is sometimes called "stoving.” 

forging, but iii a stamping press or in a special coining press. 
Except when a very soft ductile metal is used, however, the unit 
pressures applied must be very high and, for this reason, such 
piessures are commonly applied only to quite limited areas. 

Figure 75 illustrates one form of coining die. Another form 
(Fig, 76) employs a punch that passes through the piece. The 
latter is of such shape that some preliminary drawing operations 
are required. There is, however, some change in section thick¬ 
ness, and the forming of the stepped diameter involves a con¬ 
siderable flow of metal. In this, as in most coined.parts, the 
metal is completely confined within the die cavity, the shape of 
which it is forced to assume by the high pressures imposed. 
Some forms of coining are sometimes referred to as ‘^stoving.^’ 

In producing many coined parts, the flow of metal required 
is so great that several successive operations in separate dies, 

Fig. 75. - -Coining die in which the 
metal in a flat blank i.s forced to flow 
and form sections Home of which are 
thicker than the metal in the blank. 
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applied in succession, often with annealing between operations, 
are required. To minimize cost, the total flow of metal recpiired 
should be as small as conditions permit and the most ductile 
metal that will meet requirements, costs considered, should bo 
chosen, especially as coining results in rapid work-hardening. 

Relatively few stamping producers have extensive experienc(^ 
in coining. In developing a new design of coined part it is well 
to consult a manufacturer who specializes in coining or who has 
had experience in producing a similar coined part before finishing 
the design of the part, as his suggestions are likely to avoid 
details of design that tend to increase cost unduly and may b(^ 

of great assistance in perfecting a design well 
adapted to coining at minimum cost. 

Rule 32. Supplementary Operations: Not 
all operations in the manufacture of stamp¬ 
ings can be accomplished l)y press- working. 
Figure 77, for example, shows the curled edge 
of an automobile fend(*r, which has an irregu¬ 
lar contour. The prodiu^tion of such a curled 
edge in a press generally proves to be im¬ 
practical or is produced more economically 
by running the piece through curling rolls, 
during which operation a wire for stiffening 
is often added inside the curled edge. Crimped 
or corrugated edges, as shown in Fig. 78, arc 
produced by crimping rolls which, at small 
cost, can be changed to suit a number of 
different sizes and stock thicknesses. Figure 
79 shows a stamped part that has been 

threaded by rolling. Lathe attachments have been made to roll 
such threads for small quantities, but special thread-rolling 
machines are commonly used for long mns. 

Flat blanks or cylindrical, hemispherical, saucer-shaped, and 
similar stamped or drawn parts are often further processed in a 
lathe by spinning over a male form of either wood or metal. 
While the work is revolved a suitable tool mounted on the tool 
rest is applied and works the metal over the form to the desired 
shape. Spinning is often done on short runs of parts, especially 
where tool costs would be prohibitive if the entire job were done 
in press dies. In some cases, the dimensions held are closer 

Fig. 77.—Automo¬ 
bile fender having a 
curled edge. Such 
curls are usually 
formed by rolls 
rather than in a 
stamping press. 
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than for drawn parts. It is also possible to neck parts over 
collapsible forms when the same shape could not be produced by 
drawing or shaping in positive dies. 

Punchings called ^‘knockouts'' are sometimes left in stampings, 
the slug that has been produced by the punch being pushed 
back into place, leaving a surface that, except for the cut line, is 
flush with the surface of the surrounding metal. Knockouts 

Ficj. 78.“ St amping having an odgo that is formed by Fig. 79.—Stamping that 
crimping rfdls. ha.s a rolled thread 

Fuj. 80.—vSuece.ssive .steps in producing, by stamping, parts for a knockout lx)x 
such as is u.sed in electrical wiring systems. 

are commonly used in steel boxes for electrical circuits and are 
knocked out, when the box is installed, at points where conduits 
arc led into the box from one or more sides. Such boxes are 
commonly designed with several knockouts. Those not having 
to be knocked out remain in place, leaving surfaces which serve 
the same purpose as if the holes were not punched. Figure 80 
illustrates successive steps in producing a knockout-box part in a 

progressive die. 
In designing products of this nature, the designer should 

remember to keep the holes well away from flanges and the edges 
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of the metal, as shown in Figs. 60 and 62, so that the surrounding 
metal will not be distorted while the knockout is being formed. 
In most cases, the holes are not sheared through the full cir¬ 
cumference, but the metal is left continuous at one or two 
spots where the metal is broken later when and if the slugs are 
pushed out. 

Occasionally, where a small boss must be thrown up on a stamp¬ 
ing, a slug is punched only halfway through and is left in the hole 
but projecting half the thickness of the slug. The projection 
thus formed may serve to locate some mating part but (since it is 
held only by friction, unless not sheared through the whole 
periphery of the punch) it should not be depended upon to resist 
heavy stresses. Bosses of this type are useful chiefly when fairly 
heavy-gage metal is employed. 

Rule 33. Applied Finishes: If stampings are to receive an 
applied finish, it should be clearly specified whether cleaning and 
corrosion-preventive treatment are required and what kind and 
color of primer and paint are to be used. If a definite color or 
shade is not important and another can be substituted, this 
shodld be noted. If a particular method of applying is necessary, 
it should be stated whether the part must be brushed, dipped^ 
sprayed, baked, or crinkled. 

34. Use: It is advisable to state clearly what the part is 
and where and how it is used. An assembly drawing provided 
along with the part drawing is helpful to an estimator, as indic¬ 
ative of use and to show where fits with mating parts must be 
considered. 

Rule 36. Appearance, especially of exposed parts, should be 
pleasing to the eye even though, from a strictly engineering 
standpoint, appearance may seem to be of minor significance. 
From a sales standpoint, appearance is often a highly important, 
if not a controlling factor, especially in stampings exposed 
to view in the finished product. There is, of course, no logic 
in making a product that will not sell, particularly where com¬ 
petition is keen, hence the designer should strive to make the 
stamped product appeal to the eye and to the aesthetic taste of 
the customer. 

In general, a stamping with eye appeal costs no more than an 
ugly one, which may serve its purpose well enough as to strength 
and stiffness but which is not conducive to ready sale. Utmost 
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simplicity usually enhances rather than detracts from appear¬ 
ances and often promotes low cost. Straight lines are pleasing 
when proportions are correct and, in general, make for low costs, 
but sharp square corners at bends should be avoided for reasons 
already explained. 

So-called streamlined^^ designs, that is, those which involve 
smooth exteriors, free from projections and unnecessary irregu¬ 
larities, are likely to be favorable from both an appearance and 
a cost angle, but, if curves in two or more planes are introduced, 
forming dies are required and are likely to cost much more than if 
straight lines or curves in one plane only are maintained. 

Stampings are often used to hide unsightly interior parts and 
then should be made, of course, so as to harmonize with or blend 
with mating parts and to enhance rather than detract from 
appearances. Very often flanges that would be unsightly if 
exposed can be used to promote stiffness and/or contribute othei* 
benefits and still remain hidden in the assembly. 

When the designing engineer lacks a good sense of proportion 
or of other factors that affect general appearance, he will do well 
to employ an artist or industrial designer at least to establish 
external lines and contours. The resulting design need not and 
certainly should not be permitted to sacrifice any engineering 
advantage of significance and should, of course, be checked as to 
soundness from an engineering standpoint. When this is done, 
the artist and the engineer supplement each other^s efforts and 
the result is a credit to both. Far from detracting from the 
Avork of either, the proper design gains the objective of good 
appearance and sound engineering—both consistent with moder¬ 
ate cost—and yields a product that should appeal to the ultimate 
consumer. 

Rule 86. Quality: Wherever quality is important, the specific 
factors required should be plainly noted. If the designer asks 
himself what he would need to know if he were to produce the 
stamping and gives the vendor or the production department this 
information, there should be no trouble in securing what is 
needed. 

Specifications.—A stamping that may be considered satisfac¬ 
tory by the manufacturer may not be so regarded by the pur¬ 
chaser. The price set up by the estimator nuay be either greater 
or less than is necessary to produce a satisfactory stamping for 
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the particular use involved, all because of lack of information 
furnished and consequent misinterpretation of drawings pre¬ 
sented for quotation. This results in misunderstandings between 
the purchaser and manufacturer. Figures 81 and 82 are e.xam- 
ples of drawings that contain proper specifications. 

On the purchaser’s side, there is the engineer who provides 
the necessary drawings and information, the purchasing agent 
who does the buying, and the inspection department that passes 

NOTE: PAINT WITH I COAT OF GREY PRIMER 
t.010 ALLOWED ON ALL DIMENSIONS 

I'JO. 81. Drawing of .stamped orow.s ))iace, .showing proper dimeusion.s and 
speeificatioiiK. 

or rejects the stampings purchased. The manufacturer has 
engineers who control methods and quotations, the salesman who 
contacts the purchaser, and the production department that 
must manufacture the finished product to the satisfaction of the 
purchaser’s inspection departpient. For the satisfaction of all 
concerned, both purchaser and manufacturer should get together 
with definite information furnished by their respective engineer¬ 
ing departments, if a fair price and a satisfactory product are to 
be assured. The designer should supply reasonably complete 
information as to just what is required. He should furnish 
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reasonable specifications on or with tlie part drawing, in svich 
form that they can be easily interpreted by others. Often the 

-4- 

STEEL SPECIFICATIONS 
S.A.E. NO. 1010 
CARBON 0.05 TO 0.157o 
MANGANESE 0.03 TO 0.60% 
PHOSPHORUS (MAX.) 0.45% 
SULPHUR (MAX.) 0.055% 
TENSILE STRENGTH 65,000VSQ.IN. 
YIELD POINT 60,000^/SQ.IN. 
ELONGATION 25% 
AREA REDUCTION 55% 
BRINELL 137 NOTE: 

±0.010 ALLOWED ON ALL DIMENSIONS UNLESS OTHERWISE SPECIFIED 
MATERIAL NOT PAINTED,BUT OILED BEFORE SHIPPING 

Fig. 82.—Drawing of oil pan properly dimensioned and including proper 
specifications. 

designer does not know the method of mamifacture to be followed 
in making the particular part he is designing, but, since he can 
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design much more intelligently if he understands production 
methods, he can profit greatly by discussing the design with the 
engineers of the stamping manufacturer and thus adapt the design 
to economical production. The designer may not know, for 
example, whether the stock will be blanked or sheared to size, 
but this makes a difference in the product, as more variations 
occur in shearing than blanking and when the stamping is formed 
the height or width of flanges may vary if sheared. If a channel¬ 
shaped part is involved, the web width may vary because of the 
method used in forming. It may be formed in a standard V die 
in two hits of the machine, which would give variations in width 
because of variations in gaging; or it may be formed in a die built 
especially for the job, in which case the width may be held rea¬ 
sonably close because both flanges are fornuHl at one time. All 
metal has some springbuck. This may cause somc^ dimensional 
variations, such as the slight opening of the flanges of a channel, 
but it may or may not be necessary to hold these flanges to an 
exact 90-deg. angle to the web. As mentioned elsewhere, then^ 
are several ways in which holes are made in stampings and th(^ 
operations used in such perforating affect the chances of dimen¬ 
sional variations, which the designer may not fore^see. 

As to general appearances, there are exposed and unexposed 
surfaces, and the marks on wrinkles that may occur and may or 
may not have to be eliminated may influence greatly the tooling 
costs involved. Exposed surfaces, in most cases, should be free 
from marks and wrinkles, but on unexposed surfaces they may 
not matter, yet the estimator may have to guess at requirements, 
if there is no suitable notation on the drawing, and perhaps raise 
the price needlessly so as to play safe. Flatness and straightness 
are sometimes essential but, if not plainly specified, may be over¬ 
looked or result in misunderstandings or rejections that could be 
avoided by a precise specification. Assembly requirements also 
affect such items as lengths, clearance, notches, fits, and the like. 
These are only a few of the factors that the designer does well to 
cover in specifications intended to ensure satisfactory stampings. 
It is evident, however, that proper specifications and close cooper¬ 
ation with the stamping manufacturer is a logical way of getting 
results and effecting economies that may not be realized other¬ 
wise. If, before designs are finally approved and specyifications 
are finally drawn, they are checked against the rules here given, 
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many oversights that have a bearing on cost may be avoided. 
It is well to remember that stampings are not machined parts and 
limits cannot be held so close as machining methods permit. The 
more flexible the specifications are, the less costly the stamping 
will be. 

APPENDIX 

Methods of Calculating Blank Sizes.—Blanks for cups or 
cylinders can be calculated by areas, considering the depth and 
the radius on bottom (and also the radius on top, if the part has a 
return flange). The formula for use with k'ig. 83 is given below, 

83.—Sketch and forniula for calculatin^j blank size for a drawn part. 

but sometimes it is necessary to deduct approximately 5 per 
cent for stretch in rnetal. 

Total area of elements A, B, C, D, and E = T = area a — area b 

+ ^cinmmference c X + circumference d XW 

, / . « - mean radius\ 
+ area e + I circumierence / X-- I 

Then 1.128 y/T = diameter of the l>lank. 
For curved shapes cut from strips, the edge of the curved piece 

should be laid out to scale, as in Fig. 84. The line at mean thick¬ 
ness can be stepped off in small increments with dividei-s to 

determine the approximate total length. 
Angle or channel blank width is figured by adding flanges or 

body widths together and deducting from the total (IM X stock 
thickness + i?/4) for each bend (see Fig. 85). 
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If trimming in required after forming, approximate!}^ wtock 
thickness is added on a side, but not less than 3 s The above 

'STEP OFF THIS LINE WITH DIVIDERS SET>^T 

INCREMENTS CHECK DIVIDERS FIRST BY 

DIVIDING A ONE INCH LINE UNTIL A PFREECT 

SETTING IS ESTABLISHED 

Fio. 84.—The length of eurv’^ed sheets can 
be determined approximately by drawing 
a line at mean thickness and stepping off 
this line in .small increments with dividers 
set at a definite small dimension. 

Fig. 85.—Sketch and formula 
showing how to determine the 
width of blank to be formed with 
a given radius at the bend. 

are only approximate, as they vary with the grades and kinds of 
material but are generally accepted for calculating and design 
purposes. 



CHAPTER V 

DESIGN OF DIE-FORGED PARTS 
FOR QUANTITY PRODUCTION 

By Charles Jj. Tutt, Jr. 

The engineer today finds himself confronted with many 
problems in selecting the method to be used in fabricating parts 
for quantity production and in designing the part to adapt itself 
to production by this method. This choice may sometimes be 
very simple, since such considerations as cost, load conditions, 
factors of safet^^, and adaptability of the designed part may very 
quickly eliminate all but one of the fabricating processes. In 
most cases, however, the selection of the method of fabrication is 
not so simple and the designer has to make his choice as among 
several feasible fabricating processes. Once this selection has 
been made, the engineer should design the part with due regard 
to the special considerations that fit it for the specific fabricating 
processes chosen. 

Definition.—Die forging, which is the specific fabricating 
process considered in this chapter, is the process by which hot 
metal is pressed, hammered, or upset to the desired shape between 
dies that contain a cavity having the form of the part to be 
fabricated. A die forging is thus differentiated from hammer 
forging, in which hot metal is hammered to the desired form 
without using a die. 

Reasons for Selecting a Die Forging.—Designers commonly 
select die forging in preference to the other fabricating processes 
to gain one or more of the following advantages: 

1. High strength. 
2. Minimum weight. 
3. Ability to withstand unpredictable loads. 
4. Minimum metal removal in machining, 
5. Saving in material. 
6. Relatively smooth surface on the forging. 

231 
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7. Adaptability to coining. 
8. Freedom from internal dcfectH. 
9. Rapid duplication. 

10. Reduced time and cost for machining. 

High Strength.—A die-forged part ha\'ing the same sectional 
area as that of a casting of the same general type of metal is 
usually 50 to 100 per cent stronger.^ liecause of this fact, the 
forging can be designed with considerably smaller section areas 
than castings, saving in the amount of raw material required and 
fj-equently reducing the cost of the part. 

Minimum Weight.—Because of the great strength that can be 
obtained in die forgings, as compared with most other types of 
high-production products, all designed for the same working load, 
the die forging usually has the smallest sections and is lightest. 

Forging Bar Stock Casting 

Fig. 1.—CoinpariHori of grain in i>ie(rc.s whicJi are, re.spectively, forged, cut 
from bar stock, and cast. Tlie casting ha.s a granular structure, being witliout 
grain. 

Therefore, wlien a designer retpiires a part of great strength and 
light weight and its shape adapts it to die forging, the die forging 
deserves consideration and is commonly selected. 

Ability to Withstand Unpredictable Loads.—In die forging, th('. 
metal is worked or is caused to flow. This results in what is 
known as grain flow’^ within the metal itself. Therefore, the 
grain slip planes arc usually so arranged that they can withstand 
instantaneous stress greater than the designed stresses and be 
able to recover without causing any permanent distortion in the 
l)art. Grain structure, or flow, is illustrated in Fig. 1. 

Minimum Metal Removal in Machining.—When comparing 
die forgings with castings it is found that dimensional tolerances 
can be held, as a rule, within much closer limits than in a sand 
casting of corresponding size, and that, in general, much less 

1 This is true in comparison with most sand castings, but there are excep¬ 
tions, especially for certain castings produced in metal moldjj.—Kditor, 
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metal need ))e removed to bring the part to the finished size. 
This applies especially to external dimensions. If the part 
required must be hollow and it is not feasible to produce it 
hollow as forged, whereas the casting can be cored, the casting is 
likely to require that much less metal be removed in machining. 
Usually twice as much material must be removed from the 
exterior of a sand casting as from a die forging of the same 
finished size. Permanent mold castings, however, can be held 
to as close dimensional limits as die forgings and die castings 
usually require little or no machine finish. 

Saving in Material.—Because so little material need be removed 
from a forging, as compared with a part cut from bar stock or 
cast in sand, relatively little waste in material machined results, 
unless a hollow part not forged in that form is involved. More¬ 
over, thei’e is considerable waste in fabricating castings because 
of the gates and risers, or sprues, whereas there is very little 
waste in the usual die-forging flash. 

Relatively Smooth Surface of Forgings.—Die forging is among 
the few fabricating processes capable of producing surfaces such 
that they can be used for finished faces, thus eliminating machin¬ 
ing operations of these surfaces. This applies especially to 
surfaces that are coined, blasted, or pic^kled, as most forgings 
have some scale and are not smooth until the scale is removed. 

Adaptability to Coining.—Forgings can be die forged to toler¬ 
ances close enough to allow for coining that will bring the surfaces 
to normal machining tolerances. Limits of ±0.001 in. or even 
closer can be obtained by coining. 

Freedom from Internal Defects.—Forgings are always solid 
metal, being without the blowholes and porosity found in cast¬ 
ings, which are prone to cause failure or to result in scrap when 
such defects are discovered during machining. 

Rapid Duplication of Parts.—Duplication of parts is rapidly 
obtained in die forgings and with smaller dimensional variation 
than in many high-production parts. Sand castings, for exam¬ 
ple, vary considerably in shape and size, as the molds are not 
always rammed the same and many times cores shift or break, 
causing variations in size. 

Reduced' Time ditd Cost for Machining.—As die forgings can be 
pr(klucM close to finished size, it follows that the time for machin¬ 
ing Operations is small, especially as agmnst cutting from bar 
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sto(;k. la many (;as(‘H, die forginfj;,s can l)c lield to mucli clo8er 
tolerances than used in normal die-forging practices. Although 
die-forging costs are thus increased by reason of reduced die 
life, machining operations are reduced or even eliminated in some 
instances, with a resultant ov('i‘-all decrease in total cost of dies 
plus finished parts. Moreover, because of the uniformity of 
die forgings as compared with sand castings, jig and fixture 
clamping devices can be open-ated more rapidly and yet afford 
more accurate location. 

Die-forging Methods.—The methods used to manufacture die 
forgings are classified according to the machine upon which they 
are made. Table I lists the machines employed and gives details 
concerning typical uses. 

Tabjjo I.—Types of Die-fohoino Machines 

Forging How dies act on Typ<^ 
machine metal to lx* forged! machine 

f St earn drop 

Hammer. Tmpac’t 
Board drop 

Press. Pressure' Hydraulic and 

in e <• h a n i c a 1 

(crank) 

Upsetter. Squeezing and iVI e c h a n i c a 1 

gripping (crank) 

Swager. Rapid succession Rotary (me- 

of impacts (*hanical) 

Bulldozer. . . . Pressure Crank and hy- 

draulic 

Forging roll. . Rolling, including Semicircular 
pressure applica¬ roll dies 

tion 

'rypit'al us(' 

Parts r(^(iuiring consid¬ 

erable drawing 

Parts of small size or 

flat thin shapes 

l^arts completed in one 

or more operations, but 

no preliminary opera¬ 

tions can be performed 

Round or circular parts 

from bar stock 

Reducing wire, tube, or 

bar to a smaller (gen¬ 

erally circular) cross 

section 

Bending, forging 

Straight and tapered 

forgings and prelimi¬ 

nary operations for 

hammer or upset forg¬ 

ings 

Hammer Die Forging,—Hammer die forgings may be divided 
into two distinct types: (1) those produced on steam dr6p ham¬ 
mers; (2) those made on board drop hammers. 
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In the steam drop hammer (Fig. 2), the head imparts an 
additional striking force to the falling ram through the steam 
pressure applied to the piston. Steam also raises the ram to the 
position it occupies at the top of its stroke. The frame, which is 
fastened to the anvil, acts as a guide for the ram and supports 

Fk;. 2. 35,()00-lb. Chambcrtjburg steam drop Immmer. 

the head. Fall of the ram plus steam pressure produce the 
impact, or the striking blow, by the upper forging die fastened 
to the lower face of the ram. A sow block holds the lower forging 
die and is in turn fastened to the anvil or base that absorbs the 
blows exerted by the ram. On the anvil, or base, the frame, ram, 

and head are supported. 
The board drop hammer (Fig. 3) differs from the steam drop 

hammer in that no force other than the impact resulting from 
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the fall of the ram and upper die is used for striking the blow. 
The head merely supports the ram and the parts raising it 
to the position from which it falls. Raising the ram is accom¬ 
plished by two oppositely rotating rolls, which arc brought 
together against boards fastened into the top of the ram by 

Fig. 3.—Typical Ijoard drop hammer. 

wedges. The rolls lift the boards and ram with the upper die 
to the position from which it subsequently falls to strike the 
forging blow. 

Figure 4 shows a typical set of drop-hammer dies fastened to 
the ram and sow block. In the lower die the edger, blocker, 
and finishing-die impressions can be seen. 

In most hammer die forging, round-cornered square stock, 
which is the cheapest shape produced by the rolling mills, is 
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employed. In some cases round stock is used, but its application 
for hammer die forgings is not so extensive because it costs more 
than round-cornered square stock. 

The principal advantage of hammer die forging over the 
other methods of die forging is that it is possible to use three 
different impressions in the same die block and that, with rapid 
blows, bar stock can be worked into a finished forging without 
reheating. The three types of die impressions found in hammer 
forging dies are the edger, blocker, and finishing impressions. 

Fio. 4.—Three-impressjon hammer forging die. 

The function of the edger impression is to give the metal such 
a shape that, when it is placed over the finishing die, it will com¬ 
pletely fill the die impression and give a uniform flash. This 

flash is the excess material forced into the die parting around the 
entire forging and is later trimmed off. In many cases it may 
not be necessary to use an edging die when round stock is forged, 
but it is almost always used when round-cornered square stock is 
being die forged. An edger is always required when the part to 
be die forged has bosses or substantial variations in section shape 
or thickness. 
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Kill. 5. -Typical drop-hammer die forgings. (Courlety of WymanrOordon 
Company.) 
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A blocker impression is required when a part being die forged 
has an odd shape and the die forging must be bent to "this shape 
so that it will roughly lit the finishing impression. A blocker is 
not always necessary but must be used especially when the piece 
to bo die forged is of heavy section and of an odd shape. Other¬ 
wise, it is not generally requii’ed. 

Tig. 6.—Typical trlmiuiiig press. 

The finishing impression, as its name implies, is an exact 
impression of the piece to be die forged, and it is this impression 
which produces the finished hammer die forging. Typical 
hammer die forgings are shown in Fig. 5. 

Flash, which surrounds the die forging, is removed by special 
trimming dies in a mechanical or hydraulic press. A typical 
mechanical trimming press is shown in Fig. 6. 
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Upset Die Forging,—An upset die forging is produced when 
bar stock, gripped between two dies, is shortened axially when 
struck by a heading tool. In upsetting, the metal of the bar 
is flowed in the path of least resistance and the finished size of the 
upset portion is larger in diameter than that of the stock used. 

Fig. 9.—^Typical die forgings most of which are produced by upsetting. 
(Cotirtesy of National Machinery Company.) 

Die forgings of this type are made in a forging machine or 
upsetter, as illustrated in Mg. 7. The bed of such a forging 
machine is a heavy steel casting in which the stationary die, the 
moving die slide, and the header slide are located. In operation, 
the bar stock is gripped between the stationary and moving 
dies, and the header slide, holding the heading tool, advances 
and causes the bar irtock to be ujwet. After the upset is made, 
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Fig. 10.—^Typical upset and piereed die forgings. 
ery Company.) 

{Coxirtesy of National Machin- 

in the holding dies. Figure 8 shows a six-operation upsetter die, 
together with the necessary punches, which are held in the header. 
Punches are used in place ,of or in addition to heading tools when 
the forging is to be pierced or made hollow. In this case, the 
punch or punches are forced into the heated metal producing a 
hole or recess and, at the san^e time, flowing the metal around 
the hole outward. Typical upset die forgings are shown in Pig. 
9 and typical upset and pierced die forgings in Fig. 10. 
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/Vm* Uiit Forging.—Hydraulic a.n< 1 ineclianically operaU^d 
presses are used to produce a great variety of die forgings. A 
mechanically operated press is shown in Fig. 11 and a hydraulic 
operated press in Fig. 12. Before die forging in a press, a slug 
of metal of correct diameter must be cut to the proper length, 
heated to the correct forging temperature, and placed in the die 

Fig. 11.—Mechanical forging press. 

impression. Tliere the pressure exerted by the press causes the 
metal to flow and fill the die cavity. Many die forgings are 
made in one operation, but dies with several impressions or 
separate dies each having a single impression are also used in 
succession, usually in the same press. 

Foi^ngs requiring preliminary operations (such as those 
performed by the edger and blocker hammer die impressions) 
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arc not a.(lai)tablc to press (H(‘ forgini^*. A tyi)iciil thrcc-impres- 
sioii press (lie is shown-in a press in Fig. 13. The die forgings as 
removed from each die impression are resting on the die block. 

Swaging.—Machines used to perform swaging operations are 
limited to a very special class of work, namely, the process of 
reducing a wire, bar, or tube of any standard cross section to a 

Fid. 12.—Hydraulic forging press. 

cross section usually round and of smaller diameter than the 
stock. The work is done by dies that strike the work numerous 
blows at a very rapid rate. In the rotary swaging machine (Fig. 
14), the dies are thrown clear of the work by centrifugal force 
and are caused to strike the worij: with opposing blows when the 
backers (the parts actuating the dies) pass under a pair of rolls. 
The backers produce impacts in rapid succession in striking the 
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dies, causing the latter to strike the work, which is elongated, of 
course, as its diameter is decreased. 

The swaging machine is limited in its scope both in respect to 
size and to the type of work that it can pcn-foiin. In general, 
the work is actually or nearly circular in section but can have 
either parallel or tapered sides. In its particular held, the 

Fig. 13.—Typical press forging dies and die forgings. {Courteny of Ajax Manu¬ 
facturing Company,) 

swaging machine stands without competition, as it produces 
work rapidly and within close dimensions. It is adapted, 
however, chiefly to parts of small diameter. 

The Bulldozer,—The bulldozer is a horizontal machine which 
is used generally for bending operations and is, in reality, classi¬ 
fied as a horizontal press. It is often confused wth the upsetter 
or forging machine but differs from the upsetter both in con¬ 

struction and in function. 
The bulldozer consists of a horizontal ram, which may be 

operated either by crank or by hydraulic means. In the hydrau¬ 
lic machine, the ram is guided by the ram piston, but in the crank 
machine the ram is guided by ways. The ram supports a moving 
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die block. The base of the machine supports the ram on the 
crank-operated machine and the hydraulic cylinder on the 
hydraulic machine. In both machines, the fixed die block is 
fastened to the base. Movable dies are so shaped, of course, as 
to produce the bend required when they are advanced against 
thc‘ work held in the fixed dies. 

Fig. 14.—Heavy swaging macluue. 

A typical hydraulic bulldozer is shown in Fig. 15 and a typical 
crank-operated bulldozer in Fig. 16. 

Forging Rolls.—Forging rolls are employed to flatten, neck, or 
otherwise reduce one or more dimensions of the stock under the 
influence of pressure exerted by rolls having polished grooves 
of appropriate sectional shape, the forging being elongated as it 
is shaped. The forging roll illustrated in Fig. 17 is used to form 
aluminum propeller blanks from bar stock for final hammer die 
forging in subsequent operations. These machines are provided 
with roll dies (usually semicircular), in which the stock is placed 
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whil(‘. the (lies aie in iiie ojxm ixisition. Ri^'olut-ioii of the dic^s 

i’ornis th(i stock as it, is forctnl between the shaped rolls, forcing 

Fkj. 16.—Mechanical huUdoaer. 

the stock back to the operator. In this type of machine the dies 
nsually provide for several passes, the operation bein^ repeated 
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in {successive })ositions until the stock acciuij'es the reciuired size 

and shape. 
Forging rolls lend themselves to a great many applications 

in which a reduced straight or taper section is produced and are 
often used to perform preliminary operations for upset and 
hammer die forgings. 

Cold Forgmg.—During the past few years great strides have 
been made in the field of cold die-forged parts, especially in cold 
heading machines, which are a form of upsetting machine. 

m 

'SI 

Fia. 17.—Forging roll with blank and semifinished aluminum alloy proiwUer 
blade. {Courtesy of The Ajax Manufacturing Company.) 

Great savings have been made through the use of this process in 
producing headed or flanged parts similar to those made by 
screw machines. As cold heading is a specialized type of die 
forging it is treated briefly in a separate chapter of this book. 
Another type of cold forging, sometimes referred to as coining 
(but differing from the coining performed to size hot-forged 
parts), is a type of die forging done in some plants but is not 
dealt with in this chapter. \ 

Factors Determining Whether or Not a Die Forging Should 
Be Used.—There are many factors that determine whether a 
part should be made by die forging. First, and above all, the 
die-forging process is one for mass-production work, since die 

^Soe however, references to coined parts, in Chap. IV.—Editok. 
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cost is too high to allow it to be used for small production except 
for certain specialized parts, such as screws, bolts, and rivets^ 
produced in standard head sizes on hot headers. These are 
merely specialized types of upset products and are subject to the 
same rules of design as other hot upset forgings but arc com¬ 
monly produced in standard dies unless specially shaped dies 
are needed. A separate chapter deals with hot-headed parts 
and illustrates certain forms, which need not be considered here. 

Die blocks for die forging are made from nickel-chrome- 
molybdenum steels and are forged on all six faces in order to 
remove any fixed directional grain flow of the original metal. 
This is done because forging dies must take forces in all di?‘ections 
when the metal is being forced into th(^ die impressions. Both 
die material and die sinking are somewhat expensive, and the 
expense is not justified unless it can be spnuid over the manu¬ 
facture of a great many parts. Therefore the minimum quantity 
of die forgings Avhich it is economically feasible to produce 
depends, as a rule, upon the original die cost. 

Size of the part needed is also another factor determining the 
choice of the die-forging process. Very small die forgings weigh¬ 
ing a fraction of an ounce can be made as press die forgings. 
Small upsetting machines and swaging machines excel for small 
parts. Drop hammers of small size, however, are used mostly 
for silverware. The maximum size of any die forging depends, 
of course, on the size of the die-forging machine. Presses 
available toda}^ can be used to make die forgings up to approxi¬ 
mately 25 lb. Here, of course, press size, die design, and the 
type of material are the limiting factors in the maximum size of 
die forging that can })e fabricated. Maximum size of drop- 
hammer die forgings again depends on the size of the hammer 
available. Board drop-hammer die forgings are limited in size 
by the height of fall, wliile steam drop-hammer die forgings are 
limited by the weight of the anvil. The largest steam drop 
hammer commercially available has a rating of 50,000 lb. and 
the board drop hammer a maximum rating of 5,000 lb. Such 
hammers are rated by the falling weight of their moving parts. 

^ Screws, bolts, and rivets are produced in large quantities by hot heading, 
especially when required in sizes not available in cold heading, but, as 
standard dies are on hand in many plants, these dies are often used for small 
lots, especially when an odd length of shank with a standard head is needed. 
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Upset die-forging machines are rated according to the largest 
stock diameter the machine can handle, and the largest is 9 in. 

The character of material to be used plays a very impoi'tant 
part in the selection of the die-forging processes. Common 
forging materials are steel and steel alloys with 0.1 to 0.5 per 
cent carbon, copper, and copper-base alloys, aluminum alloys, 
and magnesium allo3^s. Parts designed of materials other than 
these do not, in general, lend themselves to die forging. Py 
far the largest part of all steel die forgings are made in drop 
hammers and upsetters, but most nonferrous forgings are made 
in presses. In many such die forgings it is possible to make use 
of the extrusion characteristics of the alloys. All forging 
materials can be die forged, however, b}^ any or all of the die¬ 
forging machines. 

Choice of Die-forging Material.—The choice of the material 
to be used for a die forging depends on the particular use of the 
part being designed. There is a wide choice of allo^^s that can 
be used in any of the materials suitable for die forging. The 
selection of the particular alloy depends upon one or more of 
the following characteristics: 

1. Strength required. 
2. Size of the part. 
3. Toughness requii’ed. 
4. Fatigue chara(*teristics. 
5. Heat and corrosion resistance'. 
6. Section thickness. 
7. Machining properties. 

Strength Required.—Strength is generally the first consideration 
in the choice of any die-forging material. It is important because 
when the designer knows the stress to be imposed upon the part 
he can then choose the material having the correct physical 
properties to meet the requirements. 

Size of the Part.—The size of part is one limitation in the design 
since some materials are safiisfactory for only small die forgings 
because of their limited physical properties. Other materials 
possess qualities that give excellent physical properties when used 
for large die forgings and unsatisfactory physical x)roperties when 
used for small parts. This change in physical properties between 
large and small parts is brought about because the size of die 
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forgings has considerable effect upon how' a material n'ae.ts undei- 
heat-treatment. 

Toughness Required,—Many forged parts, such as gears and 
axles, must be made from a material that possesses tlie toughness 
necessary for this type of service. Such materials must have the 
ability to be heat-treated in such a manner that they have a 
relatively soft core and, at the same time, a very hard outer weal ¬ 
ing surface. 

Fatigue Characteristics,—There are man}" die forgings that are 
subjected to varying and repeated stresses. The result of su(*h a 
load is ultimate failure, not because the actual stress exceeds the 
elastic limit but because the fatigue results from the repeated 
stress. Some materials have endurance limits (minimum num¬ 
ber of cycles of repeated stress before failure o(^curs) much higher 
than other materials and should be chosen for parts su[)ject to 
rapidly varying stresses or stress reversals. 

Heat ami Corrosion Resistance,—Die forgings sometimes have t o 
be designed for use under elevated temperatures or in atmospheres 
of a corrosive nature. Tn such cases, the only suitable materials 
are alloys that do not, as a rule, possess physical properties equal 
to those of other alloys but, because of certain special properties, 
are the only ones satisfactory to meet the special requirements. 

Section Thickness.—Section thickness becomes an imi)ortant 
design consideration partly because most die forgings are heat- 
treated in order to obtain maximum strength. Many of the 
materials used for die forgings cannot be heat-treated when thin 
sections are present, since the quenching operations clause exces¬ 
sive internal strains to be set up within the material itself. Thin 
sections tend to cause warpage of the die forging while cooling, 
after it has been removed from the die impression. 

Machining Properties.—Certain die-forging materials have 
very excellent machining properties, but others have very poor 
machining qualities and these may result in exce.ssive machin¬ 
ing costs. Certain variations in some steel alloys having poor 
machining properties are made in the range of manganese, sul¬ 
phur, and chromium. In choosing an alloy, a designer must 
realize that the greater the degree of hardness required in the die- 
forged part, the poorer the machining properties are likely to be. 

Table II gives the physical properties of some of the most 
common Society of Automotive Engineers steels, which are used 
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for die forging. During the war, shortage of alloying elements, 
especially, chromium, nickel, vanadium, and tungsten, occurred, 
hence other steels were developed to be used as substitutes. 
Such of these substitutes as are suited for forgings are listed along 
with the regular S.A.E. numbers, and the ph3^sical properties of 
some of these substitute (National Emergency) steels are given 
in Table III. 

Table III.—Properties of National Emergency SunsTpruiE Steels 

Suitable for Forging* 

Ultimate Heduc- lOlonga- Draw Ho(:kwcIl 

No 
strength, strength, tion of tion in t.(nnpera- hard- 

psi psi area, % 2 in., % turc °F. ness 

N.E. 1340 

N.E. 1345 

N.E. 1360 

N.E. 8949 180,000 200.000 42 10 900 

N.E. 9436 .... 

N.E. 9440 Tgg'ooo” 176,000 15 1 950 ” ~ 39 “ 

N.E. 9442 193,000 200,000 53.3 14 41 

N.E. 9446 

N.E. 9460 

N.E. 9640 139,000 174,200 43.0 13 750 39 

N.E. 9642 194,000 206,000 38.8 11.5 800 45 

N.E. 9645 

N.E. 9660 y827odo~ 
1 

1947500’ 
1 ’ 

p 3477"” ~*T2 900 32 

* Courtesy of American Iron and Stool Institute. 
Note: Figures apply to steel whick has been heat-treated. 

Table IV gives the ph^^sical properties of the copper-base di(i- 
forging materials. Most of these materials arc generally press 
forged, but some can be hammer forged. 

Table V gives the physical properties of the aluminum die¬ 
forging alloys. Aluminum allo^’^s are generally hammer forged 
but can be upset or press die forged. 

Table VI gives the physical properties of the magnesium die- 
forging alloys. Magnesium alloys are press die forged with the 
exception of alloy L, which is hammer die forged. 

In general, catbon steels are lowest in cost and are the easiest 
ferrohs materials to forge. Low-alloy steels rank next in cost 
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and ea«e of forging, and the higher alloy steels arc highest in 
cost and, as a rule, are hardest to forge. These factors, as well as 

"J'aBLE IV.-C0PPEK-BASE-AJJ.OY FoRCJIXCJ MATERIATvS 

(As-forged eoiuUtions) 

Nun 10 

^■'reusilc 

strength. 

*Elongii- 

, tioiL in 

♦Rockwell 

B Renuuks 

p.si 1 2 in., hardness 

l']|<‘otrol.\ tic copjjoi. . . . i23,(K)0-30,000 

1 

40-50 2(;- -(i5F Foot inaehinability 

133 .(MMH.'iti 000 I 30-40 30-451' Good niuchinability 

Red bra.s« (85Cn). . . . 37,000-42. (KK) 12-15 18-68F Hot working of this all(»v 

Rc<i brasH (55 ', (’’u, 1.5 ' < 

Rb balance 5^n). 

1 
1 - 
70,000-80,000 15-30 5.5- 651'' 1 

is extrernel.x critical 

55,000-02,000 40- 50 lOxcellent hot working 

iilloy. Poor machinabil- 

ity 

Aracnical bruaw. 05,000* 70. (MM) 25-40 .5.5—651'' 

Standard foiKinK ro«l. , . |50,0(M)-53,000 10 50 30-451' (iood inaehinability 

Forging rod. 55.(MM>-00.000 35-45 35.501' (»ood inaehinability 

Aroliitcciuriil bronze. . . . :()5,000-75,000 20-35 50-65F ExcelU'nt inachinabilit.x'. 

ICxcelh'nt hot-working 

alloy 

5'( uluniiniiin bionzt-.... 55.000-05, (MM) 50-65 .30—,5.51 ’ Highly resistant to aci<l 1 
1 I and liydrogen 8nl)>hide 

8 alurriinuin bronze ... (K), 000-70, (MX) 55-70 30-.501' Highly resistant to acid 

^ _1 and hydrogen suli>hide 

10', uluininntn bronze. . . 85,000-00, (MM) 10-20 80 DOF Highly resistant to aci<l 

and hydrogen sulphide 

.Miiminuni silicon bionzc. 80.0(M)-90.0(M) 2.5-30 7.5-851' 

Silicon bronze, t\pe A. . . 55,000-70.000 4.5-70 35-601' 'I'oughuess ami can be 

Silicon bronze, type . .1 40,000-50, (KM) 50- 70 .50-801-' 

heat-treated W’ithout a 

I0.S.S of .strength or hard¬ 

ness 

Mangunose bronze. 64,000-07,0(M) 25 40 5.5-65 h' Fair inaehinability. Ex¬ 

Muniz metal.' 55, (X)0-60,000 4(t-50 30-1.5 F 

cellent hot-working alloy 

Excellent hot-working al¬ 

loy. Fair inaehinability 

('Orrosioii and tarnish re¬ Nickel silcei . 85,0(K)-05,(K)6 10 30 

sistant. When a free 

rutting metal is required 

lead must be added 

* From WiLKiNB, R. A., and E. S. Bunn, “Copper and Copper-base Alloys," McGraw- 

Hill Book Company, Inc., New York, 1943. 

others affecting choice (some of which are listed in Table II) 
deserve consideration by the designer. Other tables contain 
certain notes bearing upon the selection of nonferrous alloys for 
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forging. Nonferrous alloys (H)mnu)nly cost more per pound than 
steels and are chosen only when factors other than cost an^ 
controlling. 

Tablk V.—Aluminum Fougino Ai.loys* 

Aluminum Yield Tensile Elon- Rock- 
(yompany 

Specifica- 

strength, 

psi 

strength, 

psi, 

gation 

in 2 in., 

well B 

hard- 
Remarks 

tion No. min. min. % ness 

11 S-T 34,000 55,000 12 52 Used for forgings requiring 

excellent machinability 

14 S-T 50,000 05,000 
- . . 

10 72 Produces forgings of high- 

est physical properties. 

Hus good corrosion re¬ 

sistance 

17 S-T 30,000 55,000 10 59 Has great resistance to 

severely corrosive condi¬ 

tions 

18 S-T 40,000 55.000 10 59 Piston alloy has good phys- 

i(*al properties at high 

_ temperature 

25 S-T 30,000 55.000 j 10 59 Excellent forging charac¬ 

teristics and good phys- 

--- - 
} ical properties 

:12 S-T 40,0()0 ' 52.000* “ 07 Piston alloy has good phys¬ 

ical properties at high 

temperatures and lowest 

coefficient of expansion of 

any aluminum alloy 

A-51 S-T 34,000 , 4^1 .(KIcT 

j 
..i 

52 Piasily forged and is th(‘re- 

fore excellent for use on 

designs of intricate shapes 

53 S-T 30,000 I 30.000 iT~ Will withstand unusually 
1 severe corrosive condi¬ 

tions 

70 S-T 4~0~000 

1 
! 

50,000 

j 
10~ ’ ■ i Has properties between 

alloys A-51 S-T and 14 

S-T 

Courtesy of Altiminum Company of America. 

Importance of a Designer’s Consulting with Forging Pro¬ 
ducers.—Before completing the design of any part to be die 
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forged, designers should eonsuli a inanufaeiurer of die forgings, 
as this is likely to be of great assistance: 

1. In determining the best die-forging method. 
2. In improving die design and perhaps lovveiing die (‘osi. 
3. In improving the dc'sigii of the forging and perhaps lowering 

its cost. 
4. In reducing the amount of machining. 

Such improvements, although they may benefit the forging 
manufacturer, are even more likely to lielp the purchaser by 
adapting the forging to production at minimum cost without any 
considerable offsetting disadvantage. 

Table \T.—Ma(;nesiiim Foruino Alloys* 

Dow 

rnetal 

alloy 

Yield 

streiiKtli, psi 

Teuhil<' ElonfftiUon 

! Hock- 

j well 

sti<*niitli, pHi in 2 in., | 
liurd- 

. ( Speci- i . I Sf)eei- L,, , ’ Speei- 

fled i lied I f,ed 
cal . i cal ! . i eal 

! min. I mm. i l mm. 

24,fXX) 22.()(K) 40.000 

2r»,000;i9,(KK);37,000 
|45.(KM)j 

41,OOo! 

30,000124,0001 

24,(XX):20,()(K) 

38,000 

|34,000 
j42,000 

Iss.ooo 

11 

H 

16 

0.0 

r>.o 

08 

01 
80 

llcmurlvH 

J’refts forged, modern k‘ly 

stressed paiia 

Hammer forged 

CrcHS forged, high stie.ssed 

parts of simple design 

CreKS forged, moderately 

stressed parts, impro^’ed 

corrosion resistance 

* Courtesy of Dow Chemical Company. 

Determining the Best Die-forging Method,—Although, in most 
cases, the designer is not very much concerned with the die- 
forging method, he may find, unless he consults a forging manu¬ 
facturer, that the forging is far from satisfactory from a 
production standpoint. The result of such lack of cooperation 
commonly results not only in needlessly expensive forgings but 
also in products that do not give the results that could be real¬ 
ized were the design well adapted to modern die-forging practices. 
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The size and material of a die forging have a decided effect 
upon the size and type of die-forging machine to be used. It is 
uneconomical to use a very large die-forging machine for a small 
die forging and impossible to use a small machine to form a very 
large die forging. By consulting the forging manufacturer, the 
designer can make sure that equipment is available for the 
particular forging to be produced. Such consultations usually 
prevent a great deal of additional work for both designer and 
manufacturer. 

The material chosen by the designer often determines the type 
of forging machine to be used and may also fix the output of the 
machine as well as be a controlling fac tor in the cost of the die 
forging. Aluminum, for example, cannot be hammer forged so 
rapidly as steel and, for the same size of forging, aluminum 
requires a much larger hammer than steel. 

Improving Die Design.—By cooperation between the designer 
and the die-forging manufacturer, a great deal can be done to 
improve the die design. There are many slight changes in 
design that the die-forging manufactui’er can suggest with 
benefit to the designer. Such changes do not ordinarily have 
much effect on the designed part but frequently simplify the die 
construction, reduce die wear, and thus greatly reduce die cost. 

Improving the Design of the Forging.—The die-forging manu¬ 
facturer is commonly of great assistance to the designer through 
the suggestions he gives. Most designers do not have very 
much knowledge of how correct grain flow can be obtained in 
die forgings. Such information can be obtained by cooperation 
between the designer and die-forging manufacturer, and the 
manufacturer often suggests how forgings can be bettered in 
other respects, such as decreasing the tendency to warp in heat- 
treatment and minimizing the amount of straightening before 
machining. 

Rednetion in Machining.—Many parts designed for die forgings 
require considerably more machining than is necessary, and the 
die-forging manufacturer can, in general, suggest ways for 
reducing the amount of machining needed. There are certain 
general rules as to the amount of machine finish necessary on die 
forgings. But die forgings vary a great deal in shape and design, 
and therefore the advice of the die-forging manufacturer can be of 
great assistance to the designer in determining the minimum 
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machine finish to specify. Such consultations often result in 
saving much unnecessary machining, reducing waste, and cor¬ 
respondingly decreasing the final cost of the part. 

Upset die forgings with pierced holes frequentlj^ effect marked 
savings in drilling operations beside saving considerable material. 
Parts designed for upsetting and piercing, however, necessitate 
(consultation between the designer and die-forging manufacture!*, 
and, in addition to accomplishing the savings just named, the 
(‘onsLiltation frequently results in improving the forging because 
of better grain flow. 

Rules for Die-forging Design.—Many designed parts camiot 
be die forged because the designer has not taken into considera¬ 
tion certain rules that either must be followed or arc necessary 
for maximum economy. There arc also certain limitations to the 
various die-forging procccsses, and these are covered and explained 
under rules grouped as follows: 

1. General die-forging rules. 
2. Drop-hammer die-forging rules. 
3. Upset die-forging rules. 
4. Press die-forging rules. 

General Rules.—General die-forging rules are those which 
must be considered by the designer regardless of the particular 
type of machine upon which the die forging is to be fabricated. 
In other words, these rules apply to the design of any and all 
types of die forging. Special rules applying only to specific, 
types of forgings arc given under subsequent headings. 

Rule 1. Draft: Allow sufficient draft to facilitate removal of 
the die forging from the die but not so great an angle as to 
increase machining costs unduly. Draft is the angle or taper 
that must be provided on the side walls, both outside and inside, 
of any die forging to facilitate its removal from the die impres¬ 
sion and to allow withdrawal of the punch from a hole formed in 
the forging. The designer should indicate draft clearly on all 
drawings of parts designed for die forging. Draft is illustrated 
as angle d in Fig. 18. The draft angle is the angle that the wall 
makes with a line parallel to the direction of die motion. 

Certain standard, or normal, draft angles have l>een set up for 
die forgings made in various dierforging machines and are given 
in Table VII, 
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Table VII.—Draft Angles 

Normal draft ! Normal draft 

Machine 
angle, deg. 

external 
angle, deg. 

internal 
Hemarks 

surfaces surfaces 

Board drop haiiinn'r. . I 7 10 Modern machines can 
^ i go as low as 5 deg. 

♦Steam drop hammer.. i 5 '-2 7 Modern machines can 

go as low as 1 ? 2 deg. 

Older machines re¬ 
quire more draft 

I'psetter. 3 5 Draft required only 

on deep dies with 
narrow pockets 

IVCHS. 0 3 0-3 May be designed with¬ 

out draft as parts 

are ejected, when dies 

i open, by knoekout 
pins 

In many instances a draft angle that is less than the normal 
angle given in Table VII may be used. In such cases, however, 
the draft angle requires more care of the dies and die life is 
reduced because of greater die wear. Many of the hammer die- 

Fig. 18.—Sections of forgings as designed with draft (right) and without draft 
(left). 

forging machines in use today are as much as twenty years old, 
and with these machines it is not feasible to use less than a 10-deg. 
draft angle if satisfactory die forgings are to be secured. At the 
other extreme is the modern hammer forging machine, which 
can use draft angles as small as 134 deg. with great success. 
Selection of the optimum draft angle consequently necessitates 
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a knowledge of the equipment to be used and requires coopera¬ 
tion between die-forging designer and manufacturer if the most 
satisfactory design from a production standpoint is to be secured. 
There are cases, however, when a small draft angle may mate¬ 
rially reduce machining costs and more than offset such extra 
die costs as may be entailed, but angles less than normal should 
not be specified without first making sure that it is feasible to 
hold them with equipment available. 

Rule 2. Parting Line: Design the forging, if possible, so that 
approximately equal volumes of metal are at each side of the 
parting and so that the die can be parted in one plane; but, 
where a one-plane parting is not feasible, design for the simplest 
irregular parting that will yield required results. The parting 

Poor Design 

Fig. 19.—Forgings that have unequal and equal volumes of metal each side of the 
parting. 

of a die forging is the line or plane of separation between the 
two portions of the forging dies. Draft in the case of all die 
forgings begins at the parting line. The choice of the location 
of the parting line is among the most important considerations in 
designing any part to be die forged. It is of extreme importance 
that the parting line be so located, if possible, that there is an 
equal or nearly equal volume of metal on each side of the parting 
line when the forging is completed. Figure 19 illustrates the 
difference between good and poor design in this respect. 

It is most desirable to arrange the parting so that it falls in one 
plane (usually referred to as a straight line), where this is possible, 
as such a design greatly simplifies die construction and helps to 
minimize die cost. In many cases, however, it is impossible to 
make such a straight parting line because of the shape of the 
part. When the parting line requires one change of plane, the 
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dies used are called “locked dies.” If a locked die has more than 
one change of plane it is called a '^compound locked die.” These 
three types of dies are illustrated in Fig. 20. 

Where locked dies are used, it is necessary to design the parting 
so as to remove any side thrust that results when the parting is 
not in a plane at right angles to die motion. On difficult parts, 
this die side thiust is taken by f-he use of the so-called ‘^counter 
die locks/' as illustrated in Fig. 21. 

/ Forging / 

c—y 
Forging 

/ 
/ 

c.-Jl 
\ 
Parting 
line 

y 
" Parting 
line 

Forging 

Par-ting 
fine 

Straight Die Locked Die Compound 
Locked Die 

Fig. 20.—Types of forjtjinK dies: .striuKlit, locked, and coinpound lockofl. 

Forging 

.^Parfing 
Jine 

Fig. 21.—Forcing die huvinia; a counter lock. 

All upset forging dies are straight dies, as are most press forging 
dies. Hammer forging dies quite often have to be of the locked 
type, but straight die partings are preferred because they cost 
less and are likely to involve lower maintenance cost and fewer 
complications in forging. 

Rule 3. Fillets: Avoid all sharp inside comers and all sharp 
exterior edges and comers. Because of the sluggish flow of any 
metal it is virtually impossible to die forge a part with a sharp 
corner or edge. It is, therefore, necessary, in designing die forg¬ 
ings, to see that there are no sharp comers or edges and that 
adequate radii and fillets are used. Fillets that are too small 
rej^ult in die cracks and reduce die life. In hammer die forgings, 

Counter 
die lock " 
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fillets commonly run from in. minimum for small die forgings 
to in. minimum for hammer die forgings of 100 lb. Upset and 
presvs die forgings require the same radii and fillets as for hammer 
die forgings. 

When designers fail to include fillets at all intersecting inside 
comei*s and radii on outside edges and (‘orners, the forging manu¬ 
facturer commonly adds those of the minimum size necessary, 
usually without consulting the designer. 

One important consideration in the use of fillets is the effect 
obtained when too large a fillet is used and must be machined 

Fillet Too Large Fillet Correct 

Fia. 22.—Effect of fillet nizc wlicn machining in required. When fillets are small 
fewer flow lines are cut in machining. 

Wrong Design Correct Design 

Fig. 23.—Abrupt changes in section thicknosH, as in design at left, should he 
avoided and a design similar to that at right .should 1)6 used. 

away. By reference to Fig. 22 it can be seen that it is desirable 
to use as small a fillet as is feasible, in order to retain the most 
favorable grain structure. If a square or nearly square corner 
must be machined, fewer flow lines in the material will be cut 
through in machining if the fillet is small than if it is large, hence 
the part having the smaller fillet initially will be the stronger. 

Rule 4. Changes in Section Thickness; Avoid all abrupt 
changes in section thickness. In designing any die forging all 
abrupt changes in section thickness should be avoided. When a 
change in section thickness is essential, it should be as gradual as 
conditions permit. Right and wrong designs are illustrated in 
Fig. 23. 
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Reasons for this rule include the fact that, as thin sections cool 
more rapidly than thicker ones, heavy shrinkage stresses are 
apt to be set up where abrupt changes in section thickness occur. 

Rule 6. Thin Sections: Avoid sections that are too thin to be 
forged readily. Sections so thin as to involve unnecessary diffi¬ 
culty in forging should be avoided. Although sections can be die 
forged satisfactorily in hammer die forging of moderate siz(^ 
when thic.kness is ^32 above, a minimum thickness of} ^ in. 
is preferred. When even the above minimum thi(*knesses ari^ 
specified, however, warpage is likely to occur during the (tooling 
that follows removal from the forging die. Consecpiently, 
straightening operations usually anj needed before machining 
can be done. Alloy steels are very difficult to die forge when 
thin sections are specified. 

Thin walls on die forgings have a tendency to freeze in the die. 
This not only results in high s(*rap losses but also mak(Ns th(^ cost 
of the die forging increase because of the extra cani required to 
di(^ forge the part. 

Thin sections are very likely to cause quench cracks during 
heat-treatment because of the int/ernal strains that are set up as 
a result of the quenching operation. This is especially true of 
high-carbon steels and certain of the alloy steels. 

iPor^/ng /ine 

Die wear increases 
flash ihick ness 

Fig. 24.—Sketch indicating effect of die in iiierea«ing thirkncHb of flash. 

Rule 6. Locating Points for Machining: See that locating 
points are not close to die partings. In designing any part for 
die forging, the designer should specify where the locating 
points for subsequent machining should be. Locating points 
should always be kept away from the parting line because 
otherwise die wear will result in a constantly changing position. 
Figure 24 indicates how die wear at the parting line occurs. 
The proper position for locating points can be determined by a 
oareful consideration of the way in which the part must be held 
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while being machined at the places where metal must be removed 
and of those dimensions which must be held within close limits. 

Rule 7. Finish: Allow sufficient material for machining at all 
points where such finishing is necessary. Whenever a die 
forging has to be machined to bring it to its finished size a certain 
amount of material must be left to bo removed by machining. 
The allowance for machine finish ranges from ^^2 in* (for small 
hammer die forgings) to in. (for large hammer die forgings); 
this is not an over-all allowance but should include the amount 
of metal to be removed from ea(‘h surface to be machined. 

Upset die forgings can be held to dimensions such that an 
allowance of in. for finish is sufficient, as a general rule, and 
even less allowance is permissible when modern machines are 
employed. For press die forgings in. or less allowance for 
finish is sufficient, the amount depending upon the part to be 
die forged and upon the type of dies used. 

Fio. 25.—Finishing allowance for coining. {Chevrolet Draftsman's Handbook.") 

Many die forgings are coined cold, that is, are brought to the 
finish dimension by striking between a pair of dies made especially 
for this purpose. Coining not only approximates the finish 
attained by machining but over-all tolerances of less than 
±0.001 can be held on bosses and other similar parts of die 
forgings. The amount of finish allowance recommended for 
coining operations in*the Chevrolet Draftsman's Handbook’^ 
is given in Fig. 25. 

Rule 8. Spotting for Drilling: Where large holes are to be 
drilled in forgings parallel to die motion, it is usually well to 
specify that the holes be spotted by the forging dies. It is a 
common practice in die forgings, which require subsequent 
drilling of holes parallel to die motion, to specify that the hole 
be spotted by the forging die in order to aid in starting the drill 
at the proper point. Figure 26 shows how a simple foi^ng is 
spotted for drilling a central hole. Holes smaller than in. 
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in diameter are not usually simtted by the die. Even though 
drilling is to be done from only one side of the forging, spots are 
placed on both sides of the piece. This is done partly to secure 
a more favorable grain flow and to bring the grain flow lines 
closer together. Where close center distances are required (on 
the distance between the crankpin and piston-pin holes in a 
connecting rod, for example) only one of 
the holes should be spotted unless the forge 
shop can guarantee that liole centers will 
come within required limits. 

Rule 9. Grain Size: Specify that the 
material used in the forging have a fine 
grain, especially when the material is steel 
and/or is to be subjected to heat-treatment. 
It is important to specifv a fine grain size, 

. 1, , , \ , ! Fig. 2fi.—Use of 
especially when the material used is steel and spots to facilitate 

when heat-treatment is required. Up until 
the past few years, designers have considered chiefly the composi¬ 
tion of the material to be used and have failed to take note of 
grain si ze. For best die-forging and heat-treatment results, a fine¬ 
grained steel is essential, as grain size always increases with 
heat-treatment. Large grain size is a common cause of quench 
cracks, which are, in many cases, regarded as a fault of the forging 
process rather than as a result of using a material having too 
coarse a grain size. 

Thin sections are very likely to cause quench cracks during 
heat-treatment because of the internal strains that are set up 
as a result of the quenching operation. This is especially true 
of high-carbon steels and certain of the alloy steels. 

Rule 10. Cleaning: Specify that die forgings be furnished free 
of scale and that forgings to be subjected to fatigue-producing 
stresses be freed of scale by blasting rather than by pickling. 
Steel die forgings must always be cleaned of scale before being 
machined, and specifications should call for such cleaning by the 
forge shop. Scale is very hard and, unless removed, greatly 
decreases tool and cutter life. Two general methods are used 
for the removal of scale. The first is pickling, which consists of 
placing the drop forgings in a solution of hot muriatic acid (com¬ 
mercial hydrochloric acid) of about 50 per cent strength. Pick¬ 
ling successfully removes the scale but has a very bad effect 
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upon the forgings unless it is carefully controlled. Pickling has 
a tendency to open up any hair cracks and these may cause 
fatigue failure as a result of stress concentration at the cracks. 

The second cleaning process is by shot-blasting, in which the 
die forging is subjected to a stream of steel shot traveling at high 
velocity. Impact of the shot loosens the scale and gives the 
forging a rather bright appearance as conipared with those 
cleaned by pickling. 

Shot-blasting is more expensive than pickling and, of course, 
requires very special equipment. Almost all forge shops have 
facilities for pickling but few have shot-blasting equipment. 
There has been considerable discussion as to the advantages of 
shot-blasting and the detrimental effect of pickling upon die 
forging, but conclusive evidence has not been produced to show 
significant differences provided that the pickling operation is 
carefully controlled. Die forgings subject to fatigue conditions, 
however, should be cleaned by shot-blasting when possible. 

All drawings of steel die forgings should carr>^ the following, 
or an equivalent note: Forging must be clean and free from 
scale. 

Rule 11. Deep Pockets: Deep pockets should be avoided and 
recesses should be as simple in shape as conditions permit. 
The designer should always consider the problems involved in 
cleaning a steel die forging when the part is being designed. 
To this end, all deep pockets should be eliminated and the largest 
radii possible should be used at the bottom of all pockets and 
recesses unless the surfaces involved are to be machined (see 
Rule 3). More important still is that all pockets and recesses 
be as simple in shape as conditions permit. Figure 27 shows a 
die forging designed with no thought of cleaning and Avith recesses 
having narrow corners, which are hard to clean. Also shown is a 
correctly designed die forging in which recesses at each end of 
the web are as simple as possible. Recesses are produced, of 
course, by projections in the die, and the edges of each wear 
rapidly if made with small radii or narrow portions intended to 
form correspondingly sharp recesses. Recesses of simple shape 
are not only easier to produce but help to minimize die costs. 

Rule 12. Identification: Where letters, numbers, or similar 
marks are required on die forgirigs, see that they are so designed 
and so located as to minimize die cost and upkeep and so as not 
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to be removed when the forging is machined. When it is 
important that die forgings be readily identified (especially 
when two parts are very similar) it is often reciuired that part 
numbers or trade-marks appear on the forging. Because of the 
excessive wear on such identifications, most die-forging manu¬ 
facturers prefer to place such numbers or figures on an insert 
in the die so that tlK‘ insert can be changed readily whenever it 
becomes worn. Th(‘refore, it is importi^^t that the designer 

(Jio costs. 

specify where on the die forging the identification niaik shall 
appear. It should be so placed as to allow the use of an insert 
and still appear upon a surface where it will not be machined 
off subse<tuently. Identification or trade-marks can be made 

in the die itself, but when this is done, the dies must be sent to 
the die shop for repair when the markings become worn whereas 
a new insert can be placed in the die at any time without remov¬ 
ing it from the forging machine. Markings of this type should 
always be in a plane at right angles to die motion and should not 
involve square or sharp edges or corners. In general a letter or 
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number that is recessed into the die (and thus raised on the 
forging) is preferable to those which are raised above surround¬ 
ing die surfaces. 

Rules for Design of Hammer Die Forgings.—Rule 13. Toler¬ 
ances; Never specify tolerances closer than are essential to 
accomplish a given end and never closer than the “close’’ 
figures given in accompanying tables unless the forge shop agrees 
and the advantage gj|ined is offset by any increase in cost that 
the closer tolerances entail. The size of hammer die forgings 
ranges from those weighing a fraction of an ounce to those 
weighing 800 lb. Certain tolerances have been set up by the 
Drop Forging Association to govern the following: 

1. Thickness. 
2. Length and width, as affected by: 

a. Shrinkage and die wear. 
b. Mismatching. 
c. Trimmed size. 

3. Draft angle. 
4. Quantity. 
5. Fillets and corners. 

Thickness tolerances should be as shown in Table VIIL 
Shrinkage plus die wear tolerances should be as shown in Table 
IX. Mismatching tolerances should be as shown in Table X. 
In respect to trimmed size tolerance, the Drop Forging Associa¬ 
tion rules provide that they shall not be greater or less than the 
limiting sizes of the parting plane interpased by the sum of the 
draft-angle tolerances (Table XI) and die-wear tolerances (Table 
IX). Table XI gives draft-angle tolerances, Table XII quantity 
tolerances, and Table XIII fillet tolerances. 

Although the tolerances given in the tables (which apply 
only to hammer die forgings) are representative of commercial 
limits (as forged), it does not follow that closer tolerances 
cannot be secured when conditions warrant whatever added cost 
may be involved. Close tolerances are sometimes warranted by 
lower costs in machining, which may more than offset any added 

die or other costs that are entailed. Clearly, however, there is 
nothing gained and much may be lost, in specifying tolerances 
closer than are needed or than can be held on mating parts. 
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Table VIIL—Thickmehs Tolkuances (Ikcjies),* Hammer Forgings 
(As prepared by the Drop Forging Association) 

I 

Commercial, in. Close, in. 

Net weight, Ih., up to 

Minus Plus Minus Plus 

0.2 0.008 0.024 0.004 0.012 
0.4 0.009 0.027 0.005 0.015 
0.6 0.010 0.030 0.005 0.015 
0.8 0.011 0.033 0.006 0.018 
1 0.012 0.036 0.006 0.018 
2 0.015 0.045 0.008 0.024 
3 0.017 0.051 0.009 0.027 
4 0.018 0,0.54 0.009 0.027 
5 0.019 0.057 0.010 0.030 

10 0.022 0.066 0.011 0.033 
20 0.026 0.078 0.013 0.039 
30 0.030 0.090 0.015 0.045 

40 0.034 0.102 0.017 0.051 

50 0.038 0.114 0.019 0.057 

60 0.042 0.126 ; 0.021 0.063 

70 0.046 0 138 0.023 0.069 

80 0.050 0.150 0.025 0.075 

90 0.054 1 0.162 0.027 0.081 

100 0.058 0.174 0.029 0.087 

* Tliese apply to a thickness perpen<liculai to the plane of the parting line of tlie die. 

Table IX.—Shrinkage Plus Die Wear (Inches), Hammer Forgings 
(As prepared by the Drop Forging Association) 

l.»engths or 
widths, in., 

up to 

Commer¬ 

cial, in., 

plus or 

minus 

1 0.003 

2 0.006 
3 0.009 
4 0.012 
5 0.015 
6 1 0.018 

For each 0.003 
additional 
inch add 

'lose, in., 

plus or 

minus 

Net weight, 

lb., up to 

0.002 1 

0.003 3 

0.005 5 

0.006 7 
0.008 9 

0,009 11 

0.0015 For each 
additional 

2 lb. add 

Commer¬ 

cial, in., 

plus or 

minus 

Close, in., 

plus or 

minus 

0.032 i 0.016 

0.035 j 0.018 

0.038 0.019 

0.041 0.021 

0.044 0 022 

0.047 0.024 

0.003 0 0015 
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On th(i othor hand, it is dnar that (^omnioreial t()lnran(*<‘H 
commonly are mad(‘ wide enough to include forgingn produced on 
well-worn equipment with Avhich close tolerances are not likely 
to be secured, whereas shops having new equipment may be 
able to hold closer tolerances at no increased expense. If, in 

Table X.—Mismatching Tolerances, * Hammer Forgings 

(As prepared by the Drop Forging Association) 

Net weight, lb., 
up to 

! In(‘hes tolerance 

I (•omniorcial ; (Mosc 

1 
7 

13 

19 
For each additional 

6 lb. add 

O.Olo 0.010 
0.018 0.012 
0.021 0.014 
0.024 0 010 
0.003 0.002 

! 

* Minmati'hing ronults from the displacement of one die block iu relation to the othoi. 

This ttderanee is inclependent of, and in addition to, any other toh‘rance8. 

these circumstances, the closer tolerances prove beneficial, say 
in lowering machining costs, the purchaser may pioperly take 
advantage of this fact. 

In general, however, the designer should not call for closer 
tolerances than those termed close in Tables VUI to XII1 
inclusive, unless he first consults a qualified die-forging shop or 
learns fii*st whether the clovser tolerances are feasible and, if so, 

Table XI,—Draft-angle Tolerances (Degrees), Hammer Forginc.s 

(As prepared by the Drop Forging Association) 

Normal Commercial Closer 
angle, deg. limits, deg. limits, deg. 

Outside. 7 0-10 0-8 
Inside holes and depressions. 10 0-13 

i 7 0-8 

whether any extra cost that may be involved is justified by such 
benefits as may be secured. 

Accompanying tables give tolerances for the part as forged 
and (presumably) cleaned of scale. It is possible and often 
necessary, of course, to secure closer tolerances by machining 
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Table XII.—Quantity Tolehanceh, Hammer Forgings 

(As prepared Iw the Drop Forging Assoeiation) 

No. of piece ,NS Overrun 1 Underrun 
on ordt'r pieces pieces 

1- 2 1 0 

3 5 2 1 

0 19 3 1 
20 29 4 2 

30 39 5 2 

40 19 ! (> 3 

oO 59 7 3 

(K) 09 ' 8 4 

70- 79 9 4 

80 99 10 5 

l^‘r cent Ter ce.nt 

100 199 10 5.0 

200 299 9 4.5 

300 599 i S 4.0 

GOO 1 , 249 ! 7 3,5 

1 .250 ■ 2, 999 ! <i 3.0 

3,000 0. 999 I •-> 2.5 

10.000 39. 999 1 2.0 
40.000- 299, 999 i ^ 1.5 

300,000 up 2 1.0 

Table Xlll.—Fu.let and Cornek Tolerances, Hammer Forcings 

(As pn^pared by the Drop Forging Assoeiation) 

I 

Net weight, ( oiniiier- ('lose, 

11)., up to eial, in. in. 

0.3 2 ■S)4 

1 '.s' ' 1 0 
3 i’'6i 

10 ?I0 :\'i2 

30 J:t2 
100 L H 

Fillet and corner toleranoos apply to all meeting surfaces even though not specified on 
drawings. 

HUet tolerances apply to inside corners and edges m all coses in which surfaces meet at an 
angle less than 180 deg. 

Corner tolerances apx)ly to outside corners and edges in all cases in which the suifacea 
meet at an angle greater than 180 dog. 
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or by coining. These extra operations naturally add to over-all 
cost but are often necessary to meet a given set of conditions. 
Coining operations require one or more extra sets of dies, but, 
once available, these often make it possible to size several dimen¬ 
sions simultaneously at very low cost, thus fully justifying the 

cost of the extra coining dies. 
Rule 14. Height of Bosses: Limit the height of bosses, the 

axis of which is not in the parting line, to the minimum that will 

''Poriing 
line 

Rule for Boss Height 

Parting line 
JL 

V 

f 

Showing use of Long Bosses 
when Axis is in Porting Line 

28.—Height of bosses having axes crossing parting should not exceed YzB 
but bosses with axes in parting can be of any length. 

meet requirements and to a maximum of two-thirds of the mini- 
mum diameter of the boss. It is important for the designer to 
realize that the height of boss, on any part which is to be hammer 
die forged, is limited because the metal does not flow readily to 
fill the cavity forming the boss. The boss must be no higher 
than two-thirds its minimum diameter and a minimum height 
favors ease of production. TIhs applies, of course, to bosses 
the axes of which are not in the die parting. Much longer 
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bosscis can be for^cul when ilu^se have their axes in the parting 
so that the metal is forced into recesses of equal volume and 
above and below the parting plane. This is shown in Fig. 28. 

Rule 16. Flash: Maximum allowable flash thickness should 
be specified but the specified thickness for hammer die forgings 

should never be less than >^2 hi- and rarely should exceed in. 
Flash is the excess metal that forms a fin at the die parting around 
all hammer die forgings. The amount and thickness of the 
flash may be left to the die-forging shop, as a rule, but a maximum 
thickness should be specified though never at less than iii- 
The preferred thickness is about in., but it may be as great 
as in. for large hammer die forgings. 

As allowable flash thickness increases, the number of pieces 
that can be produced by a given die increases. This is because 

L _ J 
I'lnri riirfi'm i in 1 n 11' rn 1 m nTnTiTn'i' nm rrn n rn 1 

( ^^ 

Flash 
line 

Fig. 29.--Location of flash line in a connect in R-rocl forginp:. 

all hammer dies wear at the edges of the cavity and, as the wear 
increases, the flash thickness increases. As the forge shop must 
remove flash with a shearing die and the pressure required 
increases as flash thickness increases, the producer rarely permits 
excessively heavy flash. Figure 29 illustrates what is called 
the **flash line.” 

Rule 16. Simplicity of Shape: Strive for maximum simplicity 
in shape consistent with meeting other requirements. Where 
possible, the designer should consider how cost can be minimized 
by choosing a shape that, consistent with other requirements, is 
simplest in shape. This includes keeping the parting of the die 
straight, if possible, so that a locked die need not be used, and 
the use of straight rather than curved shapes. Curved forgings 
often introduce difficulties in diesinking and tend to reduce die 
life. Figure 30 indicates the relative simplicity of a straight as 
opposed to a curved part, the former being much easier to forge. 
The shape of the cross section of any die-forged part often has 
considerable effect upon its cost. A circular cross section is not 
only simple to sink in the die but also requires a minimum amount 
die maintenance. An elliptical cross section is not so simple to 
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sink but is as satisfactory as fai* as die re})air and maintenance 
are concerned. Neither the elliptical nor the circular cross 
section requires any draft when the axis or center line lies in 
the parting plane. Square and other similar cross sections are 
difficult to die sink and require considerable die repair and 

maintenance. 
If parts are designed for large-quantity production, the 

designer may find it possible to make certain changes that will 
allow the die-forging manufacturer to forge more than one 
piece at a time in the same die. Such an arrangement is common 

Poor Design 

I'lG. 30.— Parts that are straight, a.s indicated by dotted lines in sketch at left, 
are easiest to die forge, but a moderately curved i)art is better than one having a 
j)ronounced bend, as at right. 

for many different parts but is usually limited to parts that can 
be forged in straight dies. 

A part of very intricate shape may be possible to forge but 
require an excessive number of hammer blows. Such a condition 
results in die forgings with a very dense grain structure, which 
usually is difficult to machine. A large number of hammer blows 
is likely to cause cold shuts or laps in the forging, and these 
constitute serious defects. 

Heavy flash always results when an excessive number of 
hammer blows must be struck and this is very hard on the 
trimming dies. Moreover, it does not yield a good grain struc¬ 
ture at the point on the die forging where the flash has been 
removed. Die forgings with heavy flash distort more in heat- 
treatment than those with normal flash. 

Upset Die-^forging Rules. Limitations.—In designing a die 
forging where the part is to be manufactured by upsetting there 
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are certain rules relating to the limitation of this process. Three 
basic rules were set up in a paper before the Drop Forge Associa¬ 
tion by P]. R. P>ost of the National Machinery Company and 
read as follows: 

Rule A: The limit of length of 
unsupported stock that can be gathered 
or upset in one blow without injuries 
is not more than three times the 
diameter of the bar. 

Rule B: Lengths of stock more than 
three times the diameter of the bar 
can be successfully upset in one blow, 
provided the diameter of the upset is 
not more than one and one-half times 
the diameter of the bar. 

Rule C: In an upset which requires 
more than three diameters of stock in 
length, and in which the diameter of the upset is one and one-half times 
the diameter of the bar, the amount of unsupported stock beyond the 
face of the die must not exceed one diameter of the stock. 

Fig. 31.—In upset forginjis, the 
length of unsupported stock to be 
upset in a single ])low should not 
exceed three times the diameter 
(Rule A). 

Heading 

fool 

4 t 

TE ̂v////y/77y//////A 
^^6rip die 

Fig. 32.—Stock longer than three times the diameter can be upset if diameter of 
upset is limited to one and one-half times the diameter by grip die recess (Rule B). 

Rule A is illustrated in P'ig. 31, Rule B in Fig. 32, and Rule C 
in Fig. 33. Figure 34 shows how it is possible to gather larger 
amounts of material than indicated by these rules by shifting 

c 

Heading ^ 
iool 

'f r 
I 77. 

I5cl 

" Grip die 

Fig. 33.—If upset requires a length of stock greater than three times the 
diameter to increase diameter to one and one-half times the diameter, stock must 
not l^e unsupported over a length exceeding 1 diameter (R ule C). 

the upset forging into additional cavities and striking it an 
additional blow in each cavity. Although it is possible to gather 
stock up to one and one-half times the diameter of the bar in a 
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single blow, it is better in normal practice that the diameter of 
the upset, under Rule B, be kept to one and three-tenth times 
the diameter of the bar stock, where possible. If the diameter 
of the die cavity is reduced to less than one and one-half diam¬ 
eters of the bar diameter, the length of the unsupported stock 
can be correspondingly increased over the one-diameter length 
mentioned in Rule C. 

Headmg 
/■oo/s 

__ ^ 

h 

TT o 
1 

^ Or/p c//e 

l|d-0 I^D=D, 

Fig. 34.—Use of more than one die cavity to oi)tain large upsets. 

From these general rules the following rule is derived oi* 
restated in a form similar to others previously given: 

Rule 17. Upsetting Limitations: Limit the amount of unsup¬ 
ported stock to be upset in a single blow to a volume equal to 
that of a piece of stock having a length equal to three diameters 
unless the diameter of the upset is not over one and one-half 
times stock diameter, in which case a larger volume can be upset, 
providing the stock does not extend more than one diameter 
beyond the die face. 

In this connection it should be noted that, when three diam¬ 
eters or less is upset, a short die can be used. If a greater length 
of upset, up to one and one-half diameters, is upset in a single 
blow, the die must be extended beyond the gripping portion to 
prevent excessive bending of the bar and a longer die is required. 

Though upsets larger than provided by the above rule are often 
required, they necessitate a die having two or more cavities and 
costing more, of course, than a single-cavity die. Thus another 
rule may read: 

Rule 18. Amount of Upsetting in Relation to Die Costs: 
Unless the expense of a die having more than one cavity is 
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justified, the volume of metal upset should not exceed that of an 
unsupported bar having a length of three diameters, or a diameter 
exceeding one and one-half times the stock diameter. 

This rule applies, of course, only when the cost of the die is 
charged against the forging. Where the upset requires two or 
more blows, adding a little to die cost may be economical. In 
general, however, it can be said that the larger the volume of 
metal upset the greater the cost, though there are, of course, 
many cases in which large volume upsets arc desirable and may 
yield a result not obtained so economically by other means. 

Rule 19. Shape of Forgings: Where costs must be minimized, 
design forgings that permit the use of rotmd bars and that have 
only circular sections. Round bars arc low in cost and fit die 
cavities that are of similar shape and are simple and inexpensive 
to machine. In addition, if the upset portion is of circular 
section, it is naturall}" formed to that shape without having to be 
upset into a confining recess, which would increase die cost. 
Moreover, circular parts are simple and inexpensive to jniichine. 

Piercing Upset Die Forgings. Rule 20. Pierced Forgings: 
Design the forging so that it may be pierced when upset, pro¬ 
vided that conditions permit employing a hollow part and that 
estimates indicate that costs will thereby be lowered. Reasons 
for this rule are given below and are valid in themselves. In 
general, however, pierced forgings involve more than one blow 
and at least one extra die cavity, the cost of which should be 
justified by benefits secured (including the saving in metal, which 
alone may justify any extra die and labor costs). 

It is possible in all upset die forgings to add a piercing tool as 
an integral part of the heading tool and thus obtain die forgings 
that are hollow and therefore weigh less than a solid forging and 
require much less metal removal in boring or drilling operations 
if internal machining is specified. ’ 

Such piercing operations not only reduce material and machin¬ 
ing costs but also greatly assist in obtaining a better grain flow 
Avithin the material. This fact is illustrated in Fig. 35, Avhich 
shows two automotive-transmission counter gears, of identical 
external shape, one having been forged solid and the other 
pierced. The latter has a much better grain structure for the 
purpose intended than the former and, of course, weighs much 

less. 
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Upset die forgings do not of necessity have to be pierced from 
end to end but may have a cavity pierced in only one end, which 
may later be machined or left in the original forged shape. In 

Fig. 36.—Comparison of grain flow in two automotive counter gear die 
forgings, that at top being upset and pierced and that below being upset only. 
{Courtesy of Buick Motor Division.) 

the case of socket wrenches, for example, it is possible to forge 
them to the correct size and shape without machining. 

E. R. Frost, in a paper before the American Society for Steel 
Treating, gives the following information: 
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In regard to the deisign of piercing tools, experience indicates that, if 
the operation is merely that of piercing, the best angle for the piercer 
end is an included angle of not over 60 deg. However, if the piercer 
must be used to square the end of the forging by pressing the stock 
against the end of the shear, then the included angle can be as much as 
75 deg.; but the length of the stock being acted upon by the piercer 

should not exceed one diameter of the stock. If it is necessary that a 
square bottom be formed in the forging, then a square-end tool with 
slightly rounded corners should be used; but the distance the tool should 
travel in the forging should only be sufficient to square up the end of the 
forging. 

Rule 21* Shape of Pierced Portions: Design, if possible, so 
that a pierced recess or hole is of circular section and has a 
conical end of or about 60 deg. included angle. This makes it 
possible to employ a piercing tool of minimum cost and one sub¬ 
ject to minimum wear. Though tools having a hex or other 
symmetrical section are practical and necessary for some pur¬ 
poses, costs may be increased. Holes having a square bottom are 
preferably avoided as usually requiring an extra blow and extra 

tool (unless quitch shallow), and a liberal radius should be pro¬ 
vided on the end of the punch. In no case should the tool be so 
shaped as to produce an unduly thin wall where excessive shrink¬ 
age stresses may be set up when rapid cooling takes place. 

Figure 36 shows the shape of the three piercing points described 
by Mr. Frost, and Fig, 37 shows an etched longitudinal section 
of a typical gear forging, pierced in this manner to indicate the 
grain flow. 

Rule 22. Effect of Die Wear: Specify that, where wear 
occurs at partings, the excess metal should not be forced back 
into the forging in subsequent blows with forging turned in the 
die, if (as in gear forgings, for example) this results in a grain flow 
such as to weaken the forging or render likely an early failure. 

As in any die-forging operation, the greatest die wear in upset 
die forging occurs where the cavity joins the parting plane, that 
is, at the joint between the grip dies. The effect of the die wear 
is to increase the diameter of the upset die forging along these 
lines. If die wear becomes excessive and the dies are not prop¬ 
erly dressed, poor forgings may result. In such cases, the 
damage occurs in the final die impression where it is customary 
to rotate the forging in the die to force it into a true cylindrical 
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shape. When this is done, the t^xcess metal left at the worn 
parting line in the prior impression is forced into the forging, 
causing very poor grain structure along these lines. The effect 

36.—Typos of upsot foiKirif? Fig. 37.—Longitudinal section of an 
pitM’oing tools. automotive clutch gear die forging 

etched to show grain flow. {Courtesy of 
Buick Motor Division.) 

is especially significant in the case of gear forgings, as this pooi* 
grain struct^ire, concentrated at one or more gear teeth at oppo¬ 
site diameters, is likely to cause ultimate tooth failures. Th(^ 

Gear Struck Additional Gear as Forged 
Blow to Round up Forging 

Fig. 38.—“Effect of die wear and rcstrike blows on gear forging. 

cause may remain obscure unless discovered through the etching 
of a polished section of the gear tooth or teeth that fail. Figure 
38 gives an indication of the result of incorrect practice of this 
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type. The remedy is to renew or rework worn dies or to specify 
that that faulty practice be avoided. Figure 39 illustrates a 
comparison of grain flow in gears made from bar stock compared 
with the more favorable structure 
obtained by upsetting. 

Rule 23. Use of Sliding Dies: 
Avoid designs requiring the use of 
sliding dies unless, after conference 
with a forge shop, it develops that 
their use is essential to secure the 
results desired and the cost is 
justified by the results secured. 
In many die forgings it is desired 
to gather the material in the middle 
of a piece of bar stock. Such an 
operation is accomplished in upset 
die forgings through the use of 
sliding dies, sometimes referred to 
as spring’^ dies of the type shown 
in Fig. 40. Sliding dies have not 
been recommended by many shops in the past but, where the 
rigidity and constant gripping pressure of modern upsetting 
machines are available, sliding dies are now finding considerable 
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Fiti. 40.—Sliding die used to make narashaft die forging. (Courtesy of Natiorud 
Machinery Co,) 

use. In one case 2lH diameters of stock (Fig. 41) were 
successfully gathered in a six-pass sliding die. In designs of this 
type, liberal tolerance.^ are necessary and close cooperation with 
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the forge shop is recommended to make sure that the design is 
one practical to produce. Where it is required to gather stock 
near the end of a bar, but not more than a distance limited by 
the depth of a hole in the heading tool, stock can be gathered as 
illustrated in Fig. 42, without using sliding dies. 

Fig. 41.—Sliding die used to gather 21diameters of 7^-in. stock in six blows. 
Forginga aa they appear after each blow arc in foreground. 

Upset Forging 

Fig. 42.—Method by whioli material can bo gathered near end of bar without 
using sliding dies. 

Press Die-forging Rules.—Rule 24. Draft on Outside Diam¬ 
eter : Specify at least a slight draft unless over-all cost can be 
lowered by specifjdng no draft. In press die forging, because of 
the use of knockout pins, it is possible to manufacture die forg¬ 
ings with no draft and to hold the dimensions of unfinished 
surfaces, within ±0.006 to ±0.010 in. of the nominal sise. A 
slight draft is desirable to minimize wear on side walls of die 
cavity but may be offset by greater machining cost on forgings. 
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Rule 26. Draft on Holes: Specify draft on holes unless their 
depth is less than their diameter, increasing the amount of draft 
as hole depth increases. Straight holes with sides approximately 
parallel, that is, without draft, can be made in press die forgings 
if the depth of the hole does pot exceed its diameter, although this 
is likely to increase the wear on the piercing tool. Holes requir¬ 
ing greater depth than the diameter of tlu^ hole must have some 

Fig. 48.—Pr<^8s die-forgcd stool >?ojir dio.s in pross cand the for^injes from billet to 
finislied blank. (Courte»y of Buick Motor Divuion.) 

draft. The amount, or angle, of draft should increase as the 
depth of the hole increases, and the length of the punch in relation 
to diameter must not be so great that bending of the punch 
results. The shape of punch may well be the same tis for those 
in upset forgings (see Rule 21 and Fig. 36). 

Type of Dies,—Press forging is a relatively new process and is 
changing rapidly as a result of wartime use. It is too early to 
formulate rules for equipment that has been in use for only so 
short a time* Nevertheless, some knowledge of basic die types 
and of press forgings should be useful to a designer in under- 
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standing why this typo of die-forging process is gaining so rapidly 
in favor with designers. Forging presses have been increased in 
capacity and only experience in using these new machines will 
indi(;ate their limitations. Forging presses have demonstrated 
their utility, however, in the production of small- to medium-sized 
steel gear blanks (as in Fig. 43) and in the production of small 

r'la. 44 Stops in pios.s die forging an ahuninum piston. {Courtesy of Buick 
Motor Dioision.) 

nonferro^is forgings, sometimes referred to as ‘^die-pressed’^ 
l)arts. Aluminum alloy pistons have also been press forged 
advantageously (Fig. 44), although they have been produced 
more commonly in upsetting machines. 

Three general types of press die-forging dies are in general use. 
The most common is the so-called “open” die, such as that in 

Upper dk 

---'Punch 

Par ling line 

"Die forging 

"Lower die 

Fio. 45-—Open-typo presH-forging Fio. 46.—Extnision-type press-forging 
die. die. 

Fig. 45. This die is similar to the drop forging die of the straight 
type and has, therefore, only one parting plane. The volume of 
the die forging is preferably equally divided between the two 
halves of the die. 

The second type of die is sometimes called an “extrusion” die 
because the metal is forced to flow into the annulus between the 
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punch and the die cavity. This die is composed of three parts: 
the two die blocks and a punch, as shown in Fig. 46. The lower 
die block, which fits into it, contains a close-fitting punch. In 
operation the die blocks are closed and then the punch is driven 
to its final position by further motion of the press, therefore iho 
punch displaces or extrudes the metal slug, forcing the metal 
to fill the space remaining between the die-cavity walls and the 
punch. 

Dies of the third type, shown in Fig. 47, are used only for press 
die-forging parts that have a flange and that could not be removed 

from a one-piece die block. In this case the die is usually in 
three pieces, the lower die block being split vertically so that it 
will separate and allow the release of the offset or flanged portion 
of the die forging. The outer surface of the lower die block is 
usually conical in shape and is held in a female mating holder. 
Punches may be used in this type of die and can either be integral 
or inserted into the upper die block. 

It is possible to make the split die block in more than two 
pieces and in such a way as to forge projections on the die forging 
in more than one plane, but the original cost as well as repair and 
operation costs are likely to be too high to make this type of die 
practical. Through the use of this type of die, however, forgingfe 
of a complexity comparable to certain die-cast parts can be 
obtained. 
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Although it is still too early to formulate rules for the design of 
press forgings, some indication as to the shapes and proportions 
of brass die forgings that have been produced economically in 
presses is given by reference to Figs. 48 and 40, 

Dranyings~\n order to give the designer some idea as to cor¬ 
rect diuKaisioning and methods used on forging drawings, Fig. 50 
shows a separate foiging drawing for the clutch gear illustrated in 
Fig. 37. 

It is not common practice to have separate forging drawings 
of every die-forged part, although it is an Army Ordnance rule 
that all die-forged parts must have separate forging drawings. 
An example of such a combined forging and machining drawing 
is shown in Fig. 51, which is the transmission counter gear illus¬ 
trated in Fig. 35. 
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CHAPTER VI 

NOTES ON AND ACCOMPLISHMENTS 
IN HOT HEADING 1 

My a. K. R. Pkterka 

Designers of products that have heads or flanges larger than 
a body or shank are often more interested in what the product 
will do than in how it will he produced. Yet it is certain that 
the designer who knows how products are to be made and 
adapts the design to the manufacturing process to be used 
has much the better chance of gaining the desired results at 
minimum cost. Often he can save a great deal in tooling and 
production costs by heeding a few simple rules and—what is 
equally important in many cases—he can minimize costs by 
specifying and designing for that type of production which will 
require a minimum of available materials. 

Nearly all headed products required in moderate to large 
quantities are produced by hot or cold heading or by the screw 
machine. Except for certain classes of products, such as small 
rivets (which will not be considered here), the screw machine 
often proves most economical when diameters are below, say, 
34 in., as then the total material machined away and wasted is 
small and rapid production is attained; but as diameter is 
increased the production of headed parts, or their equivalent, on 
the screw machine becomes slower and more wasteful, and head¬ 
ing by upsetting is both more rapid and much more economical 
in material. In consequence, bolts, screws, rivets, and a great 
variety of other headed parts are nearly always produced in cold 
or hot headers unless some special requirements which this 
process cannot meet economically are involved. 

Choice between hot and^ cold heading depends largely upon 
(1) size, (2) materials suitable or available, (3) quantity required, 
(4) tooling cost, and (5) shape of head specified. 

Size.—In general, if shank or stock diameter exceeds 1 in. 
and length is over 6 in., hot heading is employed, though there 

1 Published initially in condensed form in Machinery. 
/ 290 
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are some exceptions. Below these diemensions, cold heading is 
usual unless the material specified is not suitable for cold heading 
or unless quantities are small and the shape is one which can be 
made in a standard hot-heading die that is on hand. 

Material.—For cold heading, the material must be sufficiently 
ductile to be headed at room temperature. Cold-drawn wire is 
employed, but several carbon steels arc suitable (such as S.A.E. 
1010 to 1050, inclusive), as are many alloy steels (such as S.A.E. 
2330, 4140, and 3135, for example). Several nonferrous mate¬ 
rials, including certain grades of brass and some aluminum 
alloys, can also be cold headed. Hot heading can be done with 
any alloy suitable for hot forging, but the steels most used 
include: S.A.E. 1010 to 1045 inclusive, 1110, 1120, 2330, 3135, and 
4140, among others. These steels are commonly supplied in 
hot-rolled bars rather than in the coils of wire used in cold 
heading. 

Quantity Required.—As a rule, cold heading is done only 
when quantities arc (piite large, with the minimum around 
5,000 pieces, because the die cost is likely to be prohibitive 
unless a standard die can be used. In hot heading, however, where 
any length of piece above a given minimum can be run in a stock 
die for upsetting a given head, shorter runs, say for 100 pieces 
up, are often feasible. If a special head recpiiring a special die 
is recpiired, the quantity must be sufficient to justify die 
cost. 

Tooling Cost.—Unless a stock die can be used, the quantity 
must be sufficient to warrant die investment, but since the length 
of shank is fixed in automatic cold heading and can be varied at 
will in most hot-heading work, it follows that there is less chance 
of needing a special die in hot than in cold heading. A great 
many hot-heading dies, however, have to be built specially for 
the job, particularly when an odd size or shape of head is specified. 

Shape of Head.—Both cold- and hot-headed products often 
have heads of identical shape and dimensions but, although 
all heads produced by the cold process can be duplicated in the 
hot process, the reverse is not true. A larger volume of metal 
can be upset hot than cold, and many hollow heads, not feasible 
in cold heading, can be formed by hot heading. 

As a rule, somewhat closer dimensional limits can be held in 
eold than in .hot heading and a somewhat smoother finish, 
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especially on heads, is attained. Finish depends, however, in 
many cases, upon supplementary operations that follow heading, 
whether it is done hot or cold. The best guide to limits attain¬ 
able is ‘^Bolt, Nut and Rivet Standards,though this book does 
not indicate whether the products listed arc produced by the 
hot or cold methods. Illustrations accompanying this chapter 
indicate, in some instances, however, what limits are lield on 
certain typical hot-headed products. Threads on all headed 
products are either cut or rolled (the latter being preferred as 
being stronger, smoother, and faster to produce) and arc held 
within the limits for the thread classifications (usually class 2 or 
class 3) for American standard threads. Although aircraft 
bolts, which have to be held within unusually close limits, are 
produced chiefly by cold heading when lengths are 0 in. or under, 
many whi(*h are longer than 0 in. are hot headed. In both 
(mscs, however, supplementary finishing operations are doin', 
after heading and heat-treating. 

When steel of certain grades may be difficult to secure and 
when conditions permit a range of choice, designers should allow 
for the use of alternative steels rather than limit the prodin^er 
to one particular specification and should specify carbon steels 
in preference to alloy steels unless the latter are essential. * In 
addition, if the specification calls for suitable heat-treatment or 
for physicals that necessitate heat-treatment, much material 
can often be saved as against using parts that are not heat- 
treated and that have to be, for this reason, of much larger 
diameter than they would need to be if suitably heat-treated. 
A 3^^-in.-20 or even a J i o-in “20 bolt of S.A.E. 1035 steel properly 
heat-treated, for example, can be Uvsed in place of a ^^-in.~10 bolt 
of hot-rolled 0.14^.22 per cent carbon steel not heat-treated, yet 
have substantially the same factor of safety and, of course, effect 
a marked saving in the amount of steel used. 

Heads that are upset cold are usually circular in sections at 
right angles to the axis but are often trimmed to square, hex, or 
other shapes. Marks of the shearing tools often show on the 
flat faces formed. In hot heading, the metal is soft enough to 
be upset into hex or square shapes^ but there is a flash left at the 
bottom of the hex where the hammer clears the die and this flash 

‘ American Inistitute of Bolt, Nut, and Rivet Manufacturers, Cleveland, 
Ohio. 
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has to be sheared off, hence shear marks show only for the thick¬ 
ness of the flash. 

As hot forging requires that the metal be heated to forging 
temperature, the part forged shows the effect of heating unless 
subsequently treated, but, by using a reducing flame in the 
furnace, little scale is formed on the finished piece. As hot 
forging requires a furnace and a man to oj^erate it, in addition 
to the labor of a hammerman, who must handle each piece 
separately, labor and fuel charges are higher than for cold head¬ 
ing and the rate of production is lower. Often this offsets the 
higher die (charges for cold heading, but hot heading continues 
because it can be applied where cold heading is not feasible. 

Hot heading is not confined, of course, to bolts or to other 
conventionally shaped parts in which a head is formed at the 
extreme end. It is possible to upset a flange that is not at the 
(md of the piece and to form heads that are not symmetrical 
about the axis of the shank. Heads of T shape and conical or 
spherical shape are readily upset and it is possible to forge a 
cranked or offset part. Hollow heads, especially for socket 
wrenches, are usually hot headed, the hammer having a punch 
that forms and shapes the hole while the die forms the exterior 
shape. 

Heads are often upset in a single blow when they are of moder¬ 
ate size and the amount of metal to be flowed into them is not 
too great, but several blows are often struck by the upsetter, the 
piece being shifted into a corresponding number of die cavities. 
Heads up to 2* 2 times stock (shank) diameter can be formed 
and the volume of the upset portion is sometimes such that as 
much as 5 or 6 in. of the bar stock is upset into the head, though 
this may take as many as seven blows. Of course it then involves 
a die having seven recesses and a hammer suitably shaped in 
successive positions to produce the upset without bending the 
end of the rod, which has been heated to forging temperature. 

The accompanying illustrations, which, along with the par¬ 
ticulars here given, were furnished by the Lamson & Sessions 
Company, give a good idea of some of the special parts produced 
by hot heading and show, in some cases, what dimensional limits 
are held. Parts that necessitate more than three or four blows 
are essential for certain applications, of course, but much die 
cost can be saved when the upset can be so designed that a 



294 DESIGNING FOR QUANTITY PRODUCTION 

standard head, lor which dies are on hand, can be employed. 
Detail dimensions of such standard heads are given in ‘^Bolt, 
Nut and Rivet Standards,referred to above. 

Although it is entirely feasible to produce nut blanks by hot 
heading, and to do it with almost no scrap, production is much 
slower than that attained in the combined hot punching and 
shearing of blanks from flat strip stock of the required thickness. 
For this reason, nut blanks are usually produced by the latter 
method in machines designed especially for the purpose, although 
this method results in considerable scrap. 

Figure 1 shows a typical hot-lioaded double end for a socket 
wrench and indicates how the (uids of the bar, which is 

Ficj. 1.—Typical hot-headed double-end socket wrencli, the ends being forgecl 
hollow by a combination of upsetting and piercing to form hex sockets. 

diameter, appear after the final blow. The first blow merely 
upsets the end. In the second blow, the end is pierced with a 
punch of circular section having a conical point. In the final 
blow, the hole is given its hex shape and, of course, the specified 
external shape and wall thickness. The depth of holes pierced 
in this manner is commonly limited to about Ij'i times their 
diameter. A socket can be formed or other upsetting done on 
both ends of a bar, as indicated, providing the length of shank 
between is at least equal to the thickness of the die or, say, a 
minimum of 4 in. 

In Fig. 2 is shown a special part in which a large upset portion 
is formed between two cylindrical ends, one of which is of stock 
size. Because of the volume of metal in the upset, five blows 
are required to produce this piece. 

To produce the rivet-shaped part in Pig. 3 from J-^-in. stock 
requires seven blows, largely because of the volume Of metal in 
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the head compared with the diameter of the shank. It requires 
in. of bar to produce the head and this length has to be worked 

down in several blows, as otherwise the piece would be bent 
rather than u})set as desired. As in all headed parts, there is a 

Fig. 2. A five-bl(3W upset or hot-headed part in which a large volume of Hteel 
gathered between the ends of the bar, which is of wtock aize. 

larg(^ saving in metal, of course, as compared with machining 
the part from a bar having the diameter of the head. 

Solid eyebolts, such as that shown in Fig. 4, are readily pro¬ 
duced by upsetting. It is quite feasible, for example, to upset 
a head in. in diameter and 1% in. thick from stock which, 

A^USrB£H£LO AS CLOSS TO 
OfM£NS/ON6 AND AS SMOOTH AS 
POSS/BLE 

Fip. li.—It requires sevoii blows to upset the head of a rivet-shaped part of 
this size wlion stock size is only in. Head volume equals that of a bar 
by 5 in. 

in the case shown, has a diameter equal to head thickness. A 
head either thicker or thinner than the stock can be upset, how¬ 
ever. Producers of such bolts furnish them blank or with the 
hole for the eye drilled or punched, as may be specified. 
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Figure 5 shows a Y-shaped head part produced by hot head¬ 
ing in three blows. It would, of course, be substantially pro¬ 
hibitive to produce a part of this type except by upsetting. 

_7-j 
h-V*- 

/^-erme4e 
P. a /^S66-lS667 
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head ill refereuee to the shank, which is of stock size. Fij2;ure (> 
shows the successive steps in upsetting a ball-shaped head in 
three blows, which are sufficient in sizes from to in. 

Stock After First 
Blow 

After Second 
Blow 

Fro. 0.—Parts having spherical heads are readily upset. Two or more blows 
are needed if the head diameter is much larger than that of the stem. 

in /O Lengths Vo 

P,0. 0.2723'‘0.27€4Aff^r 
P.D. 0.2723-0,2734 For 

Fio. 7 — This hot-headed part has a portion of its stem under the head formed 
to square section although the stock and remainder of stem are (urcular. 

Round bar stock is nearly always used in hot heading, but it 
does not follow that the shank of the piece produced must have a 
circular section throtighout its length. The part shown in 
Fig. 7, for example, has a square section for a part of the length 
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below the head. In producing this piece, the squani, portion is 
upset first, after which additional blows form the head. 

Dardelet rivet bolts (Fig. 8) have a length under the head 
which is serrated or fluted. They are produced by hot heading, 
hut usually in a special form of bar header, which operates much 
like a cold header except that the rod stock is heated to forging 
temperature before the heading is done and the stock is sheared 

Fig. 8.— To produce this form of hot-headed Daidelet rivet-bolt with serrated 
stem, a special form of header, similar to a cold header, is used, but the entire 
bar is heated and is forged and sheared to length as fed. 

Mafer/a/ H.ff. O.SeO" D/amefer 

Fig. 9.—By the use of spring dies, a piece of this shape with flanges between 
the ends is produced in upsetting or hot-heading machines. 

to length in the machine. Similar results can be produced 
in upsetters in which the piece is handled with tongs, though 
the operation is slower than in a rod header which operates 
automatically. 

In Fig. 9 is shown a spool^shapcd part produced in an upsettei* 
using what are termed ^'spring dies^^ to form the portion having 
the two flanges. This is a somewhat unusual shape of piece and 
requires special tooling, but it is an example pf one type of part 
that is feasible in hot heading when the quantities required 
justify the tooling cost. 
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Parts having a T shape, like that shown in Fig. 10, can be 
produced in two or more blows of the header. In the first blow, 

PtO, 50•‘0,4^80 For 

Fig. 10.- T-»liapecl iiart.s aie hot headed, being upset and split to Y shape in the 
first blow before final forining to T shaiie in subsequent blows. 

Fig. 11.—This hot-headed part is unusual in tliat it has lugs that are extruded 
by action of a punch, making a separate pin unnecessary. 

the piece is given a Y-shaped form, besides being upset, and in 
the final blow the cross bar is formed, giving the final shap'e. 

Rather unusual, but entii-ely feasible in hot heading, is the 
production of parts having a cross shape. One such also having 
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a recessed head, is shown in Fig. 11. The integral pins that 
project at each side are really extruded into holes in the die by 
the blow of the punch that forms the recess in the head, A hot¬ 
headed part produced in this way is much stronger and may cost 
less than one made without the integral pins and then drilled 
and a cross pin inserted. 

It is entirely feasible to produce, by hot heading, heads that 
are offset to one side only, as in the clamping bolt shown in 

12.—Heads which arc L shaped (ofFact to one side only) can be produced by 
hot heading, as in this instance. 

Fig. 12. A die forging is essential for the quantity production 
of such parts, and they are rapidly made in an upsetting machine. 

A part that has an upset head with a part-spherical recess at 
one side is illustrated in Fig. 13. After the head has been formed, 
the shank is bent to a cranked shape as shown, all the work being 
done in the upsetter. Socket wrenches having cranked handles 
are similarly made, as are also socket-ended cranks for hand 
starting of internal-combustion engines. 

A cranked wrench having a hex socket at one end and a tapered 
socket of square section and 1 % in. deep at the other end is shown 
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ill Fig. 14. This is merely another indication of the variety of 
parts that can be manufactured by hot heading. 

Fi({. 13. -This unusual part is produced in a liot header, the double bend beini? 
made after the head with recess is <;ojnj>letoly hjrinod. 

Fig. 14.—Cranked socket wrenches are often produced by hot heading, although 
the bending could be done also in a bulldozer. 

Figure 15 shows a group of standard hot-headed products 
and gives some indication of the variety of shapes although the 
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range of sizes shown is linuiecl. Flash luis not yvX Ixii^n removed 
from some of these parts. Many are produced in veiy large 
quantities and some in alloy steels or heat-treated car})on steel 
to meet exacting specifications. Many aircraft bolts produced 

hot heading require polishing operations and are subje(ded to 
exacting tests that include magnetic tests for lo(*ation of any 
superficial or subsurface flaws. 

Fio. 15. Products typical of those produced by hot heading, altliough many 
of larger diameter and many with much longer shanks are also manufactured. 
In some of those shown, the flash under the head has not been trimmed and in 
others the flash line, whfere trimming has been done, is readily seen. 

In Fig. 16 are illustrated numerous special hot-headed prod¬ 
ucts, some of which are shown in partly finished and some in 
finished form. These, of course, are only a few selected from 
hundreds of special parts manufactured by hot heading, but 
they give some idea as to the variety of parts that can be manu¬ 
factured by the processes here dealt with. 

Editor^s Note.—A preponderant part of the products of hot 
heading are bolts or screws larger in diameter or longer than those 
produced by cold heading, large rivets, or similar products 
required, as a rule, in exceedingly large quantities. Such 
products are produced by hot heading rather than by cold 
heading partly because cold-heading machines for the sizes 
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required are not av'ailable or are not economically feasible. 
Most of the products illustrated in drawings in this chapter may 
be regarded as special rather than standard, although some are 
standard and others an* often lequii-ed in large quantities. 
Ne\'ortheless, the chapter docs give an idea as to the range of 
products made by hot heading and of the jjo.ssibilities of hot. 
heading. 

I ^ wrenches, bolts, and other special parts produced bv hot 
heading The up.set portion i.i usually at or clo.se to one end, but metal can be 
gathered in flanges or other up.sets at some distance from the end when required 
as 111 some of the parts illustrated. ’ 

Although it would be possible to prepare a set of rules to be 
followed to advantage in designing hot-headed parts, such rules 
are not included in this chapter partly because such parts are 
merely a special class of die forgings, namely, upset forgings, and 
are subject to the rules given in another chapter on the Design of 
Die Forgings (of the upset type). In addition, the rules more or 
less parallel those for cold-headed parts except that allowance' 
should be made for the fact that more metal is commonly upset 
per blow in hot than in cold heading, as the metal becomes softer 
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and is more readily flowed when heated to forging temperaturi* 
that when cold. On this account, it is easier to form a hex or a 
square head (without trimming the full depth of head) or a 
hollow head by hot heading than by cold heading, the formcM* 
being the more versatile process, though often somewhat higher 
in cost. 

By a study of the range of parts illustrated in this chapter, 
the designer should be able to judge whether a given design of 
part to be die forged should be produced on a hot header or on a 
less specialized upsetting machine. If in doubt in this respect 
or if the part is a borderline case, it is a simple matter to submit 
the design for advice both to specialists in hot heading and to 
those experienced in a more general run of upset parts. If the 
part lends itself to production by hot heading, it may well cost 
somewhat less in this form than if made in a less specialized and 
perliaps a less rapid upsetting machine. In that event, estimates 
should quickly determine which is the more economical type of 
production equipment for the particular part in (luestion. 



CHAPTER VIT 

NOTES ON THE DESIGN OF COLD-HEADED PARTS 

By IlEiiBERT Chase^ 

Cold heading, in common with hot heading, is really a special¬ 
ized type’yof die forging. Cold heading is done, however, on 
particular typers of forging machines and, in general, by special¬ 
ists, who produce the major propoHion of the bolts, screws, and 
rivets manufactured. Although cold and hot heading arc, 
basically, (iontrolled by the same rules that govern forging 
(especially that type of forging called upsetting the type of 
part is generally much more limited in shape and size, and, as 
the heading industry is largely separate from the forging industry, 
c^ld heading is considered separately here. 

Cold heading is an upsetting process. Tt starts, as a rule, 
with stock of the size of the shank of the piece to be produced, 
'[’’he upsetting creates a head or a flange, usually, but not neces¬ 
sarily, at the end of the piece and commonly of circular section 
at right angles to the axis of the piece. The head or flange thus 
produced is usually trimmed to a square or hex shape, though 
there are many products in which it remains circular. Modern 
headers often perform, besides upsetting and trimming a head 
or flange, what is termed an “extrudingoperation, in which 
the end of the shank or even its entire length is driven into a hole 
of smaller diameter and thereby extruded to that smaller diam¬ 
eter, with a corresponding increase in length. This extrusion 
is not commonly associated with forging, although many forgings 
are drawn down to less than stock diameter in split dies rather 
than by driving them into a hole. 

Because cold heading is done with great rapidity and high 
economy, besides requiring no heating of the stock (which there- 

^ The author gratefully acknowledges the assistance of engineers of the 

I^amson Sessions Company and of The National Screw & Manufacturing 

Company, who constructively criticized the manuscript and who ftimished 

copy for illustrations. 
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fore iw not subject to sealing), and, further, Is extremely well 
adapted to making some exceedingly useful types of product, 
it has found extensive commercial application. It Ls, in fact, the 
basic process of the bolt, screw, and rivet industry, though, 
especially in large sizes, it is supplemented by hot heading and 
in very small sizes or in small quantities sometimes yields to the 
screw machine, especially where a threaded stem is required or 
where brass is specified. 

Fig. 1.—Assortment of parts virtually all of which are produced by cold head- 
ing. Nearly all are special and involve one or more secondary operations, includ¬ 
ing a cut or rolled threading. 

Cold heading finds its widest use in the production of bolts, 
screws, and rivets, but it is not by any means confined to such 
products. It is useful in making any part, within certain size 
limits, which requires a head or flange or bulblike portion within 
its length. It is applicable only to ductile materials. Steels 
of medium to low carbon content are most used, but ductile 
alloy steels can be cold headed and many nonfertous materials 
also can be cold headed. Because the material remains smooth 
and free of scale, the finish of the cold-headed part is usually 
excellent and may even be mistaken for a machined part unless 
closely inspected. Where a smooth finish without extra opera- 
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tioiLs Is reciuired, cold heading is pniferred to hot lieading, as the 
hot-headed part may have some scale. Dies also become rough 
through exposure to heat and to cooling water. It is possible 
to duplicate virtually all cold-headed parts by hot heading, 
except as to finish and as to dimensional foleiances. The con¬ 
verse is not always true, however. 

Fig. 2. --(Vjlfl-headed parts most of which are rather unusual in design. Nearly 
all are in steel hut two of the smaller one.s are in brass or bronze. 

For steel, cold heading is coinmonl>^ limited to wire between 
and 1 in. in diameter and in length (depending upon diameter) 

from yi in. or .shorter to 7 in. maximum. This applies to the 
automatic cold header. If a hand-fed (or tong-in) machine is 
used, any length of shank can be had. In ductile materials, 
especially nonferrous metals, very small rivets are often made 
by cold heading, but, if the shank must be threaded, it is some¬ 
times cheaper to produce parts below in. diameter on the 
screw machine, especially if quantities are not large, than to 
make them by cold heading and thread them subsequently, even 
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though the wa«te in nuitorial is nnieh higher. In cold lieuding, 
practically the hole of the stock goes into the piece. A waste, 
usually of 4 to 5 per cent, occurs in trimming the head, if it is not 
circular, and in stub ends of coils of wire. 

Wire rather than rod is used. It is commonly cold-drawn 
and furnished in (;oils. This stock is fed into the machine 
through a straightening device and is cut automatically to 
length. The blank thus formed is held in the die and is stu(*k 
one, two, or occasionally three blows. In the first blow, <h(^ 
head is given a somewhat conical shape (or may be completely 

Fig. 3.—Fairly typical cold-headed par^ except that head is oblong and has 
an odd shape of boss under it. The rolled thread meets class 3 specifications. 
Lower view shows part as headed, with point, and l>efore flash has been removed. 

formed), and if the shank is to be extruded, this may be done in 
the same blow. Often the work is automatically shifted to one 
or two other die holes and is struck another one or two additional 
blows to complete the head. If a third blow is needed, a three- 
blow header is used. This commonly leaves a head of circular 
section but the shank below the head may be formed square 
or depart otherwise from the circular section. Subsequently, 
the head is often trimmed to a square, hex, or other shape by a 
trimming die. As many as 400 small screw blanks a minute 
can be turned out, but, size increases, machines run more 
slowly. Thus, a J^4n., long-stroke, two-blow header may pro¬ 
duce 80 or fewer bolt blanks a minute. 

In no case does the header itself produce the thread, although 
there are some machines, called ^^boltmakers,”. which do turn out 
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finished threaded cold-headed bolts. Such machines, however, 
have separate stations for trimming the head, pointing, and 
threading. In general, when these operations aic required, they 
are performed in supplementary machines. A large proportion 
of cold-headed products that require threading have the threads 
produced by rolling. With modern rolling dies, the threads 
produced are both smoother and stronger (according to foremost 
authorities) than cut threads and, contrary to some beliefs, 
(‘loser dimensional limits than for cut threads can be held. Class 
2 fits are common and even class 3 fits are produced successfully. 
The latter is now being done in quantity production, especially 
for aircraft bolts. 

Thread rolling is a rapid process and results in a thread the 
outside diameter of which is, of course, larger than the diameter 
of the blank. If, therefore', the outside diameter of the thread 
must equal shank diameter (as with a cut thread) it is necessary 
first to reduce, usually by extruding, that portion of the shank 
which is later threaded. The rolling of a thread causes the metal 
to flow and form a grain that undulates, following the thread 
contour itself, whereas a cut thread cuts across this grain. 

Although the head or flange formed by cold heading is com¬ 
monly coaxial with the shank, it need not be. It can be offset 
entirely to one side or more on one side than on the opposite side. 
It is even possible to produce cranked parts by cold heading. 
When a flange is produced, its face can be corinigated or serrated 
if desired. Bosses can be produced under or on top of the head 
and flanges or heads can be crowned or made concave. Figures 
1 to 7 show a variety of cold-headed parts, which give an idea 
of the range of shapes that are feasible, but some of these require 
supplementary operations aside from pointing and threading to 
attain the special shapes shown. 

The amount of upsetting that is possible in cold heading is 
dependent in part upon the ductility of the material, the extent 
to which it work-hardens, and the types of machine employed. 
With ductile low-<;arbon steel, a three-blow header can upset a 
length of stock equal to about six times the diameter of the stock. 
As a rule, however, the diameter of head or flange produced is 
limited to, or about, three to four times stock diameter and the 
head volume to that of a length of stock equal to about four 
diameters, unless reheading is done. With materials that are 
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less duetile or that work-harden rapidly, less upsetting can Ix' 
done, unless the work is annealed before reheading operations. 
Such extra operations, though sometimes warranted, involve 
higher costs and to that extent tend to nullify the advantages of 
(H)ld heading. 

Nuts and hollow parts of similar shape can be cold headed witli 
a loss of stock no greater than that in the hole to l)e tapped. It, 
is well to compare the cost of such nuts, however, with those 
made on special machines, which generally employ flat stock and 
operate without upsetting. 

There is a somewhat prevalent but definitely mistaken idea 
that cold-headed parts are inclined to i)rittleness and, especially, 

Fkj. T).—part with head wluoh i.s of odd shape and offset, one faco 
))einK at an an^lo of 45 dc>?. to axis. 

that the internal stresses sot up in cold heading make it easy to 
))reak off heads. Certain head shai)es, such as those on carriage 
bolts, must always have these relieved by subsecpient annealing. 
Other shapes rofiuire no subsequent heat-treatment and yet 
can be relied upon to give satisfaction in service. Experienced 
makers of cold-headed products understand requirements in this 
respect and their advice should be followed. 

Naturally, many materials for cold heading are greatly 
improved by heat-treatment. The cost of such heat-treatment 
is so small in relation to the increase in strength attained that 
it is amply justified by savings in material. 

Materials for Cold Heading.—Carbon steels with carbon 
content up to about 0.50 per cent are suitable for cold heading, 
but S. A.E. 1035 is most commonly employed in the higher carbon 
range. Cold-drawn wire is commonly used. 
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Many alloy steels, such as S.A.E. 3135 and S.A.E. 2330, are 
employed for cold heading. Others now in common use include 
S.A.E. 1020, A. 4037, N.E. 8037, N.E. 8739, and S.A.E. 4140. 
Where stainless steels are required the 18-8 type is sometimes 
chosen, but straight chromium (12 to 15 or 17 per cent 
chromium) stainless steels are also used. 

Nonferrous materials often cold headed include 17S and 24S 
aluminum alloys as well as certain brasses and bronzes. Non- 
ferrous alloys are employed chiefly where special types of cor¬ 
rosive resistances, a special color or appearance, or good electrical 
properties are needed or, in the case of aluminum alloys, to reduce 
weight. Costs are naturally higher than for carbon steel or for 
low-alloy steel and strength is commonly much inferior to steel. 

Ductility is a primary requisite for cold heading and steels of 
relatively low sulphur content are needed. These arc quite 
different from the requirements for screw-machine stock, in 
which ease of machining is a primary recpiirement and sulphur 
content is ndativcly high, as a rule, for this reason. Since there 
are many products that can be made alternatively either on the 
screw machine or by cold heading, however, it is frequently good 
practice to specify alternative steels, one suitable for ilic screw 
machine and one intended for cold heading. Prices and delivery 
dates are then determined for both types of prodiud and that 
which affords the better combination of delivery and economy is 
purchased, especially where, as is often the case, there is little 
to choose in respect to finish. 

Tool Costs.—Heading dies and punches are required, of course, 
to produce cold-headed parts and special tools are sometimes 
needed also for supplementary operations. The cost of such 
dies and tools (unless stock tools happen to be available) is 
commonly too great to warrant making them unless this cost 
can be spread over a production quantity of parts. Once dies 
are made, however, they can turn out very large numbers of 
cold-headed parts at a very low cost per part. 

Special vs. Standard Headed Parts.—It should be remembered, 
however, that companies Specializing in cold heading always 
have on hand dies and other tools for standard headed parts in a 
considerable range of sizes and, if any of these can be made tq 
serve a given purpose, the cost of special tools can be avoided. 
There are, too, cases in which standard parts produced by cold 
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heading can be altered by some inexpensive secondary operation 
to make them serve special purposes. Then, too, although the 
standard product may have a hex or square head, the headed 
blank usually has a round head, which can be trimmed, if neces¬ 
sary, to a special shape, thus making use of a standard die except 
for head trimming. Moreover, a blank produced in a stock die 
can be threaded in different ways, as the production of the thread 
is usually a separate operation. Rolled threads, commonly used 
on cold-headed products, require that the portion of the shank 
to be threaded be smaller than the outside diameter of the thread 
and the diameter differs for each pitch of thread. This may make 

Fig. G.—A part of tins shape is readily blanked by cold heading but the necked 
portion has to be turned subsequent to heading and the flats on largest diameter 
are trimmed. Despite these supplementary operations, tlie part costs less and 
requires Jess material than if produced by screw machine from alloy steel. 

it necessary to reduce the shank diameter by shaving, milling, 
grinding, or extrusion before the thread is rolled. Cut threads 
are produced on shank diameter regardless of their pitch. 

If such possibilities are kept in mind, it may be easy to produce 
a special product from a standard blank with little or no extra 
cost for special tooling. In all cases, however, it is better to 
specify a standard form and fit of thread and, if possible, a 
standard head than to call for specials where they are not truly 
necessary. 

Reference to the standards set up and to the parts listed by 
the American Institute of Bolt, Nut, and Rivet Manufacturers 
often makes it possible to specify a standard product readily 
available, either from stock or from stock dies, that will meet 
requirements without resort to a special design for which special 
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dies are needed. But there are manj" cases in which special dies 
are justified. 

Cold-headed parts are made, however, to a definite length in a 
given die and this length cannot be above a fixed maximum in a 
given automatic machine (as it can be in hot heading) to meet 
varying requirements. Naturally, a cold-headed part that is too 
long can be shortened in a separate operation and may, even 
then, cost less than a special die. 

In automatic cold heading, the maximum blank length is 
determined by the stroke of the machine and thus cannot be 
altered for that machine. The following are the maximum 
lengths of blank for a series of long-stroke, two-blow machines 
of a well-known make for different stock sizes: 

Stock diamoU'r, in. H 
1 

li 

Maxinuun blank Icngtli, in. 2 4 5^ 7 

Naturally, the maximum length of the headed part is shorter 
than the maximum blank length, the difference depending upon 
the amount of material upset into the head or flange produced. 
Where the length needed exceeds the maximum for a given 
machine, a larger machine is often employed. Thus a by 
G-in. bolt commonly is produced on a %-in. machine. 

Design Considerations.—As far as the author is aware, no 
rules for the design of cold-headed parts have ever been for¬ 
mulated heretofore. Those which follow may appear self- 
evident. They are not all-inclusive and some are subject to 
exceptions. All are intended as a guide in determining what 
should be done and what avoided when the objective is a product 
of minimum cost consistent with ability to perform the function 
intended. 

As with other products dealt with in this book, it is well to 
consult with producers of the part intended for cold heading 
before the design (if it departs from that of the conventional 
cold-headed product) is so far advanced that changes are not 
feasible. 

In most instances, the rules refer to the part as produced in the 
cold header without the supplementary operations that follow 
(in the average case) to complete the part. There are many 
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operations^ such as reheading, threading, drilling, pointing, 
shaving, slotting, sawing, turning, milhng, and grinding, that 
may be performed in secondary machines and that no set of rules 
can cover. When the object is minimum cost, conservation of 
material, or quick delivery, no operations not essential in the 
finished product should be called for. 

Jn most cases, the producer of cold-headed products has the 
necessary secondary machines to turn out a finished product 
and the designer need not, as a rule, be concerned as to how the 
operations are performed so long as the iinished product meets 
requirements, provided, of course, he does not call for opera¬ 
tions that are unnecessarily expensive. In many cases, pro¬ 
ducers of cold-headed parts have, in addition, equipment for hot 

Fig. 7.—Etched section of cold-headed rivets. The flow lines indicate how tl»e 
metal is displaced and why the head is stronjrer tlian if the rivet was out frr)m 
bar stock without upsettinK. 

heading and they may elect to use it in preference to the cold 
header if this is economically expedient unless, of course, some 
special requirement prevents it. As explained in another 
chapter, hot heading is likely to cost somewhat more per piece 
than cold heading, hence it is commonly used only when cold 
heading is not feasible or when tooling cost will be less, for the 
quantities ordered, if hot-heading dies are on hand. It should 
not be forgotten, however, that many parts that cannot be 
produced by cold heading are easily and economically produced 
by hot heading, including many in which the amount of metal to 
be gathered by upsetting is much greater than can be gathered 
by cold heading. 

While the designer usually need not specify the machines and 
methods used in making a given part as long as the part as 
delivered meets his specifications, he should design the part, as 
far as he can, to take advantage of the economies of cold heading 
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(if he considers it suited for such production) and make sure that, 
if it is not produced by that method, it still meets his needs. 

The accompanying drawings and other illustrations of cold¬ 
headed parts serve as an indication of certain classes of work done* 
by cold heading (with such secondary operations as are needed 
or are usual in these cases) and may serve as a guide in designing 
similar parts. It is not feasible to go into greater detail in a brief 
chapter on this subject, but the appended rules should prove 
useful as a guide in designing cold-headed parts. 

Rule 1. Design for the smallest diameter of stock, suited for 
cold heading, that will meet requirements at moderate cost. 

Rule 2. Limit the amount of metal to be upset to the mini¬ 
mum that will meet requirements, using conventional head 
styles or types if possible. 

Rule 3. Specify carbon steel of cold-heading grade unless 
specific requirements necessitate another type of material or 
unless it is certain that some other material will prove lower in 
cost or will justify such higher cost as may be involved. 

Rule 4. Specify a head or other upset portion of the minimum 
diameter that is consistent with requirements and preferably one 
not over three to four times stock diameter. 

Rule 6. Do not specify a special head, a special thread, or a 
special length if requirements can be met with standard heads, 
threads, and lengths. 

Rule 6. If a special design is essential but requires only slight 
departure from a standard headed part, determine whether 
alteration of the standard part will meet requirements economi¬ 
cally without necessitating a special die. 

Rule 7. Never specify a square inside corner or sharp junction 
between head or flange and shank if a small radius will meet 
requirements. 

Rule 8. Do not specify an over-all length greater than com¬ 
monly supplied for a given size of stock unless assured of its 
availability by cold heading (or unless hot heading will meet 
requirements). 

Rule 9. Permit rolled threads to be supplied unless the 
manufacturer finds it more expedient to furnish a cut thread. 

Rule 10. When a shank requires a stepped diameter, provide 
for a generous radius or a taper at the step, unless extra cost for 
machining a square step is warranted. 
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Rule 11. When a taper is required on any part of the shank, 
its larger end must be nearer to the upset portion than its small 
diameter, that is, the taper must be outward, unless special 
machining is justified. 

Rule 12. When a shank must have some portion that is not. 
circular in section, minimize the length of this portion and do not 
specify sharp corners. 

Rule 13. Never specify narrower dimensional limits than are 
essential or than are to be held in mating parts. 

Rule 14. Unless wrench holds or other fiats on edges of head 
or some odd contour is necessary, specify a head that is circular, 
as small in diameter as feasible, and neither too thin (less than 
three-eighths of diameter) nor too thick (more than three-fourths 
of diameter). 



CHAPTER VIII 

DESIGN OF PLASTIC MOLDINGS 
FOR ECONOMICAL QUANTITY PRODUCTION 

By Erik Furholmen 

Nature of Molded Plastics.—Plastics, as referred to here, are 
materials capable of being formed under heat and pressure in 
steel or equivalent molds. These materials are chiefly organic 
and synthetic. There arc often added to plastic materials 
nonplastic fillers such as wood flour, asbestos, cotton flock, and 
the like. The resulting mixture is lower in cost and often 
produces a much stronger product than if no filler were used. 
When a mixture of this kind is molded, the plastic acts as a 
binder that causes the molded piece to retain its shape. Coloring 
matter is usually added to the plastic whether a filler is used or 
not. Plastics for molding are commonly furnished as dry 
powders or granules, but, when softened by heat, that is, fluxed, 
they take the form of the mold cavity or cavities and, when 
properly cured, or set, are ejected. In general, little, if any, 
finishing is required to make the moldings ready for use. The 
molds are, of course, permanent and, generally, hundreds of 
thousands of molded parts can be produced in the same mold 
without its wearing out, unless the materials to be molded are 
extremely abrasive or require exceptionally heavy pressure (or 
both) or unless the mold has somewhat fragile moving parts or is 
unusually complicated. When designing a mold that is subject 
to excessive wear or breakage, due allowance should be made for 
convenient replacement of parts subject to wear or breakage. 

Molded plastics are gaining rapidly in importance to industry 
and are steadily finding new applications. Plastics vary from 
the toughest macerated materials, some of which are even used 
in the drilling of deep wells, where moisture, rock, and high 
temperature are encountei*ed, to those used in the making of 
delicate ornaments having all the colors of the spectrum. Com¬ 
mon applications include objects such as radio cases and similar 

. 318 
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housingH in h greni variety' of sizi's and shapes, haiidh^s, tck^phonci 
and other electrieal e(iuipnient, combs and other toilet articles, 
])en and pencil barrels, watch crystals, parts for musical and other 
instruments, tableware, surgical appliances, toys, novelties, and 
uncounted other products. 

A designer (*.onsidoring plasticrs for his product has a wdde 
(dioice, as the pioperties of various plasti(\s vary greatly, but, of 
course, any one material may not possess all the desired oi- 
required pro[)erties. To make sure that the i)lastic best suited 
for the particular product is chosen, it is well to consult a good 
custom molder or plastic-material sup|)lier IxTore the design is 
too far advanced. 

Growing Importance of Moldings in Products for Quantity 
Production.—Molded })roducts ai*e not onl>' desirabk‘ for numer¬ 
ous appli(^ations but are (hmianded by the trade in many cases, 
partly because of the endless variety of shapes into which they 
can be molded. 

Few materials excel plastics in respect to appearance. It is 
possible to have anything from a soft matted surfac^e to one of 
glistening polish. C'olors are almost unlimited and are generally 
substantially fadeproof although some materials are subject 
to fading or other color change. Contrasting colors can be 
secaired either by external application of paints or by molding 
different parts in different c.olors for later assembly. CV)mbina- 
t ion with metal parts also affords desirabh^ (‘ontrasts. 

Among the reasons why plastics are growing in favor is their 
pleasant feel. This results from their being poor conductors of 
heat and being so readily molded with smooth surfaces and in 
shapes that fit the hand. This is an important consideration 
for the countless articles that have to be touched or handled. 
Growth in the use of plastics is attributable in part to a more 
general appreciation of their utility and to the economy with 
which they are converted into diversified forms. The choice 
available is constantl.y increasing and costs are being lowered 
both by material suppliers and by more rapid and less costly 
molding procedures. 

Reasons for Choosing Plastics over Alternative Products.— 
There are many reasons for the preference of plastic moldings 
in our modern world. Outstanding among these are the 

following: 
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1. Plastics arc converted rapidly and econonncally into an 
almost unlimited variety of shapes, many of which cannot 
he made so readily by most other methods of production. 
Streamlined and other shapes having clean and attractive 
appearance are produced without difficulty and often in a 
single piece, whereas most other methods of fabrication 
require more parts, more operations, or both. 

2. Many plastics possess transparent or translucent qualities 
coupled with lightness and strength, qualities seldom found 
in other materials and important for many industrial 
products. 

3. Color range Is unexcelled, the choice of colors available being 
sufficient to meet almost any rc(iuiremcnt. Not all colors, 
however, are available in every kind of material and not all 
have the same degree of colorfastness. 

4. Practically all plastics have excellent insulating qualities, 
both electrical and thermal, and often can serve not only as 
insulators but also as structural members, which, if desired, 
may be quite complex in shape. 

5. In general, production is relatively rapid and can be in 
multiple when, as often happens, this results in increased 
er^onomy. Material cost per piece Ls moderate and parts 
can often be produced more economically than if fabricated 
by other methods. This Is especially true when the subse¬ 
quent finishing operations usually required on metal parts 
are considered. As a ride, the removal of flash or gates or 
both on molded parts is a rapid and inexpensive operation. 

Dimensional Limitations.—Within certain size limitations, 
a large proportion of parts that can be cast in sand or in dies can 
be molded of plastics, provided the plastic chosen has the required 
strength and other necessary properties. If, however, cores must 
be used, they must not be fragile and must be of such shape as to 
permit of ready withdrawal from the molded part and remain 
intact for subsequent use. Sand cores, such as are used in many 
metal castings, are not practical in the molding of plastics, and 
complex metal cores, or cores which are easily bent or broken 
are seldom feasible. 

Plastics lend themselves most economically to the molding of 
relatively small objects having thin walls of fairly uniform sections. 
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Any great or radical departure from this slows the operating cycki 
and causes considerable increase in the cost of the piece. The 
maximum size of piece that it is practical to mold is not definitely 
fixed but depends in part upon the size of press eciuipment avail¬ 
able. Parts as large as children\s coffins have been produced 
commercially in steel molds, but few parts larger than good-sized 
table-type radio cabinets are in extensive production at present. 
A case, housing, or similar part becomes relatively expensive if 
its length exceeds 18 in. or if its width and depth are, approxi¬ 
mately, more than 12 in. If wall thickness exceeds in., 
curing time becomes so long that expense is further increased. 
The above is based primarily upon a molding made of thermo¬ 
setting materials such as phenolics or ureas, but also applies to 
thermoplastic material. With thermoplastics, present injection 
molding presses generally do not produce economically parts 
weighing over 24 to 32 oz. and the wall thickness preferably 
should not exceed in. Minimum thickness of *32 in. is 
satisfactory if the area of the part is not too large. Parts too 
large for production in one piece can often be made, of course, 
in two or more smaller sections that can be fastened together 
later by any of several means. 

The foregoing is based upon present standard molding pra(^ti(u\ 
Other methods of molding, some of which are now in the experi¬ 
mental stage, give promise of becoming practical but are not yet 
in extensive commercial use. All recommendations here made 
apply to the use of well-established methods, materials, and 
equipment, unless otherwise indicated. 

Types of Molding Processes.—As the method of molding 
employed has some effect on the design of parts to be molded, 
as well as upon the type of plastic chosen, the designer should 
know, at least in a general way, what primary types of molding 
(and of molds) are employed, and what the molding process 
involves. 

In nearly all molding, (except injection molding) the mold is 
first heated, either electrically or by steam, to the required 
molding temperature. Molds in general comprise two parts. 
The female part contains the cavity or cavities, shaped to give 
the required contours and external shapes to the part or parts 
to be molded. The mating portion of the mold includes what is 
variously termed the **plunger,^’ *^ram,'^ or force,” which is 
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shaped to form that part of tlie piece with which it makes contact. 
That portion of the mold containing the cavity is fastened usually 
to the lower press platen, which is often movable, and the force is 
fastened, as a rule, to the upper platen or head of the press. 
When ready for molding, a weighed amount of material, usually 
in powdered or granular form, is placed in the mold (cavity, 
whereupon the operator closc^*^ the mold. The plastic is thus 
subjected to heavy pressure, as well as to the required tempera¬ 
ture and, while in truly plastic form, is forced to assume the 
shape of the mold cavity. 

If the plastic is of the thermosetting (i)ermanently hardening) 
type, the heat causes it to cure and to harden. If a thermo¬ 
plastic is used, the mold must be cooled (unless already cool) to 
harden the plastic. When the plastic is hard, the mold is opened 
and the molding is ejected. 

Fro. 1. --Positive mold having a force Fig. 2,—Flash typo of mold, 
that fits cavity. 

There are several types of molding, and, in some types, differ¬ 
ent types of molds are used. ‘^Compression molding^’ is done, 
as a rule, with heated molds, usually in vertical presses. It con¬ 
sists of applying heat and pressure to the plastic, which is first 
loaded into the mold cavities, usually by hand. This method is, 
at present, the one most extensively employed. It permits of 
using either the thermosetting types of plastic (some of which 
are among the lowest in cost per pound) or the usually more 
expensive thermoplastics. 

In compression molding three distinct types of molds are used: 
Figure 1 shows what is known as a “positive^’ which 

the force, which is a close fit in the cavity, compresses the mate¬ 
rial, as a ram or piston m^ght do. The maximum or closing 
position of the force is limited by landing strips placed on top of 
the cavity block or chase. This type of mold produces a very 
dense molding, providing that the material is accurately weighed 
or measured and that a tight fit is maintained between the force 
and the cavity. Certain materials require this type of mold to 
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enaure satisfactory results. Flash or overflow (if any) is always 
vertical. 

Figure 2 shows a flash type of mold, the flash formed being 
horizontal. There is no well above the cavity. It is often 
essential, with this type of mold, to use preforms shaped almost, 
to the size and shape of the finished prodiu^t. Furthermore, 
great care must be exercised in closing the mold as it is necessary 
that the material be partially softened or fluxed before the final 
closing. Flash-type molds sometimes cost less than positive 
types but arc not used extensively because of the foregoing objec¬ 
tions and because, since there must be enough plastic to more 
than fill the (*avity after the plastic is compressed, a thick flash 
with considerable waste of material occurs. 

I'la. 3.—Semipositivc type of mold. I’lo. 4.- Alternative design of somi- 

I>ositive mold. 

Figure 3 illustrates what is generally known as a ^^semiposi- 
tive^^ mold. It is in reality a combination of the flash type and 
positive type. The material is compn^ssed into the cavity, much 
as in a positive type. The overflow or flash is first extruded 
upward but is further trapped and cutoff upon the horizontal land. 
The flash at this land is generally from 0.003 to 0.010 in. thick. 

figure 4 shows an alternative design of a semipositive type of 
mold. In this design, the force does not tele.scope into the cavity, 
as in Fig. 3, but rather into the well above the cavity proper. 
The land or cutoff is horizontal and the flash forming here is of 
the same thickne.ss as in Fig. 3. Semipositive molds are usually 
required in the molding of urea-formaldehyde plastics, and the 
type illustrated in Fig. 3 Ls preferable. 

Another type of injection molding is being done on a limited 
scale with certain kinds of thermosetting materials. This 
involves heating the plastic in a cylinder that is separate from 
the mold cavity proper but is connected thereto by a gate or 
gates. As soon as fluxing occaivHj pressure of the ram forces the 
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material through the gate into the heated cavity, where the 
plastic remains until cured. Slightly more than enough plastic 
to fill the cavity (or cavities) and the necessary gate is placed 
in the cylinder for each filling. A thin flash remains in the 
cylinder and, as the flash and gates harden permanently, they 
constitute waste. This process is sometimes referred to as 

transfer molding.’^ 
^^Cold molding’’ is really a form of compression molding 

but involves differences as compared with the conventional form 
of compression molding. Some special equipment for mixing 
the material in batches shortly before it is to be used is required. 
The material is then fed in measured amounts into an unheatcd 
mold and is quickly rammed into the cavity or cavities, using, in 
general, a toggle or other quick-acting press. In consequence, 
the process is sometimes referred to as ^Mmpact molding.” 
Moldings are then immediately ejected and, after being loaded 
on suitable trays, are placed in an oven to be baked for several 
hours. The filler used in making these plastii^s is largely asbestos. 
Among the binders used in the material arc bitumen or pitch, 
cement, resins, and oxidizing oils. The first two are least 
expensive and the most plastic. Cement plastics are refractory 
and quite brittle when cured. Resin types are physically 
stronger than those with pitch or bitumen binders but are some¬ 
what less heat resistant. Cold molding is done, as a rule, quite 
rapidly and usually with molds having one or two cavities, but 
subsequent baking of moldings requires special equipment and 
considerable time. There are variations of the process, in some 
of which the mold is heated although moldings do not remain in it 
long enough to cure. Rubber is among binders sometimes used, 
especially in molding storage-battery eases. 

When Molded Plastics Should Be Used.—In general, plastics 
in molded form should be used whenever engineering consider¬ 
ations indicate that the properties they possess will meet require¬ 
ments, provided of course, the number of parts needed is sufficient 
to justify mold costs and that the cost per piece is as low as or 
lower than the cost attained by other methods of production 
with materials that are satisfactory for the purpose. It is seldom 
economical to employ plastic moldings when quantities required 
range less than 1,000 to 5,000 pieces, but when quantities exceed 
these figures and the part required is well adapted for molding, 
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marked economies are oi ten attained by making use ol‘ the process 
and the plastic materials available. 

Molded plastics are especially adapted for use where one or 
more of the following conditions must be met: 

1. Where a diclec.tric^ is re(iuir(>d and the shape is not such that 
a punching from a sheet material or a part made from rod 
or tube would be cheaper. 

2. Where the shape of ])art and other conditions are such that 
molding is an economical means of production. 

3. Where elifnination of an applied finish is essential or adds 
to over-all economy. 

4. Where color or decorative effects available are advantageous. 
5. Where transj^arency, translucency, or un\isual opaque 

effects are desired. 
(). Where minimum weight is required. 
7. Where a high degree of corrosion resistance is important. 
8. Where the low heat conduction rate is advantageous, as in 

handles and heat-insulating parts. 
9. Where such properties as wear resistance, unusually smooth 

surfaces, freedom from odor and taste, resistance to mois¬ 
ture, rnoldability around inserts, a considerable degree of 
resilience, and/or certain other proj)erties outlined in other 
sections are desirable. 

Not all plastics yield all these properties or advantages in like 
degree, but the foregoing list includes all the major and several 
less important advantages that can be gained by the intelligent 
application of molded plastics. In some cases, molded plastics 
can be substituted with advantage for metals and often for 
nonmetallic materials, but in general, plastics are much more 
brittle and usually lack the strength of metals. Their cost per 
pound is nearly always higher than that of those metals in the 
commonest and most widely used forms, but their low specific 
gravity sometimes offsets this disadvantage. Production rates 
are commonly lower than for the more rapid of the metalworking 
processes, but this too is often offset by savings in finishing costs 
and/or other economies that make it wise to consider molded 
plastics wherever their unusual properties give promise of the 
economies and other benefits so frequently attained. 
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(Comparatively young, but having enjoyed a ])henomenal 
growth, is the process known as ‘‘injection molding/^ Thermo¬ 
plastic material in granular form is fed from a hopper by gravity 
into a heated cylinder, from which it is forced by a plunger into 
the mold after the material has }>een rendennl plastic by th(‘ 
heat. High pressure is reciuin^d to force the plastic through 
heating passages, orifice, nozzle, and gates into the closed 
mold or cavities, where the material sets. The mold is kept 
constantly cool, generally by having Avater circulating through 
ciiannels around the cavities. Injection juolding is done at a 
very rapid rate, with 75 to 300 shots, or mold tfllings, per hour. 
The mold is opened and the finished parts are ejected almost 
immediately aftei- filling. Unless inserts are reciuired, the 
opei'ation is practically automatic. 

Types and Characteristics of Molding Plastics.- There are 
two general types of molding plastics, thermosetting and thermo¬ 
plastic. The former undergoes a chemical change when molded 
and, as a result, the change is permanent; that is, the plastic 
cannot again be softened sufficiently to reshape it. It also 
becomes insoluble. The temperature under which it is molded 
is usually considerably higher than that used with thermoplas¬ 
tic materials and the finished product is capable of withstanding 
temperatures in some easels up to or higher without injury. 

Thermoplastic materials, though hard and relatively rigid at 
ordinary temperatures, begin to soften under temperature often 
as low as 14()®F. The material when molded undergoes no 
chemical change and subsequent heating somewhat beyond its 
softening point returns it to its plastic state. Except for these 
two fundamental diff'erences, many of the properties of each 
type of plastic are often similar. 

Nearly all plastics come in various grades or types, each suited 
for one or more diversified applications or for certain classes of 
uses. Phenolic plastics, for example, come in such types as 
general purpose, heat resistant, low (electrical) loss, impact 
resistant, and chemically resistant. In such cases either or both 
the resin and filler content are varied and properties vary 
accordingly. Somewhat the same is true of other plastics; 
hence generalizations require many qualifications. 

When any article is being designed for mass production it is 
essential that the designer knows approximately the character- 
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istics of the material he it»tends to use. If a molding plastic is 
chosen, it is well to know also the kind of mold and method of 

(D 

(D 

I Aceto-Butyrate (Charpy) 

Phenolic: Shock-Resistant 

Ethyl-Cellulose 

Cellulose Acetate (Charpy) 

I Vinyl 

Methyl-Methacrylate 

Polystyrene 

Phenolic: Transparent 

J Urea 

Phenolic: Meat-Resistant 

Phenolic: General Purpose 

Phenolic: Acid O* Alkali-Resistant 

I Phenolic: Low-Loss 

Chart A,—Toughness (iniiKirt ol inoltlrtl playtin.s. 
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0 
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0 

_ Urea 

Phenolic: Transparent 

Vinyl (No Filler) 

Methyl-Methacrylate 

Phenolic; Shock-Resistant 

Ethyl-Cellulose 

_ Polystyrene 

Phenolic: Low-Loss 

Phenolic: General Purpose 

I Phenolic: Meat-Resistant 

I Aceto-Butyrate 

Cellulose Acetate 

Phenolic: Acid 6^ Alkali-Resistant 

Chart B.—Flexural strength of molded plastics. 

molding most suitable. The following material data are intended 

to help in selecting the proper plastic. 
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"riKi nioldiug materials described arc among the commonest 
used at the present time and, as a rule, only the general or most 
outstanding characteristics of each are given. The plastics are 
arranged in alphabetical order for ready reference. The data 
on physical properties given in Table T are based largely on 

(D 
(D 

(D 
(6) 

(z) 
(z) 
(D 

(D 

_ I Urw 

I Vinyl (No Filler) 

Phenolic: General Purpose 

_ Phenolic: Transparent 

_ MethyM^ethacrylate 

Phenolic: Shock-Resistant 

Ethyl-Cellulose 

Phenolic: Low-Loss 

Polystyrene 

Phenolic: Meat-Resistant 

Phenolic: Acid 6* Alkali-Resistant 

Cellulose Acetate 

Aceto-Butyrate 

C’hakt C. -TcMisile streiij;th of molded 

0 
0 

@ 

® 
0 

Chart D.—-Cold flow in plastic.s = % decreawe in height of jt^-in. cube in 
24 hr. under a load of 1,000 lb. at 120®F. Shaded portions represent minimums; 
unshaded iK>rtions maxiniuins, depending upon foi inulation. 

Phenolic (All Types Applicable) (0.4) 

Urea (0.4 to 70) 

Vinyl (1.0 to 32.0) 

Polystyrene (2.0 to 22.0) 

M’ethy 1-Methacrylate (l.O to55.0) 

Cellulose Acetate (2.0 to 64.0) 

information furnished b3^ makers of the respective types of 
plastics covered. The order of merit of various plastics under 
several headings is given in Table II and relative values under 
some of the headings are given in bar charts A to G inclusive.^ 

^ Tables II, III, and IV and the charts A to G, based thereon, are copy¬ 
righted (1941) by and used by permission of the Bakelite Corporation, New 
York. 
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(D Phenolic: Heat-Resistant 

Phenolic: General Purpose 

Phenolic: Shock-Resistant 

@ Phenolic: Transparent 

(D Phenolic: Low-Loss 

(5) Phenolic: Acid O' Alkali-Resistant 

Aceto-Butyrate 

(D Cellulose Acetate 

® Ethyl-Cellulose 

® Polystyrene 

Urea 

® Vinyl 

Methyl- Methacrylate 

C'HART E.—Heat resistance of molded plastics (continuous beat, highest tcin- 
poraturc feasible). Ileal resistance varies with formulation, especially in 

thermoplastics. 

(D 
(D 
(D 

® 
(2) 
® 
® 
@ 
® 

IPolystyr€n€ 

Vinyl 

Phenolic: Heat-Resistant 

Phenolic: Low*Loss 

Phenolic: Transparent 

Phenolic: Acid 6* Alkali-Resistant 

^ethyl-Methacrylate 

Phenolic: General Purpose 

Phenolic: Shock-Resistant 

Aceto-Butyrate 

Urea 

Ethyl-Cellulose 

Cellulose Acetate 

Chabt F.—Water absorption of plastics, A.S.T.M. imrnersion t^t, 1 being 
lowest. Shaded portions show minimum, unshaded portions maximmn over 
range of formulations tested. (Moisture absorption from air, as distinct from 
immersion, results in different values and often is—as affecting dielectric values, 
for example—of greater importance.—Editor.) 
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Tahle 111.—Hej.ativk L()8b Fac 

From lowest loss to highest loss, assuming loss factor of polystyrene as unit 

for comparison 

60 
cycles 

1,000 

cy(4es 
1,000,000 

cycles 

1. Polystyrene. 1 1 1 
2. Ethylcell ulose. 38 38 38 
8. Aceto-butyrate. . 68 68 68 
4. Phenolic: low loss. . 172 88 44 
5. Mcthyl-mcthacrvlalo. 188 248 83 
6. Vinyl.‘. i 313 293 293 
7. Phenolic: transparent. 1 375 375 375 
8. Olliilose acetate. 1 300 450 1 375 
9. Urea. 1 625 1 350 3.50 

10. Phenolic: general purpose. 4,675 1,560 413 

Notk: Rating is arbitiuiy. Vaiying frequencies clumge relative losses. 

Acrylic plastics^ which go by the trade names of Acryloid, 
C'rystalite, Lucite, and Plexiglas, have a clear resin base, are 
thermoplastic, and can be molded either by compression or by 

® 

(2) 
@ 
(3) 

(D 

(z) 

(D 

Polystyrene 

Ethyl-Cellulose 

Vinyl_ 

W 

Urea 

Methyl-Methacrylate 

Phenolic; Low-Loss 

^ Phenolic; General Purpose 

^ Cellulose Acetate 

Phenolic: Transparent 

I Phenolic: Acid Ce* Alkali-Resistant 

Phenolic: Meat-Resistant 

Phenolic: Shock-Resistant 

Aceto-Butyrate (No Data) 

Chabt G.—Dielectric strength of molded plastics (A.S.T.M. in., instan¬ 
taneous). Shading represents normal variation ranges for different formulations. 

injection. They are available in a wide range of colors. Crystal 
clearness is their outstanding feature. Other properties include 
excellent stability, high resistance to moisture and to weathering, 
and, if so specified, little tendency to cold flow. Acrylic plastics 



334 DESIGNING FOlt QUANTITY PRODUCTION 

an; well rated under the following additional properties: flexurnl 
and tensile strength, colorfastness, water, acid, caustic and 
solvent resistance, dielectric strength. They also adapt them¬ 
selves well to inserts. Typical applications include displays 
and decorative articles, brush backs, signs, (dock and instrument 
dials, containers, cases, lenses, and the like. 

T AB LE IV.—Rksi s'l' IV rr Y 

Rating from highest to lowest; lowest is expressed as unit 1 

(All are good insulators for din‘et eurrent) 

1. Polystyrene*. 10^ 

2. Ethyleellulose*. 10'^ 

3. Vinyl*. lO^* 

3. Phenolie; low loss.   in'* 

4. Urea. 2,000 

5. Phenolie: transpanuit. 120 

6. Cellulose acetate. 100 

7. Phenolic: general purpose. ... 13 

8. Phenolic: heat resistant. 2 

9. Phenolic: shock resistant. 1 
No data: aceto-butyrate and phenolic: acid and alkali resistant. 
* Considering high re,si«tivity of poorest is excellent, figures are fantastic for higher ones. 

Cast phenolic rcsinSy while not properly classed among molding 
plastics, are mentioned here for general information. They are 
known by the trade names of Bakelite Cast Resinoid, Catalin, 
Gemstone, Marblctte, Opalon, Prystal. They are prepared as a 
sirup, and the casting process involves pouring this viscous 
material into lead, glass, or rubber molds, after which the mate¬ 
rial hardens under heat, requiring, generally, 48 hours or more 
at approximately 175°P\ The cast material, when finished, 
has excellent eye appeal. Colors are unlimited and range from 
clear transparency to opacity, including many beautiful mottled 
effects. Castings^ are often in the form of rods, tubes, or sheets, 
which are readily machined and polished. The plastic is non¬ 
flammable, and has high tensile and fair impact strength and good 
electrical insulating properties. Applications are chiefly of an 
ornamental nature and include buttons, handles, knobs, cases, 
costume jewelry, advertising signs, brush backs, displays, 
translucent panels, and the like. 

^ The term *'castings’' as here used is correct, as this type of plastic is 
cast rather than molded. It is not good practice, however, to refer to 
"castings’' when the plastic is molded, as in that case the correct term 
for the part produced is “molding.”—Editor. 
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Cellulose acetatCy which is manufactured under the trade names 
of Bakelite Cellulose Acetate, Lumarith, Masuron, Fibestos, 
Nixonite, Plastacele, and Tenite I, is among the most widely used 
thermoplastic materials. It has good mechanical strength but 
it is subject to considerable cold flow, especial^ in the softer 
grades. It is procurable from clear transparency through any 
degree of translucency to opacity and in a wide range of colors. 
Cellulose acetate is hygroscopic but generally has good to fair 
acid, caustic, and solvent resistance, depending upon the strength 
and nature of the solution. Its general moldability is excellent 
and it can be molded around inserts without difBcult3^ It has 
high dielectric strength and good machining qualities. Acetate 
plastics arc often subject to warpage in service and they become 
quite brittle at low temperatures, OT. or thereabouts. Typical 
applications include handles, knobs, escutcheons, bezels, lighting 
accessories and electrical-appliance })arts, combs, costume 
jewelry, gunstocks, clock and watch crystals, and an array of 
novelties, among man}" other parts. 

Cellulose acetate butyratCy which has the trade name of Tenite 
11, is quite similar to the gen(*ral run of cellulose acetate except 
that it has much better resistance to weather and its water 
absorption is much lower. It also has greater impact strength 
and less tendency to cold-flow than cellulose acetate. Because 
of these differences, it finds additional applications in articles, 
such as signs and lenses, that are subjected to outdoor exposure, 
handles, trays, parts used in refrigerators, and toothbrush handles 
and parts that are subjected to considerable contact with water. 

Cellulose nitratey known by such trade names as Amerith, 
Celluloid, Nitron, Nixonoid, and Pyralin, is the oldest of synthetic 
plastics. This thermoplastic is not suitable for injection mold¬ 
ing, partly because granules do not weld and comminuted forms 
are dangerous to handle and to store. Sheet and bar stock can 
be compression-molded. Hollow articles are made by using 
softened sheets in the mold and forcing steam, air, or liquid 
between them. The material is somewhat water resistant, yet 
is hygroscopic, that is, tends to absorb moisture, and so is not 
suitable for use in continuous contact with water. It is available 
in crystal-clear, translucent, and opaque forms in any color and 
in many beautiful mottled effects. It is tough, has excellent 
machining qualities, and finds some applications quite similar 
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to those of cellulose acetate and butyrate. Flammability is its 
main drawback but, by use of special plasticizers, this property 
can be reduced considerably. Clear transparent forms become 
brittle and discolor under prolonged exposure to sunlight. Much 
sheet, rod, and tubing are worked by machining rather than by 
molding. Few custom molders work with cellulose nitrate. 

Cold-molding compounds of the organic type are known by the 
following among other trade names: Aico, Cetec-Non-Refractory, 
Ebrok, Gummon, Okon, and Thermoplax. The inorganic makes 
include Aico 5, Alphide, Cetec-Refractory, Coldstone, and Hemit. 
These compounds can be further grouped in three classes depend¬ 
ing upon the kind of binder used: 

1. Bitumen, which has the lowest physical strength, is cheapest 
per pound but hiis the best molding properties. 

2. Resin, with high tensile and compressive strength but lower 
heat resistance than 1. 

3. Cement, having rather low tensile strength, higlu'st com¬ 
pressive strength, and, being refractory, the highest heat 
resistance and good arc resistance. 

All have relatively low dielectric strength but good resistance 
to acids and alkalies unless concentrated. Moisture absorption 
of some forms is high, tending to impair dielectric properties. 
Battery boxes, terminal and switch blocks, heater plugs, and 
handles subjected to considerable heat are among the outstanding 
cold-molded articles. All, except certain refractory forms, are 
dark in color and all are opaque. Rather liberal dimensional 
tolerances are required. 

Ethylcellulosej known by trade names of Dow Ethocel and 
Hercules Ethylcellulose, is a thermoplastic material having 
good impact, flexural, and tensile strength. Its hygroscopic 
qualities, tendency to dimensional change upon aging, flam¬ 
mability, and hardness compare with that of cellulose acetate 
and of cellulose acetate butyrate. It has a complete color range 
and is inert to alkalis of all strengths and to dilute acids. Its 
specific gravity is very low (1.14) and it possesses good dielectric 
properties. It is readily molded by either injection or com¬ 
pression methods. Molded products from this material are 
quite similar to the acetates. Ethylcellulose plastics form 
an excellent coating over wires. Strips of extruded ethylcel- 
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lulosc are used in the maiuifac^iure of woven furniture. Etliyl- 
cellulose, unlike cellulose acetate, does not become brittle at 
low temperature. 

Melamine.—Closely related to ureas is the resin kno^\m as 
‘‘melamine,^’ which has the trade name of Melamac. This 
material is of the thermosetting type. It is highly inert and 
among its outstanding properties is its resistance to hot water, 
organic solvents, weak acids, and alkalies. Tt is odorless and 
tasteless, colorless, and lightfast. 

Phenolic plastics are perhaps the most widely used of all 
molding materials, except rubber, and the following trade names 
of this type of material are well known to molders and cus¬ 
tomers alike: llakelite, Diirez, Durite, Indur, Makalot, Resinox, 
Textolite. Phenolic resins from which plastics arc made are 
commonly mixed with about equal parts of fillers such as wood 
flour, asbestos, mica, cotton flock, or macerated fabric, which 
strengthen the molded plastic and impart to it other favorable 
properties. These resins are readily molded under heat and 
pressure, during which they undergo an irreversible chemical 
change. As a result, they become permanently hard and cannot 
be softened again even by subsequent heating. They also 
become insoluble. Phenolic plastics come in a variety of colors 
but these are not generally colorfast; black, brown, and red are 
among the most stable. Light colors tend to darken and some 
others fade more or less rapidly if exposed to sunlight (or other 
light containing ultraviolet radiation) or to moisture, or both, 
and are not commonly recommended (see Table II under Color 
Stability), but dark colors render good service for most indoor 
applications. 

Besides the above properties, phenolic plastics have many 
desirable characteristics such as: fair to high strength (including 
high impact strength in some forms only); hardness; good mois¬ 
ture, acid, and alkali resistance; good to excellent dielectric 
properties; machinability; low tendency to cold flaw; fairly high 
heat resistance; and good buffing qualities. Except for certain 
cold-molded plastics, the phenolic plastics are lowest in cost per 
pound among plastics now in common use. Not all the above- 
mentioned properties are common to all grades, but generally a 
combination of most of them can be secured in one or more typas, 
hence desired specifications usually can be met. 
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Styrene plastics are known by th(‘, trader names Bakclite, 
Polystyrene, Lustron, and Styron. This resin is thermoplastic, 
has a high luster, and is light in weight. It ranges from clear 
transparency to opacity and is available in a wide choice of colors. 
It has excellent resistance to cold flow, except at elevated tem¬ 
peratures, has the lowest water absorption of any plastic, and is 
inert to acids as well as alkalies. It is not soluble in alcohol but 
is soluble in aromatic and chlorinated hydrocarbons. It has 
ability to carry light (by internal reflection) even around corners 
(as do the acrylic resins), and thus can be used v here edge light¬ 
ing is desirable. Typical applications are generally the same 
as for acetates or butyrates and its nonhygroscopic qualities 
give it additional uses. Because of unusually low electrical 
losses, styrene plastics are well suited for high-frequency applica¬ 
tions. They are well suited also for name plates and handles, 
doors, and bin ends used inside of refrigerators. In these as 
well as other applications, metal inserts molded into the material 
should be avoided, as the material surrounding the inserts is 
apt to crack. Unlike most thermoplastics, the styrene type 
contain no plasticizer and this makes for dimensional stability. 

Rubber,—The molding of rubber as referred to here concerns 
chiefly the hard type. The molding process is comparative!}^ 
slow, the cycles varying from a minimum of approximately 10 
to 20 min. up to several hours. One outstanding advantage is 
that undercuts of large proportions can be had in soft-molded 
rubber articles. Various pigments added to the molding mixture 
give a variety of colors, although the standard colors are chiefly 
black, red, or green, or are mottled. The properties of the 
various grades vary considerably and the price varies accordingly. 
Rubber products are generally impervious to acids and dielectric 
properties are good. Hard-rubber moldings include such items 
as storage-battery cases and chemically resistant fittings. 
Rubber moldings have very low water absorption but soften 
and swell when in contact with oils, are inflammable, and are 
subject to attack by ultraviolet light. 

Shellac is a thermoplastic resin and is known by such trade 
names as Compo-site, Harvite, and Lacanite. It can be molded 
by either injection or compression methods. It has excellent 
dielectric properties coupled with oil resistance and is extensively 
used for insulators, both large and small. Shellac also has some 
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properties desired in phonograph records, for which it is 
used. Although thermoplastic, molded articles can be made to 
withstand temperatures above 212°F. 

Synthetic rubbers or rubberlike plastics, now available under 
such names as Neoprene, Koroseal, Thiokol, and others, are 
becoming available in increasing (juantities and many vaiieties. 
In general, they have properties similar to rubber, and most of 
them can be vulcanized. Most of these materials, unlike natural 
rubber, are not affected by contact with mineral lubricants, 
gasoline, and other petroleum products. Molding is done in 
about the same way as for rubber, as a l ule, but applications are 
chiefly for uses in which natural rubber would be unsuited or 
would be subj<‘ct to rapid deterioration. 

Vreas. -Urea resins are commercially known as Bakelite Urea, 
He(itle, and Plaskon. They are thermosetting, usually trans¬ 
lucent, and come in a great variety of colors (especially pastel 
tints) and mottled effects. Colors are (juite lightfast. Typical 
applications include closures, ladio cabinets, clock cases, handles, 
lamp 8had(\s, and electrical devices. The molded article is light 
in weight and, though fairly water resistant, is not recommended 
for use in continuous contact with water. Urea moldings are 
quite brittle. In the lighter shades the material is translucent, 
and, when thin wall sections are used, care must be exercised in 
the choice of design and location of ribs so as not to detract from 
the desired appearance. ]\Ietal inserts, molded in place, may be 
used but arc not generally recommended because the material 
surrounding the inserts is apt to crack. 

Vinyl Resins—YmylitQ is the trade name of a molding 
material that has been used for several years in compression 
molding but recently has been introduced to the trade for injec¬ 
tion molding. It is thermoplastic and available in almost 
any colors, the material ranging from clear transparency to 
opacity. Water resistance is high and dimensional stability 
excellent. Phonograph records are among important molded 

applications. 
Aids in General Design of Molded Parts.—Many problems 

have to be solved in the design of most products and those molded 
from plastics are not an exception. But there are many general 
rules to aid the designer in making his product practical for 

quantity production. 
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It is always helpful, when dosigiiinfi; :i i)r()(luet to be luolded, 
to visualize the part in the mold and to consider what will be 
required to eject it therefrom. This will make apparent the 
necessity of adequate draft and will help to determine whether 
it is better to have the part cling to the force or to the cavity and 
where knockout pins should be provided. It will also reveal 
the logical parting of the mold and where the flash will occur. 
Such study helps to indicate how costs can be lowered and how 
mold costs can be minimized without using a mold that is cheap 
in the sense of being poorly built, for such a mold is seldom a 
good investment. The part should be so designed that the mold 
cost is at a minimum without sacrifice of quality or of efficiency 
in operation. 

Improvements in molding technique and in plastic molding 
materials have been so rapid and so frequent that the average 
designer is not usually too well posted thereon. For this and 
other reasons, it is well for him to consult the engineering staff 
of a qualified custom molder before his design is too far advanced 
to permit of desirable changes. The responsible molder is 
capable and willing to aid in adapting designs to the most 
economical and satisfactory molding practice. As he works 
with most, if not with all, of the established plastic materials 
and knows their properties, his aid in selecting the best material 
is invaluable. Since the selection of molding material has a 
bearing on mold design and also on the cost of the finished prod¬ 
uct, it. is well to have a definite knowledge of what material is 
to be used before going far with the design of any parts to be 
molded from plastic. 

It is often expedient to have a qualified commercial designer 
or stylist either design or offer suggestions on those features 
which affect the appearance of the product. Such designers 
generally are also prepared to furnish models of the design and 
these models often save their cost many times over. Among 
the advantages that a model yields is that it can be viewed from 
an infinite number of angles, whereas the average drawing 
generally limits the views fo three or four. A model also makes 
it possible to secure constructive criticism from those who cannot 
read drawings but whose comments may well prove highly 
valuable. 

General Rules for Design^—It is of course quite impossible to 
lay down any unvarying set of rules to cover all features of the 
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design of parts for plastic molding. Some general rules are given 
below, but it must be understood that they are not applicable 
in all cases. They serve, rather, as a guide to what should be 
aimed at, especially when the purpose is to produce at minimum 
cost, than as inflexible indications of what can and cannot be 
done. 

The reasons on which the rules are based are explained in 
subsequent sections, but the rules sometimes have to be violated 
because of other more important considerations. Nevertheless, 
the rules are formulated with a view to reducing both the mold 
cost and the time of production, and, where it is possible to 
follow them and still meet other requirements, costs are likely to 
be lowered and production speeded. Although some of the 
rules may appear self-evident, (checks of acitual designs will show 
that they arc sometimes overlooked with consequent and often 
needless increase in cost. 

The rules may well be review(^d before designing a part to be 
molded from plastic and, when the design is nearing completion, 
if it is checked against each rule successively, it is quite likely 
that they will suggest desirable changes that, if followed, will 
result in economies, often without interfering with other require¬ 
ments that must be met. 

It should be understood that the rules are not all-inclusive and 
that the designer should use reasonable judgment in their applica¬ 
tion. Where there is question as to their applicability to specific 
designs or as to the probable effect upon cost that will result if 
the rule be violated, the designer may well discuss alternatives 
with the engineer of some molding company, who will know what 
the effect of the alternative on cost is likely to be. 

Rule !• Design for the minimum over-all size of piece con¬ 
sistent with other requirements and avoid more parts than 
economy in production dictates. 

Rule 2. Aim for uniformity in section thickness and keep 
sections as thin as strength and other considerations permit. 

Rule 3, Avoid deep draws when shallower ones meet require¬ 
ments. 

Rule 4. Aim for simplicity in general design and for shapes 
that tend to minimize the cdst of molds. 

Rule 6. Design the piece so that the mold parting will come 
where the flash is readily removed and where the mark left is not 
noticeable or can easily be rendered imperceptible. 



342 DESIGNING FOR QUANTITY PRODUCTION 

Rule 6. Choose the material that gives lowest over-all cost 
consistent with other requirements. 

Rule 7. Design for the simplest and most rapid molding 
consistent with other requirements. 

Rule 8. Avoid shapes that require molds having split sections 
or other loose pieces when simpler molds can be made to meet 
requirements. 

Rule 9. Allow plenty of draft to facilitate removal of the 
molding from the mold. 

Rule 10. Provide for ample fillets at inside corners. 
Rule 11. Avoid large flat areas, especially where crowned or 

curved surfaces, beads, stepped, or other broken surfaces improve 
appearance without undue increase in cost. 

Rule 12. Avoid the use of inserts molded in place unless 
essential and, where they are required, minimize their number, 
consistent with other requirements. 

Rule 13. When inserts are required, see that they are not 
fragile or easily displaced and that there is sufficient plastic 
around them to avoid cracking of the plastic subsequent to 
molding. 

Rule 14. Avoid specifying limits closer than are readily held 
or closer than are required in mating parts. 

Rule 16. Design the piece to facilitate ready removal from 
the mold without distortion and so that pushout pin marks, 
which are unsightly, are hidden in the finished product. 

Rule 16. Make use of integral projections or recesses where 
they tend to facilitate assembly and/or fastening without undue 
increase in cost. 

Rule 17. Design for best appearance consistent with cost 
limitations. 

Rule 18. When lettering is required, specify raised letters; 
use debossed letters in the piece only when required for wiping in 
or for reasons that justify the added cost. This applies when 
the cavities are sunk by machining. If they arc produced by 
bobbing, debossed letters should be specified. 

Rule 19. Locate lettering on mold surfaces that are accessible 
and preferably on surfaces parallel to the mold parting. 

Rule 20. Always use inserts for threaded holes if considerable 
stress is to be imposed on the threads or if they are subject to 
considerable wear. 
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Rule 21. Avoid long cored holes (especially side holes) j 
particularly if adequate support cannot be provided for the pin 
that forms the hole. 

Rule 22« Always have inserts as sturdy as expedient and 
avoid specifying long inserts or slender inserts supported only 
on the ends. 

Rule 23. Avoid lugs or projecting inserts near edges or 
corners. 

Rule 24. Do not specify oblique or irregular holes if they can 
be avoided. 

Fio. 5.—HousiiiK for which two loose pieces are required in the mold, to make a 
throuf<)i hole at the .side, and several other through holes as well as a panel at 
one end. Flash lines occur where the edges of the loose se(rtions join the mold 
cavity, as indicated by arrows. 

Rule 26. Avoid the use of inserts hexagonal or irregularly 
shaped in those portions which project from the molded part. 

Rule 26. Avoid inserts that project from the molded piece at 
both ends if the ends must telescope into both halves of the mold. 

Rule 27. Design the molding, if possible, so that the mold 
can be parted in one plane rather than with an irregular parting. 

Effect of Shapes on Production Costs.—^limitations in the 
shapes that a molded part may assume are not numerous. It Is 
better, however, to avoid undercuts, either internally or exter¬ 
nally, that will restrict or prevent the piece from being readily 
separated from the mold. This is especially true of restrictions 
inside of the piece rather than on the outside. Kxtemal under- 
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(uil.s, if essential, can be produecd by using, loose sections to form 
part of the cavity, but these always complicate the mold and 
generally result in lines or marks where flash forms at joints 
between the loose piece and the mold proper (Fig. 5). Such 

Fig. C. Fig. 7. 
Fig. 6.—Sketch of molding with external undercut requiring in the mold a loose 

piece or a side core that does not go through the side wall. Flash appears around 
the opening made by the side core if, as in this instance, it is the kind that 
is pulled out sideways before the piece is ejected from mold cavity. If the side 
core is part of a loose piece that adheres to the molded part until this is out of 
the cavity, the flash appears around outline of the loose part. 

Fig. 7.—Sketch of part of a molding showing where sharp corners should bo 
avoided and where used to advantage. The upper edge, which is in the parting 
plane in this case, should have sharp corners, except as it may be rounded by a 
file or other finning tool. All other corners, both inside and outside, should 
have radii as large as feasible. 

flash often necessitates extra finishing operations, as does also 
the flash around a side core, as indicated by arrows in Fig. 5. 

Sharp external comers and edges should be avoided, as a rule 
{except at parting lines), as they increase the cost of the mold and 

Fip. 8.—In this molding, an abrupt change in section at top resulted in 
unequal shrinkage and in sink marks appearing in the outer surface of the 
thickened wall, whereas this surface was required to be as flat as possible. By 
making the change in section gradual the trouble was overcome. 

tend to weaken the mold by inviting fractures (Fig. 7). Sharp 
edges at other points in the medd than the parting tend to restrict 
the flow of the plastic and may cause weak weld lines in the 
finished product. 
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Abrupt changes in wall thickness (Fig. 8) should be avoided 
because they are apt to result in unsightly surfaces, owing to 
unequal shrinkage of thick and thin sections and unequal curing 
in the case of thermosetting plastics. Sink marks, that is, a 
tendency to cause shallow hol¬ 
lows in surfaces or even cracked 
moldings may result from abmpt 
changes in section thickness. 
A thin head on a thick stem is 
likely to show a sink mark on 
the face of the head, as indi¬ 
cated in Fig, 9. This can be 
avoided by making the head 
thickness about equal to the 
stem diameter, or, if the head 
surface is slightly dished, the sink mark may not be noticed. 

Designs which are streamlined have such a relation between 
their length, width, and depth that they are generally the most 

Fig. 9.—Dotted line shows the 
approximate outline of the sink mark 
that occurred when a thin head was 
molded with a thick stem. Increas¬ 
ing the head thickness helps eliminate 
the sink mark. 

Fig. 10.—Two halves of a bicycle lamp that is effectively streamlined and readily 
molded. 

economical to mold. Excessive depth, in relation to areas or 
cross section, presents difficulties, especially if the walls are very 
thin. The two-piece housing for a bicycle light shown in Fig. 10 
and the radio cabinet illustrated in Fig. 11 are good examples of 
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streamlined moldings well jn-oportioned in relation to depth and 
section thickness. Details of the radio cabinet are given also 
in the drawing (Pig. 21). 

Location of Parting and Effect on Design and Appearance.—It 
is generally desirable that tl»e piece be so designed that the 
inevitable parting line comes in such position that the removal of 
attendant flash is facilitated. If this line lies in a single plane, 

Fig. 11.—Radio cabinet (shown also in drawing, Fig. 21) has well-rounded 
comers and surface.^ most of which are crowned, as well as a neat design of 
louvers all making for good appearance. Large radii make the cabinet easier 
to mold. 

as in Pig. 7, it makes the mold cost leas and flash removal is 
simplified. An irregular parting line, although sometimes 
required, as in Fig. 12, is always relatively expensive not only in 
original mold cost but also in the finning operation. 

The parting line usually comes at the maximum diameter of 
the molding. If the piece is convex at the parting, it is often 
good practice, if permissible, to add a bead at the parting, as in 
Fig. 13. The flash is then readily accessible and is easily removed 
without marring the rest of the surface. A slight misalignment 
between the force and cavity will then not be noticeable. If the 
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finished part is circular and can have a groove instead of a bead, 
as in Fig. 14, this too is good practice, as a groove is easily 
machined on a finning lathe. Subsequent filling of the groove 
with a contrasting color of 
paint often makes foi* pleasing 
appearance. 

In the average commercial 
mold, the force and cavity are 
not always concentric or in 
perfect alignment, especially 
after the mold is worn. Some 
allowance for this should be 
made when designing the part. 
Wherever possible, it is better 
to avoid a design that brings 
the parting line in a place such 
as to necessitate close align¬ 
ment between force and cavity 
(see Fig. 15). 

Desirability of Minimum Weight.—Good design involves the 
use of a minimum of material, the latter being distributed so as 
to ensure sufiicient strength at all i)oints. Strength can be 
assured by selecting the proper material, by providing sections of 

Fkj. 12. “-Sketcli of a molding hav¬ 
ing an irregular parting. The broken 
line showH where the mold parts and 
indicates whore the flash has to bo 
removed. 

Fio. 13.—Ball knob having a bead 
molded at the parting. Thi.s makes 
flash easy to remove without leaving 
an unsightly mark. 

Fia. 14.—Ball knob in wliich flash 
is removed by simply turning a groove 
where the flash comes. 

adequate thickness, by the use of well-designed-and properly 
located metal iaserts, if thej'' are essential, and by addition of ribs 
or bosses at places of greatest stress. Economy in production 
calls for relatively light weight both because less material is 
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nHiuiml and because molding time is thereby minimizcHl. Tiie 
use of ribs often results in saving weight as the average section 

Fig. 15.—In a molding such as this, the parting lino comes at a prominent 
point but is easily removed provided that the force and cavity are in perfect 
alignment. When mold wear occurs, however, the lack of alignment shows 
prominently and is likely to result in excessive time for finishing. 

Fig. 16.—Luggage handles (molded hollow in two halves subsequently 
cemented together) that are good examples of tlie use of tliin sections with 
suitable ribs and bosses to minimise weight. Strength is added by the ribs 
and by using loops of sheet metal at the pin eyes. Ears on the metal fit into 
recesses between*ribs or bosses, the loops being added at assembly, not molded 
in place. 

thickness can then be minimized, as a rule. The luggage handles 
shown in Fig. 16 are materially strengthened by the use of ribs 
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and bows(;s as well as by the use of loop-shape stamped metal 
inserts (shown separately), which help to take the stress at the 
pin where the handles are attached to the bag. Packing and 
shipping expense is reduced when size and weight are kept at a 
minimum and this also promotes economy. Plastics are often 
chosen in place of other materials because weight is thereby 
lowered. 

Desirability of Uniform Section Thickness.—Uniform wall 
thickness results in maximum molding efficiency because it 
enables the molder to use the most advantageous combination of 
heat, pressiu*e, and curing time. Adjacent thin and thick 
sections involve compromises, especially with thermosetting 

^^Sink ho/es occur here- 
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Fig. 17.—Portion of an injection molding showing where sink marks occur 
opposite heavy ribs on the outside of a surface intended to be perfectly flat. 
The marks result from unequal shrinkage l)etween the thin walls and the thick 
ribs. Had the latter been no thicker than the walls and fillets used without a 
considerable increase in thickness at the junction (as at other points) sink marks 
would have been substantially avoided. 

plastics, because thin sections cure rapidly and may be overcured 
before thick ones are cured sufficiently. After the molding has 
been ejected from the mold, there Ls, in addition, uneven shrink¬ 
age to consider. This often results in surface imperfections such 
as sinking in (sink marks) at the heavy sections, warpage, brittle¬ 
ness, and, in lighter colored materials, slight variance in color 
between heavier and lighter sections. 

When light and heavy sections are required, it is best to use 
fillets as large as possible and/or to vary the thickness as gradu¬ 
ally as conditions permit. Liberal fillets also strengthen both 
the mold and the molded part and generally facilitate the flow 

of the plastic material. 
Need for Simplifying Mold Design.—Sometimes a part looks 

simple enough, but, if the part is visualized in the mold, diffi¬ 
culties otherwise overlooked are revealed. It may then be 
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expedient to consider some redesigning that will simplify the 
mold as well as the molding operation. 

Parts having re-entrant curves or undercuts such as to prevent 
ready withdrawal froh> the mold cavity require that the cavity 
block be split (as for the electric-iron handle, Fig. 18) or that one 
or more loose pieces be used (Figs. 5 and 6). This generally 
increases mold cost, because extra parts are required. The 

Fig. 18.—Handle for an electric iron that inakoH it necessary to employ a 
mold having split-cavity blocks. The heavy section for the handle proper 
necessitates a long curve but cannot be avoided unless the handle is made in 
two separate moldings. 

operation cycle is also lengthened as one or more parts forming 
cavity walls have to be removed to release the molded piece. 
The loose pieces become cooled when out of contact with mold 
walls, and additional heat and time are required to restore the 
loose pieces to desired molding temperature. 

Occasionally it is possible to have side holes or undercuts in a 
molded part without resorting to split cavity blocks. These are 
made possible by side cores that are withdrawn mechanically 
before the mold opens, as for the moldings shown in Fig. 6 and 
in the telephone mouthpiece, Fig. 19. Figure 20 shows a mold 
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and molding requiring a side core and gives some idea as to the 
extra cost involved in providing side cores and the mechanism to 

Fig. 19.—Telephone mouthpiece. It is necessary to use a side core, which is 
withdrawn before the molding can be ejec^ted from the mold. 

operate them. If three-way (or side ram) presses are available, 
on(^ whole side of the mold can be withdrawn before the other 
parts of the mold are opcmed (see Fig. 21). Split cavities, side 

Fig. 20.—Sketch of a mold and molding in which a side core is required to 
form a hole or holee in one side wall. The core has to be withdrawn, of course, 
before the molding can be ejected and must be locked in place securely before 
the next molding is made. An eccentric on a lever is used in this case to actuate 
and to look the core, and all the mechanism to the right of the cavity block, as 
well as the core itself, and the extra machining on the cavity block greatly increase 
the cost of the mold as a whole, 

cores, and other mechanical means for producing undercut 
moldings are entirely feasible and are in general use. They are, 
however, relatively expensive to build and slower to operate and 
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involve greater maintenance expense, and th(‘ finished molding 
requires that the parting lines at mold joints (unless allowed to 
show) be removed by a finishing operation. 

If side holes or openings are required, it is possible to mold 
these without side cores (which are mechanically withdrawn) 
and without resorting to split cavities, provided that the wall 

sa^L^ssszs 
Section K"K 

Section E-E 

Fia. 21.—Drawing of radio cabinet (also shown in Fig. 11) having an undercut 
on the outside of the base that could be formed in a three-way press or by using 
a loose piece in the mold to form the bottom recesses or undercuts. 

slopes or that part of it is offset sufficiently to cut off the material 
as the force telescopes into the cavity (see Figs. 22 and 23). 

Drafts Required and Factors Affecting Draws.—^^Before draft 
is specified it should be determined definitely whether or not 
it is desirable to have the molded piece cling to the force or to the 
cavity when the mold opens. This is determined, generally, by 
the type of ejection and where it is permissible to have the 
ejection or knockout pins leave their marks. If it is desired that 
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the molding cling to the force, as for the molding in Fig. 24, 
the draft sliould be shown on the outside (cavity side) of the 
piece, and, if the part is to cling to the cavity, as in the molding 
in Fig. 25, the draft should then be on the force side. It is 
general!}^ not necessary to have draft on both inside and outside 
of a molded piece. Exceptions to this are extremely deep 
cavities, where it is necessary to strip the part off the force. 

c 
mmmmm 

SECTION B-B 

Fio. 22.—Molding with offset wall. Opening is formed in the side wall hy a 
projection in the mold cavity. The force slides against the inner face of the 
projection to cut off the material and form the hole but leaves a thin flash at 
the inner face of the hole. No separate side core is required. 

When the mold opens and the part clings to the force, the molding 
upon exposure to air begins to shrink and sometimes clings so 
tightly to the force that the molded part is distorted or even 
cracked when stripped. On deep parts it is often necessary to 
have draft on both inside and outside in order to maintain a 
fairly uniform wall thickness, as in Fig. 26. The exact amount of 
draft varies greatly with different materials and depths of draw 
but generally ranges between 3^4 to Yz deg. minimum^ on a side, 

which is ample in most cases. 
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seen ON A A 

Fig. 23.—Sketch of molding in which the opening B, extending from line c 
to line d in the inclined wall, is formed by the force, as shown in the section A A 
through the molding and the mold in which it is formed. The force cuts through 
the wall of the molding forming the hole without the use of a separate side core. 
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Fig. 24.—This cup, molded of cellu¬ 
lose acetate, has negligible draft on the 
inside because, for ejection purposes, 
it is desirable that the part slips freely 
out of the mold cavity and clings to the 
force. The part is later stripped ofif 
the force, leaving no pushout-pin 
marks that are visible from the outside. 

Fig. 26.—Sketch of a typical mold* 
ing in which draft is desired on the 
inside only. When the mold opens, 
the force is freely drawn out of the 
molded part, the latter remaining in 
the cavity until it is ejected by one 
or more pushout pins working through 
the bottom of the cavity. 
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The maximum allowable depth of draw (distance which the 
force must move to clear the molding) also varies with man}'^ 
conditions, but the deeper the draw^ in propoition to force 
diameter and the smaller the draft, the more difficult the molding 
operation becomes. Parts, similar to the average drinking 
glass, that have a fairly uniform w'all thickness and (‘()nsideral)le 
draft, both inside and outside, 
and that are free from restrictions 
to the flow of material offer little 
difficulty in molding. 

Fillets and Radii.- (Jenerally, 
fillets and radii are desirable 
pai'tly be(^aus(' they offer less 
restriction to the how of the 
plastic and tend to strengthen the 
molded part. They should be so 
used, how^ever, that they do not- 
jnateriall}' in(a*eas(‘ the w all thick¬ 
ness (see Figs. 27 and 28). As a 
rule, radii should appear l)oth on 
the inside of a part and on the 
corresponding outside surface, so 
as to give a wall as nearly uniform 
thickness as practical, but, for 
reasons already explained, it is 
often better to avoid fillets at 
the mold parting. Fillets and 
rounded edges generally improve 
the appearance of the part, be¬ 
sides making exposed corners and 
edges less vulnerable to chipping. 
In general, square corners at mold partings can be broken, that is, 
slightly beveled or rounded, by the file or other tool used to 
remove fins and without a significant increase in cost. This 
makes the edge less likely to be chipped in service. 

Where a rib or boss joins a wall having an exposed surface, there 
should be no undue thickening of the molding, as sink marks are 
then likely to appear and to result in unsightly appearance. 
Figure 28 shows good and bad design at such points. 

Pig. 20.—Sketch of a typical 
beaker that has draft on both 
inside and outside. Generally, no 
pushout-pin marks are tolerated 
on the inside of such moldings. In 
this case a slight and shallow 
undercut sometimes is placed at a 
point such as A to cause the mold¬ 
ing to stick in (cavity. When the 
mold is opened, the part is ejected 
from the bottom, being stripped 
off the shallow undercut. 
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Shapes of Surfaces.—^Large flat surfaces should be avoided in 
designing moldings, as it is practically impossible to produce a 
molded part in which a large surface is truly flat. Moreover, a 
slight deviation from true flatness in a surface is readily detected 
by the eye, and this tends to make any irregularity unduly 
prominent. A slight crown or some other expedient to avoid 
flatness usually enhances the appearance of the part and may 
stiffen it sufficiently to avoid noticeable warpage. 

Stippling can often be used to advantage, but of course it 
must be placed in such a position that it does not interfere with 
withdrawing the part from the mold. Stippling tends to hide 
such surface imperfections as weld lines, orange-peel effect, 
and the like. Surfaces that arc crowned or curved, even slightly, 
result in high lights that catch the eye and tend to prevent 
minor surface defects from being noticed. Crowning also results, 
as a rule, in greater strength than for a flat surface. Beads, 
recessed lines, and stepped effects arc also used advantageously 
to relieve surfaces otherwise flat and uninteresting. Naturally, 
the curve or other expedient used to improve appearance should 
be such that it does not increase mold cost unduly or interfere 
with withdrawal of the molding from the mold. Simple curves 
are often less expensive to produce than compound curves. 
The radio cabinet shoAvn in Figs. 11 and 21 illustrates the effec¬ 
tive use of curved surfaces as well as of surfaces that are 
made attractive by the use of ribs or beads, some of which 
form louvers, though not without some addition to mold 
cost. 

Inserts and How They Are Used.—Inserts, when properly 
designed and located, are often invaluable in moldings. Their 
purpose is generally to take stresses or to avoid wear that ordi¬ 
narily is too great for the plastic part itself or to provide 
electrical conductors. Steel and brass are the most commonly 
used among the metal inserts. Brass is preferable, especially 
where great length is required, because its coefficient of expansion 
more nearly approaches that of the average plastic material; 
hence cracking with changes in temperature is less likely to 
occur. It is sometimes essential and always desirable so to 
locate inserts that the axis of th,e protruding portion is at right 
angles to the mold parting, as the insert must clear the mold 
when the molding is removed. 
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Inserts that are to be molded in place slioiild be desi^ijned with 
coarse diamond knurls, undercuts, holes, or similar irregularities 
of the surfaces to ensure good mechanical anchorage in the plastic. 
They should be designed so that they can be securely held in the 
mold without bending and without shifting their location during 
the molding cycle. To accomplish this sometimes calls for 
ingenious designing but is well worth the effort, as an insert 
that docs not stay in place is a source of much trouble and 
expense. 

Inserts generally and preferably have those parts which pro¬ 
trude from the molding and which extend into or are supported 

Fig. 27.—If the outside cor- Fig. 28.—Bosses for fastenings, if made as 
jiers of part have to be square, in upper sketch, are likely to result in unsightly 
the inside radii sViould not be sink marks on the opposite face or in color 
so large that the wall sec- variations if the plastic; is light in color. This 
tion becomes proportionately can be avoided by forming a no(‘k no thicker 
heavy. than the wall to join tlie boss to the wall, as 

in lower sketch. 

by the mold circular in section, that is, usually, cylindrical in 
shape. Often these parts have a male or female thread. The 
diameters of inserts, both inside and outside, are generally quite 
(easily held to close tolerances and such tolerances should be so 
specified on the print. Plus or minus 0.001 in. or less should be 
maintained so that the insert will fit either into a hole or over a 
pin by which it is to be positioned. Inserts that are not held to 
proper sizes either will not fit into or over the part for which 
they are designed, or else they will permit plastic material to 
flow beyond the point desired. Female threads of inserts should 
always be reamed or redrilled after the tapping operation to 
ensure close tolerances of the minor diameter. All inserts 
should be free from oil and chips. Figures 29 to 35 show inserts 
for molding in place and how they should and should not be used. 
Naturally molded-in inserts must be so placed that they do not 
interfere with withdrawal of the molding from the mold. 
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of inserts haviiiK tnalo threads mid no 
shoulder, as plastie ivs sure to flow into 
the thread- 

l''io. 30.—An iiistM’t with u shoulder 
flush with the face of the moldiiiK is 
lietter than one without a shoulder, as 
in Fig. 29, but may still give trouble 
through the tendency of the plastic to 
fill the thread. 

Fio. 31. Fig. 32. 
Fio. 31.—This insert is well designed and wxdl placed, with the shoulder some 

distance from the face of the molding. The shoulder tends to prevent plastic 
from filling the thread and, when a nut is applied, tightening it does not tend to 
pull the insert out of the plastic, provided, of course, the l>earing is against the 
shoulder. The outside diameter, indicated by arrows, should be held within 
close lijnits so as to make a good fit in the hole in the mold provided for it. 

Fio. 32.—Projecting parts of inserts should bt^ <^ylindri(ail or of stepped circulai 
section, as otherwise tlie hole to support the insert usually must be bobbed rather 
than merely drilled in the mold. 

Fig. 33. Fig. 34. Fig. 35. 
Fig. 33.—Inserts that telescope into both the cavity and the force should bo 

avoided, as it is difficult to keep the plastic from flowing into the hole in the force 
and, if any lack of alignment occurs, the mold may be broken by the insert. An 
exception* is in the case of long slender inserts that may have to telescope to 
afford proper support. 

Fig. 34.—The length of inserts extending from the mold preferably should not 
exceed 2 times the diameter, as long slender inserts are apt to be bent or broken 
by plastic that is forced to flow around them. 

Fig. 35.—Thin wall around inserts should l>e avoided, as cracking of the plastic 
is likely to result. 



DESIGN OF PLASTIC MOLDINGS 359 

Another example of metal inserts that are surrounded by 
plastic material is the modern automobile steering wheel. 
Molding usually has been done on compression presses using 
two preforms made to fit the metal insert, which is a spider form¬ 
ing the skeleton of the finished article. With the advent of large 
injection molding presses, the plastic material (generally cellulose 
acetate) can be forced into the mold and completely around the 
rim and can be made to cover, in addition, part of the spokes, 
much as in compression molding, but Avithout, of course, using 
preforms. The metal insert adds strength and the plastic pro¬ 
vides a comfortable grip and ensures excellent appearance. 

Frequently it is desirable to press inserts into cored holes 
rather than to mold them into the part. The inserts should 
then have straight or helical knurls and preferably should be 
forced into the plastic while it is still hot, provided a shrink fit 
is desired. This procedure is often cheaper than molding the 
insert in place and })crmits using (*(U’tain shapes of inserts that 
cannot be molded into the jdjistic. 

Location of Pushout Pins and Their Effect on Appearance.— 
Piishout pins may be located (dther in the top or bottom portion 
of the mold. These pins can be operated either through or 
outside of the force, or they can be operated from below into the 
cavity. This applies to compression molding in the average 
vertical press, where the platens as Avell as the pushout pins 
operate vertically. The most common injection presse^s, such 
as are used to mold thermoplastic materials, operate horizontally 
and the pushout pins generally are actuated from one end only 
and in a horizontal direction. 

Pushout pins are positively actuated and for that reason should 
have a strong surface to push against so as not to fracture or 
puncture the molded part. They should preferably push against 
ribs or bosses unless the molding is quite thick where the pins 
bear. These pins invariably leave marks in the molded part 
(unless they bear on metal inserts) and, for this reason, should be 
placed where the impressions left are least conspicuous. Quite 
often the ends of the pins are provided Avith insignia, numbers, 
letters, or other identification marks that are reproduced on the 
molded piece. Since the designer of the part does not often design 
the mold, he may not knoAV where pushout pins will be located 
unless he consults the molder, as he should do. Usually, how- 
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ever, it is better to indicate on the drawing which surfaces must 
be free of pushout-pin marks than to leave this to the nioldcr 
and later find that the marks come where they arc objectionable. 

Hollow pins or tubes are sometimes used for pushouts around 
fixed core pins for slender parts. The necessity for these should 
be avoided, if possible, to prevent additional cracks for plastic 
to enter and cause sticking and possible breaking of pushout 
parts. 

Whenever possible, a part should be so designed that pushout 
pins can be used in both top and bottom halves of the mold, as 

Flo. 36.—Molded part having two 
inserts and so designed that ejector 
pins can be used in either or both top 
and bottom portions of the mold. In 
this instance the pins are in line with 
the inserts and bear against them in the 
case of those on the hub side of the 
molding. 

Fig. 37.—A rib or boss, such as that 
at front of this molding would involve 
an undercut, whereas, if extended to 
the parting line, as at side, the under¬ 
cut is avoided. A similar condition 
applies for interior ribs that, if used, 
must extend from the parting line to 
the bottom of the molding as in the 
cabinet the interior of which is shown 
in Fig. 37a. 

in Fig. 36. This gives the mold designer a choice, which, in 
some cases, is very helpful. It then also becomes possible to 
have both top and bottom pushouts, which, especially in a multi¬ 
cavity mold, is a decided safety factor against loading and closing 
a mold in which some already molded part inadvertently has 
been left unseen by the operator. 

Rib and Boss Location Relative to Parting Line.—Ribs and 
bosses are used extensively to give sufficient strength and/or 
stiffness to the finished part, at the same time making the 
adjacent walls comparatively thin, thus effecting economy in 
material and in molding time. Naturally the ribs should also 
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l)(3 MS thin MS wnJls or ns othor condiiions ponriit. Soni(‘tiinos 
they tai)cr away gradually and contribute to the streamlining 
effect and promote ease in molding and finishing, besides making 
for pleasing appearance. 

Where inser ts are used, it is good practice to surround them 
with a boss and sometimes to add ribs to the boss. This results 
in a stronger anchorage and helps to avoid excessive localized 
stresses. 

Fig. 37a.—A cabinet, .showing interior ribs. 

Ribs and bosses must be so designed and so placed as not to 
interfere with the ready ejection of the part from the mold (see 
Fig. 37). For this reason it often becomes necessary to extend 
bosses or ribs on side walls as far as to the parting line, even 
though this is not required for other reasons. Interior side-wall 
ribs or bosses, such as are generally employed in radio cabinets, 
have to be extended from the parting line to the bottom of the 
cabinet (front face when in position of normal use, as in Fig. 37a). 
Such ribs must be given draft at each side as well as in depth so 
as to clear the mold or force and not interfere with ready ejec¬ 
tion (see also drawing, Fig. 21, of cabinet pictured in Figs. 11 

and 37a). 
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Louvers and How They Are Formed. Whenever an opening 
(such as a louver opening) is desired in a molded part, there is 
always some attendant flash at the opening. If the flash has to 
be removed from a frail rib or where scraping or filing is done 
in an inaccesvsible or conspicuous place, there is either danger of 
damaging the part or the possibility of making it unsightly. 
The accompanying illustrations, Figs. 11, 21, 37a, 38, 39, and 40, 
illustrate various methods of obtaining good results when such 

Fig. 38. Fig. 39. Fig. 40. 
Fig. 38.—Louvera are .simply made in this maimer but flash occurs along the 

diagonal lines. The angle of these should Ije preferably not less than 10 deg. to 
reduce the chance that the force (from rear) will not damage the cavity projec¬ 
tions (from front). Edges from which flash is removed are not prominently 
seen when the cabinet is in service. 

Fro. 39.—Another way of making louvers. The narrow openings prevent the 
edges where flash occurs, at rear face, from being seen when the cabinet is observed 
from the usual point of view. 

Fig. 40.—Details of an actual louver construction. Flash is nearly but not 
quite horizontal, yet it is quite easily removed and the edges affected by removal 
cannot be seen without stooping to view the oi^eniugs from below normal eye 
level. 

openings are to be provided. It is best to design oi>enings where 
flash occurs in such a way that the removal of the flash can be 
done readily and without leaving a clipped edge that is likely 
to be noticed in service. 

Convenient Fastenings.—It has become common and efficient 
practice to provide integral studs or projections or recesses in 
the molding so that a speed nut, or clip, can be slipped over the 
projection or into the recess to fasten two or more parts together. 
If the nut is to be permanently secured, the projection is gen¬ 
erally circular in crass section, but if the projection is of a D or 
similar section, the nut can then be removed by turning it so 



Fig. 41.—Types of (patented) Tinuerman speed nuts and speed clips used for 
fastening plastic moldings together or to mating parts: (a) Nut having prongs to 
grip a rectangular stud integral with a molded plate. Rounded spring ears hold 
the plate removably in an opening in a metal plate, (h) Clip having four sharp 
barbs to grip a projecting stud or rib on a molding and spring ears to hold the 
molding in a hole in a metal plate, (c) Clip fits around a circular stud molded 
integrally with shelf support and locks molding to holes in metal, (d) Molded 
knob with split hub has spring clip to hold hub to a D-shaped shaft, (e) Clip 
fastens plastic knob with molded projection to a D-shaped shaft. (/) Studs 
molded integral with a beael receive pronged clips to hold a glass, (g) Tubular 
clips grip integral studs locking part either permanently or with a sliding fit. 
(A) Barl>ed clip grips a rib and holds a lens to molded part. 

363 
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that the locking tongues of the nut clear the stud. As such 
integral studs are likely to be rather brittle and easily broken, 
there should be a liberal fillet where they join the body of the 
molding. A stronger fastening results if a metal stud or insert 
is used, but the stud need not be threaded if a speed nut is to be 
applied over it. One form of speed clip designed to fit into 
molded recesses is now available and makes a stronger fastening 
than one involving an integrally molded stud. Still other forms 
of speed clips are available for special types of fastenings as, for 
example, fastening a plastic knob to a shaft or spindle. Several 
forms of speed nuts and clips are shown in Fig. 41. Moldings 
can be fastened together also, or parts of other materials can be 
fastened to moldings, by drive screws or self-tapping screws. 
Holes for such screws can be cored if the holes are not too small 
or too deep (provided they are so located that coring is feasible) 
but small holes are commonly drilfixl. The hole diameter should 
be such that the screw will not split the plastic. Tubular rivets 
are sometimes used advantageously in fastening plastic parts 
together or to metal parts. Projections or studs formed inte¬ 
grally with thermoplastic moldings sometimes are cupped at 
the end and, after being passed through a hole in the mating 
part at assembly, are heated enough to flow the plastic and effect 
a fastening, somewhat as if riveted. 

Dimensional Tolerance.—Dimensional tolerances cannot be 
given definitely because circumstances so often alter cases. 
Among the factors affecting dimensional tolerances are the 
following: 

1. Kinds of materials used. 
Not all materials have equal dimensional stability. The 

following typical materials vary in the order named (from 
the most stable to the least): 

a. Phenolic, heat resistant. 
b. Phenolic, low loss. 
c. Polystyrene. 
d. Phenolic, general purpose. 
e. Phenolic, acid and alkali resistant. 
/. Urea. 
g. Aceto-butyrate. 
h. Cellulose acetate. 
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2. Humidity and temperature variations. 
In this respect the materials generally change their size 

and shape in about tlie f?ame order as just outlined under 
Kinds of Materials Used. 

3. Conditions under which the materials are molded, such as 
variations in temperature pressure and tim(^ cycle used in 
molding. 

4. Condition of the material prior to the actual molding. 
Material that has been exposed to ex(;essive humidity or 

to extreme temperature variations has to be normalized 
before molding; otherwise the moldings will not have 
dimensional stal^ility. 

When all the above factors are considered, it is evident that 
unvarying rules cannot be given. It is unwise, however, to 
specify tolerances that are closer than absolutely necessar^^ in 
any case. Costs arc likely to be lowered if tolerances are made 
as wide as conditions permit. If conditions make it essential that 
close tolerances be held, the molder should be consulted and the 
tolerances should be made such that he can hold them in the 
molded part. 

Another factor that enters‘into close tolerance specification is 
the fact that extreme care or unusual conditions have to be met in 
tooling or in molding or in both. Sometimes special cooling 
fixtures are required and, when these or special gages are neces¬ 
sary, they have to be made and maintained. When moldings 
must be inspected and handled wdth abnormal care, costs are 
increased. 

Wear and tear on the mold also affect dimensions. If mold 
parts become worn so that specified tolerances can no longer be 
held, these parts have to be repaired or replaced, often at con¬ 
siderable expense. 

Whenever material of good dimensional stability is specified 
and all necessary precautions are taken, holes of approximately 
1 in. diameter or .smaller can be held within ±0.002 in. or closer 
of the specified diameter. Larger openings and general dimen¬ 
sions of parts not exceeding a few inchas over all can often be held 
readily within approximately ±0.005 in. On larger pieces toler¬ 
ances should not be closer than ±0.001 or 0.002 in. per inch. 
These tolerances apply as between integral parts of the mold. 
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Larger tolerances are likely to be required when the measurement 

is across parting lines or between mold parts that have relative 
motion. 

Whenever a molded part is subjected to heavy stresses in 
service, the possibility of creep, or cold flow, should not bo over¬ 
looked. Cold flow occurs when a sustained and, especially, a 
heavy load is imposed upon the molding. This (lauses distortion 
with consequent change of dimensions. Plastic materials differ 
greatly in their resistance to cold flow, and the same general 
type of material often varies in cold flow in different groups of 
that type and in different grades within the group. Thermo¬ 
plastics in particular are subject to cold flow, and the softer the 
grade the higher the cold flow is likely to be. Soft grades of 
thermoplastics usually involve a highei- proportion of plasticizer 
than the harder grades. Many plasticizeis evaporate with 
aging, and the loss of plasticizer usually results in shrinkage and 
may result in warpage or even in cracking. Hence dimensions 
that are within required limits when the molding is shipped may 
change subsequently for different reasons, again making it 
apparent that it is often futile to specify close dimensional 
tolerances initially. 

Machining as Affecting Design.—While most plastics lend 
themselves moderately well to machining, it is good economy 
and often preferal)le so to design the part that subsecpient 
machining is either eliminated or minimized. From an appear¬ 
ance angle, so-called “mold’' finish is generally sufficient and 
more lasting than that on surfaces that have been machined 
and then buffed. Machining can be avoided, in general, if 
undercuts are not required and if the various parts or holes can 
be'formed by parts of the mold or are not at such an angle or of 
such shape that normal molding is not feasible. 

In more complicated mold designs, as already explained, it is 
possible to have cams, insei-ts, loose sections, split cavities, or 
the like to effect successful molding of very complex and irregular 
designs. When the piece is being designed, however, the various 
sections of the mold should be visualized to see that they have 
ample sections for adequate strength as well as to resist constant 
changes in temperature. 

Conventional hinges, catches, ,and other fastenings can often 
be an integral part of the molding, as in Fig. 42, or they maj 



DESIGN OF PLASTIC MOLDINGS 307 

ASS£MBa<- seer/ON A’-a 

Fia. 42.—Half of a conven- 
tional hinge having three projec¬ 
tions through which the pin hole 
is drilled. The cover molding 
has two projections that fit l>e- 
tween pairs of mating p^'ojec- 
tions in the base. 

Fjg. 43.—Detail of hinge that is made by 
inserts (one of which is shown separately) 
embedded into a thick section of the molding 
when it is made. Holes for the pin are 
drilled subsequently. The covej' has similar 
inserts staggered to mate with those in the 
base. 
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have to be metal parts that are embedded as inserts, as in Fig. 
43. At least one make of spring hinge that is applied without 
machining the molding or using metal inserts is available (see 
Fig. 44). Quite often, however, holes are either molded or 

■ Hi 

Fig. 44.—Box with Uathbun typo of hinge that holds the moldings together by 
means of a C-shaped spring snapped into place. Although the recesses in the 
moldings for the clip constitute undercuts, they are not deep and arc so placed 
that the molding, if rocked when pushed off the force, clears the latter. Edges 
of the moldings at the hinge are so shaped that the cover rocks and it is held 
open automatically when moved through 90 deg. 

drilled and tapped into the molding and metal hinges, catches, 
or locks are subsequently fastened by means of screws (Fig. 45). 
The use of drive screws and of self-tapering screws is feasible if 
holes sized to suit are provided, but cracking is likely to result 

unless the section is such as to pro¬ 
vide plenty of plastic around the 
screw. Figure 46 shows a form of 
hinge involving small undercuts but 
the conical projections and the holes 
they fit are so small that the molding 
can be sprung slightly and without 
injury in ejecting it from the mold 
and in later assembly. 

Threads, both male and female, 
sometimes can be molded if not too 
fine or too small in diameter, but 
molding costs are sometimes greatly 

increased when threads are molded. The coarser a thread 
is, the easier it is to mold. Threads of rounded contour 
for bottle caps are always molded in the cap and it is feasible 
to strip the caps off the studs that form the core (Fig. 47), thus 

Fig, 45.—Metal hinges fas¬ 
tened to moldings with self¬ 
tapping screws. 
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Having the time recjuired (otherwise) to unsta'ew tlie ('iii).s from 
the cores. Stripping of this type is not successful unless done 
before the material becomes hard and brittle or if the design is 

Fid. 40.—Special form of hinge involving ititegrally molded conical projections 
that mate with corresponding conical holes in the other half. Although under¬ 
cuts are involved, they arc shallow and the moldings can he sprung enough to 
free them from the mold and to assemble them sul^sequently. 

such that the elasticity of the material cannot be utilized because 
of mechanical interference or because the structure of the part 
does not admit of the stretching that stripping entails. It is 
usually necessary to unscrew a part 
molded over a threaded stud or to 
unscrew the stud from the molding, 
especially if reasonably close dimen¬ 
sional limits must be held. Male 
threads can be molded only at mold 
partings, by using split sections in the 
mold, by unscrewing the molding from 
the mold or a part of the mold from 
the molding. Such operations, though 
often feasible, require time and result 
in added mold cost and in greater 
molding cost. It is sometimes better 
to use threaded metal inserts than 
to mold threads on or in the piece. 

- Female threads can be tapped in 
some moldings but tapping is often rather difficult, as taps 
wear out rapidly and sometimes require frequent sharpening. 
Male threads can be cut or chased but involve difficulties similar 
to those encountered in tapping. 

Fig. 47.—Disponsor typo of 
bottle cap having a thread of 
rounded contour. This mold¬ 
ing is stripped off the core 
that forms the thread, without 
unscrewing, but the plastic 
must be a ffexible type or l)e 
stripped before it becomes too 
hard. Close tolerances cannot 
be ensured for stripped threads, 
however. 
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Design from an Appearance Standpoint. MauufiioturiMs on 
the alert for products that liave sales appeal know the importanct' 
of attaining good appearance in the product. Besides ensuring 
simple and attractive lines and shapes^ it is necessary to select 
proper material and the best color or colors in which it is to be 

used. 
Unless the manufacturer has his own thoroughly capable 

stylists, it is expedient to employ a qualified industrial designer 
to undertake styling the product before engineering design is so 
far advanced that changes in size and external shape cannot be 
effected. 

Primarily, the part should be functionally designed so that it 
adequately serves its purpose mechanically, electrically, chemi¬ 
cally, and in other respects. The designer must consider also 
how the i)art can best be molded and, if necessary, make sufficient 
alterations to facilitate molding without sacrificing the essential 
functions of the part. Qualified custom molders may well b(^ 
asked to offer expert advice on this point. At the same time, 
aesthetic or appearance factors require attention so that the 
product will have sales appeal. Designing products for appeai- 
ance and salability is fundamentally an engineering problem 
and the ideal designer is a type of artist-engineer who can vis¬ 
ualize and correlate engineering, production, and appearance 
factors to best advantage. Such a designer should know not 
only what constitutes good mechanical design; he must have an 
appreciation and knowledge of aesthetics and must know pro¬ 
duction methods and materials. All designs to be produced as 
plastic moldings should be checked to make sure that they come 
within the bounds of practical molding procedure. 

In plastic moldings, the material itself usually contributes 
much to fine appearance as well as to structural soundness. But 
symmetry of forms, simplicity of lines, a fairly uniform wall 
section, minimum size commensurate with other requirements, 
generous curves to facilitate free flow of the plastic material in 
the molding process, and judicious choice of color all influence a 
design deserving to be called ‘*good.’^ 

There are no hard and fast rules for choosing a color or color 
combination. It is, however, usually considered wise to avoid 
large areas of vivid color and to employ them chiefly for accent. 
Neutral and pastel hues are more generally favored for major 
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iiiTHH but they can often be broken up profitably by using con¬ 
trasting or complementary colors. The value of a certain color, 
however, cannot be overlooked if the merchandise has long been 
identified by this color. Complementary tones aie often 
employed on accessories to accentuate and enliven the central 
(*olor in particular cases. 

Generally speaking, the ligher colors (^arry the greater sales 
appeal, especially for feminine buyers, whereas the dark and 
somber hues are at the bottom of the list in sales appeal. Blue, 
green, purple, and some shades of gray are among colors that are 
generally classed as ^^cokr' or '^cooF^ colors. They do not 
excite the emotions, as do red, yellow, and orange, whic^h are 
known as ^‘warm^^ colors. When plastic products are worked 
out in the cool colorh they usually appear larg(a* than t hey actually 
ar(\ Conversely, the warm (‘olors have the opposite effect. 

Designers generally do not favor the use of mottled colors, 
es[)ecially if the mottles arc pronounced. Solid coloi's are pr('- 
ferred. On the other hand, so-i^alled mahogany and walnuC’ 
effe(*ts (presumed to simidate wood grains) are countenanced 
and have a certain utility. Sometimes their use serves to hide 
defects otherwise more ai)parent and this lowei*s costs b.y reducing 
rejects. So-called ‘‘wood graineffects have a cei’tain appeal 
in such products as radio cabinets and bezels for wooden cabinets 
even though they do not, in i*eality, closely" simulates wood. 

Appearance is often enhanced materially by the use of clear 
ti’ansparent plastic moldings or tinted transparemaes. Th(\v 
afford a depth not senuin^d otherwise and a high degree of light 
transmittal. Translucent molded plastics have a similar appeal 
but usually give less depth and greater light diffusion. The 
latter cpiality is especially useful in lighting accessori(^s and makes 
feasible such products as the bowls of lighting fixtures, for which 
ivory tints are usually preferred. 

These are among the factors bearing upon appearance tliat 
deserve and often require the judgment of a qualified artist, 
preferably one with experience in styling for a particular trade. 
No matter how skillful a designer may be, from a strictly (mgi- 
neering standpoint, if he lacks ability to make his product look 
the part and appeal to those who are influenced by beauty of 
line, form, and color, he should be guided by those who have this 
ability. On the other hand, it should not and need not involve 
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siici ilicc ill ruiictiuii or pcrforniaiicc from a utility standpoint to 
take advantage of really good styling. Ability to perform a 
particular function is usually an absolute essential, but not the 
only one. It is futile to turn out a design that is functionally 
perfect but that, for lack of aesthetic appeal, cannot be marketed 
successfully. Commercial success requires that the two go 
hand in hand. This applies, of course, chiefly to products 
commonly exposed to view. In hidden parts, which arc seldom 
or never seen by the purchaser, appearance may be of little or no 
consequence, whereas proper functioning is the primary if not 

Fig. 48.—Toaster base showing how it appeared before {left) and after restyling. 
The new style is not only much better in appearance but, because it has a section 
more nearly uniform in thickness, is stronger. It also costs less to produce. 

the only consideration except that cost must be held within 
required limits. 

Since really good design usually requires utmost simplicity in 
line and form, such a design is often the most economical from 
the standpoint of minimum cost in manufacture (see Fig. 48). 
There doubtless are cases in which improved appearance increases 
cost, but even then the greater sales appeal may more than offset 
such an increase, thereby justifying the changes required. 

Letters, Numbers, Trade-marks, and the Like.—letters, 
numbers, and characters, whether raised or depreased, should be 
placed in such position that they do not interfere with the ready 
withdrawal of the molding from the mold. . They should be 
on either the top or the bottom of the piece or in a plane prefer¬ 
ably perpendicular or nearly so to the line of travel of the force. 
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They can be placed on either a curved or an angular surface 
provided that they do not involve undercuts. About the maxi¬ 
mum angle that a plane forming the ba.se of the letters or char- 

Fig. 49.—Samples of moldings in which both raised and depressed letters and 
numbers are produced by suitable engraving of the mold cavity or the force. 
Various types of roughened surfaces are shown on lower left sample. The gas- 
stove knob dial has depressed letters and a depressed stripe filled in with paint, 
and the insurance company sign has raised letters darkened by inking with a 
roller (giving a type of finish that wears or rubs off easily). In certain mold¬ 
ing, made from clear transparent plastic, the name is made in depressed (reversed) 
letters sunk into the underside and later filled in with gilt paint applied with 
a brush or by spraying through a mask. Subsequently, the whole back is sprayed 
with dark enamel, making the plastic appear dark with the letters against it in 
gold. As the letters are on the back and in recesses, they show through the clear 
plastic, which also protects them against scratching, making an attractive and 
enduring name plate. Circular part, lotovr right, is a speedometer dial on which 
the triangular graduations are recessed but not yet wiped in. 

acters may make with the line of travel of the force is 45 deg. 
Wherever placed, the characters have to he (jarefully constructed 
so that no undercuts are inadvertently made. Letters of the 
block type are the easiest and cheapest to produce as engravers 
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general!}' arc' supplied with various standard sets of these 
and special templates so that expensive handwork is not 
necessary. 

Letters or characters that are stamped or ejigraved into a 
cavity or on a force appear raised, of course, on the finished 
product. As it is much easier to deboss by engraving into the 
mold than to produce embossed or raised letters or charactcT's in 
the mold, raised letters or characters on the molding should be.' 
specified if lower mold cost is a factor. In the event that the 
cavity is hobbed, however, the reverse is true, as the engraving 
is then made into the hob and the latter yields raised letters in 
the die so that the molding has recessed letters. 

Depressed letters and characters on the molding are, in general, 
readily filled with paint, giving a pleasing and striking contrast 
at low cost. Letters thus wiped in are quite permanent because^ 
the point, b(4ng below the surface, is not likely to be abraded or 
worn off (sc'c Fig. 49). 

Hot stamping is the term generally emplo\'ed to describe the; 
process of marking molded objects with letters, numbers, 
insignia, etc. This operation takes place after the part has been 
molded, trimmed, or otherwise finished. The part to be stamped 
is securely held in place while a stamp (underneath which is an 
acetate or cellophane film or ribbon, gilded or otherwise colored) 
is pressed into contact with the film, which, in turn, is forced 
against the molding. The stamp is heated, genially by elec¬ 
tricity, and pressure against the molded part imparts an impres¬ 
sion, which is, in reality, a brand, and causes the film to adhere to 
the piece where the letters press against it. The press employed 
usually resembles a kick press, but, where high production is 
required, a power press and automatic feeding, designed to make 
the operation very rapid, are employed. 

Hot stamping may be specified upon either thermoplastic 
or thermosetting materials. The operation is generally cheaper 
than having suitable characters engraved into the mold and then 
filled with color, as an added hand operation, but the latter 
generally produces a better job from an appearance and per¬ 
manency angle. Recessed lettei-s and numbers molded into the 
})iece sometimes are filled in by using a hot stamp, as above out¬ 
lined, to force film into the receSses, this being more rapid than 
hand filling and wiping operations. 
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PART II 

CHAPTER IX 

DIE CAST OR SAND CAST? 

By Herbert Chase 

Roth sand eastings and die eastings are prodiiets of wide and 
unquestioned utility. Both enter in a large way into the produc¬ 
tion of inaehine elements and many other products because of 
the economy with which they are turru'd out. In certain classes 
of products, neither can take the place of the other, but in the 
field of light and medium- to small-sized castings, there is a meas¬ 
ure of competition between the two. A logical choice depends 
upon many factors. 

Much may be gained by an effort to evaluate the two types 
of product. It must be admitted, however, that no hard and 
fast rules can be laid down that will, in themselves, settle the 
whole question. Too many variables arc involved and they 
change with market conditions, labor supply, and the like. Some 
general statements may be made to help clarify the situation, 
but it should be understood that they are generalities and thus 
are subject to exceptions. Most of the important considerations 
are outlined in Table I and are further explained below. In 
addition there are appended specific examples of actual experi¬ 
ence based either on cases in which substantially the same part 
was made by die casting and by sand casting, with costs each 
way, or in which the part was figured for production in both 
forms and one form selected either on a price basis or for some 
other controlling reason. 

Here, the author gives his own conclusions. With these some 
engineers may not agree. An effort has been made, however, to 
present in an impartial way such facts as it has proved possible 
to secure in numerous contacts with those who are face to face 
with the problems as a part of their regular duties, 

376 
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For simplicity, the comparison is based, except where other¬ 
wise indicated, on unalloyed gray iron for the sand casting 
and zinc alloy for the die casting, as each is most widely used in 
its respective field. I^oth arc at the low end of the cost scale 
and both have good casting qualities. It should be noted, 
however, that where qualities not to be had in gray iron, on one 
hand, and zinc alloy, on the other are required, many other 
materials for sand casting and die casting are available. Many 
alloy irons and numerous nonfcrrous sand-casting alloys arc in 
extensive use and can match or exceed the physical and some 
other properties of the die casting. For die casting, besides the 
zinc alloys, there are the aluminum and the magnesium alloys 
characterized by light weight; the brass alloys, some of which 
have physical properties comparable to mild wrought steel; 
and the tin and lead alloys for a few rather special i)urposes. 
There arc instances where permanent-mold castings, as distinct 
from the above t>'pes, d(‘servc consideration and may be prefer¬ 
able to either a sand casting or a die casting. C'omparisons in 
this regard appear in anotlun- chapter. 

Among the outstanding advantages of gra\'-iron sand castings 
(to be dealt with in more detail under specific headings in sub¬ 
sequent paragraphs) are low cost of material having many 
excellent qualities, moderate cost for patterns and tooling, ease 
of casting at a fairly good production rate, good machining 
properties, and strength adequate for a wide variety of uses. 
Hardness and rigidity are often highly advantageous. These 
are offset, when compared w ith die castings, by such shortcomings 

as higher cost of machining, need for heavier sections and for 
wider dimensional tolerances, high cost of coring, low ductility, 
and low impact strength. 

Included in the advantages of die castings are rapid produc¬ 
tion within dimensions so close that little machining is needed, 
thin sections and lighter weight, accurate coring at only slight or 
no extra cost, smooth surfaces without sand inclusions, lower 
finishing costs, and superior strength, especially in impact. 
Offsetting these are such items as higher material cost, higher 

cost for dies than for patterns, certain limitations on shape, 
especially in some types of coring, and, in most alloys, softer 
materials, some of the latter being subject to cold flow. 



378 DESIGNING FOR QVANTITY FHODVCTION 

Tabuo 1.—('ompahison of ^^\cTOR^i Affecting (Choice of Caisting 

j l)i<* ctisfings j Sand caHtingR 

(iray iron loui'st in rowt aiul 

widnly usod. Alloy cast iron 

allots next in cost and extent of I available for inan> special jiui- 

use. Alloj's of copper (brass), ! poses. Numerous nouferrous 

magnesium, tin, and lead for j allots available for Hpc<’iul 

special i)urpo8eR. purposes. 

Weiglit (spfMiific Zinc alloys average 6.7. Aliimi- Cast iron average sper*ific gravity 

gravity). nilm alloys av’crage 2.76. Mag- about 7.28. Range of gravit.v in 

nesium alloys uverirge 1.81 ; nonferrous alloys is the same as 

(lighiest). Lead alloj's av'eragi^ for die castings. 

10.65 (heavdcKt). 

Section thickness. .. Ranges from 0.025 in. upward in • in in. minimum attained in few 

very small eastings, from 0.040 specialized castings, l)ut ®.v2 to 

in. upward in medium-sized en>t^ j Is considered usual limit in 

I ings, ami from ,Vir> in. upwar<l in snudl castings with to in. 

I largo-sized eastings. , minimum in larger size.s. 

('oiing.j Can be complex; cores as small as j Can be complex and of ten involve 

j ' HI* in. diam. can be useii. Fine: umUircuts but cores hsss than 

I threads (ran be cast where.saving ! ' ( in. thiek are seldom practical, 

j over ta|>ping results. (\>res in- j Making and placing of cores 

volving undercuts often are not i greatly increase casting cost.s. 

practical. Kffeid of coring on i 

casting co.st slight. , 

Kxternul form. Can be complex and involve fine j Can have almost any shajie and 

details but undercuts often re- i include undercuts but these may 

(piirc extra die jiarts. greatly increase molding costs. 

Surface smoothness.. Can be srich that only bulling Is TTsually requires grinding, polish- 

needed to onsurc excellent sur- ing, and buffing or equiv'alent to 

face for plating. attain equal Binoothne.s8. 

Dimensional accu- Commercial tolerance ±0.001 to Cominorcial tolerance ± 

racy. 0.003 in. per inch on most iiiipor- for important dimensions on 

taut dimensions. small castings but is increased 

for core work.t 

Tooling (including Die cost liigher than pattern cost Pattern costs may be 15 to 25 per 

die for die casting), but tooling for machining is | cent or more of cost of die. 

likely to be lower because of ! Tooling for machining likely to 

fewer ojicrations and lighter cut.s. exceed that for die casting. 

Production into . . .50 to 1,000 cycles an hour (aver- 26 average small molds an hour 

age about 2(K) to 300 an hour), (one man) not including pouring 

one to several eastings per cycle or making or placing of cores, 

(one man), time for core opera- One to several eastings per mold, 

tion included. 

Mateiial cost" (melt- .Vv^erage about 8*4 cents per About 1,*2 cents per pound plus 

ing extra). pound for zinc alloys (but cast- cost of sand and core materials, 

ings often weigh less than sand 

castings). 

Cost of machining.. . Low because of close dimensions High where close dimensions and 

and smooth surfaces. Only smooth surfaces are needed; not 

light cuts when any are required, hard to machine in general^ but 

Many holes cored to size. Met- hard spots and sand inclusions 

als frei? from hard spots and sand tend to dull tools, 

inclusions and easily mechinetl. 

Materials. ... . j Zim* allo.vs lowest in ami 

I most widelv useil. Aluminum 
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rABLB 1.—Comparison of Factors Affectincj Choipf of Cahtin^.*. 

(Continued) 

I'oHt. for nppli<‘<l f^ow hccanso of smoother Hurfacos Usually lusher for equal smooth- 

fiiiish. ((‘s])ee,ialiy important where ness and general appeaiama*. 

|)lating is required). Hulden Hidden ]>artH often requin^ 

|)artH require no finish as metal finishing to avoid red lusting 

is not suhjeet to red rust. when in ferrous alloy. 

Fastening at asH(mi- Can hav^e integral rivets or exten- Integral fastenings usually not 

bly an<l inserts. sions to he headed or spun over, feasible and cored holes are 

or accurate cored holes. Inserts relatively inaccurate. Inserts 

I reatlily (^a-^t in place. seldom feasible. 

Strength and ductil- , Zinc alloys generally superior in j Gray cast iron superior in com¬ 

ity. tensile strength; much supeiioi pressivc strength but inferior in 

in impact strength and in <luctil tensile and much inferior in 

ity to gray iron (see Table IT). impact strength and ductility. 

Some other die-i-asting alloys Sonu* other alloys c<iual to or 

infeiior to certain sand-<\Hst better than die-casting alloys, 

alloys. 

Hardness and cold Zinc and aluminum alloys range Gray Cfist irons range from 100 to 

flov’ from 60 to 83 Biinell. Brass 700 Brinell. Dimensional sta- 

106 to 180. Zinc alloys are sub- bility of cast iron an asset in 

jeet to cold flow. some applications but material 

is not entirely free from cold 

flow. (Sec A.S.T.M. Symposi- 

I um on Cast Iron.) 

Appearance.i Excellent in as-cast form because Rough ami, in some instances, 

j of smoothness and color and in lacks detail, (’olor of gray iron 

i fitdshed form where fine detail is didl. 

j and sharp lines are re(niire<l. 

♦ Prewar costs. 

t Figure is approximate and varies with innny conditions. See chapter on Sand Castings. 

Because of die costs, die castings are seldom economical when 
quantities required run below 1,000 to 5,000, unless the corre¬ 
sponding sand casting necessitates much core work, too much 
machining, or too high costs for finishing. There are, of course, 
many large sand castings not capable of duplication in die casting, 
but there are also many small and some large die castings quite 
impossible to duplicate in sand-cast form on an economical basis. 

Such are some of the generalities, which are, for the most part, 
fairly well understood in the metalworking industries. It is 
desirable, however, to set down the facts more fully under specific 
headings if one is to gain a more thorough insight into the subject. 

Materials Available.—These have been mentioned, and data 
on their respective properties are given in Table II. Relative 
to the whole group of die-casting alloys, however, it is to be 
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noted that aluminum and magnesium alloys, and especially 
those copper alloys grouped under the term “ brass,are harder 
to die cast and involve greater die expense than the zinc alloys 
and those with still lower melting points. Ih^side being low in 
cost, zinc allo3^s can be readily cast with smooth surfaces, good 
properties, thin sections, and minimum die costs. Consequently, 
otfier alloys are emplo^^ed only when they yield particular 
properties not to be matched in the zinc allo3^s. There is no 
precise parallel for this in sand casting, but the low cost of gray 
iron and its fluidity in molten form, which makes for easy casting, 
as well as certain excellent properties, account for its prepon¬ 
derant use in sand (tasting. 

Specific Gravities.—The specific gravities of zinc alloy and 
gray iron are nearly the same: 0.7 average for zinc alloy and 7.28 
average for cast iron. The slight advantage in total weight of 
the zinc alloy on this score is increased in many castings, how¬ 
ever, by reason of the thinner sections in which it can be cast 
and still have a wide advantage over cast iron in impact strength. 
If aluminum and magnesium die castings arc compared with 
cast iron, the weight saving is still greater (s(*e Table II for rela¬ 
tive specific gravities). The cost per die casting in aluminum 
alloy is onl.y a little higher than in zinc alloy, and, in certain 
unusual cases, quotations arc the same or slightly lower for 
aluminum allo.v. 

Section Thickness.—Section thickness invariably has a lower 
allowable minimum in the die casting than in the sand casting, 
and such thin sections even enable the die casting to compete 
with stamping in numerous instances. Clock cases, for example, 
are produced with sections averaging about 0.030 in., and 
housings as large as 11 by 7 by 7 in. are made in sections averag¬ 
ing about 0.040 to 0.045 in. using zinc alloy. Aluminum die 
castings do not have to be much, thicker. As against this, 
although some special flat lock parts are said to be sand cast in 
iron only Ke thick, to in. is considered low for small 
iron castings, and to 34 iii* is low for large iron castings. 
Eyen large die castings such as full-size automobile radiator 
grilles seldom exceed average thickness and often have 
thinner sections. Die castings can have sections of 34 io. or 
thicker but are seldom economical except perhaps in small cast¬ 
ings. Much heavier sand castings are produced, of course, and 
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porosity may occur in thick sections in both dit^ and sand 
castings. 

Coring,—This involves several considerations that a](‘ diffenait 
in die casting than in sand casting. In sand casting, cores as 
sjuall as I'i in. diameter are considered small and drilling usually 
preferable. Cores down to Hz diameter are used in die 
castings and almost any size hole, in which the depth does not 
f'xceed two to three times its diamet('r, can be and usually is 
cored, especially if in a favorable position. In general, however, 
the core cannot involve an undercut and, if it comes at an angle to 
the direction of die motion, some increase in die cost is involved. 
Sand cores can hav(' almost any shape, but they have to be made 
up for each casting in special core boxes and involve several 
extra operations in production and in placing them in molds, 
slowing production accordingly. Operation of movable cores 
in die casting sometimes lengthens the ciisting cycle, but cores 
im) often arranged for automatic operation and then have little 
or no effect on the time of the casting (*ycle. E^'en when coring 
increases die costs and lengthens the cycle, it often effects impor¬ 
tant economies by savings in machining and in metal. It may 
do likewise in sand casting, but the effect on cost is likel}^ to be 
less favorable because of the extra labor and delays that cores 
entail. The fact that close dimensions are difficult to hold in 
sand coring may recpiiix^ added machining operations. 

External Shapes. ~ These can often be the same in die-cast 
as in sand-cast parts, but in each type some shapes can be made 
that are not feasible in the other type. Since a die is not flexible, 
the die casting must clear it when ejected, whereas the sand mold 
is destroyed after each casting. Patterns must clear the sand 
mold, of course, but the}' can be splk or made with loose parts, 
or the mold can be parted in such a way as to yield castings not 
feasible in die casting. Many dies have slides carrying parts 
that form undercuts and the die can, in effect, be split in various 
ways when any extra costs entailed are justified. Greater faith¬ 
fulness in detail and greater sharpness of lines and edges are 
feasible in die casting. 

Surface Smoothness.—Surface smoothness invariably favors 
the die casting or can be made to do so by care in finishing die 
surfaces. Sand moldings necessarily show the irregularities of 
the sand surface, and tumbling and sand blasting do not remove 
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tiuNsc entirely. Di(‘ eastings arc now produced with surfac(\^ 
so smooth that only light buffing is re<juired before i)lating. 

Dimensional Accuracy.—Dimensional accuracy, being much 
greater in the die casting, is among its important advantages, 
llelative commercial tolerances are given in Table II, and the 
much closer limits held iji die casting tend to reduce machining 
(H)sts to an irnpoi tant degree. Sometimes no machining, e.xcept 
to remove flash, is required. When machining is needed in the 
die casting, less allowance for metal removal is made? than in 
the sand casting. 

Tooling Costs.—Tooling costs, as a rule, fa\'or th(‘ sand casting 
when only the cost of tht‘ die requii(^d is compared with the cost 
of patterns, l^attein, core-box, and match-plate cost sometimes 
runs up to or above 25 p(;r cent of die cost, l^'oolirig for machin¬ 
ing th(} sand (tasting is likely to exceed that for machining the 
die casting, and in some instances a great(^r mim})er of machine 
tools are used in the production line for the sand casting. In 
certain instances, tooling for machining brings the total cost for 
tools for the sand casting above the total foi* the die casting. In 
the die casting, holes are usually cored so near size that only 
reaming is recjuired. As against this, drilling or boring and 
reaming are necessai y on the sand casting, ])erhaps with separate 
jigs for both operations. Again, holes that re([uire tapping are 
usually cored to tapping size in the die casting, or the thread 
itself can be cast. In the sand casting, holes must be drilled 
as well as tapped. In machining operations, such as facing of 
bosses or flanges, tooling is likely to be more (expensive for the 
sand casting, if for no other reason than that heavier cuts are 
required. When chang(^s in design are necessary after die-casting 
dies or sand-casting patterns are made, the latter usually can be 
altered with less expense than for a casting die. 

Die costs are commonl}^ distributed and amortized by dividing 
these costs by the number of castings that are quite certain to 
be required. Pattern costs should be distributed and amortized 
in the same manner. If the saving per piece including machin¬ 
ing in both cases, multiplied by the number of pieces figured, 
equals or exceeds the difference between the die cost and the 
cost of pattern, core box, and match plate, it #fiay be well to 
invest in the die.^ 

‘ One reason is that, onee the die is amortized, any savings which the use 
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Production Rates.—Thc\sc arc j^cnerally imich liighcr for the 
die casting than for the sand casting, providing the comparison 
is made between the number of cycles per hour. Of course, if 
production from a match plate having many impressions is 
compared with that from a die having one or very few cavities, 
the two ma.y be equal or even favor the sand casting. Fifty 
cycles an hour is about the lowest rate for die castings, even in 
large sizes, and it nins up to 1,000 cycles an hour for some medium 
to small die castings, the average probably being between 200 
and 300 an hour. This is equal to or greater than the average 
number of molds made per day on a molding machine, hence the 
die-casting machine runs on an average eight or more times faster 
than the molding machine. With the latter, there must also be 
considered the added time and labor for casting and for break¬ 
ing up molds and sand handling not recpiired in die casting. 
Removal of fins, gates, and sprues is involved in both processes 
but is likely to be much more rapid in the die casting. 

Cost of Material.—Material costs, especially on a basis of 
equal volume, are quite sure to favor the gray-iron sand casting, 
as the iron used costs around 11^ cents per pound in pigs and costs 
for sand and fuel arc not high. As against this, zinc-alloy ingot 
averaged around 8}4 cents per pound for several years,' with no 
sand to consider, and fuel costs are low. If, however, the die 
casting can be made much lighter than the sand casting and still 
perform the same function as well or l)ettcr, the advantage of 
lower material cost for the sand casting is reduced or perhaps 
even eliminated. 

Cost per pound of castings, as distinct from pigs or ingots, 
varies widely with the size, shape, coring, and quantity required. 
For rough approximations, however, one large user of both types 
figures 5 to 10 cents per pound for gray-iron sand castings (not 
machined) and about 10 to 25 cents per pound for unfinished 
zinc alloy die castings. 

Machining Costs.—These have been mentioned and clearly 
favor the die casting, as there is less metal to be removed and 
dimensions are held within closer limits. Moreover, the advan- 

of a die gives are continued if additional castings are required. With sand 
castings, a new illold has to be madq for every casting or gate of castings 
produced. 

^ Prior to 1942. 
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tages of coring either reduces the machining of openings or elimi¬ 
nates such machining. If the part must be polished, either for 
plating or other finishing, the much smoother die casting reduces 
the cost of grinding, polishing, and buffing. Flanges against 
which gaskets fit can sometimes be used without machining the 
face of the die casting, whereas a similar sand casting would be 
too rough and require facing. Die castings do not have sand 
inclusions, the presence of which in sand castings often dulls 
tools. 

Finishing Costs.—'I'he cost of finishing is usually higher for 
the sand casting where plating is reciuired, as this necessitates 
grinding, polishing, and buffing to obtain a smooth surface. If 
smoothness is not a consideration (as for hidden parts) finishing 
costs may be the same. Except for parting lines, many die 
castings require only buffing, and those which need grinding 
and/or polishing reciulrc less labor for this than do sand castings. 
Iron sand castings are subject to red rust if not painted. Zinc 
alloys tarnish and sometimes show white oxide if used where 
moisture accumulates, and similar effects are seen on aluminum 
and magnesium die castings. Nevertheless, both zinc and 
aluminum types are extensively used without any applied finish 
and yet remain in acceptable condition in most exposures. 

Fastenings and Inserts.—Self-fastenings and inserts constitute 
fairly important factors favoring economy in the die casting 
and having no real counterpart in the gray-iron sand casting. 
Although integrally cast fastenings may increase casting costs 
slightly, the economy realized in assembly more than offsets this. 
Projections, solid or hollow, are formed on the die casting and, 
at assembly, arc headed or spun over for fastening the casting 
to another part, eliminating screws, bolts, and rivets and the 
cost of supplying and handling them. Inserts cast into die 
casting such as bushings, anchored pins, or hardened portions 
usually have properties not afforded by the casting itself. 

Strength and Ductility.—These properties are often important 
and favor the die casting, as Table I shows. Tensile strength 
is seldom of much practical importance as neither type of casting 
is used, as a rule, in tension. Compressive and transverse 
strength are more important, and impact strength perhaps in a 
still greater degree. Impact strength is high, for a cast material, 
in zinc-alloy die castings and still higher in brass die castings. 
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It is materially loAver in aluminum and magnesium die castings 
but still is higher, in general, than in gray cast iron. In respect 
to ductility, the zinc alloys and the brasses rank high (as cast 
materials run) whereas gray-iron castings are low. 

Hardness.—Hardness is best compared by reference to Table I 
and is higher even for well-annealed cast iron than for most dic- 
cast alloys. Hardness is an advantage in respect to wear 
resistance but, at least in combination with some other properties, 
may increase machining difficulties. Rigidity, which is a 
desirable characteristic of cast iron, is an advantage in many 
machine and similar parts. It is ol:>tained in about the same 
degree in sonuj of the die-casting alloys. Some die-casting alloys 
are subject to cold flow (yiermanent set under load) at room 
temperatures, for which effect allowance must be made in 
designing ]iarts in which this property is significant. Som(' cold 
flow also occurs in oast iron. 

Effect of Temperature.— Temperature effects are not often a 
factor of importance as between sand-cast and die-cast parts, but 
sometimes they are significant. Zinc alloys are not recommended 
for prolonged use at temperatures above 250°F., and their impact 
strength falls off rapidly at temperatures below normal room 
temperatures. Despite this, die castings are used in large 
quantities in automobiles and trucks, which are subjected to 
low temperatures and ranfly fail in service. Those exposed to 
quite high temperatures under the hood also give many years 
of trouble-free services Aluminum and brass die castings with¬ 
stand even higher temperatures than the zinc type. Cast iron 
can be used at still higher temperatures without adverse effects 
of importance. 

Appearance.—This usually favors the die casting on the score 
of smoothness, color, somewhat lesser effects of ordinary cor¬ 
rosion, and tine detail with sharp corners, when required. The 
last two are especially important where trade-marks,, lettering, 
and the like have to be cast in, or where, as in automobile radiator 
grilles, square edges of grille bars must provide sharp lines not 
attained in sand castings or even in stamped parts. 

The accompanying actual case histories are based on parts 
that are or have been in actual production in die-cast and/or 
sand-cast form. Those not produced by both methods have 
been carefully figured for both types of production and one type 



DIE CA8T OR ^^AND CA^T/ 387 

selected for reasons given. Actual data in the examples given 
support the foregoing conclusions as a whole and in nearly 
every respect. The examples are instructive, as they constitute 
concrete evidence from a wide variety of appliciations. 

The paint-tank cover shown in Fig. 1, is subjected to air pres¬ 
sure. It has been produced in both die-cast and sand-cast 
form. Cost figures given here are based on lots of 10,000. Die 
castings were in zinc alloy and were produced in a single-cavity 
die which, with tools for fin removal, cost $400. Alw price per 
piece was 28 cents and was based on a production rate of JOO 
per hour. Machining cost 3 cents per piece. For the sand 

Fiu. 1. This tank cover has been produced in both sand-cast and dio-(.u.‘>t 
form but sand casting is preferred, despite extra machining needed, because it 
proved stifTer and gav'^c less trouble from leakage. 

casting, th(^ paf tern and match plate used iii molding cost $75 
and was made in 2 weeks, whereas the casting die required 8 
weeks to produce. The piece price for sand castings (from a 
two-impression match plate) is 17 cents, but machining costs 
10 cents per piece. Painting costs were 3 cents per piece for 
both die casting and sand casting. Advantages that arc cited 
in favor of the die casting are: less machining, better valve seats, 
and fewer screw-machine parts. Although the sand casting 
weighs 2 lb. 8 oz., which is one third more than the die casting, 
the sand casting is now being used. The reason given is that 
the die casting (the average section thickness of which is about 
20 per cent thinner than that of the sand casting and which 
appeara to have been designed with inadequate stiffness) gave 
trouble from leakage around the seat because it bent or warped 
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under the air pressure applied in service. The extra screw- 
machine parts evidently increased the cost of the sand-cast 
assembly, but specific data as to how much the cost was increased 

are lacking. 
A barrel plug Avith 2 in.-pipe thread (Fig. 2), has been pro¬ 

duced in both sand-cast and die-cast form. The die-casting die 
has six cavities, required 4 weeks to build, and cost $805 plus 
t$74 for fin-removal tools. Cast thread necessitates a die parting 

along the length of the piece. 
J3ie castings in zinc alloy Aveigh, 
about 5} i oz., are produced 5,000 
in 8 hr. at a price of 3^ 2 cents 
each. 

Match plate for gray-iron sand 
castings has six impressions, cost 
$150, and reciuired G days to 
make. Seven hundred sand ctisl- 
ings, Avithout thread, weighing 7 
oz. each, arc produced in 8 hr. at 
a cost of 3 cents each. Machin¬ 
ing costs 3! 2 cents per piece, 
about 1 oz. being removed. Die 
castings do not rust, and they 
do not require cadmium plating 
Avhen used in barrels containing 
alcohol. 

In producing cylinder ridge 
reamer body castings (Fig. 3), 

in die-cast form, a zinc alloy Avas used. Die cost was $250. The 
castings have three radial arms, Avhich arc slotted, the slots having 
the same width as splines in hub portions. The projecting 
splines in the hole of the smaller casting mate with corresponding 
spline recesses in the hub of the larger piece, Avhich has an o.d. 
of in. over ends of arms and a height of 2 in., the hub being 
1 in. o.d. necked to % in, o.d. to fit the hole in the smaller part. 
These castings cost 12 cents per pair in lots of 2,000, and the 
only machining needed is the tapping of the central hole in the 
larger piece at a cost of cent per piece. It has been 
estimated that sand castings couM be produced at about 3 cents 
per pair from a match plate costing about $100, but they Avould 

Fig. 2.—Barrel plug that cost less 
in die cast than in sand-cast form 
partly because thread i.s die cast 
and less machining is needed. 
Cast-iron plug required plating for 
some uses but zinc-alloy die casting 
did not, as it is not subject to red 
rust. 
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require .so luueh inachiniiig to realize tli(^ (dose fits aitaiued with¬ 
out machining in the die casting that sand castings are not con¬ 
sidered feasible. 

Fic. 3. - Although thche parts for a reamer body could be sand cast, the cost 
for machining is so much greater than for the die casting t hat parts have been 
produced only in die-cast form. 

Ihe hunsen-burner base shown in Fig. 4 is 3K in. in o.d. and 
the height is 2:^s in. It was 
made from patterns costing 
$50. Sand castings cost 12 
cents each and machine work 
was 10 cents per piece addi¬ 
tional. Part is now die cast 
in zinc alloy in a single-cavity 
die, which cost $250. The 
piece price is G}4 cents in lots 
of 2,000; no machining is 
required. The fine thread on 
the projection is cast on. Die 
castings are finished in gray 
gun metal lacquer; sand cast¬ 
ings are finished in black 
japan. 

Simple castings (Fig. 5) 
having D-shaped recessed 

riginally a gray-iron sand casting 

Fig. 4.—This ainc-alloy die casting 
costs less than one-third as much as the 
equivalent gray-iron sand casting, as 
latter required machining and die casting 
does not, even the thread being produced 
by the die. 

ends and tubular extensions have been produced in both die-cast 
and sand-cast form and, although not exact duplicates, serve the 
same purpose, acting as brackets for supporting the vertical 
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iulHr, or post, of a washing machine and attaching sann^ to thi* 
tub. In the sand casting the tubular portion is someAvhat longer 
than in the die casting. The die casting weighs about half as 

r'lt;. 5. -The die easting, left, weighs about half as much as the sand easting. 
lighi, hut the latter- costs about 40 per cent less and ser vos the same |)urposo. 
Botli have been used to support washing-inardiine wringer posts. 

much avS the sand casting. Soim^ machine work was requind on 
both, but the lower cost of material in th(' sand casting effected 
a net saving of 40 per cent in the total material and direct labor 
costs. This cost advantage resulted in selection of the sand 
casting. 

Fio, 6.—Sand-cast part at left has sonae advantages and some disadvantages 
as compared with die casting at right, but latter is used because, in machined 
form, it costs less than half as much the machined sand casting. 

For a compound rest swivel for lathes (Fig. 6), both sand cast¬ 
ings and die castings have been used. They are not identical! 
but are similar and perform the same function. Sand castings 
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are in semisteel-gray iron molded from a four-impression match 
plate, which cost $75 and took 2 weeks to make. Thirty pieces 
are east per hour, and cost 15 cents each. Machining costs 
59 cents and lacquering (including cleaniry^) 3 cents jxt ))iece, 
or a total of 77 cents per finished piece. The sand castings w(^igh 
3 lb. before and 2 lb. 7 oz. after machining. The sand casting 
permits a precision-ground finish on the beveled surface to take 
graduations and also permits a wedge-type compound clamping 
means for which the die casting is a little too soft. 

Die castings in A.S.T.M, 25 zinc alloy are produced at the rate 
250 per hour in a single-cavity die, which cost $450, including 
fin-removing tools. Castings Aveigh 1 lb. 8 oz. and cost 27 cents 
each. Machining costs G.5 cents per piece and lacquering I 
cent per piece, making the total cost per piece 34J ^ cents. The 
saving of 421^ cents per piece would more than amortize the 
cost of the die over that of the match plate for 1,000 parts, figured 
for each type of casting. Other advantages named for tlu) di(^ 
casting are savings in labor and equipment.^ Graduations, as 
can 1)(^ seen in the illustration, on the die casting are raised, being 
cast on the piece, a procedure not ordinarily feasible in the sand 
casting. 

The ashing-machine housing illustrated in Fig. 7 is the largest 
casting on which comparative data have been secured. Initiall}^ 
it Avas designed for casting in gray iron, but high machining costs 
resulted in a shift to the housing die cast in zinc alloy show n at 
the top of illustration, before production in large quantities w^as 
attained. This die-cast housing Avas used for several years, 
after Avhich efforts to reduce costs led to the experimental design 
of cast-iron case shoAvn in the center of the illustration. The 
iron casting Av^eighed 15 lb. as against 11 lb. for the die casting 
and required a separate vstamped saddle to support the electric 
motor and separate brackets for attaching the casting to the 
skirt of the Avashing machine. Despite these extra parts, Avhich 
are integral with the die casting (the U-shaped steel stampings 
that straddle the motor bearinp and support the motor being 
cast in place), the sand casting promised, in careful estimates, 
to effect a net saving of about 20 per cent. The sand casting 
required four extra machines in the production line for drilling 
holes that are cored in the die casting, hoAvever, and necessitated 
the use of a large grinding Avheel for facing the bottom surface^ 
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to make a tight-fighting gasket for the stamped cover. As 
against this, the die castings were furnished with the bottom face 
sufficiently smooth and true to make no machining by the pur¬ 
chaser necessary on this face. 

Fui. 7.—Dic-cast and sand-cast washing-machine gear housings. The forms 
produced in a die have been manufactured in large quantities ajid used in prefer¬ 
ence to the .sand-cast type, largely because of savings in machine work and 
because sand casting did not include some parts included in the die casting. 

Having established this estimated saving in cost for the sand 
casting, it was decided to determine whether, by suitable redesign, 
an equal saving could not be effected in a die casting. The result 
was the die casting shown at the bottom of the illustration. It 
weighs 8 lb. 9 oz. but represents no sacrifice in strength or In 
rigidity as compared with the sand-cast case, a typical section 
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of which is shown, or as compared with the first die casting. As 
with the latter, it includes the cast-in stamped steel supports for 
the electric motor and integral lugs for attachment to the skirt 
of the washing machine. A sectional view shows the thinner 
material in the die casting as compared with the sand casting. 
By using this triangular section, considerable material is saved 
and strength and stiffness are increased to parity with that of 
t he sand casting. 

'l'\RLK 111.-(VXST AND PllODUOTION DaTA 

1\po of part 

Material i 
**10stiinate(l, *U«od.. .j 

'Total tooling cost.| 
Approximate nunibor 

required per year. . . 
Type of appli(*d finish . 

Approximate cost of 
required machining. 

Total cost per piece, 
including machining 
and applied finish 
when used . 

Weight of casting, oz. , 
{ 

Advantages gained by 
using: 

Part A 

1 S.vnd <*ast Die cast 
I 

*ZiDC alloy 
cast iron A.S.T.M.23 

$355'' 

500 500 
r.lack black 

cmimcl cnaimd 

.10.3-19 $0 019 
1 

$0.5.3<S $0,214 1 
31.2 29.7 1 

Die casting lower in cost, 
belter in appearance, 
and requires less ma¬ 
chining, also lighter in 
weight. 

Part P 

1 Sand cast Die cast 

**Gray 
cast iron 

$214“ 

*Zinc alloy 
A.S.T.M.23 

$230" 

4,800 
black 

enamel 

4,800 
lilack 

enamel 

.$0,102 None 

$0,387 
8.3 

$0,107 
0.8 

Die casting lower in cost, 
better in appearan(‘c, 
and requires less ma¬ 
chining, also lighter in 
weight. 

® Includes pattern, match plate, and any jigs required for machining. 
'' Includes die, fin-removal tools, and any jig» required for machining. 

With the latest die casting, there is a considerable saving in 
machine work as compared with the sand casting, and the invest¬ 
ment in extra machines is avoided. As a net result, the saving 
of the new die casting over the old is nearly the same as that 
estimated for the sand casting. Advantages gained by the new 
die casting as compared with the sand casting include; lighter 
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weight; fewer parts to stock, handle, and assemble; smootlu'r 
castings, which are better in appearance: and a machining line 
with fewer machines. 

* Faces ! and 2 to be 
parallel with each other 
and 1.8504 diam. hole 
within 0.004 fptol 
indicator reading 

!.000‘-oos 

Part A —Die Cast -K105 
0.42! diam. --2 holes 

\-W5*‘00ir.m)-\ ' ntaos^ 

^ f-OOS , 
0.526‘000 diam: 

2 holes 

rR.p . 

Die cast L850-joto diarrt. 
Machine 18504 t'^^Oiom. 

.2t 
Jdia. j^' "//V 

v:H I'^R 3 holes 
driOOO^oos 

0.204 t:!S& diam. 

4- 

l5(,2ioos 
^r^lOOIr \ Sides to be 

parallel within 
0.002 total 
indicator reading..^. 

To be pa roll 
within0005 in 
r' A_ 

r A 
A i.oois 

I.I25'~'^^^^ 
'^4pt2^ 

Section A-A Port B—Die Cost 
Fio. 8.—BotJi Dioho parts were designed for production in sand-cast and in 

lower in cost, an analysis of 

Business-machine paiis (Fig. 8) were designed both for casting 
in gray iron and for die casting in zinc alloy and actual estimates 
of costs in both forms were secured. The corresponding parts 
are not exact duplicates, but each is designed to gain minimum 
production cost for the respective method of production and 
still meet service requirements. The result is the use of some¬ 
what thinner sections for the die casting in the two instances, but 
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other significant dimensions are the same, so that the parts 
could have been used interchangeably if produced both in sand- 
cast and in die-east form, after such machining as is needed is 
(lone. 

Port A —Send Cast 
U"dn7/-2hoks 

Port B—Sand Cost 
dio-ca»t form, but the latt-er type of casting was chosen largely Ixicause it is 
which is given in Table III. 

For both parts the die casting was selected, primarily because 
of the lower piece cost, but at the same time the die castings yield 
better apjiearance and machining costs are lowered. Table III 
shows relative costs, both for tooling and per piece. Cost 
figures include a coat of black enamel for both the sand-cast and 
the die-cast parts, hence this item does not account for the total 
cost differences shown in the table. 



CIlAin^ER X 

PERMANENT-MOLD AND DIE CASTINGS COMPARED ^ 

By Heiibert Chase 

When making a choice between permanent-mold castings and 
die castings, a great many factors have to be considered, and 
any one of them may liave a controlling effect upon which is 
selected. Much the same may be said of the choice between any 
two types of metal products that can be used alternatively, but 
the factors that control the choice between di(^ castings and 
permanent-mold castings naturally differ to some extent from 
those involved in comparing other types of i)rodiict. 

Permanent-mold castings, as here considered, are of the type 
made in permanent metal molds usually produced from alloy 
cast iron, the metal being ladled into the mold under a gravity 
head and without the application of other pressure. In I^ngland, 
such castings are sometimes referred to as ^Mie castings,’’ as 
distinct from pressure die castings,” but in this country the 
term ^‘die casting” is reserved for the type produced under 
pressure in machines termed ^Mie-casting machines.” The 
pressures applied commonly range from about 400 psi upward 
to several thousand psi. In most cavses, no ladling of metal is 
involved, but in the cold-chamber type of die-casting machine, 
which is gaining in use for aluminum, magnesium, and copper- 
base alloys, the molten metal is ladled into the machine by hand 
and then immediately subjected to very high positive pressures 
by a plunger that forces it into the die. The products of such 
machines are sometimes referred to as '^pressure castings,” but 
they are, of course, a form of die casting. 

So called ^^semipermanent-mold” castings are considered here 
as one form of the permanent-mold type, as the molds themselves 
are of the same character. In such castings, however, sand 
cores are employed and, as a new core is required for each casting, 
a portion of the mold, that is, the core, is not permanent. Hence 
the term ^^semipermanent” is applied to the casting assembly 

^ Reprinted by permission from MeicdB and Alloys. 
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MS ii \\liol(5 Mild to llui jirodiict it turns out. I0\<*(‘j)t lor tlu' core 
and its s(‘parate produ(*tion, the process of making semiper" 
manent-mold castings is the same as that for the permanent- 
mold type, but, as the core is of sand, it has the characteristics of 
sand cores and is subject to their dimensional limitations or 
inaccuracies. The use of sand cores, however, is commonly 
limited to those which involve undercuts or to some shape which 
is not commercially feasible to produce or to withdraw from the 
casting if the core were made from metal. Many cores made 
from metal also are used in making permanent-mold castings. 
Although theii’ a])plication involves certain limitations not always 
applying t-o the die casting, their utility is considerable, ddiey 
are used much more often than sand cores and the permanent- 
mold casting is mori^ widely employed than the semipermanent- 
mold type. 

Although many permanent-mold castings having a ferrous 
base are produced, attention here is confined to the nonferrous 
t^^pc, both for simpli(*ity\s sake and because the comparison is 
with nonferrous die castings. Also omitted from this discussion 
are slush castings (a special form of pei'uianent-mold castings), 
since the inclusion of this form would complicate the comparison. 

Choice of Alloy.—Among the basic and highly important 
considerations entering into a choice between permanent-mold 
and die castings is, naturally, that of the allo.y to be used. In 
die castings, the modern zinc alloys are employed for about 
three-fourths of the total output because they cast so readily 
with relatively close dimensional tolerances, have excellent 
physical and mechanical properties, are low in cost, yield a 
remarkably smooth surface, and arc readily adapted to plating. 
Hut the zinc alloys for die castings are not well suited for use 
in permanent molds and those zinc allo3^s which are suited, as 
far as casting is concerned, are greatly inferior in strength to 
those so justly popular in die casting. 

Aluminum alloys rank first in importance in permanent-mold 
casting but are second to the zinc alloys in extent of use in die 
casting. Certain of the aluminum alloys can be used either for 
die casting or for permanent-mold casting. Some, in the latter 
forms (unless subsequentlj^ heat-treated), have, in test bars, a 
somewhat lower tensile strength than when die cast. In practice, 
however, this difference may be offset by porosity in the die 
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J'AJiLK I.—('oMi’osrnoN AM> T*it<»rF,i( I’Uis OF Dn;- 

Typical alloys ApproxifiiaU* chomical composition, per ( out 

A.S.T.M. 
il('sigu:itiou 

! For 
I ' alumiuuiit | 

I alloys j 
I Aluiniiiuiu 

; (’O of I 

S.A.Fi.j AmcTica I 
alloy I alloy No.; 

B80-38T XXlll 903 /jainiilc 3 0 1 .14 1 0 04 Rom. iO.006 0.007 0 005 0 1 
max. ! max. max. max. max. 

B80-38T XXI 921 Zainak 2 3 0 ..' 4 1 0 (i3 liem. 0 006 0 007 0 005 0 1 
max. max. max. ma.x. 

BSG-38T XXV 923 Zamuk 5 1 0 4.1 0.03 Horn. . 0 (X)5,0 007,0 002 0.1 
: max. max. max. max. 

('opper die- 

65 10! .... 34 
81 5 4 0| 14 5 

CopiHT permanent- 

G8 Mc(5ill 89 1 ^ 
1 2 

Metal 1 1 

Aluminum pormaiiont- 

B108-381 9A 35 43 5 0 Hem. 
B108-3ST 3 A108 4 5 6 5 “ . , ... 

33 112 7 5 “ 2 0 .. ... .. .. 1 2 
B113 7 0 1 7 “ .... 1 2 

B108-38T 2 rii3 7 0 4 0 “ 2 0 1 2 
34 ; 122.T52 i 10 0 “ 0 2 1.2 

Bi0848T ' 0 A132-T4 0 8 1 12 0 “ 1 0 2 5 0 8 
B108-38T G A132-T551 0 8 ' 12.0' *• 1 0 2.5 0 8 
B108-38T 5 138 JO.O ' 4 0, “ 0 2 . 1.4 
. i 39 ' 142 4 0 1^1 M 1 6 2 d 

B108-38T 11 39 142-TOl : 4 0 i . ' 1.5 2.0 
B108-38T 11 39 1 I42-T671 4.0 ! . .1 “ 1.5 . . 2 0 
B108.38T 1 B19.5-T4 4 5 I 3 0; “ 

B195-TG 4.5 1 3.0, “ 
.\214 1 1 “ i 'a's 1 8 

322 1 355-T4 1 3 1 ^ 0, “ 0 5 
1 322 1 355-TG 1 3 ! f 0 “ 1 0 5__ 

Aluminum dk>- 

B85-39t 1 V "305 If 12, dj Rem. . 
B86-39T ; IV 304 43 5 0i “ . .. 
B86-39T XII 312 81 7.0 ; 3 O! “ 
B85-39T VI 83 2.0 3.0! “ 
B81)-39T VII 307 85 4 0 j 5.0' 

.I 218 1 ! - ’s^d . 

“ In the of wnc die>caeting alloys, only high purity (90.99+ per cent) »inc may be used. 
^ An A rating is highest. Hating con^rcs the stability of all alummum-baK alloys as a group and is based on 

results of standard salt^pray tests. The ratings are as between aluminum alloys, among themselves, i\ot as 
lietween aluminum alloys and those of other bam metals. 

«Ybld strength is the stress at which the material xhibits a permanent set of 0.2 per cent. 
* Mechanical properties are obtained on .A.S.T.M, specimens Since minimum guaranteed values vary with 

the commodity, these values are not given. 
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CASTTNCJ AND PUBMANENT-MOLD-CASTING AlLOYS 

Strength in k'nsion'^ Strength in 
compression** 

Impact 
strength 

Condition 
1 

Approx¬ 
imate 

specific 
gravity. 
gramn 

per 
cu. cm. 1 

1 

Approx¬ 
imate 

weight, 
lb. PIT 
cu. in. 

llcla- 
tivc re¬ 
sistance 
to salt 
water** 
(A - 

highest I 
rating) 

i 
i 
i 

lUti- i 
mak* Yield 

tensile j strength, 
strength,! l.tKK) psi 
1,000 pet j 

i 

Kloiiga- 
tion, % 
111 2 ill. 

- 

Ik'd 
speci¬ 
men 

(H in. 
1 diam- 
! cter) 

Yield 
strength 
ill com¬ 
pression, 
1,000 psi 

Shear 
strength*’ 
1,0(K) jisi 

('harpy 
ft.-lb. 

5-4 by V4- 
in. bar, 
40-inm. 

span 

Hrinell 
hard¬ 
ness 

casting alloys 

As east 0 « 0.24 40 / i 50 
j 

60** 31 20 80 

As cast (i 7 0.24 4S / 5c 93** 46 20 90 

As ea.Ht 6,7 0.24 45 / i 3" 87** 38 20 85 

|■.•wtmg alloys 
. 

.‘.s cast 8.,r “0.308 ■ 65 ' 35 1 25 “■ 120“ 
As cast « 2 0 297 85 50 1 _170 

mold (tasting alloys 

As cast 7.5 0 27 75 35 , 16 
1 

“25* “1^ 

mold casting alloys 

As cast *2.68 0 097 : 24 9 ■ 6 0 1) 18 o' 
As cast 2.77 0 100 1) 28 16 2 0 16 ' 25.0 
As cast 0 104 ; 1) 27 19 1 5 ' 19 23 0 i 
As cast 2.86 0 103 1) 28 19 2 0 19 23 0 1 
As cast 2.86 0 103 ! J) : 30 24 10 24 22.0 ! 
H.T. and aged 0 104 1 1) i 35 31 0 5 , 31 ; 25 0 1 
H.T. and aged 0 097 i 38 ; 30 i 1.5 I 30 29.0 
H.T. and aged 0 097 ^ 1 36 28 : 0.5 30 24,0 1 
As cast 0.106 7) ! 28 ; 24 ; 0 6 32 22 0 
As cast 2;77 0 100 c : 34 j 24 10 ; 26 1 24,0 
H.T. and aged 0 100 1 c 47 ' 42 1 0 5 ' 46 ! 31 0 
H.T. and aged 0 100 1 c 40 34 1 0 0 ! 34 ! 26 0 
H.T. and aiM 0.101 1 C 36 22 1 7 5 ! 22 30.0 
H.T. and aged 0 101 ‘ c 39 33 ' 5 0 33 i 32.0 
H.T. and aged 2!68 0 096 ! ft 27 16 i 5 0 1 17 22.0 
As cast 0.097 

i 
38 23 i 6.0 1 23 29.0 

H.T. and aged 0.096 c 43 26 1 4 0 ! 26 30 0 

casting alloys 

As cast 2 66 1 0.096 ft 33 18 i 1.8ff 1 |- 2 0 80 
As cast 2.68 1 0 097 ft 29 13 ' 3,5ff > 1 45 60 
As east 2 85 ! 0,103 I) 32 24 , 1.3^’ 1 15 70 
As cast 2.75 ! 0.099 C 30 14 3 .y ' 1 5,0 60 
As cast 2.78 1 0.101 C 35 19 1 2.7«^ : , 1 . . 2 5 70 
As cast 2.63 I 0.091 A 36 23 i ^ ^ i 

i 1 10.0 

•^Shearing strengths are single-shear values obtained from double-shear tests. 
/ The zinc alloys do not have a true yield strength. 
« The elongation of the sine and aluminum die-castiug alloys was determined on >/4-in. diameter bars. 
* The compressive values for the sine alloys are ultimate values. In these tests the specimens assumed a 

permanent compression of about 30 per cent. 
* Resistance to shear by impact, Itod. 
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canting, which, in the permanent-mold type, is less in degree. 
Certain of the aluminum alloys siiited for permanent-mold 
work can be heat-treated with improvement in physical prop¬ 
erties, and the maximum t(uisile stTongth attained by these 
alloys in their heat-treated form is gn^ater than that in any of 
the standard aluminum die-casting alloys. Although certain 
aluminum alloys that could be die cast might have their physical 
properties improved by a heat-treatment similar to that applied 
to permanent-mold aluminum alloys, such treatment is not 
usually feasible because blistering is likely to result. It is 
doubtful if porosity can be cliniinatcHl citlnn* in die castings 
(even in those made in cold-chamber machines) or in permanent- 
mold castings, but one maker of both types (in aluminum alloys) 
states that, to date, the permanent-mold type has consistently 
the better physical properties. Reference to Tables 1 will show 
the relative properties insofar as comparative figures have been 
made available by those who pi’oducc) the resp(‘ciive types of 
castings. If propertic^s other than tensile str ength ar e compared, 
impact strength, for example, the order of merit natui’ally varies. 

Secondary aluminum^ is widely used in preparing alloys for 
both permanent-mold and die-casting purposes but, according 
to one maker of permanent-mold castings, a cheaper grade can 
often be used for the permanent-mold type. If virgin metals 
arc used, material costs are about on a par, since compositions 
are similar, but when, as in some cases, the die casting can be 
made in thinner sections and still serve the same purpose, this 
saves somewhat in metal costs. In both types of castings scrap 
losses are low, as gates, flash, and rejects are remelted with only 
minor losses in metal. 

Some copper-base alloys are successfully cast in permanent 
molds and rank next to aluminum in commercial importance in 
this field, just as they do^ in die casting, although in the former 
the two are first and second, in extent of use, whereas, in die 
casting, they rank second and third, ^ respectively. Magnesium 

^ As this is written, quotations on secondary aluminum happen to be 

higher than for virgin aluminum. This is the reverse of the usual condi¬ 

tions, to which the statements here apply. 

* Precise data on exttmt of use are lacking, ])ut recent increases in the 

extent of use of magnesium alloys for die castiiig may make them rank 

third and brass die castings fourth. 
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alloys are gaining rapidly in die casting, especially where mini¬ 
mum weight is desired, but are only a minor factor as yet in the 
permanent-mold field, although some permanent-mold mag¬ 
nesium castings have been produced and plans for their produc¬ 
tion in large quantities are reported under consideration. 

Several of the producers of permanent-mold castings also have 
departments in which die castings are tinned out. There is 
some degree of competition between the two types of castings, 
but it is chiefly between castings in alloys of the same base metal. 
Thus, die castings in aluininiun alloy are chiefly competitive 
with permanont-mold castings in the mme or some similar alloy 
based on aluminum. There is considerable competition between 
iiinc-alloy die castings on the one hand and aluminum-alloy 
permanent-mold castings on the other, especially where quanti¬ 
ties are small, as in such cases the lower cost of the permanent 
mold may outweigh the lower production rate of the latter. A 
few types of parts have been made in both forms, but some one 
or more factors, including cost considerations, arc likely to 
dictate the use of one or the other form of casting for reavsons 
now to be outlined. 

Die Cost.—Dies for producing die castings are commonly 
made from steel. The cavities are cut or hobbed from the solid 
metal, and, except for zinc alloys (and even sometimes for them) 
and those of lower melting point, the dies require hardening to 
secure adequate die life. After hardening, the cavities arc 
usually highly polished, especially where a corresponding polish 
is required on the castings. The cost of making these dies is 
lower than it once was, because of improved tools and machining 
methods, but often represents a large investment to be charged 
off (for good economy) or prorated over the total number of 
castings known to be required. Often multiple cavities (which 
may be duplicates or all different) are used with added economy. 
The dies are always used in a machine adapted for rapid opening 
and closing them and for securely locking the dies when the 

metal is injected. 
As against this, the permanent mold is usually cast (perhaps 

except for cores, which may be of wrought metal) in alloy iron 
having good heat-resisting qualities. The cavity or cavities 
are commonly cast also, but with due allowance for accurate 
machining, as well as for a wash, or paint, of refractory material, 
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which iH applied before castings an' made a,ml usually daily 
thereafter when the die is in use. d'his wash helps to ])rotect 
the metal against checking and erosion and, although affording a 
smooth surface, is never so smooth as a well-polished surface of a 
die-easting die. Consequently the die does not produce castings 
quite so smooth as good die castings, although permanent-mold 
eastings are much better in respect to surface smoothness than 
sand castings. 

Permanent molds cost less than equivalent die-casting dies in 
the average case, perhaps one-third to one-half as much. Upkeep 
cost as between dies and molds is reported to be about on a par, 
and die and mold life is said to be about equal when both die 
and mold are used for casting the same type of metal. The 
higher the melting point of the alloy to be east, the higher is die 
or mold upkee]) and the shorter the life of each. This may bo 
of importance if the (dioice is, for example, between a die casting 
in zinc alloy (which has a low melting point and for which dies 
last almost indehnitely) and a permanent-mold casting in 
aluminum or in copper-base allo.y. 

Over-all Cost.—Many factors besides die cost have a bearing 
on over-all cost, among them being the cost of the metal, the 
rate of production, upkeep cost on dies or molds and machines, 
relative ease and amount of machining recpiired, minimum 
section thickness feasible, and the cost of an applied finish when 
one is necessaiy. The lower cost of molds as against dies some¬ 
times favors the permanent-mold casting, especially when 
quantities are small, but if they are large or if other factors favor 
the die casting, as they often do, over-all cost may favor the die 
casting. Only when all factors involved are weighed can over¬ 
all cost be determined; hence any generalization in this regard 
requires too many qualifications to be of much value. 

In favor of the permanent-mold casting is the low er cost of the 
machine (when it can be termed such) in which it is produced. 
Since the pressures applied are low (gravity head only), relatively 
low locking pressures are ;*equired and often the die parts are 
merely hinged together and only hand clamps are needed. The 
die may even be used on a metal table or support, which is hardly 
to be classed as a machine. In other cases, especially for 
large molds, hydraulic or pneumatic sliding and/or locking parts 
are needed or are justified by the greater speed of operation. 
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TlicHe and relat^ed parts involve niort^ of a inaeliine, though on(^ 
lower in cost than for most die-easting work. Cores are often 
placed and operated by hand, but sometimes mechanically 
operated cores and pushouts are needed, much as for die casting. 

For the semipermanent-mold type of casting, tooling cost is 
augmented by the (U)st of core-making equipment, including the 
core boxes required, })ut such cores are avoided unless essential 
and, when they are recpiired, afford a means for making cores 
giving internal shapes not feasible in die casting. 

Production Rates.—Partly because of the more highly devel¬ 
oped macliincs iised for die casting, the rate of production of die 
castings generally is much greatcu* than for permanent-mold 
castings. This a})pli(^'^ especially to machines equipped for 
mechanical inj(^ction of zinc allo^’^ but ina.y apply also to air- 
inje(*tion machines and to cold-chamber machines for making 
aluminum-alloy die castings. In cold-chamber machines, the 
charge is ladled, much as it is in making permanent-mold cast¬ 
ings. Thus, an injection type of die-casting machine for zinc 
alloy makes from 60 up to as many as 1,000 or more shots (die 
fillings) per hour. The low figure applies to only a few very 
large die castings, tlie average probably being 200 to 300 shots 
an hour. Four hundred to five hundred shots are quite often 
attained. In aluminum-alloy die casting, rates range from about 
40 up to about 110 shots an hour or possibly slightly higher. 
As against this, the production of permanent-mold castings does 
not often exceed 75 die fillings an hour, with 50 large castings 
an hour per machine unusually good. One maker considers 
25 washing-machine agitators an hour as a good rate. Another 
says that 50 an hour is a top figure, and a third says 550 a day can 
be turned out by an operator Avho runs two molds simultaneously. 
Automobile pistons, which are large-quantity items, though 
requiring special metal-core work, are made at about 45 to 65 
an hour (perhaps slightly faster under some conditions) in per¬ 
manent molds. One maker reports 1,000 small permanent-mold 
castings in aluminum alloy per 8-hour day, or as many as 800 
per mold per day. The use of sand cores slows the casting cycle, 
beside requiring much labor in producing the cores. Without 
question, the die-casting cycle averages much shorter than that 
for permanent-mold castings, even for castings of the same size 
and weight. 
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One of the two tlinH*t compiirisons t he author has been al)l<‘ 
to secure concerns a vacuum cl(*aner fan case that was lirst 
produced in a semipermanent mold, using an aluminum alloy, 
at the rate of 60 castings an hour. This casting weighed 1.48 
lb. Later, a similar casting for the same purpose was made in a 
cold-chamber die-casting machine at the rate of 100 an hour, 
which, presumably, allows for inserting in the die one or more 
loose pieco''^ and removing them from each casting after the latter 

Fio. 1. - Typewriter part that has been produced as a die casting? (as shown in 
unmachined form) and also as a permanent-mold casting (us shown with slots and 
some other machining done). Both parts are in aluminum alloy. It was antici¬ 
pated that the die casting would result in considerable saving, especially in 
machine work, but it developed that the slots could not be cored, that only 4 of 
18 holes could l>e cored, and that some flat surfaces, which had to be machined 
on the permanent-mold casting also had to he cleaned off in the die casting. 
As a result, the saving on the latter amounted to only 3j 2 pei’ cent. Both types 
of castings are being continued so as to have two sources of supply. 

is taken from the die, if the core is shaped the same as that for 
the semipermanent mold. The die casting weighed 1.10 lb., 
or about 25 per cent less than the permanent-mold casting, 
indicating that a thinner section was used. In the only other 
direct comparison made available, a typewriter part, illustrated 
in Fig. 1, is produced in both permanent-mold and die-cast form. 
No production rates are given but, presumably because of savings 
in machine work, the die casting is 3)^^ per cent lower in cost, 
in finished form, than the permanent-mold casting. Both parts 
are in aluminum alloy. 

Finishing Casts.—Data made available to the author con¬ 
cerning finishing costs are less specific than could be desired, 
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but such costs are likely to favor the die casting, partly because 
closer dimensional limits and smoother surfaces are readily 
attainable, so that less metal need cut away and less polishing 
will usually be needed on tlie di<' casting. Flash on the die 

casting is likely to be lighter and easier to remove. This applies 
in particular to the zinc-alloy die casting over the permanent- 
mold aluminum-alloy type, but the latter is surely no easier to 
machine than the aluminum die casting of the same or similar 
composition. In respect to applied finishes, any advantages 
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would lie with the die casting, partly because of its smoother 
surface. If plating is involved, the zinc-allo}^ die casting ranks 
as easier to prepare for plating and to plate. 

Section Thickness.—Three thiitv-second inch is usually 
named as the minimum wall thickness feasible in permanent- 
mold die castings in aluminum alloy, although some of 0.080 in. 
thickness have been made and one producer states that waffle 
grids are cast successfully in 0.0(30- to 0.070-in. sections. As 
against this, 3 32 (0.031 in.) is readily secured in medium- to 
small-sized die castings in zinc alloy and some almost as thin 
have been made in aluminum alloy, (^uite large zinc-alloy die 
castings have been made with 0.050 in. average section thickness, 
whereas nearly" twice this or heavier would be needed in a corre¬ 
sponding permanent-mold casting in aluminum alloy. There 
is thus no question that the die casting can be made with thinner 
sections, as far as feasibility of casting is concerned. On a 
strength basis, there may be cases in which tlu^ greaten* tensile 
strength feasible with permanent-mold castings in aluminum 
alloy in heat-treated form might make it feasible to employ a 
thinner section than for a corresponding aluminum die casting. 
Where strength is involved, the greater i)orosity likely or some¬ 
times occurring in the die casting may have a bearing on the 
minimum sections which it is feavsible to use, as indicated under 
Porosity. On the other hand, stiffness and even strength often 
require that the thickness of either type of casting be well above 
the minimum that it is feasible to cast. 

Porosity.—Since die castings arc made at high injection pres¬ 
sures, some air is usually trapped in the die casting. This 
produces pores or voids. Porosity is seldom if ever completely 
avoided although it can be confined, as a rule, to sections of 
the casting in Avhich its effects are of little or no significance. 
Although porosity may not be completely avoided in permanent- 
mold castings, it probably averages much less in degree than in 
the die casting, as the permanent-mold casting is fed from a 
riser and with the metal flowing slowly upward so that air in 
the cavities is likely to be displaced. A shrink ball, or well, at 
the top of the riser supplies metal until the casting is fully 
solidified. For such reasons, the permanent;-mold casting usu¬ 
ally has an advantage as to soundness. It is usually conceded 
that castings made at very high pressures in cold-chamber die- 
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nia(4iinos l<'ss j)()r()sii\ tliari lliosc in air- 
injection niacliin(\s. It is donbliul, liowover, if any makers 
either of die castings or of permanent-mold castings can safely 
guarantee complete freedom from porosity in all (tastings pro¬ 
duced. Porosity in zinc alloy in die castings and similar poros¬ 
ity, as well as absorption of hydrogen in aluminum-alloy die 
castings, sometimes result in blistering if such castings are 
heated above a certain temperature, as in heat-treating or some 
finish baking operations. If the permanent-mold casting has 
less porosity, this may make it preferable (when the comparison 
is confined to aluminum alloys), especially in those aluminum 
alloys which are rendered stronger* by heat-treatment. 

Weight.- Be(‘ause of the thinner sections that can Ix^ i)roduced 
in the die casting, such castings frequently can be somewhat 
lighter than the permanent-mold casting of the same alloy. 
Magnesium alloys are the lightest available for either type of 
casting, and the art of making them is farther advanced in die 
casting than in permanent-mold casting. It (^an thus be said 
that, of th(^ two forms of castings, the die casting will be the 
lighter providing full advantage of weight-reduction possibilities 
is taken in both instances. 

Smoothness and Appearance.—Assuming that the casting is 
to be used without an applied finish and without scratch brushing, 
polishing, or the like, the permanent-mold casting sometimes is 
preferred, as it comes from the mold with a relatively uniform 
frosted appearance and, in the case of some aluminum alloys, 
at least, with a lighter color than the corresponding die casting. 
I'his, among other items, has caused the permanent-mold cast¬ 
ing to be preferred for such parts as the grids for waffle irons. 
Another item in its favor is the lesser tendency for the waflSe to 
stick to the grid, which is an important consideration for such 
applications. Actually, however, the die casting is likely to be 
smoother than the permanent-mold casting and, for this reason, 
may cost less to finish, especially if plating is required, as the 
smoother surface needs less polishing and buffing. 

Dimensional Accuracy.—That the die casting can be produced 
within closer dimensional limits than the permanent-mold 
casting is seldom questioned. Some makers, at least, require 
+0.010 in. minimum on all dimensions of small permanent-mold 
castings, as against +0.001 to 0.002 in. per inch for die castings, 
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tlu^ latter applying in dimensions within solid parts of the die, 
not across parting lines or as between eon^s and fixed parts, 
where mechanical tits of die parts must be considered. A 
greater draft, 3 deg., is preferred (and required for deep draws) 
in the permanent mold and 1} ^ deg. is the minimum for shallow 
draws for aluminum permanent-mold castings. In some cases, 
this may be of no moment and in others it may necessitate more 
machine work on the castings, but the advantage in this respect 

Fig. 3.—Part for a motion-picture projector, typical of many (complex die 
castings in zinc alloy with thinner sections and much more complex coring than 
are commonly attempted in making permanent-mold castings, regardless of 
alloy employed. 

(as between alloys of the same base metal) favors the die casting, 
at least in a large proportion of cases. 

Coring and Complexity.—Much more complex castings and 
those mth more and closer core work are more feasible in die cast¬ 
ings than in those made in permanent molds. The shape of the 
permanent-mold casting (as here defined) must l)e such that it 
will fill out properly under the gravity head, whereas the use of 
high pressures, along with proper venting, assures the filling 
out of parts into which the metal would not otherwise flow in 
the die casting. This is not entirely a question of section thick¬ 
ness but involves such factors as gating and venting, as well 
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as that of applying enough pressure to produce the necessary 
flow before the metal freezes. Much more complex coring is 

Fig. 4.—Group of permanent-mold and semipermanent-mold castings typical 
of those produced in aluminum alloys. Some similar parts have been die cast, 
usually also in aluminum alloy, chiefly to gain light weight or special forms of 
corrosion resistance, but the cylinder head and two of the larger parts to the 
left of it (among others) require sand cores (putting them in the semipermanent- 
mold classification) and cannot be die cast. 

done in the die casting and smaller cores are feasible, especially 
in using alloys of low melting point, than are considered feasible 
in most permanent-mold work. On the other hand, the use of 



410 DESIGNING FOR QUANTITY PRODUCTION 

Hand cores, as in semipermanent-mold castings, is not feasible 
in the die casting and permits of interior shapes not duplicated 
in the die casting. 

Size of Castings*—There are no very well-defined limits as 
to size, either maximum or minimum, beyond which cither type 
of casting cannot be made. In aluminum alloys, permanent- 
mold castings u]) to 55 in. maximum dimensions haA^e been made, 
and fairly intricate castings up to 30 in. long haA e been pro¬ 
duced in considerable quantities. One maker of permanent-mold 
castings in aluminum alloy indicates that castings up to 50 lb. 
in weight are feasible and others down to about 1 oz. in Aveight 
can be made. Possibly even smaller castings would be feasible. 
The largest die casting in aluminum alloy yet made, to the 
author^s knowledge, is a crankcase measuring 34 by 10 by 0 in. 
and weighing 17} 2 Ih. This involved a $0,000 die (H)st and a 
larger easting than many die casters would care to undertake. 
At least one die casting in magnesium allo}' measuring 74 in. 
in length has b(*en produced and many of similar length to have 
been made in zinc alloy. Jlie castings weighing only a small 
fraction of an ounce are entirely feasible in zinc and in aluminum 
alloys and many such arc produced in large (luantities. The 
maximum in Aveight for zinc-alloy di(i castings made to date is 
about 35 lb., but there is little doubt that this weight could be 
exceeded if demands for heavier castings Avere sufficient to 
justify die investments, Avhich average lower than for dies to be 
used with alloys of higher melting point. 

Relative Strength*—General statements as to relative strength 
require so many qualifications that their A^alue is somewhat 
doubtful. Some comparisons involving strength have been 
made above, however, and others, more specific, are given in 
Table I. Tabular data naturally refer to standard test specimens 
the properties of Avhich are not, of course, ahvays duplicated in 
the castings themselves. Where strength is of paramount 
importance, the possible effects of porosity have to be considered 
and suitable factors of safety applied, as with other types of 
castings. Strength comparisons ought not to be based on 
tensile strength only unless strength in tension is a primary 
requirement, since impact strength and ductility are often of 
greater importance. The strength of certain aluminum alloys 
suitable for permanent-mold castings can be greatly improved 
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by heat-treatment, as already indicated, but the cost of such 
treatment should not be overlooked if minimum cost is desired. 
On the other hand, it is feasible to heat-treat permanent-mold 
castinpjs where similar treatment of die castings is usually ruled 

Fig. 6.—Pouring a typical small-sized permanent-mold aluminum-alloy casting, 
the metal being ladled from the melting pot in the background. In this case, 
the mold is split vertically and hinged about the pin in the foreground. It is 
held together by the clamp at the left and, when the casting has solidified, is 
swung open to permit ejection of the casting. 

out because it is likely to result in blistering. In general, strength 
is only one of several factors to be weighed in arriving at a choice 
which combines the greatest number of advantages with a mini¬ 

mum number of disadvantages. 
Conclusion.—In a brief chapter, such as this, it is not feasible, 

of course, to go into details conceriHlig specific cases, but the 
foregoing outline of considerations having a bearing On a choice 
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between die eastings and ixMinanent-inold castings points out 
some of the major (considerations involved. When the engineer 
is faced with a choice between one or the other of the types of 

I'lG, 6.—Group of die castings in aluminum alloy, fairly typical of many in 
general production. Some of them could be produced in permanent molds, but 
not with dimensional tolerances (juite so close or with surfaces quite so smooth as 
those on the die castings. Some of those shown are i>rodu(;ed in cold-chamber 
machines. 

Fio. 7.—These permanent-mold gears, employed in a well-known make of 
domestic stoker, are cast from aluminum bronze and so close to size that the trim 
or shaving die, used for finishing the teeth, is said to remove only 0.0006 to 
0,0015 in. of metal. 

castings dealt with here and some definite consideration does 
not bar either form, he may well make designs for both types 
and secure comparative ^imates. Before doing so, however, 
he may profitably submit tentative designs to reliable makers 
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Fh;. S. Two groups of ooppcr-base castings all of which are produced by 
McGill Manufacturing (Company. Those on tlie left arc in No. 1 McGill Metal, 
which is an aluminum bronze (sec Table I), and are made under gravity head in 
permanent molds. The group at the right are brass die castings produced under 
heavy hydraulic pressure. Some of each type have steel inserts, and one pair of 
die ca.sti'ngs is shown with the gate or sprue, including the slug of excess metal, 

still attached. 

Fio, 9,—Permanent-mold aluminum piston, typical of those produc^ 
quantities for many internal-combustion engines. Because the core has 
undercut to form the recesses below the bosses, it is made in three sections, whiCU 

are removed separately from the casting. 
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of each type of casting, for constructive criticism. By so doing 
he can make sure that the designs in their finished forms make 
the most of economies inherent in each type. Otherwise, he 
may unwittingly specify types of construction or limits so clos(^ 
that costs are materially higher than they need be. 

Figures 1 to 9 give some idea as to typos of parts produced 
in die-cast and permanent-mold forms and captions indicate 
certain factors influencing the choice. In Table T are given 
data furnished by makers of castings of each type oi’ by those 
who supply the alloys and/or the base nu^tals that are employed. 
Certain other alloys not listed are sometimes used, but those 
listed are generally regarded as best suited for the purposes 
indicated. 
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WHICH TYPE OF NONFERROUS CASTING?' 

By Herbert Chase 

Designers of nonferrous castings usually have to decide, sooner 
or later, which of various types available they shall choose as 
best suitcnl to their needs, at least- when the (tastings are of small 
to medium size. A great deal depends upon such factors as 
number of castings, (*ost of the rough casting, cost of machining, 
cost of tooling, size and shape of casting, type and size of cores, 
kind of metal, section thickness, tolerances necessary, and 
facilities available, to mention only a few considerations. 

Other chapters in this book give detailed comparisons between 
die castings and sand castings and between die castings and 
permanent-mold castings. No mention has been made, however, 
of castings produced in plaster-of-Paris molds or of castings mad(‘ 
by centrifugal means, usually in metal molds. Both of these 
types have somewhat specialized utility. Though their uses are 
not widespread, each type has its own peculiar advantages and 
limitations. 

There are, as explained later, good reasons for differentiating 
among die castings produced in machines of three different 
typers and for comparing these types with other metal-mold 
castings as well as with castings made in sand molds and in plaster 
molds. Such comparisons have been made in tables prepared 
originally^ by the General Electric Company and here reproduced 
in somewhat modified form. To use these tables intelligently, 
the following considerations need to be kept in mind: 

1. The tables apply only to nonferrous castings and the 
preferences are made on this basis. 

' This article appeared initially, in substantially the form here reproduced, 
in Metals and Alloys, It is largely explanatory of Tables I and II, which are 
similar to, but not identical with, tables prepared by engineers of the General 
Electric Company. The text is the aiithor^s and expresses his views, which 
may differ somewhat from those expressed in the text used with the original 
tables. 

415 
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2. Sand castings usually involve low pattern costs and have 
widest use. They involve high labor cost Ix^cause a separate 
mold is needed for each casting (or group of castings if match 
plates are used) and because cores have to be made and inserted 
separately. In addition, machining costs arc often high. It is 

Fig. 1.—Die castings typical of those produced in various alloys. Three at 
top are in zinc alloys and are produced in conventional plunger machines. Four 
in lower left corner are in aluminum alloy, the two larger ones at least, t)eing 
made in cold-chamber machines, as are al«) the four castings in lower right 
corner, of which the box with cover is in magnesium alloy and the remaining 
two are brass die castings. 

possible, however, to produce sand castings rapidly and to 
employ alloys that are difficult to cast in metal molds and/or 
that have melting points so high that metal molds, if used, have 
short life or tend to check and to yield rough castings. Sand 
castings, being formed against granular surfaces, are themselves 
comparatively rough, and fine details are not sharply reproduced. 
It IB difficult to "hold close dimensional limits, especially where 
cores are involved. Nearly all alloys can be sand-cast, including 
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the ^‘ white metals based on aluminum, on magnesium, and on 
zinc. 

3. Although excellent castings, especially in small sizes, can 
be produced in plaster-of-Paris molds, the process is restricted 
in its application and is employed in relatively few foundries. 
Metal patterns are needed for production runs and coring possi¬ 
bilities are rather limited as compared with metal-mold castings. 

Fio, 2.—Group of castings produced in p!aster-of-Paris molds. Four castings 
at top are in Alcoa 355 silicon-aluminum alloy and have walls about thick. 
Smallest casting, lower left, is also aluminum. Remaining castings arc 60-40 
yellow brass with walls about 0.070 in. thick, except the handle, which has been 
cast in both brass and aluminum. {Courtesy, AtlafUic Casting and Engineering 
Corp,) 

Molding cost is probably higher than for sand castings, but this 
is offset by closer dimensions which result in lower machining 
costs. Sharper outlines and smoother, surfaces than in sand can 
be secured, but not so sharp as for some metal molds (especially 
for die castings). Though dimensional limits as close as those 
for metal molds are claimed, it is doubtful if they are as close 
as for die castings. Because plaster molds have low thermal 
conductivity, thin walls can be cast, but slow cooling is a dis¬ 
advantage in respect to strength and to hardness, at least in 
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aluminum alloys. Thinner sections can be had in die castings 
than in plaster-mold castings, at least in zinc and in aluminum 
alloys, and, for these alloys, superior smoothness can be attained 
in casting dies than in plaster. For brass the reverse may be 
true, except perhaps where casting dies are new or newly dressed. 
Some authorities state that there is less chance of internal po¬ 
rosity in plaster castings than in sand castings, but a\ hcther or 
not the conclusion is based upon strictly comparable conditions 
the author does not know. Slower cooling results in lower 
strength and lower hardness in the case of aluminum alloys 
(but some question this in the case of copper-base alloys) than 
when more rapid chilling, as in sand and in metal molds, takes 

Fig. 3.—Typical iionferrous centrifugal castings by Ainpico Metal, Inc. 

place. This may be favorable in respect to ease in machining 
but presumably not in respect to wear resistance. 

It is probable that any cost advantage that the plaster-mold 
casting has over metal-mold castings (when quantities involved 
warrant the cost of a metal mold or die) decreases as the melting 
point of the alloy decreases. This is because the plaster mold, 
being used only once, is not greatly affected by high temperature 
whereas metal molds are materially affected by high tempera¬ 
tures. Some alloys that cast well in sand and in plaster molds 
melt at too high a temperature for economical casting in metal 
molds. They serve well for aluminum and still better for zinc 
alloy, but in the case of the brasses are subject to rapid heat 
checking and thus have relatively short life. Where aluminum 
or zinc alloys are concerned, plaster molds are seldom used in 
preference to metal molds unless quantities required are so 
small that the cost of metal molds is not justified and then, as a 
rule, chiefly when the smoother surfaces or closer tolerances 
than sand molds afford are essential. 
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4. Metal-mold castings are characterized by close tolerances 
and by relatively smooth surfaces and, for these reasons, require 
much less machining than sand castings and, in most cases, at 
least, than for plaster-mold castings. 

An outstanding advantage of the metal mold is that it serves 
for the production of thousands of duplicate castings, not, as 
for sand and plaster molds, for only a single filling. The labor for 
mold making is thus far less, as a rule, than for sand or plaster 
molds, providing a few thousand castings, as a minimum, are 
required. As quantities increase, the savings increase, as metal 
molds are not often worn out in service. 

Such machining as is needed in metal-mold castings usually 
involves Ught cuts, which cari be made at high speed bn light 

Fni. 4.--Centrifugal nonferroun castings in unfinished form, as produced by 
Allirt-Chalniers Manufacturing Company. 

machines. Where, especially in die-casting zinc alloys, it is 
necessary to minimize polishing costs, preliminary to plating, 
dies can be made so smooth that only light buffing is needed 
(except at die partings) to yield an excellent surface for plating. 
The same is true in so-called slush-mold casting, a special 
form of-permanent mold extensively used for zinc alloys. Such 
molds are not water-cooled and their relatively hot surface (when 
it is highly polished) yields a casting that has a high luster mthout 
any polishing. The thin sections producfni in die castings 
promote economy in metal and afford better surfaces for plating, 
as a rule, than do thicker sections. 

All metal-mold castings are rapidly chilled and thus yield a 
hard skin. The core is softer and, especially where sections are 
thick, porosity often occurs, as it frequently does, indeed, in 
thick sections of other forms of castings. By proper design and 
construction of dies, however, porosity can l>e largely confined 
to locations where stresses are light and where it ivS of little or no 
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Hignificance. Porosity can, in fact, be so nearly eliminated as 
to be negligible for almost any type of part except for those in 
which the expediency of using any type of casting (which pre¬ 
supposes a crystalline structure) is doubtful. 

It is quite generally supposed that permanent-mold castings 
are subject to less porosity than die castings, largely because 
the permanent-mold casting is usually gravity poured and thus 
is not subject to violent surging or spattering in the mold. Asa 
generality, this supposition may be justified, partly because 

Fiu. 5.—Permanent-mold castings in ahiininum alloys as produced by the Per- 
mold Company. Those sectioned indicate substantial freedom from porosity. 

conditions have not required that the die casting be made sub¬ 
stantially free of porosity so long as the porosity is confined to 
noncritical areas. It is deserving of note, however, that, with 
the most modem technique, including the use of X-ray equip¬ 
ment, die castings can be made so nearly free of porosity as to 
meet even such exacting specifications as are applied to many 
aircraft parts. This involves the application of higher pressures 
than were once common ^.nd often necessitates considerable 
alterations in details of dies (especially gating and venting) 
before they yield the required results. 

Contrary to some published conclusions, there are, as a rule, 
no exacting limitations upon the machining of metal-mold cast¬ 
ings (such, for example, as one limiting machining depth to 
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0.010 ill.). It is true tliat, sineo tho chilled outer shell is the 
hard(‘st and stronj!;est part, of the inetal-mold casting, it is good 
practice to avoid cutting through this wall, where maximurn 

strength is essential. It is also true, however, that far greater 
depths of machining are common and that such cuts are usually 
made without any detrimental results whatever. 

Walls of all thicknesses are drilled, tapped, milled, sawed, 
turned, and otherwise machined to almost any depth, often 

Fto. G. Sand-cast pyrometer ca.se in Zamak 3 (zinc alloy), wliich replaced 

a sand-cast aluminxini-alloy part. The case measures by 11^2 in. 
and Hoction thickness is about Jh in. {Courtesy^ The New Jersey Zinc Company.) 

clear through the wall. This need be done, however, only 
where some particular condition prevents casting to the required 
size, say where a core or slide is not feasible or readily applied 
or is not justified because the cost is greater than for machining. 
As in the design of any part for production by any means, the 
designer should make sure that strength is adequate for the load 
imposed, allowing, of course, for such machining as is necessary 
and applying the proper factor of safety for the type of product 
(whether cast, forged, or cut from bar stock). 

It is true that die castings arc sometimes subject to blisteri||.g 
when exposed to high temperatures because of the expansion of 
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gases eoiifuied in pores, ])roviding, of eoiirsc*, that sueli pores 
exist, as the^^ often do, elose to the surfac(‘. ThivS is not a serious 
limitation in most cases and, where it is, the die casting should 
either not be used or should be made substantially nonporous, 
as it can be with proper technique. 

5. Table 1 differentiates between die castings made in three 
types of machines but in Us original form did not take due 
account of the plunger type of machines, which is used toda.y 
more widely than any other type but chiefly for zinc alloys, as 
it is not applicable to aluminum, magnesium, or copper-base die 

Fig. 7.—Typical nonferrous castings such as are used in aircraft applications. 
{Courtesy^ Bendix Aviation Corporation.) 

castings. To make proper use of Table I, therefore, it is neces¬ 
sary to know something about the characteristics of the rt^spectivc^ 
types of machines. 

a. In the gooseneck (direct air injection) type the metal is 
held in a pot (closed except for an air valve and a gooseneck 
outlet) and is forced into the die by admitting air under pres¬ 
sure to the confined space above the metal. The pressure in 
such machines is usually limited to about 500 to 600 psi maxi¬ 
mum. Today, such machines are used chiefly for aluminum, 
although they can be used for zinc alloys. As the iron pot and 
its gooseneck are washed inside and outside by molten aluminum, 
the latter rapidly dissolves the iron, which makei; the alloy 
brittle, reduces its ductility and castability, and makes it harder 
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to machine. Life of the parts exposed to the molten aluminum 
is short, and castings, though satisfactor}^ for some purposes 
(until iron content exceeds allowable limits), are apt to be porous 
and somewhat undependable, scrap often being high, especially 
when considerable porosity is not permissible. The casting 
late is rather low, seldom exceeding HO shots an hour with 
aluminum alloys. Ziiu^ alloys do not attack the metal parts 
significantly but the low pressure applied in gooseneck machines 
is not favorable to the production of sound castings. ]\lore« 
over, the casting rate is lower than for plunger machines. 

6. In plunger mcwhities, the cylinder remains immersed in the 
molten alloy and the alloy is in contact with the plunger that 
applies the injection pressure. The casting temperature is low 
and the iron, if of proper composition, is not significantly affected 
by the zinc alloy. Operation is rapid and the pressure (which 
can be applied to the plunger by air or by hydraulic means) can 
be as high as desired. As the metal is highly fluid, however, and 
fills the die ra])idly, it has yet to be proved that pressures in 
excess of 2,000 psi on the metal result in any substantial gain, 
though pressures of 3,000 to 5,000 psi have been tried. Toda.y, 
the average pressure used approximates 1,500 to 2,000 psi. Small 
machines run up to 400 shots or more per hour, but 250 shots an 
hour is a fair average, or more than double the maximum for 
gooseneck machines using aluminum alloys. 

c. Cold-chamber machines have gained rapidly in extent of use 
in recent years, especially for aluminum alloys, and are essential 
for die casting magnesium-base and copper-base alloys. They 
have an injection ram in a cylinder which is filled by ladling in 
molten or semimolten alloy in quantities sufficient to fill the die 
and leave a small slug in that part of the cylinder within the die. 
This pressure is applied to the ram by hydraulic means and 
ranges, as a rule, from about 6,000 to over 20,000 psi, the high 
range being chiefly for copper-base alloys. 

As the metal remains only a minimum time in the injection 
cylinder and is usually at the minimum castable temperature, 
iron pickup, even vnth aluminum alloys, is slight. The high 
pressure is favorable to the production of dense castings, provided 
that the die design is correct originally dr is altered (by trial and 
aid of X-ray of castings) until optimum conditions are secured. 
Zinc alloys are readily cast in cold-chamber machines, but as such 
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machines have*, yel to (Unuoiistmte any advantage ovei’ 
plunger type with zinc alloys and are much slower to operate 
(about 90 shots an hour is near the maximum yet attained, as far 
as the author has been able to learn), the cold-ehaml)er machine^ 
is rarely used for zinc alloys. 

Excellent castings based on aluminum, on magnesium, and 
on copper are produced in cold-chamber machines but ih(^ 
copper-base alloys, because of the high casting temperatures, 
are hard on cylinders, rams, and dies. The sound castings 
produced, especially in aluminum and in magnesium alloys, 
have led to their extensive application as aircraft parts, especially 
for secondary or lightly stresscKl parts. 

There is little doubt that aluminuin die castings produced iji 
the cold-chamber machine are densca- than those produced in 
gooseneck machines and that limits on iron content are much 
more readily held. Some aluminum alloys suitable for cold- 
chamber machines are difficult or impossible to cast in the goose-¬ 
neck type. But for zinc alloys there appears to be no advantage 
in cold-chamber machines over the plunger-type machine, since 
pressure applied to the metal can be as high in the plunger 
machine as it is advantageous to employ. 

Pressure applied in casting is not necessarily the criterion upon 
which to judge die castings even in respect to soundness, but too 
low a pressure is certainly to be avoided. Clearly, too, there is 
no point in using higher pressures than are needed to gain satis¬ 
factory results, as then a heavier and slower machine must be 
used. Where substantial freedom from porosity is essential, it 
is often more helpful to alter details of die design, especially 
gating and venting (not necessarily changing the shape of thc^ 
casting or its size), than to boost the pressure above that known 
to yield sound castings satisfactory for given needs. 

6. Centrifugal castings mentioned in Table I are a special form 
of casting often made in permanent molds but having rather 
limited application. They are made chiefly (in nonferrous cast¬ 
ings) in copper-base alloys and in bearing alloys. The chief 
merits of the process are in applying considerably higher pres¬ 
sures than in gravity castings and thus tending to make castings 
that are dense, and in excluding dross, which is forced toward the 
inner wall of the bore and is machined away subsequently. 
Though centrifugal castings are not necessarily limited to shapea 
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symmetrical about the axis of rotation, these arc most common, 
and the feasible shapes are limited. 

Table I applies only to metal-mold castings and, as indicated, 
the data are for general guidance only, as particular design con¬ 
ditions affect tolerances, minimum wall thicknesses, minimum 
core size and, in some cases, even the minimum draft feasible. 

I’vBLW Jl.—Hei.^tive Stam>in(J (.Numbered Okdek of Merit under 

Varioxts Headin(!s) of Different Nonferrous C^vsting Methods 

Casting procijss 

1 Cold- . 

lltNidiiig 

< • i„l 
Plant ei (’cn- 

tiif- 

ug-i) 

Perma¬ 

nent- 

mold 

C loose- 

neck 

cljamhcr 

and 

Pwiis 
die 

cast 

plungci 

die 

castings 

Porosit.N'. (» :'-l 1-2" :vp' 4-5 1-3 

Surface smoothnoH.s. t; :t-i' 5-1 - 5- P' 2-3 1 

Slrirpiu'ss of rmtliiu*. (i i l-.V' .V V' 2 1 

Strength (solid metal). .VC) 0-5' V' 2-1 1-2 

'rinn Koction.1 

'J'ool cost" ! 

0 1 2 1 

Pattern. ' 

Molds. 

1 ; i 
a-2 4 .5-0 0-5 

Speed of prmluction. 

Labor cost per casting (as cast)*’ ' in- [ 

•I 
■y 

; 5 j ;) 2-1 1-2 

eluding that for making patbirn, 1 
match plates, and metal mold or I 
die: j 

1 

! j 

I'or small and moderate })rodue- j j 
lion including setting up of die. . 1 2 1 ' 5-0 5-0 

I'or large }>roduction. .*) C) 1 2-1 1-2 

Possible savings ij» machining. 0-5 4 5-0" 3 : -- ^ 1-2 
I_^_1 

" In metal left after removal of dropsy nmU’riul from inHule wall. 

'' Only in material m?.xt to metal mold in case of semipermanent molds. 

May be 1 for copper-base castings. 

Inferior in strength to sand castings in aluminum alloys but possibly superior to sand 

castings in copper-base alloys. 

Tool cost and cost per casting depemi on number of patterns per plates or impressions in 

die; the more castings made at one operation the lower the labor cost per piece, with 

inversely increasing tool cost. Sand and plastei-of-Paris patterns lend themselves more 

economically to multiple impressions than metal inolds d<». 

^ On basis of most economical tool setiip (as to number of impressions on one pattern 

or in one die) for comparative production quantities, 

ff Maj’’ be reversed in certain cases. 

Table II, even in the revised form here presented, may still 
leave questions concerning certain of the relative ratings under 
some headings. As with other generalizations, it is certainly 
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subject to exceptions in particular cases. The original presum¬ 
ably was based, however, upon extensive experience in the pro¬ 
duction or in the purchase of most or all the types of castings 
covered and, partly for this reason, may well prove helpful as a 
general guide. Table II, in its present form, is believed to bo 
open to fewer objections than in its original form. In making 
specific applications, however, it is well to weigh all the significant 
facts and all conditions to be met and to balance these before 
making a final choice. 



CHAPTER XII 

DIE CAST OR STAMPED? 
DESIGN ADVANTAGES AND RELATIVE COSTS 

Rr Herbert Chase 

Nearly every product engineer who designs or draws specifica¬ 
tions for small to medium-sized parts is faced with the question: 
Shall the parts be stamped or die cast? Naturally, no categorical 
answer to the question can be given and no hard and fast set 
of rules can be formulated. Metal products made b^^ other 
processes such as sand castings, forgings, screw-machine products, 
or cold upsettings may be a better choice under certain sets of 
conditions. In this chapter, however, only die castings and 
stampings are compared, the advantages and limitations of each 
being outlined. 

It is fully recognized that there are many variables in nearly 
every design and that compromises, based on judgment, must 
enter into the decision whether to use die castings or stampings. 
Sometimes either may give equally satisfactory results but it is 
assumed here that the objective is a satisfactory result at mini'- 
mum cost. In this chapter, special attention is given to parts 
for which either type of construction may be or has been used. 

The term stamping,as here used, refers to parts blanked 
and/or formed from sheet metal, in which any changes occurring 
in section thicknesses, because of flow of metal in forming, are 
only incidental. Processes that might be designated as cold 
forging, including swaging or coining, in which marked changes 
in section thickness take place, are ruled out, not for lack of 
utility, but because their admission here would be likely to cause 

confusion. 
An engineer with a prominent maker of stamping presses, who 

reviewed this chapter during its preparation, contends that, since 
some of the same presses used for stamping are employed also 
for swaging and coining (really cold-forging operations that 
effect marked changes in section thickness), products of these 
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operations should be in(rlu(le<l in eoniparisons with die easting. 
The author is not unsympathetic with this point of view and 
fully admits the utility of swaged and coined parts. Nevertheless, 
he considers that the number of such parts made as compared 
with the quantity of die castings produced is so small that their 
exclusion from this discussion seems fully justified. 

By a *‘die casting’^ is meant a product formed by forcing 
molten metal under pressure into a metal die as distinct from 
castings made in sand and in so-called permanent’^ metal 
molds filled by gravity. The die-casting alloys here considered 
are nonferrous and are based chiefly on zinc, aluminum, and 
copper. 

Some important advantages and limitations of stampings and 
die castings have been summarized in general terms in Table I. 
The notations are not all of equal weight and apply especially to 
more or less borderline cases in which either stampings or die 
castings could be used. Although Table I can be consulted 
to advantage when making a choice between a stamping and a 
die casting, the particular and essential conditions to be met 
should also be considered. If conditions do not automatically 
rule out consideration of one or the other type of part, then the 
admissible evidence on each side should be weighed. Frequently 
it pays to design the part for stamping and also for die casting 
and then to weigh the advantages of each as shown by cost 
figures based on estimates. Many assemblies profitably employ 
both stampings and die castings. As the subject is studied, it 
becomes apparent that a logical selection is not always the open 
and shut proposition it may appcnir to l)e before the facts on 
both sides are evaluated. 

A much more rapid production and a wider choice of metals 
are among the major advantages of the stampings, which possess 
all the superiority of wrought over cast parts. A preponderant 
proportion of stampings are made from steel, which is relatively 
low in cost. Steel stampings can be tempered and have many 
desirable properties, such as hardness and ability to withstand 
higher temperatures, not possessed by die castings. For a given 
weight, the stamping possesses greater strength and toughness 
and is sometimes easier to finish. Stampings, however, cannot 
be made so complex as can die castings and often they require 
many more die and assembly operations. 
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Table 1.—Table or Comparative Advantaoew and Limitations or 
Die-cast and Stamped Parts 

Die eastings | Stamped partw 

C^hoi«*e of metals . . . 

Size of part. . . . 

J’hysieal properties. . 

Complexity of form.. 

Vhiialion; in section 
thickeesM. 

DimenHional toler¬ 
ances. 

Appearance of part, . 

Smoothness of sui 
face. 

r’hoi<!e of finishes. . . 

(^ost of dies (includ¬ 
ing thost! required 
for fill removal). 

Cost of parts. 

Waste in scrap. 
Production rate. 

Lindted to relatively fevi nonfer- 
roua alloys. 

Maximum size smaller than for 
8tam|)cd parts. 

Generally inferior to sheet metals, 
e.Hr>ecially steel (some excej)- 
tions). 

Have granidar stiTielure charac¬ 
teristic of ca.stings, sometimes 
including porous sections. 

Zinc alloys most frequently ustnl 
are not subject to red rust and 
cost less per pound than non- ' 
ru.sting sheet metal for stamping.: 

Extremely complex parts prissiblo 
in one piece and in a single op- ' 
fMation. 

Side holes, ribs, siKscial forms of j 
recessing, bosses, bearings, and 
threads are produced in a single ' 
operation. 

Integral 'iNets or fasU^nings can 
be cast on piece. 

Almost any variation. 
Dimensional accuracy goo<l. 

Square edges and fine detail usu¬ 
ally better than for stamped 
parts, al.so shapes not feasible in 
one-piece stampings are readily 
produced. 

Sometimes inferior to sheet metal. 
No ripples on polished surfaces; 
idiancc of warpage in polishing 
less than in drawn parts. 

.Vmple for practically all needs 
but not (piite so wide as for 
stampings. 

Often lower than for stamping 
dies. 

Usually higher than for stAiel 
stampings e^ecially in large 
quantities. Often lower than 
for nonferrous stampings. 

Small. 
Rapid but usually slower than 
for stampings, although several 
identical or dissimilar parts cun 
often bo cast at the same time in 
same die. 

Much >Nidcr thmi for <lie casting,''. 

Almost unlimited. 

Stamped p.arts cun be made light- 
ei in weight than die-cast parts 
of equal strength. 

Possess the advantages of wrought 
over cast metals. 

Often lequire extra operations 
and us-sembly work especially 
when combined with other 
stampings or screw-machine 
])arts. 

Integral ears or lugs for assembly 
<*fteii incimled. 

Ver^v limited in single piei'es. 
Spring-ba«*k bard to control on 
drawn j»arts and tolerances often 
ha\e to be greater than for die 
castings. 

Ma.\' go out of shape when pol¬ 
ished or buffed. 

Minimum radius at bends and 
edges or corners is ecpial to that 
of the metal thickness. (Square 
corners and sharp lines can be 
secured, however, by line coin- 

I iug.) 
; Ripples ai\d (lra>v marks are often 

hard to avoid. 
Excellent. 
Ri])ple8 and/or draw marks may 
show on polished surfaces. 

Almost iiidimited, some suitable 
for lithographing and porcelain 
enameling. 

Higher, especially when the die is 
of the progressive or drawing 
t>pe. 

Preponderant quantities made 
from steel are usually lower in 
cost than die castings. 

Often considerable. 
Very rapid and often automatic. 

In addition, almost every metalworking shop has from one to 
scores of stamping presses, whereas relatively few have die¬ 
casting machines, the production of die castings u.sually being 
left to those with special experience in this art. The die-casting 
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industry is younger and much smaller than the stampings 
industry. It is not uncommon for stamping presses to run from 
50 pressings a minute upward, whereas, although speeds of 
1,000 cycles an hour (or about 15 a minute) are attained with 
some die-casting machines, 300 to 400 cycles an hour (say 5 to 7 
a minute) is fairly fast. 

Although opinion to the contrary is sometimes erroneously 
held, tooling for the die casting is often lower in cost than for the 
stamped and formed part. Here tooling refers to true production 
tools including dies and other supplementary items that may be 
required; it does not refer to temporary dies, which are made, 
especially for stamping, for trial purposes or short i-uris only, or 
to dies cast in soft metal or those made from fiber or from other 
nonmetallic materials, such as are used for forms to sliape parts, 
chiefly from aluminum or other soft metal, especially by the 
rubber-pad method, the pad taking the place of a females metal 
die. 

As specific examples show, there are many parts for which 
die castings are more economical, tooling costs considered, 
especially when the production run involves moderate to fairly 
large quantities. As quantities required increase, the greater 
rapidity of the stamping process begins to count and, even 
though several machine and assembly operations are involved, 
the net cost of the stamped products may become lower than 
that for the equivalent die casting, despite the higher die cost. 

For small parts, another highly important consideration enters, 
that is, several small die castings, including quite dissimilar 
parts, perhaps for the same mechanism, are often produced in a 
group in the same die and often two or more dies can be run 
simultaneously, thus multiplying the production rate and also 
reducing the cost of tooling and of die setup. Hence, if the 
designer decides to die cast one part of an assembly, he may, at 
the same time, have several other small parts cast at only a 
slight additional cost far lower than they could be produced by 
other means. This applies especially to quite small parts, not 
often to large die castings. Figure 1 shows a gate, including 
several parts cast in one operation in one die. 

The stamping, as here defined, is essentially a piece of uniform 
section thickness (except for such incidental changes in thick¬ 
ness as occur in ordinary drawing operations), whereas this is 
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Wildoiii tnio of (lie die rasling. If IIk* sUimjuiig iiiiisl, liiive a 
hub with a key, or act as a bearing, or have a projection, a 
fastening lug, a cam, a shaft, or a driving gear that requires 
a thickening of section at some point, such part, in general, must 
be made by some process usually reriuiring extra tooling and 
extra assembly Operations, whereas these and similar parts 
ordinarily can be made integral with the die casting, often at 

negligible extra cost. 
Many assemblies combine a die casting and a stamping with 

great advantage. Also, stamped and screw-machine products 

Fig. 1.“ -Gate of six zinc-alloy die castings all of which are produced in a single 
combination die at one filling. No two of the casting are duplicates. Most ol 
them could not he duplicated in stamped form hut, if they could be, each would 
re<i|uire a separate stamping die with a separate press setup for each die. 

are often used as inserts in a die casting where increased strength 
or hardness is required or where the shape cannot be formed 
by die casting. Alert designers ought not to overlook these 

considerations. 
One highly competent designer who has at his dispo.sal well- 

organized departments to produce stampings and die castings 
states that, in deciding which to use, he considers first, strength; 
second, life; and finally, cost. If strength and life are adequate 
in either form and the number of operations required does not 
exceed two or three, the part is likely to be stamped, since the 
quantities are nearly always large enough to amortize tool costs 
quickly. If, however, a part requires more than two or three 
operations, the die casting is quite sure to be selected. More- 
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over, if il provas e(U)noinieaI to <iie east oiu^ part, neveral otherts 
are likely to be so made in a single combination die, because their 
casting cost will be almost nil. There remains the cost of fin 
removal and perhaps of some machining, but these or some other 
operations costing as much or more are likely to be needed if the 
parts are stamped, * 

Advantages that can be obtained with sand casting or soiru^ 
other type of production should also be weighed. No arbi¬ 
trary design should be laid down with production a secondai-y 
consideration. 

Weight and minimum section tliickness sometimes favor ihe 
stamping, altliough small die castings have be(m made in section 
thicknesses as low as 0.015 in. As size goes up, the section 
thickness usually has to be increased somewhat m the die casting, 
but this is not necessarily so in th(^ stamping unless stiffness 
is a factor. If the die casting and staini)ing compared are exact 
duplicates, both as to shape and to dimensions, including section 
thickness, stiffness is then purely a function of the materials 
and is likely to favor the stamped part. Often the die casting 
is stiffer because greater* section thickness is required. Wlnm 
longitudinal ribs are used, for example, along a die-cast tubular 
part joined to a flange, the ribs increase stiffness at an insignificant 
extra cost. Although similar ribs can be used also on some 
stamped parts the added cost may be prohibitive. 

Finishing costs are also more or less of a standoff as betwe(ui 
the two types of parts, sometimes favoring one and sometimes 
the other. An executive with a prominent company making 
both stampings and die castings in large quantities states that, in 
general, it is easier to prepare a stamped surface for finishing 
than it is a die-cast surface where the surface is long, large, or 
flat. Where the piece is small, the die casting is the easier to 
prepare for finishing. Rejects may run higher with the die 
castings, however, because of small surface defects. This 
executive adds, There is no doubt as to the superiority of die 
castings over stampings when it comes to holding certain sig¬ 
nificant dimensions. Once the die is correct and the casting 
cycle worked out for correct shrinkage, die castings remain 
uniformly accurate.^' 

Fins or burrs often have to be removed fron^ both stampings 
and die castings and such operations as drilling, tapping, ami 
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reaming may be about the same. Punehiug holes in zinc-alloy 
die castings can be done as readily and as cheaply as in sheet 
metal. Often this is done when it proves cheaper than coring 
or drilling. 

In one plant that the author visited while preparing this 
chapter, he was told that more die castings would be used wer(‘ 
it not that the dies reciuired often take longer to make and put 
into use than do stamping dies, partly because the latter are 
often assembled from several parts whereas fewer parts or 
perhaps only two halves arc needed in die-casting dies. This 
condition doubtless applies in some cases, especially where 
only blanking, piercing, and simple bending operations are 
required, but, if drawing dies are required for the stamping, the 
condition may be reversed. 

From another manufacturer came the information that the 
maintenance on tools, of which a large proportion are for stamp¬ 
ing presses, has run over a period of several years between 50 and 
75 per cent of the cost of new tools. Although these figures 
probably do not apply in many cases to dies producing stampings 
for which die castings might be substituted, it is a fact that 
maintenance charges on stamping dies are often high, whereas 
they are much lower in dies for die casting, especially when the 
dies are for zinc alloys that cast at a relatively low temperature. 
In the latter case, maintenance charges are an extremely small 
factor especially if the dies are well made initially. 

The pulley (Fig. 2) with ventilating vanes for driving a small 
lighting generator, w^heii made in a one-piece die casting, weighs 
about twice as much as the stamped assembly and costs approxi¬ 
mately 17 cents each, or about 3 cents more than the stamped 
assembly. But this saving is not realized until a quantity of 
100,000 is reached. Since the yearns requirements approximate 
300,000, the saving in stamped form is worth while, even though 
the dies for the stampings cost approximately $1,200 as against 
about $580 for a single-cavity casting die. Production rate 
for the stamped assembly is about 50 per cent greater than 
for the die casting, although it involves eight operations, includ¬ 
ing making the hub (a screw-machine product) with keyway, as 
against four on the die casting. The steel pulley is built up 
from two dished stampings 0.062 in. thick, assembled, and then 
staked and brazed to the hub, a third stamping forming the 
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vanes (0.042 in. thick) being assembled by crimping over one 
side flange of the pulley. Accuracy is said to be equal and 
dynamic and static balance on both is held well within the? 
specified tolerance of oz.-in. Although the manufacturer 
states that neither has any advantage over the other in finished 
form except as to cost, there is little doubt that the steel pulley is 
stronger and would prove more resistant to wear from a slipping 
belt, although neither strength nor wear appears to be a problem. 
The die casting is better in appearance and is not subject to 
red rust, considerations which are sometimes important. 

In the ash receiver (Fig. 3) for car-seat backs only the edge 
of the flange is exposed. Dimensions are not required to be 
close. Stamping is cold-rolled steel chrome plated, and pre¬ 
sumably the die casting is similarly finished. Die casting cost 
nearly twice as much as the stamped and di*awn part and was 
used only as emergency construction (presumably until the 
stamping dies could be completed and the part put into produc¬ 
tion). Making the stamping involves 11 operations and it is 
produced at the rate of 003 per hour. The die casting requires 
four operations, with a production rate of 250 per hour. Weight 
per ] ,000 pieces is 250 lb. for the stamping and 400 lb. for the 
die casting. Approximate quantity required per year is 350,000 
ash receivers. Material cost for the stamping is 1.059 cents and 
2.900 cents for the die casting. Labor cost on stamping is 
3.20 cents and on die castings is 7.19 cents. It is presumed that 
this part re(][uired a bright finish only on front of narrow flange. 
Had buffing all over been required, it is probable that the stamp¬ 
ing, like the clock case shown in Fig. 4, would go out of shape 
and be unsatisfactory. 

Although the clock case (Fig. 4) is die cast in zinc alloy, it has 
section thickness of 0.034 in., the same as that of the sheet 
brass from which it was originally drawn. Stamping cost was 
one-third more than for the die casting. The die-casting dies 
cost one-quarter as much as dies for making brass case. Stamp¬ 
ing required five operations. One casting and one trimming 
operation completed the die casting. Considerable scrap loss 
occurred with the stamping, virtually none with the die casting. 
When buffing the brass case, draw marks and rippled surfaces 
showed and, because buffing tended to relieve drawing strains, 
the cases distorted so badly that they were not salvageable. 
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Substitution of th(^ die-cast case overcame tliesc^ difficulti(\s. As 
Ihe die casting was identical in dimensions and shape' with the* 
drawn case, new assembly fixtures were not reeiiiirenl. 

Six small parts for a vending machine are readily produced 
simultaneously on a single gate, using a single combination 
die only 6 in. square and costing not over $400, including tools 
for removing flash. Castings appear somewhat rough in Fig. 1 
because flash has not been removed, but they are clean-cut 
and accurate in contour when flash has been sheared off. 
Some of the six parts could he stamped, but, if so made, each 

Fi(i. 4.—Case for an inexpensive electric clock oriKinally drawn from sheet 
brass, which tended to go out of shape and show ripples w’hen buffed for plating. 
When the die casting here sliown was substiOited, both die and ])lece cost were 
low^ered and distoi-tion troubles were avoided. Hoth cases were O.O.'M in. thick 
and other dimensions were identical in both. 

would require a sepaiate die and separate production and (‘vt'ii 
then would not be complete without the addition of sert'w- 
machine parts to form hubs, pivots, and cams that arc integral 
with the die castings. Stamped parts would be harder, stronger, 
and more resistant to wear, but parts die cast in zinc alloy are 
entirely adequate for the service conditions encountered. 

The saucer-shaped die casting, (Fig. 5) has a beaded edge or 
rim and a central tubular portion, which is serrated on one end 
to prevent a mating part from turning after assembly. In the 
die-cast form shown, piece cost was S2.87 per hundred. The die 
cost $325, which included the tool for trimming flash. The 
section thickness, except at beaded edge, is about 0.030 in., and 
the outside diameter is 4^ in. When it was proposed to make 
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this part as a stamping in steel, a large producer of stampings 
(quoted $3.30 per hundred pieces, plus a die cost of $1,000. These 
prices did not include the serrations at the top of the tubular 
portion, which in the stamping involved an extra operation not 
necessary in the die casting. Quantities involved ran from 
100,000 to 250,000 pieces. 

The one-piece diescast rotor (Fig. O), for a sirroco-type blower, 
is 8% in. in diameter, has 48 blades, is 13 ^ in. long, and weighs 

Fig. 5.—For this dished part of a 
juicer, a die casting proved to be much 
cheaper than an equivalent steel stamp¬ 
ing, l>esides involving lower die costs 
and providing a seirate<l edge on tlie 
center portion not ligured for the 
stamped part. 

Fig. 6.—Although this blower rotor 
for an oil burner required an exi>en- 
sive die for casting, both die cost and 
piece <*o8t were lower for the one-pie(?e 
die casting. The stamped assembly, 
which was superseded, involved as¬ 
sembly f>j>erations and reriuired a 
sand-cast hub. 

29 * '2 oz. It displaced a stamped and assembled steel rotor. The 
die for die casting cost approximately $750, and finished and 
balanced die castings cost the purchaser, who owns the die, 
about half of what he formerly paid for the finished stamped 

rotors assembled to a sand-cast hub. 
The die-cast rotor includes a hub with a flange having integral 

blades cast on one side. Blades are supported also by an 
integral ring, the inside diameter of which is equal to the diameter 
at the outside edge of the blades so that the core forming the 
blade spaces is readily withdrawn. Small nibs are cast on the 
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flange and are ground off as required in dynamic balancing to 
within 0.002 in.-oz., according to the die caster. The keyway 
is formed by the casting-dic core. 

In the stamped rotor, the blades are formed separately and 
have, at each end, projections that are inserted in holes at one 
side and in a ring of a flange at the other side and are then riveted 
over to fasten the asscmbl}^ together. A sand-cast hub is then 
j’iveted to the side plate. Data on the cost of the stamping 
dies are not available, but as these include numerous punches for 
piercing the holes for blade fastening, as w^ell as a die for blanking 
the blades and for forming them, it is doubtful if their cost is 
loww than that for the casting die. Asvsembly operations and 
machining of the sand-cast hub also increase the cost of the 
stamped unit. 

Although the support bracket (Fig. 7) for use in a radio 
receiver w^as actually produced as a stamping, it would have 
been die cast had it not been i)ossible to secure the stampings in 
finished form more quickly. The parts arc not exact duplicates 
but perform the same function, the die casting being made in 
one piece with integral mounting bosses, whereas the stamping 
requires the addition of parts produced in a screw machine. 
These have to be staked in place. Only blanking and bending 
operations are required on the stamped part, no drawing being 
needed. Appearance is not of special importance, but the stamp¬ 
ing, which is of cold-rolled steel, has to be cadmium plated to 
avoid rusting w^hereas the die casting requires no applied finish 
and is not subject to red rust. Actual ([uotations on die for 
die casting was $410, and for the castings themselves $139.50 
per 1,000 in lots of 5,000, and $138 per 1,000 for lots of 20,000. 
The stamping dies cost $695 and the piece price Avas $107.40 
per 1,000. On this basis, the total cost, dies included, in lots of 
5,000 is $1,232 for the stamping and $1,107.50 for the die casting. 
In lots of 20,000, how^cver, the low^cr piece cost for the stamping 
brings the total cost, dies included, to $2,743 as against $3,170 
for the die casting. Strength is satisfactory in either form. 

Figure 8 shows a swivel bracket for outboard marine engine, 
produced in both die-cast and stamped form. The die casting 
was used first and was producc^d in aluminum alloy to gain 
light weight and resistance to salt-w^ater corrosion. The part 
supports the entire weight of the engine and forms the pivot 
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about which the eiigiue is turned in steering. Some breakage 
occurred in service and this fact, together with the lower piece 
cost of the stamped assembly, resulted in substitution of the 
latter. In producing the stamped assembly, three sets of 
dies are required for blanking and forming the two major ])arts 
from 14-gage (0.078-in.) hot-rolled steel and one from 22-gage 
(0.031-in.) hot-rolled sheet steel, the total cost of the dies and 
fixtures being approximately $1,075. The pivot is a piece of 
•'^^-in. seamless steel tubing with 14-gage wall. Assembly is 
effected by arc-welding the main stamping to the tubing and 
spot-welding the remaining stampings to the main stamping, 
after which the assembly is zinc platc^d, given a dichromate treat¬ 
ment, and aluminum painted. Naturally, the steel assembly is 
much stronger than the aluminum die casting. The die for the 
die casting cost approximately $1,235. The weights are 10^ ^ oz. 
for the die casting and 1412 for the stamped assembly. 



ClJAPTKli XllI 

DIE-CAST OR SCREW-MACHINE PRODUCT? 

By Herbekt Chase 

Designers of metal products are aware of the facility with 
which parts can be made by the screw machine and by die casting. 

Fig. 1.—These parts, die cast in alloys based on zinc, aluminum, and copper, 
respectively, could be duplicated in shape, though probably not with equal 
eoonGmy, on the screw machine, but certain minor secondary operations on other 
machines would be necessary. 

It is less generally realized, however, that certain types of parts 
can be manufactured alternatively by either type of machine. 

445 
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]3oth types of product have advantages and limitations tliat 
deserve consideration when making a choice between the two. 

As distinct from the hand, or nonautomatic, type, the auto¬ 
matic screw machine is an automatic hollow-spindle turret lathe 
and, within size limitations, can produce rapidly and economically 
almost any shape of part that can be turned from bar or tubular 
stock by a lathe. By the use of tools, fixtures, or attachments, 
some of which arc small machines, many supplementary opera- 

Fiu. 2.—Parts produced from steel, brass, and aluminum bar stock on tlie 
.screw machine. They could be duplicated, as to shape, by die casting but then 
would have the characteristics of cast rather than of wrought metals, of course, 
and would require some supplementary machining. 

tions such as slotting, milling of flats, burring, and cross drilling 
can be performed. These and other operations are sometimes 
done more advantageously on separate secondary machines. 
Operations that the screw machine proper can do on the cutoff 
end of the piece are somewhat limited but some machines are 
provided with attachments for removing the burr and for doing 
other light operations after the piece has been cut off from the 
bar stock and transferred to the attachment. 

It is also possible to equip a screw machine with a magazine 
feed and to use it as a chucking machine. With a magazine feed, 
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Tarhc 1.—Dk.sign: ani> Cost FvcTcms (\)mi*.\rkd for Dtf-<'\stincj ani> 

SORKW-MACHINF l*ROI)tT(^TK 

Dio castings 1 Screw- machine products 

. Zinc alloys lowest in cost and 

most widely used. Aluminum 

alloys next in cost an<l extent of 

use. Alloys of copper, magne¬ 

sium, t ill, aiui load useil for some 

purposes; no ferrous materials 

available. 

Fiee-niachining steels lowest in 

cost and most wirlely used. 

Man> Ollier steels available. 

Brass widely u.sed and many 

other nonferrous alloys are avail¬ 

able, Some alloys suited for die 

casting are not available in rods 

or tubes. Some plastir^s used. 

Weighs j Zinc alloys average ft.7. Free-machining steels about 7.8(i. 

gravitvK ■ 

i 

Aluminum alloys average 2.75. 

Magnesium allo.vs average 1.81. 

( 'Oppei iilloys average 8.40. 

1 Lead alloys av<‘rage 10.05. 

Free-cutting leaded brass 8.50. 

Range of other materials about 

1 the same as for corresponding 

die-casting alloys. 

rijysic.til shapos. . 

1 
I 

(Jenerally comparable to screw- 

machine proiiucts. Often in- 

c,lud(* detail difTer<‘nce.s such as 

ribs, bosses, inegidar recesses, 

tapered flutes, and serrations not 

capable of duplication by screw' 

machine. Readily made hollow j 

at both ends without extra op- | 

erations. ' 

Primalily generated b,v rotation 

and those having section of stock 

used, but secondary operations 

often peifor’ined by attachments 

permit certain variations from 

rotational shapes. Shaping at 

cutofl“ end limited except in 

secondary operations. Can have 

interior and exterior undercuts 

not feasible on die castings. 

S\nfaoo Hinool ImoHK. Often cast so sinooth that only j 

buffing is reijuired before plating ] 

but average may bo inferior to 

that on sercw-niachiiic products. 

1 Depends on tools used and other 

factors but is often remarkably 

i good and cun be biightl.\' bur- 

nished. Surfaces normally 

j brighter and often smoother 

' than for die castings. 

f )iin<*nsi()rval !ic<‘u- Lsual commercial tolerance i Usual commercial tolerances 4 

lac.v. O.tKlI -0.003 in. per inch on most 

important dimensions. 

0.001-0.003 in. on mosl^ signifi¬ 

cant dimensions rr'gardlcss of 

size of piece. 

I'ooliiig (roHt 

1 

Coasting die and tools for flash re¬ 

moval likely to exceed tooling 

Often an important consideration 

in total cost. Tool upkeej) often 
1 
i cost on screw machine. Tool 

u|»keep usually low’ or negligible. 

rather high, hut total tooling 

costs are likely to be lower than 

for die castings. 

I’roflucOon rato. Usually 50-1,000 cycles an hour 

and one to several castings jrer 

cycle, with one man usually in 

continuous attendance. 

Usually 30-3,600 pieces produced 

per hour, dejrending on number 

and character of operations, size, 

and material used. One man 

usually attends several machines. 
Labor (fost. 

1 

Likely to be higher for die casting 

because of extra o|>erations 

neetled subsequent to casting 

and use of nonnutomatic ma¬ 

chines. 

Likely to be lower as machines are 

automatic and often complete all 

machining required. 
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Table 1.—Deskjn and Cost Factors (Iompared for DiE-rASTiNO and 
ScREw-MAc’HiN E pRODucTs.—(CotU inued) 

Die castings Screw-iiuu'liine products 

Material cost''. . 

Waste iu scrap . 

Machining' costs 

C'oat of applie<l finish, j 

StrenKth and ductil¬ 

ity. 

Hardness and creep.. 

About Id cents p«'r i>ottn<l foi zinc 

alloys. .\bout 12 to 17 cents 

per lb. for aluudnuin allots. 

About 10 to 14 cents per poun<i 

for copper alloys. Usually 

lower than for .serew-niachin<‘ 

prodiKds exc«*pt when latter are 

in low cost st.cel. 

Slight bccau.se scrap is remell«‘d, 

a.s are al.so any rejects produced. 

Varies from slight to consiilcruble 

depending on requirements, all 

in .sei'ondary operations. 

Usually about the same us for 

screw-machine i)roduct8, btit 

more polishing and bufiing ma.v 

be needed for plating. 

Nearly al wa.vs inferior to steel but 

for corresponding nonferrous 

alloy.s the difierences are often 

slight though generally favoring 

the wrouglit materials used iii 

screw-machine i)rt»ductb. 

Zinc and aluminum alloys range 

from (iO to 83 Brinell; brass 120 

to 180. Zinc alloys subject to 

creep at atmospheric tempera- 

tuies. 

.About 4.5 (umts u|) per i>ound for 

free-cutting low-carbon steelh. 

About 15 cents uj) jx'r pound for 

free-cutting brass; usually e.\- 

ceeds that for die casting unleas 

li)\v-eost stool can be used. 

Often consideraVde especially if 

much metal is removed, but non- 

ferrous Hcra[) usually has good 

resale value. 

Usujilly moderate to low, but a 

part of basic production. Sec¬ 

ondary operations frequently 

needed, costs depending on 

req uirement.s. 

Usually about tlu' same as for die 

casting but skiving or burnishing 

often saves in polishing and biifi- 

ing of parts to l>e plated. 

Much superior for steel and usii- 

ally .somewhat higher for those 

nonferrous alloys which cor¬ 

respond in a general waiy to cer- 

tuiti die c.a.sting alloys. 

Steel 1,30 to 2-11 or higher Hrinclk 

Coi>per alloys (brass, etc,) 10 

to -|- 105 Hoekwell H (' j <5 in. 

ball lOO-kg. load) 

Ch>ld flow .seldom .significant. 

* (^>stH vary, of course, wdth market eonditioriH. 

pieces already partly machined in prior operations, on the vsaine 
or a duplicate machine, are loaded into the spindle collet and then 
machined, generally on the cutoflf end, much as if the machine 
were using bar or tubular stock, except for the method of feeding. 

Parts produced by die casting follow an entirely different cycle. 
Molten metal is fed under high pressure into a steel die and 
solidifies quickly; the casting is ejected almost immediately. 
The die may have a single or several cavities, all the same or all 
different as required; or several separate dies can be installed in 
the machine. After the casting operation, the parts must be cut 
or broken from the gate and the flash sheared or otherwise 
machined off. 
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In Table I are listed the factors that arc usually given con¬ 
sideration when determining whether a product should be made 
b.y die easting or on a screw machine. 

Table II.—Propertikh of Materials Suitable for Die Casting and 

FOR Screw-machine Products 

Tensile ; Vichl 

strength . point 
Ehm- Reduc- Brinell 

Tvj)c of material 
gation, tion hard- Machin- 

of area, ness, ability 
In In in 2 in. ‘c No. 

1,000 l.(K)0 

psi psi 

Die-ensting alloys: 

40-48 . 3.0-5.0 . 74-83 

Aluminum alloys. ao :hi i. 3.0-2.0 . 00 80 l*'air to good 

Magnesium allovs. M) 3.1 117-22 1.0-3.0 . 00-02 Excellent 

Copper allots (Lras.s)... W Oo 3.1 72 8-20 . 120-180 J’ooi to good 

Wiought nonfet rolls a.]lo>s‘'' <for 

screw imicliiiH'): 

Leaded bnisses . . .38-o.'> 10-27 20-<»0 Excellent 

Other biiisHos and bronxos , .14-.1,1 24-70 j 1 25-.10 i Fair to exccl- 
I 
1 j lent 

J'ure cojipcr.i 32-35 10 45 Poor 

Aluminum. m 5t i 45 . . 23 , Excellent 

Cold-drawn annealed steels dor 1 I 1 
screw machine): ! 

I'Vee-cutting steels. 70-120 00-1 OOl ! 10-25 30-55 140-235 ! Good 

(•arbon st-eels. 70-120 00-100! 10-25 30-55 149-235I Fair 

Nickel steels. 80 12.1 00-110 10-25 ' 35-00 170-235 Fair 

Nickel chromium steels. 85-110 70-l(K)| 12-20 40-60 179-228 Fair 

Molybdenum steels. 1 90-11,1 80-100 15-25 40-00 183-228 Fair 

('hromiuni steels. 90-115 70-100 12-25 .35-00 170-241 Poor to fail 

Chrome-vanadium steels. 9.1-115 80-105 12 20 35-60 179-228 Fair 

Stainless steels. 65-90 35-55 25-00 55-70 130-186 l^air 

* Soft grades. Hard grades have liighcr physical properties. 

t Commercially pure aluminum in soft grade. Harder grades are stronger and machine 

freely. Wrought-aluminum alloys in heat-treated form having tensile strengths up to 

60,000 pai or above are available and some such are even freer machining than the com¬ 

mercially pure metal. 

Materials.—The alloys used to the greatest extent for die 
castings are those based on zinc. Next in importance are those 
based on aluminum. Alloys of copper base and those of mag¬ 
nesium base are growing in importance, but production is rela¬ 
tively limited. Alloys of lead and tin are readily die cast but 
are of small commercial importance. Ferrous alloys are not die 
cast commercially. In Table II are listed propeities of these 
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and of other alloys. Not including plastic rods and tubes, there 
is a far wider choice of materials available for screw-machine 
products than for die castings. 

Weight .—Relative specific gravities of materials used for die 
castings and screw-machine products are given in Table I. 
Since the wrought materials for screw-machine products are 
stronger than those for die castings and the gravities are about 
the same, it follows that, for a given strength, a lighter screw- 
machine product can be made, especially in steel. But, if sec¬ 
tions must be the same, the die-cast part will be somewhat lighter 
than a steel or brass screw-machine product. It is possible to 
further lighten the screw-machine product if full advantage is 
taken of the greater strength attainable through heat-treatment. 
The weight of metal required to make the part is likely to be 
greater for the screw-machine product than for the die casting, 
because of greater scrap loss. 

Strength and Ductility.—Most cast materials an^ inferior to 
the corresponding wrought nonferrous materials in significant 
physical properties and die castings in general are not an excep¬ 
tion to this rule. The commoner die-casting alloys are inferior to 
steel in strength and hardness and have lower softening and 
melting points. All die-cast forms are subject to some porosity, 
the location of which generally can be controlled so as not to come 
in highly stressed sections. Porosity is minimized and often so 
nearly eliminated by good casting technique that for a wide range 
of applications it can be disregarded. Naturally, wrought 
materials are free from porosity. If the die casting, which is 
always nonferrous, is compared with the steels most commonly 
used for screw-machine products, the difference in physical 
properties is still greater. It will be observed from Table II, how¬ 
ever, that brass die castings can be had with a tensile strength 
greater than that of mild steel. It may be noted, also, that the 
differences as between wrought and die-cast nonferrous alloys in 
tensile strength are not very wide when the former arc in the soft- 
annealed condition that is preferred for production on the screw 
machine. 

It is also significant that the zinc alloys and those in brass are 
remarkably high in impact strength and quite high in ductility 
for cast materials. It is thus feasible to perform such operations 
as punching and spinning on zinc alloy and on certain other die 
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castings, much as can be done on wrought metals. In both 
classes of product, however, a considerable proportion of the 
total output Is for types of applications in which the strength 
and ductility of either die-cast or wrought materials are ample to 
meet requirements, since the parts are not highly stressed. 
When this is triK^, of course, the designer is likely to be more 
concerned with cost and other considerations than with mechani¬ 
cal properties. 

There are available for screw-machine products materials that 
are more resistant to corrosion than any available for die casting, 
although both types include materials ranking high in this regard. 
Most ferrous materials are subject to red rust, whereas die 
castings are not. 

In general, the die casting cannot be heat-treated with benefit 
in physical pi’operties because it is subject to blistering at 
ordinary heat-treating temperatures. Many screw-machine 
steels can be heat-treated with important improvements in 
strength and hardness. 

Hardness and Creep.—When hardness is desired, steel has a 
marked advantage over the nonferrous alloys used for die casting 
and those in wrought form used for screw-machine products. 
Hardness, however, affects machining properties and is sometimes 
a disadvantage; Table II gives some relative values. Zinc-alloy 
die castings and those of lower melting point are subject to slight 
creep, that is, cold flow, even at normal atmospheric tempera¬ 
tures. The effect of creep is seldom a factor in design unless 
rather high stresses are imposed, especially in bending and ten¬ 
sion. Creep is said to be negligible or nil in die-cast alloys of 
higher melting point, and the same is probably true of all impor¬ 
tant wrought materials used for screw-machine products, as far 
as ordinary temperatures are concerned. 

Physical Shapes.—There is a greater limitation as to shapes 
readily produced in the screw-machine product than in die 
casting. Die-cast products are by no means confined to shapes 
involving surfaces of rotation; variations in shape are almost 
unlimited. Parts can be die cast with either internal or external 
threads, although it is often more economical to tap than to cast 
internal threads. Cast external threads usually require chasing, 
especially when the die is parted in a plane through the axis of 
t^he threaded portion. Die castings are cast close to size; 
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hence, when machining is necessary, only liglit cuts are required. 
Flats, slots, cross holes, specially shaped contours, gear teeth, 
key ways, splines, and various projections that require from one 
to several extra operations in screw-machine products are readily 
made in the die casting. 

Certain odd shapes or contours can be produced in screw- 
machine products, of course, by using rods or tubes drawn or 
extruded in special sections, as with flutes or gear teeth. Squares, 
hexes, and other standard shapes of bai's are often employed to 
avoid cutting flats. The shaping or special contour, however, 
must come at the maximum diameter of the piece; or, if tubes 
with irregular holes be used, the shaping is at this hole and not at 
a larger diameter. These limitations do not apply to the die 
casting. 

Die castings can often combine in one piece features that would 
recpiirc two or more parts made partly or wholly on a screw' 
machine. Holes of almost any shape, whetlKU' axial or not, are 
readily cored in the die casting; w hereas holes in the screw- 
machine product, unless formed in secondary operations, usually 
must be axial and circular. 

Screw-machine products do not require draft, such as is com¬ 
monly needed on a die casting, and can have undercuts in holes. 
Knurling of complete circumferences is not usually feasible on the 
die casting unless it be done in a supplementary operation after 
casting or unless a straight knurl can be used wdth serrations 
parallel to the motion of the die part that forms them. 

Dimensional Accuracy.—In general, if a comparison is made 
bet^veen the casting as cast and the screw-machine product, the 
latter has a slight edge over the die casting in respect to the 
tolerances that can be held. If, however, the die casting is 
machined it can be held within the same dimensional limits as the 
screw-machine product. Between points formed in solid integral 
parts of the die, the usual as-cast limits on die castings in zinc 
alloy are ±0.001 in. per inch plus whatever drafts are required. 
If, however, the measurement is across a parting line or is 
affected by clearances in die4)arts having relative motion, ± 0.003 
or 0.004 in, is commonly allowed in addition to the foregoing 
tolerance. The limits are slightly wider for aluminum and for 
magnesium alloys, and somewhat wider still for alloys based on 
copper. There is, of course, a chance for further variations at 
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the parting line unl(\ss the flash formocl is trimmed or machined 

with considerable accuracy. . 

On screw-machine products, the general commercial practice 

is to hold diametral dimensions when marked in decimals to 

Avithin tolerance of t 0.002 or 0.0025 in., and AAuthin ±0.003 in. 

on lengths unless closest dimensions are specified. Tf specified, 

diameters can be held to ±0.001 or even 0.0005 in. but this 

requires extra (\\i)ense. Drafts needed on die castings are not 

required on scr(‘\v-machine products, although machining is 

facilitat(^d if shoulders are tapei'od rather than square. 

Surface Smoothness.—d^ool marks, usually left b>’^ roughing 

cuts on screw-machine products, can be removed l^y shaving, 

skiving, or burnishing. Die castings as cast in most alloys can 

have, Avhen reciuired, surfaces so smooth that they take a high 

lAuffed polish. Both die castings and screw-machine products 

can be produced Avith surfaces Avhich require little polishing and 

only moderate buffing in preparation for plating. 

Appearance.—This involves so many factors, some of which are 

intangible, that general conclusions are not easy to make and 

may }ye of doubtful value. Most scroAA^-machine i)i’oducts haA’^e 

considerable luster A\*hereas the die casting is usually frosted. 

Both types of pioducts tarnish after a time Avhen exposc^l to the 

atmosphere. Other factors, such as corrosion in s(u*vice, and 

especially the rusting of steel, affect appearances often in a 

marked degree, but comparisons in this regard do not permit 

of satisfactoiy generalization. Shapes such as are here compared 

may be Identical, but it is possible to jAroduce in the die casting 

certain Aiiriations in suiface contours usually not feasible in 

the screw-machine product and these A^ariations may have a 

marked effect upon appearance. 

Finishing Costs.—Costs of applied finishes are, in general, 

about the same for the tAAm types of parts, but may favor the 

screAv-machine product slightly in some instances, especially 

Avhen an unusually smooth surface is needed, as for plating, or 

when considerable grinding is required to remove marks at 

parting lines on the die casting. Die castings are sometimes 

subject to slight surface porosity and often to some subsurface 

porosity, which may cause trouble in finishing, especially if 

high-temperature baking is required. With proper care in 

casting and in die construction, as well as in selection of finishing 
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materials and baking schedules, liowever, such difficulti(‘H can 

be overcome. 
Rate of Production.—Production rates for the die casting are 

likely to exceed considerabh^ those for th(i screw-machine product. 
For small parts, similar to those produced by screw machines in 
general, the die-casting machine for zinc alloys runs about 200 to 
300 cycles an hour minimum, with some machines running up to 
or exceeding 1,000 cycles an hour. Moreover, especially if total 
requirements are large, the die fre((uently has several cavities. 
In machines equipped for using unit dies, several dies can be 
run simultaneously. The macliine cycles cited apply to zinc 
alloy in particular, the rate may be cut to one-third or one-fourth 
for alloys of higher melting point. It should be noted, however, 
that the rates given are for casting only and do not include fin 
removal or any machining, both of which involve separate 
operations aft('r casting. 

Rates of screw machines vary from about 30 to about 3,600 
pieces per hour per machine, depending upon the size of piece, 
type of material used, number of spindles, and also upon the 
number and character of operations required. Often the piece 
is completely finished and ready for use, but, for some parts, 
secondary operations are required. 

Tooling Costs.—lliese are likely to be higher for the die 
casting than for the screw-machine product, partly because it is 
necessary to make a die and usually tools for flash removal. 
For the screw-machine product, it is often possible to use standard 
tools; when special ones are needed, their cost is likely to be less 
than that of the die required for casting, although there may be 
exceptions, especially if special cams for actuating the screw- 
machine tools are needed. Considerable time and expense are 
often involved in keeping screw-machine tools sharp and for 
the maintenance of dies and trim tools for the die casting. For 
the most used zinc alloys, the maintenance on dies that are 
properly made is low, even for long runs; for alloys of higher 
melting point, especially for brass, the cost of die maintenance 
increases considerably. 

Cost of Labor.— Labor cost is generally higher for the die 
casting because die-casting machines are not completely auto¬ 
matic, and flash must be trimmed and often other machine work 
must be done on each piece. Although the screw machine is 
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fully automatic, souk^ attention is requii'ed to check parts as to 
size and finish and, when adjustments must be Jnad(‘, ('xix'rt 
setup men are nc^edcal. Setup time averages about 4 to 8 in*, on 
multiple-spindle screw xnachines and around 2 • 2 in*, for single- 
spindle machines. Die changing on most casting machines does 
not require labor so highly skilled as for screw-machine setup. 
Casting-die changing ranges from about } 2 fn perhaps 4 hr. 
with the average around 2 hr. for dies of the size need(‘d to make 
parts such as the screw machine commonly turns out. For the 
die casting, extra time is rexjuired, as a rule, to set up ti*im dies 
in a punch oi* arl>or }>ress. Special setups in other machines 
may also be needed for either die-cast or screw-machine products 
if secondary operations aie required. 

Material Costs.—-Tlu^se generally favor the screw-machine 
prod\ict proAuded soft ste(‘l rod or other low-cost ste(4 rod (^an 
b(' employed and providtnl the loss in scrap is low. If seamless 
steel, tubing, s])(‘(*ial alloy steels, or nonfeiTous metals are requii’cnl 
for the s(wew-machin(^ product, material costs are likely to favoi* 
the die casting. Ingots for castings are lower in cost than 
corresponding nonferrous w rought alloys. 

Waste.—Waste in scrap is lower with the die casting than 
for the screw-machine product because the former is pi*oduced 
close to actual size, with holes cored and with diameters as 
required. Gates, sprues, flash, and chips, as w^ell as rejects, are 
remelted and reused without substantial loss. Whether bars or 
tubes ai*e used for the screw-machine product, considerable 
metal is usually machined away. Steel scrap has a low value 01* 
none at all. Nonferrous scrap sometimes brings al)out omvthird 
of the cost of the Avrought material. Although scrap salvage 
may pay for the cost of machining on the piece, the loss is still 
an important factor in OA"cr-all cost. 

Cost of Machining.—Machining costs for either product 
depend, of course, upon the number and character of operations 
needed to meet specific requirements. Machining, hoAvever, 
always represents a considerable part of the cost of the screw- 
machine product, although primary operations are done rapidly 
and at Ioav^ cost. Secondary operations may cost as much as or 
more than on the die castings. Die castings, on the other hand, 
ahvays require flash removal, and often machine operations done 
on the part increase the cost considerably. 
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Zinc alloys and magnesium alloys used in die castings machiiu' 
as freely as brass in wrought form. Some aluminum alloys also 
machine freely, but others are intermediate in machining proper¬ 
ties, as are some die-cast brasses. Certain brass die castings are 
rather hard to machine. In general, the differences in machining 
properties of die castings and of nonferrous wrought materials 
arc slight, but for average pieces die castings machine more 
freely than the ferrous materials used for screw-machine products. 

Conclusion.—Many factors should be weighed in arriving at a 
choice as between die ca.stings and screw-machine products. 
Specific requirements oftc^n bar the use of one or the other. 

Fig. 3.—Uetaiiicr ring, once produced on the screw niacliino, is die <‘.ast at lower 
cost. 

When either can used, however, prices should be secured on 
both and th(m the om* selected that promises to meet general 
requiremtmts best. Study of the accompanying specific (exam¬ 
ples may provide some indications as to the weight to be assigned 
to the various factors. 

Existing conditions in the metalworking industry have pre¬ 
vented the author from securing more specific or an equal number 
of examples giving comparative costs favorable respectively to 
the screw-machine product and to the die casting. If accom¬ 
panying examples appear more favorable to the die casting than 
to the screw-machine product, this is a coincidence and not 
intended, since repeated, though unfruitful, efforts were made to 
secure examples in which costs are more favorable to the screw- 
machine product than are those in the examples cited. 
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A threaded retainer ring (Fig. 3) with holes for spanner 
wrench was initially produced on a screw machine at a cost of 
18 cents per piece; no data as to material used or tooling cost are 
obtainable. The ring is now die cast in lots of 1,000 at a cost of 
3.5 cents per piece. The two-cavity die used cost $98. On 
the die-cast part, a l()-pitch thread is cut on the o.d. at a cost 
of 1.5 cents per piece, making the total cost 5 cents per piece. 
No other machining is needed. Neither the die casting nor the 
screw-machine product requires an applied finish. The chief 
advantage claimed for the die easting is its lower cost. 

Double dimensions Indicate draft; unless otherw^ise 
specified varlotlon allowed plus or minus 0.010 on 
fractional and plus or minus 0005.on decimal dimensions 

Fig. 5.—Die-cast ratchet wheel that cost much less in this form than when 
produced on the screw machine with teeth milled aubaequently. 

The sprocket with hub shown in Fig. 4 originally was pro¬ 
duced by screw machine from brass pinion rod in lots of 33,000 
at a cost of 1.7 cents per piece, of which 1 cent represented the 
cost of material. Nickel plating cost 4 cents per pound. When 
redesigned to avoid the undercut neck, the piece was die cast 
in zinc alloy, using a two-cavity die costing $205. Piece cost 
was thereby reduced to 0.7 cent; black-nickel plating is applied, 
costing 2 cents per pound. Redesign saved $100 on the first 
order for 33,000, besides paying for the die, and $300 on each 
subsequent reorder. Drilling and tapping of the setscrew hole 
in hub are understood to have been included in the cost figures 
given above. 
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The ratchet wheel with hub (Fig. 5) is produced in die-cast 
form from zinc alloy in lots of 10,000, the piece price including all 
machining required being 3.9 cents, the weight being 1.04 oz. 
Production is in a six-cavit}^ die, five of the cavities being for 
other small parts of the same machine, produced simultaneously. 
An estimate, made by the screw-machine department of the 
same company that produces the die-cast part, of the cost of 
manufacture by screw machine from free-machining steel costing 
approximately 4 cents per pound, in lots of 5,000 is 10.3 cents 
each. This includes supplementary drilling operations and gang 
milling of teeth. Tn the die casting the teeth are formed in the 
casting operation, but flash has to be removed. 

Fio. 6.-~"Spark-pluK .shell produced in steel on a screw machine. This part 
could be die cast in zinc alloy at lower cost but would not have the strength 
of steel. 

A spark-plug shell of standard 14-mm. size (Fig. G) is pro¬ 
duced from S.A.E. X1112 steel hex bar stock, costing 
4.5 cents per pound, in multiple-spindle automatic screw ma¬ 
chines at the rate of 900 pieces an hour. In lots of 10,000 the 
cost is 3.76 cents per piece, and the application of a blued finish 
costs $1.25 per 1,000 pieces extra, making the total cost 3.87 cents 
per piece. If tooling cost, which is $50, is added, the total cost in 
lots of 10,000 is 4.37 cents per piece. A die caster estimates 
that this shell, produced in S.A.E. 903 zinc alloy costing 10.25 
cents per pound, will cost 2.5 cents per piece in lots of 10,000, 
without an applied finish. Die casting would be done at the 
rate of about 500 pieces an hour using a two-cavity die estimated 
to cost $255. The piece price includes removing the flash and 
chasing the thread as supplementary operations. Total cost, 
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including die co«t, for 10,000 die-cast shells is thus 5.05 cents per 
piece. If, in both types of part, piece cost remains unchanged 
and lots of 100,000 were required, the total cost, including 
tooling, would be 2.75 cents per piece for the die-cast shell and 
3.92 cents p<^r piece for a shell produced on the screw machine. 
''Fhe screw-machine product would be stronger and probably 
slightly smoother and would also withstand higher temperatures 
in service. Spark plugs with die-cast shells, however, have been 
used successfully at least on an experimental scale in water- 
cooled engines. Although the steel shell weighs oz. in finished 
form, it recpiires 3*2 of hex steel rod costing 0.983 cent to 
produce it, no allowance being made for a small credit for scrap 
recovery. As against this, the die-cast sh(‘ll would require oz. 

Fig. 7.—Tapered hollow plug produced on the 8crew machine but readily 
producible by die ca.sting at .somewhat lower co8t if zinc alloy iw Uf^od. 

of zinc alloy, costing 0.481 cent, with scrap loss substantially nil. 
Thus, although the steel costs less than half as much per pound 
as the zinc alloy, the larger amount of steel required brings the 
material cost per piece to more than double that for the die-cast 
piece. 

In the hollow tapered plug shown in Fig. 7, produced in a 
multi-spindle screw machine from S.A.E. XI112 steel bar, costing 
4.5 cents per pound, the net cost was 7.76 cents per piece in lots 
of 100,(X)0, or 10.52 cents per piece in lots of 10,000. The piece 
is fiijished in one cycle of the machine except for removing the 
burr thrown into the hole by cutoff tool which requires a sup¬ 
plementary operation included in the stated cost. Figure 8 
shows the successive operations in six-spindle screw machines. 
Data on tooling cost are not given, but if a figure of $50 is set 
arbitrarily, the total cost including tooling would be 7.81 cents 
per piece in lots of 100,000 and 11.02 cents per piece in lots of 
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10,(KK). Including an allowance of in. of metal for cutoff, 
approximately 0.95 pound of steel per piece is recpiired. 

A die caster gives the follonang estimate on producing this 
piece from zinc alloy costing 10.25 cents per pound, the approxi¬ 
mate net weight per piece being 0.30 lb., making the material 
cost slightly lower than for the steel used in making the screw- 
machine product. The piece price, presumably including profit, 
is 7.0 cents per piece in lots of 10,000 and 0.75 cents in lots of 
100,000. The charge for a two-cavity die for casting this piece 
is $295, making the total cost, tooling included, 9.95 cents per 
piece in lots of 10,000 and 7.045 cents per piece in lots of 100,000. 
Included in this price is the cost of cutting the recess back of 
the thread and facing the adjacent shoulder as well as chasing 
the external thread and tapping the internal thread for class 2 fits. 
Machined surfaces would be as smooth as for the screw-machine 
product, but other surfaces would have a normal die-cast finish. 



CHAPTER XIV 

COLD-HEADED OR SCREW-MACHINE PRODUCTS?' 

By Herbekt Chase 

Among the most rapid and useful machines for working steel 

known to the metalworking industry a)*e the automatic screw 

machine and the cold header. Both kinds of machine arc of great 

importance in certain types of prodi|ction. Both can produce 

parts so nearly identical as to shape and dimensions that the}^ are 

most difficult to tell apart. The screw machine is much the 

more vei'satile as well as more widely distributed or more gener¬ 

ally available. It can be used with almost any bar stock capable 

of being machined but is most commonly employed with stock 

suited for easy and rapid machining. It depends, however, upon 

cutting metal away, which is often a rathc^r slow as well as a 

wasteful process from the standpoint of metal economy, even 

though the waste is frequently justified by results in other 

directions. 

As against this, the cold header is less versatile and less widely 

available, but it is exceedingly rapid and highly economical in 

metal, as loss in scrap is slight. It usually depends upon other 

machines for finishing operations, as, indeed, the screw machine 

does also, though perhaps to a lesser degree. But, in general, 

it can be made to work within the same dimensional limits. 

Materials used by the cold header must possess adequate duc¬ 

tility, but the range of materials usable is fairly wide and the 

materials preferred are no more specialized than arc those pre¬ 

ferred for the screw machine. 

Although the screw machine is employed to turn out uncounted 

numbers of screws and some bolts, a large proportion of these are 

of a size or in a material not suited for cold heading or are required 

in quantities too small to justify the cost of tools for cold heading. 

In other words, the cold header gets a greatly preponderant share 

of the screw and bolt business in types requiring long nms, its 

^ In its original form, this chapter appeared in Iron Age. 
463 
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great economy of material being a large factor in this business, 

as is also the rapid production. A similar, though not identical, 

condition applies in the case of other long-run parts, which can 

be made by either method. It might become identical if engi¬ 

neers and purchasing agents were more generally aware of th(' 

character of work the cold header can perform or if they were 

better acquainted with the economies of cold heading. 

In preparing this chapter, the author gained the cooperation of 

experienced men of the Lamson & Sessions Company, large 

producers of cold-headed products, to gather examples of cold¬ 

headed parts known to have been produced at lower costs than 

if made on the screw machine. It is believed that examination 

of these specific examples is likely to point the way to economies 

in metal and in time. 

Before going into details, however, the matter of relative tool¬ 

ing costs deserves brief discussion, and some mention needs to bt^ 

made about the way in which cold head(n-s operate and what they 

can and cannot do. Although the cold header must be equipped 

with a die, stock dies are available for many parts. Many such 

dies could be put to work were designs for the use of their prod¬ 

uct worked out or existing designs slightly altered to use these 

dies. New dies of common types, howevei*, are moderate in 

cost, as most of the machining is simple and rapidly done. 

As against this, the screw machine can often use stock tools 

although the much-used forming cutters and some other tools, 

as well as cams, have to be made especially for many jobs. In 

some cases, the screw-machine tooling may cost as much as the 

tools for cold heading. In any event, tooling costs for the screw 

machine are seldom negligible and should be set off against those 

for the cold header in making comparisons. 

Cold heading is done with wire, the equivalent of rod stock 

except that it comes in long coiled lengths that are run through a 

straightening device on the way into the header. The latter is a 

cold-forging machine that strikes the stock one, two, or three 

blows, depending upon the type of machine and dies used. Each 

blow either upsets or heads a part of the piece or else decreases 

its size by extrusion, that is, by driving it into a hole smaller than 

the diameter of the shank or the wire being headed. In other 

words, the metal is flowed rather than cut. Such operations as 

threading, tapping, pointing, slotting, and drilling have to be 
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(lone on necoiidary juaciiines, even soinetimen in screw jiKiclunes, 
then used as chucking machines, although such use is not fre¬ 
quently needed. Some cold headers, called ^^bolt makers,^’ have 
heading, trimming, pointing, and threading stations into which 
the bolt is transferred automatically, but the number of such 
machines in use is limited. 

Threads required on cold-headed products are nearly always 
rolled threads. These are said to be both stronger and smoother 
than cut threads, although opinions differ somewhat on these 
points. In any event, class 3 fits, regarded as difficult when cut 
on the screw machine, are produced by rolling, and exacting 

B/ffirfk 0.2825"fo 0.2844 " mctico^or reading 
Run fo low limit h allow 
for oyaniale hardening 

Fici. 1. --This cold-headed shoulder Ix^lt costs 50 per cent less than if made on a 
screw machine. It is made of S.A.K. 1020 steel. 

specifications such as are required in aircraft products, for exam¬ 
ple, are met. Thread rolling is often done, of course, on screw- 
ma(?hine products, occasionally in the screw machine itself. 
Several other s(‘condaiy operations usually are required on cold¬ 
headed products, some of them being needed also if the basic 
product is manufactured on the screw machine. 

Illustrated in Fig, 1 is a cold-headed product typical of many 
rather conventional shoulder screws. It is produced completely 
in the header except for reducing the diameter fof the thread. 
The cost, however, including the secondary operations, is about 
50 per cent less than if produced by the screw machine, chiefly 
because of the saving in stock. Dimensions are readily held and 
the ^6~24 N.F. thread is a class 3 fit. 

Another shoulder screw is shown, in Fig. 2, chiefly because the 
imrchaser is aware that it can be made either by cold heading or 
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ou the screw machine and permits alternative constructions as to 
the head and also allows three options as to the steel that may be 
used. S.A.E. 1010 steel is suitable for cold heading, whereas 

OPTIONAL CONSTRUCTION 

Fig. 2.—Optional designs of shoulder bolts for cold-hoadini; or screw-machine 
production. Steel used is S.A.E. 1010, 1112, or XI112. 

S.A.E. 1112 and XI112 are good screw-machine stocks. The 
hex-head design can be made complete, using hex stock, on the 
screw machine, but if the rounded head with flats were to be 

Fio. 3.-Cold-headed bolt with special drilled head. Steel used is S.A.E. 1020. 

made on the $crew machine, a separate milling (or equivalent 
operation) to form flats would be necessary. Either form can be 
cold-headed—and probably much more cheaply—^chiefly because 
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of the savinji; in stock but also bccnusc of saving? a triiuming 
operation. 

The special ))olt shown in Fig. 3, originally made with radial 
serrations or knurling on the side of the flange away from the 
thi-eadcd end might l)e regarded as a ^^luitiiral’^ for the screw 
machine, partly because the projection next to the flange has to 
be drilled out, whatever method of construction is used. This 
operation Avould be done as onci of those on the screw machine 
but separately on a cold-headed part. The latter also requires a 
separate shaving operation on the flange. Cross drilling is often 

Fig. 4.—Thif? part is lieacled, but the grooves iu and below the head are turned. 
Steel used is S.A.E. 4140. 

done on stock-transftu' attachments used with screw machines 
but is a separate operation on the cold-headed part. Despite 
these considerations, the cold-headed part (Fig. 3) is reported 
about 50 per cent cheaper than the screw-macliine product, 
partly because of the great saving in steel, as wire does the 
trick in cold heading whereas %-in. bar is needed for the screw- 
machine product. Radial knurling is done as a part of the cold 
heading; it is not a separate operation and does not require a 
knurling tool, as the serrations are made in the die and are dupli¬ 
cated on each piece. 

Although the piece with a circumferentially grooved head 
shown in Fig. 4 requires finishing all over after cold heading, it 
has proved to be about one-third cheaper in that form than when 
made on the screw machine because of more rapid production 
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and saving in stock, which is optionally S.A.E. 3135, 3140, oi 
2340 nickel-bearing steels. However produced, the stem and th(^ 
flat thereon have to be ground to hold the close limits specified. 
The grooves in the head and under it cannot be formed by cold 

14 Dardekf f/nc Ihrd. 
with relief 

Bhnk 0.S53-0S36'' 

Kig. 6.—8p<i<ual-lloaded holt in which the nocked i>ortion is turned. Steel used is 
S.A.K. 

Heoict musi‘ be 
spherical. 
daft must be smooth 

jj^^/6 -^'^*^** for extruding 

L—sr'-'/IpproJf. O.SSSyia.^hou/der 

Blank with shoulder 
fo be shaved off 

Fjg. 6.—Ball stud headed as in small sketch and subsequently shaved. Steel 
used is S.A.E. 1020. 

heading but are cut subsequently at the same time that the rest 
of the head is shaved. Such operations are done at high speed 
in an automatic shaving machinea 

Parts, such as that in Fig. 5, which require a necked portion, 
are not produced entirely by cold heading, but the blank is so 



COLD-HEADED OR SCREW-MACUJNE PRODUCE/ 4G0 

produced and the neck i.s cut subsequently in a shaver which, at 
the same time, reduces the diam(der on which the Dardel(‘t 
thread is rolled subsequently. A pi(K*e of this shape is cold- 
headed with a in. diameter shank, using ^4-in. stock on which 
the hex head is upset. There is some scrap in the shaving opera¬ 
tions, but much less than if the piece were machined from %-in. 
hex stock, such as would be required for the screw machine, and 
the cost is about 20 per cent less than for production by screw 
machine. 

Products having heads forming a nearly" complete sphere, as 
in Fig. 0, arc often produced on the screw machine but can be 
made more cheaply by cold heading. That shown is 35 to 
40 per cent lower in cost. In this case, the piece is made from 

Fig. 7.—The hall 011 thifs bolt is produced by heading, and the yhort end Is 
extruded. 

stock of 0.555 in. diameter, as shown in the lower view, after 
which the shank is extruded to specified diameter, but leaving a 
shoulder of the stock diameter. The head, of course, is upset by 
the heading operation. Subsequently, the piece is chucked on 
the extruded diameter in the collet of a shaving machine fitted 
with forming tools which cut away the shoulder and shave the 
spherical surface. 

A piece such as that shown in Fig. 7 is produced by heading 
from wire of approximately the pitch diameter of the long thread. 
In this case, the shank at the other side of the ball is, initially, 
of stock diameter and the ball is headed in the position shown. 
The short shank is then reduced to specified diameter by a 
separate extrusion. Pointing (chamfering) of the ends and cross 
drilling require sei)arate operations, as does the shaving of the 
ball surface. Nevertheless, there is a marked saving in cost 
over screw-machine production, as the latter would require the 
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use of stock at least in. diameter with relatively slow removal 
of much wasted material. 

In producing the piece shown in Fig. 8, ^8-in. wire is used and 
the head upset is a cylinder Vi(j in. in diameter and % in. long. 
As the thread is rolled, it is necessary to reduce the diameter on 
which it is made, so that, after the operation, the crest diameter 
will be the same as the diameter of the stock. Reduction in 
diameter for rolling is done by extrusion. The square head is 
broached. Cost is somewhat below that for the screw-machine 
equivalent, as that too would require either broaching or milling 
the head square in a secondary operation and more stock would 
be needed. 

Fig. 8.—Headed product with small end extruded and square broached. 

About 50 per cent reduction in cost resulted from converting 
the brake-adjusting part (Fig. 9) from screw machine to cold 
heading. In this case, the stock used is of 0.518 to 0.525 in. 
diameter and the blank is upset to form, at the center, a flange 
134 ill* o.d. and ^2 thick with bosses on each side, as shown in 
the lower sketch. Subsequently, serrations are cut in the edge of 
the flange in a separate blanking operation, just as would be 
necessary in a blank produced by screw machine. As it is 
specified that the ends must not have an eccentricity greater than 
0.010 in. total indicator reading, the ends of the blank are made 
oversize and are reduced by shaving the correct diameter for 
rolling the thread and to maintain the required limits as to 
eccentricity* 

Although necked pieces, such as that in Fig. 10, are not com¬ 
monly produced complete by cold heading, it is feasible to do so 
economically by the following means: Stock of % in. diameter is 
upset to form, in a single blow, tfo head of the piece, inclnding 
the recessed spherical surface, leaving a long shank of stock 
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diameter. Blanks thus made are reheaded at the other (md to 
form a flange of diameter, rounded as shown. This is 

Fig. 9.—Brako-adjusliu^!; part with flange headed at center. Serratiorm triininod 
later. 

K1 i 
ffuUthrd 

>i«nnnnnnnr» 
iiiayuiiyyyii 

approx 

% Spherical 
rod. 

" ^mwe, rad. 

Sfhrd. 
P.D. OMSS-OMn"" 
Blank ajdso^asm^ 

Fio. 10.*-Part produced by beading and then reheading to form dange. 

done in a semiautomatic open-die header and at the same time 
the end is extruded to the diameter for rolling the ^-24 thread 
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wliich is made to class 3 tolerances. This is an aircraft part aiul 
is made from S. A.E. 1020 steel. To produce it by screw machine 
would require the use of stock at least in. in diameter and 

OrUM hok fo be concentric 
with ^^32 tO.OOS'*00 within 0.0/S* 
totat inoticafor reading 

Fig. 11.—A simplo-hoaderl part in which the hole is afterwaid drilled and tapped. 

result in much waste of material and about 75 per cent higher 
cost. 

A part such as is pictured in Fig. 11 is simply produced without 
a great waste of material in the screw machine, yet reports show a 

Oia of ball for heading 

^hou/d be 

Must be 
parallel and 
must be 
smooth 

O.Z74'aha. 
O.STSVeam 

important 

t ofthd. and flats of' 
head must be in line 
within ()L00S**max. 

o.m”' 
am* k’32N.E.F. 2thd 

RD. 0.2Z65-02297” 
Blank 0.Z26S*-0.2292” 
0.0.0.2446-02500' 
Lead must be withm 0.0032per in. 

Centerline of flats must be 
concentric with centerline ofthds. 
flats must be flat and parallel 
with centerline 

Fig. 13.—Headed eyebolt for aircraft applications. Sted used is No. 410 stainless. 

50 per eent saving by production in a header from stock 0.460 in. 
in diameter. There is only sli^t upsetting of the large end and 
the shank is reduo^ in diameter by a double extrusion. BiilHng, 
tapping, and chamfering the end are secondary operations. 
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An eyebolt of the design in Fig. 12, when made by cold head¬ 
ing, costs about h^-lf as much as for screw-machine production, 
even though, as on the screw machine, the head ijj formed in 
spherical shape, the flats are milled, and the cross hole is drilled 
and reamed in secondary operations. The neck below the head 
is turned on the headed blank at the same time that the ball is 
shaved. Both types of parts require hand polishing of the head 
on a wheel to remove scratches, so as to meet exacting aircraft 
specifications. In the case of eyebolts, which are made, as in 

Fig. 13.—Eyebolt made by heading, the flats at the eye being broaclieil. 

Fig. 13, with much less exacting tolerances and in which the head 
is upset in a section that is nearly square and is afterward thinned 
at the eye portion (the radius at the end being formed in the 
heading), costs are still lower in proportion than for scren- 
machine equivalents. 

Parts mth an eye well away from the end, as in Fig. 14, are 
not diflScult cold-heading jobs biit cost much more if made on the 
screw machine. In this piece, the wire is of 0.330 in. diameter 
and a near sphere is upset to form the eye. This portion is subse¬ 
quently flattened in a press to give the specified thickness of the 
area around the hole, which is later drilled. The drilling and the 
slotting are secondary operations, as they would l>e in a screw- 
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machine product, which would have to be made from stock of 
about twice the diameter used for heading and would involve a 
high scrap loss as well as slow production. 

Space limitations do not permit going into details as to cold¬ 
headed parts having heads of odd shape, some of them non- 
symmetrical in reference to the axis of the shank. Figure 1 in 
Chap. VII shows several such parts, some of which cannot be pro¬ 
duced at all on the screw machine and none with the economy 
possible in cold heading. Upset heads can be pointed, beveled, 

aj€7'* 
0.37/ 

This surface to be free 
from fins and burrs and 
concentric with shank 
and hole within 0.010" 

^a-24N.F.-3TM. 
\ !>D.-a345S"toa3479" 

"P"Drill(0.323') Blank•D34S''io 0.3465'' 

'''VOTE': Hole mast not be oversne 

0.3/3" 
0.333' e.dta 

Fig, 14,—Headed product with eye formed near the center and later flattened in 
a press. 

serrated on the underside, and otherwise shaped in an irregular 
way. Heads can even have eccentric bosses below them or be 
eccentric themselves. 

Many nuts of different designs are also produced by cold 
heading, starting with wire stock not much larger in diameter, 
as a rule, than the hole ultimately made in the nut. As this 
stock is flattened, its exterior is changed, as a rule, to a square or 
hex shape and a depression is made to force some of the metal 
where the hole comes to flow outward. Finally, the remaining 
metal in the hole is sheared out by punching out a slug, which is 
the only scrap formed except for that removed in subsequent 
tapping. Nuts for special pui^poses have a lip at the top to be 
spun over and thus fasten the nut in a square hole in sheet metal 
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Many other npeeial shapes of uiitH are produced, some of them 
not capable of duplication in the screw machine* Flanged nuts 
are readily cold-headed. Production is rapid and economy in 
metal is high. 

Although the foregoing may appear to put the screw-machine 
product in an unfavorable light, its utility is too amply dernon- 

Fig. 15.—The cap screw here shown weiRhs 849 lb. per 1,000. If 
produced by screw machine 1,039 lb. of hex steel are required; hence the total 
scrap loss is 790 lb. In producing the same part on a cold header in two blows, 
880 lb. of steel are required, the scrap being only 31 lb. total, occasioned by 
trimming the head from circular to hex shape. There is thus a saving of 769 lb. 
of steel in producing the cap screw by cold heading. 

strated to be open to question for an exceedingly wide range of 
parts. The screw machine can, of course, produce many parts 
that cannot be reproduced by cold heading. Many that can be 
cold-headed in blank form require so much work in secondary 
operations (especially inside operations) that production on the 
screw machine is more economical. It, has been, however, 
the purpose of this chapter, for reason stated, to emphasiee 
the reverse aspect of the matter. 

Naturally, both types of machines have their advanta^ and 
limitations. The cold header, for example, rarely handles stock 
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over 1 in. or less than j f e in. in diameter or over 8 in. in length, 
whereas the screw machine often works well outside these limits. 
Both types of machines are well established on a sound economic 
l)asis and in the long run will, or already have, gained ascendency 
where their advantages are put to best use and their limitations 
are avoided. 



CHAPTER XV 

DIE CASTINGS AND PLASTIC MOLDINGS COMPARED 

By Hkrbkkt Chase 

Difficulties beset any generalization in comparing die-cast with 
plastic-molded parts, because so many diverse considerations 
enter. There are numerous types of material for both classes of 
})arts. These types vary greatl}^ in cost and have wide differ¬ 
ences in physical properties. Although some generalizations are 
here made, it should be understood that certain exceptions are 
to to found. The properties listed in Table I should prove 
helpful in making a choice between die castings and plastic 
moldings, but more specific comparisons are often necessary. 

Materials Available.—Most plastics of a given type are avail¬ 
able in numerous grades and many colors. In die castings, 
there are usually two or three alloys of each base metal that are 
employed for all but exceptional uses. To simplify the discus¬ 
sion, comparisons here made are confined, except where other\vise 
stated, to the most widely used materials. These are zinc alloy 
for die castings and phenolic plastic for moldings, which, in 
each category, usually rank lowest in cost per piece (except for 
some cold-molded plastics) and high in most significant properties. 

Cold-molded bituminous plastics cost least per pound. They 
have some excellent properties and are very rapidly molded. 
But their strength is low, their finish not so good as other plastics, 
their gravity high, and they have to be baked subsequent to 
molding. 

The ureas, like the phenolics, harden permanently when 
molded and are similar in many properties. They cost more and 
are used chiefly in white or where light tints and transluoency are 
desired. Rubber and the little-used soya and shellac plastics 
are not eonsideied here. All the remaining plastics of significance 
are classed as thermoplastics, which harden on cooling but art^ 
softened again if heated to or near the molding temperature. 

■ 4n \ 
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Table I.—Comparison op Advantages and Limitations op Dib-cast 

AND MoLDED-PLASTIC PaRTS 

Die castingH Molded plastics 

Materials available 

Specific gravity 

Strength 

Effect of beat 

Heat conduction 

IClectrical properties 
Malleability. . • 
Light transmission 

SinoothnesH of sm- 
face. 

Complexity of form . 

Variations in section 
thickness. 

Dimensional accu¬ 
racy 

Appearance. 

Applied finishes .... 

Coat of dies and 
molds. 

Production rate. .. . 

Cost per lb., (mate- 
riate only). 

Cost per piece (no 
applied finish). 

Waste in scrap. 
Cost of machining... 

Two or more allots of each of fol¬ 
lowing base metals: zinc, alumi¬ 
num, lead, copper, magnesium, 
and tin. 

1.83 (magnesium) to 10.65 (lead). 

Generally superior —including 
tensile, compressive, binding, 
and impact. 

Generally of no sigiiifi(‘ance tip to 
2.50°F. lor zinc and up to higher 
temperatuies for aluminum and 
brass; lower for lead and tin. 

High. 

All conductors. 
Good to i»oor. 
All opaque. 

Can eipial moldings in some al¬ 
loys—often not so good, but 
suitable for applied finish. 

Often extreme and more complex 
than feasible with plastics. 

Nearly unlimited, ranging from 
about 0.015 in. to almost any de¬ 
sired maximum in important al¬ 
loys, even in same casting. 

Generally better than moldings, 
±0.001 to 0.003 in. per inch are 
commercial tolerances. 

Mwt shapes and details on par 
. with molding. Color and gloss 

(m cast) not so s^ood as moldings. 
Wide range available, including 
plating and organic both baked 
and air dried. No finish needed 
on large proportion of mechani¬ 
cal parts where appearance is 
not a factor. 

Likely to be lower. 

Usually much higher especially as 
compared with compression 
moldings. 

81*4 cents for zinc alloy to about 
30 cents for magnesium, and 
about 40 cents for tin. 

Often lower, but some exceptions 
deijending in part on cost of 
materials conipare<l and section 
thickness used. 

Small and usually uegl^ible. 
Likely to be lower hlUt nn removal 
often costs more. 

\'aii(>us t.N’poH of acrylic, bitumi¬ 
nous, cellulose acetate, ethyl cel¬ 
lulose, phenolic, shellac, soya, 
styrene, urea, and vinyl mate¬ 
rials, among others. 

1.06 (acrylic) to 2.09 inineial filled 
(phenolic). 

Generally not so strong foi ecpial 
sections but sometimes sui)erior 
on an equal weight basis. 

Distortion from J20®F. up>^ard 
and softening from liO^F. up¬ 
ward for thermoplastics. Most 
others distort or discolor from 
160 to 240®F. Some usable to 
about 460‘'F. maximum. 

Low (an advantage in some ap¬ 
plications). 

.\11 dielectrics. 
Usualh nil at room temperature, 
(’heaper imiterialh opaque, others 
opaque, translucent, oi trans¬ 
parent. 

Usually excellent. 

Often eoinplex but coring more 
limited than with die castings. 

Can’vary widely as between differ¬ 
ent molding but variation is 
often liinited in a single molding. 

Not BO good as die castings; will 
soinetimes warp, ±0.006 in. in 
I in. are commercial tolerances. 

Superior in color, gloss, trans¬ 
parent and translucent effects. 
On par in shape and details. 

Usually none required. Many 
available if needed. 

Likely to be higher and to involve 
higher maintenance costs. 

Usually much lower for compres¬ 
sion moldings and considerably 
lower also for injer'tion moldings. 

Cold-molded, low, general-purpose 
phenolic, 12 cents minimum. 
Other plastics vary from about 
16 cents to 11.00 or more per 
pound. 

Sometimes lower, but often hitl¬ 
er, although difference is fre¬ 
quently onset by savings in 
finishing cost when die casting 
comuared requires an applied 
finish. 

Often considerable. 
Likely to be greater when required 
but may be offeet by lower cost 
of fin removal. 
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Thermoplastics have become much more important since th(^ 
advent of injection molding but their cost per pound ranges from 
about 30 cents minimum (for black) up to a dollar or more for 
light translucent or transparent forms. Thermoplastics are 
used chiefly (1) to gain s])ecial color effects, transparency, or 
transluency, or (2) where injection molding results in economy 
in molding cost, or where both (1) and (2) apply. Cellulose 
acetate, except for shellac and perhaps rubber, is the cheapest 
thermoplastic employed for molding and has gained widest use, 
especially for injection molding. Cellulose nitrate, which is 
similar in appearance and in some other resix?cts, sells for about 
the same or at a slightly higher price and enjoys about an equal 
or greater sale, is not suited for injection molding, and is used 
chiefly in sheets, rods, and tubes, some of which are cut into 
blanks for compression molding. 

For die casting, zinc alloys rank first in commercial importance, 
{duminum alloys second, and copper alloys (brass) third. ^ In cost 
per casting, usually the same order applies, with zinc lowest. 
Magnesium alloys are relatively new in die-cast form but are 
growing in importance. Lead and tin alloys, being inferior in 
physical properties, are confined in use chiefly to special applica¬ 
tions in which certain types of corrosion resistance are primary 
requisites. 

Specific Gravities.—The specific gravity of magnesium allo.ys 
is lower than that of the heaviest plastics, and that of aluminum 
about on a par therewith, but the bulk (perhaps 90 per cent) of 
all plastics used are lighter than any die-cast alloys. For this rea¬ 
son, where light weight is essential plastics deserve consideration. 

Tensile Strength.—Only the unimportant lead and tin die¬ 
casting alloys are below 32,000 psi, whereas 13,000 psi is about 
the maximum for a molded plastic, and the majority range 
around 6,000 psi. As compared to this, the zinc alloys range 
from 43,000 to 48,000 psi, the aluminum alloys from 29,000 to 
38,000 psi, the magnesium alloys from 30,000 to 33,000 psi, and 
the brass alloys from 65,000 to 96,000 psi. 

Compressive Strength.—The maximum for molded plastic is 
36,000 psi and 18,000 psi is quite common. This compares with 

^ Since this was written, the use of magnesium for die casting has 
increased, and such castings may now rank third, with brass fourth.— 
Editor. 
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00,000 to 93,000 i)Hi for die-cast zinc allot s. Cvopper-baso alloys 
doubtless run much higher and other alloys lower than the zinc 
alloys in coinpresvsive strength, although specific data are lacking. 

Impact Strength.—Strictly comparable data are lacking but 
2.4 ft.-lb. Izod and 3.1 ft.-lb. Charpy bpth on by 
notched bars are the liighest authoritative figures the author has 
been able to find for any except certain little-used rubber-base 
plastics. One ft.-lb. Izod is uncommonly high for most of the 
plastics that are used in large quantities. Die castings, on the 
other hand, show Charpy impact figures for 34- by 34-in. 
unnotched specimeas of about 10 ft.-lb. maximum for aluminum, 
about 18 ft.-lb. for zinc, and over 36 ft.-lb. for brass. In other 
words, plastics generally are much more brittle than die castings, 
the zinc and brass alloys especially, which are not only tough but 
malleable. 

Heat Effects.—These are not often of significance with die 
castings but sometimes have to be given consideration. Thus, 
zinc alloys are not recommended for prolonged use above 250°F. 
Aluminum alloys withstand prolonged use at temperatures up 
to 600®P\ Some alloys usually classified under ^ Harass,such 
as kluminum bronze, can be used safely under certain conditions 
up to 900°F., whereas other brasses oxidize and scale at this 
temperature. In some alloys used for die casting, elevat^^d 
temperatures affect physical properties, such as creep and 
hardness; hence it is best to investigate each alloy considered 
before making a selection for an application in which elevated 
temperatures are encountered. As to plastics, certain phenolic 
types can withstand, at legist temporarily, temperatures up to 
400 or 450°F., but charring results if the temperature is much 
above this and warpage of phenolic moldings often occurs at 
or below 240°F. The maximum continuous temperature con¬ 
sidered allowable for urea moldings is 160‘^F, and even this may 
result, in warpage, especially if the heating is localized. For 
thermoplastics, 140°F. is usually the maximum allowable and 
the figure may be lower, as^ softening usually starts at about, 
this temperature and distortion sometimes occurs at 120®F, 
Being poor conductors of heat, plastics are pleasant to touch and 
make good handles within allojvable temperatures. All die 
castings are much better heat conductors than plastics; hence 
they are usually cold to touch. 
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ElecMcal Properties.—Electrical properties favor the die 
casting when a conductor is required, and plastics when a dielec¬ 
tric is needed. Under certain conditions, either may be used 
as an insert around which the other is molded or cast. 

Malleability.—This is absent in molded plastics (unless th( 
temperature be raised to the softening point, in thermoplastics) 
but is found in all die castings. 

Creep.—While no comparative data are available on the 
various die-cast materials under discussion, it can be said, in 
general: (1) that more consideration must be given to this 
factor in the of the thermoplastics than for any of the other 
materials; (2) that creep is a factor limiting the use of lead and 
tin die castings and that sometimes, particularly where elevated 
temperatures are to be encountered, it must be taken into con¬ 
sideration in designing zinc-alloy die-cast parts, especially if 
the support of high continuous loads is a primary factor or if 
high bending stresses are involved. 

Transmission of Light.—Light transmission is an important 
consideration in some applications of plastics and, in some 
materials, is said to be superior to that of glass. This property 
permits of certain uses of plastics in lighting and optical effScts 
for which die castings are not applicable. 

Surface Smoothness.—Surface smoothness, especiallj^ as it 
affects finishing cost, is a primary consideration in some parts 
and of little or no significance in othei*s. Flow marks, draw 
marks, and other surface imperfections sometimes occur on both 
types of part. Molded plastics often show what is termed 
“ orange peel,’^ a slight irregularity in the surface, and die castings 
often have a splattered look and slight surface pores, but these 
effects can be avoided by proper die construction and care in 
molding and casting. 

Form Complexity.—Complexity of form, not to be duplicated 
by other rapid production processes, is characteristic of many 
die-cast and molded-plastic products but the complex side coring, 
often done at several odd angles in die castings, has yet to be 
matched in molded plastics, although some relatively 
shallow side coring is done. With the advance of injection 
molding, more complex coring is being done and the molder 
may yet produce parts as complex as those made by die 

_casting.^ 
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Variation in Section Thickness.—In die castings, very abrupt 
changes in section are permissible although ^gradual changes are 
recommended, as in other castings. Sudden variations in sec¬ 
tion are more likely to give trouble in the molded part, especially 
when the latter is in a thermosetting plastic, as thin sections 
may be overcured if the thick ones are cured fully; or, if the thin 
sections are properly cured, thick ones may be left hard on the 
surface and pithy below the surface. Cracking and/or distortion 
is likely to occur in moldings with thick and thin sections because 
the heavy sections tend to shrink more than the thinner ones. 

Section thickness of parts, designed for the same service and 
thus (ideally, at least) of equal strength, can be less with the 
die casting than with the molded plastic, because the die casting 
is much stronger, section for section. This gives more space 
inside a hollow part having the same outside dimensions. It 
does not follow that the molding, if made with thicker walls to 
give equal strength, will necessarily be heavier, as the lower 
specific gravity of the plastic may more than offset the added 
thickness. Also, a thicker Avail may yield added stiffness, 
which may bo advantageous. Much depends, hoAvever, on 
AvhiSh plastic is compared with which die-casting alloy. 

Dimensional Accuracy,—This tends to favor the die casting, 
partly because the molded part undergoes more shrinkage after 
removal from the mold. It is necessary to cool some moldings 
over forms or in clamps to avoid warpage and to minimize 
dimensional changes, a practice not required with die castings. 
Commercial tolerances on ordinary phenolic and urea plastic 
moldings are ±0.005 in. on dimensions of H to 1 in. measured 
parallel to the mold parting and double this at right angles to 
the parting. With acetates, about 20 per cent greater tolerances 
are allowed. In die castings, the tolerances as determined by 
fixed dimensions of the die, are ±0.001 in. per inch for zinc, tin, 
and lead alloys, ±0.002 in. per inch for aluminum alloys, and 
±0.003 in. per inch for brass. As AAith plastics, dimensions 
measured across the die partipg or as between parts of the die 
having relative motion require a greater tolerance than those 
determined by fixed portions of the die, but in all instances (as 
the figures given show) the die-caefing tolerances are closer than 
those for molded parts. Significant dimensional changes often 
occur in molded parts (other than normal expansion and con- 
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traction with changes in temperature) whereas, with modem 
die-casting alloys, such changes are nearly always negligible. 

Cost of Finishing.—Finishing cost usually tends to favor the 
molded plastic since, as a rule, being already in the desired color, 
with a natural finish that is highly resistant to corrosion and 
possessed of requisite luster, it needs no applied finish. This is 
important, as finishing costs on a die casting sometimes equal or 
exceed the cost of the casting itself. If, as sometimes happens, 
the part must be given an organic finish, whether it is a die 
casting or a molded plastic, finishing cost is then about on a par. 

Appearance.—Appearance, as related to parts coming from 
die or mold and A\dthout applied finish, tends to favor the molding, 
especially on the score of color. Smoothness and detail as to 
shape, in general, are on a par. Besides color, the molded plastic 
can be produced in mottled effects and different degrees of 
transparency or transiucency, sometimes giving it a further 
advantage in appearance. 

Resistance.— Corrosion resistance and freedom from chemical 
attack are exceptionally high in plastics, as they are generally 
inert chemically. Practically all are affected little, if any, by 
mild acids and alkalies, and some resist strong alkalies and acids. 
Acids and alkalies attack most die-casting alloys and all are 
subject to some surface corrosion. 

Costs.—Cost of dies and molds is generally lower for the die 
casting than for the plastic molding and is almost certainly so 
on a basis of equal rates of production. Where the materials 
used for the dies machine with equal ease, the cost of sinking 
identical cavities for die casting and molding, respectively, is 
equal. But, where large production is involved, the mold for 
plastic will require more cavities, with correspondingly higher 
cost, because the molding cycle is much longer than the die-cast¬ 
ing cycle. For zinc alloys and those of lower melting point, dies 
do not have to be hardened (although they are often hardened, 
sometimes before machining, for long-run work), whereas molding 
dies usually require hardening to resist abrasive action. Harden¬ 
ing after machining increases cost, as warping may result and 
polishing is then usually increased. 

Molding dies, in general, also have to be heavier than those 
for die casting, as high localized pressures are sometimes encoun¬ 
tered, especially in compression molding, and the pressures applied 
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are higher than in most die casting. It is frequently necessary 
to spend more time in polishing plastic molds than is required in 
casting dies. Finally, in die casting, it is often feasible to use 
combination dies to form several differently shaped parts of 
different sizes simultaneousl}", and also to employ so-called 
‘^unit^^ dies with individual cavity blocks quickly replaceable. 
These economy expedients arc not feasible in compression 
molding and are less applicable, if feasible at all, in injection 
molding. 

Rates of Production.—Production rates are almost always 
higher in die casting than in molding. Casting cycles range from 
about 4 sec. for small parts on automatic machines up to about 
1 min. for large parts such as one-piece motorcar radiator grilles. 
Compression molding cycles have, in certain extrenui cases of 
small parts, using preheated material, been rc^duced to as little 
as 18 sec., but a l-niin. cycle is exceptionally fast and cycFe time 
ranges upward to 10 min. or more, with the average perhaps 
3 min. In injection molding, a higher rate of production is 
attained, but the cycle is seldom as short as 10 sec. and runs up 
to at least 1 min. for the larger molded parts which are com¬ 
monly limited to a maximum of about 2 lb. in weight, even on 
unusually large machines. 

The slower cycle in molding necessitates (for a given rate) 
more or larger machines, or both, and a higher labor charge per 
piece. An exception to this rule is found in a few small moldings, 
such as bottle caps, which can be produced in large molds having 
as many as 150 to 200 cavities. For such pieces the cycle is 
short (for compression molding), and the large number of parts 
per cycle yields a high rate not duplicated in die casting, where 
the number of cavities per die is more limited. The foregoing 
comments do not take into consideration the process of cold 
molding, which, though quite rapid, is rather limited in scope 
and necessitates baking subsequent to molding. 

Operations, such as flash removal, that must follow molding 
and casting have a bearing on the rate of producing finished 
pieces. Flash is usually thinner on the molded part and usually 
may be more easily and rapidly removed than the flash of die 
castings. But any work that enquires machining, such as the 
common operation of tapping, is likely to be more difficult and 
more costly on moldings than on dm castings. 
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Cost of Materials.—The lowent C(j8t molding materials iii 
common use are the general-purpose phenolics/ which have 
averaged about 12 cents per pound for several years. Other 
plastics range upward to a dollar or more per pound. Zinc 
alloys are the lowest cost materials for die casting in general 
use, the price having averaged approximately ^yi cents per 
pound over a period of several years. Other die-casting alloys 
range upward to about 30 cents per pound for magnesium to 
about 40 cents per pound for tin. 

Conclusion.”General conclusions are necessarily subject to 
the many qualifications covered in the foregoing paragraphs. 
It may be said, however, that both types of product passess 
remarkable utility. Both types of parts are well suited for many 
forms of housings and for various decorative applications in 
which appearance is a primary consideration. Where either can 
be used, the engineer should weigh the relative advantages and 
disadvantages, compare costs, and then use his best judgment 
as to which type of part best meets requirements. A study of 
actual comparative costs as given in accompanying examples is 
likely to be helpful. 

In the covers for radio tuning device shown in Fig. 1, over-all 
dimensions are about 51^ by 6)^ by in. Average section 
thickness is about 0.040 in. For part die cast in zinc alloy, the 
total cost of die and tools for flash removal was $918 (die alone 
cost $730). Cost of castings in lots of 25,000, 11 cents per piece. 
The die has a single cavity and required 5 weeks to make. 
Castings are produced at the rate of about 125 per hour. No 
finish is required. The piece weighs 7.1 oz. To secure some 
transparent samples in cellulose acetate for demonstration 
purposes only, the same die used for the die casting was polished 
at an added cost of $80 (40 hr. work) and was used in an injec¬ 
tion molding machine to turn out between 500 and 1,000 mold¬ 
ings. The latter cost 13 cents each (or were figured to c(^t this 
amount in larger lots) with production at the rate of 74 per hour. 
The molding, which is a duplicate of the die casting except for 
the greater shrinkage, weighs 1.44 oz. Purphaser states that 
the molded part was not considered for production because it is 

sensitive to changes in temperature and humidity and is too 
soft. Moreover, a metallic housing was required for shielding 

’ Except for i^me coW-molding typies haviag limifed applications. 
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agaiiLst motor uoino. 4’hc (li(‘ casl ing was seleciod fo)‘ production 
rather than the molding heeause of the simpler assembly, which 
was made possible by including several bosses and ribs to support- 
parts of the mechanism. Use of parts of transparent cellulose 
acetate make it possible to see parts within the housing without 
removing the cover. With polishing (essential for a transparent 
molded part) the added cost for the die alone is $80, or an increase 
of about 11 per cent over that for the die-casting die only, but 



I'lu. - C lock lK)ii.:imK prKir.oed as a chn)iiuiiiTj-r)lated die canting at a nomo- 
vvlint higher piece cost (as jdafcd) than for molding, but the latter gave trouble 
li’oni hroakage and was subjoct to more variation in dimensions. 
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mold. Rato of molding is given as 40 to 50 jxt hour, which is 
probably, an error, as urea moldings of this hviv are seldom pro¬ 
duced in a cycle of less than 3 min. No applied finish was 
required. Advantages cited for die casting are: important 
dimensions held within 0.0005 in.; any type of finish can 
applied; about 95 per cent less breakage in transit. 

ITie thermostat cover shown in Fig. 3 was die cast in zinc 
alloy and also molded in black, phenolic plastic. These paits 
arc^ not identical in design but are about the same size. Over-all 

dimensions arc approximately 
4^4by Sec¬ 
tion thickness for die casting 
averages approximately 0.045 
in. and for the molding approxi¬ 
mately 0.075 in. Total cost of 
die (single cavity) for casting 
and cleaning tools was $825, 
which included engraving to 
provide thermometer scale 
markings not provided in the 
mold. Moldings therefore re¬ 
quire addition of separate scale 
plate, which is not needed in 

Fig. 4.-Thi« die-cast display l.ous- ^lie die Castings. Total cost of 
ing was employed in preference to a two-Cavity mold foi* plastic was 
molding because more than one mold- a 
ing die would have been needed to ^835. Each required 6 weeks 
secure as rapid production as in a to make. Total number of 
single-cavity casting die, and this made A«fiTYinf Arl waq 9^ OHO for 
total die cost for molding too high. estimateu was /o,uuu lor 

each material. In lots of 2,500, 
the piece price was 8.9 cents for the die casting and 12.99 cents 
for the molded paH. The die casting weighs oz. and the 
molded cover 1% oz. Approximate number of parts die cast per 
hour was 175; the rate for molding production was not given. 
Both die-cast and molded parts were sprayed with lacquer, the 
die casting receiving three cqats at a cost of 3.5 cents per piece and 
the molding two coats at a cost of 2.6 cents pei: piece. Advan¬ 
tages cited for the die castings are greater strength and lower cost; 
for the molded paints, dielectric i^ualities and lighter weight. 

Figure 4 shows a display stand die cast in ainc alloy. Over-all 
size is about hy l>y H The piece weighs 5% lb., 
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approximate section thickness is 0.075 in. Total cost of die 
and fin-removing tools was $3,250. Cost in lots of 10,000 was 
83^^ cents per piece. Approximate time required to finish 
single-cavity die was 5 weeks. Finish was black enamel; cost 
not given. When figured for ])roduction in phenolic plastic, the 

DIE CASTING 
Fig. 5.—The molded impeller for a toy train whistle cost about one-fifth as 

much as the die casting and was much lighter and better balanced, making for 
more rapid acceleration and smoother running at high speed, 

estimated cost of a single-cavity mold was $4,000 and cost per 
piece in lots of 10,000 Avas 9534 Reason for using die 
casting is that molding production would have been too slow, 
unless more than one mold had been provided, which would 
make mold cost prohibitive. - 

Impellers for toy train whistle, (Figs. 5 and (5) turn at 7,000 
r.p.m. ; hence any lack of balance (which appears to have resulted 
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from slight poiosit\ in the die casting) in the part causes vibra¬ 
tion. Better balance is leported in the plastic-molded impeller 
and thi^, together with loiver weight and lower inertia (permitting 

Fig 6 —Molded iinpellci at left proved both better and cheaper than (he one 
originally die east as sliown at light Molded piopellei being thickei and 
having blades supported by a flange is stiffei than die casting 

of more lapid acceleration and of shoit blasts from the whistle), 
ih an important advantage. Impeller blades in the die-cast form 

Fig. 7.—Molded houemg, m foreground, is better in appearance, lighter, and 
cost less than die-cast part m background It also has desirable dielectric 
properties, making it better suited for electrical parts it encloses. 

a^re only 0.025 in* maximum in thickness, thOy are stiU thinner 
near the hub and have a web only Ke ibl* diameter adjacent 
to the hub. Some difficulty from bending of blades in handling 
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the die castings is reported. Advantages named in favor of 
the die-cast form are a higher production rate and greater ease 
in making a press fit on the shaft. The molded impeller has 
blades which taper from 0.050 in., where they join the web 
or shroud (which has the full 1.412 in. diameter of the blades 
and is 0.040 in. thick) to a thickness of 0.030 in. This greater 
thickness and complete support of the blades along one edge 
naturally yield a stiffer impeller, doubtless contributing to 
lessened vibration. Despite the greater thickness, the molded 
impeller weighs about half as much as the die-cast one (sec 
Table II), and costs about one-fifth as much. 

Tabi.e II.—Cost and Production Data 

Whistle impeller Hollow casing 

J )ata 
Zaintik C 
zinc alloy 

Bakelite 
phenolic 
plastic 

Zamak 6 
zinc alloy 

Bakelite 
phenolic 
plastic 

Total cost of dies or molds and 
cleaning tools. $450 $150 $550 $23o 

Number of cavities in die and 
mold. 1 1 1 1 

Hours required to make die and 
mold. 250 85 325 130 

Total number of pieces in cost 
estimates.1 125,000 125,000 30,000 30,000 

Approximate number of pieces 
cast and molded per hour.... 500 47 i 250 27 

Piece price (without applied 
finish), cents. 1.100 0.211 4.773 1.355 

Type of finish applied. None None Black None 

Cost of applied finish per piece, 
cents... None None 

synthetic 

0.577 None 
Total cost per finished piece, 

cents (not including die or 
mold amortization). 1 10 0.211 5.350 1.355 

Weight per piece, ounces. 0.28 0,136 4.00 1.03 

Hollow casings, both of which are used over electrical parts, 
are shown in Figs. 7 and 8. The molded form has the advantage 
of heim a dielectric and of being bettor in appearance. Advan- 
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iagcH for the molded form are lower cost (see Table II), more 
enduring finish, and decreased shipping weight. Advantages 
for the die castings are greater strength and a higher production 
rate. These die castings require an applied finish, which, how¬ 
ever, accounts only in part for their higher cost. 

Impellers (Figs. 5 and 0) and hollow casings (Figs. 7 and 8) 
for toy- or model-railway use have been in quantity production 
in both die-cast and plastic-molded form. Table II gives costs 
and other data concerning these parts. The cost per piece is 
materially lower for each of the molded parts than for the 
corresponding die castings. For both parts the molds and dies 
have single cavities and mold cost runs from one-third to one- 
half that for the casting die. Molds required about the same 
proportionately shorter time to build. Other reasons for this 
difference in die and mold cost are: Molds are apparently some¬ 
what smaller, have been produced quite recently by the latest 
methods, and involved bobbing of cavities on the two larger 
pieces, whereas the older dies had cut cavities in tool stec^l. As 
cavities are nearly the same size and shape, it would appear that, 
on a strictly comparabje basis, the cost of sinking them would 
be substantially the same if the same methods were used in 
production.* In the cost of the casting dies is included that of 
tools for trimming fins, whereas no corresponding tools for the 
moldings are required, since fins on moldings are removed by 
tumbling. 
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A 

Accuracy, dimensional, comparative, in die 
and i)ern»anent-mold caHtinga, 407 

in die and aand castniga, 383 
in die-caat and screw-machine pimlucta, 

452 
in die eastings, 5, 8 

and i)la8ti( moldings, 478, 482 
\TB. other proflucUs, 8 
{See aho Tolerances, dimonsional) 

Acetate, cellulose, plastic, names and 
properties, 335 

Acetate-but.\ rate, cellulose, plssti'*, name 
and properties, 335 

AdvHntafrw, of die castings, 377, 430, 431, 
478 

of molded plasties, 326, 478 
of plaster-mold castings, 417 

Aesthetic factors in design of pla.stic mold¬ 
ings, 370 

Agitators, washing machine, jiroductiou 
rate on, 403, 409 

Alcoa alloys (see Alundnum alloys) 
Allowances, betw'een blanks for stamping, 

195 
for distortion, in sand castings, 100 
for machine ftnish in sand castings, 100, 

123, 124 
for squaring sheet for stamping blanks, 

195 
Alloys, aluminum sand casting, projierties 

of, 86-93, 95 
brass and bronze, sand-cast, 95 
coppei-basc, hard on casting dies, 426 
for die casting, 8, 9, 13, 17, 18, 377, 397 

aluminum, 8, 13 
Tabic IV, 15 

choice of, 9, 19 
compared, 8 
copper, 17, 18 
zinc, 8, 397 

light (see Aluminum and Magnesium) 
magnesium sand castings, properties of, 95 
nonferrous, for centrifugal castings, 426 
order of importance in die casting, 8, 479 
f^rmalMuit-mold and die-casting, oom- 

positl^m and <197 401 
jiermanent-mohi casting, 897-400 
saiid-rcast nonferrous, prcjierties and 

composition, SO-OS 

Alloys, for sand casting, 86-93, 95, 377 
type of nonferrouB in relation to type of 

mold, 418 
Aluminum, alloy, for sand castings, 86-93 

cylindei head, 95 
secondary for die castings and permanent- 

laoUi castings, 400 
sheet, properties of, 193 
for stampings, 191 
virgin, fm die castings and permanent- 

mold castings, 400 
Aluminum alloys, for cold heading, 312 

for die castings, 8, 13 
choice of, 16 

Table IV. 15 
Aluminum-bronze sand-cast, 95 
Angle of lettered piano of plastic with axis 

of force, 373 
Annealing, before reheading, 311 

of stampings between draws, 201 
Appearance, comparative, in die-east and 

screw-machine products, 463 
of plastic moldings and die castings, 

478, 483 
in sand and die castings, 370, 386 
in stamping and die castings, 431 

of plastic moldings, affected by parting, 
346 

bearing of design on, 370 
affected by pushout pin marks, 359 
color, effect of, 370, 371 
design for best, 342, 370 
excellent, 318 
improved by curved surfaces, 356 
improved by fillets, 356 
before and after styling, 372 

pleasing, in die castings, 62 
in sand castings, 130 
in screw-machine products, 143, 151, 

152, 153 
in stamped parts, 224 

of ribs on plastic moldings, effect of, 361 
of surfaces in die castings, 43 

Appendix data on blank size for stampings, 
230 

Areas, large flat, to be avoided ili plastic 
mohlings, 342 

AsIkWiom, as flUer in cold molding plastic, 324 
Assembly effected by die casting a matrix, 62 
Attachments, for screw machine, 134, 137 

trimsfer for screw machinest 166 
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B 

Hukiitg of cold-iuoldcd 324 
Balance, better for plastic-molded than die- 

cast impeller. 490 

Hall produced between shankH of cold¬ 
headed parts, 409 

Bars, hot-rolled for hot heading, 201 
Base for bxinsen burner, costs in sand- and 

die-cast form, 389 

Beads, as an aid in fl)ish removal, on die 
castings. 38 

on plastic molding, 346 
to stiffen stampings, 204 

Beaker, molded from plastic, with slight 
undercut, 360 

Bearing of pushout pins on plastic molding, 
360 

Bends, effect of, on holes in stampings, 213 
in stampings, ISO 

Bibliography, die castings, 66 
die forgings, 288, 289 
pUistics and plastic molding, 375 
sand castings, 131 

Binders for cold-molding plastics, 336 
for plastic molding, 324 

Bitumen, binder in plastic molding, 324, 336 
Blank, aluminum propeller forged by rolls, 

246, 248 
cold-headed, for subsequent necking, 468, 

469 
lengths in cold-headed parts, 313 
size to cut economically, 196 

for deep draws, 201 
formulas for calculating for stamped 

parts, 230 
Blanking of sheet to size for stamping, 228 
Blanks or flats in stampings, 177 

nut, made by hot heading, 294 
Blasting, shot, for scale removal in die 

fo>rgings, 266 
Blemishes erf ejector pins on die castings, 47 
Blending of light and heavy sections in 

sand castings, 128 
Blistering in heat-treatment of die castings, 

400, 407, 421, 461 
Blisters for punch location in stampings, 212 
Blocker in hammer forging dies, 237, 239 
Blocks, split cavity, in plastic molds, 360 
Blows, number required in heading, 293, 308 
Bolt, cold-headed, with broached square 

head, 470 
with drilled head, 466 
with eyf», 473^474 
necked, 468 
sOap aaVinii in, 476 
shoulder, 466, 466 

Derdelet rivet, hot-headed, 298 

eye, hy hot heading, 296, 296 

Bolt, shoulder, alternative design for scrow- 
maebine production, 466 

Bolt, Nut, and Hive! Manufacturers, Ir»- 
stitute of, 313 

BoHumkers, with thrcaditig station, 308, 310 
Bolts, aircraft, protluced by beading, 292, 

302, 310 
carriage, stress relief in, 311 
eye, produced by cold heading, 472, 473, 

474 
lioi-headed, 302 

Bosses, desirable at inserts in plastic mold¬ 
ings, 361 

on die castings, 26, 35, 42 
extended to parting, 40 

formed by slug on stamping, 224 
on heads of oold-hcadod parts, 310 
height of, in die forgings, 272 
location of, in plastic moldings, 360 
on ))lastic moldings, 356, 367 
on sand castings, design of, 115 

extended to parting, 116 
radii at, 110, 112 

Bottoms, shai>e of, in drawn stampings, 203 
Box, knoi^kout, produced by stamping* 223 
Bracket, radio, stamped and die cast, 441, 

442 
swivel for outboard motor stamped ami 

die cast, 442, 443 
tube supporting, in die-cast and sand- 

cast form, 390 

Brakes, in stamping, 180 
Brass, cast (see Castings, nonfen ous) 

for cold heading, 312 
as inserts in plastic molding, preferable 

for, 356 
for screw-maclpne products, 144, 146 

screw-machine products, 163, 164 
for stampings, 191 

Brazing to extruded holes in stampings, 215 
Breakage, less for die casting than plastic 

molding, 488 

Brittleness, in cold-head parts avoidable, 
311 

of plastic moldings, 326 

Bronze, aluminum and manganese, 96 
cast (see Castings, iionferrous) 
for cold heading, 312 
doors, sand-cast, 94 

for stampings, 190 

Buffing, effect of sharp edges in die castings, 
40 

on screw-machine products, 162 
Bulldozer, hydtattHc and mechanical^ for 

bending, 246i 247 
Burner, Imww* for, in sandiest and die-cast 

form, 389 , \ 
Burnishing, in «crew machine. 134/169 
Burring, on screw machine, 436, 166 
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n>UT«, u,i knutii-i ill fstiipw-runcluiui produciH, 
153 

occiun*enr« <>f, in scniw-machinp jirodurts, 
160 

removal of, 142, 160, 161 
in HtainpingK, 220, 435 
in Htatnpinge and die caslingn, eonipara- 

tivo, 435 
lliiHliing, knurled, prixlueiion of, 173 

C 

< *{11)111018, radio, molded in plawtie, 346, 352, 
361 

f'siniH, die-cast, 51 
t’ainshaft, die-forged, 281 
(^tip8, for bottle, pro<luctio)i in nniUiple- 

cjiviiy Tuolcis, 484 
plaatic, (or bottle, stripped olT 4ore, 368, 

369, 484 
Case for clock, die-east and plaslic-inobled, 

486 

relative cost, dio-cast and H»‘impetl, 438 
ji.v romeier, Kund-cast in zinc alloy, 421 
vacua 1 cleaner, die and rn^rmanent-inold 

cast, 404, 4(n> 
Casting, rate of, in dies, slowed by inseits, 

58 
Castings, alnnuuuin, sand, 95 

architectural, 95 
bronze door, 94 
centrifugal (see Centrifugal castings) 

C^'lsting8, die (ate Die castings) 
factors affecting choice of die vs. sand 

types, 377-379 
gray iron, advantages of, 377 
iron, characteristics of, 85 

gray, properties of, 76 
malleable, characteristics of, 85 

ductility of, 94 
profjertios of, 84, 86 

metal mold, characteristics of, 419 
nonferroiis, 96 

for aircraft use, 422 
comparison of types, 415 
composition and properties, 86-93 
factors affecting choice, 416 
which type?, 416. 429-444 

perinanentr-mold (see Permanent-mold 

castings) 
plaster^mold, advantages of, 417 
plaetic, as opposed to plastic moldings, 

334 
presaure (»ee Die castings) 

quantity, warranting use of die, 7 
sand (see Sand eastings) 

sand* number per mold, 97 
semipermanent mold (see Permanent- 

mold Castings) 

slush mold, adi^i^tages of, 419 

r*fi«ting.s, HOundiH^«H of, jim affccled by pres- 
Hiirc, 426 

.steel, cliaractcristic^H of, 8,5 
properties of. 76-83 

Cavity, in plastic molds, 324 
split block in plastic molds, 350 

Cellophane, hot^stamped in plastic surfaces, 
374 

Cement, binder in plastic molding, 324, 330 
Centrifugal castings, merits of, 426 

metal mold, 415, 418, 419 

C'hamfering of corners in Hcrew-nmchiuo 
protlucts. 142, 166 

Changes, dimen.sional, with aging of plastics, 
482, 483 

in zinc alloy die casting, 11 
comparative, in die castings, 9 
{See also, Stability) 

Chaplets for core support in sand castings, 
120, 131 

Characteristics of materials (nee Propertie.s) 
Cheeking, by heat, in casting dies, 46 
Chills in sand eastings, 107, 108 
Choice between die castings and plastic 

moldings, 477 

Chucking machine, in relation to screw 
machine, 135 

wrew machine used as, 168 
Cleaner, vacuum, ]>ermanent-mold casting, 

404, 409 
Cleaning, effect of po<;kcts on, in die forg¬ 

ings, 266 
and pickling of stampings, 201 

of forgings, 265 
of sand from castings, 117, 120 
of sand castings, 74, 131 

of stampings, specifications for, 224 
Clearances between stampings and adjacent 

parts, 220 

Clips, speed, for use with die castings, 41, 
48 

for use with plastic moldings, 363 
Coin-pressing of malleable-iron castings, 121 
Coining, adaptability of die forgings to, 233 

finish allowance for, in die forgings, 264 
of square corners of stampings, 201 
of stampings, 221 

(See o/so Stoving) 
Cold-chamber die-oasting machines, 4, 423, 

427 
'Cold flow (eae Flow, cold) 
Cold header (eee Header, cold) 
Cold-headed Or screw-machine products, 

463-476 
Color, choice of, in {flaatio moldings, 370, 

371 
for deoorative eflfeet in plastic moldings, 

324,370 
of finish on stamjaings, 224 

mpitled^ in plastic imfldings, 371 
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Color, t^jadenry to fado and tlarkeii in 
phenolic plaatic^, 337 

Colors, choice wide, in i>laHiu’w, 3111, 320 
Comparisons, between die castings and 

plastic moldings, 477-493 
between die castings and sand castings, 

377-379 
Competition, between die and permanent- 

mold castings, 401 
between various products {see Chaps. IX, 

X, XI. XII, XIII, XIV, XV) 
Complexity, permissible, in die and per¬ 

manent-mold castings, 408 
relative, in die castings and plastic mold¬ 

ings, 481 
ComjK)sition, of alloys for die castings and 

permanent-mold castings, 397-401 
of aluminum alloys for die casting, 15 
of carbon steel sand castings, 76-78 
caution concerni?ig, in sand bastings, 75 
of copper alloys for die casting, 19 
of die-casting alloys, 11, 12 
of low-alloy steel sand castings, 80-83 
of malleable-iron sand castings, 84. 85 
of nonferrous sand castings, 86-93 
of zinc alloys for die casting, 12 

Compounds, cold-molding, plastics, 336 
Conductivity, electrical and thermal in 

plastics, 320, 324 
thermal, low in plaster molds, 417 

Consulting with plastic molders, 340 

Containers, tin, 189 
Cooling, rate of, as affecting casting strength 

and hardness, 418 
Cope, in sand casting, 71, 72, 123 
Copper, alloys for die casting, 8 

sheets and strips for stamping, 190 
Core boxes, built-up, for sand casting, 68 

for sand cores, 102, 103 
Cores, in die castings, effect on flash, 34 

to gain wall thickness uniformity, 27 

size, 6, 7 
draft on, in die castings, 29 
effect on die cost, 29 
fixed in die, 33, 38 
flash, effect of, in die castings, 29 
hydraulic pulling, in die castings, 32 
interior type in sand castings, elimination 

of, 118, 131 
intersecting, in die coatings, 34, 44 
length of, in die castings, 31, 425 
length and diameter in sand castings, 

120, 131 
locking of, in casting dies, 32 
loose-piecb (sea Knockouts) 
metal, in permanent-^mefld eastings, 397 
metAl^avistg, 27* 28, 84 
nonfrnlsile, must bd, in molding,. 

■ , '“820 
for perman^t mol^v tbrea-i>if^ 413 

Cores, position of, in die castingw, 32 
removal of, from sand castings, 120, 131 
in sand castings, 7, 111, 320 
sand, in sand castings, 117-119, l3l 

in semii>«rmanent-mold castings, 396, 
397 

in semipermanent molds, slows cast¬ 
ings, 403 

to save machine work in die castings, 27 
in BCinipnnuaiieni-mold eastings, otpdi)- 

merit for, 403 
shape of, in die castings, 34 
shrinkage strength to resist, in die 

castings, 31 
sizes of, in die castings, 6, 29, 425 
tapered pin type, in die castings, 29, 32 
threaded, in die castings, 34, 35, 49 
withdrawal of, in die castings, 32 
withdrawn nieehanically in plastic mold, 

350, 351 

Coring, compari^n of, in die and pernian- 
ent-moid castings, 408 

in sand and die castings, compression of, 
378, 382 

Corners, sharp, avoidance of, in die forg¬ 
ings, 261 

in plastic moldings, 344 
in sand castings, 106 

sharp or square, to be avoided in cold¬ 
headed part-s, 316, 317 

in stampingfs, 196-201 

at shoulders on screw-machine products, 
158, 159 

Corr<^ion, of aluminum alloys, surface, 13 
comparative, in die-cast and screw- 

machine products, 463 

effects on sand-cast and die-cast barrel 
plugs, 388 

of magnesium alloys, 19 
prevention treatment of, in stampings, 

224 

resistance, in die castings and plastic 
moldings, 483 

of forgings, 261 
in stainless steel, 190 

of zinc alloys, surface, 11 
intergranular, 11 

Corrugations in stampings. 204, 205, 222 
Cost of die casting in various alloys, 13 

vs. type chosen, 9 

Costs, of close tolerances in screw*maohinc 
products, 154 

cold-headed jmrts, operations on, effect 

of, 315 
rules for minimizing in, 318 

increased by close toIer4ncy» on stonfp- 
ings, 219 / 

eompamtive, o| casting dies" and plastic 
molds, 47%^ ; 
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C’oHts, coinj>:iraiiv(*, of and 
8crow>inacliino piodu<'ts, 465'"470 

data on ash rciceiver, <lie-cast and 
stamped, 435, 436 

on blower rotor, die-cast and 
stamped, 440, 442 

on bracker, radio, die-cast and 
stamped, 441, 442 

on clock case, die-oast and stamped, 
438, 439 

on dished part, die-oast and stamped, 
439, 440 

on pulley, die-cast and stamped, 
435. 436 

on switch housm«;, die-oast and 
stamped, 442, 443 

for die-east and screw-machine prod¬ 

ucts. 445-462 
of die ca^tii.gf^ and plastic moldings- 

477, 478 
on die and permanent-rnuld Castings, 

412 
effect of stamping specifications on, 229 

for fastenings for sand aiid die castings, 
.379, 386 

for finishing, of sand and die castings, 
379, 385 

for machining sand and die castings, 
378, 384 

for material, for sand and die castings, 
378, 384 

of materials in die castings and plastic 
moldings, 478, 485 

per piece, in die castings and phistic 
moldings, 478 

for sand-cast and dic-cast barrel plug, 
888 

bracket, 390 
burner base, 389 
cover, 387 

gear housing, 391» 392 
machine parts, 393-396 
reamer body, 388 
sudvel rest, 390 

tool maintenance in die castings and 
stampings, 435 

tooling, for sand and die castings, 378, 
383 

of die for large die casting, 410 
of dies for casting, 401 

vs. permanent molds, 402 
of ferrous and nonietrous materials for 

heading, 312 
finishing, for die-cast and screw-machine 

products, 448, 453 

for die and parmancfit-mt^ castings, 
404,405 

of piastre molding and die eaatings. 
48^-493 

safid eastings, 125 

CJosl.M, of furnace for hot-heu(I<al parts, 293 
irregular imrting on sand casting, effect 

of, 130 
labor, for die-cast and screw-machine 

products, 447, 454 
lowered by following plastic molding 

design rules, 341 
machining, for die-cast and screw- 

machine products, 448, 455 
of plastic molding and die casting, 

478-493 
of machines for permanent molds and 

casting dies, 402 
material, for die-east and screw-machine 

products, 448, 456 
minimizing of, in screw-machine prod¬ 

ucts, 150 

of mold, lowered by simplicity in plastic 
moldmgs, 341 

for plastics, 324 
of molds for plastics minimized, 340 
over-all, in die forgings, decrease in, 234 

of die and permanent-mold castings, 402 
pattern, labor, and machining on sand 

castings, 416 
per piece low in plastic moldings, 320 
of plastic mold increased by use of side 

core, 361 
of plastics in comparison with metals, 325 
production, effect of shape in plastic 

molding, 348 
of punching stampings, 212 
reduced by following design rules in 

sand castings, 131 
relative, for die-cast and plastic-molded 

housings, 486-493 
for die-cast and screw-mSchine prod¬ 

ucts, 456-462 
of dies, in stampings and die castings, 

431 
finishing, in stampings and die castings, 

434 
tooling for cold header and screw 

machine, 464 
tooling, for casting die and plastic molds. 

485-493 
for cold header and screw machine, 464 
for die-cast and screw-machine prod¬ 

ucts, 447, 454 
for hot heading, 299, 291, 312 
in screw-maehine products, 143 
of stampings and die eastings, 429-^444 

Counterborinit off serew^maebine products, 
166 

Cover, for radio device, die-oast and jdastic- 

molded, 485, 480 
tank. In die^east and sand-east form, 307 

Cracking, by heat in diie eastings, 40,416 
inserts in plastios, hm avoided jardiinfl, 

M2 : ^ : 
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Cracks, quench, in thin wall <lic forKingK, 2ft,3 
Crank produced by hot heading, 21)9 
Creep (see Flow, cold) 
Crimping of edges of stampings, 222 
Criticism, of caster on die and permanent^ 

mold casting design, 414 
of foundry man desirable in design of sand 

casting, 129 
Cross members, at ribs, in sand castings, 

110, 112 
Cupola, for sand-oasting foundry, 74 
Cups, molded from plastic, draft in, 354 

radii at bottom in stampings, 198 
stamped, 180, 181, 182 

Curing, of thick and thin sections in plastic 
molding, 340 

when time for thermosetting plastics is 
excessive, 321 

Curling of edges in stampings, 222 
Curls, to increase stiffness, 204 

in stampings, 180, 204 
Curves, re-entrant in plastic moldings, 350 
Cycle, in plastic molding, os affecting num¬ 

ber of machines, 484 
relatively slow, 484 

D 

Defects, internal, freedom from, in die 
forgings, 233 

surface, masking of, in plastic moldings, 

356 
Deflection in machining screw-machine 

products, 149 
Density of die castings made in cold- 

chamber machines, 426 
Depressions, depth of, in stampings, 201 
Design, of casting dies altered to improve 

castings, 426 
of cold-headed parts, 305-317 
conditions, effect on tolerances, etc., in 

castings, 427 
considerations cold-headed parts, 314 
of die castings, 1-66 

helped by model, 21 
of die forgings, 231-289 
of extruded holes in stampings, 217 
factors for die-cast and screw-machine 

products, 447 
of hot-headed parts, 290-304 
of inserts, for plastic moldings, 358 
of molded plastic parts, general aids in, 

339 
of plastic moldings, as affecting machin- 

ing» 366 
from app^ranoe standpoint, 370 
for quantity production, 818-375 
rules for, 840-843 

qf si^ dwtings, 67-132 
iHUit<^traatment, effescit of, 127 

DoHjgn, of sand castings, ideal, 104 
metallurgical factors, 104 
procedure suggested, 128 
summary of rules for, 128 

of screw-machine products, 133-174 
simplicity of, in plastic moldings, 341 

needed in plastic mold, 349 
of stampings, 175-230 

Designer, industrial, for styling i>Iustic 
moldings, 370 

Designs, requiring use of sliding forging 
dies, 281 

specific, study of, in screw-ma<-hine 
products, 171 

Dials, molded plastic, 373 
Diameter, and length of cores in sand cast¬ 

ings, 131 
ill die castings, 425 

stepped, radius at, in cold-headed j>ai tH, 
316 

of stock in screw-machine ],roduc1s, 140 
Die, for coining stampings, 221 

vs, mold, 1, 7 
Die-cast or sand-cast, 376-395 
Die-cast or screw-machine product, 445-462 
Die-cast or stamped dasigu, advantages and 

relative costs, 429-444 
Die casters, desirability of consulting, 21, 55 
Die casting, saucer shape, relative costs 

die-cast or stamped, 439, 440 
Die-casting machines, cold-chamber tyi,>e, 

4, 423 
gooseneck type, 4, 422 
plunger type, 5, 423 
types of, 4 

Die-castings, advantages of, 377, 430, 431 
and limitations, 429 -431 
over sand castings, 2, 376-395 

alloys for, 8 
bibliography, 66 
compared, 9 
vs. competitive products, 2, 376-395, 

429-476 
copper base, example of, 413, 416 
defined, 1, 396, 430 
design of, 1-66 
dimensional limits, 6 
group from combination die, 433 
importance of, 1 
limitations of, 8 
machining of, 7 
methods of producing, 4 
and permanent-mold castings, compared, 

896-414 
and plastic moldings compared, 477 -493 
porosity in, 8, 22 
pressures applied in making, 4, 5, 423 
reasons for, 1-^8 
rules for d^ign, 22*^65 
shape of, 42 
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Dio-caHtiligH, siac liniiiationH, 6, 23 
va. aiaiapinga, 8, 420-444 
typical, in aluminuni alloys, 14, 412, 416 

in magnesium alloys, 16, 416 
in sevoml alloys, 416 
in zinc alloys, 10, 416 

where to use, 5 

Die forging design, imijroving, 267 
Die forgings, design of, 176 230, 231 

(See also Forgings, die) 

Die life, in die casting, 9, 20 
Dio sinking, 240 
Die-straightening process for malleable iron 

castings, 122 

Dielectric strength of mohled plastics, 333 
use of, in form of plastic molding, 324 

Dies, block, for forging, steel for, 249 
for bulldozers, 246 
for casting, operation of, 20 
casting, parting of, 20 
combination, for casting, 23, 55, 432, 434 

for castings not parallchwl in julastic 
molds, 484 

cost of, for casting, 6, 7 
vs. mohis for permanent-mold cast¬ 

ings, 401 
vs. patterns for sand molding, 377 

relative, for die castings and stampings, 
432 

cover half, in casting, 37, 41 
for die casting, 1 

lighter than plastic molds, 483 
slides in, 38 

drop-hammer, for die forging, 236 
extrusion type for press forging, 284 
forging, how they act in, 234 
in hot heading, beconic rough, 307 
life of, as affected by temperature of mctiil 

cast, 416 

locked for forging parts with irregular 
parting, 261 

multiple cavity, for casting, 23, 432 
for upset forgings, 240, 276^ 

number of, for deep drawing of stampings, 
201 

open type for press forging, 284 
for press die forgings, 283, 284 
press forging, 245 

roll, for forging, 246» 248 
rubber, for forming aircraft leading edge, 

207 
sliaving, for flash removal, 36 
six^step forgiilg for 76-min. jdieU, 240 
sliding or ‘'spring,” nse of, in forgings, 

281,282,29g 
split type, press forging, 285, 2^ 

for undercut stampings, 207 
sj^ng for upsetting flanges between ends 

of shanlc, 228 

'Dios, standard, usctl for notching stamp¬ 
ings, 210 

stock vs. special in cold-headed parf/S, 
313 

time to make, for stampings and die <;ast- 
ings, 435 

trimming, for die forging, 239 
unit, seta of, for easting, 56 
upsetting, for forging, 261 

Difficulties, in stamping production, cuuso 
of, 176 

Dimensions on stamping drawings, 226, 227 
Dispenser, gummed paper, 64, 65 
Distances, center, in die forgings, 265 
Distortion, of plastic moldings, under heal, 

480 

whore section varies, 482 

relative, in dic-cast and .stain|)od ease, 
438, 439 

in sand castings, allowances for, 100 

Draft, in die forgings, 258, 259 
ill die and ijcrmanent-inold castings, 

408, 424 

on integral studs of metal-moM castings, 
49 

on patterns for sand casting, 101, 102, 
130 

on plastic moldings, 340, 342, 352, 353 
plenty of, for removal from plastic mold, 

342 

on press die forgings, 282, 283 
in sand castings, 100, 102, 130 

effect of, 101, 130 

screw-machine products, not needed on, 
462 

on side walls in stamped depressions, 200 

Draft angle, tolerances for, in die forgings, 
268, 270 

on walls and cores, of die castings, 6, 31, 
44, 46, 424 

of metal-mold castings, 424 

Drag, in sand casting, 71, 72, 123 
Draw, allowable depth of, in plastic mold¬ 

ing, 355 

straight in sand casting, 72 

Drawing, deep, of irregularly shaped parts, 
203, 206 

done hot, extra cost of, 204 

sheet stock for, 189 

Drawings, for die foldings, marking of, 266 
radio cabinet molded in plastic, 352 
of screW-ma^hine products, examples of, 

166, 167, 168 
requirements lor, 142 

should show where pushout bins not 
allowed, 360 

of stampings, indicedions eoncerning 
burrs on, 
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Druivitigs, for staut pings, designation of. 
clearances on, 220 

of edge straightness on, 220 
misinterpretation of, 226 
should contain specifications, 226 

should indicate use, 224 
of upset die-forged gears, 287, 288 

Draws, depth of, in stampings, 201 
number of, for ductile material, 202 
in reference to punch area, 202 

Driers, for cores in sand casting, 102, 103 
Drilh step, for screw machine, 150 
Drilling, axial, on screw machine, 148, 140 

cross, on screw machine, 136, 166 
spotting for, in die forgings, 264 

Drop-punch metho<j, of piercing holes in 
stampings, 212 

Drumming of stampings avoided by ribs, 
204 

Ductility of metals, essential, for cold head¬ 
ing, 312 

for drawn stanii»ings, 193, 201 
Duplexing, in sand casting, 74 

E 

Eccentric shaft made on screw machine, 167 
Eccentricity in screw-machine products, 154 
Economies, effected by combination dies, 65 

by consulting die caster, 21, 22 
Edger impression in hammer forging dies, 

237 
Edges, sharp, in die castings, 40, 41 

in plastic moldings, where avoided, 344 
in stampings, 220 

Efficiency, in plastic molding, promote<l by 
uniform sections, 349 

Ejection of castings from dies, effe<*t of 
draft, 47 

of molding from plastic mold, 352, 361 
effect of bosses and ribs on, 361 

Engraving, in casting die of tliennometcr 
scale, 4S8 

Ethylcellulosc plastics, names and proper¬ 
ties, 336 

Extrusion, by cold header, 305, 464, 469, • 
470, 471, 472 

double, 472 
of holes in stampings, 215, 216 

F , • ' 

Factor, loss (electrical), of plastics, 333 f 
Fastenings, convenient, for plastic moldings, 

362, 363 
integral, in die 41, 48 

Fatigue in die forgings, effect tii shot-blast- 
ifig <m, 266 

Fee4, lnl^lasine|^ applicable to se^w ma- 
;• chips, 446 _ ' ' 

Fender, automobile, produced by stamping, 
222 

Filler, in cold-molding plastic, 324 
in thermosetting plastics, 326, 337 

Fillets, ample, desirable at inside corners of 
plastic moldings, 342, 355 

at base of studs, in die castings, 49 
on plastic moldings, 364 

and corner tolerances on die forgings, 268, 
271 

desirability of, in die castings, 40 
need of, at changes of section thioknoss in 

plastic moldings, 349 
in die forgings, 261, 262 
at junctions in sand castings, 110, 129 

at parting of casting dies. 41 
at parting of plastic molding, not desir¬ 

able, 355 
should hot increase section thickness in 

plastic moldings, 355 
(See aho Radii) 

Filling letters on plastic with paint, 374 
Finish, allowance for, in die forgings, 264 

in coining forgings, 264 
in sand castings, 100 

deixsndence on supplementary operation 
on headed parts, 291 

designation of, on screw-machine pro<l- 
ucts, 161, 162 

elimination of, in plastic molding, 325 
plastic, as molded and as machined, 366 
smoothness of, in screw-machine prod¬ 

ucts, 142 
Finishes, choice of, on die castings and 

plastic moldings, 478 
on stampings and die castings, 431 

specification of, 224 
Finishing, little needed in plastic moldings, 

318 
Fins (see Flash) 
Fits, Class 3, on threads rolled on cold¬ 

headed parts, 310 
on threads in screw-machine prod¬ 

ucts, 155, 156, 167 
between stamped parts, 219 

Fixtures, cooUng for plastic molding, affect 
tolerances, 365 

Flange, cold-headed at center oi brake part, 
470,471 

in die casting, parting at, 37 
formed by cold heading, 310 

by reheading, 470, 471 
for stiffness, along edges of stampingSv 205 

around lightening hpW in stamping, 304 
upset, by hot hea4ih3. 2^3 

. by spring dies, 298 
j^aeb, in die castings, at beads, 36 
^ at boles in, 88 
'*; removal of,'36 \ ■ ’ r ' ' 

at Slides in, 38,39 ; ' 
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Flash, at edge of Ioohc pioccH in plastic 
moldingH. 344 

on heads of U|:)set parts, 292 
location in plastic moldings, 340 
at louvers and other opeuiugs in plastic 

moldings, 362 
inaxiinutn allowable thiisknesa in die 

forgings, 273 
removal of, in die castings, 455 

from die forgings, 239 
removal costs, in die castings and phwti<*. 

moldings, 362 
over side opening in plastic moldings, 363 
thick, in die forgingu, effect of, 263 

in flash-type molds, 323 
thickness in semipottitive molds, 323 
tools for removal of, in die castings, 46, 

493 
vertical, in positive plasii<; molds, 323 
where easily rernovfnl from plastic luold- 

jt»gs. 341, 346 
Flash line in die forgings, 273 
Flask, for sand costings, 60, 72, 125 

sise reduced by redesign of casting, 126 
Flatut iis in stampings, 220 
Flats (type erf stamping), defined, 178 

typical, 178, 179 
Flow, cold, in lead and tin die castings, 481 

of plastic moldings, 330, 366, 481 
in zinc die-casting alloys, 12, 481 

of metal in coining stampings, 222 
Flow lines, in cold-headed parts, 315 

in die forgings, 262 
Fluxing of plastics in mold, 323 ' 
Force or ram, male portion of mold for 

plastics, 321 
• . plastic molding clinging to, 353 
Forging, cold, effected by coining of stamp¬ 

ing, 221, 248 
as in heading, 248 

Forging producers, reasons for consulting, 
266 . 

Forgings, die, advantages of, 231 
boss height in, 272 
brass, 286 
compared with castings in machining, 

233 
definition of, 231 
d^ign of, 176-230, 231 
factors governing nse of, 248 * 
fatigue characteristics of, 261 
flash on, 273 
hammer type, 234 

advantages of, 237 « 
typiofa, 236 r 

improving design of, 267 
materhds for, 26(h2^ 

eWioe of, 364 

; in;one'di^.'2T4' 
; ^ pressiyi^,''i?82-'2fl6' . , \ 

Forgings, die, presses for, 243, 246 
reasons for selecting, 231 
resistance to heat and coi rosion, 261 
simple shapes desirable, 273 
strength required, 260 
tolerances for, 268'271 
toughness of, 261 
ui>8et, 241, 242, 274-282 
uiwct typo, limitations on, 274-277 

typical, drawing of, 286, 287 
{See also Die forgings) 

Form, complexity of, in die castings and 
plastic moldings, 481 

in stampingH and die castings, 431 

Foundry, choice of, for sand caslings, 96, 97 
diffiotiltics minimized by following design 

rules, 128 
Foundtymen, benefits in cooperating with, 

67, 96 

Frame, clock, die-cast, 54 
flatcar, si eel sand casting, 68 

Frost, E. R., piercing lools, shape of, 279, 
280 

rules for U]jaet die forgings, 275 

G 

Gage, of metals for stamping, 187, 188 
number for sheets, 188 
of stock for stampings, 196 

Gasket faces in sand and die castings, 392 
Gate, in injection mold for plastics, 323 
Oates, in sand casting, 70, 97, 99 
Gating, location of, in sand Casting, 99 
Gear, die-cast in brass, 413 
Gear segments, die-cast, 61 

disks as press die-forged, 283 

Gears, die-cast, in zinc alloy, 51, 62 
die-forged, 278, 280, 286, 287 

grain flow in, 278-281 
permanent mold-cast, in brass, 412, 413 

General Electric Co., table comparing cast¬ 
ings prepared by, 416 

Gooseneck die-casting machines, 4, 6, 442 
Grades of plastics for igolding, 326 
Graduations, raised, qn die-cast part, 390 
Ocain, of metal in relation to bends in 

stampings, 196 . 
wood, in plastic, utility of, 371 

Grain ske, tn die forgings, 265 
, increase in, with h^^at-tpsatment of die 

forgings, 268 
Grain structure dr £k>w, in cold-headed 

rivet, 3l6 
dense, makes die forgings hard to ma- 

ohine, 274 f 
in die forgingfi. 23:^ 
in gear forgings; 276,'260, 261 
improved by piercing Iorgihjg8)> 277-260 . 
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Gravity, Bi>eoific, conipurativo in sand and 
die castings, 381 

low in plastic moldings, 325 
Grid, for waffle iron, permanent-mold cast¬ 

ing, 407, 409 
Groove, at parting in plastic molding, 347 
Grooves, circumferential, turned in cold- 

headed part, 467, 468 
(iuerin process of forming stampings with 

rubber, 208 

H 

Hammer, board drop, for die forging, 235, 
249 

steam, for die forging, 235, 249 
Handle, for flatiron, molded in plastic, 350 

luggage, molded in plastic, 348 
Hardness, and cold flow, comparative, in 

sand and die castings, 379, 386 
and creep, in die-cast and screw-machine 

products, 448, 451 
Head, ball-shaped, hot-headed, 297 

cylinder, semipermanent mold casting. 
409 

L-shaped, hot-headed, 300 
recessed by hot heading, 2. 3, 299 
rivet-shaped, hot-headed in 7 blows, 295 
with spherical recess, hot-headed, 300 

Header, cold, operation of, 308, 463, 464 
hand-fed, or “tong-in,” type, 307 
size vs. stock length in, 314 

Headers, cold operations performed by, 305 
Heading, choice between hot and cold, 290, 

291, 293 
cold, 248, 249, 306-317 

application of, 306 
basic process of bolt industry, 306 
defined, 306 
parts produced by, 306, 308-310 
supplemented by hot heading, 306 

hot, 249, 290-306 
accomplishments in, 290-304 
(6f«c cUm Upsetting) 

Heads, circular and small diameter desirable 
in cold heading, 317 

conventional should be used, 316 
diameter of, formed by hot heading, 293 

limits in cold-headed parts, 310, 311, 
* 316 

eye, on cold-headed part, 473 
hex and si^uaro; hot-headed, 304 
hollow, produced by hot heading; 293 
neat-epherical, On cold-beaded part, 468, 

469, 472, 473 
nutpber of blows to form in hot heading, 

293 
offset, cold-headed, 310 

hot-headed. 300 
hi'Oduoed by <)olcl header, 308 

Heads, standard, for bolts, nuts, and rivets, 
204 

formed by stock heading dies, 294 
VH, special on cold-headed parts, 313 

upset, irregularly shaped on cold-headed 
parts, 474 

Heat, comparative effect of, on ^ic castings 
and plastic moldings, 478, 480 

Heat conduction, comparative in plastic 
moldings and die castings, 477 

low in plastics, 319 
Heat resistance, of forgings, 251 

of plastics, 331 

Heat treatment, of cold-headed jiarts, 311 
of die castings and screw-machine prod¬ 

ucts, 451 

of headed parte to save steel, 292 
of permanent-mold and die castings. 400 
of sand castings, effect on design, 127 

High lights on curved surfaces of plastic 
moldings, 356 

Hinges, Rathbun type for plastic moldings, 
368 

types employed on plastic moldings, 360- 
369 

llobbing of cavities in casting dies, 42 
Hole clearances, for rivets and bolts in 

stampings, 214 

Hole diameter, not less then stock thickness 
in stampings, 213 

Hole location in stampings, 212, 213, 223 
Hole size on punch and die side of stamp¬ 

ings, 214 
Holes, blind, tap clearance for, in scrow- 

machine products, 141 
cleanout, in sand castings, 121 
cored, diameter and length, in die cast¬ 

ings, 6, 425 
in sand castings, size and length of, 

119, 120, 131 
for integral studs in die castings, 49 
long, to be avoided in plastics moldings, 

343 
countersunk, in stampings, 215 
depth of, in hot-headed parts, 294 
design of, in screw-machine products, 

159 
draft on, in press-die forgings, 283 
drilling, in sorew-machino products, 149 

elongated, in stampint assembly, 214 
extruded, in stampings, use of, 215-217 
lanced, in stampings, 217 
location, in reference to bends in stamp¬ 

ings, 210 

oblique and irregular, avoj4e4 ih pkstio 
mddings, 348 

formed by piercing tools in die forgioi^, 
shape of, 279* l|l80 

punehthg and idercing in staniddnii^* 211, 
212 , 
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Hole's, siile, iu siopiuK wnlh of plnMif 
tuoUliiigu, 352 354 

Bink, iu plastic molding, 34U 
size of cored, in. metal-mold castings, 424 
square- and conical-bottom in screw- 

machine products, 141 
tapi>ed, in die castings, 49 

iu screw-machine products, 165, KiO 
telescoping of extruded. In stampings, 219 
threaded, in inserts in plastic moldings, 

342 
tolerances for location of, in stampings, 

210 
in upset die forgings, save in drilling, 258 

Hollow-ware parts as produced on screw 
machine, 153 

Hot spotB, at sand-cast rib junctions, 112, 
113, 129 

in sand castings, 98 
avoidance of, 98 
location of, 99 

Housing, clock, die-cast and jdaHtie-moldcd, 
486. 487 

gear, in dio-cast and sund-caht forms, 
391, 392 

with side holes, molded iti plustiw, 343 
suitability of die castings and idustic 

moldings for, 485 
for switch, <Ue-ca8t and jdastic-mohled, 

491, 492 
thermostat, die-ciist and plastic-molded, 

487, 488 
Humidity, as affecting tolerances iu plastics, 

365 

I 

Identification marks on die forgings, Um'h- 
tion of, 266 

luipcller, for toy train whistle, dio-cast and 
ptasilc-molded, 489-401 

Imperfections, surface, in die castings and 
l.>lastio moldings, 481 

Impressions, m hammei-furging dies, func¬ 
tion of, 237 

types of, 237 

multiplo, in forging press dies, 243 
Impurities, in aluminum alloys, 4 

in zinc alloys, 11 

Inertia, less in plastic-molded than in die- 
oast impeller, 490 

Inserts, added after molding plastic, 359 
anchoring in plastics, means for, 357 
in copper-bas(3 die and permanent-nnold 

eastings, 413 
design of, in plastic moldings, 368 
for die castings, design qf, 61 
in die castings, examples 69, 60 

types in use, 68-6l 
of, 88 

InscrlH. with end« projociing from plastic 
mohlingB, avoided, 343 

hinge parts in plastic moldings, 367 
metal, plastic around in molding, 342 
in molded plastic steering wheel, 358 
of noncircular section i>rojocting avoided 

in plastics, 343, 357 
in plastic moldings, 339, 342 

avoided, 342 
should be sturdy, 342, 343, 358 

positioning of, in plastic moldings, 356, 
358 

proper use of, in plastic moldings. 356. 

in sand castings, 123, 125, 130 
stamped and screw-machino, in die 

castings, 433 
telescoping in both halves of mold, 358 
threads in or on, in plastic moldings, 357 
tolerances for, in i>la8tic moldings, 367 
in washing machine die casting, 392, 393 

Insolubility, of thermosetting plastics, 326 
Inspection, of sand castings, 70 
Institute, American, of Bolt, Nut, and Rivet 

Manufacturers, 313 
Iron, alloy for permanent-mold casting, 401 

as impurity in aluminum alloys, 422 
gray, in sand castings, 107 

properties of, 75 
malleable, sand cast, 79, 85 
pickup of, in air injection die-casting 

machines, 422 
ill cold-chamber die-casting inachinevS, 

423, 426 
sand east, characteristics of, 85 

selection of, 79 
white, in thin suctions of sand castings, 

107 

J 

Jig simts in sand castings, 103 
Juicer, part for, stamped and die-cast, 439, 

441 
Junctions, of members in sand castings, 109, 

110, 111 
of ribs, iu sand castings, 112, 113 
of ribs and bosses with walls of plastic 

moldings, 355 
sharp, to be avoided under heads in cold 

heading, 316 

K 

Knobs, plastic, with bead and groove at 
parting, 347 

fastening to spindle, 363, 364 
Knockout pins {see Pins, ejector) 
Knockouts, In die costings, 30, 34 , 

in staiiipinfiB, ^33 . 
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Kiiiirleii priHlurtN wuow mariiiiir, for 
!>laMtic inohtinKf^ ancj rlie 105 

Unitrling, on full ciiTUiufcieacc of die 
castings, not feasible on; 452 

on inserts for plastic molding, 165, 359 
radial, on flange of special bolt, 467 
on screw-injwdiine products, 152, 163, 165 

L 

T^mp, bicycle, streamlined, molded froiii 
plastic, 345 

Lamson & Sessions Company, cold-heading 
examples supplied by, 464 

Lancing of stampings, for louvers and tabs, 
217, 218 

Lathe, differs from screw machine, 133 
Length, as affected by shrinkage and xlie 

wear in forgings. 268, 269 
of cold-headed parts, 314, 316 
of curved sheet, means for determinhig, 

230 
and diameter of sand cores, 131 
of inserts in r>l»stic moldings vs. diameter, 

358 
special, to be avoided in cold-headtKl 

parts, 316 
Lettering, on die forgings, 266 

on plastic moldings, design of, 372, 373 
location of, 342, 372, 373' 
raised, desirable, 342 

on sand castings, rule for, 130 
on screw-machine products, 105 

T^etters, block tyr>e, suitable for plastic 
moldings, 374 

raised and debossed in T)lastic moldings 
374 

stamped and engraved on plastic mold¬ 
ings, 374 

wiped in, for plastic moldings, 374 
Life of iron parts exposed to molten 

aluminum alloys, 423 
Light, diff\ision of, by phistica, 371 

transmission of, in rdastics, 478, 481 
Limitations, of die castings and plastic 

moldings, 478 
on sise in plastic moldings, 320 

Limits, dimensional, in headed parts, 291 
narrow, avoided in cold heading, 3l7 

in* plastic moldings, 342 
in sand castings, 07 

in s^rew^maohine products, 140 
alno Tolerances) t 

Line, parting, in dies and molds i&ee Parting) 
Lips, on tubular die castings^ spun over, 49 
Loads, ability to withstand, unpredictable 

in die forging, 232 
lasting points in sand castings, 108 
Ijbop H ipctal, t^ppKed in plaslic luggage 

iiandle, 348 

TiOHf!, <‘lcc< factor for, in plasticM, 333 
fjOUwiH, li»nc<‘d in staiupiugH, 2J8, 2J9 

ill molded plastic radio cabinet, 346 
in plastic moldings, how formed, 362 

Lugs, or projecting inserts, avoided in 
plastic moldings, 343 

on sand castings, 114 

M 

Machinability, of die castings and of screw- 
machine stock, 449 

of screw-machine stock, 145, 146, 449 
Machine, automatic shaving, 468 
Machines, bulldozer, for bending (forgings), 

245 
characteristics of die-casting types, 422 
chucking, in relation to screw machine, 

135 
cold-chainlier, for die casting, 396, 423 
forging or upsetting, 240, 241 

.sizes of, 249 
type and use, 234 

gooseneck or air-injection tyi>e of die 
casting, 4, 422 

molding, for sand castings, 69 
squeeze type, 71 

for permanent-mold and die costings, 

compared, 402, 403 
plunger type for die casting, 5, 422 
screw (set! Screw machines) 
swaging, rotary, 244, 246 
typt? ami use in die forging, 234 

Machining, allowances for, in die castings, 
46 

in die forgings, 264 
cost of, relative, in die castings and 

plastic moldings, 478, 484 
in die-cast and screw-maehinc products. 

relative ease of, 456 
in die castings, limitations on, 420 
of die castings vs. die costs, 35' 
case of, affects choice of material foi 

sctew-machine products, 143 
limitations on, in screw-machine products, 

140 
locating points for, in die forgings, 263 
minimizing, in die castings, 35 

in die forging, 232, 233 
of plastics, as effecting, design, 366 

avoidance advocated, $66 
properties of die forgings, 261 
rates on screw-machine materials, 144-140 
reduction of, in die forgings, 257 
saving in die casting by coring, $7 

^fachining gHowaime oh eftst. materials, 

^Magnesium, aJlloy for die eaeting, 8, 16 
Table V, 17',, ^ '' \ ; 

sand castings, OS, IW 



INDEX 507 

Magucsiulii, in zinc alloys, 11 
Malleability, absence of, in plastic moldings, 

481 
in die castings, 481 

Markings, on die forgings, 266, 267 
on sand castings, 126, 127 
on screw-rnachine products, 165 

Marks, flow and draw on plastic moldings 
and die castings, 481 

itltoUification, on pushout pins in plastic 
moldings, 359 

left by pushout pins on plastic moldings, 
369 

sink, in plastic moldings, 344, 345, 349, 
365, 367 

Match jdates (,me Plates, match) 
Mu^Oiials, aluminum, for die forging, 253, 

256 
as uflecting typo of heading, 200 
available for die and sand casting, 378,370 
for cold heading, 201, 311, 312 
comparison of, for dic-cast and screw- 

machine products, 447 
condition of, before molding, affecting 

toleVancos, 364-366 
for die castings and plastic moldings, 

377, 378 
cf)pper-ba8e for die forging, 263, 264 
designing for minimum in hot-headed 

parts, 290 
die forging, saving of, in, 233 
ductile, used in cold heading, 306 
ferrous, for cold heading, 311, 312 

for screw-machine products, 143-146 
for forging, choice of, 249 

I)roperties required, 249-256 
for hot heading, 291 
magnesium, for die forging, 253, 256 
molding, chosen for lowest over-all 

# cost, 342 
(jSec also Plastics) 

rionferrous, for cold heading, 312 
for screw-machine products, 144, 146 

in sand castings, selection of, 79 
saving of, in oold*headed parts, 469 
in scrcw-machine products, 143-146 

types*, 138, 140, 144, 145 
for stampings, 186, 196 

type and choice of, 196 
Matrix, die-cast around inserts, 62 
Mechanism, for core pulling in plastic mold, 

361 
Melamine plastics, 337 
Melting, equipment for, in sand casting, 74 
Merit, order of, in die castings, 9 

in nqnferrous casting prooeteea, 427 
in plasties, 830, 882 

Metal, grain in die forgings, 232i 815 
. in Stampings, 196 

minMsiing gmonwt 

Metal, at each side of pni ting in die forg¬ 
ings, 260 

removal of, aifoettug cost of screw-ma¬ 
chine products, 148 

saving of, by pierced upset forgings, 277 
Metal flow, rcjstrictions avoided at lettering, 

130 
Metal savers (cores), in die castings, 27 

Metals, choice of, in stampings and tlic 
castings, 431 

clad or composite, for stampings, 187 
for stampings, 186-192 

Methods, of die forging, 234, 256 
determination of, 266, 267 

established, for plastic molding, 321 
injection molding of plastics, 326 
plastic molding, cold tyi>c, 324 

compression type, 322, 324 
impact type, 324 
transfer type, 324 

Milling, on screw machine, 136, 166, 167 

Mills, hollow, for annulus on screw machine, 
160 

Mismatching of dies, effect on tolerances in 
forgings, 268, 269 

Model, use of, in die-casting design, 21 
in plastic-molding design, 340 
in sand-casting design, 106 

Mold, vs. die, 1 
size of, in sand casting, 125 

MoldabiUty of plastics around inserts, 326 

Molding, cold, compounds, names and 
properties, 336 

cold method of, for plastics, 324 
compression, of plastics, 322 

types of molds for, 322 
floor, for sand casting, 73 
impact type, for plastics, 324 
injection type, with thermosetting plas¬ 

tic, 323, 326 
machine for sand, limitations of, 73 
match plate, in sand casting, 72 
methods established, 321 
pit, for sand casting, 68, 73 
plastic, clinging to force or cavity, 352, 

363 

difficult with deep draws, 366 
with hole through sloping side wall, 

363, 364 
with irregular parting, 347 
time minimieed by light weight, 848 

eimjidest desirable for rapid production. 
341 

temperatures for, 326 
transfer type for thermosetting plastics, 

824 

Molds, metalr advahbaifes of, 419 

for permanent-mold castings^ cost of, 401 

rdaster-iif^Paria, caatiw pr^uced in/ilt 
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MoMm for hoUlf (ups, iiiiiif i( .)\if V, 
484 

for planticH, allowiinoe for replacement, 
318 

complicated by loose pieces, 344 
< ost increased by split cavities, 350 
described, 321 
design, help by molder, 340 
flash type, 322, 323 
misalignment, effect of, 340, 347 
positive type, 322 
semipositive type, 323 
split sections avoided, 341 
for urea, 323 

temperature changes, strength to resist, 

300 
three typos used, 322 

Monel metal for stampings, 100 
Mouthpiece, telephone, produced by plastic 

molding, 351 

N 

Necking by spinning of stampings, 223 
Nesting of blanks for stamping, 195 
Nickel'^beariug materials fot stamping, 190 
Notching, of drawn or formed stampings, 

208. 209 
at edge of bend in stampings, 210 
flat blank of stampings, done in, 209 

Numbering on plastic moldings, 372-374 
Nuts, flanged and specially shaped by cold 

heading, 475 
produced by cold heading, 311, 474 
speed, as applied to plastic moldings, 362, 

303 
use with die eastings, 41 

O 

Odor, freedom from, in plastic moldings, 325 
Oil, oxidising, as binder in plastic m^i^ding, 

324 
Oilcan effect in stamiangs, avoidance of, 204 
Opening, in sloping side wall of plastic 

molding, 353, 354 
(Ske otto Hole) 

Operations* bending, 245 
extra, eJimittation of, in notching stamp¬ 

ings, 208 
nature and setiuenee in screw-machine 

products, 170-172, 461 ^ 

number and duration in screw machine, 

189* l4tt 144 
number ip Ramped and die^saei part, 

438 
dna^rew-nmehlike produeta, 134,13fl, 137, 

130,10s, 440. m 
aeaiMidiiryi mi 480 

Opct itioiis suppIcMiK'iif 111 , (*n boadwi jMi < 

292, 310, 315 
on stampings, 222 

swaging, 244 
Orange-peel effect in plastic moldings, 481 
Order of merit of die eastings under 22 

heads, 9 
Order of merit of plastics undet 19 heads, 

332 
Ordnance, Army, rule on forging drawings, 

288 

P 

Pads, height of, in stampings, 201 
Part, brake adjusting, ptoduued by screw 

machine, now headed, 470, 471 
foi motion-picture projector, die*cast, 408 
necked, produced by beading and rehoad- 

iiig, 470 
spool shape, upset m spring dies, 298 
for typewriter, die-cast and permanent- 

mold cast, 404 
Y-shaped, hot-headed, 290 

Parting, of casting dies, 20, 37 
m die forgings, 260 
of dies, at bead, 37 

single-plane, 36 
extension of ribs and bossed to, m plastic 

moldings, 361 
irregular, in plastic molds avoided, 343, 

346 
location as affected by ribs and bosses, 300 
in plastic molding, effect on appearance, 

346 
in plastic molds, 340, 341, 343, 344, 360, 

366 
in sand casting, bosses extended to, 110, 

117 
irregular. 72, 100, 130 
location of, 90, 100 
straight. 72, 100 

threads at. in die casting, 56 ' 
Parts, for bending, machine-oast in com¬ 

bination die, 433, 439 
for business machine, die*easi and sand- 

oast, 393—305 * 
cold-headed or screw-maehihe, 465-475 

cost of, vs. hot4ieaded, 315 
design of, 805-817 
finish of, 307 
standard, and idtered standard, 310 

vs. special, 312 ^ 
typical, 306, 310--315 
umlsual, aor, 809, 811 

erbss-shape, witSi hoh^hefided 
„ lugs, 299 " 
'^ie-oast, could be lirodueed ofi 

macMftS* 445 
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Parts, hot-headed and upset, 304 
integral with die castings, 433 
multiple oornbination of, in die casting, 

53, 433 
produced on screw machine, could be die- 

oast, 446 
lapid duplication of, by die forging, 233 
special, pi oduoed bv hot heading, 203, 303 
straight, easiest to forge, 274 
T-shaped, produced bv hot heading, 209 

Pattern, considerations affecting, 97 
Patterns, for sand castings, 69 

cope and drag, 73 
“faking” of, 100 
limitations and tjfies, 97 
metal, 97 
simplification in, 130 

IVifot'ating of stampings, 211. 212 
Per man CM t-mold caatingh. 377, 412, 413, 420 

ntUminuin, copper, and magnesium, 4(M1 
cores for (see Cores) 
defined, 396 
and die callings compared, 396^4tl4 
examples of, 409 
ferrous and nonfcirous, 397 
pouring of, 411 
scmirionnaneut, 403, 409, 410 

examples of, 409 
Pickhug for scale removal in die forgings, 

265 
Pieces, loose, on pattern for sand ctisting, 

116, 117, 130 
in plastic molds, 343, 344, 350 

(iS«c af#o Knockouts) 
T*icrcing, of holes and slots in stampings, 

211. 212 
of upset forgings, 277 

Pins, elector, bearing on runner, 47 
in die castings, 47 
location of, 47 
marks of, 47 
on press die forgings, 282 

integral, extruded by hot heading, 209, 
300 

knockout, in plastic molds, 340 
pusliout, location of, in plastic moldings, 

359, 360 

from, 342, 352 
Pistons, forged almninum, 284 

pcrroanent-mold cast, 413 
rate of, 408 

Pitcli, hinder ip plastic moldings, 324 
Plusteir df Paris, molds of, for nonferrous 

‘ eastings, 415 

Plastieiser;, loss of, effect on dimensions, 366 

P|aa|||^»eet44^, oattnloee, namSs and prop- 
ertieti, 885 

a^^atate-hntyratie oelloloee, names and 
proporiias, 835 

aor,vHo, namiw and properties, 334 

Plastics, cellulose nitrate, names and prop¬ 
erties, 335 

cement type, brittle, 324 
refractory, 324 

chemically resistant, 326 
choice wide and increasing, 319 
cold-molded bituminous, loa cost of, 477 
cost pei pound, higher than foi metal, 325 
cthylcellulose, names and piopeitios, 336 
grades of, 326 
heat-resistant, 326 
impact-resistant, 326 
low (electrical) loss, 326 
mclamme, names and pioi.>eities, 337 
molded, advantages of, 325 

applications of, 319 
nature of, 318 

foi molding, how furnished, 318 
imiM>rtance of, 318, 319 

phenolic, last, names and propeities, 334 
molding, grades of, 326 
low in cost pel piece, 477 
molding, naim^s and piopcities, 337 

properties of, 326- 339, 477 
reasons foi choosing, 319 
resin type strong in cold molding, 324 
rubbei, names and properties, 338 
sliellsc, names and pioperties, 338 
stvrene, names and proiicrtics, 338 
Subjected to pressure and heat in molding, 

322 
substitution for metal, 325 
synthetic, 339 
thermosetting, chemical change in, 326 

permanently hardening type, 322, 326, 
477 

when curing time is excessive, 321 
transparent and translucent, effect on 

appearance, 371 
urea type, in semipositivc molds, 823 
vinyl, names and properties, 339 
when to use, 324 

Plato, tome, for Stamping, 186 
ainc-ooated* 186 
tin, 189 

Plates, matith, feasibility of, 97 
draft in, 102 
metal for sand castings, 72, 73 
as patterns for sand eastings, 69-73 

Plug, barrel. In sand^cast and die-oiwt form, 
388 

tapered hoUbw, as produtied on screw 
and die-oasting maehines, 466, 461 

Pluhger or ram, miue portion of plastte mold, 
321 ^ 

Poekats, daep, avoidanOe of^ in die forgings. 
266 

in sand eiatings, 117, 129 
Pointoj loisMIiig, in die forgings, 268 

id sand easti^, 
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FolishinS, and pilnting on sand rnKtiiigB, 125 
plastic molds, more needed on, than on 

casting dies, 484 
of sore^-inaeliino prodxict-s, 162 

Porosity, comparative, in die and pernui- 
nent-niold castings, 406, 420 

in i^ermanont-inold castings, 420 
in die-cast an<l screw-machinc products, 

450 
in die castings, 22, 23, 410, 420 

control of, 419, 420 
effect on balance of, 490 

on drilling, 32 
of pressure, 23, 423, 426 

in plaster-mold and sand castings, 41H 
Pouring, of pci manent^-mold coating, 411 

in sand casting, 74 
Pieforins, in molding plastics, 359 
Pi css, for forging, hydraulic, 244 

mechanical, 243 
foi stamping production, 177, 184, 187 

toggle and hydraulic, 187 
for trimming die forgings, 239 

Pressed metal (sec Stampings) 
Presses, stamping, availability of, 431 
Pressings (see Stampings) 
Pressure, air, for air-injection dio-casting 

machines, 422 
injeotion, in die-casting machines, 423 

effect on easting density, 423, 426 
Prints, core, in sand castings, 102, 121, 131 
Process, sand-casting, advantages of, 69 

defined, 68 
limitations of, 68 
nature of, 69 

of hot stamping letters, etc., on plastics, 
374 

molding of plastic described, 322 
Processes, molding, types of, 321 

nonferrous casting, relative standing of, 
427 

Producer, considting on design of screw- 
machine products, 140 

Product, screw-machine or die-east, 445- 
462 

Production, by cold heading, 306, 308 
rate of, 308 

effect of design of screw-machine prod¬ 
ucts upon, 149 

facilitated by large radii in stampings, 197 
by hot heading, 290-304 
in molding plastics, rapid, 320 

rate of, 325 ^ 
rapidity of, in stamping, 430 
rate of, for die castings and molded plas¬ 

tics,. 484-493 
lor die and permanent-mold eastings, 

403 
for stampings and die caStjangs, 431, 432 

when to design loTt 138 

Production rates, comparative, in sami and 
die castings, 378, 384 

favoioii by low bosses in die foigings, 272 
in screw machine, 133 

Products, alternative, foi screw machine and 
cold heading, 312 

hot- and cold-hcadcd, 290, 302 
hot-headed, standard and siK'cial, 302. 303* 
screw-machine (nee Screw-niachinc piod- 

ucts) 
upset {see Forgings, upset) 

Projections, avoidance of, in die casting, 130 
conical, for hinge on jilastic molding, 36S, 

369 
integral, on die castings, 433 

useful on plastic mohlings, 342, 362, 363 
or tabs, on stampings, 217 

Projector, part for motion-picture, dic-cnst, 
408 

ProiJcller, roll-forged aluminum, 246, 248 
Pioi>cilies, of aluminum alloys for die 

casting, 12 
of carbon steel for sand castings, 76 78 
of cold-molded plastics, 324 
comparative, in sand and die castings, 

378-381 
casting, 381 
in stampings and die castings, 431 

of copper alloys for die casting, 12 
of (lie-casting alloys, 9 
die-casting and permanent-mold casting 

alloys, 397-401 
electrical, in plastic moldings and die 

castings, 478, 481 
of gray iron sand castings, 75 
of low-alloy cast steel, 80-83 
machining, of die forgings, 261 
of magnesium alloys for die easting, 17 
of malleable it on, cast, 84 

cast, peailitic, 85 
of materiab for die-cast and screw- 

machine products, 145, 14t/, 449 
of molding plastics, 336, 327-330, 364 
of nonferrous sand-casting ailo.vs, 86 93 
Physical, of die forgings, 250-266 
of plastics, 320 
of sheet for stampings, 192, 193 
of sine alloys for die casting, 12 

Puckering at bends in stampings, 211 
Pulley, comparative data on, die-cast and 

stamped, 435, 436 
die-cast, 51 

Punches, drop, for piercing stara^dags, 213 
of flexible rubber for forming undercut 

in stamping, 206, 207 
of hemispherical shape in drawing. 203 
as produced on screw machine, 151 
shape of, In press di<i forgitt^, 263 

Punching stampings, from blister locators, 

212 
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Q 

Quality, in stampings, 225 
Quantity, as aifeoting type of heading, 290 

as affecting type of mold, for nonferrous 
castings, 418 

economical, for hot beading, 291 
for plastic molding, 324 
in sand and die casting, 379 
in screw-machine pioduction, 139 

tolerance on, in die-forging oideis, 2U8, 

271 
Quenching of sand castings limited liy 

design, 127, 128 

H 

Iladii, at bottom of drawn stainpings, 197. 

198 
connecting, in stampings, 199 
corner, in stampings, 200 
of fillets in sand castings, 110 
under flange of drawn stampings, 197, 198 
inside, at bends in stampings, 196. 197 
laige, at bottom of pockets in die forgings, 

266 
outside, in stampings, 201 
in plastic moldings, 355 
in sand castings, 100 
small, avoidance of, in stampings, 196-201 

(See also Fillets) 
Radius, desirable under upset in <*old- 

headed part-s, 316 
Ram or force, male portion of plastic mold, 

321 
Ratchet, die cast, 61 
Rates of production, in die-<‘ai>ting rnaohines, 

403, 423, 426 
in die casting and plastic molding, 478, 

484 
in die-casting and screw machines, 447, 

454 
of <lie and permanent-mold castings, 403 

in injection molding of plastics, 326 
in plastic molding vs. metal working, 325 

Hearner body, cost in die-cast form, 380 
Reaming, of screw-machine products, 149 
Reasons, for screw machine, 133 

for screw^machiiie products, 134 
Rerieiver, ash, comparative cost, stamped 

and die-cast, 437, 438 
radio, bracket for, 441, 442 

Recesses, in die forgings, effect on dies, 266 

need for simple, 266 
sharp comers avoided, 267 

in sand castings, eff^t on clearing, 117 
Refractory, cement^ in plastic molding, 324 
Regist^ry, in eerew*maeliine products, 169 

Removal ol plastic molding from mold, 349 
Resilience, attained in plastic moldings, 325 

Resin, binder in plastic for molding. 324, 336 
Resins, cast phenolic, names and properties, 

334 
vinyl, names and luoperties, 339 

Resistance, to corrosion attained in plastics, 
326 

to moisture, 325 
of plastics to heat, 331 
to weal, 325 

Resistivity, electrical, of molded plosticis, 334 
Ribs, and bosses in plastic molding, 355 

in sand castiugs,‘‘ll5 
circumferential, in stampings, 207 

in die castings and stamiiings, 434 
effect on stiffness, 24, 26 

in plastic moldings, as hearing foi pusliout 
pins, 359 

gripped by clip for fastening, 363 
location of, 360 

in sand castings, to avoid aaipago, 129 
design of, 114 
intersections of, 112 
staggering of, 112, 113 
to stiffen and reinforce, 113, 129 

to stillen stampings, 204, 205 
Ring, retainer, relative cost in die-cast and 

screw-machine form, 456, 458 
Risers, in sand castings, 70, 97-99 

function of, 98 
minimized by design, 129 
number of, 99 * 

Rivet, cold-forged, grain flow in, 316 
Rivet bolt, Durdalet, hot-headed, 298 
Rivets, cold-headed, 307 

hot-headed, 302 
tubular, for fastenings m plastic moKlings, 

364 
Rods, die-forged, connecting, good and bml 

design, 267 
Rolls, for forging, 246, 248 
Rotation, surface of, in screw-machine 

products, 139, 140 
Rotor, blower, costs in stamped and die-i^ast 

form, 440, 441 

Roughness, in sand castings, 416 
Rubber, binder in cold-molding {ilastic, 324 

as a molding plastic, pioperties, 338 
synthetic, as a plastic, properties, 330 

Rules, for design, of cold-headed parts, 
314-316 

of die castings, 22-^2 
of die loridngs, 238-286 

hammer die forgings, 268~274 
of hot-headed parts, 308 
of plai^ti«d meldings, 340-343 
of press die lorgiiigB, 282-^286 
of sand easthigs. Navy, 106, 128^'131 
of serewrmhohine prodnote, 140-143 
of ef^amiMiign, t94’-22h 
of upset die 274^282 
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s 

Sale of stamping^ affected by appearance, 
224 

Sand, molding in, 70 
in sand casting, 70 
volume in flask, 120 

Sand cast or die cast, 370-395 
Sand casting, olassifloation of, 85 

design of, 07-132 
economic justification for, 07 
production of, 07 

Scale, on die forgings, removal of, 205 
freedom from, in cold heatiing, 307 
on hot-headed parts, 293 

Sciap, effect of nonferrous on cost of screw- 
machine products, 144 

loss in, for die and permanent-mold cast¬ 
ings. 400 

large blanks for stamping, 202 
lelative waste in, for screw-machine and 

die-cast products, 448, 455 
in screw-machine and cold-headed prod¬ 

ucts, 409, 474, 475 
for stampings and die castings, 431 

salvage of, in screw-machine and die- 
oast products, 455 

Screw and bolt business, place of cold 
header and screw machine in, 403 

Screw machine, automatic, defined, 133, 446 
how it oi>erates, 135 

Screw machine, and eold-headed piodiicts 
compared, 463-476 

and cold header compared, 403 
multiple spindle, 133, 137 
no competitor, 134 
reasons for, 133 
single-spindle, 133, 138 
sises available. 137 
type of, ns affecting design, 134 

iScrew-machine products, di^sign of, 133 174 
die castable, 134 
enumeiated, 134 
importance of, 134 
rule for, 140-143 
sisos of, 138 
versatility of* compared with header, 403, 

476 
when to design for, 188 

Screws, cold-headed, 403 
drive and self-tapping for use in plastics, 

304. 366 ^ 
hot-headed, 302 
in reUliion to screw machine, 133, 403 
thpmb, appearance of, 152 

Section, blending of light and heavy in 
castings, 109 

of inset^s, protruding from moldings 
ho circular. 368 

Section, thieknesN, abrupt changes in, 
avoided in plastic moldings, 344 

{See aleo Thickness, wall) 
Sections, circular, desirable in upset die 

forgings, 277 
light below heavy in sand casting, 129 
loose, produce flash in plastic moldings, 

343 
need for uniformity for heat-treating saiul 

castings, 128 
noncircular, length of, to be minimtKed in 

cold heading, 317 
thin, avoidance of, in die forgings, 203 
thin and uniform in plastic moldings, 320 

Selection, factor controlling, as between 
stampings and die castings, 431, 433 

Sensitivity to variation in thickness in saiui 
castings, 109 

Seciuence of operations, on screw-machine 
products, 170-173 

Shank, size for rolled thread, 313 
square, on hot-headed part, 297 
threaded by screw machine, 307 

Shape, of bottoms in diawn parts, 202 
circular, desirable in drawing, 201 

of drawn stampings, 202 
in cold heading, limited, 305 
feasible, comparison of, in dio-cast and 

screw-machine pioducts, 447, 451 
in sand and die castings, 378, 382 

of forgings from round bars, 277 
of heads in hot-headed parts, 290-303 
of parts in screw-machine protluots, affect¬ 

ing costs, 148 
of pierced poitions of die forgings, 279 
of plastic molding, affecting costs, 320 

almost unlimited, 320 
in screw-machine production, limits pit, 

138 
of section desirable in die forgings, 274 
simple, desirable in die forging, 273 
simplicity desirable in die castings, 42 
of stock as affecting costs in screw- 

machine production. 150 
Shearing, of stamping to else, 228 

of stampings in relation to bends, 211 
Sheet sise, in reference to stamping blank, 

195 
Shell, sequence of operations on, in screw 

machine, 172 
for spark plug, as produced on screw 

machine, 164, 169 
Shellac, as a plastic, names and properties, 

338 
Shoulder, on threade*^! inserts in plastic 

moldings, 366 
Shoulders, in screw-machine prodnctfi, de- 
> sign of, 158 ^ t 

aonare, avoidance of, 141 „ 156 
threading to, 167 ' ' < 
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Shriiikago, allowance on patterns for sand 

caatiugHr ^8 
olTeci on dio-forging tolerances, 268 
metal, in sand castings, 97, 98 
unequal, in die castings, effect of, 26 

in plastic moldings, effect of, 346, 349 
Hhuts, cold, or laps in die fojgings, 274 
Simplicity, desirable, in plastic molding 

design, 331, 372 
in sand-^casting design, 130 

sue, grain, in die forgings, 265 
increase in diO'-forging heat-treatment, 265 
iiinitations on, in die and permanent-mold 

castings, 410 
in plastic moldings, 321 

minimum over-all desirable, 341 
in stampings and die castings, 431 

limits on, for die eastings, 6, 23 
for screw-machine products, 138 

nitniinize, need to, in sand castings, 130 
of parts, for dio-forging processes, 249, 250 

for hot heading, 290 
of piece and blank in stamping, 194 
trimmed, in die forgings, 268 
tyix* of heading, as affecting, 2tM) 

Sketch of sand casting recommended, 128 
Slides, cross, in screw machine, 136 

use of, in casting dies, 20, 39 
Slotting, on screw-machine attachments, 

136, 166 
Slug, to form locating boss on stamping, 224 
Bmootbness, surface, comparative, in sand 

and die castings, 382 
of die, permanent-mold and sand 

castings, 402, 407 
in die-cast and screw-machine products, 

447, 563 
in die castings, 7 
die castings and plastic moldings, 478, 

481 
in die forgings, 233 
in plastic moldings, 325 
in stamping, 196 
in stampings and die castings, 431 
in various types of castings, 418 

Sockets, pierced hex and square, in hot 
header, 294, 299, 301, 303 

Soldering, to extruded holes in stampings, 
215 

Solidification, range of, in sand-cast metal, 
104 

in sand castings, progressive, 104 
time requJbred for, 104 

Soundness, of die castings, as affected by 
pressuie, 426 

of die castings from gooseneck ma- 
^ chines, 423 

of die and permaitent^tnold castings, 
Sparfc-pitig shefi, costs as produced on 

screw and machines, 450 

Spaik-plug shell, on screw machine, 164, 109 
Specifications, foi stampings, 225, 227 

standard, for die castings alloys, 20 

Speeder, drill, in screw machine, 149 
Speeds, of machining in scrow-inacliiiio 

materials, 145, 146 
Spindle, hollow, in screw machine, 135 
Spindles, position of, in screw machiiios, 

136 

Spinning, of lips and studs in assembly of 
die castings, 49 

of stampings, 222 

Spots, hot, in sand castings {see Hot spots) 
Spring, C shape, in Rathbun hinge for 

plastic moldings, 368 

Sprocket, relative cost in dio-cast and 
screw-machine foim, 467, 458 

Stability, dimensional, in plastic moldings. 
482, 483 

of zinc u]lo>s for die casting, 13 
relative, in various plastics, 364 

Staggering, of libs in sand castings, 129 
Stamping, hot, of letters, etc., on plastic 

surfaces, 374 

Stampings, aluminum for, 191 
applications, 175-185 
beads, folds, brakes, curls, ami U’s, 189 
brass for, 191 
bronze for, 190 
classes of, 177-185 
coined, 177, 185 
coining of, 221 
copper for, 190 
design of, 175-230 
die castings, compared with, 429—444 
drawn, 177, 185, 186 
formed, 177, 182 
heavy, hot, 135 
medium and heavy, 188, 184 
metals for, 186 
how produced, 178 
properties of slieet for, 192 
small, miscellaneous, and cupped, 180-182 
stainless steel, in aircraft, 190 
stiffening of, 204, 205 
substitution for castings and forgings, 175 
typical small, 176 
what they are, 176, 429 
zinc strip for, 191 

Standards, bolt, nut, and rivets, 292, 312 
Standing, relative, of various itonferrous 

casting processes, 427 
Steel, allowance for alternative in headed 

parts, 293 
carbon recOtntuended for cold beading, 316 
cast, characteristics, 36 

]jroiverties of* carbon, 76^-78 
types of, 79 

for cold heading. 306, 311, 312, 316 
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Slocl, for dio forging, 249 
propertioa of, 260-253 
relative ease of working, 264 
types of; 260-263 

foi hot and cold heading, 291, 300 
hot- and cold-rolled, 180, 187, 189 
low-carbon, for stampings, 180 
iiutioiial emergency, foi forging, 262, 253 
saving of, in cold-headed over screw- 

machine bolt, 475 
in headed part, 467, 472 

or SCI ew-machine products, 144, 146, 
312, 466-468, 472, 475 

stainless, for stuinpings, 190 
Steps, successive, in diaw’ing cupped pari, 

182 
Stiffening, of stampings, means for increas¬ 

ing, 204. 205 
Stiffness, effect of ri >8 on, in die casting'?, 

24. 26 
increased hy enrv'-ed suifucc on plastic 

moldings, 356 
piomotcd by iibs on jdustic moldings, 

360 
lelative, in dio castings and staiupingb. 

434 
Stippled surfaces in dio castingh, 43 
Stippling of surfaces in plastic moldings, 356 
Stock, bar, X 5-m. length, hot-heudod, 

295 
cold heading, coils of cold-drawn steel for, 

308 
high utilization of, 308 

diameter, and length for cold-headed 
parts. 314 

minimized in, 316 
maximum, for upsetting, 250 

gatlieriiig of, in sliding ui^settiag die, 282 
round bar in die forgings, 277 
in screw-machine products, avoiding 

waste in, 151 

polygonal, 160 
size, effect of, 160 

size, for hot heading, 290 
square, with rounded corner foi die 

forging, 236, 237 
strip, parts blanked from, 179 

Stoving, of extruded holes in stampings, 216 
Straightness, of stampings, 220 
Strength, attained with minimum weight in 

plastic moldings, 347 
comparative, in die-cast and screw- 

machine products, 448 4 

die and permanent-mold castings, 410 
of die eastings and plastic mdldings, 

comparative, 478, 479 
compr«»sive, 479 
impact, 480 
tensile, 479 

of dio forgings, 232 

Strength, and ductility, comparative, in 
sand and die castingH, 379, 385 

in die-cast and screw-machine prod¬ 
ucts, 460 

of materials for stampings, 192 
of molded plastics, dielectric, 333 

tensile, impact, and hexuial, 327 
Stress concentration at junction of sand 

costings, 112 

Stresses, distiibutod by iib and bosses on 
plastic moldings, 361 

rehef of, m cold-headed parts, 311 
lupture caused b^, in heat-treating sand 

castings, 127 
shrinkage in die foigings, 263 

Stretcliing of metal in bending stampings, 
213 

Stripping of pattcin in sand molds, 101 

Structure, or giuin, in die forgings, 232 
Stud, thieaded, unscio^cd fiom plastic 

molding, 369 
Studs, as inscits in die custingK, design of, 

61 
iutegiul, 48 
foi speed nuts, 41 

iutegtul, foi fastenings in phistie uiuldingN, 
362 363 

Styling, of die castings, 63 
of pla.stic moldings, 340, 370 
of stampings, 225 

Styrene plastic, iianios and pioijerties, 338 
Sulpliur, content of, in cold-heading steels, 

312 
Surfaces, crowned, curved, or stepped pre¬ 

ferred in plastic moldings, 342 
in die castings, 43 

flat and curved in plastic moldings, 356 
flat and irregular in die castings, 42, 43 
of rotation in dio casting, easy to machine, 

42 
roughened types in plastic moldings, 373 
shape of, in plastic moldings, 356 
streamlined in die castings, 42, 63 
tapered, in Screw-machine products, 154 

Swaginig, type of forging, 244 
Swivel lathe rest in sand-cast and dic-cast 

form, 390 
Symbols, on sand castings, 127 

T 

Tabs, produced by lancing stampings, 217 
Tap, avoiding bottoming typo in aerew- 

maehine products, 142 
Taper, in acrew-maehine products, 164, 161^ 

smalt end outward in cold-^faeaded part, 
317 

It'apping, (UflKeuH in molded plasties, 369 
'' of screw<Tm4ohui4 products, 149, 460 
Taste, freedom from^ in plastic molding, 326 
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Teclh> oil tlk5-i’a«t gmirt, Hlioukk*!, otr., M 
Tein|.>eraturc, of (*afiiiiig. efloot on dioh, 14 

cojuparative eiTectu of, on Hand and die 
castings, 386 

tnolling, oiTecl of, on 4*o«t of plastor-inold 
caHlings, 418 

may be high when cast in sand, 416, 418 
'I'chtmg, fatigue, effect of sharj) coiners in 

sand castings, 109 
TliennoidasticM, cooled aftei molding. 322 

in injection molding, 321, 326 
cost of, 470 
imi)Oitanee of, 470 

reasons for use, 470 
softening temperatnre, 326 

'rhit'knesH of bossr^ and reinforcciiients m 
die castings, 26 

of head, limits desii-ablein cold-heade<l 
parts, 316, 317 

relative, of blades in dic-ca^t and p1»'>tic- 
inoldcd impeller, 400 

section, in die forgings, 2.'" 1 
nbiiijrt changes in. 262 

of stampings, 177 
of steel sheet, 188 
transition, giadmil, in sami castings, 100 
uall, avoidance of thin, in die forgings, 

263 
comparative, in die and peiimuicnt- 

niotd custingb, 406 
in die castings, 6, 7, 24 

effect on casting rate, 24 
relative to stamping, 25 

effect of cores on, in die castings, 27 
rnaxitntim, about in., in plastic 

moldings, 321 
foi thennoplastio moldings, 3^ in. 

max., 321 
tij2 in. min., 321 

in metal mold casting.s, 424 
minimum, for die castings, 6, 24 

for sand eastings, 107, 108 
in plaster-mold castings, 417 
in sand and die castings, 378, 381 
in sand castings, effect of cores in 

inaJiitainiug uniformity, 118 
uiiiforin and tliin desirable in plastic, 

320, 341, 340 
uniformity in die castings, need for, 25 

in sand eastings, 106, 106, 118 
variations, in die caetings and plastic 

moldings, 478. 482 ^ 
in stampings and die castings, 431, 

433, 434 
Tl^read phaeers, for screw machines, ] 67 
Threads, depth of, in screw-machih^ prod* 

nets, 142 
die^Spt, 6, 40, 60, 6l 
in Qittrttded holes of stampings, 216 
dts in sorpW'maebine products, 166 

Till ends, on headed pints, 202 
for inserts, in plastic moldiiigs shouhl 

have shouldei, 358 * 
on plastic moldings, feasibility of, 368, 360 
tolled, on cold-headed parts, 300, 310, 

312, 316, 465 
grain in, 310 
in stampings, 222, 223 

lounded contour foi mohled buttle caps, 
368, 360 

on sctew-rnachiiie pioducts, external, cut 
and rolled, 156 

inteiual, design data, 157 
standard desirable, on eold-hcadod pnit^, 

316 
Time, setting-up, comparative, in scicw 

and die-casting machines, 456 
in screw machine, 134, 139, 455 

Tinneiman, speed nuts made by, 363 
Toaster, molded plastic base for, styling of. 

372 

Tolerances, avoidaiuc of close, as-e.ist, in 
sand cuttutg^, 130 

coinpauitive, in dic-cust ami sciew- 
maeliine piodiicts, 4,'»2, 453 

in (he castings and plastic moldings, 
478, 482 

diiaeiisioual, compaiativo, in die umi 
permanent-mold castings, 407, 408 

in stampings and die castings, 431, 
434 

in die castings, (>, 43-45 
in die forgings, 232, 268-270 
in hamniei die forgings, 268 270 
in metal-mold castings, 424 
of plaster-mold and die castings, 417 
in plastic moldings, 364, 365 

should not be close, ,365 
in sand castings, 121-123 
in screw-machine products, 130, 153, 

154, 453 
(See al»o Accuracy) 

in hammer die forgings, draft angle, 268, 
270 

rUets and corners in, 268, 271 
length and width, 268, 260 
mismatching, 268, 270 
quantit.v, 268, 271 
shrinkage and wear, 260 
thifckness, 268, 209 

between hole centers in stampings, 214 
for hole location in stampings, 210, 214 
on press die forgings, 282 
relative oommetcial, in sand and die 

eastings^ 378, 383 
on Stampings, for Oatness, 220 

for straightness, 220 
wide, needed, 218 

Toolmark, on heads of headed paita, 202 
Toolmarks, oti ecrew-maehipe products, 161 
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Tools, arrangcnioiit in screw inuehinc, IHtt 
burnishing, for screw'machine, 162 
for cold hecTding, 312 
forming, for screw machines, 141, 148, 

149, 169 
heading, in forging machine, 242 
minimising number, for sciew-machine 

products, 141 
piercing, for upset forgings, 279, 280 
relative cost of, for screw machines and 

cold header, 464 
for stampings and die castings, 432 

single point, for threading on screw 
machines, 156 

standard, altered for special cold-hcaded 
parts, 313 

Toughness, in plastic moldings, 327 
in stampings, 430 

Trade-marks (see Lettering) 
Transition, gradual, in section of sand 

castings, 129 

Transparency and translucency in phistics, 
320, 324, 326 

Triplexing, in sand casting, 74 
Tubes, in plastic molding, used as pushouts 

ill, 300 
in screw-machine products, effect of sisc 

in, 147 
hsc of, 144 

Tumbling, for burr removal on screw- 
machino products, 161 

Turbulence of metal in casting dies, 40 
Turret, in screw machines, 136 
Turret top, stamped, for automobiles, 177 

U 

U's, in stampings, 180 
tlndercuts, avoidance of, in lettering on 

plastic moldings, 373 
avoided by extending boss or rib to 

parting, 300 
in base of plastic radio cabinet, 3S2 
in bottom of beaker molded from plastic, 

355 

in die castings, 35 
avoidance of, 40, 360 
made possible by slides, 3$ 

mating with ednical projections -in plastic 

hinge« 308 
in plastic moldings, best avoided, 343 

produced by loose pieces, 344 ^ 
ih stampings formed by rubber, 207 

Uniformity, dimensional, in stamping and 

die eaatings. 434 

TTpset, die lorgini rules, 27#r282 
did lor|ings, piereing of, 277 ^ 
beti<^een ends pf pieee» hdt^threaded iu 

dve HowSi 294 

Upset, of minimum diameior desirable in 
cold heading, 316 

Upsetting, amount of, in cold lioadiug, 310 
in relation to costs, 276 

in forging, 241, 242, 249, 274-282, 290-317 
limitation'^ on, in die forgings, 276 
iu multicavity dies, 276 

(See also Heading, cold and hot) 
Uioas, as plastics, names and propcrlios, 339 
Use, extent of, comparative, for die costings, 

7 
ielati%e, iu allo>s for die and perma¬ 

nent-mold castings, 400 
of stampings, statement on drawings, 224 

V 

Valves, wind-cast, 68 
Venting of cores in sand casting, 102, IJl, 

131 
Visualization, of die castings, 20 

of ])lastic molding, 340 
of sand castings, 105, 129 
of screw-machine product, 139 

Volume of metal U]>uct iu hot heading, 291 

W 

Waffle iron, grid for, permanent-mold cast¬ 
ing, 407, 409 

Wall, around inserts in plastics, thin, 
avoided, 358 

Wall thickness (see Thickness) 
Warpage, corrected by straightening die 

castings, 46 
of flat surfaces in die castings, 43 

by heating of plastic molding, 480 
(See also Distortion) 

Wash, for permanent molds to protect 
against checking, 402 

Waete, in flash in blanking from eheet, 195 
in flash-type plastic molds, 323 
in scrap in die casting and plastic molding, 

478 
of steel in screw-machine parts, 448, 455, 

469, 470, 472 
of stock, smiUl. in cold heading, 308 

Water, absorption of, in plastics, 331 
Wear, of die for forging, effect on g:^ain, 279, 

280 
on tolerances, 268, 269 

on mold a% al^^tihg toleiancea in plastic 
moldings, 365 

Weight, aluminum alloyti^ 13, 15 
comparative, for die-cast and soretr- 

machine products, 447 
for dkh^oast and fdasti<Hmol4sd im- 

peUer, 491 
for dismast and soii»w*4oii0blhe prod* 

uoW 450 
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Weight, comparative, for die castings And 

plastic moldings, 478, 479 

for die castings and stampings, 434 

for die and permanent-mold castings, 

407, 410 
for sand and die castings, 378, 381 

limitation of, in injeotion moldings, 484 

lowest, in magnesium alloys, 16 

maximum, for thermoplastic parts, 321 
minimieod by use of plastic moldings, 

324, 348 

minimum, advantage of die forging, 232 

desirable in plastic moldings, 347 

Welding, to extruded hole in stampings, 215 

Well, above cavity in plastic mold, 323 

Wheel, ratchet, cost as produced on die- 

casting and screw machine. 458, 459 

Width, as affected by shrinkage and die 
wear in forgings, 268 

of blank for bent stamping, 230 

Wiping in depressed letters, etc., on plastic 

moldings, 373, 374 

Wire, for cold heading, 307, 308, 464 

forsiiflening curled edge of stampings, 222 

Work-hardening in drawing stampings, 201 

Wrench, cranked, hot-headed, 299, 301, 303 

double-end socket, produced by hoi 

heading, 294 

T shape, hot-headed, 302 

Wrenches, socket, upset and pierced by die 

forging, 278 

Wrinkles, in bottoms of drawn stampings, 
202, 203 

in stamping ns affecting tool cost, 228 

X 

X-ray, use of, in checking donsity of die 
castings, 423 

Z 

Zamak, zinc allo.vs for die casling, 8, 11. 12 
Zinc, alloys, for die casting, 8, 9 

cost of, comparative, 13 
impurities, effect of, 11 

stability, 11 

Table, 12 
Zamak, 11, 12 

sand casting in, 421 

strip, for stampings, 101 
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