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PREFACE

This book is a more comprehensive treatment of the information
contained in a series of thirty articles that appeared in The American
Machinist in 1938 and 1939. The number of illustrations and the
length of the text have been doubled.

The large number of requests for additional copies of the maga-
zine installments indicated an urgent demand for a book of this
character.  Inquirics came from large manufacturers, employers, tool-
makers, and die engineers, from such widely separated areas as New
Ingland, New York City, Texas, Ontario, the Middle West, and
the South. They called for additional literature concerning the
pressworking qualities of metals, types of presses and accessories, and
the principles of the design and construction of dies.  This book,
written by a member of the tool-engineering profession in terms and
phrascology that die men are familiar with, endeavors to supply the
necessary information.

The physical properties of metals are given for strips and sheets
and refer to the workability of those materials which are used exclu-
sively in presswork.  This convenience saves much of the reader’s
time. It climinates the confusion that always arises in connection
with information sought in general handbooks that include turning,
boring, drilling, milling, heat-treating, or casting of the metal under
consideration.

Some of the information given may be elementary to a professional,
but its inclusion was found necessary to make this work complete.
Charts and diagrams cannot be read accurately unless so greatly
enlarged that legibility becomes easy without a glass, and charts of
this size are often not feasible. Simple mathematical formulas are
therefore used in this book in place of nomographic charts and
diagrams.

It has been the constant aim to present the mechanical problems in
die engineering from the standpoint of the principle involved. This
feature eliminates large drawings and a confusion of lines—such as
those for automobile-body dies—and the long, tiresome descriptions
of individual tools, which serve no particular purpose. In this way
the engineering principles have becn emphasized. They stand out
clearly for other applications in an endless varicty of tool designs.
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vi PREFACE

Although most of the die problems introduced are for fabricating light
parts, the principles revealed are applicable for pressworking parts
of any size.

An important law in dic engineering is that a proper subdivision
of operations is a function of accuracy. The essence of this is that any
function can be successfully consummated in a sufficient number of
operations. Nowhere in all the profession of tool and machine engi-
neering does this law apply more truly than in the plastic working of
metals. The only drawback in following this law is its direct opposi-
tion to the principle of cconomic production. In other words, press-
work must be finished in as few operations as possible.

However, in a sufficint number of operations, low brass and open-
hearth steel can be worked more cconomically, and these operations are
preferable for certain results. 1t is not impossible to draw a wash basin
from a cast-iron blank, given time and enough operations.  Knots have
been tied in piston rings, and cast-iron parts have been forged on a
production basis. This proves that all metals are subjeet to plastic
flow if given time and if properly normalized between operations.

The mathematics of tools and machines is the vital principle that
determines the fixed mechanical relationship between all the parts.
It determines the shapes, sizes, and operating clearances between
working parts. No one who designs or constructs anything can avoid
mathematics. Mathematics is inherent in every step of all mechanical
designs and operations. The inclusion of shop mathematics was there-
fore thought to be necessary. There arc probably too few practical
applications for higher mathematics in ordinary tool engineering to
reimburse one for the time spent in this line of study.

The author is pleased to extend acknowledgmeants to his maany
friends and business associates for the timely suggestions and valuable
cooperation they so willingly gave him in the preparation of this book.
First among them is Rupert Le Grand, Detroit cditor of The American
Machinist. Mr. Le Grand obtained most of the photographs for the
types of presses. He made personal contacts with several large press
manufacturers to obtain the pictures and also obtained assistance
from them in checking and editing some of the text for the serial
installments.

The press and equipment manufacturers who gave valuable assist-
ance are E. W. Bliss Company; Chambersburg Engineering Com-
pany; Cleveland Punch & Shear Works Company ; Consolidated Press,
division of E. W. Bliss Company; General Machinery Co.; Greenerd
Arbor Press Company; Henry & Wright Manufacturing Company;
Marquette Tool & Manufacturing Company; Niagara Machine & Tool
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Works; Super Speed Press Corporation; Toledo Machine & Tool Com-
pany; U. 8. Tool Company; V & O Press Company; and Waterbury-
Farrel Foundry & Machine Company.

Aid was also received from E. V. Crane, Ph.B., M.E., consulting
engineer of the E. W. Bliss Company and author of ““Plastic Working
of Metals.””  Grateful acknowledgment is also due to the following
personal associates: Messrs. R. D. Campbell, Al Just, and R. J. Novy,
of Chicago; and Conrad O. Hersam and Z. Carnes, of Philadelphia.

C. W. Hinman.

CHicaco, ILLINOIS,
January, 1941.
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PRESSWORKING OF METALS

CHAPTER 1
INTRODUCTION

Pressworking of metals involves three outstanding factors: the
press, the work material, and the die. This book aims to review these
fundamentals in the order named. Metalworking presses may be
subdivided into numerous classified groups in which each type of
machine produces efficient results within its respective range and
capacity. These groups are illustrated, discussed, and clussified under
Types of Presses and Their Selection, Chap. 1I.

When installing new presses, it is best to purchase only one standard
make. This policy has been found to improve shop layout, to effect
ecconomies in repair, and to simplify the assignment of work. Whether
you are in agreecment with this policy or not—and it is freely admitted
that there are certain presses of a different make that fit in better
than those of the make chosen—it is an indication of good management
to standardize the recess in the slide for punch-holder stems and also
the sizes of bolster plates, the location of bolt holes, and clamps and
fastenings, so far as possible.

Thirty years ago many dies were in common use without substantial
guide posts and guide bushings. With thin stock and little or no
punch clearances, and with loosely worn slides, chipped die edges and
frequent regrindings were the regular program. Occasionally the press
was found in which a bushing was used instead of V-blocks to hold
the punch stem. The setscrew in front usually distorted the bushing
and of course produced a burr. After a while the punch was not held
straight, the resulting work was burred, and the die had to be reground
too often. Compared with the die and press equipment of today,
these conditions of the past reveal our present strides forward. By
such experiences the futility of attempting to cut thin blanks without
using the guidepost type of dies was learned. Today, it is a wonder
how the past generation ever produced any satisfactory presswork.
If the author has learned anything from his thirty-five years of experi-
ence in interchangeable manufacturing, it is that perfect results come

only from perfect conditions.
: | 1



2 PRESSWORKING OF METALS

In regard to safety appliances, it is well to remember that a small
bench press will crush fingers just as easily as a large press will. A
small press may be even more dangerous, because it operates faster.
It is best to install some kind of automatic feed or to encase the punch
in a glass or net with a lamp inside shining on the die but shielded
from the operator’s eyes. A little hand slide should be made and
attached to feed the parts under the punch.

In bending, forming, and assembling dies—if the work clings to the
punch—arrange a side cam, latches, or hooks that will eject the piece
when the ram ascends. This relieves the operator from removing the
piece by hand—always a dangerous procedure. If a tool can be so
designed as to give the operator a sense of safety, it improves operating
conditions and increases output. Frankly, there is not a single
practical safety device for a hand-feed press. Most of them can be
made inactive by a dishonest operator who tries to ‘““beat the rate’’;
otherwise the device tends to retard fast work.

Among the best safety appliances are the photoelectric cell devices,
but some press operators are even skeptical about these because they
seem so intangible.* But aside from all this, safety devices either
do not fully protect, or they slow down production. So, for maximum
safety, especially for women operators, an automatic feed of some sort,
is necessary, or the encasement of the die in glass or screen is advocated.

The types, sizes, capacities, and uses of individual presses are
many. It is doubtful if anyone can recall even a few of them, from
the foot press up to the modern 5,500-ton hydraulic aircraft presses.
At one time or another most tool engineers have had experience with
practically every kind of press made in the United States and with
some of those made in foreign countries. KEach machine, moreover,
was found efficient within its intended range and capacity. Com-
paratively speaking, the ordinary punch press is a simple machine.
There are no outstanding basic patents that give any one manufacturer
a decided advantage over his competitors. Recent high-speed presses
can hardly be classed with ordinary presses. They should be classed
with machines and belong with other similar types, such as the Multi-
slide Machine.

Intelligent planning and layout of press tools depend upon a thor-
ough knowledge of the chax%éristics and dimensions of the equip-
ment available in the shop.””Both the production man and the die
engineer must give consideration to the kind of press that should be
used on a given job, its speed, its ram and bed dimensions, the length

* John Long, “The Electric Eye in Industry,” Product Engineering, January,
1940, discusses the safety value of using the photoelectric cell in connection with

power preeses.
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of its stroke, the effectiveness of its crankshaft at the point in the
stroke where maximum pressure is required, the feeding arrangement
or method of handling the work into and out of the press, and the
press deflection that is permissible. Many of these factors can be
known in advance by a convenient tabulation of dimensional data.

Chapter II gives a ready reference classification of the more common
types of presses. The main subdivisions are gap-frame presses,
straight-side frame presses, Super-Speed Presses, and drawing presses.
Countless names are used to designate presses, but the ones chosen are
generally accepted. High-speed presses and drawing presses are
segregated from the other types, irrespective of frame construction,
because they apply only to mass production or to a specified process.
Information on the selection of presses with regard to capacity and
peculiarities of the work follows the major subject on the types of
machines available.

An important consideration in selecting a press is the possible deflec-
tion that may be expected. Press materials as well as die materials
are elastic. Gap presses will deflect more than straight-side presses,
in the plane of the tools, because the throat tends to open when punch
pressure is applied. On a great many jobs, deflection of gap presses
is unimportant and is overshadowed by the ease of handling the work
into and out of the dies. Tie rods may be affixed across the gap to
control deflection. This may make the press less accessible for hand
feeding but will create no hindrance in presses using roll feeds. Work
that requires high-grade accuracy or exceptionally heavy pressure is
usually fabricated in straight-side presses.

The use of a good microscope of at least 50 diameters magnification
is an indispensable aid in shops and designing offices. Experience has
taught that many irregularities in work frequently begin by imper-
fections too obscure for the naked eye to detect. This may also
suggest that certain machine and tool designs may have gone astray
because the designer did not possess a microscopic knowledge of the
work.

It is customary to think that our own business is different from
every other. This is not so. There are very few mechanical princi-
ples and basic operations. It is merely a different combination of
these principles and operations that makes all the different mechanical
trades and businesses. Different machines are simply other com-
binations of the same mechanical movements. For example, an
automobile motor and a punch press may seem to be entirely different,
but they both use similar crank motions. . The motor receives power
impulses at the end of a reciprocating rampf (piston) and delivers rotary
wotion through a crank to a flywheel. /A punch press receives power
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at the flywheel and delivers reciprocating motion through a crank to
the working end of the ram. Recognition of this universality in
mechanical motions gives one a broader view and helps to solve many
problems.

The first procedure in designing a press tool is to get an accurate
mental picture of the operation and the results expected. For design-
ing intricate dies of progressive types write an outline of the sequence
of operations, and then make several freehand sketches from the
outline. If the sketches appear to represent practical diemaking
principles, prove them by making sketches drawn to scale.

The best tool designs are the simplest. No tool needs unnecessary
8CTews, dJowel pins, or parts. Working members should be as few as
possible# They should be designed for easy machining, with difficult
cuts and unnecessary handwork eliminated. Tool-steel parts should
be of shapes that are easy to harden and temper without distortion.
Die blocks should be divided where small irregular openings ocecur;
the openings can then be worked out in halves. Press tools must be
of rugged construction. They must be built so that they are strong
enough to resist high percussion blows. They must stand up and
work, despite the millions of hammering blows delivered by high-
powered presses. This means that crystallization, fissures, fractures,
and breaks are contending factors. Cutting, drawing, and forming
members in dies must have greater cross-sectional areas and strength
than for ordinary tools. :

Modern drafting offices are usually supplied with the compara-
tively recent equipment for making black-, brown-, or red-line prints
on white-paper backgrounds. These prints are useful when starting
the design of a new tool or machine. Make a red-line print of the
proposed work, and then design the tool cr machine around the work.
An advantage in this method is that any reasonable number of erasures
can be made without destroying the indelible red lines. 'When arriving
at a satisfactory design, make a tracing of the combined work and tool
on a permanent assembly sheet, preparatory to detailing. '

A die design may appear impractical until analyzed by looking at
the drawing from the top down. Thus, by turning the drawing around
180 deg. and analyzing the operating conditions, it may be found that
an inverted compound die is more practical. In this type, the die
block is the upper or moving member, a.ad the punch below is station-
ary. Inverted compound dies provide a better means for disposing of
‘pierced slugs and scrap and an easy method for separating the work
and scrap and for ejecting the finished piece. . The inverted test for die
drawings is particularly applicable in multiple-station progressive dies.
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When the application of any mechanical principle or movement
seems to indicate that it may not function properly in the design at
hand, ascertain by a series of sketches in how many different ways the
proposed movement can be made to functiggy and then choose the
one that experience shows will function best.? It is sometimes expedi-
ent to prepare cardboard templates of tentative mechanical move-
ments and then by laying them on the board—with pins pushed
through at fulecrum centers—to determine the exact movements and
the neccessary operating clearances.

The best information a die engineer can possess is practical knowl-
edge of the basic principles in die design and construction. his can
be attained only through years of practical cxperience. An expert
is not one who knows every detail but one who can reason in terms of
fundamentals and is able to visualize and foresee the failures that will
surely occur when these fundamentals are negleeted.

In no other era of time have there been such great strides forward
in the pressworking of metals as in the present. Hardly a day passes
that we do not hear of new materials, new tools and machines that
produce better results by increased outputs and improved manu-
facturing processes. A perusal of the several mechanical periodicals,
with which every designing office should be supplied, helps one to
keep in touch with modern methods. There are numberless book
publications that reveal the principles, details, and methods for hand-
ling most design problems in which we may be interested. Technical
libraries may be found in many of the larger towns; they are usually
able to furnish the latest procedure and reports of several national
engineering socicties.

Chapter XXTIII presents simple mathcematical formulas for die con-
struction and press operation. These, together with the tables and
diagrams, were all taken from those used in actual practice. Much of
this information is comprised of short-cut mathematical formulas,
especially those given for calculating blank sizes for drawn shells.
Many of these formulas and diagrams were derived on oceasion to solve
dimensional computations that seemed likely to arise again. These
data have withstood all the tests of trial and time. It is hoped that
designers and toolmakers who encounter similar problems will find
their solution here or a suggestion that points the way to a solution.

In the following pages an attempt has been made to illustrate and
describe—as one die engineer would to another—some of the out-
standing principles as applied in the design, construction, and opera-
tion of dies for pressworking of metals in conjunction with modern
types of power presses, press attachments, and accessories.
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CHAPTER 1II
TYPES OF PRESSES AND THEIR SELECTION

GAP-FRAME PRESSES

Foot Pre‘sses.—-—These presses are the least powerful machines used
for presswork operations. Two general types of foot presses are
available: plain-toggle joint and toggle-lever joint. In both types the
ram is actuated by a foot-lever pendulum, and the toggle-lever type
has a weighted pendulum to increase the momentum.

Foot presses are usually independent units supported on four legs,
but the legs can be detached for mounting the press on a bench.
These presses are useful for small assemblies where the parts are folded
or pressed together after being started by hand. There are staking
jobs so delicate that the minimum variation in work thickness would
cause a power press either to overstake or to understake, and there
are single small holes, or light stampings, that can be more effectively
produced in a foot press.

These presses are used ordinarily for forming, embossing, or stamp-
ing in the manufacture of buckles, buttons, jewelry, pocketbook
frames, silverware, telephones, typewriters, radios, and similar light
assemblies. ,

Foot Press with Adjustable Bed or Horn.—The advantage in using
this type of press is obvious. The bed can be adjusted up or down a
distance of 5 in. to accommodate large or small work. A horn can
be substituted in place of the bed for taking hollow or open work.
The press is either used on the cast frame and legs or removed from
the legs and mounted on a bench.

.~ Bench Presses.—Next in size to the foot press is the bench press.
This machine is practically a miniature of larger presses and is adapted
to almost every type of press operation. Machines of this class are
used for manufacture of buttons, jewelry, watch parts, toys, and
novelties. Capacities range from 1,000 lb. to 12 tons. Roll feeds,
ratchet dials, magazines, sliding-die feeds, and automatm feeds. may
be applied to increase the output.

)i’ Inclinable Presses.—Next in size above the bench press are ﬁy—
wheel inclinable presses and back-geared inclinable single-action
presses,. Machines of these classes cover the majority of requirements

‘ P ‘ ‘
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for single-action and combination die work on small articles and parts
in comparatively light sheet metal. Their use includes blanking,
forming, bending, light stamping, and assembling. With the proper
drawing attachments they are applicable to drawing work in cups and
small shells.

The angle of inclination usually ranges from vertical to 45 deg.
backward, but one type is inclinable 90 deg. to attain greater use of
gravity in ejecting the work. The horizontdl position also aids the
placing of long work in the dies for assembling operations. Feeding
attachments of all kinds can be furnished. Capacities of inclinable
presses range from 4 to 90 tons at the bottom of the stroke.

Open-back Gap Presses.—This type of frame is similar to the
inclinable press except that it does not incline. The gap press is in
great demand for use where strips or sheets of metal must be fed
across the die or where operations are to be performed on a product
that is large or irregular. Gap presses can accommodate large-area
dies and are convenient f‘}l;the arrangement of roll or dial feeds. The
ram is driven by either¥a crank or an eccentric motion. The latter
is especially suited for punching, shearing, cutting out, and forming
blanks of heavy metal and for operating trimming and forming dies
used in the manufacture of agricultural implements, automobiles, cash
registers, clocks, and other articles made of bar and sheet steel.
Capacities range from 1 to 225 tons.

End-wheel Gap Presses.—End-wheel gap presses have the fly-
wheel at the rear and the crankshaft at right angles to the length of
the bed. This construction is valuable for heavy work in long narrow
strips, such as piercing, notching, eutting off, blanking, or forming.
It is also used for a wide variety of other purposes, ranging from sub-
press dies for watch parts to wide-deep-troated blanking dies to
wiring, seaming, and similar work. Capacities range from bench sizes
to 50 tons, when the machines are called ‘‘ power-punching presses.”

Deep-gap Punch Presses.—Deep-gap punch presses are designed
with a deep clearance gap in the back frame, between the bed and
ram slides, in order to handle wide sheets.

Horning Presses.—Horning presses are built upright and cannot
be inclined. A horn is bolted solidly to the frame for holding work
such as a small steel drum while setting down the seam. Such presses
are also available with swinging tables having a large opening for
push-through work. The swinging table can also be raised or lowered
to suit the die height. With the table in position, the press has many
applications for such work as blanking, stamping, forming, and wiring.
Horn presses are often supplied with a heavy flywheel and a short
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stroke for heavy punching and riveting. Capacities range from 10 to
100 tons.

Double-crank Overhanging Presses.—Double-crank overhanging
presses afford convenience in handling large, irregular sheets of metal,
because the cutback, or overhanging, frame gives a large, unobstructed
die space. Presses of this class are well adapted for automatic and
semiautomatic feeding attachments. Such presses can be used for
blanking, cutting, and perforating comparatively thin stock. They
are usually driven direct by flywheel, but larger machines are available
in single-, double-, or triple-geared design.

Notching Presses.—Notching presses are short-stroke machines,
usually 1-in. stroke, for cutting slots in the peripheries of motor
laminations. The circular work fixture is driven by a rocker arm
operated by the crankshaft. At each index, a locking pawl engages
the fixture and holds the work stationary, while the punch and dic are
cngaging to cut the slot. The feed usually is between 450 and 650
strokes per minute.

STRAIGHT-SIDE PRESSES

Single- and Double-action Presses.—Straight-side presses are
built either plain or geared and with single, double, or triple connec-
tions between the ram and shaft. Straight-side construction consists
of a base, two uprights, and a crown. Usually the frame is tied
together with four heavy steel tie rods which take the pressure strains.
The uprights themselves are heavy enough to withstand lateral stresses
which may occur when the slide is unevenly loaded. Presses of this
type of construction are capable of operating dies for the heaviest kind
of work. Usually the face of the ram of a straight-side press is pro-
vided with a dovetailed slot from front to back to facilitate using
subpress dies on accurate work.

Arch Presses.—One of the smaller straight-side presses is the arch
type. Its utility lies in the large area of bed and slide in proportion
to shaft size and the advantages of the straight-side type of frame.
The field for these presses is mainly light, large-area sheet-metal work
involving blanking, cutting, trimming, shaping, stamping, and large-
area le? ring. They can also be used for general combination die
work. #The piece is passed through from front to back, which is a
slower method of feeding than from right to left. In some instances
arch presses are built with exceedingly high die space and very long
strokes for special uses. Most straight-side presses must be fed from
front to back. '
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Doubls-¢rank Straight-side Presses.—These presses are built in
about 150 standard sizes. Regular uses for this line include blanking,
punching, cutting, bending, shaping, forming, and stamping of an
unusually large numbgr of articles. Often the slide is counterbalanced
by means of an, air cylinder and reservoir. Such presses are built as
plain flywheel and single, double, and triple geared. Where nccessary,
as for instance on a very wide- or leng-stroke press, the twin-driven
type’is used rather than that driven only from one end. Capacities up
to 2,000 tons at the bgitam of the stroke are ayailable.

Four—pomt Su : er%on Presses.—When huyge_pieces such as steel
tops for, aut tﬂ)f . Jedies are to be drawu, , four-point suspension
press will bm e *gu;l'he foature of this dedlgn is the fact that an
almost aby Y ;. pressure is exertedw #hie four: corners of
the slide, whig ww uable feature when 18,;‘ unbalamced dies are
being éperated: 3

Pneumatic pnshﬁoﬂcan be set dlrectly &to ‘the bed of the press
for such deep-drawing operations ss femders; thus giving'a more com-
pact setup than when drawing cushions are used in combination with
the conventional straight-side press. Capacities range from 100 to
1,500 tons.

Knuckle-joint Presses.—Of recent years the knuckle-joint emboss-
ing press has come into more extended use. Originally employed for
#Coining moiey, it is now applied to cold squeezing, swaging, upsetting,
embosqing}'imd extruding. -Bosses on:forgings can be sized as well by
coinihg A by machining. ' In fact, bosses can be swagetl up from flat
sheet sthek, that. would ‘be imposmhle or very expensive by hjothcr
metlm_&ﬁ E aures up t0'100 tons per square inch caﬁHﬂhpp
the m’ﬁten // The, limitation of the knuckle-joint presa.is &hé short
stroke,” a8 knueéklesjoint operating the slide. Modern knuckle—gomt-
presses involve forced-feed lubrication systems at all main points where
he¢avy pressures on the bearings or other moving parts occur. Above
the slide are spring-loaded rods so that the upper block will yield when
adjusting the wedge. Capacities range from 25 to 2,500 tons.

HIGH-SPEED PRESSES

Straight-side High-speed Press.—In one make of high-speed press,
the basic design involves a straight-side machine equipped with a high-
speed roll feed at one end and a scrap cutter at the other end. Massive
congtruction in the upright, crown, and bed eliminates vibration in the
machine itgelf and in the very accurate feeding mechanism. When
built with short strokes, this press operates at 400 r.p.m. Automatic
foree-feed lubrication and individual drive through V-belts connected



TYPES OF PRESSES AND THEIR SELECTION 13

to a variable-speed motor are modern features. The varisible-speed
motor permits the press to be run at the most suitahle speed for the
work. Capacities range from 10 te 400 tons. ‘.

Dieing Machine.—Dieing machines are alsgsbuilt vertically, but
the ram is operated by four vertical rods passing down through the

; S+raugh+ Sude Press,
P With Roll'Feed

Osclllomng D#e o Multi- Slno?e Machme
Press . U

PLATE IV.MIIigh-specd presses. Several types of high-speed press are available
‘or production speeds as high as 1,500 strokes per minute on a conservative basis.
Their use is confined to sheet-metal plants where comparatively small articles are manu-
‘actured in large quantities, such as in the radio and clectrical industries and in plants
‘p;!'oclucmg smnall automobile stampings, chain links, light washers, and satety—rmu.

lades. w e ‘ o

bed where they are attached (o a plate connected to the.driving crank.
Thus, a pulling stroke is applied to the die instead of the usual pushing
stroke. The machine is adapted to progressive-die operatien, but-all
varieties of press tool work can be fabricated. - Machines in the
smaller sizes run at 350 strokes per minute.
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Oscillating-die Press.—Another design of high-speed press feeds
the strip steadily into an oscillating die. The bed, or plate upon which
the die is mounted, is horizontally reciprocated by an eccentric driving
crank. Lateral movement of the die is in the same plane and direction
in which the strip is fed. The ram with punches attached is vertically
operated parallel with the die and, being driven by the same crank
that drives the plate, necessarily follows the die. Instead of following
the conventional vertical stroke fixed at one place, the tool moves
rapidly from right to left coincident with the feed of the material,
while the cutting members are rapidly opening and closing on the
strip. The strip, instead of pausing at blanking centers for operations,
passes uninterruptedly through the die. The press operates at 1,000
strokes per minute. The fabricated parts are small and of light-gage
materials.

Multi-slide Machine.—The horizontal multi-slide machine is
largely a modification of the wire-bending and -forming machine and is
used for light opecrations on thin-gage materials. Accurate feeds to
0.0005 in., the performing of as many as cight operations, and output
up to 300 pieces per minute make the multi-slide machine attractive
for light jobs that may involve blanking, forming, bending, and
assembly with other parts. In general, the machine notches the
blank outline at one or more stations, the part remaining attached to
the strip by a small neck. Bending, forming, and assembly operations
follow and are usually done before the piece is cut off. Strip passes
through the machine from left to right with one edge up, and simple
tools perform the various operations.

Double-action Presses.—There are several other important types
of presses and metalworking equipment, not shown in the accompany-
ing illustrations, that should be mentioned and their principal uses
described.

Double-action presses are of two types: one in which the outer ram,
or blank holder, is cam actuated, and another in which it is actuated
by toggle links. These types are made in bench sizes and up to other
sizes large enough to draw a complete turret top for an automobile.

The principal application of double-action presses is blanking and
drawing, but they are also used for hot sizing and forging and for a
number of other purposes where two related operations are necessary.
In some cases they are used for redrawing purposes. A sleeve is
brought down by the outer ram around the shell to be redrawn, while
a punch on the inner ram descends and pushes the shell through the
redrawing die. In this way the shell is centralized over the die before
the operation begins.
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Safety-bench Power Press.—This press has a transparent curtain
guard in front of the die. Rods attached to the guard connect with
the clutch mechanism in such a way that the press cannot be operated
until the guard is down. The guard will not rise until the press
stroke has been completed. If the operator accidentally places his
hand under the guard, or if there is any other obstruction there, the
press cannot be made to operate. The guard is actuated by such a
light spring that the operator’s hand cannot be injured by ite
force.

Arbor Press.—This press is operated by hand and is mounted on a
bench. Its ram is either round or square, and at the rear is a toothed
rack vertically meshed with an operating pinion to which is attached a
hand lever for imparting motion to the ram. Its base and over-
hanging head which guides the ram are cast in one piece. On the bed
is a circular disk which has four or more radial clearance slots of
different widths. The disk can be revolved to locate any of the slots
centrally under the ram.

This well-known press, although very simple, should not be passed
without comment, because of its convenience and its many practical
uses in the pressworking of metals. A toolroom is incomplete without
one or more of these presses for making light press fits. Assembling
departments use them for light work such as assembling, staking,
pressing, or forming over the lugs that clamp metal parts together.
The disk is removed for inserting special tools.

An arbor press is useful for very delicate operations in which the
amount of pressure applied is important. The hand-operating lever
is very sensitive to the touch, and the operator can instantly ‘“feel”
in the hand lever what is happening when the tools come in contact
with the work. .

Air-operated Arbor Presses.—These presses are built in two types.
In one type, the air cylinder is vertically attached directly over the
ram. In another type, the cylinder is vertically attached in the rear
of the press frame, with a power-multiplying link attached from the
cylinder piston across the head of the press and connected with the
ram. The power multiplication is a ratio of 3 to 1.

The press capacities depend upon the air pressure and the diameter
of the cylinder bore. A nonvariable air pressure is essential. Press
capacities can be obtained from 500 lb. up to 60,000 1b.; the latter
capacity is feasible if the press frame is sturdy enough to withstand it.
These presses are used for assembling, broaching, piercing, key seating,
' grooving, straightening, press fitting, stampimg, and a large variety of
“similar operations. ‘
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Pillar Press.—This type of press is similar in general design to the
arch types except that it has straight columns. The face of the ram
is provided with a dovetail slot from front to back. The slot is used

oy .
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Prate V.—Types of light and heavy drawing presses.

for attaching subpress dies which are designed to produce very accurate
work. These presses are built plain and geared and with single- or

double-action connectioms between the ram and crankshaft.
ties run from 70 to 250 tons. !

Capaci-
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There are many special-purpose presses made for fabricating parts
more speedily and economically than can be done on any type of
standard commercial presses. There are also machines auxiliary to
presswork, such as shell-trimming lathes, tube-forming and seaming
machines, and machines for thread rolling, spinning, strip slitting, ete.

DRAWING PRESSES

Like high-specd presses described previously, drawing presses will
be considered as a group without regard to frame construction. The
arch press can be supplied with a long stroke for redrawing deep
shells. It is built both single- and double-geared. Press strokes are
irom 6 in. for the smaller sizes up to 20 in. or more for the larger sizes.

Single-action straight-side presses can be had with a large opening
in the bed to accommodate spring, rubber, or hydraulic drawing
attachments or air cushions. ‘

Toggle Presses.—Double-action toggle presses are capable of
drawing to greater depths than the single-action machines fitted as
deseribed.  The outer slide, which is actuated by toggle links, descends
first and holds the hlank to be drawn, from which action it takes the
name “blank-holder slide.” The punch, which is actuated by the
main crank of the press, then descends. The punch ram operates
through the outside slide and draws the shell to the proper depth.
Toggle presses can be used for redrawing, in which case the slide centers
the cup and the ram pushes the cup through the redrawing die.
Perhaps the largest field for the toggle press is the manufacture of
kitchenware.

Hydraulic Presses.—Hydraulic drawing presses involve a number
of construction variations. Some have an external pumping unit
connected to the press by suitable piping and valves and operated at
the press operator’s direction. Other machines are self-contained in
that they have an integral pumping unit mounted on top of the press.
Ram pressures of 5,000 tons or more can be secured. High-speed
pumps give hydraulic presses operating speeds that are comparable
with those of the larger sizes of mechanical presses.

Hydraulic presses have been recently adapted to coining and
embossing. A 1,000-ton model will have a stroke of 15 in. and weigh
80,000 1b. Small hydraulic presses for clamping and riveting from
both sides of work have two rams. They are built in sizes up to
15 tons. .

Horizontal Draw Presses.—These machines are built in two types
for redrawing cylindrical shells. Either the shell is pushed through
the die, or cam knockouts and strippers are provided if the shell is
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shouldered or requires bottom piercing. Presses driven like a shaper
head are used for drawing pencil bodies. Crank-driven types redraw
larger shells up to 3 in. in diameter by 8 in. deep. Shells are fed into
a chute, and a transfer slide transports them from the chute to the
tools. Multiple-station presses will take a first-operation shell and
reduce its diameter in as many as seven redrawing operations.

Experience has shown that most metals will stand more redrawing
operations, without annealing, if worked continuously while the shells
are warm than when the operations are not continuous and the metal
cools between draws. This advantage has been recognized in the
operation of eyelet and multiple-plunger types of drawing presses.

Mutltiple-plunger Eyelet Machines.—As many as 11 draws have
been made by multiple-plunger eyelet machines. The lighter types are
cam driven; the heavier models, crank driven. The plungers are
vertical and in line and extend the entire length of the press bed. Strip
is fed to the first station where the blank is cut and shallow drawn.
Work is transferred from station to station for redrawing operations by
centralized gripping fingers at each station and attached within a
reciprocating frame on the dies. The shells are knocked out of the
dies, lifted into the transfer slide, and engaged by the gripping fingers.

Rack-and-pinion Deep-drawing Presses.—Machines of this type
are vertical presses and are built with 10 to 30 tons capacity. The
advantages are uniform speed for the ram throughout its entire working
stroke, deep drawing, accurate adjustments for the length of stroke,
quick return of the slide, and avoidance of damage to the machine or
tools if the belt breaks.

These presses are employed for drawing either light or heavy
materials by simply changing the gears that control the speed of the
ram and punch. The quick return of the ram is accomplished by a set
of reversing driving belts similar to those used for a planer. The
applications of these machines are for long uniform redrawing opera-
tions of cylindrical shells in which a crank-driven press would be
obviously impractical.

There are many other types of presses, but most of them are special
and therefore of more limited use. Unusual problems involving
nonstandard stroke, speed, pressure, or feeding arrangement are best
determined by consultation with press builders.

Selecting the Proper Press.—In selection of the proper size and
style of press for a given kind of work, E. W. Bliss Company lists the
following points to be considered:

1. The size and type of die required.

2. The amount of stroke necessary.
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3. The press pressure required for doing the work.

4. The distance above the bottom of the stroke where the pressure
first occurs.

5. Any additional pressure required due to attachments, such as the
blank holder, ironing wrinkles, or stretching the material in drawn
work. :

6. The method of feeding, the direction of feed, and the size of the
sheet, blank, or work piece.

When the pressure occurs at or near the bottom of the stroke, with
a comparatively short stroke, the tonnage given in the reference table
is safe for a given size of crankshaft. At this point the crankshaft is
under a bending load similar to a beam supported at its ends with
the load concentrated at the center.

When the pressure occurs at quite a distance above the bottom of the
stroke, or when the length of stroke is comparatively long, as in toggle-
drawinf piesses, thereby inereasing the effective erank arm, the load on
the erankpin produces a torsional load on the crankshaft. This load
onthe crank bearing is limited by the gearing and the amount of torsion
the crankshaft will safely take.

On some single-crank presses with a very long stroke, or on double-
crank presses of great width or with a long stroke, and on all large
single- and double-crank presses, ‘“twin gearing,” or a gear on each
end of the crankshaft, is employed. This arrangement increases the
gearing strength and torsional capacity of the crankshaft and, in the
case of a wide double-crank press, reduces the torsional deflection of
the crankshaft. However, under these conditions the load at the
bottom of the stroke would still be governed by the figures given in the
table. In all cases where twin gearing is used, the press would be
operated by a friction clutch.

Capacities of Presses.—The strength of a single-crank press is
determined by squaring the diameter of the crankshaft in inches,
taken at its main bearings, and multiplying the result by 314 tons.
This formula gives the conservative strength of a single crank in tons .
but only up to and including a 6-in. diameter shaft. It is advisable to
select a press capacity in excess of the actual pressure required to do
the work, at least 25 per cent higher. The formula given is for crank-
shafts having main bearings of equal diameters and located on each
side of a single crank. The ultimate capacity is at the bottom of the
crank stroke.

For double-crank presses the strengths are identical with those
having a single crank up to 9-in. shaft diameters; above that diameter
the double-crank presses exceed the strength of single-crank presses
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rapidly as the shaft diameters increase. This increase is shown in the
following reference table.

srankshaft Single- Double-
diameter, crank crank
inches press, tons | press, tons
61y 150 150
7 180 180
714 215 215
8 255 255
9 345 345 -
10 440 450
11 545 650
12 665 900
13 790 1,150
14 920 1,400
5" 1,060 1,700
6 | ... 2,000
1613 1,300
7 2,300
18 1,560 2,700
20 1,950
22 2,380
24 2,860

The tonnage figures do not apply to the end-wheel type of presses
which have an overhanging crankpin. For capacities of these presses,
square the diameter of the erankpin, and multiply the result by 3 tons.

Crankshafts are forged from commercial billets of about 0.45 carbon
content steel.  For extra strength and continuous high speeds, chrome-
nickel-molybdenum steel forgings are used.

By the following table of ultimate shearing strengths, it is possible
to determine the pressure required for blanking a large variety of metals
and other materials. The table is based on the use of flat-faced
cutting members, but for a shearing cut, when the material does not
cxceed V1 in. in thickness, use two-thirds of the tonnage given; and for
any thickness exceeding 14 in., use three-fourths of the table tonnage.
Multiply the total cut length, or perimeter of the blank in inches, by the
thickness of the material in inches, times the material tonnage. The
result is the tons pressure required for shearing or blanking with a
flat punch and die. If holes are pierced in the operation, their circum-
ferences must also be added to the length of the blank outline.

Computing the Blanking Pressure.—A blank with a total cut edge
12 in. long is to be cut in a flat-faced punch and die. The material
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ULTIMATE SHEARING STRENGTH OF MATERIALS
UsiNG FLaT-FACED PunNcH AND Die

Material Tons.per Material Tons.p er
8q. in. sq. in.
Aluminum, cast.............. 6 Paper, using hollow die. .. ... 1%
soft sheet................. 714 using flat punch........... 414
half-hard sheet............. 914 bristol flat punch.......... 215
hard sheet................. 1214 strawboard flat punch. .. .. 134
Asbestos millboard. ... .... I 2 Silver...............o o 15
Brags, cast.................. 18 Steel casting................ 30
soft sheet................. 15 boiler plate............... 30
half-hard sheet............ 1714 angledron................ 30
hard sheet................. 20 cold-drawn rod. .......... 29
Bronze, gun metal........... 16 drill rod, not tempered....| 40
phosphor.................. 20 nickel about 311 per cent. .| 41
Copper, cast................. 1215 nickel about 5 per cent....| 4214
rolled..................... 14 silicon................... 3214
Cupronickel................. 20 stainless..................| 356
Duralumin, soft sheet........ 15 0.10 carbon (soft)......... 2214
treated.................... 1714 0.25 carbon (mild)........ 25
treated and cold rolled. . ... 20 0.50 carbon. . ............ 35
Fiber,hard.................. 12 0.75 carbon.............. 40
Nickel silver, half-hard sheet..| 16 1.00 carbon.............. 4214
Iron,cast................... 1214 1.20 carbon not tempered. .| 47
2 per cent nickel........... 25 1.20 carbon tempered...... 95
wrought.................. 20 hot........ 16 to 14 strength of cold
Tead....... ..ol 2 Tin,east. ..., 3
Leather, chrome. ............ 314 rolled sheet............... 214
oak........ i 3% sheet steel coated with tin, .| 25
rawhide................... 614 | Zine, sand cast............. 7
Monel metal, cast........... 30 diecast.................. 8
rolled sheet. .............. 3215 rolled sheet. . ............ 9
hard rolled. . ............. 10

s 0.25 carbon steel, No. 24 U.S. gage (0.025 in. thick). What blanking
pressure is required?

Solution: 12 X 0.025 X 25 = 714 tons.

Stripping Pressure.—It is often necessary to know the stripping
tension on cutting punches, especially in large dies, so that the stripper
plate can be designed of adequate strength to avoid buckling. Strip-
ping pressure is one of the most deceiving requirements in the design
of large blanking dies. Unless it is actually computed and definitely
known, serious mistakes in stripper designs sometimes occur.

Stripping occurs at the critical moment when the blanked strip
is carried up with the punches and suddenly hits underside the stripper
plate.
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Automotive body shops have adopted the following formula, which
is also of value for finding stripper pressures in small dies. It deter-
mines the size and number of screws necessary for holding the stripper
plate.

P = pressure required for stripping, in pounds.

L = length of the cut edge.

T = thickness of material strip.

Then P = 3,500LT.

Drawing Pressure.—The highest pressure that can occur in draw-
ing is that which will rupture the shell. The formula for this con-
dition is

P = rdiS,

in which P = pressure, in pounds.
d = diamecter of the shell (outside diameter minus thickness).
= thickness of material.
S = nominal ultimate tensile strength of the material.
The diamecter of drawn cylindrical shells is the distance from the
center line of one wall to the center line of the opposite wall.
Computing the Reduction Percentage of Drawn Shells.—In draw-
ing a shell from a blank, the maximum reduction of the diameter
should not exceed 50 per cent. However, when the press and tool
conditions arc good and the physical properties of the material is of
high ductility, this limit can sometimes be considerably . exceeded.
Percentages of drawing reductions are understood to be as follows:
The difference between an 8-in.-diameter blank and a 4-in.-diameter
shell represents a 50 per cent reduction. The percentage of reduction
between a 5-in.-diameter blank and a 3-in.-diameter shell is 40 per
cent. The same relationships are similarly considered and computed
between the diameters of redrawn shells. This subject is considered
in detail under the chapter on Drawing Dies.



CHAPTER III
STAMPING AND FORMING MILD STEELS

A Knowledge of the Materials Available and Their Reaction under Given Working
Conditions Constitutes a Basis for the Pressworking of Metals

S.A.E. Steel Specifications.—The principal compositions of com-
monly used ferrous and nonferrous metals have been classified by the
Society of Automotive Engineers in collaboration with the mills.

The steels are designated by four or more consecutive numbers
prefixed by the initials S.A.E. The first number in a specification
indicates the class in which the steel belongs. Thus, figure 1 indicates
carbon steel; 2, nickel steel; 3, nickel-chromium steel; 4, molybdenum
steel; 5, chromium steel; 6, chromium-vanadium steel; 7, tungsten
steel; and 9, silicon-manganese steel.

In alloyed steels, the second number usually indicates the percent-
age of the principal alloy. The last two or three numbers represent
the carbon content in *points,” or the hundredths of 1 per cent.
Thus, a suitable deep-drawing stecl may be specified S.A.E. 1010.
The first 10 indicates an unalloyed carbon steel of high ductility; the
last indicates a ‘‘10-point”’ carbon content.

Open-hearth Steel.—The grain direction in rolled steels and other
sheet metals runs parallel with the edges of the sheet or strip, which is
also the direction of rolling. In presswork where several square bends
occur in random positions, some of the bends will be parallel with the
grain, a condition that may cause bending fractures. Unless the
radius of the bend exceeds the material thickness, the axis of the bend
should be positioned across the grain at an angle of not less than 30 deg.,
the ideal position being 90 deg. However, sharp-cornered bends are
often successfully made in the soft tempers of thin steels under about
0.0375 in. gage, without fractures.

Open-hearth steel is safely used for making square-cornered bends
in any direction, regardless of the position of the bend; it is used for
deep-drawing operations in which fractures are likely to occur because
it has no appreciable grain direction. Deep-drawing open-hearth
sheets have an Erichsen value of 8.2 mm. (0.323 in.).* For difficult

* Erichsen values are for sheets 0.4 mm. (3§, in.) in thickness. soft annealed.
24
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drawing and forming operations “‘skin-rolled’”’ steel can be furnished
by the supplier.

Mild Steel

Carbon, 0.05 to 0.15 per cent

Manganese, 0.20 to 0.50 per cent
Phosphorus, not over 0.04 per cent
Sulphur, not over 0.055 per cent

Tensile strength, 37,500 lb. per square inch
Elastic limit, 27,000 lb. per square inch
Elongation in 2 in., 40 per cent

Rockwell* hardness, B-35 to B-55

Weight, 0.283 lb. per cubic inch

Erichsen value,t 7.5 mm. (0.295 in.)

Nomenclature of Mild Steels.—Mild steels are those in which the
carbon content is either very small or practically absent. Eleven
tempers of mild steel are commonly used in press operations, namely:
annealed, dead soft, soft, bright annealed, 4 hard, !4 hard, 34 hard,
hard, extra hard, spring hard, and extra spring hard. Beginning with
14 hard temper, each pass through the rolls reduces the thickness of
the sheet by one gage number. The word “pass’ is usually omitted,
and the steel is known as 1 hard, 2 hard, ete. Steels are furnished
either in strips or in sheets. Strip is produced by the continuous
rolling process.

Cold-rolled Steel Strip for Deep Drawing.—Steel strip that is
continuously cold rolled has a decided advantage for deep drawing,
particularly from the standpoint of surface appearance of the finished
shell and in the actual drawing operation. The reason for this is due
to the reduction of cross section in the strip by the continuous-rolling
process. Strip may be rolled to 16 gage and then cold rolled to 18
or 22 gage, whereas sheet is cold rolled only one number. Strip
therefore presents a harder, stiffer, smoother surface than sheet.
The elastic limit of strip is, on the average, higher than sheet, even
with the same chemical content.

Strip steels have one drawback, however, which although not
serious may be annoying if one is unfamiliar with it. This is its
tendency to age-harden. This hardening, although hardly perceptible
by test, will worry the pressroom considerably if the reason for the
failure to produce properly formed and drawn work is'unknown. The
remedy for the trouble is, of course, a normalizing heat treatment..

Steel Temper Difficulties in Drawing Operations.—Experience has
shown that a drawing die constructed for a material of a certain temper

* Details of the Rockwell hardness tester are given in Chap. V.
1 Ericheen values are for sheets 0.4 mm. (344 in.) in thickness, soft annealed.
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number will not produce a satisfactory drawn shell from steel even one
temper harder. Theshellsfrom slightly harder steel will show wrinkles.
Hard steels must have less drawing clearance than soft, so that the
drawing strain on the blank, at the die entrance, is greater than the
elastic limit of the material.

The troubles relative to wrinkles and die clearances relate mostly
to large work, such as automotive parts, rather than to the ordinary
small drawn part, but the same causes will always produce the same
results irrespective of size. A slight difference in steel tempers can
easily account for the difference between a few and many spoiled parts.

Stainless Steel.—The characteristics of chrome-nickel rust-resisting
steel, otherwise known as ““stainless steel,”” are resistance to corrosion,
low heat conductivity, great strength, and ductility.

Chrome-nickel, *“Stainless” Steel (Mild)
Tensile strength, 60,000 per square inch
Yield point, 45,000 per square inch
Elongation in 2 in., 60 per cent
Rockwell hardness, B-78

Erichsen* value, 9.5 mm. (0.374 in.)
Weight per cubic inch, 0.3033 1b.

The word “‘stainless’ is a registered trade name which is applied to
a specific make of steel. Theoretically, no one has a right to use the
word stainless in connection with steel unless he is deseribing or using
the steel licensed under the ‘‘stainless” patents.

There are as many different mixtures of chrome and chrome-nickel
steels as there are carbon steels, and their relation, one to another, is
about the same. The addition of nickel has about the same effect as
it does in ordinary steels. It affords some resistance to corrosion and
materially improves the physical or mechanical qualities.

It is characteristic of all stainless, or noncorrosive, steels that they
must contain 11 per cent of chrome; they also require 18 per cent of
chromium for each per cent of carbon.

Drawing Stainless Steel.—This material cannot be drawn so easily
as ordinary mild steels. The labor cost of producing drawn parts is
about twice that for ordinary steel. In drawing, it requires 25 per cent
more power, and the dies last only about one-half as long.

It is necessary to anneal between drawing operations, some-
times to 1950°F. and at other times only to 1350°F., depending, of
course, upon the severity of drawing operations. Before annealing,
parts should be thoroughly sand-scoured so that every vestige of the
lubricant used for drawing is removed. The lubricant, if left on the
* Frichsen values are for sheets 0.4 mm. (144 in.) in thickness, soft annealed.

N
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shells through annealing, forms a gritty abrasive which is very destruc-
tive to dies.

After annealing, the parts are pickled in a 15 per cent solution of
hydrochloric or muriatic acid and afterward in a 10 per cent solution
of nitric acid and again thoroughly scoured with beach sand. The
scouring is important and must not be slighted if best results are
expected. Do not use sulphuric acid as a pickle or for cleaning.

Spinning Stainless Steel.—This operation requires about five
times as much labor as is needed for spinning ordinary steel. Gener-
ally, drawn or spun parts should not be left overnight in an unannealed
condition, for the work would be likely to fracture in the next opera-
tion. This preeaution refers more particularly to “ironing’ or severe
drawing operations.

Polishing Stainless Steel.—About ten times as much labor is
required to polish stainless steel as to polish ordinary steel. Usually
there are two or three grinding operations, using Nos. 60, 120, and 200
grain abrasives. Opinions differ as to whether ordinary polishing
rouge should be used or not. Rouge usually contains sulphur which
is injurious to stainless steels.

As compensation for all these difficulties, stainless stecl makes a
beautiful, lasting piece of finished work which requires no polishing
afterward. Light-gage sheets of stainless steel can be used to obtain
the same stiffness given by other steels, because stainless steel is about
25 per cent stiffer than mild steels.

TABLE SHOWING THE PENETRATION DEPTHS FOR MILD STEEL IN PUNCHING
OPERATIONS

(Using a flat-faced punch)

Thickness, inches. . . . . 1 34 5% % 34 %e M He
Penetration per cent..| 0.25 | 0.31 | 0.34 | 0.37 | 0.44 | 0.47 | 0.50 | 0.56
Thickness, inches............ 14 332 | Ye | %2
Penetration per cent......... 0.62 | 0.67 | 0.75 | 0.87

Lubricants for Drawing Steel.—Use a heavy oil, animal or ~mineml,
thoroughly united with equal parts of black lead. A heavy plain
grease mixed with about 10 per cent of white lead is also used success-
fully. For heavy steel shells, whjte lead may be used, thinned with
kerosene to the consistency of paint. The drawing of steel requires
heavy lubricants; for deep drawing, the consistency should be thick-
ened. Small light steel shells can be drawn with lighter lubricants,
such as lard oil or light greases. '
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Specific Gravity of Materials.—This subject is of more importance
in the mass production of parts than we might be ready to admit. It.
tells us how many pieces, more or less, can be blanked from 1 1b. of
material as compared with the material already in use. Of course, the
difference in the material costs per pound also enters the picture.

If 20 parts are being blanked from 1 Ib. of strip steel, the specific
gravity of which is 7.83, and if possible to substitute vulcanized fiber,
which has a specific gravity of only 1.41, we can obtain 111 pieces from
1 Ib. of vuleanized fiber, or more than 514 times as many pieces as
from the strip steel. The result, of course, is obtained by dividing
7.83 by 1.41, which is 5.55, and 20 X 5.55 = 111. Tables that give
the weights of materials per cubic inch can also be similarly used.

Specific gravity is a number that shows how many times lighter or
heavier the weight of any material is when compared with an equal
volume of pure water. The standard temperature of the water is
4°C. Since 1 cu. ft. of water weighs 62.428 1b. and there are 1,728 cu.
in. contained in 1 cu. ft., then: 6]2,742282—; = (.0361 1b., or the weight of
1 cu. in. of water. Therefore, if the specific gravity of any material is
known, it follows that the weight of the material per cubic inch can be
found by multiplying its specific gravity by 0.0361 lb. By this
method, tables of cubic-inch weights can be greatly enlarged. For
example: The specific gravity of cast iron is 7.15, and 0.0361 lb.
X 7.15 = 0.258 lb., or the weight of cast iron per cubic inch. Con-
versely: dividing the cubic inch weight of any mater.ial by 0.0361 1b.
gives the specific gravity.

Quick Computation for Pounds of Stock per 1,000 Blanks.—The
area of strip occupied by 1 blank, multiplied by the thickness, gives
the cubic inches used for 1 blank. If the reqaired cubic inches are then
multiplied by the pound weight of 1 cu. in., we have the weight for
1 blank, and multiplied again by 1,000 (set the decimal point three
places toward the right) gives the weight of material required for
1,000 blanks. The area of strip occupied by 1 blank is found by
multiplying the width of strip by the blanking-center distance.

Cusic IncHE WElgHTS IN POoUNDS OF VARIOUS MATERIALS

Pounds

Aluminum bronze, sheet.........coviviiiiiiniiiii.., 0.2783
sheet..........co0vivinnnns P 0.0980
AN IOnY ... ittt itr ittt tee e e 0.2422
ABDEBtOS. . it it i it i it i i e 0.1011
Bakelite. ....ovviiniii i i it ittt i b 0.0446
Bismuth......ooiuiin i e 0.3538
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Bronze phosphor (sheet)................... F 0.3180
Celluloid........... ... i 0.0487
Chromium. ... 0.2347
Copper (sheet)........ ... . L oL 0.3220
Cork. ..o, 0.0087
Dow Metal (magnesium)............................... 0.0643
Duralumin. . .......o 0.1010
Ebony wood (dry)......... .. 0.0450
Fiber (vuleanized).............. ... ... ... ... ... ..... 0.0510
German silver, or nickel silver............. ... . ... . ... 0.3160
Gold, cast hammered.............. ... . ... ... ... 0.6975
LT T 0.6209
Invar steel (36 per cent nickel)......... ... ... ... ... .. 0.3010
Iridium. . oo 0.8094
Tromy cast. ..ot 0.2580
sheet. ..o 3.2780
ferrosilicon. .. ...... ... ... . 0.2530
wrought. . ... ... .. ... 0.2807
Tead. . ... o 0.4110
Leather.. ... ... ... . . . . . . 0.0341
Mercury. ... 0.4910
MiCH. oottt 0.1011
MICATEA . « o ot e et et et e 0.0446
Moncel metal, rolled. ... o 0.3212
Nickel. . 0.3140
Nickel 8IIVer. . ... ... i 0.3160
Paper. ..o 0.0336
oWt er. . oo 0.2703
Platinum, sheet. .. ...... .. ... .. ... . L 0.7776
WITC . . ottt e 0.7595
Rubber, soft........ ... ... ... 0.0341
hard, cbonite. ......... ... ... .. 0.0416
SILVer. . o 0.3890
Steel, crucible sheet............ ... ... ... ... ... ... ... 0.2853
machinery. .. ... ... . 0.2818
rolled sheet............ ... .. ... i 0.2833
stainless . ... o 0.3033
OOl 0.2853
214 per cent silicon, transformer grade................. 0.2680
¢ Y 0.2632
Tobin bronze.................. O 0.3040
DY S 0.6776
Vanadium. ......ootiittii i 0.1986
ZINE, CABL. ..ottt e 0.2567
rolledsheet............ ..o, 0.2600

Cubic Inch Weights in Practice.—The table of material weights
per cubic inch is used for several purposes besides those previously
mentioned. A close approximation to the weight of a proposed casting
can be figured from the given dimensions on a drawing, before the
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pattern is made. The center of gravity and ‘“balance” in machines
can also be determined by this table. The material costs of tools,
dies, and machines can be similarly ascertained.

In computing the weights of tool and machine parts, it is convenient
to use the tables prepared by the Kropp Forge Company. These
tables give the weights of cross-sectional shapes of steel 1 in. long, for
commercial sizes, and it is necessary only to multiply this given weight
by the length of the piece to find the total weight. The tables are
based on the weight of steel at 0.2830 1b. per cubic inch.

For computing costs of tool steels, a table should be prepared
giving the costs per cubic inch, including hardening, of all the different
brands in use. After finding the number of cubic inches in a piece of
tool steel, the total cost of the piece could then be found by simple
multiplication.

Ductility Tests for Drawing and Forming.—A ductility test can be
made either by trying the material in a previously made die that uses
the same material thickness or by making a cheap temporary drawing
die. Large die shops are usually equipped with commercial testing
machines for ascertaining the duectility of sheet metals. These
machines are made in several sizes and designs, and up to capacities
for testing steel 14 in. thick with 35,000 lb. pressurc. The latter
machines are motor driven. Practical tests for ductility are probably
more reliable than using tables of Erichsen values.* With a testing
machine, however, many samples from different sheets of the same
material can be tested in order to obtain the average ductility.

Computing the Volume of Irregular Shapes.—Immerse the object
in a suitable container of water having a known volume. Measure
the increased depth of water, and compute the water volume again.
The difference in the water volumes represents the volume of the
object.

SPRING STEELS IN COMMON USE
Flat-spring Steel

Carbon, 0.70 to 0.80 per cent

Manganese, 0.30 to 0.50 per cent

Tensile strength, 200,000 1b. per square inch
Elastic limit, 165,000 lb. per square inch
Elongation in 2 in., 0

Rockwell hardness, C-42

Flat-spring steel is made from annealed and cleaned strip, cold

rolled to size. It is heat-treated either before or after forming,

* The Ericheen test and methods for determining the hardness and ductility of -
metals are discussed in Chap. V.
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depending on the acuteness of the required bends. It is generally
used for locks, clips, spring washers, and flat springs. It is preferable
to bend it at right angles to the grain if possible.

Motor-spring Steel

Carbon, 0.80 1o 0.90 per cent

Manganese, 0.30 to 0.50 per cent

Tensile strength, 250,000 1b. per square inch
Elastic limit, 225,000 1b. per square inch
Elongation in 2 in., 0

Rockwell hardness, C-46

Motor-spring steel is made from anncaled and cleaned strip, cold
rolled to size. It is heat-treated either before or after forming. If
only the ends are to be bent, the temper can be drawn locally in hot
lead. It is used for phonograph and other large motor springs.

Clock-spring Steel

Carbon, 0.90 to 1.05 per cent

Manganese, 0.30 to 0.40 per cent

Tensile strength, 270,000 1b. per square inch
Flastic limit, 250,000 1b. per square inch
Elongation in 2 in., 0

Rockwell hardness, C-53

Clock-spring steel is made from annealed and cleaned strip, cold
rolled to size and heat-treated before any forming operations are
performed. If it is necessary to bend the ends sharply, the temper
can be drawn locally in hot lead. This steel is used for clock springs
and brush-holder springs on electric motors and generators.

Watch-spring Steel

Carbon, 1.10 to 1.19 per cent

Manganese, 0.15 to 0.25 per cent

Tensile strength, 330,000 1b. per square inch
Elastic limit, 310,000 1b. per square inch
Elongation in 2 in., 0

Rockwell hardness, C-62

Watch-spring steel is made from annealed and cleaned strip, cold
rolled to size and temper. It is heat-treated in the flat strip.



CHAPTER 1V
STAMPING AND FORMING NONFERROUS METALS

The Principal Requirement in Selecting a Material Is That It Best Serve the
Purpose Intended

Introduction.—It is impossible here to enumerate all the nonferrous
metals and alloys used in stamping and forming operations. The
number of such materials is very large; only the ones most commonly
used will be diszcussed.

The fabricating characteristics of a material with which one is not
familiar can usually be estimated satisfactorily by comparing the
physical qualities of the unfamiliar material with those of a material
of known fabricating characteristics. Ductility tests will give some
general idea of the ability of a material to withstand bending and
drawing operations, but the most satisfactory way is actually to
perform some such operations and observe the behavior of the material.
In considering costs, the relative weights of the materials must be
taken into account, and this, of course, is also true if the weight of the
finished article is important.

Because no generally accepted system for designating the non-
ferrous metals and alloys has been devised, it is usually necessary to
refer to th8 chemical analysis. Generally speaking, a bronze is a
copper-base alloy in which the metal secondary in point of quantity
is tin. An alloy containing less than 5 per cent tin should not be
termed a bronze unless tin is the only metal present with the copper.

Specifications for Nonferrous Metals.—Standard specifications for
many nonferrous metals and alloys in various forms have been pub-
lished by the American Society for Testing Materials (A.S.T.M.).
These may be found in the current book of standards of that society.
The Society of Automotive Engineers (S.A.E.) have established
specifications for several nonferrous alloys. References to the specifi-
cations of these societies, and those of the Federal government, are
frequently used on engineers’ drawings.

Aluminum.—Numerous aluminum alloys are available in the form
of sheet. The most commonly used designations for these materials

are as follows:
32



STAMPINGQ AND FORMING NONFERROUS METALS 33

Per cent of alloying elements; aluminum and normal impurities consti-
tute remainder*

Alloy . e
Copper | Silicon Mun- | Mag- |0 o Nickel | PO | 140q Bis-
ganese | nesium mium muth
28
38 1.2
48 R 1.2 1.0
178 4.0 0.5 0.5
A17S 2.5 0.3
248 4.6 . 0.6 1.5
518 e 1.0 0.6
528 2.5 0.25
53S 0.7 1.3 0.25
618 0.25 0.6 1.0 0.25

* This table and the one following are used by permiassion of the Aluminum Company of America.

The symbols used to designate the tempers of thesc alloys are

O = soft annealed,
/H = 14 hard,
16H = 14 hard,
34H = 34 hard,
H = hard,
W = quenched (solution treatment only),
T = quenched and aged (solution treatment followed by precipita-

tion),
RT = cold worked after heat-treatment.

Of the alloys listed, 178, A17S, and 248 are heat-treatable alloys
at ordinary room temperature and are, therefore, available in the
“T,’ or heat-treated-and-aged,.condition as well as in the annealed
condition. Alloys 53S and 618 are also heat-treatable, but they are
different from the first three in that complete aging does not occur at
room temperature after quenching. This is a distinct advantage
when difficult forming operations are to be imposed, because the
forming can be carried out on material in the “W,” or quenched
condition, and then the formed article can be aged to the T condition
to develop higher strength.

The mechanical properties of the most generally used aluminum
alloys are as shown in the table on page 34.

Alclad Aluminum Alloys.—The name ‘‘ Alclad”’ has been registered
as a trade-mark by the Aluminum Company of America. It desig-

" nates those alloyed products which have unusual resistance to corro-
sion. This property has been attained by using a surface layer of
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TyricAL MECHANICAL PROPERTIES OF WROUGHT-ALUMINUM ALLOYS
Tension Hardness Shear Fatigue
Elongat'ioné per cent
Yield mn mn.
A:L?%’;e?d strength | Ultimate Brinell Shearing | Endurance
(set = strength, 500 kg. strength, limit,
0.2%), 1b. per Sheet Round 10 mm. 1b. per Ib. per
1b. per 8q. in. specimen | specimen ball 8q. in. 8q. in.
8q. in. (Mg in. 4 in.
thick) diameter)
28-0 5,000 13,000 35 45 23 , 5 5,000
28-3:H 13,000 15,000 12 25 28 10,000 6,000
28-19H 14,000 17,000 9 20 32 11,000 7,000
28-34H 17,000 20,000 6 17 38 12,000 8,500
25/ 21,000 | 24,000 5 15 44 13,000 '5
3S8-0 6,000 16,000 30 40 28 11,000 7,000
38-44H 15,000 18,000 10 20 35 12,000 8,000
38-1sH 18,000 21,000 8 16 40 14,000 9,000
38-3;H 21,000 25,000 5 14 47 15,000 9,500
38.# 25000 | 29,000 4 10 55 16,000 | 10,000
48-0 10,000 26,000 20 25 45 16,000 14,000
48-1;H 22,000 31,000 10 17 52 17,000 14,500
48-14H 27,000 34,000 9 12 63 18,000 15,000
48-3;H 31,000 37,000 5 9 70 20,000 15,500
48- 34,00 40,000 5 6 77 21,000 16,000
178-0 10,000 26,000 20 22 45 18,000 11,000
178-T 37,000 GO, 000 20 22 100 36,000 15,000
178-RT 47,000 65,000 13 .. 110 38,000
Alelad 178-T 33,000 56,000 18 32,000
Alclad 178-RT | 40,000 57,000 11 32,000
A178-0 8,000 22,000 24 27 38 15,000
A178-T 24,000 43,000 24 27 70 26,000 13, 500
248-0 10,000 26,000 20 22 42 18,000 12,000
248-T 44,000 68,000 19 22 105 41,000 18,000
248-RT 55,000 70,000 13 .. 116 42,000
Alclad 248-T 41,000 62,000 18 40,000
Alclad 248:RT | 50,000 66,000 11 41,000
518-0 6,000 16,000 30 35 28 11,000 6,500
518-W 20,000 35,000 24 30 64 24,000 10,500
518-T 40,000 48,000 14 16 95 30,000 10,500
528-0 14,000 29,000 25 30 45 18,000 17,000
52S-V,H 26,000 34,000 12 18 62 20,000 18,000
528-1¢H 29,000 37,000 10 14 67 21,000 19,000
528-3/H 34,000 ,000 8 10 74 23,000 20,000
528-H 36,000 | 41,000 7 8 85 24, 201500
538-0 ' 16,000 25 35 26 11,000 7,500
538-W 20,000 33,000 22 30 65 20,000 10,000
538-T 33, 39,000 14 20 80 24,000 11,000
618-0 8, 18,000 22 . 30 12,500 7,500
618-W 21,000 35,000 22 . 65 ,000 12,500
618-T 39,000 ,000 12 . 95 30,000 12,500
618-T8 47, ' 10 . 98 32,000

pure aluminum on both sides of a special base alloy for a core. The
thickness of the surface layer is about 514 per cent of the thickness of

the sheet.

resistance of aluminum plus the strength of the core.
of Alclad, the physical properties of the alloying core govern the

Thus, a stiff sheet is produced which has all the corrosive
In pressworking
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tooling conditions. In the commonly used thicknesses of Alclad,
178-T and 248-T sheet, the tensile strengths are approximately 10 per
cent lower than those for uncoated alloys.

Lubricants for Drawing Aluminum.—Mineral oils or compound
mineral oils are the lubricants most commonly used for drawing
aluminum. Water-soluble drawing compounds are usually not so
satisfactory. The lubricant should permit the blank to slip readily
between the blank holder and die and also should provide the necessary
lubrication to prevent seratching the work. It is extremely important
that a suitable lubricant be used.

The lubricant should be evenly spread on both sides of the sheet.
Qils, greases, compounds, cte., can be evenly applied on both sides
by passing the material between a pair of rollers that have been
previously coated. There are good machines on the market for
lubricating sheet materials evenly on both sides. The strip passes
through the rolls of the lubricator and then enters the dies in the press.

Drawing Aluminum Sheet.-—The alloys most generally used for the
production of drawn shapes are 28, 38, 48, 528, and 53S. The severity
of the draw to be made determines the temper of the sheet selected.
For severe draws anncaled sheet should be used, but for less severe
draws it may be possible to use 14-hard, or even full-hard sheet to
produce a stronger article. A part may be drawn from 538 in the
annealed or quenched (W) temper and then heat-treated afterward to
produce higher physical properties.

As in all drawing operations, the design of the tools used is very
important in obtaining satisfactory results. Die radii ranging betweeh
four and fifteen times the thickness of the original sheet are usually
satisfactory. The radius of the punch is generally held to a minimum
of about four times the thickness of the original sheet. Sharp die
radii cause greater resistance to the flow of the metal; whereas if the
radii are too large, wrinkles are likely to occur. The size of the original
blank should, in general, be as small as possible, because excess metal
restricts the flow and increases drawing difficulties.

Aluminum lends itself more readily to extruding or spinning and
compression operations than it does to stretching or expanding. It is
therefore advisable to make redrawing operations of moderate reduc-
tions. Percentages for redrawing reductions are given in Chap. XXII.
When there are radical differences in diameters on the same shell,
it is good practice to draw the larger diameter first and then reduce the
lower part of the shell to the smaller diameter in subsequent operations.

Cracks in bending are likely to start at the point of maximum
tension which is at the outermost fiber. Fractures may occur opposite
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sharp bends unless the bends are made with the axis positioned across
the grain. If the radius of a bend is greater than twice the sheet
thickness, bends may be made in any direction regardless of the grain
lines. The bending qualities of most sheet metal have been consider-
ably improved during the past ten years. Most sheet metals, and espe-
cially thin stock, can often be bent parallel with the grain successfully.

With cups, or shells of any size, where the depth of the first draw is
less than the diameter, no trouble should be encountered if instructions
regarding the drawing radii and lubricant have been followed. The
dies should have plenty of clearance; and if the right temper of
aluminum sheet is used for the first drawing, annealing should not be
necessary between several subsequent draws.

Annealing Aluminum.—The melting point of aluminum is 1220°F.
It is therefore anncaled in an air furnace. Annealing in a muffle
furnace is for the purpose of normalizing metals that have melting
points above 1400 and up to 1800°F. A muffle furnace is used to
prevent direct flame contact on the metal and to exclude noxious gases
which are injurious. Small aluminum parts have been successfully
annealed in boiling oils that have low boiling temperatures. Two
such oils are linseed oil and turpentine. Metals that are annealed in
boiling oils have the advantage of being free of scales.

Duralumin

Al'minum, 95 per cent

Copper, 3.5 to 4.0 per cent

Magnesium, 0.2 to 0.8 per cent ,
Manganese, 0.4 to 1.0 per cent

Silicon, under 0.6 per cent

Iron, under 0.6 per cent

Tensile strength, 55,000 1b. per square inch

Elastic limit, 32,000 lb. per square inch

Elongation in 2 in., 18 per cent

Brinell hardness, 50

Duralumin is a lightweight material and has been largely used in
airplane work. It is symbolized under the 17S scries of aluminum.
It is the most widely used of all the heat-treatable aluminum alloys.
However, in recent times, duralumin has been almost entirely super-
seded by 24S aluminum for airplane parts, because the 25 per cent
higher yield strength of the latter alloy is translated directly into
correspondingly superior performance. The higher physical properties
of this alloy also make possible the use of Alclad sheet with a material
gain in strength as well as resistance to corrosion, in comparison with
178 sheet.
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Severe forming operations have been accomplished with the soft
tempers, such as 178-O and 248-0, but the finished parts must always
be heat-treated before assembly. If this is not done, both their
physical properties and resistance to corrosion are definitely inferior.

In working duralumin the sheet is first heated in a salt bath or air
furnace at 930°F. and then quenched in cold water. It is then rinsed
in warm water. Every cffort must be made to perform bending
operations within 1 hr. after quenching; otherwise checks and cracks
may appear. The hardness, or temper, is unimportant on flat work.
Small parts that require several dic operations can be kept in workable
condition by storage at low temperatures. It is best to take these
precautions; otherwise the cracks may show up after final assembly in
the apparatus. If the sheets are large, means for flattening must be
provided, as the salt bath distorts the sheet.

For duralumin rivets, either large or small, it is important that
they be anncaled at an exact temperature each hour and a routine
established to colleet those not used within the hour. On large-
quantity production on some of the parts the same procedure may be
found necessary. The specific gravity and weight per cubie inch is
3 per cent heavier than for sheet aluminum. The specific gravity is
2.80; the weight per cubic inch, 0.1010 1b.

Nickel Silver
Copper, 64 per cent
Nickel, 6.75 per cent
Manganese, 0.06 per cent
Iron, 0.02 per cent
Zine, 29 per cent
Tensile strength, 54,000 1b. per square inch
Elastice limit, 26,000 1b. per square inch
Elongation in 2 in., 64 per cent
Rockwell hardness, B-21
Erichsen value* 11 mm. (0.433 in.)

This metal was formerly known as ‘‘German silver.” It is an
alloy of copper, nickel, and zinc; it is very duectile. It can be rolled,
hammered, stamped, and drawn to a greater degree than most metals
without showing fractures. In blanking, it shows a clean sheared edge
with a minimum of burrs. It is hard, tough, and not easily corroded
and possesses the valuable feature of being white. It can be softened
by annealing at temperatures between 650 and 1200°F. It has a
weight of 0.3160 lb. per cubic inch.

* Erichsen values are given for annealed samples 0.4 mm. (144 in.) in thickness.
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Tobin Bronze.—This alloy, originally a product of the American
Brass Company, contains 59 per cent of copper and about 40 per cent
of zinc; the residue is approximately 1 per cent of tin, lead, and iron
combined.

Tobin bronze, sometimes called ‘‘naval brass,” is rolled in sheets
and plates from {¢ in. up to 2 in. in thickness, and rods are drawn up
to 7 in. in diameter. It is also drawn in rectangular bar secticns and in
seamless tubes of many sizes. Tobin bronze has high resistance to
corrosion and for this reason is largely employed in marine construc-
tions which are subject to the corrosive actions of salt air and water.
Its tensile strength is slightly above 60,000 lb. per square inch, and
its compressive strength is up to 180,000 1b. per square inch. Elonga-
tion is in 2-in. ranges from 25 per cent for hard tempers up to 50 per
cent for soft tempers.

In bending and forming high tempers of Tobin bronze, care must be
used when making square bends unless they are positioned at right
angles, or nearly so, across the grain. The average grades of this
alloy are likely to become ““work hardened” during second and third
drawing operations, and it will probably be found necessary to anneal
the work after making two or more draws.

Because Tobin bronze fails to produce sparks from friction, it is a
valuable alloy for powder plates and powder-mill equipment, tools,
and machines. Its melting point is 1570°F.; a muffle furnace is
usually necessary for annealing. The weight per cubic inch is 0.304
lb.; its specific gravity is 8.4.

Phosphor Bronze

Conper, 95.5 per cent
Phosphorus, 0.1 per cent
o Tin, 4.4 per cent
v Tensile strength, 50,000 1b. per square inch

o Elastic! limit, 27,000 Ib. per square inch

: G Elongation in 2 in., 214 per cent
Cat Rockwell hardness, B-28

E,richsen value,* 11.5 mm. (0.453 in.)

_ The average grades of phosphor bronze consist of 91 to 97 per cent
of copper and 3 to 9 per cent of tin. There is also a trace of phos-
phorus which adds hardness. Its commercial forms are wire, bar,
strip, and sheet. Phosphor bronze possesses high resistance to
corrosion, together with great toughness, elasticity, and tensile

* Erichsen values are given for annealed samples 0.4 mm. (344 in.) in thickness.
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strength. There are four tempers: half hard, hard, extra hard, and
spring hard. Its percentage of elongation in 2 in. is very low—Tless
than 20 per cent for the most and only 1 per cent in some of the harder
grades. It is therefore difficult to make satisfactory bends or drawn
shells of this material. In bending operations, as with spring brass,
the inside radius of the bend must be three or four times the thickness
of the material, and the die must be arranged to bend the part farther
than needed on account of an inevitable spring-back.

Remelting of phosphor bronze increases its strength.  In phosphor-
bronze bearings, zinc should never be present. The alloy for bearings
consists of 80 per cent of copper, 8 per cent of tin, 10 per cent of lead,
and 2 per cent of phosphor tin. The principal requirement of all
alloyed metals is that they best serve the purposes for which they are
used. The phosphor-bronze group is particularly well-adapted for
switch springs and electrical wiper contacts. It is used largely for
mechanical springs. For either electrical or mechanical springs,
where a more ductile metal is required, nickel silver is recommended.
The weight of phosphor pronze is 0.3180 1b. per cubic inch.

Cartridge Brass.—This metal is standard material with most firms
for deep-drawing operations. It is a 70-30 mixture of copper and
zine. Admiralty metal is practically the same alloy, being 70 per
cent of copper, 29 per cent of zine, and 1 per cent of tin. Both these
alloys are used in the manufacture of rifle ammunition cartridges.
Naval brass is 62 per eent of copper, 37 per cent of zinc, and 1 per cent
of tin; Muntz metal is 60 per cent of copper and 40 per cent of zinec.
The Brinell hardness numbers for No. 12 Brown and Sharpe (0.0808
in.) gage should be between 49 and 69. The weight is 0.308 1b. per
cubic inch.

High-tensile Brasses.—These alloys include duslta metal, manga-
nese bronze, and similar mixtures and are generally 60 per ceat of
copper and 39 per cent of zine, with iron and manganese added. They
are very similar in composition and physical properties to Tobin
bronze. The weight per cubic inch is practically the same as for
Tobin bronze, and the pressworking condition: are similar. High-
tensile brasses are also alloyed with nickel in quantities of about
3 per cent, iron 2 per cent, copper 60 per cent, and zine 34 per cent.
This metal is more resistant to acids than either copper or brass.
Its weight is 0.304 1b. per cubic inch.

Sheet-brass Tempers.—When brass sheets are passed through the
mill rolls and reduced one Brown and Sharpe gage number, the material
becomes 14 harder. By this process, the following tempers are
made:
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Deadsoft............coovvieiiii i, Annealed
L 14 hard
P 14 hard
P ¥4 hard
T Hard

B e Extra hard

B e e e e Spring hard

10, . e Extra spring hard

Tolerances allowed are 0.00025 to 0.006 in. for Brown and Sharpe
gage numbers from No. 38 to No. 0000, respectively.

Generally, ordinary brass is a copper-zine alloy containing one-
third zinc and two-thirds copper, but bronze is a copper and tin alloy
containing about 10 per cent of tin and 90 per cent of copper. Gun
metal contains 90 to 92 per cent of copper and 8 to 10 per cent of tin.
Lead is frequently added in these mixtures to improve machining
conditions, and both tin and zinc are used in the same alloys, so that
we have a series of copper-tin-zine alloys of multitudinous variety. In
all cases, however, these useful alloys always contain more than 50 per
cent of copper. The weight of brass sheet is 0.308 1b. per cubic inch.

Copper and zine will unite naturally in producing hrass. However,
the highest zinc content is limited to 36 per cent; above that, brass is
likely to become too granular for high tensile strength.

Copper Alloys.—Although almost cvery known metal has been
added to copper as an alloy, the intention is not to discuss these
mixtures here but to consider the pressworking characteristics of sheet
metals. Copper alloys that are best known under a trade name are as

follows:

Copper | Zine [Manganese| Tin
Gildingmetal ..................ccoooiiin. 95 5
Tombacbrass............................. 91 9
Tombacred brass.......................... 88 12
Fourney'salloy................ccovivinn... 82.5 17.5
Redbrass................ccviniinennn... 82 18
Dutchmetal....................... ... ... 80 18 2
Delotot’s alloy...... .......... ... ... ... 80 20
Imitation gold leaf......................... 78 22
Cartridge brass.......................o.n.. 70 30
Two-and-one brass......................... 66 34
Naval brass........ ..oviiiiiiiniininnn . 62 37 . 1
Muntzmetal.................cc i, 60 40
Brazing solders. ... . ......... ...t 50 50
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All these brasses belong in the alpha class and are therefore
ductile.

Copper Alloys and Color.—The color of rich low brass is an impor -
tant feature in its use. Alloys between 82 and 88 per cent of copper
show considerable differences in color after the metal has been cleaned
and polished. These color variations have suggested the use of several
alloys of only slightly different copper content for the purpose of
producing an exact color. Most of such alloys are produced for
jewelry manufacturers.

Clock Brass.—Copper 62.5 per cent, zine 36 per cent, and lead
1.5 per cent constitute the usual composition of this material. Clock
brass is used in a 14-hard temper for clock-movement frames, light
gears, and similar parts. It takes a clean cut that leaves little or no
burr. It will take a right-angle bend without showing fractures.
It takes a good clean thread and is often used for flat springs that are
bent or require tapped holes. When reduced 35 per cent in thickness
by cold rolling, it becomes spring tempered. Its weight is 0.310 Ib.
per cubice inch.

Copper.—Copper has a tensile strength, rolled and annealed, of
32,700 1b. per square inch. Its elongation in 2 in. is 35 per cent; its
weight, 0.322 1b. per cubic inch.  Copper is both malleable and ductile.
There are two varieties of commercial copper in gencral use: arsenical
and clectrolic. The latter, as its name implies, possesses high elec-
trical conductivity. The arsenical grade contains only about 14 to
1 per cent of arsenic and usually only a trace.

In bending, forming, and drawing dies, pure copper easily takes the
lead over all other sheet metals in freedom from cracks, fractures, and
wrinkles. Copper ““work hardens’ slightly after two or more opera-
tions but anncals readily at comparatively low temperatures. The
quenching tank should be as close o the annealing furnace as possible,
because if the heat is too high, copper oxidizes rapidly upon exposure
to the atmosphere. The melting point is 1981°F., and a muffle
furnace is necessary for annealing.

Tinned Copper.—This material is extensively used for electrical
connections, clips, solder lugs, etc., and in large sheets for washing-
machine tubs, cooking utensils and similar parts. It can be purchased
tinned on one side of the sheet or on both sides. On small clips,
telephone or radio connectors, and for all electrical terminals, tinning
is an aid in soldering on the wire connections. Tinned strips are
therefore economical to use. Tinning makes no difference in press-
working of the strips or piece.
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Monel Metal

Nickel, 65 to 70 per cent

Copper, 30 to 35 per cent

Tensile strength, 80,000 1b. per square inch
Elastic limit, 67,000 1b. per square inch
Flongation in 2 in., 15 to 20 per cent

Rockwell hardness, B-84

Erichsen value,* 11.5 mm. (0.453 in.)

Some samples contain a small percentage of iron.,

This is a natural mixture of nickel and copper with a small amount
of iron. Tt is silver-white in color, takes an excellent polish, and is
highly resistant to corrosion. Strangely enough, it is taken from the
mines with its three ingredicnts proportioned correctly by nature
and is so smelted and refined. It is rolled and drawn to the common
commercial forms and is highly resistant to heat. Sheets are used for
roofing, chemical tanks, and cooking utensils, also for valves and valve
seats in resisting acids and high temperatures. Its pressworking
properties are similar to those of Tobin bronze. Its weight per cubic
inch is 0.3212 1b.

Monel Metal, Spring Hard

Nickel, 70 per cent

Copper, 27 per cent

Iron, 3 per cent

Tensile strength,135,000 1b. per square inch

Elastic limit, 80,000 1b. per square inch
Jlongation in 2 in., 1 to 2 per cent

Rockwell hardness, over B-100

Magnesium Alloys.—The predominating metal in this alloy is
magnesium, which has a silver-white appearance and is the lightest in
weight of all known metals. Its specific gravity is 1.78, whereas that
of aluminum is 2.71. Magnesium is therefore two-thirds as heavy as
aluminum and about one-fifth the weight of brass or copper.

In Germany, more than 50 lb. of magnesium alloys, known as
“Elektron,” or ‘“Magnewin,” is used in each bombing-plane motor,
usually for the crankcase, gear boxes, cylinder head, and pistons.
Landing wheels are also made of it, and it has been proposed for
propeller blades.

Magnesium alloys are available in cast ingots, forgings, extruded
sections, sheet, and strip. They machine easily and smoothly and can
be worked in press tools about the same as 28 14 hard sheet aluminum.

* Erichsen values are given for annealed samples 0.4 mm. (}44 in.) in thickness.
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The tensile strength of hard-rolled sheet is 36,000 to 43,000 1b. per
square inch, and the weight per cubic inch is 0.0643 1b. In medium-
soft tempers, however, the tensile strength falls to approximately
26,000 1b. per square inch.

Magnesium Alloy

Magnesium, 88 per cent

Aluminum, 12 per cent

Tensile strength, 50,000 1b. per square inch
Elongation in 2 in., 3 per cent

Rockwell hardness, B-42

Comparing Percentages of Elongation.—A comparison of the per-
centages of elongation in 2 in. of any metals, with the drawing prop-
erties of well-known metals, is a fairly reliable indication of the drawing
properties for the metal compared unless the metal compared is
highly granular, like zinc.

Grain Size Is the Measure of Softness in Brass.— ‘The degree of
softness in brass can most accurately be expressed in terms of the
actual average grain size. The grain size is specified in terms of the
actual average diameter of the crystals expressed in thousandths of a
millimeter.””* The examination is made under a high-powered metal-
lurgical microscope in a sample that has been carefully ground and
polished and then etched with a solution of concentrated ammonium
hydroxide and hydrogen peroxide.

The average grain size of wrought brass is approximately from
0.0004 to 0.0036 in. Cast brass, however, is much coarser in grain
structure, individual grains being approximately between 1{g in.
and possibly as large as !4 in. Fine-grained brass is suitable for
stamping and forming becausc the surface of the metal, even when
stretched, does not become rough. Such material can readily be
buffed and colored. If the grain structure is coarse, stretching and
bending operations produce a rough surface on the brass which must
be ground off if the material is to receive a highly polished finish.
A medium grain size is recommended for severc cupping and drawing
operations on heavier gages of metal, especially when the side walls
are “pinched’’ during the drawing operation.

Weights of Sheet Metals per Square Foot.—Prepare a constant of
your own for the weights of sheet metals per square foot 0.001 in.
thick. Multiply this constant by the number of thousandths in the
thickness wanted. If sheet copper 1§ in. thick weighs 5.79 1b. per
square foot, then 5.79/125 = 0.04632 1b., which is the weight per

* Bridgeport Brass Company.
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square foot for sheet copper 0.001 in. thick. Therefore, a square foot
of No. 10 Brown and Sharpe gage, 0.102 in. thick, weighs 0.04632 X
102, or 4.725 1b.  Only one constant is necessary for each material.

Gage Sizes Used for Sheet Metals.—Strip steel is usually rolled
to B.W.G. sizes, and sheets to U.S. Standard gage, although some mills
roll both strip and sheet to the latter gage. Nonferrous shects are
rolled to Brown and Sharpe gage sizes, excent zine which uses a sheet
zinc gage preparcd by Matthiessen & Hegeler Zine Co.  Nonmetallie
shects are usually specified in decimal thicknesses of the common frac-
tions of an inch. However, to avoid the confusion of the dozen or more
gage sizes, it is advisable to specify all material thicknesses in decimal
fractions.

Cupronickel

Copper, 81 per cent

Nickel, 18 per cent

Iron, 0.2 per cent

Manganese, 0.15 per cent

Sulphur, 0.04 per cent

Carbon, 0.03 per cent

Tensile strength, 52,000 1b. per square inch
Yield point, 23,000 Ib. per square inch
Elongation in 2 in., 34 per cent
Rockwell hardness, B-36

Frichsen value,* 11 mm. (0.433 in.)
Weight per cubic inch, 0.3205 1b.

Iron, manganese, sulphur, and carbon are impurities and vary in
quantity. The nickel-copper alloys are among the most ductile of
nonferrous alloys and probably the most ductile of any usefulalloy.
A mixture of 80 per cent of copper and 20 per cent of nickel can be cold
rolled from 114 t0 0.035 in. by successive operations without annealing.

Cupronickel is used for the jackets on bullets for army and navy
small arms. There are 10 operations, which are all done on a dial-fed
press without annealing. After the last operation, the jacket can be
crushed in a vise without showing a fracture. This feature alone
makes it worth investigating as a substitute for parts that must have
several annealings. It should be particularly useful for hydrostatic
work that is successively expanded from within. Although annecaling
is not necessary for ordinary purposes, cupronickel sheets can be
reduced from a yield point of 80,000 lb. per square inch, which is its
usual ‘““as received” condition, to approximately 20,000 lb. per square
inch by heating 3 hr. at 1382°F. At the same time, its elongation .in
2 in. is changed from 6.5 per cent, as received, to 44 per cent.

* Erichsen values are given for annealed samples 0.4 mm. (344 in.) thickness.
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The copper-nickel alloys range from 2 per cent of nickel up to
monel metal with 70 per cent. The action of the nickel seems to be to
strengthen the copper without reducing its duetility. The extreme
ductility mentioned for the 80-20 mixture is not possible with any
other mixture of nickel and copper.

Corronil
Nickel, 70 per cent
Copper, 26 per cent
Manganese, 4 per cent
Tensile strength, 80,000 Ib. per square inch
Elastic limit, 54,000 1b. per square inch
Elongation in 2 in., 42 per cent
Rockwell hardness, 13-42
Erichsen value,* 11.5 mm. (0.450 in.)
Weight per cubie inch, 0.3250 1h.

This material is an imported synthetic copper-nickel alloy of the
“monel type.” Tts chief advantage over the natural monel is that its
composition is always the same, whereas that of the natural monel
varies somewhat.

Duplex Metal.—Many combinations of two metals are used in
presswork. Plating is not always satisfactory, or for some reason is
not desired, and resort is made to a duplex metal where one metal is
welded, brazed, or soldered to another. The two metals are then
rolled together to the desired thickness. So-called “filled gold”
is onc example. Gold and a base metal of brass or other metal
are soldered together with brazing solder and then rolled into sheets.
The thickness of cach at the finish is proportional to the thickness of the
slabs soldered together. Sometimes, tungsten or silver is brazed to
steel for contact points or disks. The use of duplex metal for thermo-
static uses is increasing. Silver-lined or silver-covered cups are also
used but in small sizes. The precaution to be taken with this metal is
to order the base metal soft annealed so that working it will not mar
the surface of the softer metal too much. This applics, of course, to
drawing operations. For disks it is sometimes desirable to specify a
hard-rolled base.

Embossing Bronze
Copper, 95 per cent
Tin, 4 per cent

Zine, 1 per cent R

* Erichsen values are given for annealed samples 0.4 mm. (}§4 in.) in thickness.
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This mixture is used for bronze coins. It takes a good impression
and does not extrude under embossing pressure.

Everdur

Copper, 96 per cent

Silicon, 3 per cent

Manganese, 1 per cent

Tensile strength, 50,000 1b. per square inch
Flastic limit, 20,000 lb. per square inch
Elongation in 2 in., 50 per cent

Rockwell hardness, B-28

Erichsen value,* 11.5 mm. (0.450 in.)
Weight per cubic inch, 0.3205 1b.

Everdur is a copper alloy combining corrosion and acid resistance
with high tensile strength and toughness. Its pressworking properties
are very similar to those of mild steel. It can be hot forged readily in
a press.

Manganese Copper

Copper, 93 per cent,

Manganese, 7 per cent

Tensile strength, 50,000 1b. per square inch
Elastic limit, 24,000 Ib. per square inch
Elongation in 2 in., 44 per cent

Rockwell hardness, B-28

Erichsen value,* 10.5 mm. (0.413 in.)
Weight per cubic inch, 0.3227 Ib.

These mixtures are often erroncously referred to as ‘“manganese
bronze’’; but as the copper-zinc-manganese and the copper-iron-man-
ganese alloys are called by the same name, confusion is bound to result,
especially where their physical properties are different. Manganese
copper is ductile and can be readily drawn. It does not work-harden
easily.

Manganin

Copper, 70 to 85 per cent

Nickel, 2 to 5 per cent

Manganese, 12 to 25 per cent

Tensile strength, 50,000 lb. per square inch
Elastic limit, 28,000 Ib. per square inch
Elongation in 2 in., 40 per cent

Rockwell hardness, B-36

Weight per cubic inch, 0.2945 Ib.

* Erichsen values are given for annealed samples 0.4 mm. (344 in.) thickness.
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A very malleable and ductile metal when anncaled.  Stiff enough
for springs when cold rolled.  In its soft state it is used for shunt wires
in electrical instruments. Hard rolled, it is used for springs in instru-
ments and automobile horns.

Pewter

Tin, 90 per cent

Antimony, 7 per cent

Bismuth, 1.5 per cent

Copper, 1.5 per cent

Weight per cubic inch, 0.2703 1b.

This metal has been used since Roman days for vases and dishes.
Originally it was simply a mixture of 70 per cent of tin and 30 per cent
of lead, but in modern times antimony, bismuth, and copper have been
substituted for the lead. The analysis given above is for the so-called
“best’”” pewter. It is used for high-quality articles and can be spun
or drawn in dies. The shapes of the dies would, of course, be some-
what different from those employed for brass and copper, as pewter
cannot be drawn so deeply as those metals in a single operation, and
it is difficult to anneal except in an air furnace or hoiling oils.

Tin Plate
Tensile strength, 50,000 Ib. per square inch
Elastic limit, 24,000 1b. per square inch
Klongation in 2 in., 35 per cent
Rockwell hardness, B-37
Erichsen value,* 7.5 mm. (0.295 in.)
Weight per cubic inch, 0.2807 1b.

The base for tin plate is thin sheets of cither iron or steel. The
base is coated with tin, and, in some instances, a composition of
tin-lead alloys is used. The coating is evenly applied by methods
similar to those used in the hot process of galvanizing sheet iron. If
the coatings are smooth and free of small breaks or holes, the finished
product is quite impervious to corrosion.

The standard sheet is 14 by 20in. The smallest is 10 by 14 in., and
the largest 26 by 26 in. The most economical size for ordinary use is
probably 20 by 28 in. 'The number of sheets per box is usually 112 or
225, depending on size. Almost any desired size of plate, between the
dimensions given above, is carried in stock. Boxes of tin weigh from
80 to 471 1b. The trade name for different thicknesses of tin plate is as
follows:

* Erichsen values are given for annealed samples 0.4 mm. (344 in.) in thickness.
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Trade term.................| 801b. | 851b. | 901b. | 951b. [1001b.| 1C

Decimal thickness........... 0.008 | 0.009 | 0.010 | 0.011 | 0.012 | 0.013
Weight per square foot....... 0.367 | 0.390 | 0.413 | 0.436 | 0.459 | 0.491
Tradeterm.............c.ceven... 1X1 IX IXX | IXXX | IXXXX

Decimal thickness

..... vieeve..../ 0.014 1 0.015 | 0.016 | 0.018 | 0.020

Weight per square foot............ 10.588 | 0.619 | 0.712 | 0.803 | 0.895

Pure tin is not used for drawing to a depth much beyond one half
the diameter, or the depth that can be drawn in a single operation.
Obviously, it cannot be annealed in a furnace heat, and therefore an air
furnace or oils of low boiling temperatures are used for normalizing.

There is, of

course, a variation in the thickness of tin sheets, but

they are manufactured within plus or minus 0.001 in. difference in
thickness. The difference in some cases may be attributed to a little
heavier coat of tin.

Terne Plate

Tensile strength, 24,000 1b. per square inch
Elastic limit, 8,000 1b. per square inch
Elongation in 2 in., 35 per cent

Brinell hardness, 40

Erichsen value,* 6.5 mm. (0.256 in.)
Weight per cubic inch, 0.2666 lb.

This material is similar to tin plate in every way except that the

coating is: lead

75, tin 25 per cent. In color it is dull and lusterless.

Heavier sheets are terne plated, then tinned. This plate works easily
in dies; and when it is drawn, the lead content acts as a lubricant.

Nickel (German) Silver, Spring Hard

Copper, 556 per cent

Zinc, 27 per cent

Nickel, 18 per cent

Tensile strength, 113,000 1b. per square inch
Elastic limit, 60,000 lb. per square inch
Elongation in 2 in., 2 per cent

Rockwell hardness, B-98

Weight per cubic inch, 0.3160 1b.

Like the other nonferrous spring materials, nickel silver is reduced
60 per cent in thickness by rolling, in producing a spring temper. This
metal takes a high polish and does not easily tarnish. In its hard

* Erichsen values are given for annealed sample.s 0.4 mm. (344 in.) in thickness
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condition, it is used for the better class of flat springs, such as in electri-
cal apparatus and in places where corrosion is likely to occur.

Phosphor Bronze, Spring Hard

Copper, 95 per cent

Tin, 5 per cent

Phosphorus, trace

Tensile strength, 98,000 1b. per square inch
Elastic limit, 50,000 1b. per square inch
Elongation in 2 in., 2.5 per cent

Rockwell hardness, B-93

Weight per cubic inch, 0.3216 1b.

Phosphor bronze is reduced 60 per cent by cold rolling to pruduce &
spring temper. Very little phosphorus is present. In some cases it
cannot be detected by an analysis of the finished sheet. This alloy is
resistant to corrosion at normal temperatures and is used for springs
where the surroundings tend to produce that condition. Bending axis
should always be across, or diagonally across the grain. Bends with
axis parallel to the grain will fracture even with round corners.

Red Brass, Spring Hard

Copper, 72 per cent

Zinc, 28 per cent

Tensile strength, 95,000 1b. per square inch
Flastic limit, 32,000 1bh. per square in¢h
Rockwell hardness, B-90

Weight per cubic inch, 0.3110 1b.

This material is made also with copper 64 per cent and zinc 34 per
cent and called ““yellow spring brass.” It is cold rolled from strip until
it is reduced 60 per cent in thickness in producing spring-hard material.
It is used for either coiled or flat springs within its capacity. The
yellow alloy is sometimes called ‘“high brass”; but as that term is also
applied to the same mixture in its soft condition, when used for drawing
purposes, it seems preferable to designate it as yellow spring brass.
Both alloys have practically the same physical properties and press-
working conditions. The preference for either one is based on color.



CHAPTER V
SPECIFICATIONS FOR ORDERING SHEET MATERIALS

A Discussion of Gage Sizes, Annealing, Testing, Lubrication, and Methods for
Handling Raw Materials in the Press Room

Of equal importance with a knowledge of what materials are avail-
able for presswork is a knowledge of how to specify and order material
and how to determine in some simple way whether or not the material
meets the specifications and will serve the purposes for which it is
ordered.

Specifications for Ordering.—If you will examine the files in the
purchasing department of the firm you are connected with, you will be
surprised at the amount of correspondence apparently necessary to this
simple function. This mass of correspondence is caused by insufficient
information, by lack of knowledge as to what materials are available,
and by specifications that are impossible to fulfill or are unnecessarily
severe. Such conditions delay the receipt of materials, when a little
knowledge or forethought on the part of the one who specifies would
avoid delay. The purchasing agent should not for the sake of a
cheaper price modify the specifications without consulting with the one
responsible for the original specification.

Very often we add unnecessary conditions to our order. The
quantity ordered is also important. Another important point in
ordering is to have in mind the extras charged for by the agent or
manufacturer. Most mills set a minimum tonnage that they will roll
at a base price; for quantities less than the specified minimum, an extra
price is added. This extra price varies, but one mill gives it as follows.

On a quantity of 2,000 to 5,999 lb. the extra is $0.25 per 100 lb.; on
100 to 199 lb. the extra is $4.25 per 100 Ib. The extra for cutting to
special lengths runs up to $1.10 per 100 Ib. For slitting material there
is also an extra charge. On material 0.026 to 0.028 in. thick and over,
there is no extra for sheet strip 16 in. wide. For strip 114 in. wide there
is an extra of $1.90 per 100 Ib. This extra is much greater when the
lengths are short. Pickling is also an extra; so is an ‘“‘off-standard”
carbon content in steel.

Superlatives or definite terms should be avoided in ordering. We
should avoid specifying “perfectly flat”” or ‘“to exact width.”” There
is no perfectly flat sheet or strip to exact width, without special and
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costly extra work. Such specifications are at times necessary; and
when they are, it should be ascertained whether it is more economical to
have the mill do the work or whether it can be done at some stage of
the manufacturing operations more economically. The “camber,” or
edge straightness, of a sheet or strip must be considered, also the differ-
ence in thickness at the edge and center of a sheet, called *“crowning.”
Tell the manufacturer for what purpose the metal is intended, so that
he may understand that the purchaser knows what he is ordering and
that his requirements are reasonably justifiable.

The standard tolerance on camber of a shect or strip is 14 in. in 8 ft.
The standard of flatness is 1 in. rise from a flat surface in 8 ft. These
figures are specifically for cold-rolled steel but are practically the same
for hard and half-hard nonferrous metals.

When ordering steels, the order should state (1) weight required of
each size, width in inches, and the thickness expressed in thousandths of
an inch. Sheet steel is rolled to U.S. gage, and strip to Birmingham
gage; (2) the permissivie variation in both width and thickness and also
whether the variation is over, under, or half over and half under the
gage size; (3) the kind of edges. There are six variations of edges:
(a) a round or square edge; (b) a natural round or square mill edge,
rather uncven; (¢) a square slit edge; (d) round edge, rojled; (e) square,
rolled after slitting on wide widths and by finishing after slitting on
narrow widths; (f) square rolled edge. For wide widths the mill edge
is usually satisfactory. For blanking purposes the slit material is
cheapest; but for parts where the outer edges are not cut away, a rolled
square or round edge may be preferable; (4) temper; (5) the finish
(whether bright, extra bright for nickel plating, tinned, hot or electro-
galvanized or coppered); (6) whether the steel is wanted in coils or
strip and, if the latter, in what lengths. If it is wanted in coils, the
minimum diameter of the center hole should be given if the coil is to be
mounted on special reels.

Ordering Leveled Materials.—It is well to remember that there
is a difference between ‘“leveling’’ a strip or sheet and ‘“ straightening”
a strip or sheet. Many of us are in the habit of calling a strip leveler a
straightening roll. Itisnot. A shcet of metal cannot be straightened
unless it is stretched or squeezed beyond its elastic limit. When a
sheet must be made practically flat, it is stretched. Usually leveling
suffices, because a little rise in the finished part is not usually
discernible. It is, however, good policy to order sheet materials leveled
at the mill. :

Avoiding Confusion in Gage Sizes.—There are about 14 different
gage sizes used in the United States; and because of this, much con-
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fusion results. Some mills have even made slight alterations in the
third and fourth decimals of U.S. Standard sheet-metal gage sizes, from
No. 2 gage through to the end of the table. Thus, the pounds weight
per square foot of sheet steel, in the changed thickne%es, would figure
in even thirty-seconds of a pound or in multiples of 14§5. For example:
No. 20 gage was changed from 0.0375 to 0.0359 in., and the weight of 1
8q. ft. of sheet steel would then be 1.500 1b. This change makes the
table what it was originally intended to be, namely: a table of weights
and not thicknesses. The original base for this table was the weight of
wrought iron per cubic inch, which is 0.2807 1b.; but as the demand for
sheet steels increased, and the latter material weighs 0.2833 1b. per
cubic inch, these mills reasoned that the table should be changed
accordingly. However, the surest and most satisfactory method of
ordering sheet metals is to specify thicknesses in decimals. The manu-
facturer can then translate into any gage he may happen to use in his
mill, and there should be no controversy as to which particular gage
was intended.

Next in importance to ordering the right thickness and width of
material comes the question of ordering the right temper. The tem-
pers, in their order from soft to hard. are dead soft, soft, half-hard,
hard, extra hard, and spring hard.

When it is thought necessary to specify the type or degree of anneal-
ing iron-base alloys, the following nomenclature should be used.

Full Annealing.—Iron-base alloys are heated above the critical
temperature range, holding above that range for a proper period of
time, followed by a slow cooling through the range. This treatment
produces a dead-soft metal which will bend back upon itself without
fracture. However, this metal would be too soft for most drawing
purposes.

Process Annealing. —Iron base alloys are heated to a temperature
below or close to the lower limit of the critical temperature range,
followed by cooling as desired. This is a quick anneal and reduces
hardness by one-half.

Roughly, the critical range for iron-base alloys, of 1 per cent carbon
content, is between 1400 and 1600°F. A diagram is plotted with the
temperatures as ordinates and the carbon percentages as coordinates,
according to Sauveur’s ‘‘Metallography and Heat Treatment of Iron
and Steel.”

Patenting.—Iron-base alloys are heated above the critical tempera-
ture range, followed by a cooling to below that range, in air or molten
lead maintained at a temperature of 700°F. This should produce a
- good drawing sheet.
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Spheroidizing.—Prolonged heating of iron-base alloys takes place at
a temperature in the neighborhood of but generally slightly below the
critical temperature range, followed by a slow cooling. This treatment
produces a dead-soft, short-grained material.

Normalizing.—Iron-base alloys are heated above the critical tem-
perature range, followed by cooling to below that range in air at ordi-
nary temperature. This treatment relieves strains caused by work-
hardening and restores it to its original state.

Tempering.—The material is reheated after hardening to a temper-
ature below the critical temperature range, followed by any desired
rate of cooling. This applies more particularly to higher carbon steels.
Low-carbon steel, iron, and nonferrous metals are tempered by cold
rolling.

Carbon Percentages in Tool Steels.—Carbon steels are sometimes
referred to as ‘“20-point carbon’ or ¢30-point carbon,” ete. This is
commonly understood to mean that there are 20 or 30 parts of carbon
content in 1 per cent of the entire volume of the metal. Thus, a
40-point carbon steel would be 0.40 per cent carbon content in 1{g9 of
the entire volume, and a 100-point carbon steel means that 1 per cent
of the entire volume is carbon.

Annealing Nonferrous Metals.—Heat to dull red—Dbetween 900 and
1100°F.—and quench immediately in water. Aluminum should be
heated to 650°F. and air cooled. Zinc and similar metals do not
requirc anncaling. After severe working they are improved by immer-
sion in boiling water or baking but not above 500°F.

When furnace annealing between drawing operations, a muffle
furnace is used for those metals having melting points between 1400
and 1800°F. In a muffle furnace, the work is protected from direct
flame contact and harmful gases.

Metals having melting points below 1400°F. can be annealed in an
air furnace. However, it is seldom that sheet metals of the latter class
- require annealing, because most of them can be redrawn several times
without it.

After furnace annealing drawn work, the resulting black scales can
be removed by giving the work an “acid dip.”” This will prevent them
from flaking off in the next drawing operation, thus interfering with the
work by gathering around the drawing die. Particles of scales are very
injurious to drawing dies.

Annealing Nickel-chrome (Stainless Steel).—This metal requires
special processing when annealing. Stainless steel work-hardens read-
ily, and it must be annealed with much care. After any drawing
operation, or after any severe bending operation, the parts must be
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e caled without delay. If drawn parts are left unannealed over-
: mght ‘they- -are likely to show cracks during the next operation. The
' ‘same thing is true when the parts are only partly annealed.

Where the drawing operation is severe, the parts should be scoured
with beach sand, and every particle of lubricant or scale removed.
Then heat to 1950°F.  After cooling, pickle in a solution of 15 per cent
hydrochloric or muriatic acid and then in a 10 per cent solution of
nitric acid. After rinsing in water, scour again with beach sand, and
rinse again. The scouring is'important. Sulphur is fatal to the struc-
ture of nichrome steel; do not use sulphuric acid for cleaning or rouge
containing sulphur for polishing. A piece of polished nichrome sheet
placed in dilute sulphuric acid will not lose weight or bulk; its polish
will be just as bright; but the metal itself will be rotten and if dropped
on a metal surface will sound and react like sheet lead.

Testing for Hardness.—One of the simple rules of mathematics is:
“From two known factors, a third, or unknown, factor may be found.”
The same truth applies to the working of plastic metals. No one test
will answer the question as to whether a metal is or is not satisfactory
for the purpose for which it is intended. A hardness test alone does
not indicate whether the metal is ductile or not; but by comparison
with other tests, it does tell whether or not the present sample is similar
to others that were satisfactory. The worker of plastic metals is
usually interested in the drawing, stamping, or bending qualities of
metal—in other words, its “workability.”

The workability of a metal, as far as its bending ard drawing quali-
ties are concerned, depends upon its degree of hardness, its elastic
limit, and its structure. This, of course, is merely a general statement.
The design of the die, clearance between the punch and die, and speed
of the press are also important factors in drawing metals. There are
three common methods of hardness testing: the Brinell, the Rockwell,
and the Scleroscope. The Brinell method of testing hardness is by
the indentation of a hardened-steel ball into the surface of the sample
to be tested. The Rockwell method is somewhat similar in principle
to the Brinell method. It uses a small steel ball or a diamond cone
and measures the depth of penetration instead of the diameter of the
indentation. The Scleroscope method measures hardness by a com-
parison of the rebound of a diamond-tipped hammer dropping by
gravity from a fixed height. The height of the rebound is indicated on
8 graduated scale. Naturally, none of these systems is accurate on
very thin sttip resting upon an anvil of hardened steel.

' “Rockwell” Hardness Tester.—For general hardness testing there
are two scales on the regular Rockwell tester, the B scale and the C
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scale. The Bscale is used for testing soft steel, brass, phosphor bronne,
etc. It is the standard scale for testing such soft materials, and the
reading is obtained by using the 100-kg. load applied on a }{ ¢-in. ball
penetrator which reads on the red-figured scales on the dial. For
routine purposes, it is necessary only to specify the letter B, followed
by the proper hardness number, and this in itself indicates that the
100-kg. load and a !{g-in. ball penetrator was used. For example:
Rockwell hardness B-78.

For testing hardened stecls, it is necessary to use a diamond pene-
trator, as the steel balls become flattened when testing hard materials.
For this purpose, the ‘‘Brale,” a sphericonical penetrator, isused. The
load used with it is 150 kg., and this condition ot testing is designated
on the C scale. All hardened and heat-treated materials are tested on
the C scale, and it is necessary only to specify the letter C, followed by
the proper hardness number, and this indicates that the diamond Brale
penetrator and.a 150-kg. load were used. For example: Rockwell
hardness C-52.

Ductility Testing.—The best way to determine whether or not a
metal will draw is to draw it, and there are two ductility-testing
machines in common use for that purpose. Omne is made by Olsen,
and the other by Erichsen. Both employ essentially the same princi-
ple. The Olsen machine employs a half ball actuated by a hand wheel.
Figures 1 to 5, inclusive, are cross-section views through the dies
employed for testing sheet materials in the Olsen system. These five
conditions cover all the necessary ductility tests in most cases. The
faces of all the punches are ball shaped, or hemispherical, and each
punch-and-die unit will interchange in the machines. The pressure
necessary to draw a cup, together with the depth of the draw, is shown
on two separate dials. The usual procedure is to read the dials when
the cup has been drawn 14 in. deep and again at the point of rupture.
The point of rupture is indicated on its corresponding dial by a sudden
deflection of the pointer. By comparing these data with tested
samples of the same material, from the record of other work used in
previously made drawing dies, a suitable selection of material, ductility,
and temper is easily made.

The Erichsen machine is built somewhat on the micrometer princi-
ple. The piece to be tested (about 314 by 314 in.) is clamped firmly
between the die and a holder. The thickness of the sample can then
be read on a scale. After the thickness has been ascertained, the
holder is moved back about 0.020 in., a distance sufficient to give the
test piece a certain amount of clearance. The holder is then secured in
position by two wing screws. Next, the punch is advanced into the
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sample. The operator watches the results in a mirror until the
moment of fracture occurs, when the depth of the draw is read on a
scale. Fracture takes place when it is possible to see light through the
bulged dome of the drawn cups, shown in Figs. 6 to 10, inclusive. The
speed at which the punch is advanced does not affect the test values,
except when testing zine.

* The Olsen ductility test takes into account the power necessary to
rupture a sample, but the Erichsen registers only the depth of the
drawn cup at the moment of rupturec. The depth of the draw is
roughly proportioned to the thickness of the sheet; for instance, a good
sample of copper 0.031 in. thick should draw a cup 0.455 in. deep, and
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Fias. 1 70 5.—Various cupping dies used in the Olsen system for making ductility
tests. The different diameters of punches are for testing samples of different widths,
thicknesses, and depths. Fig. 4 is for testing cartridge shells, and Fig. 5 is for wires.

the same material 0.0625 in. thick would draw about 0.535 in. deep,
using the same diameter of blank. For determining the softness of a
cup after annealing, a smaller die is used, together with a punch long
enough to bulge the bottom of the cup.

Probably the best method of utilizing either the Olsen or the
Erichsen testing machines is to plot the results of tests on cross-section
paper. With the Erichsen machine, the ordinate or vertical spaces
should show the depth of impression, and the abscissa, or horizontal
spaces, should show the thickness of the test sheet. A line drawn
through the different plottings gives a curved line; but if the logarithm
of the sheet thickness is used for the abscissa, instead of the sheet thick-
ness itself, a straight line will result.

There are two reasons for testing sheet material; one is to measure
its ductility, and the other is to determine what size of press shall be
used. Neither the Olsen nor the Erichsen testing machine is of assist~
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ance in assigning the job to a press, because with the press we have
foot-pounds-velocity-area and thickness to contend with. Some die
engineers use the elastic limit of the material as a guide for press
capacity, but here again there is no practical relation between the two.
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Fig. 7.—Extra tool for testing strips

Fig. 6.—Standard tool for testing metal
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Fic. 10.—Standard tool with special die and holder for testing wires 1 to 6 mm. in
diameter.

Fias. 6 To 10.—Designs of testing punches used for determining the Erichsen values
of soft annealed samples of sheet metals and wires. Erichsen tests show the degree of
anneal in the material, and are therefore largely qualitative tests. '

The most accurate test by which to predetermine the press pressure
for heavy drawing, swaging, or cold sizing operations is to make the
first samples with the die set up in a hydraulic press which has a gage
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that shows the tons of pressure used. From this test, the proper size
of the press to run the job can be determined.

Lubricating the Material Strip.—That some press tools may perform
their work satisfactorily for a time, without lubricating the strip, is the
exception rather than the rule. The tool will stand up better, require
less grinding, and therefore last longer, when the strip is properly
lubricated. Animal, mineral, and vegetable oils, antifriction com-
pounds, tallow, grease, water, soap, and various commercial composi-
tions are used on the stock for casing the action cn the work material
and wear on the cutting or drawing members of the die. A lubricant
is used in this connection with the blanking or drawing of sheet metals,
for the same reason as used in a bearing, to prevent metal on metal
contact between moving parts. Lubricants tend to prevent scratches
in the work in passing over dies and under stripper plates and blank
holders.

The lubricant used must have film strength strong enough to pre-
vent metal-to-metal contact and to prevent picking up small particles
of the cut metal. Aside from the heat generated by rubbing friction,
there is also the heat generated by the plastic deformation of the metal
being worked. It is essential that the lubricating film be not thinned
down cnough to allow metal-to-metal rubbing at high temperatures.
Other properties desirable in a lubricant arc viscosity, adhesiveness,
spreading qualities, noncorrosivencss, odorlessness, resistance to cli-
matic changes, and ease of cleaning. Necedless to say, it must not
injure the machine and work or affect the operator adversely.

Lubricants for Drawing Steel.—A heavy animal or mineral oil,
thoroughly mixed with equal parts of black lead or graphite, is a
lubricant often used. Sometimes a heavy grease mixed with about
10 per cent of white lead may be used, thinned with lubricating oil to
the consistency of thick paint. The drawing of steel requires a heavy
lubricant; and for deep drawing, the consistency should be thickened.
Small, light steel shells can be drawn with a lighter lubricant, as lard oil
or light greases.

In a high-speed pinching tool, if the stock lubrication is wrong,
the punches will heat up to the point of drawing the temper of some
of the smaller punches. In such cases, lard oil is the remedy; it
has the property of cooling metal parts in action; although it is expen-
sive, the use of a cheap substitute may prove false economy.

Lubricants for Drawing Brass and Copper.—Soaped water is exten-
sively used. - Fuller’s soap disolved in hot water and used while hot is
recommended. Soap containing resin, lye, potash, or alkali should be
avoided. Soaped water made from Ivory soap chips and hot water
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used while warm is in common use. The consistency of the soaped
water should be heavy for thick, deep-drawn shells and proportionally
lighter for small work. '

Lubricants for Punching Brass and Copper.—Use lard oil or fish oil,
thinned by the addition of 10 per cent kerosene.

Lubricants for Drawing Zinc.—Soaped hot water is best, used as hot
as possible. A cheap grade of Vascline may be used for both zinc and
aluminum. Zinc is sometimes worked with warm kerosene, the
warmer the better.

Lubricants for Drawing Aluminum.—Mineral oils or compounded
mineral oils are recommended. Water-soluble drawing compounds are
not so satisfactory. The lubricant should be evenly spread on both
sides of the sheet. Aluminum cannot be successfully stretched with-
out lubrication. For machining or punching aluminum, kerosene is
used.

Applying Lubricants Both Sides of Strips.—If the lubricating solu-
tion is thin, as it is for blanking dies, the strips are passed through a
tank that contains the mixture. If of a heavy nature, for drawing dies,
heavy oils, greases, compounds, etc., both sides of the strip can be
evenly coated with the mixture by passing the strip between a pair of
rollers that have been previously coated.

There are good commercial machines on the market for evenly
lubricating sheet materials on both sides. The strip passes through
the rolls in the lubricator before entering the dies in the press.

HANDLING DIES AND RAW MATERIALS IN THE PRESSROOM

Saving Time in Handling Dies.—In manufacturing plants where
considerable quantities of sheet-metal parts are blanked and formed in
dies, the toolroom and press departments must necessarily be located
near together. Dies nceu frequent grindings, changes, and repairs;
some dies are very large, heavy, and difficult to handle. Some plants
maintain a tool-repair shop in the pressroom. This saves considerable
time and expense in handling dies unnecessarily and especially when
the main tool shop is too far away or on a different-floor level.

Shop and Factory Layout.—A general shop and factory layout
involves only one important consideration: the ease and convenience in
handling of tools, products, and portable equipment between eall
departments.

The plan for an easy interchange of products and partial assemblies
between manufacturing departments should rule out the frequent use
of elevators between floors. If this cannot be done, then the depart-
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ments involved should be moved nearer together and on the same floor
level. Large presses must be mounted on concrete foundations, and
the pressroom for these machines is usually located either on the ground
level or in a basement. Small presses can be set up and used on wood
floors, but presses larger than No. 4 require concrete floors or extra
foundations to take the weight.

Next comes the best arrangement for product delivery from
machine to machine and between benches, in each department. If
circularly revolving tables are best for the rapid assembly of small
apparatus, the tables should be installed. If belt conveyors are best
for moving work between machines or along benches, their installation
should not be omitted. I'or transporting heavy parts, roller conveyors
are favored by most manufacturers. Roller conveyors are commercial
and can be purchased in various widths and lengths much more
cheaply than they can be made.

There is a large variety of interdepartmental trucks on.the market;
these can raise or lower heavy loads automatically. With such trucks,
large heavy dies can be moved from the press on a level with the bolster
plate on which the die is used. The die is then transported on the
truck and unloaded on a toolroom repair bench, at bench level.

There are portable cranes for moving heavy parts and assemblies
and overhead continuous-chain conveyors. An overhead monorail
system through the shop affords cheap and convenient transportation
for certain tools and shapes of work. The monorail idea was originally
borrowed from the meat-packing industries. It was the manufacturers
of heavy metal apparatus who first developed it for light manufacturing
shops. The latter shops have improved the monorail trolley to where
hand and electric hoists are attached, platforms used for conveying flat
stock, containers provided for small parts, and chain drives for passing
along the trolley load to assembling lines.

The cost of sheet and strip and of handling them to and from the
punch press plus the cost of scrap disposal is often greater than the
actual expense of press fabrication. This would indicate that a profit-
able field exists which may be a more lucrative one than to invent
further improvements in dies and presses. It is a condition that points
out the needs for better methods in handling of raw materials, scrap,
heavy dies, and the finished product. In other words, the speed of
press operations seems to have improved more rapidly than the means
for feeding them with raw materials.

Handling Coiled Strip Stock.—Coils are usually shipped from the
mill and handled in the pressroom, laid horizontally on strong wooden

_pallets, as illustrated in Fig. 11. A chain sling is spread under the



SPECIFICATIONS FOR ORDERING SHEET MATERIALS 61

pallet ends, and the load is hoisted after attaching the chain to an
overhead crane. Each load may weigh from 1 to 3 tons.

The pallets and coils are hoisted from the stocking section and
brought into line with one of several terminals in a monorail system
that leads to the various presses. After the load is attached to the

\ Lath

Wooden
pallet
Fia. 11.—Coils of strip stock are hoisted on wooden pallets with a chain sling and crane
hook, and are then transported.

trolley on a monorail, it can be weighed, if necessary, on a scale section
in the track, or rolled on to a freight-elevator track for distribution on
other floors. The load is lowered at the press, either on the platform of
a portable elevator truck placed under it or by using a collapsible
truck. When a monorail system is too expensive to install, small lots
of coils are transported on hand trucks.



CHAPTER VI
PRESSWORKING NONMETALLIC MATERIALS

Details of Dies for These Materials Must Be Constructed Differently from Those
for Working Metals

Introduction.—Many nonmetallic materials can be fabricated in
press tools, for example, rawhide, leather, hard and soft rubber, cork
rubber, celluloid, fiber, Fabroid, pressboard, asbestos miilboard, Phenol
and Micarta Plate, Durez and Bakelite sheets, mica, Empire Cloth, and
felt.

The punch clearance in dies and the proper design of die details in
order to avoid dust and chips that arise from some nonmetallic materials,
which may choke the shedders and cause them to become inactive, and
the handling of heated materials in dies are just a few of the problems
encountered. Of the many nonmetallic materials used on the punch
press, some of them are used only in the flat (blanking), whereas others
can be drawn into cups.

Fiber.—Scveral varieties of fiber are worked in press tools: horn,
red, white, an< black. Of these, horn is the toughest, and black the
most brittle. In thick sheets the horn varicties blanks best; the black
is least satisfactory. If a smooth-cut edge is required, one or more
shaving operations are necessary, depending upon the thickness. Thin
fiber may be formed when dampened slightly, preferably by dipping in
hot water or heating in a steam box. Electric lamp sockets and
switches have an insulating lining of what is called ‘‘black fiber.” This
material can be obtained in tubes and sheects and can be drawn in dies,
after moistening, in practically the same way as metals are drawn.

Horn fiber is tough and can be drawn and reduced, but unfor-
tunately it fails to retain its shape after it dries. For that reason it is
not practical to draw fiber, or dampened paper, into the receptacle for
which it is intended for a lining. The weight of fiber per cubic inch
is 0.051 1b.

Cutting Blanks from Sheet Mica.—Mica is a natural mineral of
many qualities and colors. It is composed of thin layers the unit
thickness of which is probably unknown. Mica has been subdivided
into thicknesses of 0.00025 in., and no doubt it might be further sub-
divided if a method were known.

) ’ 62
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Mica sheets are highly resilient; when cutting blanks from it, a
spring shedder blank support is necessary within the die opening to
prevent unduc deflection of the work. However, there are other
difficulties to overcome. In cutting mica, a fine granular dust of high
abrasive properties appears within the edges of the cut. These par-
ticles are very small; they will crowd in between the shedder edge and

edge ondie
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also in stripper
plate around
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F1a. 12.—A blanking die used for cutting sheet mica.

die walls and finally choke the action of the springs. This trouble
occurs even though the shedder is perfectly ground and lapped. to fit
the die. Some shops have attempted to prevent this trouble by dip-
ping the sheet in turpentine before blanking. It was thought that this
procedure might coagulate the dust particles and thus render them
harmless; however, the results have not been satisfactory,
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In Fig. 12 is a special design for a shedder that overcomes these
troubles. The face edge of the shedder pad is only 144 in. thick and is
relieved by an open chamber around the shedder body which extends
down into the die shoe. Clearance holes for dust lead away from the
chamber through the shoe. The thintop edge of the shedder is straight
knurled on its circumference; it is then hardened and ground to a free
fit within the die. The knurling is shown exaggerated in the sketch to
- show the principle. This design provides ample clearance spaces and
holes for the dust to fall through. A compressed felt ring prevents dust
from entering the spring chamber. Using an air blast over the die to
remove the dust is certainly not a “safety first”” factor; fine particles
of mica dust floating in the air are very injurious to health.

Care must be used in adjusting the press ram to allow the punch to
enter the die just enough to produce a clean-cut blank. The shedder is
removed when grinding the die, and surface adjustment is maintained
cither by providing the shedder with a stop serew underncath the die
shoe or by shimming up the die block. Compounds of mica, such as
Micanite, Megohmit, Mcgotale, flexible mica cloth, and mica paper,
are blanked in dies of this design. An ordinary compound die for
piercing and blanking shect mica is shown in Fig. 323. The weight
of mica per cubic inch is 0.1011 1b.

Vulcanized Sheet Fiber.—This material is sometimes called ““hard
fiber”’; it is a composition of paper pulp saturated with a solution of
zinc chloride. It is pressed into homogencous forms under heavy
hydraulic pressure, soaked in water to withdraw its soluble materials,
and then dried in ovens. In hardness it resembles horn; it can be
planed, sawed, sanded, or polished, the way very hard woods can. It
is furnished in sheets, round rods, or tubes of many sizes and in several
colors, black, red, and gray predominating. The specific gravity is
about 1.4, and its weight per cubic inch is 0.051 1b.

Hard fiber can be pierced, blanked, or embossed without heating.
Thin fiber parts, under 144 in., can be formed and drawn with large
radial bends at ordinary shop temperatures, but usually the material
must be warmed slightly. Of such parts are the linings used in incan-
descent lamp sockets. Soft varieties are used in producing artificial
leather and similar pliable compositions. Fibers are all nonconductors
of heat, and all varieties are largely used for electrical insulations.

However, after piercing and blanking fibers, the piece changes in
size slightly; it will contract in high dry temperatures and expand in
low or damp temperatures. It is common practice to make certain
die allowances for these changes in order to obtain accurate blanks and
hole sizes, depending, of course, upon the temperature of the fiber when
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blanked. The allowance for contraction is 0.0005 in., which is added
to the size required for each }{¢ in. thickness of the strip. Ezamples:
for }{e in. thickness the die for a 1,000-in.-diameter blank is made
1.0005in.  For g in. thickness the die opening is 1.001 in. in diameter;
for 2{¢ in. thickness, 1.0025 in. in diamecter; ete. Over-all punc‘h
clearance should be about 10 per cent of the material thickness.

It cannot be emphasized too strongly that, contrary to what we may
think, when a nonmetallic blank of the materials under discussion
contracts, small holes far within the blank decrease in diameter. In
using shrinkage allowances in blanking and piercing dies, this fact must
be considered for accurate results.  The final success of the tool may
depend upon adherence to these rules. 1t is usually not necessary to
make shrinkage allowances for distances between hole centers, unless
the work is very long and narrow and close tolerances are specified.

Vulcanized Sheet Rubber.—This material is best known by the
name ‘“‘hard rubber”’ but is sometimes called “ebonite.”  The specific
gravity is 1.154, and its weight per cubic¢ inch is 0.0416 lb. After
softening hard rubber by heating, it can be shaped or molded in various
forms. Electrical industries use large quantities of hard rubber for
insulating purposes, such as switch handles, plates between contact
springs, and manually operated telephone spring-jack mounting strips.
It can be sawed, milled, drilled, reamed, or pierced and blanked in dies.
If machining cuts are taken too rapidly, the heat so generated may
distort the work. The large sulphur content in hard rubber rapidly
dulls the edges of cutting tools.

For piercing and blanking, the strip must first be heated on a plate
mounted in a hooded gas oven. The heat is controlled so as continu-
ously to soften the material just enough to prevent the punches from
cracking the blanks. Blanks made by this.method will contract in
size when cooling, and the following shrinkage allowances, for accurate
work, must be made. These allowances have been determined by
experiment and practice.

When the heated strip is 145 in. thick or less, the die opening is
made Y47 larger than the diameter of the blank required. For stock
more than 14, in. thick, add 0.0015 in. to the diameter determined for
14,-in. thickness, for each 144 in. of increased thickness above 14, in.
Ezamples: If a 0.540-in.-diameter blank is required from stock 145 in.
thick, then 147 of 0.540 in. is 0.020 in., and 0.540 in. plus 0.020 in. is
0.560 in., the required diameter of the die opening. For a 0.540-in.-
diameter blank in 1{¢-in. stock, we have 0.560 in., plus (2 X 0.0015in.)
or 0.563-in. diameter for the die opening. S8ince the diameters of
pierced holes, which are located more than their diameter from the edge
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of the blank, decrease when the blank shrinks, the same allowances must
also be added to the diameters of the piercing punches.

Dielectric Plate Materials.—Micarta, Durez, Bakelite, Phenol
Fiber, and similar compositions are heat-treated before blanking, as
described for vuleanized sheet rubber but with slightly changed shrink-
age allowances. Irrespective of the material thicknesses add 0.004 in.
to all required blank sizes and to the diameters of holes to determine
the die size and punch diameters.

Thin hard rubber and all dielectric sheets 0.010 in. thick or less can
be pierced and blanked, without heating, in compound dies having
spring pad shedders (Fig. 323). This can be done at ordinary shop
temperatures and without shrinkage allowances or fractures.

Sheet Celluloid.—The well-known properties of celluloid make it
an invaluable material when transparent or thin pliable parts are
required. Thin sheets, up to about 0.020-in. thicknesses, are blanked
cold in a punch press or with a hand dinking dic. Short radial bends
up to 90 deg. can be formed cold, but beyond 90 deg. it is advisable to
heat the dies. Too much heat causes the celluloid to gum and warp;
therefore a controlled gas flame or electric heating element is used. As
a measure of safcty, it is advisable to use noninflammable celluloid
when working it in heated dies. “

Thin sheets of celluloid are useful to protect drawings and prints
that are frequently handled. Immerse the drawing in a solution of
5 parts of wood alcohol and 1 part of fuscl oil, and place it face down-
ward on a sheet of 0.010-in.-thick celluloid. Quickly and with pres-
sure, press out the excess liquid, and the paper will become firmly
united with the celluloid. The ink on the drawing should be alcohol
proof. Pure ethyl acetate is also an excellent adhesive for celluloid.

Heavy sheet can be pierced and blanked cold; but if a smooth-cut
edge is required, one or more shaving operations are necessary, depend-
ing upon the thickness. If celluloid becomes dull or opaque after
working, its original luster can be restored by immersing in acetic acid.
Its specific gravity is 1.35; and its weight per cubic inch, 0.0487 Ib.

Treating Celluloid and Rawhide for Punching.—Clean water is used
for celluloid, and wood alcohol for rawhide. Wood aleohol makes raw-
hide more pliable and easier to cut smoothly; it soon evaporates after
punching and does not injure the material.

Soft Rubber.—Th:s material can be blanked better when wet. In
thick sheets the press should be slowed down to almost a hand speed.
Soft rubber is practically incompressible and must have time to flow.
Of course this caution does not apply to large open dies or where there
' is only a small border of scrap left. Weight per cu. in., 0.0341 lb.



CHAPTER VII
PRESS ACCESSORIES AND ATTACHMENTS

Reels, Straighteners, Oilers, Knockouts, and Cushions

Introduction.—Economical press-shop operation depends largely on
the materials-handling methods inuse. Where quantities are produced
in automatie setups, it is iimperative to have the right kind of devices
for holding coils of strip stock while it is fed to the dies. And it is fre-
quently necessary to add straighten- . . : .
ing devices to remove the curvature
found in tightly wound, springy
materials or to remove kinks and
waves. For these reasons a varicty
of coil reels, coil cradles, and strip
straighteners are available. |

Plain Stock Reels.—Plain ball-
bearing stock reels are built in
several sizes and types. There are
both single and double reels de-
signed for holding one or two coils !
vertically at one time. A popular
type of single reel is illustrated in |
Fig. 13. Such reels are designed
for taking coiled strip from the
narrow widths up to 10 in. wide.
For wide strips and heavy thick-
nesses, a ‘‘coil cradle’ is used.

These reels are adjustable to kN
suit various coil core diameters and Fi6. 13—Good stock reels dho l;l'“d"
are equ;ppe(} with bx"fzkes to pre- have an adjustable diameter for the
vent “whipping” and “overthrow.” 0l cre, tnd the e arme should e
They are suitable for flat or round strip.
stock. Such reels are arranged for
vertical or horizontal operation, or at any intermediate angle. They
are also adjustable in height.

Reels are usually placed with their bases on the floor and at the side
of the press from which the strip is fed. Some manufacturers find it
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advantageous to place the reel base overhead and thus use the reel in
reversed position. This allows extra space around the press, and floor
space is at a premium in the average pressroom.

A “Homemade” Reel.—Figure
14 shows a ‘“‘homemade” reel for
light coiled strips. This idea has
been successfully applied by small
manufacturers. The coil is sup-
ported on a pipe resting on two
wooden horses. Double ‘hair-

F1a. 14.—In this sin.lpl?, stock reel for pin”’ forks are placed over the coil
small shops, double hairpin forks guide . .
the strip while the coil unwinds on a pipe. to prevent the strip from running

wild when unwinding,.

Stopping the Press Automatically.—When light or medium-heavy
strip is run from a stock reel to the dies, a limit switch can be sccured on
a bracket attached to the side of the press. The strip is arranged to
loop over, or under, a roller on the switch arm. The weight of the
strip, or the pull of the feed, holds down the electrical contact that
controls the motor while the press is running. When the end of the
coiled strip leaves the reel, the switch arm is released, and the press
stops automatically. When one operator tends several presses, this
arrangement is of considerable advantage. It prevents the strip end
from entering the dies unnoticed, which may cause half cuts and
sheared, or nicked, cutting edges.

Automatic Reels.—Motor-driven reels are made in several sizes and
types. Some of them will handle stock up to 12 in. wide. They are
built for vertical coils, as shown in Fig. 15, or are adjustable for tilted
positions of the coil and for horizontal coils. Automatic reels are
designed to maintain a loop of the strip between the reel and the next
unit to which the strip is delivered.

These reels are motor-driven through suitable speed-reducing gears.
The motor is controlled by the position of the loop. The strip passes
under a roller on a tilting mercury switch, which maintains a loop of the
proper size. The switch operates the motor and reel intermittently
and only when more. strip is required for the dies. Accurate feeding is
assured by this arrangement, because whatever type of feeding is
employed, the feeding mechanism is never required to pull the strip or
operate the reel. Strain on the strip is also entirely eliminated. The
mercury switch with its attached arm and roller, under which the strlp
passes, is seen in the foreground just above the base.

Coil Cradles.—There are two types of coil cradles. In one, the
rollers are motor-driven; the other is equipped with a single-roll power
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feed which actually pulls the strip. In either case, the coil cradles are
adjustable in width, and the coil is motor-driven intermittently by the
use of a mercury switch in connection with looping the strip under a
roller on the switch arm, as described previously.

The first type of coil cradle, shown in Fig. 16, is used for relatively
wide stock and for heavy thicknesses. It readily handles coils up to
72in. wide, weighing 6 tons. The two driving rollers shown under the
coil are connected with a chain drive across the back of the machine.

Fia. 15.—This motor-driven automatic stock reel provides economical feeding, partic-
ularly where heavily loaded reels are operated through long periods at high speed.

Figure 17 is a view of the other type of cradle set up in connection
with a power-driven straightener. The strip shown is steel, 12 in.
wide by 14 in. thick. In this case, a single pair of rolls, at the far end
of the machine, pulls the strip and causes the coil to revolve on its
supporting rollers while unwinding.

Both the coil cradle and the straightener are power-driven and
equipped with the usual mercury-switch control. In operation, the

cradle maintains a loop of stock for the straightener at all times. This
N .
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is done by means of a mercury-switch control which starts the motor
and revolves the coil when the loop decreases. A similar control is
attached to the straightener which maintains a loop in the straightened
stock between the press and straightener. A roll feed mounted on the
press, not shown, takes the stock from the loop presented by the
straightener, When this loop diminishes, the straightener control

Fia. 16.—Extra sizes of heavy coils, as used in a large number of metal-fabricating
plants, are best handled by the coil-cradle principle. The coil is loaded by a hoist, or by
rolling it up an incline. (Courtesy U. S. Tool Company.)
starts the motor and thus provides a new loop. This equipment is in
use by a large automobile manufacturer.

Vacuum-cup Lifters.—A comparatively recent development for
lifting large stampings above the strip to prevent interference when the
coil cradle feeds the sheet operates as follows. Soft-rubber vacuum
tips are attached on studs from the press ram and on the down stroke
engage the blank by suction. Each of the tips has a hose connection
leading to a vacuum pump atop the press. When the ram ascends,
the tips lift the work, leaving the die open for feeding. At the top of
the stroke the vacuum is automatically released, and the stamping
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Fia. 17:—~Wide~ and heavy-gage strip is unwound by a pair of power-driven rolls
controlled in a coil cradle, and is then delivered through a power-driven straightener.
(Courtesy U. S. Tool Company.)

e e e e e i ean e
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Fig. 18.—A plain stock straightener is used when the feeding rolls on the press have
sufficient power and traction to pull the strip through the straightening rolls.
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drops down for hand removal. This installation is used in blanking
front fenders for automobiles and for other large work.

Plain Straighteners.—The simplest stock straightener for coiled
* strips is shown in Fig. 18. The strip passes through the straightener,
which is placed between the stock reel and feeding rolls on its way into
the press and dies. A good straightener insures perfectly flat strips
for the die operations. This particular straightener is not power-
driven; the strip is pulled through it by the press feed. It is made in
geven sizes having five to nine rollers, and for strips up to 8 in. wide.

Frg. 19.—This power-driven straightener provides a loop of strip in front of the
press-feeding rolls; the loop is constantly maintained by the automatic action of a
mercury switch that controls the driving motor. (Courtesy U. S. Tool Company.)

The upper rollers can be individually adjusted and are designed.to
equalize across the strip.

Power Straighteners.—Qperation of the rollers in power straight-
eners (Fig. 19) is similar to those in plain stock straighteners. These
gtraighteners are intermittently power-driven through a loop in the
strip that passes under a roller attached on the arm of a mercury switch.
All the lower rolls are power-driven. The top rollers are individually
adjustable, and provision is made for starting a new strip without
disturbing the adjustments. The upper rolls are designed to equalize
across the strip. A variable-speed control regulates the advance of the
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strip. These straighteners are built in several sizes and will take coils
up to 12 in. wide and weighing 6 tons.

Fia. 20.—Two-way straighteners are used for straightening flat wire or various

tubular and rod sections.
cross section of the stock.

The side faces of the rolls are grooved to conform with the

Two-way Straighteners.—A double straightener, shown in Fig. 20,
is adapted for straightening round, square, or flat wire and strips or the

equivalent. It consists of two
scts of straightening rollers, one

set being vertical and the other !

horizontal. All rollers are
equipped with oil cups and indi-
vidual adjustments. Forstraight-
ening strips, only one set of the
rolls are used.

Stock Oilers.—The stock oiler,
shown in Fig. 21, handles stock
up to 8 in. wide. Strip passes

between two felt pads saturated i

with oil furnished from a top
trough and supplied by the tank.
The strip edges are guided be-
tween two adjustable rollers
shown at the front. The height
of the device can be adjusted.
Adjustable Knockout in the
Ram.—This device is used with
inverted dies where the die block is
attached to the punch holder. Its

Fia. 21.—Both sides of the stock are
lubricated by passing the strip through
this device before the strip reaches the
press and tools; this prevents bare-metal
contact between the cutting members.

outstanding feature is the large range of adjustment. It can be set to
operate at any height of the press ram, even leaving the work partly
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in the die, if desired. This is a great improvement over the ordinary
ram knockout, which functions only near the top of the press stroke.
It can be readily attached in any press as illustrated in Fig. 22.

In the illustration, it should be understood that the ejector is com-
posed of two separate parts. One part is the slotted bracket on which
is mounted an adjustable roller “trip” and is positively secured at

Fig. 22.—This knockout has a
“trip” attached on the ram gib.
The knockout itself operates
through a slot in the ram. It
can be adjusted for ejecting work
from dies at any point in the ram

Fi1g. 23.—A die knockout pin

is elevated through the press bed
by a cam underneath the pin.
The cam is actuated by an at-
tached linkage shown in connection
with the crankshaft.

ascent. (Courtesy Waterbury-Far-
rel Foundry and Machine Company.)

the right side of the press slide. The other part is the moving member
and is attached on the front of the ram by a fulecrum pin; as shown,
it contacts the positive roller when the ram ascends.

Vertical Knockout Pin under the Die.—With this attachment, a
vertical knockout pin is operated by a cam located under the press bed.
The cam is ““keyed”’ on a horizontal rocker shaft, which is extended for
the attachment of a link and side arm connected with an operating
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eccentric on the crankshaft (Fig. 23). Height of the knockout is
adjusted by using a turnbuckle placed in the arm. The pin rides on
the cam and can be made a part of the tool or left in the press.

Spring Knockout.—This device is designed for the same purpose as
the cam knockout but is cheaper to install. A pipe is vertically
attached under the center of the bolster and is used to encase a long
compression spring. The knockout pin is operated by a long threaded
rod passing vertically through the casing; an enlargement on the rod
rides on top of the spring. Force of the knockout is controlled by the
action of the compression spring, and the power of compression is
adjusted by nuts beneath a pressure pad at the lower end of the casing.

Cushioned Pads.—Four principles are employed in opcrating
cushioned pads attached under a bolster plate.
The four types are spring cushions, rubber
cushions, air cushions, and hydraulic cushions.
Each type is made commercially. The pad faces
are usually round and arc flush with the face of the
bolster or a suitable distance below. Pads are
usually 4 to 8 in. in diameter or larger if nccessary.

In the smaller sizes, one long compression
spring is used around a vertical stud vapped into
the pad center. The lower end of the stud passes
through a U-bracket attached under the bolster.
Adjustable locknuts on the stud, under the brac-
ket, control the compression spring pressure. Fie.  24.—Spring

. . cushion pads, at-
Other types have a barrel-spring chamber cast in  tached under the bol-
& single unit, with flanges on the body for attach- ster plate, are adjust-
. . able as to spring
ing under the bolster. These types contain one or  pressure, and may
several compression springs and exert great power ¢ontain one or several

. springs.

(Fig. 24). -

In the rubber cushions, semisoft rubber is substituted in place of the
springs for the cushion element. The rubber bumper is clamped under
the pad by lock nuts underneath the unit. Many grades and diameters
of rubber bumpers and various lengths, with suitable holes through
them, are available.

A recent hydraulic blank-holding cushion exerts 100 tons compres-
sion. In use, the press-tool die holder is clamped on the bolster plate
over the pad cushion. Vertical pins, under the shedder or the blank
holder in the die, project through the die holder with the ends resting on
the pad. In operation, the pad cushion action is a stiff resistance when
the ram descends with the punches against the work and with the
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- shedder or blank holder underneath. The resistance is adjustable to
suit the conditions. The pad cushion and shedder follow up the punch
in ascent and deliver the work free of the dies.

Pneumatic Die Cushions.—Spring- or rubber-actuated die cushions
are not satisfactory for deep-drawing operations because of the difficul-
ties in controlling the resistance pressure of springs and rubber, which
increases with the depth of the draw. This difficulty is eliminated by
employing pneumatic die cushions. This type of cushion provides
unvariable blank-holding pressures throughout the operation.

The pneumatic die cushion is a portable unit which can be applied
under dies already in use. The entire area of the piston head is avail-
able for knockouts, ejectors, and other die-pressure actions. As in the
case of hydraulic ¢ushions, the pneumatic cushions are adaptable for
blank holding and drawing, compound blanking, and forming opera-
tions. Underneath the unit is a handwheel adjustment which com-
pensates for the variation in bolster-plate thickness.

The usual type is an externally corrugated air cylinder built in two
designs; one of them is a cylinder with a single piston, the other has a
double piston, as illustrated in Figs. 25 and 26. Several other types
are made to suit various conditions and purposes. The cylinders can
be superimposed for use in large presses for heavy operations. All of
them operate on air pressures up to 100 lb. per square inch.

The cylinder is attached either under the press bed or through the
bed and under the bolster plate. Pressure pins from under the blank
holder in the die extend down through guiding holes and rest on a pin
plate atop the cylinder head. It is to be observed that the piston
remains stationary while the eylinder moves. In other types these
conditions are reversed. Air is introduced above the piston heads by a
pipe connection, or by a flexible hose if necessary to remove the cylinder
frequently. These units are easily installed without altering previ-
ously used dies.

‘These cushions are sometimes used in groups under the pressure
pads in double-crank presses. They are then evenly distributed in
multiples of two or more cylinders, depending on the size of the press
and the nature of the work. A

For changing a single-action press to operate in double action, these
cushions are fitted above the slide with the pistons projecting through
and used to accomplish the double-action feature. For large, wide

" presses, as many as 10 or 12 double cushions have been successfully
used in this manner. Another set of cushions underneath the bolster
plate, operating in the usual manner, makes a triple-action press of a
single-action machine. . Operated by 100-lb. air pressure, a 12-in.single
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piston eylinder with a 6-in. stroke exerts approxunately 5.6 tons, and
double-piston cylinders 11.2 tons. .

A triple-piston cylinder is also built Wlth three supenmposed com-
partments. These run up to 40 in. in diameter and have 186 tons
ca.pacwy Stroke of the cushions can be anything from 1 in. up, depend-
ing on the diameter. They are provided with hand-control valves. It
is not unusual to draw shells with the depth of draw exceeding the
diameter when the presses are fitted with these die tushions, because of
the vonstant uniform pressure that is supplied to the draw ring.

Pneumatic Toggle Links.—A cross-section view through a pneu-
matic toggle link is shown in Fig. 27.
Air-operated toggle links are made to
fit all sizes and types of toggle drawing
presses, both single and double crank.
This equipment can be made to replace
the links originally furnished. Their
use is to compensate automatically for
variations in thickness of material
from sheet to sheet or in different
parts of the same sheet. The result
is a corresponding reduction in
“wasters”” and protection against
overstressing the capacity of the press.
The change in the thickness of the
sheets during drawing operations is
also compensated for when using these
flexible links. This is accomplished by
slight changes, duving operation, in
the lengths of the links, under the

Fia. 28.—This air-compressing contr:ol of tht_a c]o.'i{ely regula?ed pres-
cylinder is operated by the crank- Sure in the air cylinders, which are a
st Adexblo wbolowdng e part of the links, |
is controlled by the descent of an The use of these links permits
:’f’:‘l’:“gfﬁ&?' tﬂ'éﬁhiii’éi?;“;hf,ﬁ? many advan];ages, such as cheaper
for ejecting finished work from the and less uniform sheets, by auto-
:g;’::;i:g‘fe:;;“:h?fi}mggm“ matically adjusting the blank holder

in drawing dies to suit variations in the
thickness of the sheets They prevent press breakages eaused by
inaccurate adjustments of the blank helder or by the frequent mistake
of feeding more than ene-blank in one operation. In hot forging, if a
piece is too cold, the linkage movemenit compensates for the different
teperature and saves fracturing the ress. These links are usually

" furnished in sets of four.
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Other Applications of Pressure Cylinders.—Pneumatic and hydrau-
lic cylinders are applied in die operations for several other purposes.
In locating and clamping large pieces for folding, riveting, and assem-
bling dies, the clamps can be air overated.

In another case an air-pumping cylinder is attached on the left side
of a press frame, under the crankshaft. Its piston is connected with a
driving arm to a crankpin screwed in a disk on the end of the shaft. A
pipe from the cylinder leads down to the press tool. The air pressure
generated by the revolutions of the crank is used for ejecting and btow-
ing finished pieces from the dies, as shown in Fig. 28.

A more elaborate installation comprises an air pump continuously |
operated by the flywheel. In this case, the air is usually pumped into

- Spring-pad cushion

Bo/ster = = = = C
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Fia. 29.—A hardened cushion plate is attached flush within the press bolster and
is provided with adjustable spring pressure; this makes it unnecessary to attach spring
pressure units under the shoe of each individual press tool that needs them.

a small reservoir and piped to the dies. An air—control valve near the
dies is operated by a lug on the ram or by an arm on the end of the
crankshaft. It is timed for tripping a jet of air at the critical moment,
for clearing the work from the tool. This equipment has been com-
mercially developed and is an economical substitute for a shop air line.
Air is often introduced into dies by means of a horizontal hole drilled
in the die holder. From this hole, lateral holes lead the air to the most
advantageous points for removing the work.

A Bolster-plate Cushion for Universal Use.—Figure 29 shows the
design for a very simple and effective spring-pad cushion which is
usually made by the manufacturer using it. The cushion plate is of
tool steel, hardened and ground. The spring thrust is taken by the
spring plate; this plate is positioned by four liner studs attached in
the bolster, on which adjusting lock nuts are mounted, as shown. The

number of spring posts are from 2 to 12, according to the press size and . '
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tool needs. Vertical pins, arranged under the die members to be
depressed, are made to slide through the die shoe with their lower ends
resting on the surface of the hardened cushion. The cushion may be
round, square, or rectangular, as required, and its surface is flush with
the face of the bolster.

There are a large number of bending, forming, compound, and
combination dies, in which shedders or other die members must be
depressed against springs during the downstroke of the punches. To
avoid the necessity of attaching a spring-plate unit under the die shoe
of each tool, it is better practice to provide this universal spring pad
within the press bolster plate. The area of the pad should be of a size
sufficient to suit the largest number of such dies that require it.

Flip-off Fingers.—Figure 30 shows the ‘“flip-off’ principle. It is

... used on drawing and formmg dies
for clearing the finished pieces
from the tool when the punches
ascend with the ram. It consists
of a long horizontal finger A4,
attached on the lower end of a
vertical rocker shaft; and in oper-
ation it sweeps across the face of
the die and removes the work.

The forward movement of the
finger is operated by a tension
spring, and the backward move-
ment by a suitable cam on the
crankshaft. Revolution of the
cam causes the roller arm to de-
scend and oscillate the rocking
lever and to force the finger back
until the roller arm drops over the
Fig. 30.—The long horizontal “flip- toe of the cam. The finger is then

off” finger A is designed to sweep across
the press tool and remove finished pieces instantly pulled forward by the

from the dies when the punches ascend. tension Spring. A ﬁnger-motion
(Courtesy Waterbury Farrel Foundry & gutomatic stop is also shown at -

Machins Company.) B, in this illustration, and its
action is described under Fig. 63.

Scrap Cutter.—A ram-operated scrap cutter is shown in Fig. 31,
as applied at the rear of a straight-side press. The press is equipped
with a roll feed at its front. The upper cutting blade is attached to the
ram by a turnbuckle connection and operates to cut off the end of the

" serap strip with each stroke of the press. Difficult removal of large
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unwieldy piles of scrap strips from the pressroom floor is thus
avoided. :

A similar device for cutting scrap strips at the left end of gap-type
presses is also available. In this case, the cutter is operated by a
crank arm connection from the end of the crankshaft. This is a
dangerous attachment for the safety of the operator’s fingers unless it
is fully protected by safety guards.

e

Fig. 31.—Scrap-cutting blades, operated by the ram, are applied at the rear of a
straight-side press and chop the scrap frame into blanking-center lengths. The gcrap-
handling problem is thus easily solved.

Another serious fault with this device is that it prevents the opera-
tor from pulling through the last end of the strip with his left hand.
However, by using a roll feed, equipped with a scrap cutter, as illus-
trated in Fig. 46, this trouble is entirely avoided.”

It is also common practice to build the scrap cutter in the die itself.
The scrap is severed by a punch cutter which shears against the left
edge of the die block. Scrap cutters operate with each cycle of the
press and sever the sciap into blanking-center lengths. A steel barrel
is placed to catch the pieces.



CHAPTER V1Nl
CHUTES, MAGAZINES, HOPPERS, ROLL FEEDS, AND DIALS

Blanks and Shells Are Transferred to the Dies by Either Manual or Automatic
Devices and Provide Safer and Faster Operation than by Hand Feeding

Roll, Slide, and Hitch Feeds for Strip and Coil Stock, in High-speed Presswork,
Permit Maximum Output with Safety

Introduction.—The pressroom that is not equipped with modern
feeding chutes and &Yides can use simple manual feeds just as satisfac-
torily in many cases. With an automatic stop and hand feed, short
strips can often be advanced as
fast as with a roll feed. The ad-
vantages in using a roll feed are ob-
tained when long stips and coiled
! stock are employed, enabling one
operator to tend several machines.
For redraw’~g shells and forming
work the operator shown in Fig. 32
can feed shells through the attached
chute to the die as rapidly as
W though a mechanical feed were
2 employed.

Spring-pad Feeding Chute.—
Figure 33 shows two views of a
first-operation circularly drawn
shell with a large flange. An ellip-

Fig. 32.—In redrawing small shells . i =
an operator can keep up with the press tical flange is to be trimmed to the

strokes by pushing the pieces through 41in6 indicated by the dotted

this simple channel chute. . ! ! X L
line. The trimming dic is sketched

in Fig. 34 and is shown inclined as used in the press. The spring-pad .
chute is a plate with a central channel cut parallel with its length.
Width of the channel is such as to provide clearance for length A of
the work. And the chute is sufficiently long to take one more ghell
than the one being trimmed. This is an inverted die, with the die
attached to the punch holder and with the punch below it on the
die shoe.

After placing a shell in the chute, the shell slides by gravity over the
trimming punch and stops against the lugs shown in the end view of the

. 82



This opening is

A rectangular opening is cut through the chute which clears

the width and length of the flange around the shell.
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located symmetrically over the trimming punch.

chute.
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When the ram descends, an opening in shedder B fits around the

outside diameter of the circular shell body and thus positions the work
accurately before die C' descends, deprésses the chute, and trims the
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flange over punch D. When the ram ascends, the work, having been
cut into the die, is carried up with it and is ejected by the action of the
combination knockout rod and the spring ejector pin, seen in the tool
sketch. The finished work slides out behind the press.

The trimmed scrap frames are severed by the ram descent into four
equal pieces. This is done by the upper die after trimming. The die
crowds the scrap frames into contact with four cutting chisels attached
on opposite sides of the punch, the punch being flared around its base,
as shown. When several frames have been cut, and more of them
follow, the chisel angles force the pieces of serap away from the punch
and in contact with the flare. As more scrap is cut, the pieces below
are forced out into four angular clearance holes E, through the die
holder, and finally out through clearance holes F in the bolster plate.
The plan for the angular holes through the die holder, showing the seat
for the trimming punch and chisels, is shown in Fig. 35. Holes F dis-
charge the scrap through holes F in the bolster.

If holes arc to be pierced in the flange, piercing punches are attached
in a punch plate just above the shedder. They pass down through the
shedder with their faces flush with the die. Die holes are provided in
the face of the trimming punch. Unless the output is sufficient to
justify the expense of using this method of scrap disposal, holes E and F
are omitted, and the scrap is occasionally removed with a hand hook.

Automatic Magazine Chute.—In Fig. 36 a cast-iron chute, attached
to the front of a press bolster plate, is provided within by a double-
action pawl escapement, or work release, operated by linkage connected
with an eccentric on the crankshaft. The blanks are stacked in the
chute behind the pawl hooks. At each crank revolution, one piece is
released by a rocker movement of the hooks and slides into the die
against suitable stops, where the punch descent locates the work before
piercing, forming, trimming, or other operations.

When the pawl hooks nearest the die are raised to release a blank,
the rear hooks are simultaneously lowered, which checks the rear
column of blanks and prevents releasing more than one piece in each
press cycle. The lateral distance between the pawl points is less than
the width of the blanks. This provision allows a space for the rear
hooks to enter while withholding the column. This device not only
increases production but removes the operator’s fear of injury.

A Vertical Magazine Chute.—An automatic magazine chute
attached to the bed of a ‘“‘rear-wheel gap press’” is shown in Fig. 37.
The motion of the pitman rod and crank connection feeds one piece at
each press revolution from the bottom of a stack of blanks. The
blanks are stacked in the vertical magazine seen in front of the press
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:ram. The feeding mechanism advances a sliding plate, which contacts
one piece and slides it over the die. The piece registers against rear
stops, not shown, and in tension contact with a spring ejecting plunger,
seen at the left. When the ram descends, the punch forms the piece;
and when the punch ascends and frees the piece, the spring ejects the
finished work through the horizontal chute shown at the right.

v . D LTI

R & AR )

Fia. 36.
Fras. 36 and 837.—~These automatic magazine chutes are operated by linkage con-
nected to a crank or eccentric on the crankshaft, and feed one blank from the magazine
at each press stroke,

Magazine Chute Built into the Die.—In another application of
magazines, the feeding device is built into the die itself, the important
requirement being that the quantity to be made justifies the expense.
. The saving of time to be figured, over hand feeding, ranges from 50 to
100 per cent. It is evident that an operator cannot catch every stroke
of a press running at 120 to 200 strokes per minute, but the automatic
chute and magazine feed, shown in Fig. 38, will not fail to catch them
all.

Blanks are stacked in a magagzine at the front of the die. The view
shown in the illustration is actually the side and rear of the tool. A
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sliding plate, with a U-slot through it, is arranged in a guide under the
stack. The sliding plate has the same thickness as the blanks. One
blank is taken from under the stack by dropping into the U-slot, when
the slot is under the stack and the press is open. The angular slot,
at the sides of the punch holder, moves the slide and blank forward
when the ram descends ahd places the blank over the die, just before the
punch fully deseends. A notch is sheared in the blank by the pointed
punch shown in the rear. When the ram ascends, this punch carries
the blank above the initial stops and strips it off against the bar shown

-

e T

Lo . ‘ o
Fia. 38.—Where the quantity of work justifies the expense, a vertical magazine and
horizontal chute feed can be built into the dies.

across the dies. The press being inclined, the finished piece falls out in
the rear. ‘

Manually Fed Magazine and Chute.—If one can design a tool that -
makes.the operator feel safe in using it, he will work more quickly and
eagily. A device that meets this requirement is shown in Fig. 39. It
operates on the same principle as the automatic feed, shown in Fig. 38,
except that it is manually fed and is cheaper to build. The slide works
between two positive stops, each of which must be fully contacted to
feed the blanks correctly. The difficulty in using this chute is that the
press may be tripped before the blank has been fully placed. This can
be controlled by a clutch-releasing device, or limit switch, connected to
the clutch. In the second case, the switch must be contacted by the
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advanced slide when the blank is correctly placed over the die, before
the clutch can be tripped.

The labor required to operate the slide in and out is so slight that
the operator can use his other hand to gather and place blanks in the
magazine. Eighty blanks per minute is about the safe limit for light
blanks manually fed to a die. A good operator can attain this rate
without fatigue.

L

Fic. 839.—This magazine feed is manually operated, is cheaper than the automatic
types, and affords safety in operation.

Blanks Fed from a Magazine by Air.—In a pneumatic feed built
into the die, a cylinder is connected with the compressed-air line
through a trip valve. The piston controls the movement of a slide
plate under a magazine of blanks. The slide maintains a line of blanks
in the chute and feeds one piece forward into the dies, at each press
cycle. Figure 40 shows the gencral design. The advantage in using
an air feed is its easy control. The feeding throw can be readily altered
to suit blanks of different widths, and feeding can easily be timed.

Stacking Chutes.—Blanks can easily be ‘“‘stacked together” in
chutes after pushing them through the dies. Such blanks as addressing
machine plates, rotor and stator laminations, and similar parts which
are subsequently ‘“magazined’’ in assembling fixtures must be stacked
tog~ther for this purpose. When stacked in chutes, or strung on rods
as is sometimes done, the blanks can be removed in bunches, and this
avoids rehandling them at the assembling dies or machines. '
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The head of the chute, for stacking blanks, passes through a clear-
ance hole cut in the bolster plate. The head is attached to the bottom
of the die shoe and directly under the blanking-die opening. The
chute is of angular welded frame construction; its interior cross section
is simply a continuation of the blank clearance hole through the die
shoe. The frame of the chute sweeps down from the die and leads out

SET ST e 2

\ _
Fig. 40.—In this pneumatic-feed magazine, different widths of blanks can be fed into
the die. The piston stroke can be adjusted to suit different blank widths.
at the rear of the press. Some prefer using the “S-type chute” in
which the unloading end leads out on a table of convenient height for

removing the blanks at the rear of the press.

\
FEEDING WORK FROM HOPPERS

Oscillating-arm Hoppers.—This principle is one in which the
hopper is divided in two equal parts by a blade that swings on a radial
arm. The blade is: provided with a longitudinal channel along its
upper edge. The “sweep” of the arm is determined by a center pin
attached to the chute that leads from the hopper, and to this pin the
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arm is attached. This type of hopper is useful in feeding headed
articles like bolts, rivets, and screws. The idea is to deliver the pieces
““heads up’’ into the chute outside the hopper.

The hopper sides are inclined toward the blade and make the usual
slanting floors that tend to centralize the pieces over the blade channel.
Slanting floors are a common factor in practically all hoppers. The
arm and blade, in swinging up from the hopper floors, carries the pieces
that have fallen, heads up, into the blade channel. At the top of the
stroke, the blade channel coincides in line with the slanting chute
outside the hopper, and the pieces slide into it by gravity. The
oscillating arm and hMade are activated by contact with a revolving -
cam or by an attached pitman arm.

Hopper for Feeding Cylindrical Work.—This type is simply a verti-
cal disk wheel which revolves through the center of a hopper. The
edge of the wheel is provided with equally spaced hooks, or prongs, for
feeding cylindrical shells into a ““slant-away’’ chute outside the hopper.
The spaces between the hooks must be greater than the lengths of
shells. When feeding solid cylindrical picces, the hooks are bent
straight to coincide with the wheel radius.

In operation, the shells roll under the wheel from the slanted floor in
the hopper and into a V-groove directly under the edge of the wheel.
If the closed end of a shell lics against a hook, the wheel carries it up to
the chute where it is “tipped’” into the mouth of the chute by gravity.
On the contrary, an open end of shell will engage itself over the hook
and cannot turn into the chute; it is therefore carried over the top of the
wheel where it falls back into the hopper by gravity. Thus all the
shells are delivered into the chute with closed ends in the same direction.

Agitating Hoppers.—It is sometimes necessary to agitate the hopper
itself to compel the work pieces to move forward toward the chute for
delivery. In such cases the hopper is provided with an activating
device; the hopper is ““pivoted”’ near its throat and is “rocked’’ either
up and down or sidewise, whichever is necessary, by an attached
pitman arm connected to a crank.

Hopper and Magazine for Feeding Shells.—There are many
designs of pawls, escapements, and wire or hair wheel brushes installed
in hoppers for agitating shells, or blanks, causing them to loosen when
jammed and to pass along by gravity or other means. A mechanical
solution for this problem is usually a difficult one to solve successfully,
yet there are a number of commercially developed hoppers on the
market for feeding standard shapes of work.

Like the “log jam” in a river, it is always possible to find the “key
piece”” which, when loosened, will release other pieces and thus restore
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a normal flow. However, after the pieces in a hopper have been
loosened, two other problems arise. (1) The freed piece rust be
detained to permit the parts ahead to arrange themselves in proper
order. (2) A mechanism is necessary toe compel each consecutive piece
to align itself with the same end forward.

Figure 41 shows hopper A, into which a quantity of shells are
thrown promiscuously.: The shells must be delivered through maga-

Diam. work
4

F1a. 41.—Shells thrown promiscuously into hopper A are automatically transferred into
magazine B, with their closed ends down.

zine B with closed ends down. Crank disk C, driven by a slow belt,
reciprocates the triangular slide or agitator D, which loosens a possible
jam of two shells at E, which is the entrance to the magazine. The
height of E is approximately 114 times the shell diameters, and the
height and width tapers to a clearance for one shell diameter at point
F. Space E is not wide enough to allow crosswise pieses to enter at a
greater angle than 45 deg. ‘
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If two shells, side by side, jam at E, the agitator raises one of them
and permits the other shell to gravitate toward F. Simultaneously,
the point on pawl G is clevated by a cam on slide D and not only
prevents the released shell from entering chamber H but also backs
up the line of oncoming shells and loosens them. Shell J, which has
previously passed the pawl, can now enter chamber H.

When the open end of a shell, such as K, enters H, its mouth falls
over hook L; it therefore turns, closed end down, and enters magazine
B, as shown. If a shell, such as M, enters closed end first, its head hits
a point on the hook; the shell rebounds slightly and then gravitates
into B, head first. D and ( are thin blades, and the speed of erank C
must be adjusted to permit the point (¢ to release one shell N, when
indent O has been reached at the “instroke.”” Other shells cannot
follow N because the agitator holds the following shell near the roof of
E, until the stop hook is restored, when it approaches the extreme
“outstroke.” It is observed that a full stroke of crank C is equal to
half the diameter of the pieces.

Hopper Chutes for Eliminating Misplaced Work.—In Fig, 42 a
“T-slot chute’” is mounted on base plate A, through which a lirzs of
blanks are fed, as B, C,and D, from hopper E. The chute is positioned
horizontally and leads away from the hopper at right angles, as shown.
This is an interesting type of the many designs of hoppers and maga-
zines for the purpose of automatically feeding blanks, shells, and similar
picees of work, in a specified direction. The feature is often necessary
in feeding work into dies and special machines.

A quantity of blanks are thrown promiscuously into the hopper,
and they must be delivered from the chute at F', each one with its ‘ hole
end first.”” In the throat of the hopper is a circular bristle brush wheel
@, which revolves in the direction indicated by the arrow. The brush
sweeps the blanks into the chute from the hopper throat. To prevent
the blanks from choking the throat, slide H is arranged to reciprocate
eight or more agitator pins, as shown under and around the brush in the
plan view. If the blanks lie crosswise or fail to be swept out, additional
agitator pins to loosen them can be added in block H.

The eliminating station is at J; it automatically removes all the
misplaced blanks in the line. This station is simply a clearance hole,
section-lined in the figure, which is cut through plate A ; its under edges
are beveled, as shown in the section view at the right. The outline of
the hole corresponds to the shape of the blank and is 149 in. oversize,
all around. The directional position of the hole is the same as the
blank to be eliminated.



92 PRESSWORKING OF METALS -

A small rubber-tired wheel K is mounted over the hole center. The
wheel has frictional contact with the surface line of blanks. The brush
sweeps the line of blanks ahead of the hopper; but if one passes under
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Fia. 42.—Hopper and chute for automatically feeding and removing misplaced blanks.

wheel K in the same directional position as the hole itself, like blank C,
then the wheel and gravity eject the piece. The eliminated parts fall
through the hole into a pan or through another chute for delivery else-

where. Blanks that are positioned correctly, as at B, ride across the
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hole and are pushed forward by the traction of the wheel. In cases
where the chute is inclined, a jet of compressed air may be used for
ejection, in place of the wheel.

This elimination principle is useful when the blanks are of such
irregular shapes that one will not fall through the hole in a reversed
position. If the blanks are of a shape that allows them to fall through
the hole in either position, then they must be fed edgewise and reversed
in the chute as described under Fig. 41.
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F1a. 43.—A hopper in which the vertical agitating pin 4 has both rotary and vertical
movements. This action releases the work pieces at B so that they may freely enter
chute C.

For shells that roll through a chute, in which the clearance width
suits their lengths, the pieces that are misplaced by the hopper, with
closed ends right or left, can all be eliminated by a reciprocating pin.
The pin enters through the side of the chute. When a shell presents
its closed end at the pin station, the advance of the pin ejects it, but the
pin will enter the shell if the open end is presented. When the pin
withdraws, the shell is permitted to pass on through the chute. All the
shells that pass the pin are thus arranged with open ends in the same
direction.
~ Hoppers with Vertical Agitators.—Conical and truncated pyramidi-
cal shapes of hopper heads can be made of thin castings, preferably
brass. Some shops build them of cold-rolled sheet steel, or brass
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plates; others use 14-in. thick steel plates and assemble them with
screws or by arc welding.
Figure 43 shows one of these types in which a vertical pin 4 is used
-to agitate and loosen small regularly shaped work at throat B and thus
cause the pieces to drop into chute C in regular order.
Agitator A has two motions, rotary by means of driving pulley D,
.and vertical through crank arm E. At the top of the crank stroke, the
throat of the hopper is opened to permit work pieces to enter the chute.
Unless the pieces are very difficult to feed, the rotary feature is omitted.
However, when the rotary motion is used, projecting pins are inserted
at F to increase the agitation.

Fia. 44. —Hopper that delnvers headed pieces, heads up, in a channel leading to a die
or machine.

Stringing Pieces in Channels or on Rods.—Figure 44 represents a
hopper principle applied in handling headed studs, screws, bolts, rivets,
shells with external rims such as cartridges, and similar parts. The
pieces must be delivered into dies or machines for assemblies or addi-
tional operations or for arranging them in packages. ‘

The idea is to gather the parts rapidly from a large supply thrown
haphazard into hopper A and to deliver them heads up in channel B.
Partition C divides the hopper in two equal chambers. One edge of
the partition is provided with a slot that guides the agitator slide and
carrier D, as shown, The carrier has a 30-deg. angular channel across
its top and is reciprocated vertically by a pitman rod whlch is attached
at hole E. .
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At the downstroke of the carrier, the pieces roll, slide, and tumble
into many positions relative to the channel opening in the top of the
carrier; and when it ascends, several picces enter the channel, as shown
at F. At the top of the stroke, a shoulder on carrier D registers against
the bottom of the hopper, causing the pieces to slide out into channel B
by gravity. The hopper and carricr can be made wide enough to suit
any size or condition of the pieces.

In most feeding devices having a hopper and chute that depend
upon gravity to move the pieces, the vibration of the hopper mecha-
nism and the vibration of the machine to which it is attached are
“favorable faults”’—anl there arc such faults in machinery—which
help to move the pieces along and to accomplish desired results.

-~ "High-speed Automatic Feeds.—Quantity blanking and forming of
sheet-metal parts has increased so enormously in recent years that
considerable development work has been necessary with respect to
mechanical feeds. These feeds are applied to both gap- and straight-
side presses. Gap-frame presses operate at moderate speeds, but
straight-side presses are often run so fast that the feed becomes the
limiting factor. Inertia of the feed parts in being started from rest,
moved a considerable distance, and brought to rest again in an instant
of time tends, in cxtreme cases, to pound the feed to pieces or to cause
inaccuracies and overriding which cannot be overcome by pilots or
allowances in the dies. Press builders and manufacturers of auto-
matic feeds endeavor to meet this situation by incorporating welded
construction and hardened and ground alloy stecls.

. Automatic Roll Feeds.—These devices are made in two styles, single

—~and double sets. The single-set type (Fig. 45) is employed when the
material strip is heavy enough and stiff enough to be pushed positively
across the die without buckling or where there is no scrap strip for an
opposite set of rolls to grip. If the single set of rolls is used on the left
side, they can pull the material across the die, if the scrap left from
blanking is strong enough to prevent its breaking.

Drive to the feed rolls can be obtained either by a rack meshed with
8 pinion fastened to one of the rolls or by a pawl and ratchet. The
operating lever is connected to a crank disk on the press crankshaft or
to a slotted crank block. In either case by varying the crank throw in
the slot, it is possible to vary the feeding length. Usually there is some
kind of cam release on the rolls to allow the pilot pins in the press tool
to register the strip just before blanking. The ram in descending trips
a lever that releases or separates the rolls. The relief lever is also used
to separate the rolls when inserting a new strip. Use of the relief is
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advocated in all cases where pilot pins must register the strip from
previously pierced holes.

Double-roll feeds are often set up with much accessory equipment,
as Fig. 46 shows. Here a double rack and pinion roll feed is equipped
with straightening rolls, a scrap cutter, an oiler for the stock, and an
automatic centering reel.

In one installation, a double-roll feed was employed on a double-
action cam press, in blanking and drawing cupronickel bullet jackets.
This setup had a scrap winder on the left side of the press, making it
possible for one man to tend several machines. The comparative

[
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F1a. 45.—A pair of automatic feeding rolls at the left of the press pulls the material
across the dies from the right, if the scrap is of sufficient strength to resist breaking.
These rolls can also be used for feeding the strip from left to right. Notice the roll-
release lever attached across the ram.
output of the press in 10 hr. with and without roll feeds is given as
25,000 and 13,000, respectively; enough, practically, to save the
expense of one press and one man. Roll feeds of this type can be used
on any type of gap press and can feed thin metal strips up to 500 ft.
per minute or more. They can be purchased integral with the press
or separately.
Any slight deviation in the feeding distance for which the rolls are
“set is cumulative, and we find ourselves eventually having too much
scrap or else cutting into the hole left by the previous blank. This
shows the need for roll relief which allows pilot punches to register iu
one or more holes of the work before blanking. The old types of roll-
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feeding devices fed the rolls by a ratchet, but most of the present-day
roll feeds are equipped with friction drives which are a decided improve-
ment. The friction rive is more accurate and just as positive for
feeding purposes.

Die Slide Attachments.—Although unfamiliar to many press users,
such attachments have been in use for years. The attachment slides
the die in and out of the press automatically but in synchronization

r

Fr6. 46.—Either coil stock or strips can be fed by this double-roll automatic feed.
This setup is intended for the general stamping shop having many different jobs to be
run on one press. Accessories are a double rack and pinion roll feed, straightening
rolls, scrap cutter, stock oiler, and automatic centering reel. (Courtesy F. J. Littell
Machine Company.)

with the press stroke. It is primarily a safety device, and its use will
sometimes increase production from 50 to 150 per cent, depending on
the nature of the work. Another advantage is that the tools already
in use on hand-fed presses can be attached with little or no alteration.

Tool setting is as simple as on a plain press, which makes this
attachment suitable for small orders. Punches and dies are aligned by
pilot pins which enter bushings in the die slide when the ram descends.
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Fra. 47.—This mechanism automatically slides the die into and out of the press
for feeding. It increases production over hand feeding, because the die is loaded near
the feed table, and it removes the operator’s fear of injury. (Courtesy Waterbury

Farrel Foundry & Machine Company.)
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A cross-section view showing the working members of this attachment
and its principle of operation is given in Fig. 47. For work that has a
tendency to cling in the tool, die knockouts and ram knockouts are
employed. .
Attomatic Slide Feed.—The feeding unit illustrated in Fig. 48 is
“founted on an adjustable floor stand to suit the height of the press.
It is suitable for feeding flat strips, round sections, or other shapes than
flat. This unit will feed coiled stock to presses on exact centers regard-

|

F16. 48.—A reciprocating slide confined between two positive stops is the principle
applied in this automatic slide feed for high precision feeding. (Courtesy U. 8. Tool
Company.)

less of commercial irregularities in the stock. Its great accuracy is
based on the principle of a confined slide which reciprocates between
two positive stops. The stock grip is mounted in the slide and operates
by the ““jack-knife pinch’’ principle, which is positive. It is actuated
by an eccentric on the crankshaft, connected by an arm to the rocker
lug shown at the top of the view. There is a lever provided for
opening the stock jaw to admit the end of a new coil. It has a brake
that prevents “strip throw” and an adjustable “‘drag” that holds the

a d strip.
- Vertical Magazine and Horizontal Slide:—A horizontal sliding feea
(Fig. 49) is operated by a compound linkage in the rear of the press.
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The linkage is attached to a horizontal rocker shaft, which extends
between the press frames and has a bearing in each frame. The slide,
linkage, and shaft are operated by a slotted connecting arm, with the
slot attachment to an eccentric on the crankshaft. Stroke of the slide
is adjustable.
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Fia. 49.—Blanks placed in a vertical magazine at the front of the press are transferred
to the first operatiqn tools by the horizontal slide shown beneath the magazine. The
glide then transfers the work to a second operation after the first operation is completed.

Blanks are fed into a vertical magazine shown at the front of the
press and are then transferred by the slide to the first-operation tools.
The pieces .are then held by two pairs of spring carrier fingers in the
slide, while being transferred to a second operation. The slide is also
-provided with * pull-off fingers’’ which strip the finished work from the
-punches, L
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Transferring Shells.—Another feed is the horizontal progressive
blade feed used on multiple drawing presses. These presses may have
several rams, five being the usual limit. In average practice, drawn
cups are fed to a continuously revolving friction dial, from which a
finger controls their entrance to the first die. Running the full length
across the dies are two parallel horizontal bars having V-shaped notches
on their inner edges at each die. When the ram descends, these bars
are separated by the punches. As the punches ascend, the knockouts
bring the bottoms of the cups up level with the top of the dies. The
two bars close together by spring action and hold the shells in the
V-notches and then move forward one station. This operation is
repeated at each stroke, with one shell feeding in and another leaving
the press finished. The V-notches, of course, must fit the diameter
of the cup at each station.

Hitch Feeds.—Another feeder is called a “hitch feed.” It is
designed for handling light-gage strips up to about 3 in. wide. It is
attached on the right end of the die holder for right to left feeding; and
114 in. is left open on the end of the die holder for attaching. It is
operated by an angular lug secured on the punch holder. When the
ram descends, the angle on the lug contacts a roller on the feeding slide,
causing it to recede for the next throw. ' A ‘“pinch check’ against the
strip holds the stock from slipping back while the jack-knife grip in
front of the check takes hold. When the ram ascends, a tension spring
attached on the feeding slide pulls the slide forward with the strip a
distance equal to the blanking centers of the die. The angle and width
of the lug is designed to suit each job, but this is a very simple layout.

Automatic Hitch Feed.—In blanking dies where a scrap frame
passes out, a hitch feed can be made a functional part of the tool.
Automatic stops are then unnecessary. The principle is presented in
Fig. 50, and the operation is shown at the bottom of the press stroke.
A simple operating mechanism consists of a horizontal cam sliding
between guides. This cam is positioned parallel with the work strip at
the left of the die and beside the upper edge of the strip.

A ““hook feed” is attached by a fulerum screw to a block secured at
right angle across the horizontal cam. A flat spring forces down the
tooth on the hook so that it slides on a plane coincident with the die-
block surface. The hooked tooth engages over the ‘“bridge’’ in one of
the blanked holes of the scrap. When the ram descends, the vertical
cam enters a slot in the horizontal cam. A 45-deg. nose on the vertical
cam pulls the hook and strip toward the left equal to a distance of one
blanking center, or B/C. This movement exposes an uncut portion
of the work strip to be pierced and blanked. Mzcanwhile, the vertical
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cam locks the hook in place, by entering a dwell space A, which oceurs
just before blanking.

When the vertical cam ascends and the work material is stripped, a
compression spring causes the horizontal cam to advance toward the
right until the tooth engages the next scrap bridge. This occurs when
the left edge of the slot in the horizontal cam begins to ride on the dwell
space B of the vertical cam. Although the rise on the vertical cam
nose is 45 deg., in this case it is obvious that its run is also equal to
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I'1a. 50.—A hook feed, positioned at the left of the die, is actuated by a vertical cam
attached to the punch-holder, and no automatic stop is needed.

A brake to prevent overfeeding consists of two spring rollers.
These ride against the front edge of the work strip, as shown.

Dial Feeds.—The applications for this feed, if a little ingenuity is
used, are almost without number. They include redrawing, piercing,
notching, stamping, broaching, wiring, burring, bending, and many
other simple operations. The feed can also be used for multiple
operations such as riveting and assembling two or more parts. In
performing operations at more than one station, it is advisable to
balance them so that the punch strain will not be excessive on either
gide of the ram. Dial feeds can be made fully automatic by attaching
a combination chute and hopper for feeding shells or other parts to a
dial, as shown in Fig. 51. This arrangement is justified when the
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output is sufficiently large. Dial feeds are best suited to the single-
crank gap-type presses but are sometimes used inclined when the work
is suitable for ejection behind the press.

In operation, the work pieces are placed in duplicate stations on the
face edge of the dial; they are then indexed with the dial and halted
under the punch for operations. The work removal occurs at stations
beyond the die, by using vertical ejector pins operated from under-
neath or by a side-action cam or by arranging a ‘‘flip-off”’ finger over
the dial.

It is possible to eject certain work through its nest in the dial by the
descent of a vertical finger. The dial and work are indexed beyond
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Fia. 51.—Circular dial feeds can be made fully automatic by attaching a combination
chute and hopper.
the die, one or two stations, and over a clearance hole through the die
shoe. The finger, in descent, is then in vertical line with the work, the
nest, and the clearance hole; this method of work removal is simple
when conditions in the tool design can be made favorable for using it.
A positive lock is necessary for holding the dial stations at punching
centers. This is accomplished in several ways. One method is to
attach a spring compression pilot pin in the punch holder; the pilot, in
descent, enters a bell-mouthed shouldered bushing in the dial and
locks it in position.
Hand-fed Dials.—In using this type of dial a serious difficulty
arises. The operator may fail to index the dial fully into the next
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station; and when the ram descends, the punch wrecks the dial,
the tool itself, and perhaps the press. To avoid this, the clutch must
be operated either by a mechanical control or by a limit switch used
in conjunction with the movement of the dial. This control, placed
at the circumference of the dial and in contact with a suitable cam face,
prevents tripping the clutch unless the dial is correctly positioned with
a station directly under the punch.

Hand-fed dials are locked in operating position by the descent of
spring compression pilot pins ahead of the punch, which enter large
bellmouthed shoulder bushings positively located in the dial disk.
These pilot pins will relocate the dial and work ahead of the punch
descent, even though the work station is erroneously positioned 4 in.,
or more, either way.

Friction Cartridge Dial.—This dial is simply a plain steel disk
fastened to the flat face of a bevel gear by which it is driven. The
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Fia. 52.—A belt-driven friction dial is applicable to redrawing shells; the shells are
carried between rear guides, and thence to the dies, by means of a transfer finger.

gear revolves on a vertical stud in the dial bed, the latter being attached
to the press bed, and is easily removable, together with the dial.

Although this equipment is used largely for redrawing and sizing
cartridge shells in the munitions industries, it is also a general-purpose
tool. It is readily adapted for redrawing or other secondary opera-
tions, on shells that have a flat bottom of sufficient diameter to stand
upright on the face of a slowly revolving dial.

This friction-dial mechanism is applicable to. any single-action
gap-frame press. Its construction and operation are diagram-
matically illustrated in Fig. 52. Here it is seen that the dial is
driven by a round belt and bevel gearing. The dial is continuously
revolved. 8hells are placed on the dial, closed ends down, and are
icarriedi in between two guides. They pass to the rear of the dial
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and are prevented from clogging by the action of the agitator shown.
After leaving the guides, the shells are carried in to the dies by a
transfer finger. This finger is actuated by a spring and is positively
returned by the cam shown at the left.

The dies are located in a holder attached to the die bed, which can
be swung to the rear for replacements. A ecap plate on the die holder
guides the work and enables the transfer finger to locate the shells
directly over the dies. A spring block on the cap plate exerts tension
on the shell and thus prevents it from tipping while being transferred
over the center of the dies. The dies are in pairs and placed one above
the other in the holder. They are a floating fit in a bushing provided
in the die holder. The upper die is for the first draw, and the lower
is for the second draw, or sizing operation.

Duplex Friction Dials.—Such equipment is of special construction
for redrawing and sizing ammunition shells in great quantities. They
are built into a special duplex press for that purpose. The press has
two cranks and rams which operate in vertical slides standing side by
side. Two sets of tools are used in each press, stripper plates, special
double guides, and special carry-in fingers which hook around two
shells and transfer them in pairs to the dies. This type is used only
where the shells are of uniform size and when the requircments are
large enough to justify the expense.

Auxiliary Dial.—This is a friction-driven dial and revolves con-
tinuously. It is mounted in front of the ratchet dial and in the same
plane with it. It is used in feeding shells, or other work, into the
passing stations on the ratchet dial. Shells are placed on the friction
dial with closed ends down. The friction dial arranges the shells in a
single line and feeds them, one at each station, as explained under
Fig. 51. The carry-in lever is actuated by an extension of the regular
pawl slide at the left of the ratchet dial.

Two-operator Dials.—When two or more parts are fed to a dial
for press assembling, a large dial is often employed, about 20 to 28 in.
in diameter, as in Fig. §3. The extra size provides places for two
operators in front of the dial. An example is one in which rubber
eraser tips are pushed into their cap shells in the manufacture of
mechanical pencils. The first operator, at the left of the press,
places the metal caps closed ends down, in the passing dial stations,
while the second operator, at the right, places the eraser tip in a guide
over the open ends of the caps. In passing under the ram, the punches
in descent assemble three eraser caps per press stroke.

Dials for Notching Stator and Rotor Laminae.—Two types of
mechanisms are used in feeding these dials: a ratchet mechanism

_and friction feeds. Friction feeds are operated as follows: A friction
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band, lined with leather, driven by a crank and connections from the
crankshaft, grips the circumference of the dial and indexes it forward.
When the feeding direction of the band is reversed, a locking pawl drops
into position and holds the disk stationary during the lower part of
the press stroke, or while the punch and die are working. The blanks
are positioned on the dial, and then the clutch treadle is “stepped.”

F1e. 63.—In this large circular dial setup, several parts can be assembled at each
press stroke. Two and sometimes three operators load the parts into stations as the

dial revolves,

The dial rotates in automatic conjunction with the ram until the
correct number of notches have been cut by circular rotation. An
automatic ““releaser” stops the machine and frees the work, which is
then removed.

The ratchet type of feed is illustrated in Fig. 54, and the feeding
mechanism is plainly shown at the left side of the press in the fore-
ground. This machine and the one shown in the following illustration
are Ferracute presses. In Fig. 54, there are four sections in each com-
plete circle of rotor laminae, with 120 notches cut in each finished piece.
This setup is designed to finish 1,350 complete laminae in 8 hr. which
means that the operator must handle 5,400 pieces twice every day.

¥
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Fia. 54.—Exterior notching of rotor laminae on a dial press, and a sample section of
the work produced.
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Figure 55 shows another type of press and dial for the internal
notching of a stator lamination. When equipped with a suitable
ratchet ahd properly adjusted, it is necessary only to locate a blank
disk in place and start the machine, which will then make strokes

¥ )

¥16. '535.—Interior notching of stator laminae on a dia] press. These machines are
also used for unoteching ball-bearing retainers, oil stove burners, and similar parts.

corresponding to the number of teeth in the circumference of the
ratchet wheel and automstically stop. Medium-sized work, having
20 or more notches, may be finished at the rate of 400 strokes per
minute. The ease and safety of handling this dial is indicated by the
fact that the operator in the pictureis blind.



CHAPTER IX
PRELIMINARY STEPS IN DIE ENGINEERING

For Maximum Efficiency, the Die Engineer Should Have a Knowledge of Press-
tool Nomenclature, Layout Methods, Tool-guality Grades, the Approximate
Costs of Dies, Hourly Output, and 'the Probable Cost of the Finished
Products

Introduction.—In engineering offices where large dies are designed,
it is customary to refer to the die holder and its attached parts as the
“lower die”’ and to the punch holder with attachments as the “upper
die.”

The word ‘“die’” has a double meaning; it may refer to the entire
press tool or only to the individual die block or sections that carry
the shape or outlines of the work. “Die block” is probably a better
name for the individual block, and ‘‘die sections” for the blocks mna
sectional die. Using these terms avoids confusion of names and
favors clearness of expression. The terms die block and die gectiops,
as defined, are so employed throughout thls book. ‘A complete tool, as
used in a punch press, will be called a ‘“press tool,” but at tlmes it
will also be called a die.

Dies for Automobile Bodies and Parts. ———Specxﬁcatlonq often used
in viewing dies for drawing and forming automotive "bod;y parts.are
“dravwn on car line” and “drawn off car line.” When it is possible
to finish a piece in the die on a plane parallel with its final® assembly
in the car, the tool is said to be ‘“drawn on car line.”.  On:the other
hand, for drawing a die ‘“‘off car line”’ the number of degrees of .arc
are specified which indicate the angle to which the work must pe
tilted from its normal position in the assembled car to clear the form-
ing and drawing punches when these members enter the die.

An example of a die drawn off car line would be a forming. and
drawing die for producing a highly streamlined fender having a drawn-
over front that would obviously interfere with the forming and draw-
ing members of the tool, unless the opposite end of the fender is
elevated a number of degrees away from ite normal car-line position.

Drawing and Detailing of Dies.—In first~class die drawings, piece
parts are not detailed on assembly drawing sheets; details belong on
secondary sheets. The dimensions given on the assembly drawing are

109
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general. Give the available tool area of the die set represented by its
length and breadth. Give the diameter of the punch shank; but if a
punch shank is not used, give the size and location of the bolt holes
through the die shoe and punch holder for securing the die in the press.

When no punch shank is used, it is often found necessary to bore
two ““setting-up holes” through the die shoe; these must coincide with
entering pins in the bolster plate. Especially is this true in cases
where the die must be exchanged with other dies and still be positioned
correctly relative to feeding rolls, the rolls being in fixed positions at
either one or both ends of the die. Setting-up holes are usually bored
in the diagonal corners of the die shoe and of diameters for an easy
fit over the pins.

Detail numbers are assigned to each separate die part and should
correspond to the numbers given later in the material list on the
assembly sheet. Finished parts are dimensioned ¢ in. under the
commercial sizes of rough steel which allows sufficient material for
machine finishes. Where a part of a hole is cut into one edge of a
block, the stock ordered should include the full diameter of the hole.
The part of the hole not wanted is machined from the block after
boring the hole.

Drawing the Die in Closed Positions.—Most dies are drawn in
closed positions, which is at the downstroke of the press with the work
finished. The closed height should be given, and usually the thickness
of the die shoe and punch holder and the length of guide posts. The
closed height of a press tool is the distance from the top surface of the
punch holder to the under surfacc of the die shoe when the tool is shut.
It must not exceed the maximum die space of the press. The maxi-
mum die space is measured from the face of the ram to the surface
of a standard bolster plate, when the press stroke is down and the
screw adjustment above the ram is fully screwed up.

If the closed-tool height is greater than the maximum die space of
the press, this error may be corrected by reducing the thickness of the
upper or lower members of the die set or by using a bolster plate of
less than standard thickness. To reduce the closed-tool height by
using any other subterfuge may sacrifice the utility or working life
of the tool. If none of these changes can be made, it will be necessary
to use the tool in a larger press having a greater die space. Such a
press has fewer strokes per minute, and the output would therefore
be considerably reduced.

Initiating the Drawing.—If the design is not ‘“a repeater,” mean-
ing one often made before, and if the tool must perform one or more

“unusual operations, it is advisable to begin the design with preliminary

3
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tryout sketches. Lay out in red the blank or the proposed series of
operations. If the work is comparatively simple, make freehand
sketches; if it is rather complicated, draw it to scale. If the part to be
made is very small, draw it five or ten times full size. Large work can
be scaled down to half size, but usually the individual tosl parts are
detailed full size, if possible. ‘To enlarge a drawing five sizes quickly,
lay it out ten times full size, using a half-size scale. Develop the
design from the center of the piece toward the outside.

Draw the tool-steel members first, and then add a sketch of the
die set. Transparent templets of standard die sets are used by laying
them over the drawing. When the proper size of templet is found and
positioned, scribe a line around its edges.

Most drafting offices have the recent printing equipment for
making positive black-, brown-, or red-line prints on white back-
grounds. Red-line prints can be used to advantage when initiating
the design for a new tool or machine. Make a red-line print of the
proposed work, and then lay out the tool or machine around it.

Another advantage in using this method is that many changes by
erasures can be made without removing the indelible red lines in the
print. When the design is satisfactory, make a tracing of the com-
bined work and tool for an assembly drawing, preparatory to rendering
the details.

Viewing and Drawing the Assembled Die.—The assembly drawing
for ordinary press tools should present at least two principal views,
the lower die plan and the front elevation. In unusual designs threec
or more views are sometimes necessary. The lower die plan is the
upper left-hand view. In this view, the surface of the blocks on the
shoe is shown, and the upper die is omitted for clarity. If a plan
view of the upper die is necessary, it is customary to show it at either
side of the lower die plan. Show the upper die holder as having been
lifted from the lower die and turned face up (revolved 180 deg.) from
the direction in which it was lifted.

The front elevation is drawn below the lower die plan; this is s
view of the tool as seen on the press in front of the operator. The
importance of making the front elevation represent the operator's
view cannot be overstressed; in many dies the working principle ana
parts are difficult to explain or to understand if this usual standard is
neglected. Three views of a die as just described follow.

Figure 56 illustrates a die used in a tractor plant for blanking
part of a container. This drawing is a good example of a compound
sectional die, There are nine sections in both the upper and the lower
die members. Fifteen small holes and one elongated slot are cut



PRESSWORKING OF METALS

112

‘us(d 9Ip 9y} jo 3y3u oy} 3% ‘dn aow} vwﬁn.a 9q uweo Jopioy oIp Joddn oq3 jo usd oy, ~ ‘mojeq
1003 poja[dwoD oY) JO UOI}BAS[D JUOI] 84} PUB J0UI0D pusy-}}3] 22ddn ayy ut J9pjoy oIp oY} jo us[d oY} MOYs p[nOYs sFULMBIP AYT—'9Q "OXf
-UOI}DA3|] $U0Uy

"‘ n T BRI A
49p(0Y 3l JIMOT -~ i : “m R
13 'l 0
NG e == T < H I\
13p1on 31 19ddn SUOII3S IUNg \g ||||| .___. |||||||||| T rﬁ m
Uo 3] JO M3IA UD|d SwOI4338 BIg -~ T W 1 3
1
- b H
o iaddiiys burids 43p[oy aip 4390 ——=7] i b ¥
Al.m IIIIII 43S AP SO YU Z€ e e e
H “ .v_ J3p|OH 31 43MOT UO Youngd O MIIA UDd
T
: !
+ r Fp———————mceceeeaa- -
i L > Pa440p YUOIG 3t @\J_ﬂ
I _\ ) “
| ] / | 1
[ 1 wd dogg’/ | 1
- N i [}
X 1 !
_F9YS = | | 1
W5 ictrn N | 105 (I
e 4% 43 RS | pagobuoa 404 Qg S\ ! !
b ————— ° 1 . \ 1 m-/vz
N | 4 o
EVEI e/ VLT N) R
—— ) S T — |}
I
® 1 '
e ak
sayound burssarg . “ " “
7
el | ] i
“ | surd doys " i
f | N 1
| _ N -
I e




PRELIMINARY STEPS IN DIE ENGINEERING 113

simultaneously with the blank. A rectangularly sheared cold-rolled
steel blank Y{¢ by 24 by 27 in. is the work material. The blank is
positioned over the lower die, or punch, against the four stop pins
shown. This tool is considered a large one in shops doing light manu-
facturing. The spring stripper plate shown within the die is torch
cut to shape, and the edge is subsequently rough ground for a loose
fit inside the die opening.

If the working relationship between punches, die blocks, pilots,
shedders, spring pads, ejectors, guides, feeds, stops and gages becomes
clearer by showing additional right- or Knock-off
left-hand projections of the plan, these rod
should be made. The views should not
be crowded or approach the border of
the sheet less than 1 in. These pre- - .
cautions indicate that foresight is D;S,‘féf,'g
necessary in planning the drawing un- Work
less the design is a very simple one. ejected
Preparatory sketches should be roughly
plotted to scale from preliminary frec-
hand. sketches; this procedure deter-

mines the size of the views and thus ?/?//
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enables one to plan his assembly and

to choose the proper size of drawing
sheet.
In rendering die drawings, sectional
views are more frequently employed ~Shedder
than in drawings for other types of tools /LD-
and machines. The front view is usu- P":, :‘:":,,T
ally a section taken on a vertical plane Fia. 57.—Press tools are ordin-

through the horizontal center line of the ’;rﬂy viewed in the closed position,
. , A ut exceptions must be made for
die plan. Sectional views show the clarity. When a closed position of
1mportant interior construction upon ﬁgztuz‘s‘“g? thzbﬁzfeihe";ﬁg‘;;&’;z
which the final success of tools so much divided, one-half being shown up
depends; this information is invaluable &nd the other half down.
in the die shop where the responsibility rests for producing satisfactory
tools.

Perforating and blanking dies are shown closed, especially when
followed by forming or drawing operations in the same die. The rela-
tive lengths of the punches are thus accurately found—an important
determination.

In viewing a combination blanking and drawing die, the front

elevation is always shown closed. The usual practice is to show a
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vertical section passing through a plane coincident with the horizontal
center line of the completed tool. Relative sizes of the cutting and
drawing members are thus easily determined.

Press tools are not viewed in a closed position if legibility of the
die parts is sacrificed. This condition is sometimes encountered in
viewing the front elevation of certain forming and drawing dies where
a deep closed position of the punch might obscure important features
in the die. In such cases it is best to divide the punch on its vertical
center line and show half the punch down at the completion of the
press stroke, while the remaining half is shown in ascent above the die
entrance. Figure 57 is an example.

Press-tool Standards.—A loose-leaf book of tool standards is a
timesaver for the Tool Engineer. The standards usually comprise
all types of die sets that are not commercial, the space and dimensions
for attaching feeding devices, chutes, magazines, air cushions, spring-
pressure pads, and all other standard devices used in that particular
shop. The standards should include the method for dimensioning
dies and the dimensions for presses in regard to the length, breadth,
and thickness of bolster plates, size of openings through press beds,
the size of punch shanks, minimum die spaces, the screw-adjustment
distance for the ram, and the press tons capacities.

The general rule for tool dimensions that affect the product is a
tolerance of plus or minus 0.005 in. on common fractional dimensions
and plus or minus 0.001 in. on decimal dimensions, unless otherwise
specified. Close tolerances are difficult to reach and to maintain
and should not be used unless absolutely necessary.

Tolerances should be as large as the accuracy of the work permits.
Close tolerances should be questioned, if by using them tool costs
are increased and output is restricted. Too many designers fall into
the habit of specifying close limits just to play safe. Tolerances of
omission instead of those of commission may cost more later in the
assembly departments. This fact points the way toward making a
thorough investigation of the probable assembling difficulties of the
product before deciding to use or to omit tolerances.

Tolerance and Allowance Defined.—The words “tolerance” and
“allowance” in reference to varying dimensions are erroneously
used interchangeably; these terms have entirely different meanings.
The American Standards Association defines ‘‘tolerance” as the
amount of variation in the size of a part and ‘““allowance” as the
minimum clearance space between mating parts. When the mating
parts are equal in sige, the clearance space is zero allowance. The

)
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allowance is negative in all cases from the closest fit possible to assem-
ble by hand, up to and including heavy forced and shrink fits.

There are eight classes of fits and allowances: (1) loose fit, large
allowance; (2) free fit, liberal allowance; (3) medium fit, medium
allowance; (4) snug fit, zero allowance; (5) wringing fit, zero to nega-
tive allowance; (6) tight fit, slight negative allowance; (7) medi-
um-force fit, negative allowance; (8) heavy-force and shrink fit,
considerable negative allowance.

In practice, minimum and maximum tolerances are specified for
each of two mating parts that will provide the desired allowances
between them. Figure 58 presents a problem in tolerances and
allowances for a medium fit. The plug must fit the hole with a
minimum allowance of 0.002 in., the maximum allowance being 0.004

0.250" 0.003" 0.253"

max. allowance max.
4 n
i i HOlQ—-:—»

U

Pug’ | /nga?;miaﬁ/cf:oe'\ ? %

0.249"————0.003" 0.252"
min. min.
Fia. 58.—All conditions of allowances between a minimum of 0.002 in. and a maxi-
mum of 0.004 in. are shown at a glance for the dimensions given of the plug and
hole.

in. The diagram shows at a glance all the variable allowances that
may occur in this case. There are other dimensions that fulfill these
conditions, such as 0.252 in. maximum and 0.251 in. minimum for the
plug and 0.255 in. maximum and 0.254 in. minimum for the hole.
The dimensions usually start from the commercial size of the plug
material.

CLASSIFICATION OF PRESS-TOOL GRADES

Dies are divided according to quality into about four general
classifications. Some manufacturers classify the grades of dies into
more than four divisions. The number of classes depends largely on
the diversification of work to be performed.

Class A Dies.—These embody. the highest grade of workmanship
and materials and must give maximum service for large and continu-
ang nroduction. This grade includes hardened, ground, and lapped
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guide posts and bushings, automatic stop, and finger stops when
necessary. The die block must not be less than 1 in. thick, and the
cutting members must be within limits of +0.001 in. where required.

The die must have a l4-deg. taper for its entire thickness or be
straight for about 14 in. from the top; die to have hardened steel
bushing holes where possible. Stripper plate must be machine steel,
fitted closely to punch, and have hardened-steel bushings for all small
perforating punches where possible.

The blanking punch must be solid with a flange, and the perforat-
ing punches set in a punch plate. Blanking and perforating punches
are to be provided with spring push-off pins where possible. Per-
forating punch heads must have hardened steel backup disks. Per-
forating punches that are less than 17 in. in diameter shall be placed

Sof't machine Punch
steel plug plate
AN
N \

|
%&-—54 r }
r, 4
1 4

Hardened
punch_

~<L—JHardened
“~perforator

Fia. 59.—A perforating punch, close to a large punch, can be secured within a soft
steel plug inserted in the larger punch flange; the perforator can thus be located accur-
ately, even though the hole in the flange is distorted after hardening.

in hardened quills when possible. Dowel pins and holes are to be
ground and lapped. Clearance between punches and dies and the
alignment of all cutting edges shall be such as to produce smooth
blanks free from burrs.

In high-grade dies, perforators near a larger punch are secured by
soft steel plugs in the punch flange as shown in Fig. 59. Sometimes
this condition is unavoidable, and the flange is made to serve as the
punch plate. The advantage of using this method is that the perfora-
tor can be accurately located éven though the counterbored hole in
the flange has become distorted or has changed in position after harden-
ing. A similar method is used for locating guide posts and guide-
post bushings in die shoes and punch holders that are hardened tool
steel. The soft steel plugs are press fitted in suitable holes in the
hardened upper and lower die set members before boring the guide
post and bushing holes.
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Class B Dies.—Such dies have high-grade workmanship and mate-
rials suitable for producing work of average or medium quality and
must give long service for large production. This grade includes
hardened and ground guide posts and bushings, automatic stop, and
finger stops when necessary. The die block must not be less than 7¢ in.
thick, and the cutting members must be within limits of +0.002 in.
where required. The die must have 14-deg. taper for its entire
thickness. The remaining specifications are the same as those for
Class A dies.

Class C Dies.—These dies have the following specifications:
plain punch and die holders; plain flat or pin stop; die block not to
be less than 11{¢ in. thick, and the cutting members must be within
limits of +0.003 in. where required. The die should have 34-deg.
taper for its entire thickness. Stripper plate must be machine steel
and not in contact with the punch or perforators. The punch is to be
set in a steel plate or screwed to the punch holder; perforator bushings
to be set in the die block when possible. Clearance between the
punch and die should be such as to produce fairly smooth blanks,
but small burrs are permissible. The general appearance of the die
is not important, and refinements are not necessary.

The foregoing specifications apply to all classes of dies including
blanking, blanking and perforating, progressive, combination, and
compound dies.

Temporary Dies.—These dies should embody first-class workman-
ship and materials but because of small production requirements
should have the following features: plain punch and die holders;
plain flat or pin stop; dic to be 14 in. or less in thickness, according to
requirements; cutting members to be within +0.005 in., or more if
specified; die block to have 34- to 1-deg. taper; stripper plate to be
thin machine-steel plate with strips underneath to form a guide for
the stock; the plate should not contact the punch or perforators.
The punch and perforators should be short and set in machine-steel
plate on the punch holders or held with setscrews or other inexpensive
means. Blanks produced in this die should be fairly smooth, but
small burrs are permissible. The general appearance of the die is
unimportant, and refinements are not necessary; machine finishing
the parts is required only where necessary to make a fit.

ost and Upkeep of Dies.—In manufacturing concerns where the
product is composed largely of sheet-metal parts, the die expense
and maintenance are several times the cost of tools for drilling and
milling; in fact it is more than all other tools combined. This expense
is offset, however, by the ease and speed with which well-designed dies
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will continuously produce duplicate parts in great quantities. The
approximate cost and upkeep of dies and the cost of the output are
important factors to be aware of when beginning a new die design.
Good tool engineering is shown by knowing the grade of tool required,
the proper specifications of tolerances, and whether or not the expense
of making tool drawings is advisable.

The toolmaking expense may be ascertained fairly closely, from the
cost cards that show the expense for similar tools made at a previous
date. If such cost cards are not available, then the cost for each part
should be estimated separately, and the cost of final assembly and for
testing the die should be added.

Diemaking costs often depend upon the skill of the diemaker and
the efficiency of the machine tools that he uses. Some manufacturers
prorate the overhead expense on the basis of the previous years’ opera-
tions. The overhead expense varies in different localities, but it should
be definitely known and included in estimates.

For accurate material costs, the cubic-inch contents of each member
of the tool in the rough are computed and multiplied by the weight of
the material in pounds per cubic inch, times the price per pound.
Tables of weights per inch of length for standard sections of steel are
available for making these estimates. If your shop sends out its
die steels for hardening, the cost of hardening per pound should be
included. If the die set is a commercial one, the price, less discounts,
is taken from manufacturers’ catalogues.

Cost of Work Produced in Dies.—The weight in pounds of material
necessary for blanking 1,000 pieces is computed by multiplying the
area, in square inches, of the material used for one blank by 7.3 times
the weight of the raw material per square foot. This formula allows
5 per cent for waste ends. To find the area in square inches for one
blank, multiply the width of strip in inches by the blanking center
distance in inches.

When a press is fed by hand, only 40 per cent of the total number
of press strokes are utilized. If an automatic roll-feed attachment is
used, more than 80 per cent of the strokes are used. The following
formulas are useful for computing the labor and material costs per
1,000 blanks. For hand feed: T = (S + 0.024 N) + M. For roll
feed: T = (S + 0.048N) + M. In the foregoing formulas: T = total
cost of labor and material per 1,000 blanks; S = operator’s hourly
wage; N = number of press strokes per minute; and M = material

cost per 1,000 blanks.

For bendmg, drawing, and forming die operations, the cost of pro-
. duction can be closely approximated by using a stop watch and going
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Fia. 60.—This chart presents in classified order many of the names for press accessories

and the dies used in pressworking of metals.
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through the motions involved in the operation. Someone holds the
stop watch and is.ready to stop it instantly. When all is in readiness,
the operator picks up an imaginary blank and goes through the motions
of placing it in the die, pressing the clutch treadle, and removing the
finished piece. These hypothetical operations should be repeated
several times, and the average time noted. From these data, the labor
cost per thousand picces can be closely found for presswork. -

Classification of Press Tools.—Figure 60 presents a nomograpkbic
.chart in which most of the common types of press tools appear by
‘name. Although it does not contain all the different press tools pos-
sible to make—there are an unlimited number of special dies—it does
present to the die engineer a sufficient number of designs which are
tied together in such a way as to suggest a solution for the many die
problems likely to arise. The names and types of other dies are
characterized by different shops, and this chart can be enlarged to
suit individual cases.

Commercial Die Sets.—Die sets are made in many styles and sizes.
The major parts are two members: a die shoe and a punch holder;
these can also be purchased separately if desired and can be any reason-
able specified thicknesses. More than standard thicknesses are often
specified for inserting extra lengths of coiled springs in forming and
drawing dies.

In assembled die sets, the punch holder is aligned over the die shoe
by using two or more guide posts which are press fitted in the shoe and
which slide through bushings in the punch holder. Guide posts may
also be reversed; that is, they can be press fitted in the punch holder
and slide through bushings in the die shoe, for purposes explained
under Fig. 82.

For accuracy and strength, in high-precision die sets, the material
for the punch and die holders can be of low-grade tool steel but left
soft. The work clearance hole through the die shoe in blanking dies
can be torch cut to the customer’s sketch.

Guide-post lubrication is supplied by spiral grooves cut within the
bushings, or annular grooves are cut in the bushings about 34 in. apart.
The guide-post lengths should be 14 in. less than the shut tool height;
this provides an oil pocket above the posts at all times. It is not good
practice to specify the lengths of guide posts such that the ends of the
posts are exposed when the die is open, unless this condition cannot be
avoided. The better practice is to use extra long or shouldered bush-
ings to prevent this condition. In some die sets, the lubricant is held
within concentric holes drilled about 214 in. deep in the upper end of
the posts and from which small apertures lead the oil to the bushings.
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Die-set illustrations, sizes, and specifications for all standard types can
be procured from the supplier. '

Tool Engineers’ Scales.—Among several types of draftsmen’s
scales there should be two flat scales each 12 in. long. One scale is
graduated in full inches by 1{g- or 144-in. divisions on one edge, and a
half-size scale on the other edge with inch numbers at each half inch
and graduated in 1{g-in. divisions. The second scale is graduated in
decimal tenths of an inch; it has full-size graduations on one edge and

half-size graduations on the other. Black characters on white edges
are easily read and do not cause eye strain.

Triangular metal scales with cut graduation lines are best for pre-
cision layouts. A sharp pencil point can be caused to glide down
within the desired graduation line and dot the drawing for accurate
distances. A very convenient scale is one where the zero line is placed
midway on the edge of a 12-in. scale. From this point, the graduations
read in inches toward the right and left. The zero line is placed on the
center line of a drawing, and the dimensions can be rapidly laid out
each side of the center without moving the scale.

The quality of drawing paper, tracing cloths, and vellums is a mat-
ter of individual choice. The use of green-tinted drawing paper is
increasing; green rests and stimulates the sight and tends to prevent
evestrain.



CHAPTER X
AUTOMATIC STOPS

Manual or Automatic Stops Are Available in a Number of Designs for Application
to the Dies or Can Be Built into the Machine

Hand Feed and Pin Stop.—This is the simplest method known for
stopping a strip through the stations of a blanking die by hand. For
feeding the strip from right to left, a positive stop pin (I'ig. 61) is
driven vertically into the face of the die block. The right edge of the
piu is located from the right edge of the die contour, paralle] with the
direction of feed and by a distance equal to the length between blank-
ing stations.
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T = Thickness of material
= Blanking centers between stations
W= Width of material strip

Fia. 61.—For hand feeding, the stop pin is placed well below the blank centerline for
clearing over the pin when tilting up the front edge of the strip.

The height of the pin is about 114 times the stock thickness or more.
The pin is placed well below the horizontal center line of the blanks to
facilitate raising the front edge of the strip when passing the blanked
hole over the top of the pin. Registering the right edge of the blanked
hole against the pin exposes a new portion of the strip for cutting the
next blank.

It is advisable to locate the pin from an angular right-hand slant in
the die edge if possible, the same directional slant as the left side of the
letter V. The reason for this is that when the cut edge in the hole
registers against the side of the pin, the angular edge naturally forces

- the top edge of the strip against the back gage on the die.
! 122
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Automatic Finger Stop.—The simplest design for this type of stop
is given in Fig. 62. There are those who contend that this stop is no
better or faster than a pin stop, but the usual reason behind the conten-
tion is that they do not fully understand how this particular stop should
be designed. The slot in the stripper plate for the finger must be so
loose, at point A, that the gaging end of the finger can move freely
back and forth in a direction parallel with the feed of the strip. Width
of the slot at this point should provide a clearance equal to the thick-
ness of the material strip. The finger, although fairly tight at its
fulecrum pin, should be able to touch both sides of the widened slot A.

A vertical trip pin from the punch holder contacts the pad and
forces the feed finger up when the ram descends but not until after the
blanking punch has entered the die. In this position, the tension

e& o =
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Fia. 62.—Automatic finger stops work properly only when the retaining slot A in the
stripper plate provides a loose fit to permit a slight horizontal swing of the finger.

spring on the finger should cause it to hug the side of the slot nearest
the die opening. Its successiul operation depends upon the feed
finger’s coming down on top of the strip when the ram ascends and not
in the blanked opening from which it was just lifted.

Commercial Automatic Stops.—These automatic stops are made in
complete units and may be readily attached in any type of progtessive
blanking dies. They operate on a variation of the principle already
described, with the position of the stop being changed. The finger of
these stops is revolved 90 deg. toward the left on point A, from the
position shown in Fig. 62. The finger is thus parallel with the material
strip, and the pad extends over the left end of the stripper plate. A
vertical trip pin from the punch holder contacts the pad and forces
the finger up, when the ram descends. '

There is no looseness in the slot that confines the finger. The
“flip-over movement’’ which causes the stop to land down on the strip,
when the ram ascends, is accomplished by a vertical stop pin loosely
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attached to the end of the finger by a ball joint. The ball that carries
the stop pin is really a separate pin which slides in a hole drilled in
the end of the finger parallel with its length. A compression coil
spring behind this pin acts for the same purpose as the tension spring
in Fig. 62. This mechanism is held together by confinement within
a combination slot and hole through the stripper plate.

Automatic Finger Stop Attached in the Press.—This equipment is
fully adjustable. It can be purchased separately and attached in the
press, as shown in Fig. 63. It is
designed for use on open dies that
have no attached stripper plate in
which to operate the conventional
automatic stop. By its use, the
i press can be run continuously.

3 Automatic Stop at Rear of Die.
A finger feed is also used to operate
. a side-swing automatic stop. In
this case the finger is pinned on
. a horizontal shaft mounted, right
" toleft, on top of the stripper plate,
in the rear of the die. Necessary
loosencss, required to allow the
finger to pass the top of the strip
-, before registering, is accomplished
: by a proper clearance fit of the
Fie. 63.—An sutomatic finger stop fger on the shaft. The further
can be attached in the press frame for side of the finger from the die
dies baving o sisipper plste in which | ouitively stops sgainst 8 pin
' driven in the top face of the
stripper plate, and a wire spring forces it to clear over the neck in the
strip before descending into the next blanked opening.

Automatic Stop for Roll Feeds.—A finger motion used in connec-
tion with roll feeds consists of a cross shaft carrying a finger that acts
as a stop when down. This stop, shown in Fig. 64; is raised and lowered
_ between feeding intervals by means of a tripping arrangement operated

from the ram, in connection with a spring.

Vertical-pin Automatic Stop.—Figure 65 illustrates the idea. The
right side of spring pin A is the stop. The pin is located to suit the
blanking centers of the die. The face of pin B is adjusted a suitable
distance ahead of the blanking punch face; it is then locked by tighten-
ing the nut shown on the hook bolt. Pin Bis }42 in. less in diameter
than pin A and is located so that the 34, in. is distance C. When the

(! et
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F1e. 64.—This finger stop is attached to the ram. It is raised and lowered, between
feeding intervals, by the movement of the ram and a coiled spring connection.
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F1g. 85.—A vertical pin automatic stop, in which dimension C permits the blanked
strip to ride vver and stop against pin A4, when the ram ascends.
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ram descends, the face of pin B contacts and depresses A. Before the
surface of A disappears below the underside of the strip, the blanking
punch beging to cut. The ram, continuing in descent, depresses A
below the surface of the die block.

In ascent, the strip is carried up with the blanking punch as usual.
When the top surface of the strip comes in contact under the stripper-
plate channel (stripper plate omitted for clarity), the runch with-
draws, and the hand pressure on the strip causes the bridge to come in
contact with the right side of pin B. As ascent continues, pin A fol-
lows up but contacts the strip under the bridge between the blanked
holes, while pin B ascends out of the stripper plate. With B removed,
the advance of the strip exposes the blanked hole over A and allows it
to attain instantly its normal free height. The right edge of the last
blanked hole then registers firmly against the side of A. This action
completes the cycle, and the strip now presents a new surface for the
next blank.

This stop is used for blanking rather heavy material where the
width of the scrap bridge is 34, in. or more. Its fault appears when
attempting to blank thin strips having narrow bridges or when the loca-
tion of A leaves insufficient steel between the edge of its hole and the
left edge of the die opening.

Self-contained Automatic Stop.—A unit automatic stop that can
be stocked in quantity for future use is iilustrated in Fig. 66. Body
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F1g. 66.—In this self-contained automatic stop, the stop pin E is rotated away from

the gaging edge by the descent of the vertical pm F; it is then forced over the scrap
bridge by the action of a coiled compression spring.

A is a cold-rolled steel block counterbored for plunger B which is a
working fit. Cap C closes the spring chamber. The cap is provided
with a screw-driver slot and pinned through, for adjusting the torsien
of the attached spring within the chamber. The coiled spring acts
both in compression and in torsion. In compression, it maintains
dimension D open until the strip is pushed forward and closes it for
cutting the next blank. Dimension D is equal to the thickness of the

work material

' Fce of/e b/ai
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The ram, in descent, carries down the vertically adjusted trip pin
F which is attached in the punch holder; the pin makes contact with £
and rotates it away from the blanked edge where it has been engaged.
This occurs after the punch has entered the die. In this position, the
spring forces B and E forward so that when the ram ascends and carries_
away the trip finger, the torsional action of the spring causes B to
rotate £ down upon the scrap bridge. The strip feed then advances
the right edge of the last blanked hole firmly against the side of E which
completes the cycle.

Automatic Stop for Continuous Feeding.—Figure 67 shows a
straight-punch automatic stop which enters the die considerably
ahead of the blanking punch. This type can be used only where the
strip is being continuously fed forward by rolls or other means. It
is used mostly for high-speed blanking.

,Blanking punch
l l'/ 7 Stripper plate
Avtomatic . ____ -
Stop punch () r - -
AN *Strip
Serap frame/‘ /// A
. =7 / Y L_Feeding
Die block / ~reie G

B 1 .
L 1st bricge
2nd. bridge
Fia. 67.—A straight automatic stop punch enters a blanked hole in the strip, and
registers it for cutting the next blank. This type of stop is used in cases where the coil
strip is passed steadily over the dies by a pair of automatic feeding rolls.

The stop is placed two stations ahead of the blanking operation, as
shown. If the length of the stop is too long, it will enter the die before
the second bridge has been sufficiently advanced and then ‘“jam.”
If its length is too short, it will fail to enter the die soon enough and
jam the first bridge, instead of stopping against it as desired. Obvi-
ously, if the length of the stop lies between these two extremes, it will
enter the die at the right time and stop the strip correctly. Width A
of the stop should not be greater than half the width of B,which is the
blanked opening.

Notching the Strip for an Automatic Stop.—In Fig. 68 notch 4 is
cut in the strip edge by the descent of punch B and at a distance from
the stop toe on C equal to the blanking centers. The first position of
the strip is as shown, with its forward end stopped against the toe.
When the ram descends, the stop is withdrawn by the sliding action
of the angular face on plunger D, which causes the stop toe to ride
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against the edge of the strip, because of clearance angle E and the pull
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Fia. 68.—A notch cut in the strip is
advanced ahead one station into a stop
toe, the toe is automatically withdrawn
in time to allow feeding to proceed.

of tension spring F. As the ram
ascends, the punches are stripped,
and D withdraws. The material
can now be advanced until the
stop toe engages in slot A in the
strip. The first station on
the strip is now exposed under the
punches for piercing and blanking.
The work is' then ready to be
passed rapidly through the die
with the press ‘‘running open’
and with a constant feeding pres-
sure on the strip. Plunger D can
be easily adjusted longer or
shorter.

Automatic Stop That Sizes the
Strip Width.—An unusual auto-
matic stop for light-gage material
is illustrated in Fig. 69. The dic
openings are shown section lined.
Punch 4, provided with a backing-
up heel, enters the die and cuts
a notch in the edge of the strip
simultaneously with blanking.
The notched length is equal to the
blanking centers of the die. The
strip is then advanced for cutting

the next blank, and the previously cut notch registers against the

Pilof e B¢l

y r_é"fIOfCh

Material
Strip

Fia. 69.—Automatic stopping is secured with negligent waste by notching th; strip
edge with punch 4, the length of notch being the blanking center distance.

.. stop.  Punch A has a small projec

tion at point B. The purpose is
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to cut across the corner in the notch and thus prevent leaving a fin.
The notch is cut a suitable distance into the edge of the strip, which
may be about 1{¢ in. for most light-gage stock.

Both the stop and the notching punch are shown at the rear of the
die, but they could be used at the front edge of the strip. In “cut-
and-carry’’ types of dies, in which the blank is cut to shape on the sur-
face of the die, this stop can be used to advantage. The notching
punch determines an accurate width of strip at C. In cut-and-carry
dies, this feature is often important. The piece sheared from the strip
is waste; but for light strips of low-cost materials, the advantages
gained in die performance may offset the loss.

Pawl-type Automatic Stop.—A cheap and efficient stop for blank-
ing strip stock is given in Fig. 70. This stop is easy to install and
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Fia. 70.—A cheap and effective semmutomnm pawl stop, easy to install in any blanking
die.

seldom needs attention or repair. It is operated by the movement of
the strip and is entirely independent of the punch movement. As
implied by its name, it is simply a horizontal pawl secured on a fulerum
pin fixed in the stripper plate. Side clearance, needed in other stops
to cause them to swing over on the strip, is unnecessary.

The pawl lifts up against a flat spring, when the strip is fed under
it, and its point drops into the next blanked opening. The operator
then pulls the strip back slightly, until the left edge in the blanked
opening registers against the point on the pawl. Press operators soon
become familiar with this rhythmic motion, and over 40,000 pieces of
average-sized blanks can be produced daily. Some press operators
prefer using this stop rather than a swing stop. 'The pawl point is
located outside the left edge of the stripper plate, in plain view and in
convenient position for change or repair. Grinding or peening the
point face will alter the blanking.lengths when necessary.
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CHAPTER XI
BLANKING AND CUTTING DIES

Punch and Die Clearances Are Often So Intermingled that the Designer Must
Proceed Carefully in Order to Produce Correct Sizes of Blanks and Holes.
Principles of Construction for Plain and Compound Dies

Blanking Punch Clearance.—Consider the relation between cutting
edges of the blanking punch and die shown in Fig. 71. The contour
edge of the punch is separated by the exaggerated space C' from the
contour within the die opening. Space C is the punch clearance on
' one side. Side clearance is one-
half the over-all clearance. In a
die for circular blanks, for ex-
ample, the over-all clearance is the

, difference between the punch and
W crr' k strip., die diameters. Punch clearance

3 o = = = = is uniform in width and extends

8% _7 all around between the punch and
7 / the die.

e The necessity for punch clear-
F . a ance is threefold. It reduces the
1G. 71.—Smooth cutting and shearing R
actions of the punch and die are deter- Ppress exertion necessary for blank-
;‘:“:‘:dsg{r;e‘;f;&'in‘;”';:zz“’: &T":h;g’z; ing.and promotes smooth shearing
properties of the material. Hereisshown action. It prevents actual con-
the side punch clearance at C. tact between the cutting edges of
the punch and die which avoids nicking or breaking them. The ideal
clearance produces a blank free of burrs and with fairly smooth edges.
If punch clearance is too small, the usual shearing fractures that
extend through the work thickness, between the edges of the punch
and die, fail to meet as they should but pass when shearing through,
and a rough-edged blank is the result. If punch clearance is too great,
then the tool begins to operate like a drawing die.. The work may even
resemble a drawing job. There will be large round corners on the die
side of the blank and a heavy burr around the punch. The finished
. 'blank appears like a shallow receptacle having thinly drawn sides.
- A drawing die, in principle, is similar to a blanking die in which the side
i 4 _Eﬁn 130 i :
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clearance is equal to the blank thickness and which has suitable draw-
ing radii in place of sharp cutting cdges.

The ideal punch clearance depends upon the area and thickness of
the blank, its physical properties and resistance to shear. New high-
speed presses show that a high production of blanks per minute may,
in some instances, require more than usual punch clearances.

The gencral rule for over-all punch clearance is based on a percent-
age of the blank thickness. It is 5 per cent of the thickness for brass
and soft stecl, 6 per cent for medium hard-rolled steel, and 7 per cent
for hard-rolled steel. If T represents the blank thickness, punch
clearances are then T/20, T/16, and 7/14. These constants are
practically the same as using 5, 6, and 7 per cent, respectively.

In blanks where a rough edge, out of square, is not objectionable,
more than the usual punch clearance is allowed to ease press exertion.
A blank die for an automobile bumper guard of l¢-in. drawing steel
may have a side clearance of 144 in., or 145 in. over all. Sheet alumi-
num, over 1§ in. thick, requires more clearance than does brass. It
runs from 8 to 14 per cent for 1§ to 14 in. thicknesses.

Blanking Die Clearance.—The 14-deg. angle shown in Fig. 71 is the
die clearance. Die clearance is uniform all around within the die
opening. Its object is to clear the edges of blanks as the punch, in
descent, pushes them through the die. Dies are usually filed straight
about 3{¢ in. deep from the top surface before die clearance begins.
When die clearance begins at the die surface, it has the fault of increas-
ing punch clearance and blank sizes each time the surface of the die is
reground for sharpening. This increase is, however, very small. In
a die having }4-deg. clearance, one grinding that reduces the die thick-
ness 0.005 in. increases the over-all blank size only 0.00004 in. But
even this small increase becomes 0.004 in. when 14 in. has been ground
off.

The clearance angle may be more or less than 14 deg., depending
on the nature of the work material; its hardness, thickness, and blank
area; and whether or not an increase in the blank size, after grinding
the die, is objectionable. Compound blanking dies have no die clear-
ance. It is unnecessary in dies of this kind where the blank is ejected
immediately after cutting, instead of being pushed through the
die. .

Penetration and Shear.—Analysis of the cutting action between
~ the punch and die (Fig. 71) shows two conditions that invariably occur

in shearing through a blank. First, the punch, in descent, must.sink
into the strip sufficiently deep to overcome the shearing resistance of
the material (Fig. 72). Second, continuing in descent, the pumch
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‘breaks the blank through, with more or less loud report, and then
pushes the blank into the die (Fig. 73).

The first condition, sinking, is called ‘“penetration’’; the second
condition, ‘‘the break’”’; combined they are known as ‘“shear.” The
pressure exerted on the blank by punch penetration naturally produces
a bulge or round-edged corner under the blank and within the edge of
the die (Fig. 72). It is sometimes necessary that this rounded edge, or
the ‘“‘die side of the blank,” be on a specified surface of the blank, and
the die is therefore designed accordingly. In practice, however, a
small percentage of the sinking process occurs around the dic edges;
there is a trace of sinking noticeable around the die edges of very hard
metal blanks and in dies having insufficient punch clearance.

Strip., Strip._
had - o o o o - -— > w—e——— 7 —
%// ) 7
Fig. 72.—Punch penetration suf- Fic. 73.—' Breaking through’’ the
ficient to overdome the shearing blank into the die.

strength of the material.

The foregoing shearing conditions refer to punches and’dies having
flat faces and sharp edges. With dulled cutting edges, press exertion
is increased, burrs are produced around the punch, and increased
rounded edges appear on the die side of the blank. The metal, under
penetration pressure, ‘‘flows”” under the worn edge of the punch and
up around the sides of the punch and forms a sharp ridge, or burr.
This condition is sometimes taken advantage of when needing such
blanks. o

Determining Shearing Faces on Punches and Dies.—In large cut-
ting-off and blanking dies for heavy materials, the cutting members
are provided with angular shearing faces. This reduces the required
shearing pressures by one-quarter for metals over 14 in. thick and by
one-third for lesser thicknesses. A die should not be used in a press
if there is any danger of the press exertion fracturing either the crank-
shaft or press frame.

The height of the shearing angle should not exceed the blank th1ck-
ness (Fig. 74); otherwise the blank may be distorted. Infact, by using
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either a concave or a convex shear on the punch face, blanks so shaped
can be produced. For cutting ordinary blanks, ‘‘shear” is usually
ground on the die face; but for piercing large holes or cutting openings
within the blank, the punch carries the shearing face.

There arc instances in blanking, however, when a shearing angle on
the die face is inconvenient. The shape of the blank, or its position in
the tool, and facility in passing through the strip are conditions that
often favor making the punch carry the shear. These conditions are
more than likely to arise in the design of large blanking dies with long
cuts through thick material.

Determining the Blank and Hole Sizes.—It is evident in Fig. 72
that in the operation of blanking, two important conditions are present
relative to sizing. First, punch penetration determines the size of the

|
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Fig. 74.—Power required by large blanking and cutting-off dies is reduced mate-
rially by the use of angular shearing faces on either the punch or die. In blanking dies,
shear is ground on the die face.
opening cut through the strip. Second, the die opening determines
the cut size of the blank. Therefore, punch clearance is added to the
die opening for piercing but is subtracted from the punch for blanking.
In other words: The punch governs the size of the hole, and the die governs
the size of the blank. These are important conditions, because they
actually determine the cutting dimensions for the punch and die
members. For very accurate piercing, the over-all size of the punch
is made 0.002 in. larger than the size desired because pierced holes close
in 0.002 in. after being stripped from the punch. Piercing punches for
materials 345 in. thick and up usually have a slight side relief of about
3{¢-in. taper per foot. Side clearance on the punch facilitates strip-
ping, but it is generally used on punch diameters of 1§ in. or more.
Punches that must be guided through the stripper plate in bushings
have no side clearance.
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Computing the Punch Clearance.—For accurately piercing and
blanking a washer of hard-rolled steel }{¢ in. thick and 1 in. outside
diameter, with a 14-in. diameter hole: the over-all punch clearance is
7 per cent of the stock thickness, or 0.07 X 0.063 = 0.0044 in. The
blanking die opening is therefore 1.000 in. diameter; its punch is

_’L-D
W
*

Fia. 75.—Since
the punch governs
the cut size of width
W, the punch really
functions "at this
point as a die, and
the width between
the cutting edges of
the punch should be
the same as W.
Punch clearance is
subtracted from the

0.9956 in. diameter; whereas the piercing punch is
0.502 in. diameter, and its die opening is 0.5064 in.
diameter.

Blank sizes are sometimes governed by the
punch. This condition may occur when the punch
has opposite cutting edges on both sides of an arm
or protrusion from a blank, as shown across the
width W in Fig. 75, in which the punch governs the
cut size of W. In all stich cases, the punch really
functions as a die locally across the projection W.
The width between cutting edges in the punch
should be the same as W, and the punch clear-

tongue in the die. . .
ance is subtracted from the supporting tongue

or projection in the die. This calls attention to the fact that in some
cutting dies, the punch and die functions are so intermingled that the
designer must employ careful thought in order to analyze correctly.

CONSTRUCTION PRINCIPLES OF PLAIN AND COMPOUND DIES

Using ‘“‘Push-off Pins.”—A blank may be too thin or too regular
in outline to “‘cling,” as it must, in the die opening after blanking.
This difficulty often occurs when using a lubricant on the strip. Exces-
sive oil causes the piece to adhere to the punch and follow it up in
ascent. Faulty diemaking also causes this trouble. If the die open-
ing is filed incorrectly—slightly flared outward toward the top instead
of having vertical sides—the die may fail to retain the blanks.

- Safe tool engineering specifies one or more push-off pins in all blank-
ing punches for small thin blanks of regular contours. The pins are
1{g to 3{¢ in. in diameter, or to suit the blank size, and slide through -
the punch as shown in Fig. 76. The pins normally protrude beyond
the punch face about !4 in. A light compression spring is placed
over the head of the pin in the punch holder. These push-off pins hold
the blanks down within the die while the punch ascends.

Push-off pins are sometimes inserted through the die block with the
compression spring placed under it in the shoe. The idea is to lift the
work slightly and thus facilitate the strip movement, or to elevate
the strip and clear a formed part on the blank over a die edge. This
necessity often arises in the design of progressive dies where the blank
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ou‘tline is cut with notching punches from either side of the strip and,
being attached to the strip, is advanced into subsequent stations for

additional operations. The ends of the
pins have rounded noses, and the strip
slides over them easily; the pins project
above the die face about 344 in.
Inverted Dies.—Sometimes it is
found nccessary in press tools to re-
verse the positions of the cutting mem-
bers in the die set. The punch then
becomes the lower member and is

attached to the die shoe, while the die ~

is mounted over it on a punch holder.
A spring pad, retained by stripper
screws in the die shoe, surrounds the
punch. The surface of the pad is
normally flush with the punch face.
It guides the material strip over the

—Push /;glff
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F16. 76.—Small, thin oily blanks
of regular contours sometimes
adhere to the punch face in ascent;
to avoid this trouble, a spring
push-off pin is made to slide
through the punch; it holds down

the blank in the die while the

punch and at the same time locates the
punch ascends.

strip edgewise between the slotted
guides shown in Fig. 77. When the ram descends, the die depresses

the pad an amount equal to the distance the punch enters the die,
sKnock-out rod
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punch shank

- Sheddler
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Fia. 77.—Inverted blanking dies can be used on presses wherein the press-bed opening
is too small for the blank to drop through.

plus the thickness of the work material. The blank has now been
cut into the die, and the material strip has been cut through and
clings around the punch. When the die ascends, the spring pad
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follows it and carries up the strip from around the punch, or “strips
it off the punch,” as a diemaker would say.

After the blank has been cut into the die, it is carried up within the
die and ejected by a “knockout’ shedder which has an attached verti-
cal rod, as shown. The shedder is a free fit within the die opening.
Blank ejection occurs near the top of the ram ascent, at the moment
when the free end of the knockout rod contacts the ejector bar which
extends through the head of the press. The sudden contact depresses
the shedder, which lies behind the blank, and instantly pushes the
piece out of the die. Press tools of this type are usually ‘“set up” on
an inclined press; the ejected pieces slide off the dic and then fall
into a chute which conveys them into a container behind the press.

sKnock-out rod
/ extends up through

Punch- holder punch shank
face =~ Shedder, ~=Punch plate
Jeringcpad I (|~ Die block
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Fia. 78.—A compound, inverted blanking die has the advantage of locating pierced
holes in accurate relationship to the blank contour.

Inverted dies are used mostly for drawing. Blanks ejected from ver-
tical dies interfere on the strip. A method to avoid this trouble is
discussed under Fig. 344.

There are several advantages in using inverted dies. This tool is
quite unlike the conventional die in which the blanks pass through the
die and bolster and then fall beneath the press. Inverted dies have
the advantage of using a solid bolster and a minimum size of opening
through the press bed. It is therefore possible to use a press that has
an opening in the bed too small for the blanks to drop through, which
would be impossible using a conventional blanking die. The solid die
shoe and bolster plate and the minimum-size press opening under them
provide maximum .resistance against the thrust of heavy cuts and a
noticeable absence of press vibration, or ‘“spring,”’ during the cutting
interval. - v
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Principles of Compound Dies.—There are further advantages in
using inverted blanking dies. If holes or openings are to be cut in the
blank, the necessary punches can be located within the die and be
extended through holes in the shedder plate (Fig. 78). Corresponding
die holes for the cuts are provided in the face of the blanking punch.
Thus we have a simple type of compound die in which the locations of
all the pierced holes are in accurate relation to the contour of the blank.
Accuracy is due to cutting the blank and holes in one station simul-
taneously, but the tool must be true.

Occasionally, one is confronted with a die-designing problem that
is solved best by using an inverted die. This condition often appears
at certain stations of progressive dies when shearing, forming, emboss-
ing, or drawing one or more parts of the blank, up or down from the
surface of the material strip. In such cases, one finds that an inverted
die will sometimes avoid interferences in passing along the strip.
There are also times when both the conventional die and the inverted
types are combined in one station or at different stations in progressive
work. Therefore, when the designer seems to be “stumped’ in pro-
cedure, turning the drawing upside down may give him the desired
clue which suggests that an inverted, or compound, design is best.

MISCELLANEOUS DETAILS FOR PIERCING AND BLANKING DIES

Disposing of Slugs and Blanks in Large Dies.—In very large
piercing dies, where perforated holes are widely scattered and some are
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Fi16. 79.—When perforated holes are so widely scattered that some of the slugs will
not fall through the press-bed opening, cross slots are machined in the underside of the
die shoe, and the slugs can be pushed out occasionally.
too far removed for the slugs to fall through the opening in the bed o
the press, the die-shoe casting is made with a series of parallel cross
slots underneath it. The slots are positioned under the holes that lead
from the die. After piercing, the slugs fall through into these slots
and lie on the bolster plate; they are pushed, or blown out with an air
nozzle (Fig. 79). ‘ s

Using cross slots underneath the die shoe, as just described for the
disposal of pierced slugs, is an idea well adapted for disposing of blanks
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that are too large for passing through the opening in the press bed
(Fig. 80). After being cut, the blanks fall into the die-shoe channel
and are then easily pushed out.

The sketch also shows ‘“stop sleeves” around the guide posts.
This feature aids the die setter in adjusting the ram to its shut height;
it also checks the lost motion in a worn ram slide. The tool-steel
punch sections are ‘“backed”” with a cold-rolled steel block, as shown;
this is economical in the use of tool steel.

Composite steel blocks are sometimes used for punch-and-die sec-
tions; such blocks are of machinery steel having a ‘“ welded-on”’ tool-
steel face. They are called ‘“steel-clad blocks.” In large dies, the
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Fia. 80.—Large blanks that will not pass through the press-bed opening can be pushed
from a channel underneath the die shoe.

punch holder is usually secured to the ram with bolts; hence the punch
shank is omitted in the figure.

Tapered Outlet Holes Prevent Pierced Slugs from Jamming.—
Figure 81 shows how the tapered clearance hole A, leading from a
piercing die, is continued through the die holder to prevent the pierced
slugs from crowding together and clogging. If this is not done,
small slugs will interlock and jam across the diameter of the outlet hole.
Slugs often jam so tightly that it is necessary to remove the die from
the press and drill them out. '

Inverted Guide Posts in Die Sets.—It is evident, as shown by the
reversed guide posts in Fig. 82, that when the guide-post bushings are
placed a greater distance ahead of the press slide than in the conven-
tional die set, there will be better guiding of the punch straight into
the die. This principle is often used to advantage in dies where thin
materials are pierced and blanked and where there are necessarily
little or no punch clearances.

The method of construction is to press fit the guide posts into the
punch holder; and with the guide bushings fitted in the die shoe,
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practically all the looseness in the press slide is eliminated while operat-
ing the die set. Tubular safety guards are placed around the guide
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F1a. 81.—When the clearance hole through a die block is tapered to clear pierced
slugs, if the taper is continued through the die holder, clogging of slugs in the clearance
hole is eliminated.
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Fia. 82.—If guide posts and bushinga are reversed from the positions used in con-
ventional die sets, the inaccuracies of a worn prees slide are practically eliminsted in
the die set, when the punch holder is in motion.

posts and secured on the die shoe. . The guards protect the operator
from accident if he should inadvertently place his fingers under the end
of a guide post that lifts above the bushings before descending. The
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advantages in using reversed guide posts have been proved by dia-
grams that show the lines of reactions and triangular forces for both
systems, but this is a discussion too long for presentation here.

Making Die-cutting Members of End-grain Steel.—In very accur-
ate dies in which thin stock is to be cut, it is advisable to order the steel
50 that all the cutting members can be finished with the steel grain ver-
tical. This condition is true, of course, in the case of piercing punches
made from round stock, and the same idea can be incorporated in the
blanking and shearing members. The advantage of this feature is
said to be that the cutting edges are less likely to chip off when punch
clearances are very small and the edges come into contact.
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F1a. 83.—Work pieces of irregular shapes can be cut or trimmed by employing die
designs of this type.

Cutting Off Pieces of Irregular Shapes.—Figure 83 shows the
general principle employed for trimming or cutting off work having
irregular cross sections. It is best in such cases to arrange the
position of the work in the die so that two of its heights A and B arein
the same plane. For sharpening, both the punch and die are ground
on their vertical faces, as indicated by G. Grinding the die reduces
its width, and the points of work registry on the stop pins must like-
wise be reduced so that the sheared width of the work will not be
changed. The punch is then moved forward into cutting position
and secured by screws C.

Small Punches near a Larger Punch Must Be Made Shorter.—
Figure 84 shows a slender piercing punch located close to a blanking-
punch edge. It is advisable to make the length of the pierce punch
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less than the length of the blank punch, by an amount equal to the
material thickness T. This precaution avoids deflection of the smaller
punch when the larger punch “sets up’ a plastic deformation of the
metal when starting to cut. :

Both the pilot and the piercing punch are held by square-shouldered
heads. This design prevents the piercing punch from pulling out of

-~Punch
plate
Punch, “Square shouvldered
flange -._ heads
Blanki: b~ “~Pierce
PU”CZg ~ 4 T PUﬁC/?
“Pilot pirn

Fia. 84.—Slender piercing punches are made shorter than a nearby blanking punch by
the thickness of material 7', to avoid deflection when the larger punch crowds the metal.

the punch plate when stripping. This type of small punch head is
better than the common practice of riveting over the head into a
countersunk hole as seen in Fig. 85.

When there are two or more piercing punches close together, as in
Fig. 85, it is good practice to ‘“step’ the lengths of the punches as
shown. The difference between the lengths of the punches should be
sufficient to prevent the crowding of metal between them when cutting.

—- Heads rivefed
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Fia. 85.—Deflection of close together piercing punches is caused by crowding of metal
between holes; it is avoided by making the punches of stepped lengths.

In multiple piercing of holes, as in shaker tops, colanders, and similar
kitchen utensils, close-together punches of equal lengths will crowd
together and cause serious cutting deflections. ' The remedy is to vary
the lengths of punches.

Raising Protruded Slugs.—When the punch in Fig. 86 ascends,
the spring shedder follows up the punch and ejects the work from the
die. Meanwhile, the positive plate, shown above the work, strips it
from the punch. Diameter of the protrusions will be between 0.001
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"and 0.002 in. larger than the die openings. This increase should be
considered for precision work.

Portable Perforating Punches.—Commercial drop-forged steel
screw punches are available in several sizes for punching holes from
1¢ up to 1 in. in diameter. An illustration of the design is represented
by Fig. 87. One of the larger screw punches weighs 180 lb., and
dimension A is 614 in. and B is 414 in. These tools are operated by
using a steel bar through the holes in the screw head or by applying a
wrench on the square head. Perforations 1 in. in diameter are pierced
without difficulty through boiler plates 3¢ in. thick. There are smaller
screw punches that weigh only 5 1b. for piercing a maximum sized hole
of 34 in. diameter through 1¢-in. sheet steel.
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Fia. 86. —Dle for raising a pro- Fic. 87.—~Commercial screw
truded slug. These slugs enter corre- punches are built to perforhte holes up
sponding holes in other parts and to 1 in. in 3¢-in. boiler plate, and can
insure an accurate assembly. be fitted with various sizes of punches

and dies,

A large variety of sizes in punches and dies can be cheaply pur-
chased for these tools. A center-point projection is provided on the
punch faces. The point on the punch is first located in a center-punch
mark made in the sheet where the hole is wanted, and then the punch
is forced through the material by the screw.

These tools are convenient for perforating holes through plates that
are attached on a machine or for plates too cumbersome to drill or to
be carried to a punch press for the operation. With this tool, the
punch and die can be taken to the job.

A recent improvement in this tool, which greatly increases its
speed, is the attachment of a cylinder and piston in place of the screw
for operating the punch. The punch is then reciprocated either
hydraulically or pneumatically. Although the improved tool is more
expensive. nevertheless it is of great value in the final assemblies of
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considerable quantities of work, such as streamlined coaches, tanks,
tractors, and airplanes. Not only does it pierce the holes in light mate-
rials, but by substituting riveting members in place of the punch and

die it can be used for squeezing and heading hot and cold rivets.
Adjustable Piercing Die.—A press tool that saves much time and
is very inexpensive to make is a universal piercing punch and die,

similar in principle to the one
shown in Fig.88. This tool is use-
ful when building apparatus from
standard structural-steel sections.

Stripper yoke A is made from
14-in. strip steel. The elongated
slots are for capscrews that secure
the yoke to the presshead. These
slots also provide for vertical
adjustment of the stripper face for
different thicknesses of work.
The punch holder carries the slid-
ing quill B, the lower end of which
is tapped to receive the com-

Punch
<holder
\

Die’
Fic. 88.—A formed stripper yoke
fastened to the head of a deep-throat
press and with sliding quill B attached to
the punch holder, can be used with a
commercial coupling nut and punches and
dies for piercing holes anywhere in a wide
sheet.

mercial coupling nut and punches shown in Fig. 87. The die block is
provided with commercial dies.

For piercing any number or diameters of holes in duplicate sheet-
metal parts, and in any quantities, a center-punching templet is made
with 34 g-in. holes located to suit the parts to be pierced. The templet,
of 14-in. sheet steel, is fastened over the work piece similarly to a
plate-drilling jig. A 3{g-in. center punch is used through the holes in
the templet to mark the hole centers. The templet is then removed,
the work is placed on the die, and the sliding quill is raised to admit
placing the punch point into the centering mark. The press is then
operated, and the hole is pierced.

A method for reducing the vertical descent of a punch to a dis-
tance less than the press stroke S is also shown in Fig. 88. The punch
in ‘the sketch really descends only a distance of S8 minus C. If the
press stroke is 134 in., and C is 34 in., the punch descends only 1 in.

All the standard sizes of punches and dies can be purchased for this
tool at a fraction of the cost for making them. This die has no guide
posts. These would interfere with the work when punching holes far
within large sheets. Without guide posts, the rear limit of the work-
sheet size is the throat depth of the press.

Universal Notching Dies.—One of the many designs for universal
notching dies is illustrated in Fig. 89. The sketch is a plan view.
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The scheme is to shape the die opening so that by using a properly
fitted punch, various contours can be cut into the edges of previously
prepared blanks. The shaded portion of the sketch, shown in the die
Dowel holes opening, represents the heel on the punch,

al which prevents punch deflection and con-

Tap f% ~A sequent damage to the cutting edges.
e N

holes T\ 4%- o The prepared blanks may have been
- ¥ - t—-—%—- cut in a first-operation blanking die or

A” . ;,;;900,," possibly are of rectangular shape, sheared
b”,’fd/ l / 4 off as shown in Fig. 91. The die block is
made unusually large. The idea is to

'l
N *~The work ;
Fig. 89.—An extra large die  provide space for many tapped holes and

block having many tapped holes  q,wel pin holes, used for attaching a
and dowel pin holes can be used . ’ . .
for securing gages A, whero de- Varied number of special gaging blocks
sired, for locating and notching  for Jocating the sides or ends of any
a particular blank. ) - A
peculiarly shaped blanks that the die
might be used for. This is an excellent tool for the small shop. It
often saves the time and expense that might be otherwise uselessly
expended in the design and construction of special blanking dies.

The sketch shows a square corner cut in the side of a rectangular
blank while it is located between gages A-A. With two or more of
these tools having varied shapes in the die openings, the outlines of an
endless variety of blanks can be cut. For instance, the blank for a

1
/
Bending
1
o i
] : |
| Box blank folded
it and corrners
spot welded

F1a. 90.—A blank for a steel box was first notched with a universal notching die, then
folded up in forming dies, and finally spot-welded together. '

steel box (Fig. 90), is made in a similar tool. Folding of the blank into
a box is done in a universal forming die. ‘
Ingenuity is required in designing and arranging special gage blocks
to get certain blank contours from these tools. The tool is used mostly
for small orders. Commercial machines have been highly developed
for doing similar work on a large scale. These are called ““turret
punching machines.”
~ Universal notching dies are now made commercially and can be
quickly obtained for cutting a large variety of contours, both round and
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square. The price is probably less than the cost to the user who

attempts to make them, if he includes his overhead expense.
Shearing Rectangular Blanks.—Most well-equipped pressrooms

have a universal shearing die. The principle of the tool is seen in Fig.

Pushing-

of ¥ pins M % Channel-guide plate
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block 1 \
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Clearance \ . < 7
Clear: 1 Shear-off strip here

Plotes Fallon die shoe and
slidle off in rear of inclined press

Fig. 91.—Universal shearing dies are fitted with an adjustable stop block for cutting
rectangular blanks of various widths.

91. Such dies can be made adjustable by arranging the stop to slide

within a retaining slot, toward the right or left, and securing it rigidly

with heavy clamp screws.

In this design, the tool can be quickly set up for shearing different
widths of rectangular strips. The lengths of the strips are limited by
the width of the die and by the width
of the material sheet.

The sketch and accompanying
notes show the idea plainly. If the
die block is provided with die bushings
and corresponding piercing punches,
holes can be pierced in the blanks at
the first station. The punches are
backed up with screws, and any of
the screws can be loosened for the
purpose of raising the punches when

Hard wooden block, end grain up )

the corresponding holes are to be
omitted.

“Dinking Dies.”—Hand tools,
called dinking dies, are extensively
used for cutting blanks from paper,

Fig. 92,—Dinking dies (the one
shown is a hand tool) can be
mounted singly or in multiple in
power presses for cutting shapes
from thin sheets of nonmetallic
materials and soft metals.

cardboard, thin celluloid, soft rubber, felt, leather, thin fiber, and soft

sheet metals.

The sheet to be cut is placed on the end grain of a hard

wooden block, and the die is placed over the sheet and is forced to cut
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the blank by mallet blows on the shank. A hand dinking die is
shown in Fig. 92.

Hard rubber, fiber, Micarta Plate, and similar materials are readily
cut after heating to a semiplastic state in a hooded gas oven. For
accurate blanks, however, an allowance is necessary for heat expansion
and contraction in cooling. Although there are fairly accurate formu-
las for shrinkage allowance, it is best to determine the shrinkage by
trial, because much depends upon the grade of the material and the
relation between the surface area and the thickness of the blank.

Dinking dies for cutting heavy materials are provided with a stand-
ard punch shank for securing the die in a power press. A shedder
plate is fitted loosely within the die with a knockout rod passing
vertically through the shank. For cutting multiples of thin blanks in
one press stroke, several dinking dies of even heights are attached
closely together on a punch plate affixed to the ram. A shedder within
each of the dies is either a spring plate held by stripper screws or a soft
rubber pad cut fully within the die. Interlocking the dies closely
avoids wasting the material. This setup in a press is a dangerous one
for the operator’s fingers and should be fully protected by safety
devices that control the clutch operation.

Dinking dies are used extensively for shaping leather goods and
especially in cutting the outlines for mittens and gloves.

TYPES OF BLANKING DIES

Blanking Die with Channel Stripper.—Figure 93 illustrates the
usual design for a plain blanking die with a positive channel-stripper
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Fig. 93.—Plain blanking die with positive channel-stripper plate.

- -==~-Shut height

plate attached on the die block. This design is least expensive of all
blanking dies. It is the type most commonly used and will stand up
under hard use until worn out. This is a “‘drop-through”’ die, in which
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the cut blank falls out through the die block, shoe, and bolster plate.
When the ram ascends, the punch, having been cut through the sheet,
carries it up and strips off the scrap frame under the roof of the channel.
In large blanking dies, both the punch and the die members are usually
backed up with a cold-rolled steel filler plate, to complete their heights.
This feature saves the expense of making solid blocks of tool steel, as
is done in smaller dies.

Blanking Die with Spring-pad Stripper.—This die, shown in Fig.
94, is the same design as the one just described, except that it employs
a spring-pad stripper plate. The spring pad contacts the strip ahead
of the punch and holds the matcrial flat just before the blank is cut.
In cutting large blanks of thin material, the spring-pad pressure
removes all the waved irregularities in the sheet. When the ram

4 - Punch
i A~ holder
~
& 4 B Spring-pad
E, gN\= ~\‘ stripper plate
+ Die _
5:: sbg\e T.S. die block
: s ! / ,Face
i 78 purch ! bo/s
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Fig. 94.—Plain blanking die with spring-pad stripper plate

ascends, the spring pad strips the scrap frame from the punch without,
raising the sheet from the die.

Another advantage in using this design is that the work performed
is in full view of the operator and not covered by the stripper plate,
except at the moment of blanking. In a die that uses a spring-pad
stripper, the cut blank can be forced back into the strip, as illustrated
in the next figure. .

Returning a Blank into the Strip.—For large work this method will
dispose of the blank more easily in cases where the press-bed opening
is'not large enough to permit the blank to drop through. For small
work the returned blank can be carried forward in the strip, for addi-
tional operations at succeeding stations.

In Fig. 95 the die is shown closed, and the blank cut. When the
ram ascends, a spring shedder under the blank forces it up against the
punch face, and the spring pad holds the scrap frame on the die, while
the shedder pushes the blank back into the scrap opening whence it
came.
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There are several ways to remove the blanks after returning them
into the strip. Large blanks, cut in a straight-side press, are knocked

{ - <
! N
% Punch CRS. ,Spring pad
S, holder l i s;"e-/ppgev'?
o 7.5 purich plate
Y ISdle
) b/ock ~-al “\Blank D/'e shoe
AN
i< «
: E - Foce of
| \“\\ "\ ,bo/sfer
' ' » ' p a
) ZNp— > ! A\ | /
.Sfl" 10 F ’/‘ ]
‘Spring padin
bolster plate

Fia. 95.—Blanking die in which the blank is returned into the strip, when the punch
ascends, by the pushing action of a spring-shedder in the die.

out by a second operator at the rear of the machine. Smaller ones can
be ejected through a clearance hole by the descent of a suitable punch.
If the blanks are long and narrow, with lengths positioned across the
strip, they can be ¢jected by passing the strip over a roller.

| EE | [+ ~Stop~block

N .

Punch holder ,/Knockout rod
AN N " //

; /

i ’ /A’nockouf

! Blank, ¥ /[ po
* C.Rs.—+f//\ A v,

— - 7.8 dle

) | amm NN\ 737

Q d

~‘fo > 7R, ~Spring-pad
Soe = T || st
v shoe, = T verte

i : i 7'.5' punchH | l—q

¢ < , h.Jl

l
Fie. 96.—Inverted blanking die with sprmg-pad stripper and a knockout pad.

Inverted Die with Knockout Pad.—~Figufe 96 is a completed drawing
of the diagram sketch given in Fig. 77. This die is used on presses
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where the opening in the press bed is too small for dropping through
the blank. Both the punch and the die heights are built up with
.cold-rolled steel, which is economical in the use of tool steel.

The coiled compression springs under the stripper pad are not
placed around the stripper screws but are placed in separate recesses,
as shown. This permits using longer springs than possible to use if
they surrounded the screws. Coiled springs will “stand up” longest
when not compressed more than two-thirds the difference between
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Fig. 97.—Inverted blanking die with spring-pad stripper and a knockout pad in the
die, actuated by horizontal spider arms.

their free lengths and solid heights. In low-production dies more than
this allowance can be safely used.

This type of die can be mounted on a bolster plate having no open-
ings and on a press of minimum-size bed opening. Therefore, for
heavy operations, this design eliminates much of the “tool spring”
and vibrations noticeable in conventional drop-through blanking dies.

When the ram ascends, the blank, having been cut into the die, is
ejected by the knockout pad and its attached rod, at the moment, in
ascent, when the stop block over the end contacts the press bar.

Knockout Actuated by a ‘‘ Spider.”—For long, narrow, or large
blanks of unusual shapes, a knockout spider is employed similar to the
one sketched in Fig. 97. A spider is used for widely distributing the
pressure points on the pins at 4 ; thus the knockout pad ejects the blank
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evenly all around its periphery. Slots are milled in the punch-holder
face, of sufficient clearance widths to permit free working action of the
spider arms. The spider is cut from structural-steel plate with an
acetylene torch and smoothed by freehand filing or grinding. The

diameter of the knockout rod is made

Y Blank larger than usual to cause the spider to

o _¢. A operate horizontally at all times.
14 Knockout Spider for Compound
‘.\:_): ’* y L;._a ., Dies.—Figure 98 represents a blank that
Lo e SPider” must be pierced and cut with its edges
_ASAS T and hole centers positioned within the
‘é— T limits of precision accuracy; therefore a

Fia. 98.—Sketch of a perfo- compound die must be employed. This
rated blank produced in a single-  dje yges a spider knockout, and the
station compound inverted die. . . . e . .

design is seen in Fig. 99. It is advisable
in such cases to ascertain whether or not there is a sufficient surface
of metal on the face of the punch holder, after cutting the spider
slots, to back up punch A, for cutting hole B in the work. This
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Fra. 99.—Inverted compound die with spring-pad stripper and a knockout pad in the
die, operated by horizontal spider arms.

determination is made by sketching the central portion of the spider
across the work, as shown in Fig. 98, in which four spaces are exposed
where screw and dowel holes can be inserted.



BLANKING AND CUTTING DIES 151

The accuracy of compound dies depends entirely upon the skill of
the toolmaker and his experience in constructing high-precision dies.
The principle of compound-die accuracy is that all the holes are
pierced and the blank is cut simultaneously at a single station. The
compound action in piercing and blanking this part is clearly indicated
in the section view of the die. At the shut height of the tool, the upper
punches are shown cutting and pushing through the slugs; the blank
itself lies on the face of the lower punch which cuts the blank outline
into the die above.

Removing Cut Blanks by Hand.—When notching and cutting off
long blanks under a positive-type stripper plate attached on the surface
of the die block, it is possible to arrange the die so that the operator can
pick off the blanks by hand at the left of the tool. This, of course,
refers to dies that are used in gap-frame presses. Many such tools
have an extended table at the left upon which a movable stop can be
positioned for cutting off a variety of lengths.

The following die design is used only when a few hundred blanks
are to be run occasionally. The stripper plate is constructed with an
open front. The width of the table is made so that a margin of the
blank projects over its edge in front of the operator. The margin
provides a finger hold, and the cut pieces can be lifted off with the left
hand. For high production, a spring stripper plate is mounted around
the punch, the press is tilted back, and when the ram ascends, the cut
blanks slide off at the rear of the machine.



CHAPTER XII
TWO-STEP DIE OPERATIONS

Piercing, Stamping, Shearing, and Notching Operations May Be Followed with
Blanking, Cutting-off, or Other Cuts and Indentations Performed at
Consecutive Stations

Introduction.—‘ Tandem dies,” or ‘follow dies,”” perform one
operation at a first station, which is simultaneously followed by another
operation immediately after advancing the strip into a second station.
The finished pieces that pass from the die come from a single row.
Tandem dies and follow dies are sometimes called “progressive dies,”
but this name is not usually applied unless the consecutive stations are
more than two.

Piercing and blanking dies are sometimes constructed for as many
as 10 parallel rows of blanks. These dies are for special cases, however,
in which the blank is a very simple one and the picece is small but has a
very high production. The piercing and blanking of washers, small
nut blanks, spool heads, and terminal buttons are examples.

In precision work, the accurate locations between the consecutive
die stations and their relative position to the longitudinal center lines
of the die and strip are very important, distances to have right. Itis
therefore .a practical necessity in modern diemaking to locate all
the die centers in one setting of the block, on an accurate jig-boring
machine. The word “accurate’ is used advisedly; it implies that even
a jig-boring machine may sometimes be out of line, after long usage
and wear. ‘

This also directs our attention toward probable inaccuracies in
other machine tools around the shop, especially those used more than
10 years. Perfect work cannot come from imperfect conditions,,
unless by an accident, and such accidents never happen around machin-
ery. The bearings and “line-up”’ of all machine tools should be care-
fully checked occasionally.

Shearing, Forming, and Cutting-off Die.—Figure 100 shows a
piercing, shearing, forming, and cutting-off die in which the principle
of shearing predominates. : The work is shown in Fig. 101 and is called
by radio manufacturers a ‘‘grid-shield.” * After piercing one hole in

the first station, the strip is advanced over the 134-in. length of pres-
152
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sure pad, which is normally flush with the die, until the end of the strip
contacts the stop block shown at the left. The strip enters within a
U-channel in the stop.
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Fic. 100.—The grid-shield shown in Fig. 101, is pierced in the first station, and,
in the second station, sheared 1 in. deep on the center line parallel with its edges, and
the split-apart wings are then bent in opposite directions by the faces on the shearing

punch.

When the ram descends, the forward point on the cutting-off and
shearing punch starts shearing the strip lengthwise against the shearing
block. The cut is kept straight by the U in the stop block. The pad
pressure begins when the punch, continuing in descent, cuts off the

strip on the left edge of the die block. T
A further descent of the shearing !
punch completes the depth of the cut .\LN
on the shearing block and simultane- :
ously forms one sheared wing up and -y

the other one down. The formed
wings are ‘‘spanked’” straight when
forced by the punch faces against the
angular faces on the shearing block.
This occurs at the moment when the V¢ - Sheet steel’
pressure pad registers on the die shoe w o
at the bottom of the press stroke.’ Fig. 101—The radio grid-shield.

Removing Pieces with Vacuum Tips.—When stamping or cutting
off small pieces of work and even quite heavy pieces, they can be
removed from the die after the operation by using a soft-rubber
vacuum tip mounted on the end of a compression spring punch. . In
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the downstroke the rubber tip engages on the piece by suction, and the
reverse stroke carries up the work for removal by an overhanging
finger, or “sky hooks.” The piece then falls behind the press.
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Fie. 102.—At the first station, punches with backing-up heels cut the four narrow
salients before blanking; in the next station, the blank is completed by a punch that
. cuts across the previously made salients.

Eliminating Frail Inserts in Dies.—Frail projections within a die
should be eliminated to avoid breakage. Figure 102 shows a scrap-
strip design for removing the salients within a blanking-die opening.
The desired cuts are produced in the first station by punches provided
with backing-up heels. When the strip is
advanced over the blanking die, the salients are
cut across by the descent of a blanking punch
provided with pilots, and the finished blank
appears as shown in Fig. 103. By using this
method, expensive inserts are avoided in the
die. Frail inserts will not ‘““stand up” for
continuous cutting of heavy-gage sheet metals.
All the die openings for piercing and blanking
are shaded in the sketch. The straight dotted
lines in Fig. 103 represent the bending lines
where subsequent forming will occur in the

piece.
I(_,,q — Two-step Stamping and Shearing-off Die.
524 A type of shearing-off die is shown in Fig. 104.

Fic. 103.—Four sali h . ,
are oo 103 blzz;ﬁ;ﬁ? This tool stamps the lettering and pierces two

without using frail pro- mountingholes in a name plate and then shears

igctions or inserts in the  {1e plates to length in the second station.
The sketch clearly shows the operatlon

An unprovement in"this tool is to introduce a spring pad between

the shearing edge on the die block and the stop block at the left. The

shearing punch should be the same length as the pad. The sheared-off
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pieces are blown off the pad by compressed air; or by inclining the press
they slide off in the rear. The die set used is a standard type with
two posts in the rear.

Piercing and Shearing-off Die.—Figure 105 illustrates a shearing-
off die for cutting strips from wide sheets of heavy material. This
operation is not so simple as it first appears. The stock is 14-in.-thick
sheet steel 30 in. wide, and the cut strips are 3 in. wide by 30 in. long.
The operation is performed in a large straight-side press, and the stock
is therefore fed from the front to the rear of the press.

Positive stop A must be high enough above the surface of cutting
block B to act as a backup for the cutting-off punch C before it begins

j/,%"a'/bm. N N
y CHARACTERS 4 |k Punch 'H_d B ’«l-f' == 1”;
TAMPED HERE® [ ~iev une 1 gkl H
-*x plate oot b

- 2" B S 1

Shear fo length,_

. stripper plate
S*trip. “\‘ ]_ip__i__g‘ Strip

=T _— == -3

(N \§§§§\ rJ! D/'e i’JE \0.037; "
“Stop Wl block 11| bross
block ! '

l\‘P/m‘wes rall out

beneath thedie
Fi1a. 104.—In this shearing-off die, stock is fed against the stop block for piercing and

stamping at the first station and for shearing off at the second station.
to cut. A spring pad D is necessary under the cut strip to hold it in a
horizontal position during the cutting interval. The spring pad pre-
vents the work from tipping on its cut-off edge as an axis, which would
result in cutting an angular edge not wanted.

However, this design has a serious fault; when the punch ascends,
followed by the cutwork on the spring pad, there remains no way in
which to remove the strip automatically, and the stock cannot be fed
forward for the next cut. The previously cut strip interferes. The
strip is too long, and the die is positioned the wrong way in the press
to facilitate pushing out the strips endwise. '

These difficulties are overcome by attaching one hinged latch hook
F at each end of the punch holder, which, in the downstroke, will
“hook’” under the ends of the work. These hooks have a 20-deg. slant
in their hooking surfaces. Therefore. when the hooks ascend with the
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ram, they lift the sheared-off strip from the pad and, continuing
upward, lift the work above the top of the backstop, allowing it to tip
to the 20-deg. angle and to slide off the inclined delivery table as shown.

If desired, a perforating operation can be made at the right of the
cut in the oncoming strip, as indicated by the punch E and stripper
plate H in the sketch. The face of the cutting punch is ground to a
shearing angle of a height about the thickness of the material used.

(vt of f piece slides from
lafch fhooks here

_— " Vi " ‘\ Ly NT N
L ateh F,.i ™ ‘B Safs Y
‘ ,Latch hooks ateach p \

/. end of cut of¥ piece R ' D
¥ /Tf 1t of f spring pad /7 F--

’—‘200 as shown o,

=k 7 IEDR
‘ Flat spring” //’ N

\ .

The cut strip .~/ Section J-J at

One end of strip End of Die Set
F16. 105.—Several difficulties in operating this die for shearing off strips from wide

sheets are overcome by the latch hook F which, in ascent, lifts the cut strip above

stop 4, and allows it to slide down the ramp at the left.

The shearing angle starts at the center of the punch and extends each -
way across the sheet to be cut. This slight shear does not distort the
strip. A frame of angle iron and cross slats 34 in. long and the proper
width is constructed on the right-hand side of the die shoe for guiding
the sheet up to the tool.

Pierce, Notch, Cut-off, and Form Die.—This tool is a four-station
die. It is introduced here to show how several consecutive operations
can eagily be added in two step dies and thus produce more work.
Other progressive dies of this type are treated at length in the next
¢hapter.
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The progressive notching die notches or trims a blank from either
gide of the strip and leaves the blank and strip attached by a small
neck. The blank and strip are then passed along into successive sta-
tions where all varicties of die operations can be performed. These
dies are high-speed producers of small parts and are very satisfactory
if properly designed and constructed. Dies of this type are well

00375 Cut of ¥ /Strip
P 1 — [5 - -’ ,_A_
ﬂ O /& 2 /%4
e 7 ,‘ =X 2
6

Lugs formed _
down ~TH
Fia. 106.—Many varieties of small work are performed in progressive dies, of which
this strip is a sample of how a typical sequence of operations is performed.

known in connection with high-speed presses and with multi-slide and
dieing machines. In Fig. 106 are three views showing typical opera-
tions on a strip taken from one of these dies.

In progressive dics, the blank and strip are often, but not always,
the same width. There is no scrap frame to pass out of the die after
the piece is made. The scrap is simply small slugs and notching waste
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Fia. 107.—Notching punches in progressive dies must have a heel that enters the
die before the cutting edge contacts the strip, thereby guiding the punch, which prevents
shearing or nicking of the cutting edges.

and perhaps a narrow cutting-off waste across a small connecting neck
between blank and strip. The pieces made are small clips, brackets,
and terminals or connector lugs, all of which are of light-gage thick-
nesses. The sequence of operatiens may be: notch, pierce, emboss,
draw, form, and cut off. The number of working stations may run up
to 8 or 10,
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In the first station, when the ram descends, two punches cut out-
lines of the blank, one punch at each edge of the strip, leaving a small
connection to the strip. A pair of notching punches are sketched in
Fig. 107. The important feature is the heel on the punch which enters
the die opening ahead of the cutting edges. This precaution protects
the sharp edges from shearing off or nicking, as might otherwise be
expected from an unbalanced cut such as notching. The heel guides
the punch into the die and prevents punch deflection in three direc-
tions and thus prevents damage to cutting edges when taking ‘“ biting-

,Spring pad
T --Back guide
Hee/, !
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NC T YV |00 T
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Compression spring &> .‘Sharp point punch *Cut ofF Nrace of die shoe

Fie. 108.—When the ram ascends, the completed piece follows on the spring pad
and is raised flush with the die surface. The piece then falls out at the rear of the press,
which is inclined for that purpose.

in cuts” which would otherwise certainly occur without the safeguard
of backing heels.

In this die, the lugs are formed down. When forming lugs up, the
strip is raised 1{¢ in. by passing it up and over a small open channel
ramp on the die face. In the next descent of the ram, a forming punch
‘““throws up” the lugs between the inner sides of the ramp. A “push-
off pin”’ underneath the forming station, and another one within the
forming punch, frees the work for the next advance of the strip. These
types of progressive dies are sometimes called ‘‘cut-and-carry dies.”

Cutting Off and Bending Dies.—A piercing or notching operation
can be added at a first station in dies of this design. The principles
involved in simultaneously cutting off and bending a right angle in
strip, flat wire, or strap stock are presented in Fig. 108. Since the strip
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must be severed before bending the blank, the face of the cutting-off
punch must be located ahead of the bending-punch face. This distance
should be equal to, or more than, the thickness of the strip.

The face of the piercing punch must be of a length considerably less
than that of the cutoff punch. If the cutting-off and piercing punches
enter the strip together, the inevitable ‘“kickback’ of the strip, when
cutting off, may either break the slender piercing punch or cause it to
nick when it enters the die. Time must be allowed, after severing and
before piercing, to enable the operator to push the cut end of the strip
forward against the right-hand side of the cutting-off punch.

Before severing the strip, the face of the bending punch contacts
and holds the strip down on the spring pad. Sometimes a sharp-
pointed spring punch is designed to
engage and align the strip prior to
cutting off and bending.

Dies of this design can be arranged &
to cut off and form many lengths of ,v
pieces by simply attaching the revolv- y
ing stop plate shown in Fig. 109. A
shouldered fulerum screw is placed
through the center hole in the plate and
into the tapped hole B in the stop block _
shown in Fig. 108. Dowel holes D Fie. 109.—This revolving stop
(Fig. 109) are intended for locating the #2&° for eight lengths of work can

. e made to accommodate many
plate on the stop block at any desired other lengths of work by making a
gaging position. plte ol dimetr and adcng

Material Strip with Angular Enter-
ing End.—In a piercing and blanking die of two or more stations, the
entering end of the material is sheared at an angle corresponding with
the slant of the die opening across the strip. The angle is shown in
Fig. 110, at A, and the die openings are section lined for clarity. If
a square-end strip enters the die, one or more of the first blanks is
waste. In addition to the waste, the blanking punch would cut only
a portion of the blank in the second station and would thus be caused
to deflect and to chip off cutting edges.

The strip enters the die and is stopped in the first station by depres-
sing finger stop B. The angle across the strip provides the means for
piercing both holes at this station. When the stop is released, it
recedes to its normal position because of compression spring C.

In the next move, the strip is advanced into the second station
either against another finger stop, not shown, or against the registering
" point on automatic stop D. The strip is then ready to be ron through

T

= >
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the die with the “press open,” that i 1s, with the clutch treadle con-
stantly depressed.

In progressive dies having several stations, three or more finger
stops are sometimes needed for starting in the strip. This is often

, Strip end
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ongularly
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Fia. 110.—For this type of pierced and blanked strip, the entering end of the
material is shoared off obliquely, and a finger stop B is employed to avoid wasting the
first blanks and to prevent incomplete cuts that might deflect the punch and nick
cutting edges.

found necessary for peculiar-shaped work, even though the end of the
strip is square or sheared off at an angle.

Two-step Die with Scrap Cutter.——Figure 111 shows a scrap cutter
built into the die itself. The cutter is simply an auxnhary punch which
severs the scrap frame on the left edge of the die block, as shown.

[ ! ,Stripper plate
Scrop —- ] " ,Back guidt
cutter N _! v\ .!/ § /oackguioe ‘.S'r‘r/;o
— -~

Cut scr ‘ ! | /

necksap ’ s : o Ul Table’ Feed ’./

AN | | I | diréction

Die block *” Blank  Pierce

Fia. 111.—Piercing and blanking die with scrap cutter attached.

In Fig. 112, two or more scrap cutters can be arranged in large dies,
and the left edge of the die block designed to facilitate cutting through
the necks of odd-shaped scrap frames,
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Scrap cutters operate at each press stroke and therefore sever the
scrap into blanking-center lengths. They are used at the left of dies
in gap presses and at the rear of dies in straight-side presses. A barrel
or box is placed tu cateh the pieces.

,/C vt scrap neck

Scrap cutter, 7 \ Die blank
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Fia. 112.—Large blanking die provided with two scrap-cutting punches for severing
the necks of an odd-shaped scrap frame.

Bushings for Small Holes in Dies.—Small holes—round, square,
and elongated—should be enclosed within hardened and ground bush-
ings. The interiors of the bushings should be lapped to size. High-
speed tool-steel bushings and piercing punches are usually best.

For subsequent changes and replacements and to compensate for
distortion of the die block in hardening, bushings are necessary, espe-
cially in precision die work. In dies large enough to allow space for
attaching them, commercial piercing punches and dies, such as Richard
Bros. and Whitman & Barnes, can be used. Removable piercing
members are subject to easy changes; *hey can be taken out, and other
sizes or shapes substituted.

Removable Punches and Dies for Piercing.—A method for remov-
ing punches and die bushings, if broken, or for substituting other sizes,
is sketched in Fig. 113. This principle is applicable in any punch
plate or die block in which piercing members are used.

A hole is drilled and tapped in the punch piate, leaving a wall
1{¢ in. thick between the threads and punch body, as shown in the
figure. This wall is partly cut away or slotted at the top, to admit a
14-in.-diameter steel ball. The sides of the ball slot are enclosed at
angles of 5 deg., as seen at A. This design allows the ball to protrude
into the hole for the punch and to be retained there at less than one-
half its diameter. o

A headless socket screw, having a concave point, forces the ball into
the 15-deg. annular groove cut in the punch body. Tightening the
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screw locks the punch by forcing it up against the hardened disk,
shown above the punch. Press vibration will not loosen the screw,
because its side pressure against the ball “side locks’ the threads.
The die bushing is held in the manner just described, and either of the
cutting members can be replaced without removing a heavy die from
the press.

This device will hold punches and bushings that are very close
together, a condition difficult to solve with any of the commercial
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F1a. 113.—A design for removable piercing punches and dies that can be easily made
by any toolmaker.

devices made for this purpese. In the device under discussion the
locking screws can be placed in any position around the members to be
locked. The retaining ball cannot fall on the wrong side of the screw
point, because there is insufficient space to allow it. A ‘“hex-pointed”’
wrench with a right-angle bend is used to operate the screws.

Slug Clearance Slots under Die Bushings.—When pierced holes are
too far removed to allow the slugs to fall through the press-bed opening,
a slug-delivery slot can be cut in the die shoe, leading from underneath
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the bushing, as illustrated in Fig. 114. The slot may be extended
into the bolster if necessary. In operation, the slugs are delivered
through the slot by gravity and press vibration and out in front of the
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Tra. 114.—An angular clearance slot, cut in the die shoe, lcads the slugs from under
a die bushing and out on the bolster plate.
die shoe on the surface of the bolster plate and arc then swept off
occasionally.
Fastenings for Small Punches and Bushings.—For punches and
die bushings that pierce holes of shapes other than round, a positive
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Fig. 115.—A rectan- Fia. 116.—A die- Fi1a. 117.—A die bushing
gularly faced punch is  bushing press fitted in with a portion of its flange
prevented from turning the die block. flattened to prevent it from
by cutting a flat across turning,.

the edge of its flange.

fastening is necessary to prevent them from turning. The following
methods for securing punches and bushings applies to one or more per-
forators in two-step dies or to 100 punches and die bushings mounted
in large perforating dies.
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The square-faced punch in Fig. 115 cannot turn because one edge
of its body flange has a flat edge which fits snugly againgt the edge of a
slot milled across the punch plate. For all perforators mounted in a
punch plate, the thickness of the plate A should be approximately 134
times the punch body diameter B, when possible. This condition pro-
vides the best permanent ““line-up’’ for small punches.

Bushings in small dies are press fitted in the die block, as seen in
Fig. 116; but for piercing holes other than round in large dies (Fig.
117) the bushing has a flat across its flange which fits against a ‘“‘slot
edge,” the same as for punches. Other methods to prevent die bush-
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F16. 118.—A rec- Fig. 119.—A rectangu- Fic. 120.—A
tangularly faced larly faced punch secured piercing punch held
punch secured by a by a dowel pin inserted by a conical-pointed

“dutchman” dowel through its flange. setscrew.

pin.

ings from turning are the same as those shown for the punches in Figs.
118, 119, and 120.

In Fig. 118 the punch is prevented from turning by inserting -a
“dutchman pin” half through the punch flange and wholly through
the punch plate. This design is not thought to be as permanent a
fastening as using a larger flange and inserting a dowel pin entirely
through the flange and plate, as shown in Fig. 119. Figure 120 shows
an inexpensive punch fastening used in low-grade dies. 'The point on
a setscrew is forced into a ‘‘spot center’’ in the body of the punch, and
the flange is omitted. In using the latter method, however, trouble
may be encountered in the radial alignment of the punch with its cor-
responding die.
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Standardizing Hole Diameters for Bushings and Punches.—The
punch plates for high-grade dies are made of tool steel but left soft.
For large perforating dies, the punches are held in cold-rolled or

machinery-steel plates. The die blocks
for large perforating dies can be made of
cold-rolled steel with the holes ‘“bushed”’
with hardened bushings. In this die-
block design, the holés do not change in
shape or position, because the block is
not hardened.

If the outside diameters of the die
bushings and punch bodies are made
equal, as shown at D in Fig. 121, the
holes in the punch plate and dic block
can be bored simultaneously with the
plate and block clamped together. This
idca saves much time and diemaking
expense.

Removable Stop Pins.—In many
types of dies, removakle stop pins are

, Soft stee/
/" oie block

— — -2~ Hardened
bushing

Fia. 121.--A soft-steel die
block with a hardened steel bush-
ing inserted. Diameters D are
equal for the punch body and die
bushing. This idea facilitates
boring the plate and block while
they are clamped together in one
setting.

necessary. This is particularly true in trimming dies and certain
perforating dies in which several blank sizes must be trimmed or
pierced in the same tool. Figure 122 shows a design for a removable

pin that serves the purpose. Tightening

Dire ,Removable
block, rm-lil stop pin
¥

NN
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Fig. 122.—A simple and effec-
tive design for securing a remov-
able stop pin.

the screw draws up the nut wedge,
spreads the split prongs of the pin body,
and locks the pin securely in place. By
simply loosening the screw, the pin can
be quickly removed and placed and
locked in another hole. This principle is
useful in other cases where pins, studs, or
posts must be quickly secured and
released in different holes.

Arc Welding Punch Blades on
Flanges.—In dies for large work—har-
vester and automotive parts—the tool
members are arc welded together wher-
ever possible. In Fig. 123 at A is a large

punch blade arc welded to a cold-rolled steel flange. The rigidity and
permanency of small welds for secaring parts together is indeed sur-
prising. More recently, in light manufacturing, they have been weld-
ing together small punches and flanges, as shown in Fig. 123 at B.
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~ In dies for high continuous production, such as for electrical-instru-
ment parts, the flange is low-grade tool steel, whereas the punch itself
may be an expensive high-carbon, high-chrome die steel. Where a
large number of dies are in use, welding saves considerable labor time
and material expense. A built-up punch of welded-together parts is
practically as good for sustained high-speed press operations as though
machined from one piece of expensive tool steel. In expert arc weld-
ing, the temper of hardened punches is not drawn if the operation is
quickly done and proper cooling precautions taken. It is noticed at
C, in Fig. 123, that the weld unites the pieces by melting into the
corners slightly. Before loose pieces are welded, they must be placed
together in desired positions and then clamped securely in a fixture.

Flange,
!
4

Weld

Fi1a. 123.—Large or small punches can be arc welded onto low-grade steel flanges as
seen at A and B. At C, the weld unites the pieces by melting into the corners slightly.
This method saves material and hardening costs, and also machining time.

High-grade dies for continuous runs use a special high-chrome steel
in which the carbon content is about 114 per cent. There is also a
small addition of vanadium and molybdenum. This type of die steel
will attain its maximum hardness by air cooling. It is practically a
guarantee against cracks and distortion where intricate shapes are
involved in hardening. Its deformations under heat-treatment are
probably less numerous than those encountered in most other types of

die steels.

DOUBLE-ROW BLANKS, STOPS, AND REAR REGISTRY OF STRIPS

Piercing and Blanking Double Rows.—A simple progressive die is
the two-station pierce and blank type shown in principle by Fig. 124.
The usual stripper plate over the die is removed to expose the plan.
“Step,” or blanking, centers of the die and strip are the equal distances
B/C. S8ection-lined holes represent section views through the punches.
Round holes within the blank opening and sectioned in reverse order
are section views through the pilot pins that protrude from the face of
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the blanking punch. These pilot pins register, just previous to cutting
the blank, in the two holes pierced at the first station.

This die is designed for double-row blanking. A finger stop is
necessary to facilitate entering a new strip. In this case, one stop
serves for starting both rows of blanks. If the finger stop is omitted,
the operator may enter the strip too far. He then cuts only a partial
blank and may fracture the pilot pins or shear and nick the punch and
die edges. At other times, he may not insert the strip far enough. In
either case the first blank is wasted.
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Fra. 124.—If the pierced holes are not accurately located with respect to the blank
outline, the press tool must be checked for construction errors.

When the finger stop is depressed, it withholds the forward end of
the strip at 164 in. from the nearest cutting edge of the blanking die, as
dimensioned in the sketch. When the “bridge’’ of metal between the
blanks is sufficiently large, 149 in. or more is allowed from the blanking
edge to the stop face. This allowance is intended to take care of cases
in which the end of the strip is slightly out of square with its edges.
But where comparatively long and narrow blanks Lre run bias in the
strip, it is sc.aetimes necessary to shear off one corner on the forward
end of the strip to clear the blanking die and pilots. Thus, a full cut
into the metal for the first blank is obtained, as shown in Fig. 110.

When the end of the strip engages the depressed finger stop, in
Fig. 124, the press is “tripped,” and only the two holes are pierced.
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The operator then releases the stop. A compression spring forC(?s ?t
back, from over the die, to its normal position as shown. The strip is
then advanced against the positive stop pin. The punch then cuts the
first blank, with the pilots engaging previously pierced 1191es.

The strip is now ready to be run through the die with the press
“open.” This means that the tripping pedal is depressed and not
released until the first row of blanks has been competed. The stop-
pin design can be any one of those described under Figs. 61, 62, 65,
and 66.

When the first row of blanks has been “run out,” the strips are
gheared on linc D-D, making dimension a@ and A equal. The second
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Fia. 125.—Blanking operations on some automobile bumper guards are handled by this
type of scrap strip and stop layout.

row is then pierced and blanked but from the reverse side of the strip.

However, shearing off the strip ends can be avoided by installing a

second finger stop, left of the present one and at a distance of A + a

from the first station.

Double Row of Alternate Blanks.—A method of arranging stops for
two rows of large glternate blanks is shown in Fig. 125. Here the strip
is in position for blanking the first row. The first and second rows of
blanks are not “staggered” in the strip, as are those shown in Fig.
124. The second row is cut from alternate spaces remaining between
the blanks made in the first row. Strip width is the same as used for
a single row. The finger stop is normally elevated above the material
strip by a compression spring. When the stop handle is lifted, the
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forward end of the strip is stopped at point 4. After the first blank
:;z. cut, the finger stop is released, and the first row is run through the
ie.

Positive stop B is located to suit the blanking centers. The width
of the blanked opening C is greater than the width D. Therefore, the
length E of positive stop is made greater than D and less than C.
This feature facilitates running the second row of blanks when the strip
is turned over. The smaller openings D slide across the length of the
stop, but the right-hand edge within the larger openings C falls against
the stop and registers as desired.

Point A on the finger scop is located at the lower part of the blanked
openings at the position where dimensions F are equal. When the
strip is turned over to start the second row, A4 is caused to contact
within the first blanked opening at point G, and the strip is then run
through the die in the same manner as described for the first row.
Blanks of these shapes favor using stops of this design.

Forcing Strips against the Back Guide.—In operating blanking
dies, it is sometimes necessary that the rear edge of the work material
positively contact the back-guide strip across the rear of the die.
This condition is imperative in all cases where the width W of the
material strip and the width of the finished blank are equal, as seen in
the “cut-and-carry”’ die (Fig. 126). In this design, the work strip is
forced against the back guide automatically by descent of a heeled and
pointed cutting punch A, jusi prior to piercing and blanking. The
point on edge B is slightly curved upward, as shown, to aid in foreing
back the work strip. The point on the punch enters the front edge of
the stock 154 in. and ahead of all other punches.

Another device used to force the strip automatically against the
back gage is given in Fig. 127. The principle involved is simply a
sheaved roller, mounted on a spring-tensioned bell crank. The roller
bears against the front edge of the strip. It should be observed, how-
ever, that the pointed punch in Fig. 126 allows free feeding, whereas
the roller pressure causes friction on the strip against the back gage.
If the friction interferes with feeding, a cam punch can be arranged to
free the bell crank and roller momentarily, while the stock is being
advanced. Freeing the strip momentarily is also done in automatic
roll-feeding mechanisms, to allow the punch pilots, in descent, to enter
freely and register properly in the pierced holes of the work.

Punch Clearances.—In blanking dies, the die opening determines
the size of the blank, and punch clearance is removed from the sides of
the punch. However, for perforated holes, the punch determines
the size, and punch clearance is removed within the die opening
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In other words, the punch determines the size of ‘the hole it passes
through, and the die determines the size of the blank that passes
through it.

These rules apply to average piercing and blanking for accurate
work, but an exception was described under Fig. 75. Another excep-
tion: A pierced hole is actually 0.002 in. smaller than the punch that
passed through it; this allowance should be made for high precision
work. When large thin blanks are cut from waved sheets, that is
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Fia. 126.—A pointed cutting punch A4, contacts the strip edge before other punches,
and registers the strip firmly against the back gage of the die.
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F1a. 127.—A sheaved roller can be used to register the strip against the back gage, Lut
the friction produced may interfere with hand feeding. ‘
when the sheets have not been “leveled”” or ““stretched,” such blanks
will pass through the die, although they are actually larger than the
die opening itself.

Sheared Cutting Faces.-—Sheared punch faces greatly diminish the
blanking pressure but cut oversized and distorted blanks. In most
cases, the shearing angles are ground on the die face in preference to
the punch face. If ground on the die, blank distortion is very small.
Sheared cutting edges are necessary in cases where the blanks are com-
paratively large relative to the gage thickness of the sheet.



CHAPTER XIII
PROGRESSIVE DIES .

Progressive Notching, Perforating, Embossing, Drawing, Forming, and Cutting
Off Are Done in a Single Press Tool by Carrying the Evolving Part Along in
the Strip

Introduction.—The fabrication of metals in dies includes blanking,
notching, piercing, trimming, splitting, shaving, broaching, burnishing,
embossing, drawing, expanding, forming, bending, swaging, extrud-
ing, squeezing, sizing, cutting off, and several other minor operations.
Although any of these operations is comparatively simple to pro-
duce, yet when they are combined at several stations in progressive
dies, it often becomes difficult to devise the most practical and
economical scrap strip design and the best mechanical operation for
the tool.

Cutting dies compose the largest .lass of press tools. They all
involve only one principle: shearing; but in combination cutting dies,
we often encounter unusual complications. Progressive dies still pre-
sent a number of unsolved problems; one of them is to dispose of the
finished piece in the last station where two formings and cutting off are
to be done. It is usually best, in such cases, to finish the last forming
operation in a separate die.

Another problem is to design a practical equalizing device to guide
the strip through the dies; this is especially difficult where the punches
interfere with the operation of the equalizer. A practical equalizer is
not yet discovered for guiding coiled strip having a variable camber
curve in its opposite edges. Another difficulty in progressive dies is
found when attempting to run large work of heavy-gage materials.

Progressive Compound Dies.—Design principles for a progressive
compound die are shown in Fig. 128. This press tool approaches the
“cut-and-carry’ type. The operations shown can be performed in
light-gage stock from 0.025 to 0.065 in. thick. As shown, A and B are
the die shoe and punch holder; C is the die block; D is a spring stripper
plate attached to B; E is the work strip; F is the blanking punch; G is
a forming punch which carries a work-locating pilot pin; H is & punch
that pushes the finished piece out of the strip; and J and K are spring-

ejecting and forming shedders, respectively.
171
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The shape of the blank is seen in the scrap strip above the drawing.
The blank is pierced and cut in station 1. Pierced slugs are cut
through F and fall out through the slanting hole L, which leads out at
the rear. Spring plates M compress the shedders J and K, and upon
the ram ascent they push the cut blanks back into the blanked openings
in the work strip before the spring stripper plate relieves its pressure on
the strip. Stations 2 and 4 are idle, but the cut blank rides over them
while held in the strip.  Idle stations provide a sufficient space between
the die operations to allow attaching the punches and provide addi-
tional metal between die openings where there is insufficient strength.
The blank is relocated by a pilot in forming punch G and is formed by
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Fra. 128.—A progressive die in which the blank is cut through the strip and. then
replaced in the strip by a spring shedder and pad. The finished piece is finally ejected
from the strip by punch H in the last station.

punch G against shedder K, while the latter registers in the die shoe at
the bottom of the press stroke.

After the work passes beyond punch @G, a clearance channel cut in
the stripper plate allows for passing along the formed-up wings on the
pieces in the strip. At station 5, the finished work is pushed out of-
the strip by the descent of punch H, and the work drops through clear-
ance holes in the die and shoe.

Open-faced dies, like the one shown, have no positively attached
channel stripper plate through which to guide the strip. The strip is
therefore guided through slots in vertical plates shown attached at
the ends of the die. If the work strip is not mechanically fed, a vertical
. automatic finger stop can be placed at the left of the punch H for hand
feeding. This type of compound die is a high-speed tool for blanking
‘and forming certain small parts from thin-gage materials. ‘
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“Cut-and-carry” Dies.—The principle of cut-and-carry dies is to
perform all operations while passing the strip through several consecu-
tive stations on the surface of the die block. The blank is notched
to shape from either or both sides of the sirip by heeled punches. A
small connecting neck is left between the blanks which serves to
advance them, with the strip, from station to station.

The object in using this type of progressive die is to secure maxi-
mum economy of 'strip, high speed, and uninterrupted production.
Simple parts, and some very complicated ones, can be completely
fabricated in one pass. In spite of extra cost, cut-and-carry dies are
profitable. With them it is possible to fabricate a piece in one press
operation that could not be done satisfactorily by any other known
method.

When the width of the blank and strip are equal, cut-and-carry dies
are sometimes called ‘“no-scrap dies.” In this case no scrap frame is
passed out of the die. The scrap consists of . .

. Finished part
small perforated slugs and notching waste.
Sometimes, but not often, there is a narrow @ -9 Ermins/s
cutting-off waste. The work pieces are usu-
ally small springs, clips, brackets, terminals, —)

or connector lugs of light-gage materials. Fio. 129.—The first

One drawback with these dies is the Zgilr’y";r‘::ig“sg‘s 3;:?:3;
difficulty in using them for large work or for wunfold the finished work
materials exceeding about 0.0625 in. gage. ﬁigﬁi““"o a blank develop-
Heavy materials require time to fabricate. If
distorted, heavy blanks cannot be realigned, by using registering
pilots, so easily as with thin flexible strips.

Sequence of operations for cut-and-carry dies may be: notch,
perforate, emboss, draw, form, and cut off. Forming is done either
before or just after cutting off. It is sometimes advantageous, how-
ever, to form one or more operations before severing the piece from the
strip; a final forming can be done in the last station simultaneously
with cutting off.

Before designing a suitable cut-and-carry die, the finished piece in
Fig. 129 must be unfolded into a blank development. This procedure
gives the developed width of strip and shows the size, shapes, and posi-
tions of all the necessary die operations. Next, lay out the work-plan
view in red dotted lines, and show consecutive die operations as in the
upper view of Fig. 130. Also draw the cress-sectioned die openings.
Project the front elevation below the plan in a shut position. Draw
the views schematically. Show all necessary punches, die openings,

and spring shedders that correspond to the several stations in the plan.
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A preliminary sketch of the future die is now well in hand. This is the
tentative stage of the tool, or a discussion sketch.

Naturally, the die operations are arranged in logical order: perfo-
rate; notch and emboss; split sever terminals and pierce embossure;
form U between ramps; pilot; cut out connecting neck and form over
the sides with horizontal cams, and ‘““spank’” to size. An exact
sequence is (1) perforate, (2) notch, (3) emboss, eject strip with die
shedder, (4) split sever terminals, (5) pierce embossure and eject strip
with die shedder, (6) form U between ramps and eject strip with die
shedder and with a push-off pin in punch, (7) pilot, (8) cut out con-
necting neck A, (9) advance horizontal arbor cam B, form over sides
with the opposite horizontal cams C-C, and spank work to size with
punch D. The side cams B and C-C are loosely fitted vertically to
allow movement for spanking. The work is advanced through the
stations by means of the connecting neck A.

The next step is to determine the position of several necessary
finger stops and the type and position of the automatic stop. This
subject has been discussed under Fig. 124.  The channel stripper plate
is not shown, but it should cover the entire width of dic and terminate
between stations 5 and 6. The die block is abnormally long, and its
points of sectional divisions must be determined. The piece is usually
blown off with air, if possible, but sometimes this cannot be done
because the cams interfere. A suggestion for work delivery is to strip
the piece from cam B, as it recedes, and to provide a clearance hole
through the die into which the work will fall.

Positions of the angles on the vertical cams that operate B and
C-C must be “timed” to advance arbor B ahead of C-C. Note that
the vertical cams, at maximum descent, lock the horizontal cams by
means of the dwell space F. When the ram ascends, the horizonta!
cams are caused to recede to a normal stop by attached springs, not
shown. The problems that arise in each cut-and-carry die are dij-
ferent. The practical solution for some of these problems is so obscure
that it may be necessary to make an experimental die station to pre
solve the difficulty in the toolroom.

Several problems must be solved for this tool. For example, in
splitting through the terminal ends, the work may not register the same
at each advance, and a small notch, or protrusion, may appear on the
blank after splitting. The remedy, if one is necessary, is to allow suf-
ficient stock at this point to shear off a width slightly greater than the
stock thickness. The amount sheared off must obviously be added
between the blanking centers. This alteration would increase the cost
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of both the work material and the tool. However, a rectangular pilot
punch can be made to enter slot E, before splitting, and would take
care of the difficulty, at a slight increase in expense.

When using positive pilot punches there is always a danger that
the piloting hole has not been previously pierced in the strip and that
the pilot will smash the work when the ram descends. This condition
is likely to occur when a new strip is entered into the die. To avoid
such accidents it may be necessary to use a compression-spring pilot
or to install a finger stop to halt the strip and thus ensure that the first
pilot hole is pierced.

Another consideration is grinding.
The part of the die block that car-
ries cutting edges must either be
“shimmed up’’ after grinding, to main-
tain its level with the forming blocks,
or the forming blocks must be ground
underside to keep the block surfaces
in the same plane. This indicates that
there must be a division between the
cutting and forming blocks. Another
suggestion is: It may not be necessary
o ‘fi‘;%:tii';;“‘}%e%?ﬂgl‘;"‘) 1}? til:: to use spring s.hedders to raise the strip
part indicates that drawing should from the forming blocks; a trough cut
z‘:,:’:fi:’“ operation in a progres- glong the horizontal center line of the

blocks will clear the embossing on the
work. These questions show the value of making a ‘discussion
sketch.” They reveal the necessity for carefully analyzing each
operation, :

In high-precision cut-and-carry dies, when the piece is too compli-
cated for a complete finish in one pass, it is better to form the final
operation in a separate die. Thus, a frequent breakdown of the tool
or inaccurate work pieces may be avoided. Do not attempt to produce
too many operations in one tool.

This die and others of its kind require the long narrow types of die
sets. Select a set with a generous margin around the die blocks to
provide for possible additions. It may be found necessary to attach
an equalizer later or bell-crank rollers to force the strip against the
backguide, or additional stations and a feeding device may be required.

Arrangement of Progressive Die Stations.—Figure 131 gives the
principal dimensions for a part made in large quantities in a progres-
sive die. The material is 0.040-in. brass, and one of the operations is
a depression 134 in. in diameter and drawn 14 in, deep. In the layout
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of the strip (Fig. 132) it is quite clear that the drawing operation should
be first and that the piercing, trimming, cutting off, and forming should
follow in the order named. Drawing operations distort the strip and
for this reason are done first so that the cutting operations that follow
will not be deformed. The positions of all the die openings arc section
lined for clarity.

It is good practice to “bush” the small holes in all die blocks if pos-
sible; this precaution facilitates changing hole sizes if desirable and
makes it possible to relocate the hole if the die blocks have changed
after hardening. The trimming punches are not located opposite
because the neck in the die, between the nearest cuts, would be too
narrow for hardening successfully. The precautions to be observed in
these designs are the same as those given on the typical scrap strips for
multi-slide machines (Figs. 155 and 156).

Other types of cut-and-carry progressive dies are illustrated and
described under Figs. 106, 107, and 126.

Check List for Die Designers.—One way to improve the quality of
finished dies is to keep a record of any and all punch and die failures for
use as a reference by the tool engineer, diemaker, and inspector,
thereby preventing the recurrence of previous mistakes in design.
Although the causes of die failures are many, it has been found that
about 50 of the more common failures probably cover 98 per cent of
the total.

The following list is made from such a record of die failures. It is
arranged in numerical order, each number being a reference to the die
shown in Fig. 133. When studying this design, bear in mind that an
attempt has been made to show as many different types of construction
as space will permit; in practice, some of these details would not be
necessary.

1. Spring Life.—Spring failure is common; but when springs of
ample length and strength are used, little trouble is encountered. The
average spring can be compressed 25 per cent of its free length safely.

2. Removable Pilots.—If possible, pilots should be removable, as’
shown in Fig. 133, to facilitate grinding the punches.

3. Provision for Grinding.—The spacer pieces shown provxde a
means of keeping the relative length between these two punches and
the rest of the punches by grinding the same amount off each at each
sharpening of the tool. There are many conditions such as this, and
various ways of getting around them. Each should be studied, and
the best method selected.

4. Thickness of Punch Plate. —Punch plate must be of ample
thickness, particularly when punches are not guided in the stripper.
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Punches of 14 in. diameter cannot be properly supported in a plate
less than 34 in. thick.

5." Punch-shank Location.—For radial location, a dowel through
the head of a punch is more positive than the ‘“dutchman’’ which goes
half in the shank and half in the plate.

6. Punch-plate Material.—As the punch plate is left soft, one is
inclined to think it can be made of any material. This is not so,
particularly when accurate boring of holes is necessary. The best
grade of tool steel should be selected for such plates.

7. Guiding Delicate Piercing Punches—A delicate punch like this
must be guided as near as possible to the work. This can be done by
a plate set in the bottom of the stripper (see No. 26) or with a bushing
as shown. Grinding life is sacrificed to make a punch that will not
break in use.

8. Spring Pilots.—OQOccasioually it is necessary to put springs
behind pilots for various reasons. This should be avoided if possible.

9. Piercing Small Holes in Thick Stock.—Piercing punches held
in a thick punch plate backed up as shown and guided in stripper
bushings will punch holes in material 30 to 35 per cent thicker than its
own diameter. The shank, however, should be at least twice the diam-
eter of the hole being punched, and the cutting end must be the hole
size for only about two thicknesses of the material. Here punch life
is sacrificed to gain strength.

10. Angle on Headed Punches.—About 60 deg. included angle seems
to stand up best. In high-grade dies, punches should be held by
square-shouldered heads turned integral with the punch body, as seen
in Fig. 84.

11. Hardened Plate under the Punch Plate.—This construction is
often advisable to prevent small punch heads from sinking into the
punch holder which will eventually fracture the head, causing the
punch to pull out.

12. Holding Punches.—This method of holding a punch eliminates
the necessity of hard-driving fits and is desirable in some cases. ‘

13. Sturdy Unguided Piercing Punches.—It is advisable or best to
guide punches in the stripper in most cases. Sometimes it cannot be
done very well. In these cases sturdy punches such as shown here will
stand up well.

14. Grinding Punch Shanks.—All punch shanks should be ground
to the proper drive or tap fit. Drive fits tight enough to keep the
punch from pulling out should be avoided. Punches with heads (or
screws, see No. 12) need only be a snug fit in the hole, in which case no
trouble will be encountered in assembling or disassembling.



PROGRESSIVE DIES 181

15. Die-set Bushings and Pillars.—The designer should give some
thought to the requirements of the particular die in question. On
precision jobs cutting thin stock, extra-long bushings help line-up.
Four pillar sets are often advisable. A little study on each job will
determine what is best.

16. Die Thickness, or Life—This is a point to be considered, and
the designer should note carefully what the production requirements
arc and establish the ideal thickness for that purpose.

17. Insert Weak Places.—All delicate projections on a die should
be inserted for economical replacement in case of breakage. (See
Fig. 195.)

18. Punch Life, or Length.—This note pertains to the various condi-
tions that govern the practical length of the punches. In general, of
course, we like to have enough to allow for many resharpenings.
Often punch length must be cut to a minimum to attain maximum
strength. This design shows the blanking punch long enough te push
each blank clear to climinate distorting the bent lug.

19. Holes for Push-off Pins.—Before hardening of blanking
punches, it is well to drill somewhere a hole in which can be inserted
a spring push-off pin in cases where blanks pull up. (See Fig. 76.)

20. Must Each Blank Be Pushed Through?—Where a blank has a
bent lug as shown, the designer must provide a long punch to push each
part clear. This is not advisable unless nccessary.

21. Is Piloting Condition Good?—The success of a progressive die
depends largely on the pilots. Special holes for pilots in the scrap are
advisable in most cases, even though it increases the cost.

22. Bending Wrong Way of Grain.—The designer will sometimes
slip up on this. It is well to have this reminder, because when it hap-
pens it is apt to be a costly mistake.

23. Has the Die Sufficient Sections?>—A separate section for each
station is a safe rule to follow when designing progressive dies. Some-
times, of course, even more than this is necessary.

24. Should the Die Have Bumper Blocks?—If the die should acci-
dentally be closed too far with no stock in place, stamps and short-life
punches will be damaged. To avoid this, screw one or two spacer
blecks in the rear of the die just high enough to fill the space between
the die shoe and the punch holder (tools closed). This will also make
the setting up of the tool an easier task. It is a good rule to put these
spacer blocks on every expensive or complicated progressive die. (See
Figs. 80 and 243.) _

25. Scrap Holes for Pilots.—Because of occasional misfeeds, pilots

will push scrap down into the pilot holes; therefore, these hcles
L
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should be carried all the way through and taper reamed, as shown, to
allow the scrap to go through.

26. Proper Condition of Scrap Holes in Die Bed.—Just making the
scrap holes larger than the slug is not the answer. Slugs have a way of
stacking, catching, and wedging. Cast-iron die beds may have small
blowholes, which make perfect little steps on which these stacks of
slugs start piling. If holes are smoothly taper reamed and have no
steps or pit holes, the slugs will never jam. Steel bushings can be
inserted if a blowhole exists. (Sec Fig. 81.)

27. Punches Closely Spaced.—Where space does not permit bush-
ings in the stripper, a hardened insert such as shown should be pro-
vided. If precision spacing is required, the location of holes must be
corrected after hardening by grinding.

28. Wire Punches.—Much can be said for or against this economical
type of piercing punch which is made of drill rod, hardened and head-
upset, or peened, by hammering. Although it must be guided in the
stripper, it will stand up quite well where the diameter of the hole to be
punched is 114 times the thickness of the stock. If the diameter is less
than 114 times, the head is liable to crumble, and the punch will pull
out when stripping.

29. Push-off Pins in Piercing Punches.—As with the blanking
punches, it is advisable to provide a hole in which to insert a push-off
pin in case slugs are inclined to pull up and prevent feeding the strip.

30. Stock Guides.—If possible, guide the stock; the length of
the guides should be twice the width before the first operation. Roll-
ers, springs, and various construction should be used to suit the
requirements.

31. Keeping Small Piercing Slugs from Pulling Up.—This note per-
tains to punches too small for push-off pins. Particularly when piere-
ing hard stock, slugs will at times have a tendency to pull back up into
their holes, thereby hindering the feeding of the strip. If the hole
diameter is two or three times the material thickness, this can usually
be stopped by pointing the punch slightly like the point of a nail.

When the ratio is less than this, pointing will not help. However,
slugs can be prevented from pulling up by cutting down on the clear-
ance between the punch and die and making the hole in the die straight
(no draft) for about two thicknesses of stock at the top of the die. In
obstinate cases it is necessary to develop the proper clearances between
the punch and die by experimenting with different clearances until the
slugs stick tightly in the die.

Operating Details of a Progressive Die.—Figure 134 shows a sheet-
brass float arm and its corresponding blank development. The mate-
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rial is 0.0625 in. gage. Figure 135 shows two schematic views of the
progressive die in which the piece is made; it sets forth the cut-and-

carry principle.

)
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Fia. 134.-—Float arm and blank development. This part is produced in the single-
operation progressive die. (Shown in Fig. 135.)
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Fia. 135.—Progressive die for notching, forming, cutting off, and “throwing up'’ the
wings on a float arm. One piece is finished at each press stroke in this four-station die.

The tool members A, B, and C are independent die blocks, and D
is the punch plate. The material strip F is purchased in large rolls,
the width of the material being the same as the developed width of the
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blank. A positive-type channel stripper plate G is anchored in place
on the die face, the channel width being 0.005 in. wider than the mate-
rial strip that is to be guided through it.

The strip roll is vertically mounted on a ball-bearing floor reel at
the right of the press, and the strip, as it unwinds from the roll, passes
through a commercial ‘‘hitch-feeding” device (not shown) and enters
the die through the stripper channel at H. With the hitch feed dis-
engaged, the end of the strip is inserted by hand and is stopped at the
first finger stop I, when the stop is depressed.

As the ram descends, punches J and K, cach with backing heels as
shown at L, notch the strip edges to the 13{g-in. radius and 0.666-in.
dimensions, respectively. Punch J leaves a neck of metal in the strip
1¢ in. wide, as shown in the die plan. The neck conncets the succes-
sive blanks but is eventually cut out as waste.

In advancing the strip by hand into the second station against the
depressed finger stop M, and tripping the press, the bullet-nose pilot
punch N enters the previously notched 0.666-in. opening and positively
registers the strip.  After the ram has ascended, the operator engages
the hitch feed, and the tool and work are ready to run automatically.

In automatically advancing into the third station, the strip passes
over the cutting-off dic O, where it is severed by thc descent of the
punch blade P. This cut removes the 1¢-in. neck of metal between the
blanks. The half portion of the first blank, at the left of the blade, is
waste. In the third station the forming of the offset, consisting of two
144-in. radial bends, also takes place, accomplished by the descent of
the forming punch @ which shapes the bends against the forming die
B after the forward blank has been severed.

Ingerted through punch @ are two “‘ push-off pins”’ R, each of which
is actuated by a compression spring in the punch holder. The faces
of the pins normally project beyond the faces of the cutting and form-
ing punches and in descent contact and hold the strip securely just
previous to the -cutting off and forming of the piece. These push-off
pins also serve to hold the work on the die face when the forming
punch ascends.

As the strip is advanced into the fourth and last station, its cut end
enters the opening shown in stop block E. The contour of the opening
is the same as that of the end of the strip; thus the work is necessarily
aligned and accurately positioned before the two wings are formed.

In the next descent of the ram, the final forming punch S slides
between the two sectioned prongs shown at the top of ‘‘sky hook” T,
contacting the surface of the blank at the instant of severance. Con-
tinuing in descent, the punch forces the work to fold within the
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0.495-in. opening in die C and seats the folded piece firmly against the
face of a strong spring resistance pad U, which is a sliding fit within
the die opening. This action *throws up”’ the two wings on the piece
within the opening and against either side of the punch.

As the punch continues downward, it forces the bottom of the pad
to register positively in the die shoe at the instant of maximum crank
stroke. This action ‘“spanks’ the formed wings to an exact angle of
90 deg. to the bottom of the piece and, therefore, parallel with each
other.

When the ram ascends, the work is carried up with the punch,
owing to the action of the spring-pressure pad beneath it. Continuing

Strip
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F1a. 136.—In this progressive die the cut blank is confined between the edges of C and
D. This holds the blank while the bends are located accurately.

in ascent, the pad eventually resumes its normal position, with the
pad face flush with the die faces. The work, still adhering to the
punch, is finally stripped off when it contacts sky hook 7.

The press being tilted toward the rear, the pieces fall by gravity
into a container placed behind the machine. The four 0.109-in. holes
must be perfectly aligned and for this reason are subsequently drilled
and reamed in a jig.

Progressive Pierce, Cut-off, and Forming Dies.—Figure 136, at
A, shows a steel bracket to be pierced, cut off, and formed with two
angular ends, one piece per press stroke. . The single-operation pro-
gressive die is shown in two views. 'The upper view shows the punch
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members ready to descend and cut off, pierce, and bend the ends of
the work in opposite directions. In the lower view, the tool is com-
pletely closed, and all the operations have been finished.  Such tools
are built in a great varicty of designs for rapidly producing such small
articles as radio parts, telephone switchboard braces, and brackets for
assembling furniture.

The strip is fed through a channecl stripper plate B and across the
face of the piercing and cutting-off die C. The left end of the strip
registers against stop D and is positioned over the pivoted forming
block E. The strip then lies at a 10-deg. angle with the horizontal.
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Fia. 137.—1In contrast to Fig. 136, the cut blank is prevented from creeping by sharp
pointed pins actuated by compression springs.

When the ram descends, punch F severs the blank from the strip.
Continuing in descent, the punch forms the piece against block @ and
over the right end of pivot block E. Block E is supported at all
times in the bottom of its confining channel H. When the ram
ascends, the work is ejected by the pull of the punch and the elevating
action of spring I on block E.

A die of different design for producing a similar piece is shown in
Fig. 137. This tool uses a positive bending die block J. The finished
work lies between the closed forming punch K and block J, at an angle
of 12 deg. with the horizontal. The high point of bending die J is in
the same horizontal plane as the top surface of die block L to facilitate
feeding the strip. When the punches ascend, the work slides off the
rear of the die, because the press is tilted.
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When grinding the surfaces of cutting die blocks in tools of such
designs, a like amount of metal is ground from the undersides of the
forming blocks in order to maintain the tool members at the same
heights. }

A third die (Fig. 138) indicates the large range and simplicity of
these piercing, cutting-off, and bending tools. The punch cuts off the
strip with an inserted blade. Cutting occurs on the die-block edge at

dnserfed I,’P/'erce purch

The work

Fia. 138.—The inserted cutting-off blade can be lowered after grinding its angular edge
Thus a constant length of forming punch is maintained.

A. Continuing in descent, the punch forms the arc in the work and
simultancously carries the blank down against the spring shedder,’
forms down the angle, and then registers the shedder in the die shoe at
completion of the down stroke. The picce is now completely finished,
as shown, between the punch and die. A spring shedder ejects the
work when the ram ascends.

The strip is shown by heavy dashed lines over the forming die and
across the punch. Its forward end is registered against a stop at the
left. This is the first position of the strip before the ram descends.



CHAPTER XIV
DEVELOPING THE BLANK AND SCRAP STRIP

Using Formulas for Bends in Developing Blanks. Designing the Scrap Strip and
Die, and Giving the Jig-boring Dimensions.

Importance of Laying Out the Scrap Strip First.

How Metals Bend.—If a blanking dic has been ordered for a piece
that is shown partially or completely formed on a print, a blank
development must be made before starting the scrap-strip layout.

Developed lengths are computed from the inside dimensions of
the bends; these dimensions locate the radial centers that describe the
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Fias. 139 to 143.—The over-all length of a blank is the sum of the dimensions between
the radii centers inside the bends, plus the lengths of the radial arcs.
bends. If the dimensions of the formed piece are given outside the
bends, as in Fig. 139, then a preliminary sketch similar to Fig. 140
should be made from which the flat blank dimensions can be accurately
computed. The dotted lines in the sketches represent the neutral
bending lines.

If L is the required developed length of the flat sheet-metal blank
for Fig. 140, then L = A + B + X, in which X = [(T + 3) +R]
X 1.5708, for a 90-deg. bend. For any angular bend, X = [(T + 3)

188
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+ R] X 0.01745N, in which N is the number of degrees in the angle.
If the angle is given in degrees, minutes, and seconds of arc, N must be
reduced to a whole number and decimal fraction before it can be used
in the formula.

Practice has shown that for 90-deg. sharp-cornered bends (Fig.
141) the developed length is sufficiently accurate when calculated as

Section B-B
' De\/elopeol Lengfh 4.448"
. 09937 L-0.4
------ -b
T g

IR 52

Section A-A

Developed
Length=3.041"

x=0.065"

Develo eol Length=3.318"
Cover - Moterial 0. 031" C.R.Steel

F1a. 144.—To assist in laying out a complicated blank, the part drawing is sectionec
at important locations and the developed lengths of the sections are computed.
follows: L = A + B + (T + 3). For two 90-deg. bends in opposite
directions (Fig. 142), L=A + B+ C + X 4+ x,. in which X or z
= [(T + 3) + R] X 1.5708. For circular tubes (Fig. 143), when R is
greater than 27, the neatral bending line is central in the strip. This
is also adopted for all bends where R is greater than 27. For the cir-
cular-arc length of a sector X (Fig. 143), L = 0.01745 X A X R. In
books of seven-place logarithms are tables giving the lengths of circular
arcs for a radius of 1. The tables give the arc lengths for each degree,
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minute, and second. These tables save much time in computing blank
developments.

The foregoing bending formulas, although based on the correct
geometrical theory, give developed lengths slightly oversize because the
metal stretches. Recent tests seem to show that 7'/5 gives more
aceurate results for the position of the neutral bending line than T'/3.
This is particularly true for the commonly used U.S. gage sizes from
No. 10 to No. 24. Tables for bends are given in Chap. XX{JII.

A Typical Blank Development.—Five views are shown in Fig. 144
of a sheet-steel cover for which blanking and forming dics are required.
For the blanking die, sections A-A,

r - , B-B, and C-C are drawn and the
,"I“‘T“”""'“*““"T"T" lengths developed. In determining
I | A these lengths, the remaining dimen-

I | sions follow easily. Inside dimen-
J:JJ | sions would be calculated for each
8L I — %B of the three sections, and allowances
o ' made for the bends, as discussed in
'C c Figs. 140 to 142. The sections can
| be sketched frechand to save time;

I ! .' but if the work were very small or
{ otherwise complicated, it would be
N J' : best to lay out the sections ten times

Fig. 145.—By using the developed the a(,tual.swe.s. i .
lengths of the three sections in Fig. By using the previously given

144, plus dimensions from the part, the  honding formulas and methods, the
blank layout is accurately determined. ',

developed lengths for the sections
are 3.041, 4.448, and 3.318 in., respectively, as shown in the sectional
views. The completed blank development is given in Fig. 145.
Developed lengths of the three sections are inserted as shown under-
lined, and the remaining flat dimensions can be taken directly or are
obtained from the formed cover in Fig. 144.

The scrap strip is dimensioned as illustrated in Fig. 146. This
particular blank is to have four of its sides formed or bent. Therefore,
the blank is positioned at a suitable angle across the strip grain in order
that all the bends can be made without danger of fractures. Solution
of several right-angled triangles, as shown, is a mathematical check
that proves the practicability of this design. * It shows that the scrap
allowance between the blanks and the edges exceeds the material
thickness.- ‘

‘Bharp bends, or those with approximately 144 in. radius, can some-
times be made parallel with the stock grain and without noticeable
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fractures, if the metal is very thin and soft. However, this practice is
taking chances in favor of fractures; if the next consignment of material
is less ductile, fractures or small checks are likely to appear outside
the bends.

The more information one obtains about a tool the better he is
prepared for a successful workout. The length of the cut edge of this
blank is 15in. By a previous formula, the blanking pressure required
is 15in. X 0.031 in. X 25 tons, or 1134 tons. A No. 2 press of 14 tons
capacity is of sufficient strength to handle this job, but it is better to
specify a No. 3 press of 22 tons capacity; the latter machine has a
larger bed and a more snitable dic space to accommodate the size of this
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Fig. 146.—Method of laying out and computing the scrap strip. The 2234-deg.
angular position of the blanks across the strip grain is ample protection against bending
fractures in forming light-gage material.

particular press tool. The stripping pressure is 15 in. X 0.031 in.
X 3,500, or 1,628 Ib.

The number of full blanks contained in a strip 8 ft. long is as follows:
[96 in. — (234 in. 4+ 134 in.)] + 3.837 in. 4+ 1 = 24 blanks. The
waste end length is 96 in. — [(3.837 in. X 23) + 234 in. + 134 in.], or
314 in. The waste end length also appears in the first formula, where
(96 in. — 4.50 in.) + 3.837 in. = 23.847, and 3.837 X 0.847 = 3}4 in.

The required area of strip for one blank is 3.837 in. X 4in. = 15.348
sq. in. The weight of material necessary to make 1,000 blanks is as
follows: 7.3 X 3.837 X 4 in. X 1.27 = 14234 1b,, in which 1.27 is the
weight of the material in pounds per square foot, and 7.3 a constant
which includes 5 per cent for waste ends.

Designing a Jig-boring Layout.—One of the several types of jig-
boring layouts for the cover blank is presented in Fig. 147. The block
has been turned 2214 deg. from normal to bring all the die dimensions
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“straight” and to coincide with the straight dimensions on the bla:nk
‘in Fig. 145 and with those in Fig. 146. This maneuver avou;l.s solv§ng
many triangular computations. The block is secured on the jig-boring

machine in the position shown in the figure. In this way, most of the

dimensions can be taken directly from the blank development in Fig.

145, and with the indicated additions, the dimensions can be

incorporated in the layout.
The centers of all exterior radii must also be located. In Fig. 147
are two Y g-in. exterior radii. A !{g-in.-diameter hole is drilled at

%

. 0250" abarm. \
16 holes \

0125 diam
o !" 2 holes
. Button

0125 dliam.
2 places .-

Fia. 147.—By securing the die block at a 2234-deg. position in the jig-boring
machine, the layout will coincide with the blank development in Fig. 145. This saves
much time that would otherwise be spent in many triangular computations.

these centers, and a hardened shoulder button 0.125 in. diameter is
subsequently fitted in the holes and used as a filing templet for out-
lining these radii in the die. Stepped dimensions in the figure are pur-
posely omitted. This layout is a very simple one. Some of them
involve hundreds of dimensions, many of which must be determinec]
trigonometrically.

Designing 4 Blanking Die.—Figure 148 represents a die of the
‘““blank-through design”’; it uses the die block shown in Fig. 147.

This blanking die is one of the smaller types, sometimes referred to as a
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‘‘drop-through die"” because the cut blanks drop through the die block,
the die shoe, and the bolster plate and then out through the press bed.

This press tool is designed for use in a No. 3 nontilting gap press.
The strip is passed by hand along the feed table, at the right, and under
the channel stripper plate fastened on the die.  The strip is halted at
blanking centers, for tripping the press and cutting the blanks. Halt-
ing of the strip is controlled by the action of an automatic stop shown
at the left. The mechanical operation of several types of automatic
stops has been explained in Chap. X.

...~ & of dlie and press

'/ t
4 ] ___T}Feed . T
£ ke 4*strip
TI- [ $°CRS
j‘ 1.
- feeding C e s e e )
- diirection
Auto, stop” ™ Punch flange
A . St 7 & of dl
ﬁ. S . {£o70p opera & of are
Blanking ,oanc/;-.__. ,,/r /'De d ':.f /ZZZ 1/ng finger and press
N T T s Auastop |
Y y i T ki _ T
At e T TSR
g7 oif grooves | .-.‘/////(////. e
- L7 | L
e S dis=> 53
- N R L R ‘ oa# !/re A% 5
. strip’ N .
s Y l ! ii:.: ) 4 ' 4
A< Dilblock  “Die shoe Section A-A Closed

Fig. 148.—The die block in Fig. 147 assembled in the press tool. A drop-through
die can be used for blanking on a gap press because the tonnage required is compara~
tively light.

To design the die block, draw and position the blank, full size, as
it will appear in the die. Proportion the outlines of the block sym-
metrically around the blank to suit the blank size and hardening
conditions.. Block thickness depends upon the quantity production
expected from the die. The thickness may vary from 34§ in. for low
requirements up to 13§ in. for medium-sized parts in continuous runs
and high production. Faces of punches and die blocks must, of
course, be ground for sharpening. Usually about 0.005 in. is ground
off each time these members are sharpened. High-produetion blank-
ing dies are often reduced by grindings until they fail by fracture.
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The die may stand up even after being reduced to 14 in. thickness by
repeated grindings.

Selecting the Die Set.—The die set used in Fig. 148 is a standard
type with two posts in the rear. Size of the die shoe should allow space
around the die block for possible future additions, such as feeding
devices and horizontal rollers designed to force the strip against the
back gage. The spaces shown in the figure are about right. Space
B is 94 to 34 in. for clearance between the guide posts and the nut on
the grinding wheel, to facilitate grinding the die. Space B also
provides clearance between the stripper plate and shouldered guide
bushings. When the shut height of the tool is considerably reduced
by grindings, the guide-bushing shoulders will interfere on the stripper
plate, unless clearance space B is sufficient.

Checking Developed Blanks.—When precision results are wanted
in sheet-metal bends, it is better to test several lengths of samples,
measured before and after bending, and then follow average results.

If the designer has considerable experience in figuring bends, or the
‘“‘checker’ is one very familiar with such computations, further check-
ing in the shop is unnecessary; otherwise the dimensions should be
verified by a toolmaker before jig-boring the work. This is done by
constructing the bending and forming dies first. These dies are then
used in forming several samples of blanks made from the designer’s
dimensions. If the formed blanks coincide with the completed dimen-
sions, the work is correct. One of the unused blanks is then converted
into a die template, and a finger button attached. The:template is
used as a gage for testing the inside contours of the die opening when
filing it to line. A template gage is unnecessary, however, unless the
blank size is ‘“very fussy,”’” as they say in the shop, which means that
high-precision work is required.

If the part is too complicated for accurate computation, the blank
must be developed by a toolmaker. He constructs the necessary
forming dies first and uses them in forming several handmade trial
blanks. Starting with a blank that is obviously undersize, he follows
with larger blanks until arriving at the correct size. Only three or
four trial blanks are usually necessary. In such cases, the construc-
tion of the blanking die must wait until the correct blank size is deter-
mined. However, the blanking die can be designed and drawn, and
the die material ordered, with a generous allowance made for the over-
all sizes of the punch and die blocks.

Necessity for Using a Straight-side Press.—The cover blank shown
in Fig. 146 is a comparatively light cut. If it were three or four
times larger and of 1¢- or 3{¢-in. steel, the extra-high tonnage for this
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cut would have required the use of a straight-side press. It would then
be necessary to pass the strip through the press from front to rear, a
much slower operation than the right to left movement used on gap
presses. Blanking heavy strip, in straight-side presses, needs the
attention of two pressmen. One man at the rear assists in guiding the
strip and handling the heavy scrap. Another man in front of the press
inserts and guides the strips under the stripper plate over the
dic.

Determining the Size of Die Blocks.—The sectional areas of a one-
piece die block must be sufficiently large to resist hardening distortion.
A generous section of metal should be provided between the nearest
approach of the cutting-die edge and the block outline. This depends,
of course, on the shape and area of the die opening; large openings
require a proportionally greater sectional area around them. The sec-
tion should never be less than the block thickness in small dies; it
should be from 114 to twice the block thickness in larger dies. For the
die block in Fig. 147, the surface width across the least section is 114
times its thickness.

Physical properties of the cutting steel also enter the die problem.
They may govern the quality and working life of the tool, the produc-
tion results, and frequency of grindings. For ordinary purposes, an
oil-hardening steel is used in blanking dies. In high-grade dies for
continuous runs, a specinl high-chrome steel is used in which the carbon
content is about 114 per cent. This type of die steel is one of the air-
hardening varieties. It shows a minimum of cracks and distortions
even when hardening intricate shapes.

The subject of die steels for extraordinary conditions, under high
production, varies o widely for different purposes among tool engineers
and toolmakers that space forbids entering a discussion of it here., For
unusual die work, it is best to consult sales representatives of steel, in
order to obtain the right types.

Die steels are sometimes ordered of such sizes that the end grain
stands vertical in finished cutting members. It is thought that this
condition may prevent nicked edges in dies having close punch clear-
ances and thus insure more enduring edges. The finished sizes of die
parts are specified 14 in. under the rough sizes furnished by the mills.
This procedure saves material in shaping the blocks; it allows }{¢ in.
for removing the ‘‘scale’’ on rough stock.

Tool-steel Tubing.—This material is made in many sizes up to
14 in. diameter and 2 in. wall thickness. It can be purchased in cut-off
pieces. Such pieces save the time and expense of making expensive

forgings.
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.~ Improvements in Diemaking Practice.—Die- and too!—shaping

methods have advanced toward greater speed and accuracy in recent
years. Not so long ago it required scveral days to saw and file a hand-
made blank, to seribe it on a block, and to drill long lines of holfas close
together, preparatory to breaking out the center and hand filing the
die opening in a bench vise. With the advent of jig-boring equipment,
three-dimension profiling machines, and, more recently, band-sawing
and filing contours on the same machine, together with the grinders
that finish the interiors of dies with a vertical ““pencil wheel,” the die-
maker’s art has become a mathematical certainty.

SCRAP-STRIP DESIGNING

Introduction.—A correct scrap strip is the first step in designing a
blanking die. To a great extent, the layout of the serap strip deter-
mines the general design and dimensions of the press tool. If the
blank is not to be formed or bent, the grain direetion in the strip usu-
ally can be ignored. Grain in metal strip follows the direction of the
mill rolling and usually is parallel with the strip length. Blanks to be
formed should be positioned in the strip so that none of the bends will
be less than 30 deg. across the grain. If the bends are sharp cornered
and positioned less than 30 deg. or approach a parallel direction with
the grain, such bends may fracture while being formed to 90 deg., if the
material exceeds 1{¢ in. thick.

Sharp-cornered bends should be avoided if possible, unless the
material is less than 1{¢ in. thick and of high ductility. Investigation
may show that there is no reason for having sharp-cornered bends in
the piece and that a change can be made to radial arc bends and frac-
tures thus avoided. For steel blanks that require sharp-cornered
bends,in several directions, it may be possible to use open-hearth sheet.
This material is a ductile deep-drawing steel; it has a dull and rough
appearance but no perceptible grain direction.

Burr Side Up.—The “burr side” of a blank is the punch side. In
bending operations it is advisable to place the blank in the die with its
burr side up. In this position the forming punch in descent flattens
the burrs. This avoids wearing burr grooves in the dies, which may
easily occur if the blank is placed burr side down in the forming tools.

Methods Used for Scrap-strip Layout.—In laying out the scrap
strip, cut three cardboard outlines of the blank. Place them in sym-
metrical horizontal rotation with their extreme upper and lower edges
in line, as shown by the blank in Fig. 149. A neck of metal, equal to
the material thickness, should separate the nearest cuts between the
blanks, and ,the same allowance should be provided between the
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extreme end cuts and the strip edges. These allowances in thin metal
strips, under }47 in. in thicknesses, should be twice the material thick-
ness, or even more for very thin stock.

When strips are passed through the die twice, for cutting a double
row of blanks, the lateral separation betwcen the cuts should be
increased, because the strip will lengthen and the blank openings
“creep ahead’” when cutting the second row. Under these conditions
the punch will finally cut into the openings of the first row. This fault
may force the punch out of its true course and cause it to contact the
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Fia. 149.-—The highest material economy is determined by positioning three card-
board outlines of the blank A4 in symmetrical rotation, and by comparing the unit area
of material required for one blank with the unit areas found by rearranging the blanks
in several other Positions. The unit area is found by multiplying the distance between
blank centers by the proposed width of the strip.

die edge, resulting in nicked or sheared cutting cdges. Even though
the cutting edges are not damaged, the blanks so made are imperfect;
they lose part of their outline and become scrap.

In the course of trying the paper blanks in several proposed posi-
tions in the strip, the most economical layout for saving material is
found by multiplying the distance between blank centers by the pro-
posed width of the strip and comparing the areas. This multiplication
gives the approximate area for one blank. The least area is the one
most economical of material, but there may be several reasons why it
cannot be adopted. (1) It may have the wrong grain direction across
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the blank for successful forming; (2) shearing a multiple of strips of
the proposed width from commercial sheets may be wasteful; or (3) the
blank centers may be too long for rapid die production, and in this last
case the final waste end of the strip is probably too large.

Layouts in which the strip must be passed through the die twice
should be avoided if possible, but for saving of material such layouts
are often necessary. It is not unusual to design the die for cutting two
or more blanks at each press stroke; thus a multiple of blanks are made
in one pass of the strip. Blanking dies of this type are high-speed
producers but are too expensive to build except for large-quantity
production.

The blank in Fig. 149 is wider just above its center than at its
opposite end. Obviously, for this shape the most economical layout
would be the one shown, where the strip is passed through the die
twice. Most blanks that have this typical shape are generally posi-
tioned in the strip for double-row blanking, as shown. Sometimes the
blanks are positioned in a bias direction across the sheet to obtain a
narrower strip, and by thus overlapping the blank contours the result
is a lower unit area.

In the illustration, the die cuts the first blank at position A4 ; the
strip is then advanced 814 in. toward the left and over the die, where
blank B is cut. After cutting all the blanks on the 8%4-in. centers,
through the first row in the strip, the sheet is then turned opposite side
up, and the second row is cut from the spaces that remain between the
first blanked openings. The lower edge of the sheet, as shown in the
cut, then becomes the upper edge; and, as in blanking the first row,
the upper edge rides against a hardened back guide strip provided
under the stripper plate and across the upper part of the die block.
After all the blanks in the sheet have been cut, the center distances
between the openings are 41% in., or half the blank centegs in the tool.
The method of stopping the sheet for cutting the first blank in the
second row is illustrated in Fig. 125.

It is not always the case in running a double row of blanks, however,
that the center distance between all the blanks is one-half the blanking
centers. The exception is when the blanks have unsymmetrical areas
on opposite sides of the vertical centerline of the blank, as shown in
Fig. 150. Dimensions X and Y are unequal, but their sum, of course,
must always equal C, or the blanking-center distances. In double-row
strips, special finger stops for gaging the first cuts and the proper loca-
tion of the stop for rotation cuts are sometimes rather complicated to
design. These are illustrated and described in Chap. XII, Figs. 124,
125. L ‘
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How Many Blanks per Strip?—A commonly used method for find-
ing the number of blanks contained in the length of a strip is to reduce
the length to inches and divide by the distance, in inches, between the
blanking centers. Figure 151 shows an example wherein 10.125 in.
divided by 2 in. gives five blanks per strip. In this particular case the

N Ay

N >
I R N

Fia. 150.—When blanks are unsymmetrical about the center line, dimensions X and Y
are uncqual in double rows of blanks.

method gives the correct result, but it is incorrect in so many other
cases that it should not be used in any case. This computation is
suitable only for small blanks and symmetrically shaped pieces such as
washers or where considerable waste or the shortage of a blank at the
final end of the strip can be ignored.
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Fia. 151.—The number of symmetrical blanks contained in a given length of strip
is the length divided by the distance between blanking centers, but this method is
unreliable when the blanks are not symmetrical.

For unsymmetrically shaped blanks which have right- and left-
hand projections that overlap and for blanks positioned at an angle
across the sheet, the correct number of blanks per strip cannot be
accurately computed by the foregoing method. It is not recommended
for computing the number of large blanks in short strips or for blanks
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from expensive materials in which a slight alteration between blanking
centers might easily include or losc another piece in the given length of
strip.
To know the amount of waste that remains after cutting the last
blank in a strip is even more important in the case of short strips than
in long ones. For very long strips and for coil stock, the waste end
usually can be ignored; but in short strips this waste is repeated
oftener and must be known and considered in the cost of the material
used.

Calculations for finding the number of blanks per strip are simple.
In Fig. 152 there is a single row of blanks in a strip lettered for using
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Fia. 152.—A single row of blanks lettered to suit the formulas given for accurately
computing the number of blanks per strip. For double rows of blanks, use Fig. 150.

the following formulas in which all the dimensions are in inches.  First,
it will be observed that the sum of

A + B + W + (C X its multiple) = L, or the total lengthof the strip.

where A = distance from front end of strip to first blank center.
B = distance from last blank center to furthermost cut + 7.
C = center distance between blanks.
L = length of strip.
N = number of blanks per strip. '
S = strip width.
T = thickness of strip.
W = waste end length.

L-4+8

N = ;

In using I—i—:—-%—tﬁ), take the whole number and drop the fraction,
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W=L-[C(N—-1)+ A + B)

Arca of one blank = '—S-LIL—Z"\%E
For a double row of blanks, as shown in Fig. 150,
_L—-(A+B)
N = 0.5C +1.
W=L—-[05C(N —1)+ A + B].
SL—W)

A f one blank =
rea of one blank N
The length of the waste end W must be less than enough to make
another blank.

For Circular Blanks.—In the fabrication of round washers, spool
heads, small gear blanks, slugs, and rollers from sheet materials, the
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F16. 153.~—The most economical material layout for round blanks, and positions of the
die openings for piercing and blanking of symmetrically shaped parts.

dies are designed for multiple blanking if the orders are sufficiently
large to warrant it. The die openings for three blanks per press stroke
are arranged in the design shown by the section-lined openings in Fig.
153. For any reasonable number of blanks per stroke, the design can
be increased by adding more die openings above or below, on lines
X-X.

Triangle A is equilateral, and each of its sides is equal to C, which
is also the distance between blank centers. € = D + T, in which D
is the blank diameter and 7 the material thickness. The altitude H
of triangle A is equal to C X cos 30 deg., or 0.86603C. The width of

strip S equals 2H + D + 2T.
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For a single row of circular blanks, the amount of scrap is about 34
per cent. For a double row of blanks, the scrap falls to 27 per cent;
and for a triple row, to 23 per cent. For more rows than three, the
decrease in scrap is very small, and the cost of tools, upkeep, and har'ld-
ling of the strip increases out of proportion to the saving. Scrap strips
for hexagonal nut blanks are similarly laid out unless a ‘‘no-scrap nut
die”’ is the design wanted.

No-scrap Nut Dies.—Figure 154 represents the commonly used
design for piercing, blanking, and cutting off hexagonal nut blanks,
5{¢ in. across flats, for quantity production. This type of dieis termed

Y 03125"blank centers & DO-scrap nut die. The material
[ hs62” waste is practically negligible; only
o T ' the round slugs and the two narrow

1
I
I L borders are serap.
| b _ The die openings are shown by
; 1 R section lining. Pilots in the blank-
oy | ?_ -t ing punch faces, in descent on line
, X, engage in the holes pierced in

the first station and thus register
. . S the advanced strip just before
RN b i) - blanking. Four nuts are cut off on
! the die edge Y-Y, at each advance
of the strip; and with the five blanks
that are cut through the die, nine
picces are made per press stroke.

Y X The 0.2706-in. vertical dimen-
pierl;f.';' kg o oorep cm};?::; for ' sions are determined by multiplying
hexagonal blanks for machine-screw the distance between blank centers,
sizes of nuta. 0.3125 in., by the cosine of 30 deg.,
or 0.86603. Large quantities of blanked nuts, for machine-screw sizes,
are usually made of brass, and this layout proves very economical of
material. A 6-in. length of strip is left in the tool, after running an
order, so that finger stops are unnecessary in starting the next
run.

Importance of Economical Scrap Strips.—Using the most economi-
cal scrap layout for expensive materials cannot be overstressed. This
is particularly true where large outputs are involved. For example:
A small phosphor-bronze spring clip, 3{g by 1}{¢ in., of 0.020 in. gage,
required 125,000 blanks daily, 2 blanks per press stroke. It was found
that a previous layout used 114 Ib. of stock per 1,000 blanks. These
conditions seemed to appear good at first thought. However, another
arrangement of the blanks in the strip saved 14 Ib. of stock per 1,000

AN
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blanks. The new layout saved only 10 cents per 1,000 blanks, but this
amounted to $12.50 daily, or $3,837 annually.

How Many Pounds of Stock per 1,000 Blanks?—Several methods
are available for computing the weight of material required per 1,000
blanks. In the following formulas all dimensions are in inches.

C = center distance between blanks.

M = material weight per cubic inch.

S = strip width.

T = thickness of strip.

P = pounds weight of the material per square foot.
X = weight of matcrial required per 1,000 blanks.
The area required for one blank = C X 8.

CXSXP

X=604XCXSXP o, X=-2700

Each of these formulas gives the exact number of pounds of material
for 1,000 blanks, but it is customary to add 5 per cent to this result for
waste ends of the strip. This addition is necessary in all cases unless
the material is coil stock.

The following formula also gives the number of pounds of material
for 1,000 blanks and includes 5 per cent for waste. This is the usual
formula used for short strips but not for coiled stock.

CXSXP

X=73XCXS8SXP or, X = 0357

Another formula is
X=CXSXTXM X1,000.

This is a simpler formula because in the final multiplication by
1,000 the decimal point can simply be ‘““set over’’ three numbers to the
right. The usual 5 per cent for waste should also be added to the
result. However, this formula is not so accurate as the others given,
because disagreement for the values of M is found in tables given by
different authorities. This formula is used mostly for estimating the
approximate cost of materials per 1,000 blanks. In all cases, when C
and 8 are intended for blanking multiple rows, the final result obtained
by these formulas must be divided by the multiple to obtain the weight
for 1,000 blanks.

SCRAP STRIPS FOR MULTI-SLIDE MACHINES

Introduction.—In progressive dies, the serap strip determines the
tool layout to an even greater extent than in other types of dies. Pro-
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- gressive dies are used in all types of presses but most!y in multi-sﬁqe
machines and gap presses. A plan drawing of the strip shows the die
operations to be performed at each successive gtation and suggests the
manner of doing them. If the picce includes a drawing operation, or
form and bends, it is advisable to draw plan views of the strip, the die
plan, and a front elevation below the plan. These views show where
the die blocks, stripper, pads, punches, perforators, pilots, push-off
pins, and cutoff and forming are necessary.

Typical Strip for Multi-slide Machine.—Multi-slide machines and
progressive dies involve additional principles in scrap-strip layout.
General dimensions for a piece to be pierced, notched to outline,
formed, and cupped on a multi-slide machine are shown in Fig. 155.
Two forming designs are shown, and both are made from the same
blank. The piece is a double-end ‘‘jack spring’ made from 0.010 in.
gage tempered phosphor-bronze strip.

To form a blank in two or more shapes, on this machine, the form-
ing punches and dies are removed, after running one shape, and others
of different form are substituted. The forming punch and die holders
are mounted in separate slides and are operated by cams which advance
and allow the forming members to dwell at position A (Fig. 156). The
slides are adjustable in all directions and are independent of the pierc-
ing and trimming die holders. Die openings are shown by the section
lining. The strip is fed from left to right.

Stock strip is unrolled from a horizontal coil, on a reel, by the pull
of a “hitch-feed” arranged in the machine. The strip passes ‘“‘edge
up”’ through straightening rolls and then through the feeding jaws.
Then it passes under a positively attached channel stripper plate which
covers a vertical die block. A pilot punch engages in the center hole
of the work to insure accurate alignment of the strip. The center hole
is pierced at the first station, as shown. The piece is cut off in the
forming operation at A, on line X-X; this line is the right-hand edge
of the die block. The cutting-off blade is adjustable and is mounted
on one of the forming slides. '

An endless variety of small parts and intricate forming operations
can be fabricated in these machines, and the output lies between 125
and 300 finished pieces per minute, according to the size and difficulty
of the work.

In these types of progressive layouts be sure to take the following
precautions: (1) Separate all cutting edges as far apart as possible;
(2) provide minimum thickness of die blocks; (3) perforate the holes
for subsequent piloting in the first station, if possible, and have the
pilots enter in the following station; (4) consider the possibility of
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separating the die block into sections for easier working out of the die
openings, remembering that very small die openings are difficult to file
through; (5) provide backing-up heels on all trimming punches; (6)
position blank in regard to the strip grain for forming the part without
fractured bends; (7) provide push-off pins where necessary; they are
sometimes needed in the dic block where embossing is done.  Push-off
pins, in progressive dies, are usually necessary after forming operations.

Standardizing on a Few Sheet-gage Sizes.—Shecet-metal gage sizes
can be confined to a few numbers. Select standard sizes that the sup-
plier usually has in stock. Some shops have reduced gage sizes to six.
The sizes are sclected to cover the average run of work. When heavier
gage sizes are wanted for greater strength, the picees can be designed
of thinner material and “ribbed” to increase stiffness. This avoids
introducing other new gage sizes.

Using only a few gage sizes often saves changing an old forming die
or making new forming and drawing dies, because in these types of
tools the material thickness is the governing factor, and a previously
made die can sometimes be used for making a new part, if the material
gages are the same.

Collaboration between Apparatus Engineers and Tool Engineers.—
This cooperation is desirable be-
I‘ ---------------------- ™ cause it frequently saves material
. and tool cxpense. Cases occur

’ in which tool engineers discover
\ that if a certain piece could be
<\—./7 <\___ slightly changed in design, a far
more economical scrap strip
Fic. 157.—The usual layout for straight Would be possible or a stronger
blanks v».n’th hooked ends is very wasteful die, without expensive inserts
of material. 4 . ’
would result. Foreign manufac-
turers, whose materials are more expensive than ours, lay great stress
on this point. .
Some large concerns assign a cooperating tool engineer to the
apparatus-designing staff. An example of the good results obtained
is shown in Figs. 157 to 159, inclusive. The usual scrap layout for
straight pieces with ‘“hooked ends” is seen in the double-row scrap
(Fig. 157). At first thought this conventional layout would pass
unquestioned. However, it is very wasteful of material. It utilizes
only 62 per cent of the strip.
If another blank, of different shape, can be made in the same die
along with the original piece, which+is sometimes done for economy,
and the strip then designed as in Fig. 158, only 64 per cent of the strip

. |
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is used. However, the tool engineer assigned, discovered that the only
constant dimensions in this piece were A, B, and C. Therefore, by
redesigning the piece, as in Fig. 159, a new strip design became possible
which utilized nearly 100 per cent of the material, as shown in Fig. 160.

B
1--C--*P s
19 )
A i
1. —  —tel— C——
[J Bom\Ahé
N \> N\

P-—%---ﬂ

Fig. 1568.—The blank in Fic. 159.—The
Fig. 157, shown in another blank in Figs. 157
position to include a smaller and 158 redesigned
different blank, is also waste- for economy of
ful. material.

Another case of saving material is illustrated in Figs. 161 to 163,
inclusive. The original strip is shown in Fig. 161. An experienced
glance at this layout suggests waste; 4 sq. in. is used in making one
blank. By alternating the blanks in a double row, as shown in Fig.

B B.B 162, only 37{¢ sq. in. was used for each

I‘E TE TE’J blank. This appeared to be good econ-

omy until further investigation revealed
that about one-third of each piece could

Fia. 160.—A scrap strip in Fra. 161.—This layout is wasteful. Four
which the waste is negligible for square inches are used for each blank,
the blank shown in Fig. 159.

be cut from the piece ahead, as sketched in Fig. 163. In this design,
the utility of the part is unchanged, and the area for one blank
is reduced to only 234 sq. in., or a saving of 32 per cent, compared with
the original layout.
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A familiar layout are the U-shaped blanks ii Figs. 164 and 165.
This part cannot be run in a double row as shown in Fig. 157, because
dimension A is less than D. The scrap design in Fig. 164 uses only

Fig. 162.—Another layout of the Fi1g. 163.—This layout of the blank

blank in Fig. 161, in which only 37¢ in Fig. 161 is a result obtained by

8q. in. are used per blank, but even this changing the piece slightly. It saves

layout is wasteful. 32 per cent of the material, compared
with the first layout.

B

r“f‘,:sq L

A

Fia. 165.—This layout’ of
the piece in Fig. 164 uses over
70 per cent of the material

Fia. 164.—This lay-
out utilizes only 38 per
cent of the material

strip. strip.
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Fia. 166.—A condition to be avoided are long cross cuts in the strip at acute angles with
die edges.

38 per cent of the strip; but if the blanks are arranged as in Fig. 165, 70
per cent of the strip is used. In the latter figure, the second row is run

by turning the strip end for end.
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In automobile-body fabrication, many small stampings are cut from
the scrap taken from window openings. If manufacturers neglected
to follow this economical practice, competition with others who did
would not be possible.

In Fig. 166 is a cutting condition that is encountered quite fre-
quently in blanking and shearing cuts. If angle A, on the piece to be
cut, is less than about 10 deg. with the die edge, both the punch and the
die will wear rapidly at the point of crossing and require too many
grindings. The remedy is to change the angle or redesign the piece
to avoid the trouble.



CHAPTER XV

SHAVING, BURNISHING, BROACHING,
AND TRIMMING

Shaving and Burnishing Dies Produce Smooth Square Edges on Portions or the
Entire Contours of Blanks

Broaching Dies with Effective Work Clamps Produce Cuts That Would Otherwise
Require Several Difficult Milling Operations

Trimming Dies for Forgings, Castings, and Round and Rectangular Shells. The
Bliss and Brehm Methods for Trimming Irregular Shells

Introduction.—Edges of cut blanks are never perfectly square with
the faces of the piece. This condition is unavoidable in plain blanking
dies. For blanks in ordinary use this discrepancy is allowable. It is
caused by the punch-clearance gap; and unfortunately as blank thick-
nesses increase, greater punch clearances are necessary, and conse-
quently the blank edges become less square. -

All blanks have rough fractured edges arising from the break that
follows punch penetration. This fault is particularly true in thick
blanks. There are cascs, however, where this condition is undesirable.
For example, rough edges, burrs, and the round corner on blank edges
are objectionable on pawls, ratchet wheels, and gears, because for satis-
factory performance these pieces must have smooth, square, and sharp
edges at working surfaces.

Smooth square edges, as just described, are produced by shaving
the blanks by putting them through a second-operation die. If the
round edge must be entirely removed, the blanks should have milling
cuts taken across the edges of the working surfaces. The cuts must be
deep enough to remove the rounded edge, and sufficient metal must be
added on the blank for that purpose.

The amount of metal removed in shaving dies is one-tenth of the
blank thickness. Clearly this 10 per cent shaved off should exceed
the punch-clearance percentage that caused the rough and out-of-
square edges. The extra 10 per cent of metal is added on the blank
size at shaving points,

There are several tool designs and methods for handling the work
in ‘shaving dies. Blanks that require a shaved finish all around the

. 210
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edges are pushed through a die by a punch having the same contour as
the die. The punch clearance is practically a negligible amount; it is
not more than 114 per cent of the material thickness, over all, and the
die clearance is little or none. Guide posts of substantial diameters
should be incorporated in the die set.

Principles in the Design of Shaving Dies.—The blanks are central-
ized over the die either within a ‘“‘nest of pins”’ or between a pair of
centralizing hand clamps shown in Fig. 167. The shaved picces fall
out under the die and press each time another blank is pushed in by the
punch above. Pilot pins, projecting from the punch, engage holes
previously pierced in the blank. When the punch descends, the pins

\;D/'e opening
Blonk fo be shoved, \  rLink

/
/
/ / /.’ fop \ \\\
; J Die pins NN
’\// block “\ )
Hand -
clomps

Fia. 167.—If there are no pierced holes in the blank for piloting when shaving,
hand clamps are used to centralize the blank over the shaving die. The size variation
of blanks is not great enough to prevent using this method of centralization.

guide the work centrally into the die. If the blank has no pierced
holes, then suitable holes are added for piloting and guiding the blank
when shaving it. If adding holes is objectionable, then the hand
clamps shown in the sketch are substituted for centralizing the blanks.

An improvement that adds several advantages can be made in the
design of this shaving die. A close-fitted shedder is placed within the
die opening and operated by the conventional spring compression
bumper underneath the die shoe. With this design (Fig. 168) the
finished pieces are free of burrs and dents which may occur when they
fall out beneath the press. In the design just described, the finished
work is delivered by the shedder above the die face after the shaving is
done.

With the shaving die mounted on the punch holder, and the punch
attached under it on the die shoe, we have a convenient design for a
die that shaves a blank all around. After the blank has been shaved
into the die, it is ejected by a “knockout” shedder which has an

-
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attached vertical rod. The shedder is a close fit within the die, and its
method of operation is the same as described for inverted blanking dies.

X-Pu‘m orf pin
T
E i -Punch
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- [
N ;\\ ! :': Se-—p/e block
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F1c. 168.—A spring shedder in the die
block delivers the shaved pieces above the
die face. This avoids the burred or
nicked edges on the picces that occur
when they are allowed to fall out beneath
the pross.

Using this design practically
solves the chip problem. Chips
cause considerable trouble on the
dic surfaces of shaving dies of
other designs. In this design, the
chips fall below the punch and on
the die shoe and clear the punch
face for taking the next blank.
The blanks are placed over pilot
pins fixed in the punch, which
insures equalized shaving. When
the ram descends, the die edges do
the cutting against the edges of
the punch. The shaved blank is
carried up within the die when the
ram ascends and is ecjected as
previously described.

Shaving Disconnected Edges.
Portions of a blanked edge can be

shaved in a die similar to that shown in Fig. 169. This is the usual

press-tool design for shaving an edge at one or more places.

I,Ser:ﬁon through upper punches Lower punch

It is the

Shave two { Blank to be shaved, o7 "on die shog™~

/edges T

‘[ . \“

i ; T
r- 4 -—)
-

Work Piece 5 —

Relief--»

Die shoe face----»|

F1a. 169.—T'wo opposite edges are shaved by using inverted tools, in which the upper
die is really just another pair of punches.

“inverted type”’ of press tool where the die is above, but which is really
just another pair of punches, as shown in the sketch. A ‘‘knockout
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shedder’* is unnecessary for ejecting the finished pieces from the die,
but this is true only when none of the cuts is diametrically opposite or
nearly so. Holes in the blank are placed over the registering pins
shown in the punch face. A strong spring pad, within the upper
punches, holds the work flat on the lower punch face when the ram
descends for shaving.

When there are no holes in the blank and when undesirable to add
them, locating strips are arranged on the lower punch face, opposite
the cuts, to position the blanks. A recess or relief in the lower punch

Blanking Piercing
station \\T Station
Blanking\,
_centers
Back gage
N r/ —i
Q Q u )
PAES) |
Scrap strip§ \\ / :
! \
K \:/\ / |l
P\ /\\( \ | Table |
1o N ,‘
Lo ) | _Material
:'_.;/_’)7:/_ i G :‘5__ ______:J""sfrip
2nd Ist e p/
/ l{ sfal;ion‘ station [ -Die block
Iy Blanki
| ptivied —
/ [ centers
L . Auvfomatic sto
in stripper plafe

F1a. 170.—Shaving is combined with blanking in this two-station tool. Success depends
on having adequate pilot holes B.

face is provided at convenient locations to allow the pieces to be
“flipped off” the pins with a hand pick after shaving.

Shaving and Blanking Combined.—A shaved edge is cut to specified
sizes at one or more places on a blank by incorporating the operation
in a two-station piercing and blanking die. This principle is shown in
Fig. 170. At the first station, two elongated holes are perforated at
A. These holes provide that one-tenth of the material thickness
remains on the blank at places to be shaved. When the pierced holes
in the surip are advanced into the second station and the ram descends,
the blank is cut as usual, and at the same time the previously prepared
edges are shaved by the blanking punch. This idea saves the cost of
a separate shaving tool,
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The success of this method depends entirely on having one or more
pilot holes in the blank from which to register the work by the entrance
of substantial pilot pins which protrude from the face of the blanking
punch. In the sketch, pilot holes are pierced in the first station at B.
The diameters of pilot holes should not be much less than the material
thickness for registry of the strip when blanking. Larger holes than
these are preferable if possible to have them.

Selecting the die set depends on the size of the blank, its thickness,
and whether or not close tolerances are expected in the work. A large
thick blank may be shaved in a four-post or staggered-post set; a
smaller piece is done in a die set having rear posts only or in a center-
post set. If the piece to be shaved is steel and has a thick edge several
inches in length, it is good practice to use slight shearing angles on the
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FiG. 171.—Forcing a shaved blank through a highly polished tapered die will burnish
its edges and improve the functioning of the piece in precision mechanisms.

die face. For shaving thick interior edges, the punch face carries
the shearing angles.

Small precision parts, such as moving parts in clocks, watches, and
adding machines, are shaved in an arched-barrel subpress die. For
larger precision parts, a pillar subpress die set is used.

Burnishing Dies.—These dies are closely related to shaving dies
because shaved edges are never perfectly smooth without burnishing.
If a shaved edge is examined under a good lens, it will be found to
resemble the cross lines on the edge of a file. These parallel lines repre-
sent minute irregularities in the cutting edges of the shaving die.

Shaved edges are usually satisfactory for pieces in ordinary use; but
for small working parts in precision mechanisms, a burnishing opera-~
tion is necessary to obtain smooth polished edges. A burnishing die is
illustrated in Fig. 171.
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In a burnishing tool the die opening is slightly tapered inward from
the top surface and downward through the die block. The tapered
surface ends 31 ¢ in. from the bottom of the block, and for the remain-
ing distance the sides of the opening are vertical. The interior of the
die is finished smoothly; and after hardening, it is then highly polished.
When the blank is forced through the die by the punch behind it, the
edges of the piece are compressed; and in crowding through the slightly
tapered opening, the edges take the same degree of polish as provided
in the die.

Burnishing Round Holes.—The interior of pierced holes can be
burnished to size by forcing commercial steel balls through them with
a punch. The balls drop into a tray under the die and roll out in front
of the press and arc used again. Punch diamcters are made 0.005 in.
less than the hole sizes, and stripping the work from punches is unneces-
sary. This operation may be satisfactory for small consignments but
is too slow for regular production. For burnishing holes rapidly,
highly polished bullet-nosed punch points are used. The work is
stripped off under an open-side, positively attached stripper plate or,
for light stripping, by a spring pad surrounding the punches.

The stripping is sometimes done by a ““knock-off plate’” which sur-
rounds the punches and is operated by an attached knockout rod car-
ried up through the punch shank. The work clings to the punches
after they enter the work and is carried up when the ram ascends.
Stripping occurs when the free end of the knockout rod contacts the
crossbar through the head of the press. The method of stripping
depends upon the conditions involved.

PRESS BROACHING

Introduction.—In general, broaching dies are used for cutting
shapes in light and medium-heavy parts; but there is no reason why
they cannot be employed in heavy operations, given the correct punch
speed and the necessary travel of the press slide. Deep broaching
operations, in quantity production and for parts too large for power
presses, are fabricated in broaching machines in which a long broaching
cutter is ordinarily pulled through the work.

Broaching dies are particularly useful in operations on thick blanks,
for internal cuts through forgings and castings, and for external cuts
in either the sides or at the ends of commercial sections. Internal
broaching is used for enlarging round holes or for changing them to
other shapes. :

In broaching dies, the work must be rigidly clamped in opposition
to the cut, and all the working members of the die, especially the
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broaching punches, must be of sturdy construction. The broaches
should be well supported and guided in order to resist excessive wear
and breakage. The die set should have precision-fitted guide posts of
comparatively large diameters; a “staggered-post” type of die set
equipped for broaching in a straight-side press is the ideal setup.

Broaching cuts are governed by the same restrictions as are found
in all other machine-cutting operations, namely, to attain the maxi-
mum speed of the cutting tool, in fecet per minute, without its showing
excessive wear or failure; the disposal of chips; use of proper lubrica-
tion; the effect of certain tooth shapes; and the maximum feeding
distance into the work that the teeth can safely take per cut.

For certain external cuts, broaching is considerably faster and less
expensive than milling. For example, it is a simple operation to
broach several straddle cuts in a single-operation die, on the opposite
edges of work and at given distances from the ends of long pieces. To
mill the same cuts, several operations would be necessary unless an
expensive and complicated fixture were used.

An example of internal broaching is in cutting a keyway along a
finished hole through a hub. The broach, in descent, ¢ pilots” through
the hole in the hub, and the teeth do not begin to cut until the pilot end
has fully entered a fixed guide bushing beneath the work. A clearance
slot is provided within the wall of the bushing coincident with the line
of travel of the broach.

For external cuts, broaches are designed with comparatively heavy
backing heels. The heels are supported and guided on three sides by
long slots cut in guiding blocks which are rigidly attached to the sur-
face of the die or shoe. Guiding slots are lined with hardened, ground,
and lapped plates to insure long wear. The guides are attached
opposite the cuts. Guiding should start above the cut and continue
down to the surface of the die shoe and beyond if necessary. Only the
cutting edge of the broach is exposed, plus a small clearance, which
together provide sufficient depth to suit the operation.

The cutting principle governing the operation of broaching punches,
the tooth shape, and the chip clearance is closely related to that of
formed milling cutters. The travel of a broaching punch should not
exceed 40 ft. per minute in ferrous metals. An emulsion cutting com-
pound is used for steel forgings and cast iron to obtain free cuts and
smooth finishes. Some grades of stcel forgings may require a lubricant
of animal oil for heavy cuts. Brass can be cut up to 80 ft. per minute,
or higher, for light operations of regular contours. Cutting speeds
employed in hydraulically driven broaching machines seldom exceed
40 ft. per minute.
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These data indicate that a power press, which has been speeded for
Jrdinary piercing and blanking dies, has a slide travel that is about
right for broaching. A press slide that runs at 120 strokes per minute
and is driven by a 114-in. crank throw has an average descent of 30 ft.
per minute. For presses that run at higher speeds it is advisable
to reduce the number of strokes per minute for heavy broaching
operations.

Designing the Teeth.—The usual shapes for broach-
ing teeth are shown enlarged in Fig. 172. The pitch P,
or the distance from tooth to tooth, is determined by the
formula 0.354/C, in which C is the length of the cut.
However, it is best to dccrease the constant 0.35 to 0.20
when cutting distances are less than 14 in., so that two or
more teeth will be cutting at the same time.

The ‘“land” L, which is about 14 P, is slightly
“backed off” as indicated by angle Bj; this angle may
vary from zero to 14 deg. The pitch can be decreased to
suit unusually hard or difficult work or for abnormally
long and wide cuts. The tooth angle 7', which is
normally 30 deg., is sometimes decreased to avoid weak-
ening the cross section in very small broaches.

Fillet R, at the root of the teeth, is made as large as
chip space will permit. Chip clearance may be increased
by using an arc connection as shown at D, instead of a
straight-line connection between the teeth. The last
three or four teeth at the top are straight in line for
accurately finishing the cut. A rake angle H, of 5 to 7 Fra. 172.
deg., can be specified in all the teeth; this design favors {,nm: chpirzs;
curling the chip and tends to décrease the pressure tool, it is best

R to make the
required to operate the broach. first three or

The feed from tooth to tooth is determined by the four teeth
cutting resistance of the work material the same as it is f,}::}f T Pt'h“s';
for cuts in other power-driven machines. It depends that they act
largely on the hardness or toughness of the material ** leaders.
and the quality of finish desired. The feed is controlled by the
acuteness of angle A; this angle can be slightly altered, if necessary,
after the broach has been hardened in changing the angle by grinding.
Tooth opening O is approximately equal to depth of the tooth/tan T,
and the feed per tooth is equal to tan 4 X P.

Broaching Keyways in Hubs.—Figure 173 shows construction
principles of a die for broaching a keyway. The punch diameter is an
easy sliding fit through the center hole which was previously bored in
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the hub; it also slides through the guide bushing. A longitudinal slot,
shown in the punch, seats the broach blade.

When the ram descends, the blade broaches the keyway and con-
tinues in descent through a clearance slot in the guide bushing. A
stripper fork over the work, omitted for clarity, prevents the work
from ascending with the punch and permits the broach to witndraw.
The die set is the ‘‘staggered-post’’ design.
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Fig. 173.—In broach-cutting slots, such as keyways through a hub, the teeth are
usually undercut as shown by angle R. This undercut, or front rake, is ordinarily
made between 3 to 7 deg; it is designed to curl the chip, produce a smoother cut, and
10 reduce pressure on the broach.

Scope of Die Broaching.—For broaching square and rectangular
holes, the usual design of the broaching cutter is seen in Fig. 174. The
cutting teeth are slanted across the face of the tool at an angle of about -
5 deg. The angular slant of .the teeth causes them to shear-cut the
chip. This feature gives a smoother finish than straight-across teeth
give; it also reduces pressure on the teeth. Shearing angles are in
opposite directions on opposite sides of the broach, which balances the
. cut and leads the tool straight. Broaching punches of this type are
usually pushed entirely.through the work and die holder and then
returned by hand for making the next cut.
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It has been said that the operation of die broaching is simply a
series of multiple shaving punches of increasing sizes passing through
the work. This is an interesting comparison, inasmuch as it directs
attention to the surprising similarity in different kinds of cutting
operations.

The variety of shapes that can be broached are limited only by the
skill of the designer and toolmaker in producing a tool blank of the
proper length, taper, and cross section and in prov1dmg it with the most
efficient number and shapes of teeth and
lastly by the ingenuity of the tool hard-
cner. A broach that has warped in hard-
ening can sometimes be straightened while
the temper is being drawn.

Broaches are commonly used for these
shapes: round, oval, square, rectangular,
regular or irregular polygons, and com-
binations of these shapes. Keyways,
splines, and small internal gears arc
well-known examples of broaching. In-
ternal helical grooves can also be broached
by causing the broach to revolve while
following through the lead of a long spiral.
Broaching is a ‘“straightaway” cut; it is a
cut easily controlled by the length of the
broach, by the depth of the feed per tooth,
and by the number and shapes of tecth.

t

It is possible to broach a large variety of
external contours for small slots such as
half-hexagonal and U-sections; this can be
done on a production basis more rapidly
in a die than by milling with a profiling
cutter. Pads and bosses on castings and

Fi1a. 174.—Tecth on a broach
for enlarging a square or
rectangular hole should be
slanted in opposite directions
on opposite sides to provide a
shear cut and to avoid side
thrust.

forgings can also be broach finished on a high-production basis.
Special broaching machines are commercially built for this purpose.

A fixture similar to one for milling is made to hold the parts and to
support the surfaces to be broached, near the cuts. In modern broach-
ing machines, the cutters are attached on vertical holders, operated
hydraulically. Many small parts of army rifles, such as trigger
guards and triggers, rifle bolts, and the front locking lug, are broached,
internally or externally as required, at productibn rates of 200 to 800
pieces per hour. Automotive steering knuckles are also broached
on several surfaces simultaneously. Broaching is rapidly replacing
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milling in light manufactured parts. It is much faster than milling and
makes smoother cuts without leaving revolution marks. A vertical
broaching machine is simply another type of metalworking press.
External Broaching.—Foregoing references to the sturdy design
necessary in all parts of broaching dies are exemplified in Fig. 175,
which shows a job of external broaching. The work to be broached is
a short hexagonal section of cold-drawn steel, 14 in. across flats, and
is “nested” in the die block B, endwise between gage pins C. The
operation consists of one external broaching cut. Additional opposite
cuts, or end cuts, could all be made at the same time if necessary. For

Broaching
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Fia. 175.—Clamp D prevents the work from turning with the cut and is clamped and
released by a one-hand movement of handle F.

an external cut ou one side of round stock, great clamping pressure is

-essential; otherwise the piece will revolve with the downstroke of the
broach. In such cases a pair of clamping jaws are neccessary, and
the moving jaw should equalize when closing upon the work. A clear-
ance slot for the cutter is, of course, necessary down through the sta-
tionary jaw. In opposite cuts where the cutting pressures balance on
the work, heavy clamping is not so vital.

As shown, clamp D prevents the work from turning with the cut.
The clamping point is located close to the operation. The clamp is
unlocked and pulled back through slot E, for removing finished pieces
and to reload the tool. Cam handle F is used to release or to lock the
clamp, and this can be done, either way, by a one-hand movement.
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A simple device may be installed, in tools of this character, to eject
the finished pieces automatically. A spring plunger is arranged to
bear against one end of the piece and with a positive stop pin at the
opposite end. The work is “snapped’ between them when loading.
After the cutting operation, the clamp is pulled away; and by simply

/
— -D
¢ pmmm e
Vgl UL DI
sl
L

>

Work <<

T
1
’
!

%> ik

p—

\\
=

o°
Z

Frnrshed

\ \\\ work

il

1
[}
N\
/"
Cutting reeth inserts

F16. 176.—Plunger C moves downward in a spiral path and its key E engages a slot
+n the work to drive it in a similar path, while inserted broaching teeth in bushing 4 cut
spiral grooves in the outer surface of the work.

epressing a lever that protrudes in front of the die, an ejector pin is
vaused to contact under the work near the stop pin. This action lifts
the work above the stop, and the spring plunger instantly throws the
piece endwise out of the die.

The tapered cutting edge on the broaching blade is exaggerated to
show it clearly. Block @, with its wear casing H, ‘“backs up”’ the heel
around the broach. The blade and heel are one piece of cutting steel
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as shown in section A-A. The T-section of the broach strengthens the
blade greatly; it prevents distortion in heat-treating and hardening,
provides a larger guiding surface, and maintains cutting precision and
long wear. The die set used is one of the long, narrow ‘‘staggered-
post’’ types.

External Spiral Grooves.—A principle often used for die broaching
exterior spiral grooves on the surfaces of bushings, or on any short
lengths of cylindrical work, is shown in Fig. 176. The broaching teeth
are inserted through holes within bushing A. Bushing B is a guide for
the spiral-grooved plunger €. The spiral leads in A and C correspond.
A point on screw D is engaged in the spiral groove and causes the
plunger to revolve when it is advanced by the punch. The punch has
a retained steel ball which bears on the end of the plunger and reduces
the pressure friction between them in descent.

The work is placed within bushing A when the plunger and punch
are up. In descent the punch causcs the key E, at the end of the
plunger, to engage in a previously broached slot across the work.
This arrangement causes the work to revolve with C in descent, while
cutting through A, until the work is pushed out finished bencath the
press.

The plunger ascends with the punch because of an attachment
shown between them in the groove around the top of C. This is a fast
operation for cutting oil grooves in duplicate parts.

TRIMMING CIRCULAR AND RECTANGULAR SHELLS AND FLAT EDGES

Introduction.—Waved edges around the open-end side walls of
drawn shells and the overflow flange or fin on hot- and cold-swaged
parts must be trimmed for the removal of irregular outlines. In brass,
zine, and aluminum castings and around the contours of drop-forged
pieces a surplus of metal may purposely be allowed for a final trimming
operation.

Flash Removal.—Most cold-swaged parts must be trimmed.
When the body of the part is swaged to size, the surplus metal in the
blank overflows between the punch and die and forms an attached fin
surrounding the piece. It is the fin that must be trimmed to complete
the work. The fin may not be entirely removed in trimming, but its
outline may be trimmed to suit a flanged contour in the final design
of the part. ‘

Irregular edges around the tops of drawn shells are either pinched
off at the time of drawing or cut off in a subsequent trimming opera-
tion. For small shells the trimming is sometimes done in a hand fix-
ture, and for larger shells in a trimming lathe; however, for quantity
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production a commercial die known as a ‘Brehm trimmer”’ can be
used. .

When the open ends of drawn shells terminate in an annular rim or
flange, the outer edge is also irregular until trimmed to size. If the
drawn shell and rim are comparatively small, as produced in multiple-
plunger eyelet machines or in r#\
small progressive dies, the rim is T

trimmed in the final station, and +-D
the finished shell is then pushed oK
through the die by the trimming o
punch. H
“Pinch-off’’ Trimming in c
Drawing Dies.—In progressive / Strip
dies and eyelet machines, drawn A
shells with straight sides can be Al
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Fia. 177.—A cutting ring B fits snugly into the die opening and is set at the correct
height from the punch face, in order to pinch off the upper edge of the drawn shell to
the required depth.

Fia. 178.—The principle illustrated in Fig. 177 is applied to a compound die;
an air inlet is added to prevent a vacuum under the shell when being raised from
punch A.

trimmed by pinching off the surplus ends. This process produces an
edge slightly rounded and somewhat thinned, but the shell is usually
satisfactory for ordinary uses. Figures 177 and 178 illustrate the
design of drawing dies used for pinching off the tops of shells.

Figure 177 represents the conventional die used for drawing cylin-
drical shells in eyelet machines. It shows the final pinch-off station
for sizing the shell diameter and trimming surplus metal from the top
by pinching it off. The drawing punch A carries the shouldered cut-
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ting ring B, which can be adjusted to length after grinding. The
height from underneath the ring to the end face of the drawing punch
equals the finished depth of the shell. The cutting-ring diameter pro-
vides for only the thickness of the shell wall around the drawing punch.
External diameters of the cutting ring and shell correspond to the
internal diameter of the drawing die C.

When the punch descends, it draws the shell into the die to a posi-
tion where the cutting ring closes the die opening. The cutting-ring
edge is then forced through the interior side wall of the shell and com-
pletes the cut as it enters the die. The punch, continuing in descent,
delivers the shell through the die. Knockout rod D strips the work
from the punch when the die is used in an ordinary single-action press
with a spring shedder pad under the shell.

It is necessary to expand the pinch-trimming idea only slightly to
understand that other shapes than a straight-around trim can be made.
Like the Bliss and Brehm trimmers, shallow notches or irregular edges
can be cut around the top edges of shells. If the shouldered cutting
edge on the punch is laterally waved or notched, a similar cut is
transferred into the trimmed edge of the shell. The punch must
be adjusted to push the shell into the die far enough to finish the
highest cut.

Figure 178 shows a method for trimming off shell ends in a single-
action combination blanking and drawing die. The stripper plate has
been purposely omitted for clarity. Similar tool members have been
lettered the same as those in Fig. 177, because the trimming action is
the same in both.

A hole is drilled through the punch, with an outlet in the die shoe,
to admit air into the shell. This avoids creating a vacuum within the
finished shell when it is being lifted from the punch and carried up
within the die during the ram ascent and final ejection. Such con-
struction is necessary because the success of a positive knockout
depends entirely upon the certainty that the finished work will cling
to the moving member of the die when it ascends. .

Positive Knockouts.—Generally speaking, positive knockouts are
used when the cutwork clings so tightly in the dies, or around punches,
that spring-pad stripping would be impractical. They are used in dies
where a positively attached stripper plate would interfere in placing
the work piece for an operation. When the blanks are 5§64 in. thick
and up, & positive knockout is a more reliable work ejector than using
springs. To eject heavy work with 8prings requires great compres-
sion, and heavy springs working against the ram descent is an unfavor-
able condition which should be avoided.
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A positive knockout is a great convenience if conditions favor its
use. The work can be carried up with the ram ascent and then ejected
clear of the dies. It is a quick and reliable method for automatically
disposing of finished pieces. In using spring strippers there is always
a chance of ejection failure, and the unobservant operator may con-
tinue feeding the tool which results in broken punches or dies, a frac-
ture in the press frame, or distorting the crankshaft.

Selection of a suitable stripper depends largely on the type of the
die and the shape of the work. For example, positive-knockout strip-
ping is impractical in high-speed progressive dies because of the speed
and because the stations may not be situated near enough to the punch
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Fia. 179.—Edges of drawn shells or tubing can be cut off squarely and without burrs
by utilizing balanced cuts produced by two cutting blades A.

shank to operate a knockout rod through it. High-speed dies use
light-gage metals which do not usually require positive ejectors.
Selecting Strippers.—Automotive-body shops have adopted the
following formula for stripping pressures |
determined from tension-testing machines. i

. .. |
The formula is also of value in determining 040:% ; G I !
stripping pressures in small dies. By using it, e H . )}
the strength and number of stripperspringscan - — .
‘ .

be ascertained, also the size and number of U===
screws necessary for holding down positively |

3 \ : Fie. 180.—Necks H in
attached stnppcr. plates. 'In .thl'S formula the shells aro Ioft by the cut.
P = pressure required for stripping in pounds, ting blades 4 but are severed
L = length of the cut edge work in inches, b thedescentof punch@.

and T = thickness of the material strip in inches; then

P = 3500 X L X T.
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Balanced-cut Trimming.—A noteworthy tool design for trimming
the ends of drawn shells and for cutting off lengths of tubing with
smooth square edges and without burrs is sketched in Fig. 179, The
work is shown in Fig, 180. This shearing die is designed for handling
only light-gage nonferrous metals. The tool operates on the ‘‘bal-
anced-cut” principle, as shown by the double cutter blades A. When
the ram descends, these blades are advanced into the work by the
descent of the hypotenuse in the right-angled triangle B. The
hypotenuse is one side of a slot cut in the surface of cam plate C.
The hypotenuse along this slot contacts the roller shown attached on
slide D which carries the blades.

The work is held during the cutting interval by the two body
and leaf blocks E. The leaves are opened to remove the trimmed shell
and to place another shell for trimming and are then locked with a cam
not shown. Although it appears at first that the sharp points on the
blades cut from outside the shell, this is not exactly true. The points
on the blades first shear an oblique cut through the arc of the shell wall,
and the remainder of the cut is from inside the shell and outward.

Advantages of Balanced Cut.—In
using this principle, no appreciable
burrs can be formed on the inside
edge of the shell, and the close-fitted
blades in the slot between the holding
blocks prevent burrs forming on the
outside edges. In other words, this is
an inside cut performed by outside
cutters. An arbor is an unnecessary
support within the shell, because the
direction of all the cuts is away from
the inside wall.

After the cam plate has descended
to where the roller passes the acute
angle in triangular slot B, the blades tﬁfl'elfil;Fgf:;%pif?'tﬁ;ﬁxg :
have finished the cut, and tension die for the removal of flash or fin.
spring F immediately withdraws the ‘i?:,io:';p:ﬂh?:gfl trimmed off
holder and blades just before the
vertical cutter G descends to finish the cuts previously made.
The ram, continuing in descent, forces the angular cutting blade G
through the 0.040-in. slot which shears out the two small remaining
necks H. In ascent, the roller on slide D follows through the vertical
slot along the short side of triangle B. The roller is shown in its nor-
mal position in the sketch, with the ram up and ready to trim the next
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shell. This idea is sometimes utilized in a bench-fixture design, in
which compound hand levers operate the cutting blades. ‘

Trimming Flash from Forgings.—Figure 181 shows a drop-forged
connecting rod and the scrap frame which has been cut off in a trim-
ming die set up in a straight-side press.

Trimming large forgings may be done before the metal begins to
cool, or in another operation after it cools. It all depends on the ques-
tion of output, shop practice, and available equipment. Small forg-
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Fiae. 182.—Open type of flash-trimming die for forged parts. The closed type is
of similar design without opening 4. Clearance blocks C are extended for clamping
purposes,

ings are always trimmed cold in ordinary gap-type presses. For
constant production in which hot forgings are passed from one ‘“ strike”’
to the next, hot trimming is obviously more efficient.

The tools for trimming forgings are simple blanking dies and usu-
ally of rather crude designs and cheap construction (Fig. 182). The
cutting dies are made in halves, and in some of them the blanking con-
tour is left open in front to clear the grip tongs or the end of the forged
bar which is used as a handle for passing the part into other dies for
reforging after trimming. The work is pushed through the die and
into clearance space B, from where it is removed.
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Figure 182 represents the open-end type of flash-trimming dies.
The closed-end type is the same design without opening A. In the
latter type the trimmed picce falls through the die and shoe and
between clearance blocks C, on the bolster plate. The punch contour
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F1e. 183.—It is cheaper and quicker to build a trimming die for reshaping a given blank
to suit a new drawing operation than to build a new blanking die.

roughly follows that of the die but is }{¢ in. smaller to clear the scrap
frame. The die-face shearing angles cut the flash from the ends of
the piece toward the center.

Trimming Blanks to Make Other Blanks.—Whenever blanks can
be trimmed to make other blanks, the time and expense of making
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another blanking die are saved. The idea is exemplified by Fig. 183.
The original blank outline, shown dotted over the die block, is in posi-
tion to be trimmed when the punch descends. In this way two styles
of blanks are made available for different shapes of drawn work. The
larger blank is trimmed to make a smaller one.

In this case, instead of designing the trimming punches A with
heels, which prevent nicked cutting edges (in a ‘“bite-in cut’’ through
heavy sheet), the backup heels are separate pieces fastened on the sur-
face of thedie shoe at B. This leaves thefaces of the trimming punches
free of heel obstructions which may interfere with grinding.
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F1a. 184.—A drawn cover is accurately positioned over the pilot plate C for trimming
and notching the flange. When the ram ascends, the cover is ejected by the operation
of a knockout rod attached to pad A. :

After the downstroke the blank has been ¢ cut in’’ between the two
punches. It is then carried up, when the punch ascends, until the
upper end of the positive knockout rod contacts a bar through the head
of the press. This suddenly forces down shedder plate E attached to
the rod, and ejects the blank.

Flat-edge Trimming.—Methods of trimming circular shells by the
““pinch-off” and “balanced-cut”’ principles were described under Figs.
177 to 180. Other principles must be adopted for flat-edge trimming
of flanges on rectangularly drawn covers and in the special tooling
devised for shells of any cross section.

Tools for trimming the rough-drawn flange on a rectangular cover
are shown in Fig. 184. This view shows the cover before and after
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trimming as well as the front elevation and plan views of the die. The
material is 34 4-in. deep-drawing steel, and the piece is a coil cover.

In this operation, it was necessary to design an inverted tool in
which the die block E is mounted on the punch holder above the trim-
ming punch D on the die shoe. The reason for this was to dispose of
the scrap easily by cutting it into four pieces.

Knockout pad 4, attached to its rod, is recessed to clear the body
of the rectangularly drawn shell on the work, and its face bears directly
on the flange surrounding the piece. By these conditions, pad A ejects
the work without distorting the flange.

The work is placed on the face of the trimming punch D and is
accurately located by fitting the shell over the rectangular pilot plate
C. When the ram descends, the edges of the flange are trimmed, and
its four corners are notched as shown
by the dashed lines in the sketch of
) the work. The notches are necessary
for the subsequent operation of form-
ing down wings on four sides of the
flange. Face of punch D is ground 14
deg. horizontally from its center for a
shearing cut.

In addition to trimming, two 744-
in. holes are pierced by punches F.
Four sharp-edged scrap-cutting chisels

Fig. 185.—Illustrating a square-
edged trimmed and notched sample
of a drawn receptacle, showing the are located as shown, onec on each

¢ d. . « .
serap frame remove side of the punch. These cutters di-

vide the rectangular scrap skeleton into four equal pieces and make it
easy to remove them.

The work having been sheared into the die, it remains there until
the upstroke is nearly completed; at which time the work is ejected by
the positive knockout rod with its attached pad, as indicated in the
illustration. The front elevation is shown at nearly its closed height.
The style of die set used is the center-post type.

A feeding chute can be arranged to slide the untrimmed pieces into
the die and to locate them over the pilot. This would avoid injuring
the operator’s hand by placing work in the danger zone between the
dies.

Square-edged Trimming Shells of Any Shapes.—Drawn shells of
any shape—round, square, or rectangular—can be trimmed squarely
and accurately, or trimmed with notched edges, in a single quick opera-
tion by using a Bliss flat~edge trimming press. A trimmed and
notched sample of square-edge trimming is sketched in Fig. 185.
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The five sketches in Fig. 186 illustrate the die operations necessary

for flat-edge trimming. At the left is
shown the upper die which carries a filler
pad free to float on its surface. The
lower die is provided with a spring
knockout pad, and a shell is shown
placed on the pad, within the dic, ready
for trimming.

The punch, as shown, is provided on
each side with stop strips which are
ground true and parallel with the ground
surface of the lower die. These strips
clear the edges to be trimmed from the
shell, when they descend with the punch
and stop upon the die. In operation,
the filler pad, in descent, enters the
shell and depresses it to the required
trimming depth in the lower die.

The press slide is cam driven and is
designed to dwell at the completion of
the downstroke during the trimming
interval. A slight motion, sufficient for
shearing off the scrap, is then imparted
to the lower die, which cuts front, back,
right, and left against the upper-die
edges. By this action the scrap is
sheared off and is ejected by an air blast
when the slide ascends and the dies are
opened. The side-trimming operations
are shown in the third and fourth views
(Fig. 186), and the end cuts are similarly
made. The horizontal slide in the press
bed, which imparts the shearing motions
to the lower die, is operated from the
rear of the press by a vertical shaft
driven by miter gears from the main
shaft,.

Brehm Trimming Dies.—The Brehm
trimming die, a patented tool, does flat-

edge trimming of drawn shells in an

ordinary single-action press. The ac-

Fie. 186.—In the Bliss flat~edge trimming press, a slide in the bed imparts a sideward shearing motion to the lower die when
the tools are closed, thereby shearing off the scrap around the top of the shell

tual shearing-off operation is similar in principle to the trimming dies



CHAPTER XVI
SECTIONAL DIES AND INSERTS

By the Use of Die Sections and Inserts, the Designer Often Simplifies the Probiems
Met in Making, Repairing, and Replacing Worn or Broken Units in Press Tools

Introduction.—Built-up cutting members have several advantages
over the one-piece type: (1) easy making, (2) contours are easily
changed, (3) new sections can be substituted for changed shapes, (4)
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Fia. 188.—A cross section of a long rectangular die used for drawing heavy steel bumper
guards is made in two sections forced tightly together with a wedge.

punch or die sections with nicked or sheared edges are easily replaced,
(5) notching sections are easily installed, and (6) sections can be made
and hardened that are impossible or impractical in a one-piece cutting
member.

Die sections are likely to spread apart when blanking, forming, or
drawing heavy materials; therefore, all sections must be positively and
rigidly “backed” to avoid spreading. In built~up drawing dies, for
example, the sections are sunk deep within the die shoe, usually the
entire height of the sections, and are forced tlghtly together by insert-

ing tapered keys or wedges, as in Fig. 188.
234
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Standard Shapes of Sections.—Standard shapes for punch and die
sections have been commercially developed. By arranging the out-
lines of these sections in combinations, many different contours for
cutting a large variety of blanks can be quickly produced. The usual
cutting outlines of these scctions are straight, square, or round cornered
and arc segments. A cross-section view of a die using these sections is
drawn in Fig. 189. At the left, a plan view shows the method of
arranging the sections; the dashed line represents a portion of the
outline, or the finished die. A large flange on each section provides
means for rigidly securing the upper and lower sections on the punch
holder and die shoe by using screws and dowel pins.

Plan of die
sections
Nomomm o Flange
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Fi1¢. 189.—Standard commercial shapes for punch and die sections are used in making
up the contours for large trimming and blanking dies.

When commercial die sectiona are not used, the sections are made
of tool steel and without flanges. This avoids the unnecessary expense
of machining flanges on to the blocks.

The blocks are of suitable widths and lengths to provide a generous
area of base for inserting heavy screws and dowel pins. The sectional
lengths must not be too long in relation to their width and depth, in
order to avoid excessive grinding of warped blocks after hardening.
The length also depends largely upon the contour shapes of the blocks.

The average size of a straight section is finished to approximately
15§ by 27 by 12 in., but segments of arcs, corners, and rounds are
made less than 12 in. long and of a more substantial area. An example
of a compound sectional die for piercing and blanking and with sec-
tions made up as just described is given under Fig. 56.

Composite Die Sections.—Steel-clad sections are available in which
the tool-steel cutting edge is welded on to a soft-steel flange.
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A recent development by Jessop Steel Co. is the composite die sec-
tion shown in Fig. 190. These sections are designed for small dies such
as those used in the manufacture of toys, refrigerators, containers, and
similar articles. The section consists of & tool-steel cutting edge
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F1a. 190.—A rolled composite commercial die section for small press tools.

backed by soft steel. The advantage over solid tool-steel sections is
that they may be hardened before drilling the dowel holes, thus
eliminating lapping the holes and assuring a good fit in thedies. It is
claimed that these sections may be bent to shape, either hot or cold,
without destroying the weld.

Large Sectional Embossing Die.—The large die frame B (Fig. 191)
is made of structural steel. The opening in the frame is lame cut and
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Section A-A
Fic. 191.—Precision members of sectional dies should be arranged so that the tool-
maker can get out of difficulties if special fitting of parts should be needed.

is then machine finished. Eight hardened bead-embossing sections
C within the frame are press fitted end to end, with miter joints at the
four corners. Surrounding the beading sections are four lengths of
cold-rolled steel filler sections D. Sections D back up the beading
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sections and can be ground to fit closely around them. If the interior
of the die frame is over- or under-size, the toolmaker can easily com-
pensate for these variations in the final assembly by altering the thick-
nesses of the filler sections. '

The punch sections, which carry the mating female sections, not
shown, are arranged and held as described for those in the die. Screws
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Fig. 192.—Wedges at the front and right retain four precision-made die sections in a
recessed die shoe.

and dowel pins are inserted into all the different parts through the shoe

below and through the punch holder above.

A machinery-steel center core E, which may or may not be neces-
sary, is fitted within the eight sections. The whole design is now
practically the same as if made from one piece.

. Large Sectional Blanking Die.—The sectional die represented by
Fig. 192 is designed for blanking large lamination segments for a rotor
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having a completed diameter of 76 in. Twelve segments are required
to complete the circumference for each layer of laminations, there being
an insulating gap of 1{¢ in. between the ends.

Four tool-steel-clad die sections are used. The sections are immov-
ably locked in all directions by notched and anchored shoulders and are
placed within a deep receptacle sunk in the die shoe. Die sections are
retained by one wedge section at the front and another at the right.
Socket-hcad cap screws enter each scetion at essential points, with
their heads in counterbored holes under the die shoe. Two die inserts
are also shown at A. The punch, not shown, is also built of steel-clad
sections which are ‘“banked” securely around a solid center core.

A spring pad within the die is actuated through vertical pins B.
The lower ends of the pins rest on a cushion plate, which is the upper
part of a pneumatically operated unit secured in the press bed. Work
pieces are prepared by shearing them into a convenient trapezoidal
shape.

The segments are limited by a tolerance of 0.002 in. for the width,
length, and radius of the piece. Sizes of the punch and die are deter-
mined by using precision-made templets.

Small Sectional Dies.—Certain types of comparatively small rec-
tangular blanks which have straight-lined interior openings and are
made of iight-gage materials, such as lamination blanks, constitute a
class of die work i which the most effective tool construction is inter-
locked die sections and one-piece punches.

In Tig. 193 the work piece is the pierced and blanked lamination
shown at B. This sectional die pierces six mounting holes and four
elongated slots; and then by cutting across the center of the blank on
die edge C in the last station, two completed blanks are finished. The
width of the material strip is the same as blank length L.

All the die openings are section lined. The punches are the usual
one-piece types and have nothing in common with die sections; they
are therefore omitted. The stripper plate, a positively attached chan-
nel-type construction, under which the strip passes over the dies, is
omitted for clarity.

The strip is entered at the right of the die by unwinding it from
““reeled” coil stock. The forward end is registered against the first
finger stop, which has been depressed, while the punches in descent
pierce the six mounting holes at the first station. The first finger stop
allows a waste of 1{g in. for trimming the end square when advanced
against the second depressed finger stop, where the end is sheared off
on die edge D.  In the second station, four elongated slots are blanked
through at the time the end is trimmed.
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The strip end finally registers against the positive stop E, in the
third and last station, where the blanks are sheared apart on die edge
C. The forward blank slides down the ramp at the left, while the
second blank passes down through the die opening between edges
C and D.

The strip is now ready to be run at production speed with the
‘“‘press open,” that is, with the clutch treadle continually depressed.
The strip is steadily advanced by an automatic roll-feeding device,
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Fi1a. 193.—The construction of small sectional dies for thin blanks.

which pulls the stock from a loop maintained in front of the reel.
Between the reel and press the strip passes through a pair of lubricating
rolls which distributes oil on both its sides; this prevents excessive
wear in the dies caused by bare metal contacts between cutting edges.
Strip lubricant adds greatly to the longevity of cutting dies. The
foregoing press accessories are illustrated in Figs. 13, 15, and 21.

Making a suitably compact arrangement of small ‘‘hooked-
together’’ die sections is always an interesting job; it suggests the once
popular jigsaw puzzle. The figure presents one of several methods
for retaining small die sections. One feature is the four slots, 14 in.
deep and 14 in. wide, sunk within the surface of the die shoe.
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 The slots form a rectangle on the die shoe, and the corners are
crossed for cutting clearances. Die sections 1, 3, 5, and 8 have pro-
jecting tongues underneath them which fit closely within the slots, as
indicated in the front elevation. On both sides of the die borders are
long retaining sections, 10 and 11, which are likewise provided with
tongues that fit the slots, shown in section A-A. It is a simple matter
of assembly to grind the retaining faces of sections 10 and 11 to suit
the lateral positions of the interior sections that lie between them.

The longest interior section is No. 5; it is ‘‘shouldered” over Nos.
3 and 8 and is notched at another place to admit the shoulders of Nos.
4 and 6, while the latter sections are also retained by Nos. 2 and 7.
Section 9 is simply an attached ‘filler block’’ to provide easy entrance
for the material strip. This block is sometimes extended at the right
and up to within 1 in. from the feeding rollers.

Socket-head cap screws and dowel pins are inserted through the
bottom of the die shoe and enter all the sections at essential points. Six
of these screws are shown in sections 10
and 11, In each scction, all the machine
cuts and grinding directions are straight,
which simplifies fabrication and construc-
tion. When grinding the die surface for
sharpening, all the sections are reduced
together, including Nos. 10 and 11.

An Insert across'a One-piece Die.—
A design for a blade insert is given in
Fig. 194. Such inserts are sometimes
needed for cutting off or forming the
B work in a final progressive die station.
Another method is to make the insert
extend through between the die bloeks A
and B, as indicated by the dotted lines.
The whole die then consists of three sections. This design has
other variations. It may be desirable to omit section A and attach
the blade to section B, with horizontally positioned screws and dowel
pins. It depends on the die operation required at the station.

Two Varieties of Die Inserts.—Die inserts are ordinarily of two
distinet varieties. One type is shown in Fig. 195 at A4 ; the other more
common type appears in the same figure at B. Both types are press
fitted into the die block; but if the insert is large enough it can be held
‘byserews from beneath the shoe.

“The purpose-of the insert at A is for enlarging a small die opening

1o facilitate working out and filing the interior contour through a cleep.

Fia. 194.—Inserting a Dblade
across a die opening.
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block. The die block carries a portion of the die outline, and the insert
edge carries the remainder. The small size of this die opening is indi-
cated by the given dimensions.

The purpose of the insert at B is to provxde a small projection that
extends into a comparatively large die opening, the extended end of the
insert being shaped to become a part of the larger die contour itself.
Die inserts can easily be replaced if—after press operations—they
develop wear or become nicked or broken. Die inserts A and B are
retained in parts of round holes; the centers of the holes are accurately
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Fi1c. 195.—In this small portion of a seven-station die for producing a.double row
of blanks, two types of inserts are used: a large one as at 4 to give filing access to a small
die opening, and a small weak projection as at B, which is cheaper to make and replace
than if made golid in the die contour.

located by using a system of ‘‘stepped dimensions’ for a jig-boring
machine,

Four straight sections can be inserted verticaily from the bottom
side of the die block and then securely locked with a key, as shown in
Fig. 196. At A, one of the sections is shown separately. The sections
are milled from one piece of sufficient length to cut off four equal pieces.
The pieces are then hardened and ground. The idea here is to provide
the three small close-together rectangular openings shown on the sur-
face of the die block.

In the cross-sectioned view, the four straight sections .S are shown
inserted fiom the bottom side of the block into a previously prepared
rectangular hole, The sections lie at an angle of 34 deg.; the angle, of
course, provides the die clearance for the rectangular holes. The last
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insert K is a wedge key and is press-fitted tight, thus locking together
the entire group of inserted sections. The flat sides of the block,
together with the projecting ends of the sections, are then surface
ground flush, The 14-deg. angles are greatly exaggerated to present
this principle clearly.
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Fia. 196. F1c. 197.
Fra. 196.—Small close-together openings in a die block are made by inserting light
sections through the die block and locking them with a wedge.
Fia. 197.—Greater accuracy in small die openings can be obtained by grinding the
form in halves in a split bushing and then press-fitting the bushing into the die block.
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A “split bushing” (Fig. 197) is separated in halves for grinding an
elongated die opening or other internal shape. This method is often
used in precision die work when great interior accuracy of small die
openings is necessary. After grinding, the bushing is press-fitted in
its proper location in the die block.

Fia. 198.;Die insert for small rectangular die openings.

Figure 198 shows the method for obtaining two or more square or
rectangular die openings by using one die insert A. The cutting sides
of small openmgs are thus exposed for filing, grinding, or lappmg before
assembly. :



CHAPTER XVII
BENDING, FORMING, EMBOSSING, AND FOLDING

Accuracy of Bend Location Depends on the Type of Die Chosen—V-benders for
Ordinary Parts, and Spring-pad Tools for Precision Work

A Die Designer Can Often Choose a Principle That Forms the Job in One Operation
Instead of in Two or More Commonly Used Setups

Introduction.—Bending dies produce only one of the many funec-
tions that constitute the cold-forming group of dies and roll-forming
machines. The function of a bending die is to change the normal
plane of a blank into different directions.

In the cold-forming range of operations are bending, beading,
twisting, flattening, swaging, riveting, bulging, upsetting, necking, flang-
ing, curling, seaming, wiring, roll forming, and many others. Inall these
operations there occurs a forced internal local movement of metal
directly attributable to plastic deformation. Deep drawing does not
properly belong in this class. In deep-drawing operations more than
local deformations occur. In drawing dies, the punch, in forcing the
blank into the die and around itself, causes the blank to alter its shape
radically. In producing a deep cylindrical shell, the metal is forced
into an increasingly higher degree of plastic flow the deeper the punch
descends. In forming operations, plastic flow may reduce the thick-
ness of the metal or increase it. Its capacity either to stretch or to
upset should be about equal. In other words, a metal that will draw
well should upset well.

To understand the art of the pressworkmg of metals thoroughly,
it is necessary for us to visualize just what changes occur inside the
metal. The structure of metals is of two kinds: granular and cellular,
or stringy. Cast iron and lead are the two extremes of granular and
stringy, but neither of them will draw—one because it will not stretch
at all, the other because it will stretch too much, locally. This indi-
cates that we need both ductility and strength but not hardness in
materials for drawing. Hardness is induced in any metal by working
it. To illustrate: Take a narrow strip of soft copper, bend it at right
angles, and you have work hardened it so that it cannot be bent again
at the same place or straightened by hand without annealing. Take
the same strip and slap it down on a surface plate several times, and

' 243 ‘
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then note the difference in temper. What have we done that such a
simple procedure should harden it? We suppose that there is an
explanation clear to a metallurgist, but his conclusions would not help
us to visualize pressworking conditions.

Bending a piece of metal on a small radius stretches it on the
outside and compresses it on the inside. Between the two is a neutral
line, or zone. If bent to a large radius, the outside stretches, and the
inside remains practically normal. Bending displaces the granular
structure, and the grains will not slide again until the ‘“slip planes,”
as they are called, are again arranged in the proper order. This is done
by annealing. As we know, metal expands under heating, and for our
purpose we can visualize the metal as loosening up and allowing the
molecules, or grains, to readjust themselves. That this mental picture
is largely true is shown in the structure of stainless steel. The stand-
ard mixture of this metal is 18-8; this means 18 per cent of chromium,
8 per cent of nickel. The carbon is about 0.05 per cent. A casting of
this mixture will: withstand a dilute sulphuric acid bath, but a rolled
strip of the same metal will not.

Rolling apparently gives metals an entirely different structure, a
laminated one. The grains of chromium, nickel, and iron appear to
be held together with a binder of iron oxide. Let us take a piece of
sheet metal, say 1¢ in. thick, polish it, and then immerse it in a weak
solution of sulphuric acid for some time; when we take it out, no dif-
ference in appearance is discernable. It is still polished; it has the
same volume; and its weight is the same as before the acid bath.
Notwithstanding its unchanged appearance, we find that if we drop it
on another metal surface it has no more “ring’’ than a piece of lead.
If we try to bend it, it falls apart because it is so rotten. Why?
Because the iron oxide that held it together has been dissolved out of
the structure, and there are spaces between the grains of chrome,
nickel, and iron. The layers in wrought iron are another good exam-
ple. The layers of iron and slag can be seen distinctly with the naked
eye. It is because of this structure that wrought iron works so easily
under a hammer and does not *“ work harden” or crystallize but at the
same time will slip under pressure.

There is at times some confusion in the nomenclature of drawing
and bending and forming dies. A forming dies comes within the
general meaning but not within the specific meaning. A bending die
forms angles. - It may operate upon projections, or it may bend the
entire width of the blank. It may partake of the nature of a drawing
die because it bends up projections on one or several sides of a blank
by foreing the blank through a die. Usually, however, the center of
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the die is filled with a registering pad which elevates the work out of
the die when the ram ascends. A bending or forming die raises any
portion of a blank above its original plane or makes bends in more than
one direction at the same time.

A bending or forming operation may be anywhere up to an angle
of 180 deg. and may require more than one dic. The inside corner
of the bend may be sharp, or it may have a specified radius. Usually
this corner radius is large enough to prevent undue weakening of the
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Fic. 199.—The free ends of the work follow paths of least resistance, while forming
follows the punch contour.

metal by either stretching or indenting or to fracture it because of low
ductility in the metal or the direction of its grain.

Bending and Forming Analyzed.—The general principles of bend-
ing and forming operations are shown in the several ‘‘slow-motion”’
views (Fig. 199). At A, the face of the blank is in contact with the
punch, which is descending to make the first bend. The finished piece,
which involves bending, curling, and forming, is shown at F.

At B the punch starts the first bend across the center of the blank.
The free ends of the blank are “thrown up”’ against the faces of the
punch, At C the blank begins closing against the sides of the punch
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and starts curling toward the ends. At D the work hugs the sides of

the punch closely, and the curled ends are almost finished; at E the

work is completely formed and spanked to size at the bottom of the
stroke.

These simple operations reveal two important principles found in

m bending, forming, and drawing dies;

namely, (1) movements in the work

material follow the paths of least resist-

ance, and (2) the shaping of the work

' ‘ follows the punch contour.
— n The use of the second principle is seen
in Fig. 200. Working out the complete

Die block form in the die block is unnecessary if
—1- flanges of the blank still remain on the

 Fia. 200.~For many pieces it qi. 110k after forming, as shown.
is unnecessary to work out the die g,
form in the die block, because the V-benders and “Spring-back.”__
work follows the punch contour. v po ding dies are the simplest of all
die benders. One of them is sketched in Fig. 201. If both the
punch and the die members are made with 90-deg. angles, as shown,
the angle in the finished work will be greater than 90 deg. This dis-
crepancy is caused by spring-back of the material, resulting from its
residual resiliency. The amount of spring-back varies with material
and thickness. In dead-soft steel it may be only 14 to 1 deg.; for hard-
rolled steel, 4 to 5 deg.; and for hard
brass or phosphor-bronze sheet, it may
reach 12 to 15 deg.

Spring-back is overcome by bend-
ing the work to an angle less than the
angle wanted. This determination is
always a matter of experiment by the
toolmaker. Angular spring-back is )
sometimes avoided in thick metals by Die
rounding the V in the die to conform " Fro. 201 Spring.back of the
with the outside bend on the work. material prevents this die from pro-
The sharp angle on the punch is made ducing a true 90-deg. bend.
about 1 deg. less than the die angle. The punch, in descent, then
scores a line in the finished bend, thus setting the metal over a posi-
tive support. :

Pieces formed in V-bending dies are not always precision work.
It is difficult to bend two pieces exactly alike in these dies. The varia-
" tion is caused by slight horizontal movements of the blank while bend-
ing and by variations in the stock temper.
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One of several methods used in attempting to produce precision
bends is shown exaggerated in Fig. 202. The punch angle is made
more acute than the die angle, so that the punch produces a definite
set in the work at the bottom of the press stroke. Another exaggerated
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Fia. 202.—The punch angle Fi1u. 203—The spring-back
must be reduced to overcome of a convex hottom across a
spring-back in the material. piece overcomes the spring-

back at both sides.

case is shown in Fig. 203; here the bottom of the work channel is formed
sufficiently convex to straighten the sides of the channel to the required
angles, this occurring when the convex surface springs back upon
removing the work from the die.

Using the spring-back tendency, across the bottom of the piece,
to overcome another spring-back in the sides is one example of utilizing

el
Die ~w_Spring
Fia. 204.—In V-bending dies, Fra. 205.—Side oreep of the
distance A4 has an important blank in bending is prevented by
effect on finished results. the knurl-faced spring pin.

an opposing mechanical law by reversing your practice and compelling
it to work for you. Fortunately, we can sometimes take advantage
of such unfavorable conditions and force them to serve us. However,
if angular bends must be very accurate, and spring-back is difficult to
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control, it is advisable to employ a sccond operation sizing die and
re-form the angles.

In the operation of the V-bending die (Fig. 204) distance 4 has an
important effect in bending results. When A is too short, an imperfect
angular bend is produced. Distance 4 and the width of the punch
should be sufficient to insure a definite set in the work angle at the com-

O -Work
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‘;/\t;,,,” Work
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Fie. 206.—By cutting side clearances at necessary locations in the punch, the same tool
can be made to serve for several bends in the same work.

pletion of the press stroke. Dimension 4, in practice, should not be

less than twelve times the work material thickness. It should be

fifteen times the thickness, if the material is ¢4 in. thick or less.

In the V-bending die (Fig. 205) a vertical spring-pressure pin
with a knurled face prevents side creep of the work when the punch
descends.

Three common applications for V-bending dies are shown at 4, B,
and C in Fig. 206. These illustra-
tions suggest the endless variety in

Purich--
Spring the design and use of such tools,
pad s Side Bends.—When bending, as
blarnk ™

shown in Fig. 207, it is obvious that as
angle A on the punch face increases,
the bending moment decreases. In
[~~¥ practice, angle A is usually made 5 to
N 10 deg. In bending long arms, angle

Work A may be increased to a point wh
Fia. 207.—Increasing angle A on y be pomt where

the bending punck decreases the pres- 8 press having a greater crank stroke
sure required to make the bend. becomes necessary

holder

The only reliable data for the necessary pressure to be used in bend-
ing and forming are those derived from actual tests. A book covering
the subject and entitled ‘“ Press Work Pressures,” by C. W. Lucas, has
been published by the McGraw-Hill Book Company, Inc., New York.
This book shows hundreds of bending and forming conditions. For-

" mulas based on actual tests were also published under the title ‘“Pres-
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sures for Right Angle Bends in Steel” (American Machinist, vol. 82,
page 1017).

A die for bending a right angle of greater precision than posmble
with a V-bender is sketched in Fig. 208. The finished piece is shown
at A. Spring pad B first descends and holds the blank flat, while the
punch C, continuing in descent, bends the right angle over the left-hand
cdge of the die block D. The blank length is a fit between stops E and
F; therefore, dimension @ is always constant.

With this die, the spring-hack is little or none, but with a V-bender
it might be 4 to 6 deg. The reason for this is that punch C, confined
by heel F, “irons’’ the ““skin” on the outside of the angle, thus normal-
izing the work strains. If the work angle must be greater or less than

,+Punc/7 T
Flange G
F ) D __t.
A E s
WS WiN-"~Blank
90° | BIFF ] &
~-6 -] 7 K B
A/ <---D/e block
[
Fia. 208.—Horizontal type of bend- Fic. 209.—Vertical type of bending
ing die in which length G, on the work, die in which length G, on the work, is
i8 constant. constant.

90 deg., this condition is obtained by providing the necessary angle
between the faces of B and D.

Another method for making accurate bends is illustrated in Fig.
209, with the finished picce sketched at A. The tool is shown partly
closed. When the ram is up, the blank is placed vertically against the
right-hand side of punch B and is then dropped into a bell-mouthed
slot in the die block. The slot bottoms at C. When the ram descends,
the angle on the face of horizontal pin D is forced, by contacting the
positive cam E, to start the bend against the die edge F. Continuing
in descent, the flange on punch B completes forming the angle at F,
while the end of the blank is always in pressure contact at point C.
The result is a completed angle in which the length @ is constant.

Pin D is caused to withdraw by a spring, after it passes the high
point on cam E, and clears the punch flange before the flange reaches
its lowest point, where it spanks the work to size. When the ram
descends, if pin D is clogged or_fails to recede because of a broken
spring, it would be driven back when its angular face contacted the
bend at F, and no tool damage would result.
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It is impossible to place two blanks in this die at one time, a mistake
that sometimes happens with disastrous results in bending and form-
ing dies of other designs. The design and operation of this tool are
somewhat similar to the press-brake principle in which the lateral
length of work may be several feet.

The Spring-pad Principle.—The usefulness of spring pads in bend-
ing and forming dies is shown in Fig. 210, in which the press stroke is
down. The blank is placed within a nest of four notched plates A and
lies flat across spring pad B, which is flush with the die face when the
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Fig. 210.—When the punch ascends, work can be stripped from the punch either by
‘‘gky-hooks’ C, or by a knock-off rod.

stroke isup. When the forming punch descends on the blank, the pad
and work recede together, thus ““throwing up’’ the ends of the blank
within the sides of the die. At the bottom of the stroke, the pad
registers on the floor of the die opening, and the punch then gives the
formed work a definite set.

The spring pad is actuated by a spring-plate ‘‘bumper’’ beneath
the die shoe. When the ram ascends, the spring pad causes the piece
to follow up the punch until the pad is again flush with the die face.
As the ram continues to ascend, the work is removed from the punch
by contacting the two stripper hooks, or fingers, C. If stripper hooks
interfere with placing the blanks, the knock-off rod shown can be
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employed instead. When output is sufficiently large, a magazine can
be used to feed the blanks into the die.

Reverse Bends.—Bending in opposite directions simultaneously is
easily accomplished by using the principle set forth in Fig. 211. For
bending pieces, such as shown in Fig. 212, the blank is laid on the face
of die channel 4, between the end gages B and the four side pins shown
in section X-X.

When the ram descends, two spring pins through punch C contact
and hold the blank, while bending punches D start bending down the
ends of the work. Punch C then contacts the blank and carries it

' J‘“G
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{7 F
sl Punch holder
Spring
push
pins —===F<
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Work -
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Fom punch

Secﬂon X=X

bolster”

Fra. 211.
Fras. 211, 212.—8ide punches D form the ends down, and punch C pushes the work
into the die channel A, to form up the sides of the part sho vn in Fig. 212.

down into the die channel A, against spring pad E. This action
“throws up’’ the sides of the work against C and thus forms the chan-
nel. When the spring pad registers in the bottom of the die, the work
is spanked to size and shape. Near the top of the stroke, knock-off rod
F contacts the bar through the press slide and strips the finished piece
from the punch.

If the press is operated by the dxesetter when the knockout bar is
set too low, stop block G prevents injury to the rod mechanism.

In forming dies as just described, if the push-off springs are strong
enough to strip the work from the punch when the ram ascends, the
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work will remain clinging on the pad. This is an unwanted condition,
because it is then necessary to ““ pick off’’ each piece, which would be a
slow operation. On the other hand, the push-off springs are purposely
made of insufficient strength to strip the work, and the piece is carcied
up clinging on the punch for ejection by the knock-off rod. The piece
then falls behind the press as desired.” This principle is one that must
always be considered by the designer when disposing of formed pieces
of work. It may be necessary o ‘“iron’’ the formed-up wings to cause
them to adhere firmly on the sides of the punch.

Cutting Off and Bending.—A cutting-off and bending die for form-
ing a bracket in one operation is shown in Fig. 213. The bracket is
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Fre. 213.—When this cutting-off and forming die is used on an inclined press, the
ejected work slides off to the rear.

formed over the positive punch B, when the positively attached form-
ing die F descends and cuts off the strip at both ends, between
blocks A and E. The work is first advanced under the positive chan-
nel plate C and stops against pin D, where }4-in. waste is cut from the
strip to obtain the rounded corners on the work. The top surfaces of
A, B, and E are in a horizontal plane.

When member F cuts the strip to length and bends the free ends of
the blank down over punch B, it banks on the work at the completion
of the press stroke and spanks the angles square. Four inscrted pins
I guide the blank straight while forming. Upon ascent, the die carries
up the work, which is ejected by pad G. Punches can be arranged to
pierce holes in the work, through die block 4. '

Combining Bending Operations.—Figure 214 illustrates the method
for bending four angles, as at A, in a previously cut blank. The tool is
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shown in three stages of operations at B, C, and D. At B, the die in
descent is in contact with the blank. At C, the die has completely
thrown up angles ZZ on the work. At D, the die has reached the bot-
tom of the press stroke, the entire piece is completed, and all the angles
have been spanked squarc. A knockout rod ejects the piece from the
die when the ram ascends.

--Knock-out roo

Fic. 214.-—This single forming operation, shown in three views, is a principle
often overlooked, and two dies and two operations may unnecessarily be made, which
slows production.

Forming Brackets Having Four Angles.—Figure 215 shows a
spring-pad die for bending and forming a four-angled bracket. The
blank before bending is shown in view 4, dashed across the die between
the locating gages. At B, the operation is shown completed. In dies
of this variety, it is always best to make one or two ‘‘slow-motion”
sketches as a precautionary measure, to determine the probable move-
ment of the metal while forming takes place.

At A the sketch shows the forming conditions when the punch has
descended halfway. From this sketch we learn that the work is not
produced by bending but is being drawn and curled into the die over
edges C, with the wings dragging under punch radii B. This condition
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is not recommended for thick blanks; it would require heavy punch
pressure, and the work would probably be drawn to oversize lengths.
For stock less than about l{¢ in. thick, the results are usually satis-
factory. This forming principle is encountered frequently in dies of

Punch
Blank
LR N
Ga
ge < "”é Gag
. / 2 MNP
Die (o € D
L-A
Spring A
pad
B
A s
Fi1g. 215.--~A spring-pad forming die for producing four-angled brackets.

other designs, and it should be thoroughly analyzed by making several
tryout sketches before adopting it for precision work.
Side-forming Cams.—A die with side-forming cams is sketched in
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Fia. 216.—A blank placed on the slides
B-B is pushed down between them by
punch C to form a U shape, and the slides
are then advanced by side punches to
form the ends of the part.

down on the face of the die.

Fig. 216, together with the finished
picce A. The blank is positioned
between stops, not shown but
fastened on the tops of the side-
forming cams, or slides, B-B.
When spring punch C descends
on the blank and before the side
punches D-D contact and start

moving in the slides, the work is
thrown up U-shaped between the
noses of slides B-B. The punch
then carries the U-shaped work

The ram, continuing in descent, com-

presses the spring above the punch and simultaneously forces the side
'punches D-D to advance the side-forming cams inward. At the bot-
tom of the press stroke, as shown, the bottom and sides of the work
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are spanked to size. At the top of the press stroke, the formed piece
is pushed from the punch with a haund tool.

Self-stripping Collapsible Punch.—A collapsible punch is a con-
venience when forming and stripping deep bends, as shown in Fig. 217.
The punch is shown collapsed at 4 ; but when it descends on the blank,
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Fig. 217.—0n the upstroke, the punch collapses, and the formed part is left standing
on the spring pad.

over the spring pad, it is forced to expand full width, as seen at B. The
ends of the blank are thrown up by further punch descent. On the
upstroke the punch collapses as it leaves the work, and the finished

piece is left standing on the pad.
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Fia. 218.—A marking punch E scores the outside of the tube being formed, which
relieves spring-back and causes the ends of the tube to close tightly.

Forming Circular Tubes.—Figure 218 shows one method for form-
ing a circular tube in two operations. In the first operation at 4, the
blank is located between the gages; and when the punch descends, the
blank is formed U shape. In the second operation at B, the tube is
completed as chown at C.
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In the second operation at D, the angular faces on the punch in
descent contact the free ends of the U and close them together; the ends
readily enter the punch opening, because of the angles. At E is an
inserted marking cutter which relieves the spring strain in the formed
piece and causes the ends to form tight together. F is a removable
mandrel.

There are several objections to forming a tube in this manner,
especially if precision work is expected. If the marker is discarded
because it scores the tube, it will be found that the ends will not close
together tight. There will be a gap of 0.005 to 0.015 in. between the
ends, because of spring-back.

- Another fault is that the tube may twist in forming; thus, the ends
of the tube will not have flush surfaces. A remedy for both these
faults is to force the finished tube through a sizing ring with a shoul-
dered punch, the arbor of which extends through the tubular hole.
The hole through the sizing ring is slightly tapered inward toward its
delivery end, the same as in a burnishing die.

In this type of sizing die, the tube is forced through a bell-mouthed
sizing ring, or bushing, horizontally. The horizontal punch is recipro-
cated by a side cam attached to the punch holder, and the pieces roll
into the die from an inclined magazine. They are stopped in front of
the punch ready for insertion through the die. The sizing ring floats
in a holder and has about 0.010 in. floating clearance. It aligns itself
instantly when the work, on the punch, enters it,

A quick setup for sizing tubes is found in using a shaper for a punch
press. The sizing ring floats in a holder block secured in' tne shaper
vise. The shouldered punch is secured horizontally in the face of the
ram and in line with the sizing ring. The many quick adjustments on
a shaper that govern the length of stroke, ram speed, die space, and
vertical heights are found convenient for many varieties of die work.
Another advantage is found in using vertical magazines for feeding the
work into the dies. For sizing, burnishing, or redrawing shells, the
vertical magazine principle works out well.

Forming Flanged Tubes.—Figure 219 represents a bending and
forming principle for producing in one operation the piece shown at A.
This operation is usually done in two or mors dies. There are other
ways to produce this piece; for example, it could be formed in a die
similar in design to the one shown in Fig. 216.

Bending Six Angles in One Operation.—Figure 220 shows a die for
producing the six-angled piece shown at A. When the ram descends,
the center channel of the work is formed in the die by spring punch B;
the free ends of the work cannot be thrown up higher than the ends
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of punches C. When the center channel is completed and the ram
continues to descend against the spring, the punches C bend down the
free ends over the die edges, the work is spanked square. and the
operation is completed as shown in the closed position of the tool.
This tool must use very ductile light-gage materials, not over 344
in. thick. The depth of the center channel must be shallow, because

/st bend
started
N> Blorrk

Open Closed

Fia. 219.—The swinging members in this forming die avoid using two dies and two
forming operations.

the first channel sides are drawn into the die by the punch and forced
to curl over the radii B. A similar principle was explained under Fig.
215. If the drawing depth is too great and radius R too small, the
tensile strength of the material will be exceeded, and the work will
stretch or fracture while forming.

Open Closed

Fia. 220.—This die bends six angles at one press stroke, but it has faults similar to
those shown in Fig. 215. It can be used for bending only light-gage ductile materials,

Bending Square and Rectangular Tubes.—Figure 221 shows a
square tube C, formed in the same V-die in two operations, and slight
variations are permissible. In the first operation the blank is bent and
spanked to the shape shown between blocks B. When the punch
ascends, the work is ejected from the die by a spring pad. If the pieces
adhere on the punch, they are stripped off by installing & push-off pin
or a knock-off rod.
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For the second operation, the same lower die is used with blocks B
and spring removed, and a different punch of suitable shape substi-
tuted. When the ram descends, the punch closes the free ends over
arbor A. The arbor is removed from the tube by its handle.
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Fia. 221.—Forming square tubes in two simple operations.

Open Closed

Fie. 222.—The two unsymmetrical bends on piece 4 are made in this die. When
the ram descends, a spring-pressure pad holds the blank while the punches continue
to descend and form the bends.

Square and rectangular tubes can be formed in single-operation
progressive dies if the output is large enough to defray costs. An
example of this was given under Figs. 129 and 130 in Chap. XIII.

Unsymmetrical Bends in One Operation.—Figure 222 shows com-
bination tooling for producing two different bending operations simul-
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taneously. This tool uses the well-known principle of a swing punch,
which is adapted for producing many other similar and difficult shapes.

Two forming dies for separate operations on the same piece are
sometimes placed side by side in one press. In loading the tools, the
formed piece is removed from the first operation die and placed in the
second die, and a new blank is then placed in the first die. Thus, two
distinct operations are performed in one strike. However, this is
sometimes a difficult setup, because the closed heights of both dies
must be exactly equal. Otherwise either one or both operations are not
spanked at the hottom of the press stroke.
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Fia. 223.—Curling designation strips singly and progressively.

Forming Designation Strips Progressively.—In Fig. 223 at 4 and
B is one of the several methods for curling designation strips. The
first operation at A throws up the sides of the strip U shape. In the
second operation, the free ends of the U-strip are curled inward by
the punch in descent. The edges of the work are stopped parallel, as
in sketch C, against the sides of spring punch E. When the ram
descends, the spring punch is in pressure contact on the bottom of the
U, before the sides begin to curl.

It is possible to combine these operations in one tool and produce
the work progressively, as shown by the strip D. Mounting holes can
be pierced and countersunk if necessary, previous to the first forming
station. Countersunk holes are produced with an embossing punch,, .

i
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Forming Adjustable Collars in ‘“Horn Dies.”—Figures 224 and 225
are first- and second-operation dies for forming the collar ring sketched
at A. First, the blank is cut to its developed length in another die,
not shown, and the round and square holes are pierced at the time of
blanking. In Fig. 224, radii R in the die are formed 0.005 in. less than
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Fig. 224 —First-operation forming die for the piece shown at A.

AL
Finished Piece

R in the finished piece; this causes the ring to close slightly, as desired,
after the last forming. In other words, it compensates for spring-back.

In the second forming die (Fig. 225) the first operation piece is
represented by dotted lines sketched across the length of the die. The
work is positioned on gage blocks B, touching the die block, as shown.
Straddle gage pins are used for the lateral location.
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F1a. 2256.—Die and horn type of punch, for the second and last operation on piece 4,
' Fig. 224.

For large work, dies of this type are usually ‘“‘horn-type tools.”
The die set is special and extends out in front of the press ram, as
shown. This design allows the punch holder to be offset higher and to
extend up in front of the ram, gaining more die space. A horn punch is
shown in Fig. 225 at the right. »
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Designing Large Forming Dies.—Figurc 226 represents a quickly
constructed forming die, a good design and inexpensive to build. In
light manufacturing this tool is considered large work. The same
method can be used for the construction of very large forming dies.

The formed work, shown at the right, is cold-rolled steel 34,-in.
gage. All holes have been omitted from the work.,  The finished piece
is a radio chassis and is made in large quantities.

In forming large sheets, the die must be composed of sections. A
design must be discovered that will prevent the sections from spread-
ing when the punch forces heavy material between them
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Fic. 226.—This large forming die is built of eight sections. Spreading of the sec-
tions is prevented by a strong retaining frame. This principle is applicable in other
types of dies, also for compound piercing and blanking.

A one-piece frame encloses the die sections as shown in the sketch.
The frame, structural-steel plate, 134 by 22 by 24 in., is first machined
on one flat side to 114 in. thick. A rectangular opening is then burned
through the plate by the acetylenc-torch process and machine finished.
The die sections are 3¢ by 114 in., flat tool steel, backed up within the
frame and attached with screws, as shown,

This construction is better than milling a recess in the die shoe and
attaching the sections within. It is obvious that setting this frame on
edges for drilling and counterboring screw holes is easier than similarly
handling an irregularly shaped die shoe that may weigh 350 lb.

The piercing, trimming, and corner notching die for the blank is
the reversed compound type. The one-piece frame principle is also
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followed in designing this die. The frame that holds the die sections
is attached on the face of the punch holder. The punch is a steel plate
attached on the die shoe and surrounded by hardened-steel sections.
There are 25 scattered bushed holes in the punch coincident with the
piercing punches which operate through a stripper plate within the die.
Four chisel scrap cutters are centrally located, one on each side of the
punch; this avoids using a stripper plate around the punch.

Piercing punches are held by shouldered heads secured in a plate
attached on the face of the punch holder, within the die opening.
Blanking, forming, and piercing dies of similar designs are made in
very large sizes; some are 8 ft. long and 3 ft. wide; others are even
larger, as used in tractor and agricultural machinery plants.

In forming rough heavy blanks in which the gage thicknesses vary
considerably, the forming sections within the die are separate blocks
and backed up with either strong springs or stiff rubber. This con-
struction/permits the blocks to spread slightly, during forming opera-
tions, and compensate for variations in material thicknesses.

Although the tools just described are comparatively simple designs,
they set forth principles that are applicable in many other forming
jobs. The work may have long or short members to be formed up,
possibly ribbed walls, instead of the straight walls as in Fig. 226. The
aim is to present tool principles for general use, as far as possible, and
not special designs for individual dies.

Cutting off Blanks and Forming
“U-shapes.”—Forming operations often
follow shearing. Figure 227 shows a
typical U-shaped terminal produced in the
die illustrated in Fig. 228. The piece is
\d : notched, pierced, sheared, formed, cut off,

Fic. 227—A terminal used 8Nd ejected at a rate of 7,500 per hour.
in electrical industries, pro- In a high-speed press this output could be
duced in a single-operation die. increased tenfold.

This tool is a “no-scrap die,” the width A of the strip being equal .
to the developed length of the blank. In operation, die block B is
covered with a channel stripper plate which has been removed to show
the plan. At the first station C two holes are pierced, and corners of
the blanks are clipped off by punches with backing-up heels. The
next progressive station is idle, providing sufficient steel to support
the shearing edges D, in the die. The strip is then advanced against
stop pin F, by a hitch or roll feed or by hand.

‘At the left of the die block is a pressure pad H, the springs of which
are stiff enough to resist the light pressure necessary to form the work.
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When the combination shearing, forming, and cutting-off punch I
descends into he close-fitting slot K, the terminal arms are sheared
down by the angular shearing edges on the punch, against die edges D.
Continuing its descent, the punch forms the work over pressure pad H
and within the punch opening L. A further descent depresses the pad,
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T1a. 228.—Automatic die for producing the terminal sketched in Fig. 227.
and the picce is cut from the strip on edges M. When the punch
ascends, the pressure pad follows up until the pad face is normally flush
with the dic surface.
The finished work adheres within the punch opening and is ejected
by the knockout rod N, near the top of press stroke. The pieces are

/,C oncave punch

Fia. 229.—This die cuts a blank and curls it.

* blown into a chute left of the press and are therefore prevented from
falling on the die. Die set and guide pins are omitted to emphasize
the tool operation. The view of punch I is a first-angle projection.

Forming and Blanking Simultaneously.—Figure 229 shows the
method used in forming curved pieces while blanking them from a flat
strip. The edges of a concave punch face, in descent, first shears
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through the ends of the blank and starts curling it. The formed blank
follows the contour of the punch, but the concavity of the punch is
determined by trial to offset spring-back in the finished piece.

The same principle is applied in forming angles on the ends of
blanks, as seen at 4, in Fig. 230, or for shearing down the corners on a

L ]

Fic. 230.—Forming down the ends while cutting a blank.

blank as at B. Holes can be pierced in the blanks at a first station.
These dies do not produce accurate work, but the pieces are suitable
for ordinary purposes. For producing accurate pieces of these types,
an inverted compound die is used.

A round blank can be formed ‘“dished” by using a convex punch
face as shown in Fig. 231. Dished blanks are usually round but not

Convex
Lpunch

{
Blank dished
Fie. 231.—Blanking and dishing simultaneously.

necessarily so: they may be elliptical, square, or rectangular and still
be dished. If a hole is pierced in a first station, it will distort slightly’
according to depth of the dish.

Forming and Ejecting with Vertical Side Cams.—Figure 232 repre-
sents two important principles in forming dies: forming slide A, oper-
ated by vertical side cam B; and horizontal ejector rod C, which
removes the finished work D, by side cam J attached on the die shoe.
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The ejector rod is square; it slides in a slot cut in spring pad ¥ and
is covered by a separate lower pad F. Tension spring G holds roller
H in steady contact on side cam J, so that when the ram ascends, the
ejector rod is advanced toward the right by a 45-deg. angle near the
top. The work is carried up with the pad. The right end of the rod
ejects the work by contacting its formed-over arm K.

‘At the completion of punch descent, slide A has advanced and bent
over arm K, on the work, on to a blade attached in the pad, as shown.
Punch L contacts the slide and spanks the bend flat; the slide has a
1-deg. clearance angle for that purpose.

¥
b 7+
2 P
) Y Y
T AN
. ¢
J-

.

-=-s g
- ——— e

e
Lt

Fie. 232.—Vertical side cams are employed in forming, ejecting, and sometimes
for trimming operations. The horizontal ejector rod (' is operated when the ram
ascends, by a roller in contact with vertical side cam J.

When vertical side cams are being designed, several factors enter
the picture: (1) 35 deg. is the practical angle for easy movement and
minimum wear on the slide. (2) Cam length must be sufficient to
prevent its leaving the slot in the slide, at highest ascent, unless the
slide is returned by a spring. (3) Dimensions 114, 34, and 1 in. must
allow the cam to ascend without interference. (4) The slide advance

~ must not begin until the spring pad is seated in the work, in which
dimension M is involved. (5) There must be sufficient slide travel to
form over the part. A careful layout should be made to determine
these factors. There are times when a faster or slower angle than
35 deg. must be useq, and greater cam widths than those given

under (3).
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If a = angle on cam,
v = vertical descent,
h = horizontal travel of slide,

then

h=tana><vandv=mna-

When a = 35 deg.,
= _h.
h=07Xv and V=57

Care must be used in running most forming jobs to prevent a
“doubleheader,’”’ as it is called. This means placing another blank in
the die and tripping the press before removing the previous one.
Most bending and forming dies are accident hazards, unless a chute is
installed through which to introduce the blanks on the die. If this
cannot be done, the job should be run in a press provided with safety
devices, so that the press ram cannot be operated either by intention
or by accident while another blank is being placed under the punch.

Inexpensive Bending and Embossing Die.—The shape and dimen-
sions for a hot-rolled steel part, of which only 2,500 are needed, is

& % 4 . - Emboss ~._
\~ / ~,
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é,’é /%’,'q_ ,g L 4

ATE g ¥ k-

Fia. 233.—Low production for this part required the development of an inexpensive
two-operation die.

shown in Fig. 233. No repeat orders are expected. The developed
length of the blank is 21.414 in. The punch holder and die shoe are
purchased without guide posts, and the tool is aligned in the press by
using ‘‘setup pins’’ shown at diagonal corners of the die in Fig. 234.
In operation, the material strip is fed from the right-hand side of the
tool. The strip is guided between two hardened backing-up heels A
and under the cutting-off punch B, across the cutting-off edge C and
then over spring pad D. The forward end of the strip finally stops at
the extreme left'end of the tool by contacting the 45-deg. angular block
E. The angular block swerves the strip and causes it to register within
the front stop block F. Backing-up heels are fitted against the right~
hand side of the die-shoe slot and project 34 ingabove cutting edge C.
These heels guide the cutting-off punch when the ram descends.

i
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The strip is now in position for the first operation, namely, cutting
off, bending the four angles, and embossing two circular indentations.
Perforating the two square holes in the ends is performed at the second
station. The press being tilted, the first-operation piece is easiiy
pushed from the spring pad and into the second position, just off the
pad and toward the rear of the tool.

For the second operation, the work is gaged endwise in a cleared
opening 1713{¢ in. long, which is the distance between the two die
blocks . The work is retained in position by two short stop pins H.
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Fia. 234.—Cut-off and forming is done on a spring pad in a front station. The

picce is then pushed back to the rear in the tilted tool, between blocks in a second sta-
tion, for piercing the two square holes in the ends.
Pegforating punches are stripped by two ‘“sky hooks” J, when the ram
ascends. These hooks are provided with considerable clearance spaces
underneath them and are firmly attached to the die shoe. When the
ram ascends, the work is carried up by the punches. When stripping
occurs, the press inclination causes the work to slide off the die and to
clear the short stop pins H. Finished pieces fall into a tote box placed
behind the press.

Embossing and Piercing Holes for Screwheads.—Piercing and
embossing a countersunk hole can be done in several ways. The hole
can be pierced at one station. An embossing punch, with a pilot that
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engages the pierced hole, is brought into action to emboss and spank
the countersink at a subsequent station. However, this method
usually distorts and enlarges the hole,
- because the hole is pierced before emboss-

- Embossed counter- ing the countersink.
bore hofe Another method, given in Fig. 235,
is used at one station. The pierced hole

Embosséd countersunk is not enlarged, because it is pierced afier
hole ‘ Punch the countersink has been practically
runc embossed. In operation a strong spring

[Sprg. pad pad holds the strip, while the punch

WEEQ |

%////jlﬂﬁ% ek —— e

N
\Bushing Rolldd hole
Fig. 235.—By this punch and Fie. 236.—Insulation
die construction, the countersink on wire or cable is pre-
in the work is practically em- vented from being cut or
bossed before the hole is pierced, worn when pulled through
thereby avoiding enlargement of holes in apparatus if a
the hole. rolled grommet hole is
employed.

descends and embosses the countersunk portion of the strip down to
Punch the bushing face, where the hole

~+23,.— func is pierced. 3 S inui
. 4',1 o oy 18 Pt rced. The punch, continuing
- A in descent, spanks the countersunk

fe .
‘."_‘J— lg‘zerce punch portion of the metal around the
1 _E_' 1 1 piercing punch.

.~ Punch An embossed counterbore can
descended be picrced and embossed as shown
<-Sprg. in Fig. 235, but the metal is likely
 s777/pper
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Fia. 237.—A rolled grommet hole is Fic. 238.—With the extrusion placed

started by piercing and extruding a rim, down on an anvil in the die the rim is
using a single punch. . rolled under and seamed as shown.

to be drawn away from the hole, because the hole is pierced before the
_counterbore has been fully embossed. If an enlarged hole is
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objectionable, it is best to emboss the counterbore in a previous station
that has an ejecting shedder. In another station, pierce the hole on a
bushing face below the die sur-

face, as shown in Fig. 235. The w,ao;ﬂ'c;es. s

bushing can be designed as a <=t e e

shedder to eject the work after --g;gg_—-

piercing. Ist. Oper:

In sheet-metal thicknesses ex- !

ceeding 3§4 in., a pierced slug "

can be punched part way out, “TTUiE T

usually to a height of half the Z

stock thickness. These protru- 5 v

. . 2nd.Oper:

sions serve as dowels for locating

another piece in apparatus as-

sembly or for locating the piece =~ P

itself on another part. Two [‘ oz, .}

slugs are protruded for a double i6

location of the part, and their — ") (————

diameters and center distances yar | 57

must fit the holes into which they 45° (32 5" 527 \g50

are assembled. The operation T 8§ T M
3rd.Oper:

i 'l S h( S 3
fOI‘ protrudlng 5 Ugb. as been Fia. 239.—Dimensions for producing a
illustrated and described under fold over grommet hole 7{¢g in. in diameter
. . e in No. 22 U.8.G. steel. The original hole
Flg' 86 {n Cha'p' XL is pierced 0.300 in. in diameter.
Folding over Grommet Holes.

The rolling and seaming of pierced holes, usually called a ‘“rolled
hole,” is shown in Fig. 236. It is a smooth hole with nicely rounded
edges inside. It is mostly used as an opening
for conducting small cables.

Rolled holes of 14 in. diameter and up are
done at two die stations (Figs. 237 and 238).
For rolled holes under }4-in. diameter, three’
operations are gencrally required. The hole
is pierced in the first station, and the second
and third operations are similar to those in

Fia. 240.—When work F igs. 235 and 238.
diameter permits, a spring In Fig. 237, the hole is cut by the pierce
f:ﬁ-l:e::ﬁm: tﬂ’ﬁ;’ 02:,’;:3; punch in descent, when it enters the spring-
times the hooks can be mounted die bushing. Continuing in descent,
formed on the spring pad- 41, hody diameter A of the punch extrudes
the pierced hole as shown. In the second operation the extrusion is
rolled under and seamed against an anvil when the flattening punch

descends, as shown in Fig. 238. ‘ :
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Figure 239 gives the dimensions used in practice for piercing, roll-
ing, and folding a 7{¢-in. diameter grommet hole. This shows the
relationship between operations.

Forming Locked Seams.—A variety of forming is performed in

Blank , horn presses. For lock-seaming the

C A bodies of pails, tubes, barrels, boxes, cans,
drums, or spouts, a horizontal stud, or

horn, is substituted for the table. The

horn usually has a cross section similar

B to the opening in the work; however, the

horn is smaller to facilitate work removal.

In lock-seaming operations, the open-
ing in the work is placed over the horn,
hooked seam up. The punch, in descent,
flattens and locks the seam together. The
narrow face of the punch is parallel with
the horn and dl'rectly above it, as shown
in Fig. 240. The work gages against a
backstop on the horn.

Hooks for Locked Seams.—The prin-
ciples involved in producing locked seams
are presented in Fig. 241. End hooks on

Fia. 241.—Four steps in form- the blank for making the seam are plain

ing a locked seam. bending operations. One hook must be
bent up, and the other one down, as shown at A; both hooks are bent
at a slight angle, to facilitate folding the seam. .

Position of
blank placed
before bending

F1a. 242.—A good method for producing the hooked ends is by using a V-bender die.

If the material is light gage and the work is rather large, circle B can
be formed by hand. If the material is too heavy for hand forming, the
circling is done in dies. At C, the circle is shown hooked together by
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hand. At D, the secam is completed, after it has been flattened and
formed in a horning press die.

There are several ways to produce the hooked ends on the blank.
It can be done in a ‘“bar folder” or press brake. Prcbably the most
satisfactory method is shown in the V-bender die (Fig. 242) in which
the finished work is close section-lined. The lock seaming itself is
performed with the hocked énds positioned over a plain horn.



CHAPTER XVIII
ASSEMBLING DIES

Most of the Single-station Assembling Operations Discussed Can Be Adapted
for Use on Dial Feeds and Multiple-station Tools

In Many Cases It Is Easier to Feed Parts into Assembly Dies if the Tool Is
Set Up in a Horizontal Press

Assembling Dies Are Composed of Five General Types: Press-fitting, Staking,
Curling, Seaming, and Riveting. Each Type May Be Further
Subdivided into Several Others.

Press-fit Assemblies.—An example of a press-fit assembly is that
of forcing a shaft through a smaller hole in another part and to a depth
controlled by a stop. Press-fitting assembly of a shaft to a gzar, cam,
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Fig. 243.—Bumper pins should be provided in press-fit assembly dies to check the
descent of a worn press slide and to assist the die setter in adjusting the height of
press stroke.

pawl, or collar is done as shown in 4 (Fig. 243). The hub on the collar

is located in a counterbored opening in the die block. The punch has

an easy sliding movement represented by the distance B. One end of
272
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the shaft is inserted in the punch by moving the latter up; the opposite
end is centered in the hole of the collar. The operator then permits
the punch to slide down to align the shaft vertically.

When the ram descends, the shaft is pushed through the collar and
into a clearance hole in the die, until the upper end of the shaft contacts
. the registering stop. Thus, distance C becomes a constant dimension
" in each assembly.

Ring Staking.—In ring staking, the metal is forced either ‘nward
or outward by plastic flow. When the cutting ring is greater than 14 in.

D
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Fia. 244.—A four-segment stak- Fid. 245.—Metal around both sides
ing ring has the cutting edge dis- of the hole in plate A is staked inward
posed to force the metal outward against the knurling on shaft B, by
and into a countersunk hole. the action of a staking ring above and

below the plate.

in diameter, the ring is divided into three or four equal segments to
ease the pressure needed to establish plastic flow.

Punch A4, in Fig. 244, has ring staked the end of the shouldered
shaft B into a countersunk hole in plate C. The shaft rests below the
die on an end support, not shown. In this case the side angle of the
ring must force the metal outward and into the countersunk hole.
The inside wall of the staking ring is vertical. The metal slightly over-
flows on to the plate. A first-angle view D of the punch face shows
the ring divided into four equal segments to relieve the punch pressure.
The cutting edge of the ring is a flat, about 0.005 in. wide, to prevent
wear.
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Figure 245 shows two staking rings. Each ring is a press fit in the
punch and die, respectively. Both sides of the metal collar A are ring
staked closely around the ““straight-knurled” portion of shaft B. The
angular ring of each staking punch forces the metal tnward, closing it
tightly around the knurling. Both staking rings are divided into four
segments.

In “spot” staking, the operation is practically the same as just
described, except that small angular points, at three or more equal
spaces, are used in place of the ring. Spot staking is sometimes
necessary when securing metal materials on nonmetallic parts.

Nut Assembly.—By using a patented process hardened nuts are
assembled through steel plates by using the nut itself for the perforat-
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F1a. 246.—A hardened nut is assembled through a plate by using the nut itself as a
perforating punch.

ing punch. The die designs given in Figs. 246 and 247 illustrate the

tooling details.

In Fig. 246 the die is shown closed, and the plate and nut asserr -
bled are closely section lined. The plate is located between stops
on the die. These stops, not shown, position the plate so that the
point where the nut is to be assembled lies over the die opening. The
tapped hole in the nut is placed over a four-pronged ‘‘spread’’ pilot
pin, shown through the punch. The die opening provides generous
punch clearance for the body of the nut.

When the ram descends, the spring pressure plate first contacts and
holds the work plate. Then the punch forces the nut to perforate
the plate. The resulting slug falls through the die. At completion
of the press stroke, the shoulder on the nut registers against the surface
of-the work plate. When the ram ascends, the pressure plate holds the
work down until the pilot pin withdraws.
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To prevent press damage if the nut is placed upside down, the
punch is made to work against a shearing-off pin, or a shear plate, as
shown. If the work is unintentionally reversed, large end down, the
shear plate is cut through by the punch into a clearance hole above,
as shown in Fig. 246.

An inverted die arrangement for the operation just deseribed is
shown in Fig. 247. The nut is placed over the pilot pin in the punch.
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Fia. 247.—In this inverted die, the nut is assembled through a plate by forcing it to
cut a slug into the die; knockout rod A4 ejects the slug at the top of the press stroke.
'The tool is shown in open position; the ram, punch holder, and die are
ready to descend and grip the work plate on the spring pad and, by
continuing, depress the pad and force the nut through the plate.
Low-cost Spool Assembly.—A pair of swinging leaves provided
with opposite V’s is shown attached to a spool-assembly die in Fig.
248, The function of the leaves is to centralize and clamp the parts
in alignment for assembly in an ordinary No. 2 punch press. The
assembled spool is shown at A.
The swinging leaves are normally elevated by the coiled springs B
that surrounded the two guide pins C. The leaves are centered when
closed against the positive pin D driven through the die block E.
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Height F of the leaves determines the wire winding space between the
spool heads. A round die insert G contains thtee triangular staking
points, equally spaced within the center hole. The depth of the center
hole determines the projection of the core beyond the face of the
assembled spool head. The punch, not shown, embodies a center hole
of the same construction as deseribed for G.

The first spool head is centered within a nest of four pins in the die
block. The leaves are then closed; the core is next inserted and cen-
tered between the V's in the leaves; and finally the second fiber head
is centered in a nest of four pins on the leaves. All three pieces
are now in alignment. The leaves are held together by grasping
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Fi1e. 248.—Two fiber spool heads are assembled and shear staked equidistant from
the ends of the metal core, using a die with opposed swinging leaves for aligning the

three parts.

the two handles or by a latch hook across them. Upon descent,
the punch depresses the springs; pushes the three members of the
spool frame together; and spaces, assembles, and shear stakes both
heads simultaneously.

Spool assemblies are made at higher speeds in a special horizontal
bench press. - The core is placed in a horizontal sliding V-block of a
length equal to the distance between heads. The V-block and core
are located between the punch aud die members. The punch-and-die
construction for assembling and staking is similar to the tool just
described under Fig. 248. Parts are fed to the die through chutes.

Riveting Dies.—Light riveting and staking operations can be done
on a bench press or in a foot press. In riveting dies, pins or rivets are
inserted through holes in the parts before placing them in the die.
When a large number of pieces are involved, as in small rotor lamina-
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tions, the pieces are stacked over pins in a separate plate, and the work

together with the plate is placed in the assembly die. This method -
requires several assembly plates. The ends of the pins or rivets are

then headed over by the punch and die. Staking at one end is done

only when rivets with heads are used.

The staking edge is an angular ring section on the assembly plate
under the rotor laminations. The diameter of the ring is the same as
the circle of rivet centers. If both ends of pins are to be staked, the
punch also carries a similar staking ring. If a twist is to be put into
the armature laminations while riveting, pins that protrude from the
punch engage in offset holes in the assembly plate and produce the
twist during punch descent.

Curling dies are used for rolling over the ends of hollow rivets.

" The wall around the edge of the hole is stretched by the entrance of a
curling punch; and as the punch descent continues, the edge of the
rivet is forced to curl over on the surface of the part being assembled.
Metal “eyes’ are thus assembled through two or more pieces of metal,
fiber, leather, and combinations of materials. Another function of
curling dies is in the assembly of can covers, where the edge of a previ-
ously drawn cover is curled, crimped, or scamed around its edges,
together with the body of the can or receptacle.

In seaming or clamping dies we have those assemblies where the
sides or protruding lugs along the edges of a sheet-metal piece are closed
or folded over and seamed on the surface of the part being assembled.
In other cases the clamping lugs are sheared through one of the parts
and into corresponding holes in another part and then folded down flat
by the punch. This type of assembling is performed on small work in
a multi-slide machine, shearing, piercing, inserting, and clamping
together in one operation. '

_Forming, Assembling, and Seaming 126 Tubes a Minute.—The
~fube sketched in Fig. 249 is of 0.005-in. bright nickel ribbon. It is
shown with the blank and the nine representations of die operations
used in assembling and seaming the tubes. A schematic layout of the
die is seen in Fig. 250. The die is designed for a No. 25 U.S. Multi-
Slide Machine. A photographic reproduction of the machine appears
in Chap. II. The die and machine completes one piece per stroke, or
125 per minute. One straight cutting-off blade and six cam-actuated
forming slides are used in this setup. The slide movements are timed
by circularly revolving cams.

The strip material is unwound from a horizontal roll by the pulling
action of the feeding jaws in the machine. The strip, “edge up,”
first enters between two steel-wire guides, positioned horizontally
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along each side of the center line of the strip. The strip then passes
through a pair of vertical rolls, mounted within a small rectangular
frame, not shown. The rolls, ‘“male and female,” are mated for rolling
in two parallel beads in the strip, while it is being passed along. The
wire guides extend up to the stationary cutting-off head K, through
which the strip is passed by the feeding jaws.

On the right side of the head, the blank is cut off by the flat side
cutter J, which is attached on the sliding bar @ and activated by a
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Fia. 249.—Nine operations in forming undls(faan'ling a tube made from the blank shown
at left. :

special cam on the front shaft. The feeding ‘‘throw” is adjusted
to suit the developed length of the blank, which must be sufficient
to form a circular tube 13{¢ in. in diameter, plus an additional allow-
ance for making the hooked-over seam for assembling the free ends.

~ The blank that makes the tube is fed tangent to the front side of
the circular forming post G and is prevented from falling—when severed
at J—by a spring-compression blade, or detent, P, shown at the center
of the front forming slide A. Slide 4 is advanced just prior to the
cutting-off operation, and thus the detent P holds the blank securely
against the post. Severing the blank from the strip is the first die

operation.
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Two vertical grooves are seen in post G, diametrically opposite
each other. In these grooves the vertical beads are indented in the
tube by the advance of two small side punches H, mounted on right-
and left-hand slides E and F. Previous to the advance of 4, back
slide B is brought forward until its positive offset blade N touches
the rear side of the post, diametrically opposite detent P.

The concavity in front slide A when advanced forms the blank
U-shape around the post (operation 2), and the simultaneous advance

______ Stock strip o
eage up

Cutting —_ |
off head

Fig. 250.—Plan of multi-slide machine tools for producing the bright nickel tube shown
in Fig. 249.

of the right and left forming slides E and F completes the circle and
contour of the tube (operation 3). Slides E and F are activated by
the standard right and left cams furnished with the machine, while
within E and F are the right and left seam forming slides D and C,
controlled by auxiliary cams attached on the sides of the standard
cams.

Slides D and C are advanced after E and F have completed the
circle of the tube. E and F hold the work around the post while N
is gradually withdrawn; D and C are then advanced and begin to
form the “hooked” seam, as shown in operations 4 and 5. When
D and C recede, N is advanced again and bends down half the seam,
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as shown in operation 6; N is then withdrawn. Next in order, C and
D are advanced again and pinch the seam together (operation 7)
and then withdraw. Seaming punch D is then advanced alone and
pushes the pinched seam at an angle toward the left (operation 8)
and then withdraws. Member N is then advanced a third time
and flattens the seam, thus completing the work (operation 9).
Following this juncture, all the slides have receded, and the vertical
stripper B, which has been held above the work and which surrounds
the post by a sliding fit, shown at S, descends and pushes the completed
tube from the post. At the lower end of the post, at its center, a wire
is attached. which has a curved length that leads the tubes into a
tote box.  This Jayout shows that revolving cams and multiple slides
can accomplish almost any desired mechanical movement, combina-
tion, and operation.
Latch Hook and Bar Ejector.—In assembling the yoke and stud,
shown in Fig. 251, in the ring-staking

die in Fig. 252, a positive and reliable
-r~ ~—x—€ ejecting device is necessary to lift the
{ work with ram ascent.

! l After ring staking in the down-
‘ stroke, the ends of ejector bar A are

l engaged by the hooks; and in carrying
the bar up, the centrally attached

' ejector pin B, directly under the work
| stud, is elevated and lifts the assembly
X T _ from the die. In this design, work
Yoke -$-‘ Stud distortion is impossible, and positive

Fi. 251.—The finished work €jection is certain.

= ”;;;“bl"d in the die shown in When angles C, on the hooks, con-

& 5 tact trip lugs D, near the top of the
press stroke, the work has been lifted from the die; the hooks
unlatch; bar A4 is released; and tension spring E lowers the ejector
bar to its normal position.

Someone may remark that this operation could be done better in
an inverted die in which a vertical knockout rod ejects the work.
In analyzing this suggestion it is found that in reversing the position
of the die and work, it becomes more difficult to insert the stud in
the yoke than to place the yoke over the stud as in Fig. 252, A latch
hook and ejector bar are found convenient in many types of assembling
dies.

Assembling on Circular Dials.—Circular dial feeding is simply a
development of the straight-slide principle of feeding work into dies.
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The work is placed in a station, revolved, and finally assembled by
a punch at one or more equally spaced stations. The number of pos-
sible working stations on a dial is directly proportional to the dial
diameter.
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Fig. 252.—An assembly die in which the finished work is automatically ejected with
latch hooks.
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By using ordinary ingenuity, the variety of assemblies possible in
dies equipped with rotating dials is surprising. Most of the single-
station operations shown in this chapter can be arranged for feeding
the work at stations on a revolving dial. The dial carries the loaded
stations under the ram, where the parts are assembled in passing and
halting, under the descent of one or more punches. Illustrations and
descriptions of assembling dials appear under Figs. 51, 52, and 53.
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Assemblies Made in Horning Presses.—In Chap. II will be
found a reproduced photograph of a horning press. A great variety
of assemblies are done in presses of this type. In some horning presses,
the table, or bed, can be horizontally swung on hinges toward the
front; this makes possible the insertion of odd and difficult shapes of
work. The swinging table can alco be raised or lowered to suit the
shut height of dies. The lock seaming of circular drums in dies used
in horning presses is described under Figs. 240 and 241.

Lock seaming is performed by the punch in descent, with the
hooked-together ends positioned over a plain horn. When the diam-
eter of the work is large enough to permit, the hooked ends are formed
on a spring pad, as indicated by the dotted lines within the horn (Fig.
240). It is sometimes possible in using a spring pad to arrange the
horn and “force,”’ as the punch is called, so that the hooks can be
formed on the horn. The ends are then hooked together, placed on
the pad, and lock seamed by descent of the force.

Lock seaming of metal bodies of other cross-sectional shapes is
similarly handled. In producing locked seams on a production basis,
an automatic seamer bends the hooks and locks the seam in one strike.
These principles are the first steps in the design of intricate automatic
machinery for the continuous production of can bodies.

Assembling Centralized Work.—Figure 253 shows the extent to
which practical centralizing devices can be successfully carried in
assembling dies. The same principle can be applied in blanking,
perforating, forming, drawing, and many other tools. Square,
rectangular, round, oval, and many odd shapes of work can be auto-
matically centralized or equalized before performing operations.*

In the schematic end view of the die (Fig. 253) at A, work plate
B, which varies in width and length, is shown centralized over a die
opening. Plate B must be centralized both ways, that is, in its width
and length, before the actual assembling operation begins. The pur-
pose is to assemble the hardened shouldered stud C centrally within
the plate, by piercing it through at the center of the plate. The
opposite edges of the plates are parallel, and the edges are square.

Pressure plate D carries four vertical pins E, of equal lengths. The
free ends of the pins have slanting cuts of 45 deg. which slant toward
each other, as shown. The short heights of the pins are normally
flush with the surface of die block F, before the work plate B is placed
between them.

_ *For a treatise on jig-and-fixture equalizing mechanisms, many of which can be
used in dies, see the author’s ‘‘Practical Designs for Drilling and Milling Tools,”
McGraw-Hill Book Company, Inc., New York.
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In the plan view we have an example of the toggle-joint, or ‘“lazy-
tongs,” principle for centralizing a piece of work endwise. The two
clamping jaws (@ slide within channels H. The channels are secured
on filler blocks each side of the die. Two links J, of equal lengths,
are pivoted on @ and terminate at a common pivoting point in block
K. Block K is guided in T-slot L and at right angles to channels H.
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Fic. 253.—This die centralizes a rectangular work plate in two directions before the
punch performs the assembling opetation.

It is obvious that by this construction slot L will cause the jaws
G to approach and recede equally when either jaw is moved toward
the right or left. The clamping ends of these jaws are relieved by an
entrance angle, part way down, as shown, and work plate B is placed
between the jaws and over the angular faces on pins E. Thus the
work becomes immediately centralized endwise between the jaws.
When the ram descends, spring pad M contacts the work plate ahead
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of punch N and, continuing down, ‘“levels” the plate over the angles on
pins E and then carries it flat down on the die face. The work plate
is now centralized in reference to both its width and length over the
die opening.
e A= e
c\ €
\ | / \¢-B c _ -B
Y

Fig. 254.—Two sheet-metal pieces, both blanked and formed in progressive dies, are
assembled and clamped together at C, by the ‘‘side-cam die’ in Fig. 255.

Stud C, having previously been inserted in the punch and held
there while the die is open by a side compression button, descends with
the punch and pierces through the center of the work plate. The
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F1a. 25656.—A typical assembling die in which two pieces are united by using horigontal
slides H, operated by vertical side cams.
pierced slug falls through the die and slug tube, as seen in the front
elevation. The registry of the shouldered knockout rod P in the
punch holder forces the shoulder on C against the face of the work
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plate. The distance between the punch face and the extreme height
of the knockout rod is 0.005 in. less than the average lengths of the
work-stud bodies. This allowance covers the tolerance variations in
the lengths of the studs.

Clamping Parts together in Side-cam Dies.—Figure 254 represents
a typical assembly of parts produced in dies such as are illustrated
in Fig. 255. This die is representative of a large variety of press tools
in which assembling, clamping, seaming, bending, and trimming can
be performed with horizontal slides activated by vertical side cams.

The features in this die are block D, in the angle of which work B is
located on two pins, and snap button E which positions and holds the
piece. Piece A is pushed up into slots in both sides of punch F. It
is held there by friction of its two wings which ‘“hug’” the punch.
Pieces A and B are thus located, one on the die, the other on the punch,
in proper alignment for successful assembly when‘the punch descends.

When the upper picce descends with the punch, its flange enters
between the upturned claws on the lower piece; spring G is compressed ;
slides H advance and bend over the claws on to the flange. Approach-
ing the low point in ram descent, the punch spanks the noses of the
slides, thus forcing the claws to hug the flange tightly. In the
upstroke, the slides withdraw, and push-off pin J strips off the work
that remains standing on the die. ’

It is good practice in all side-cam bending dies to spank the slides
over the work to give the piece a definite set; the slides are constructed
with a slight vertical clearance for that purpose. They are caused
to withdraw by compression spring K.



CHAPTER XIX
COINING, SWAGING, COLD-SIZING, AND EXTRUDING

These Press Operations Induce Displacement of Metals by Plastic Flow and
Therefore Require Extremely High Pressures

Introduction.—Extra-heavy presses and dies are necessary for swag-
ing, coining, extruding, and cold-sizing operations. Die bodies must
be above average sizes and be constructed of high-strength materials
to resist unusual stresses. The presses employed are four types:
knuckle joint, eccentric shaft, percussion, and hydraulic, depending
on the work size and the time interval allowed for the operation.
Knuckle-joint presses inherently have short powerful strokes but do not
provide sufficient dwell at the bottom of the stroke, . which is available
in the hydraulic type. Therefore, the latter may be used for work
having deep extrusions or for large cold-sizing or pressing jobs, where
the extra dwell can be utilized to put a definite set in the work.
Swaged and cold-sized parts are highly compressed. Consequently,
the metal becomes harder and more dense, and the resistance to wear
may be increased as much as 8) per eent over machined parts.

Types of swaging dies are (1) progressive swage and cut-off; (2)
swaging parts with a peripherical ‘‘draft” for hand removal of the
work; (3) swaging with an overflow flange which is subsequently
trimmed; and (4) confined swaging, or coining, in which the part is
completed from a blank having sbout tl:c same volume as the finished
piece. In the last two, a positive ejecior is necessary to lift the work
from the die in connection with ram ascent. .

The simplest swaging operation is to flatten a space on small
annealed rods at a first station and then to cut off to length at a second
station. But progressive swaging dies are unreliable for producing
accurate work with pierced holes, because swaging lengthens the stock.
In all swaging and cold-sizing dies it is important to provide positive
stops, or spacing blocks, between the upper and lower dies. These
positive stops establish the lowest point in ram descent and determine
the thickness of finished work.

Before designing the press tool, it is best to make experimental swag-
ing dies and to try them between planishing blocks in a press. This

test will determine whether or not the proposed operation is practical.
286
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Die Steels for High-pressure Operations.—Before entering the
subject of the designs for cold-forging and swaging dies, it is best to
consider some of the stecls employed in tool construction. Success
of the tool often depends upon the right selection of die steels. The
raw-material cost for dies is only about 5 per cent of the total, whereas
95 per cent represents labor. This shows that a premature failure of
the tool, because of using the wrong steel, is a costly expariment and
may be further increased by disappointing delays in production.

Die Steels for Cold Forging and Swaging.*—Cold-forging or sizing
dies are subjected to severe punishment due to the enormous pressures
exerted on the work. This is especially true when cold forging very
intricate outlines such as gears and irregular cams.

For cold-forging dies, the following two types of steels are widely
used.

Type 1.—This is a chrome-tungsten oil-hardening steel combining
high hardness and maximum toughness. It is a steel easy to machine
and will lend itself readily to hobbing and broaching. Where dies
have intricate shapes, this method of machining is a veryeconomical
way to make duplicate dies. Roughing out the die by using a template
in a Keller machine is also a good method.

This steel, being an oil-hardening variety, distorts very little in
hardening, and the heat treatment is rather simple. At 58 Rockwell
C, this steel has high resistance to deformation and at the same time
great resistance to shock. When properly hardencd, the presence of
tungsten and vanadium carbides gives this material high resistance
to abrasive wear, which is of great importance in cold-forging dies.

It is this type of steel that has made it economically practical to
do many of the more severe cold-forging operations, formerly con-
sidered impossible. Today it is common to see parts, formerly made
in the drop-forge shop and of nccessity entirely machined, transferred
to the cold-forging department.

Type 2—Where the die design is not too intricate and maximum
wear resistance can be taken advantage of, type 2, known as the “air-
hardening type’’ high-carbon high-chrome steel, has given a very
good account of itself. This steel, however, is more difficult to machine
and does not have such good shock resistance as type 1.

Heat-treatment of Cold-forging Dies.—Since no tool is any better
than the kind of heat-treatment it receives, this subject is important.
However, the story is too long and complicated by too many individual
opinions to discuss in a treatise on pressworking of metals. Steel
hardening and tempering are specialties; and since most diemakers

* W. A. Olsen of SKF Steels, Inc., in The Modern Industrial Press.
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send out their work for expert hardening, there is very little trouble
from this source. Those who desire detailed information on hardening
and tempering should consult the A.S.M.E. “Handbook " or A.S.T.M.
bulletins. These are available at technical libraries.

Cold-forging Precision Sizes.—The presses and cold headers are
by far the most popular, as they offer maximum pressures at the critical
moment of a controlled stroke. They are found in use on most of the
general close-tolerance cold-forging work.

Finer and sharper details in minute cavities can be accomplished
better with the hammers, and they are more frequently used in the
manufacturing of silverware and jewelry.

As to die design, it is interesting to note that an article by D. H.
Chason dealing with cold-swaging dics for steel parts was published
as carly as Feb. 22, 1912 (American Machinist), and contained prin-
ciples that are today considered by many as basic standards in this
field. Many new developments have come about since then, in
regard to both die designing and processing.

Swaging Copper Terminals.—In Fig. 256 a pair of die blocks is
shown for producing the soft-copper terminal in Fig. 257. The blank
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Figs. 256, 257.—To release work from the dies, the swaged portion of this soft-copper
terminal has a semicircular edge to obtain draft.

is prepared by drilling one end and cutting to length. After swaging
to shape, the holes A are pierced in another tool placed next to the
swaging die. Stop B locates the blank endwise in the lower die.
Swaging with an Overflow.—Swaging with properly designed tools
is probably the best method for producing small intricate parts in
multiple uniformity. However, without some previous knowledge
of swaging or experience that has shown the designer what can be done
and what cannot, the final results may amount to nothing more than
a bad headache, If there is any question as to the practicability
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of swaging a given piece of work, it is best to use tentative dies for
predetermining whether or not swaging will be successful.

Swaged parts have a distinct advantage over those made by any
other method. The pieces are much stronger, are practically wear-
proof, have unusually bright smooth finishes, and are free of scales
and burrs. Many difficult designs of work are impossible to produce
except by swaging. A case in point is the steel gear (Fig. 258), shown

as it came from the overflow swaging
die (Fig. 259).
The flange, or web, B bchind the @/Blank
gear is integral with the teeth.
Flange thickness is determined by

the overflow space B between the

r"-ﬁ'ﬁn ->l

closed dies. The flange is subse- :
|

tion die; trimming coincides with the l B ,.] ’.’-
outside diameter of the gear. The A
part could be trimmed larger in
diameter, if the overflow flange were
swaged greater in area. It could be
trimmed with a higher step of teeth,
variations indicate the possibilities in
the design of swaged parts. \

A typical die layout for swaging A
and ejecting small work is shown in se;_tio"
Fig. 259. The dead-soft stecl blank Fro. 258.—Small parts that must
has a diameter slightly less than the resist wear, such as this business-
root diameter of the gear-teeth. The }opind the teeth, are swaged by the
hole diameter is an easy fit over the overflow process, and the flange is
vertical center stud in the lower die, Stbseauently trimmed.
Height of the blank is determined by the volume of material needed
to swage the piece and is easily found by experimental blocks during
the initial trials.
and lapped to size. Shedder C is a sliding fit within the lower die;
it registers in the die shoe at the closed height of the tool and at suffi-
cient depth for swaging the thickness of the gear teeth. The tool is
operated in a 200-ton knuckle-joint press, which is several times the
necessary capacity to swage the piece.
When the press is open, the hole in the blank is placed over the

quently trimmed in a second-opera-
producing a cluster gear. These
machine gear with the integral flange
The lower die opening is of internal-gear shape and is broached
vertical stud in the lower die. In descent, the ram squeezes the blank
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between the upper and lower dies until plastic flow begins. Con-
tinuing the squeeze, the metal is forced to “‘flow”’ into all the interstices
of the die. The hole in the blank closes tightly around the central
pin; the gear tecth are formed; and the tooth thickness is determined
by the registration of the shedder in the die shoe. Surplus metal
overflows into space B.

Work ejection occurs near the top of the ram ascent. Heads of
screws D contact the bottoms of hollow adjusting nuts E. The screws
are attached to the ejector bar and elevate it as the ram ascends.
When the shedder is flush with the lower die face, the work is
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Fia. 259.—Tooth thickness of the swaged gear is determined by the registration of
shedder C in the die shoe, and the flange thickness by space B.

ejected. ‘The center pin is slightly tapered towards its point to aid
ejection. All interior surfaces of the dies are smoothly polished.

Swaging dies cannot be used until thoroughly cleaned with gasoline
and perfectly dry. If a small portion of oil remains in the die it will
cause trouble when attempting to swage; it may fracture some part
of the tool.

Coining Dies.—Coining is a high-tonnage operation. Under
hundreds of tons pressure, the die forces metal by plastic flow into
various embossed designs of raised panels, beads, depressions, orna-
mental outlines, and sharp corners. Coining dies include not only
the mintage of money, medals, medallions, and jewelry parts but also
the forming and embossing of buttons, locks, ornamental hardware,
designation plates, and escutcheons.
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A die in which the coining principle predominates is represented by
Fig. 260. The operation consists of drawing, forming, and coining the

J

Plan of punch and stripper

plate mounted on die shoe

Knock-
out rod.

g

| ==
Section A-A

Fia. 260.—S8hedder D also acts as the coining punch in this inverted die, which forms,
draws, and coins an escutcheon plate.

ornamental escutcheon plate, one-half of which is shown in Fig. 261.

The die is an inverted type to secure easy
delivery of the finished piece by the action of
a vertical knockout rod.

The punch is surrounded by the stripper
pad C, upon which the blank is located within
a nest of pins. The pad is operated by the
large vertical pins that rest on a heavy spring
plate in the bolster. The upper coining punch
is shedder D, and it is a sliding fit within the
outer drawing and forming die E. The
shedder is backed by coiled springs and in
addition is operated by a knockout rod.
When the ram ascends after completing the
operation, spring pad C follows and raises the
finished work from the lower punch. The

F1a. 261.—8ides of the
raised portions of this
escutcheon plate are
squeezed thinner than the
rest of the part to provide
metal needed to coin sharp
corners.

work adheres within die E, which carries it up to a point where the
knockout rod depresses the shedder and delivers the piece,
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The operation requires a pressure of 150 tons. This apparently
excessive tonnage is necessary for coining sharp edges along the raised
portions of the work, a section of which is shown at B-B in Fig. 261.
The metal is squeezed thinner on the sides of the raised portions, and
these sides are the source of extra metal for producing sharp corners.

Twelve right-angled beveled corners in the outline are drawn,
while the straight sides between the corners are being formed down.
The attached flange around the work perimeter is subsequently
removed in a second-operation trimming die.
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Fig. 262.—Forged bosses of comparatively large diameters are prepared with an
impressed center relief for cold sizing. This precaution prevents pyramiding metal
toward the center of the boss and avoids raising a slight hump at the center. The
relief centers are exaggerated in the sketch.

Cold Sizing.—In recent years someone discovered that bosses
could be cold sized by pressing as well as by machining, if the pres-
sures were heavy enough. Figure 262 shows the die blocks and-the
principle used in cold sizing four bosses on a forged-steel connecting
rod. To avoid using excessive pressures the dies are relieved, and a
“draft” is provided along all edges of the work that are not squeezed
to size. There is also a 45-deg. draft around the bosses to be sized,
to facilitate removal of the finished work.

The closed height of the dies is checked by the surfaces of the blocks.
These surfaces are in a plane coinciding with the longitudinal center
plane of the work. Areas of the stop surfaces should be large enough
to withstand three times the yield strength of the metal being sized.
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The check determines the thickness to be swed or dimensions 7.
Bosses D are also squeezed to size.

Certain heavy-gage sheet-metal blanks are cold sized to produce
uniformly rounded edges and planished surfaces and for other correc-
tive purposes. Small work to be sized in thickness is usually milled
about 145 in. oversize, and larger work to half this amount. The
dies used are similar in principle to the one described under Fig.
262 and descend to a sizing stop either on the die surfaces or on spacer
blocks. It is good practice to select a knuckle-joint press having a
factor of safety of three or more over the maximum work pressure.

A practical determination of the necessary pressure for cold sizing
is to squeeze the first pieces with the dies placed in a hydraulic press
provided with tonnage gages. The mathematical computation
depends on
4 X S

P= 2,000’

where P = pressure required in tons.
A = area to be sized in square inches.
S = ultimate compressive strength of the work material
per square inch.
Desxgmng Cold-sizing Dies.—The art of successful cold sizing,
or “cold forging,” as it is some-

. 100,000
times called, depends upon four
conditions.* (1) Flow of the metal 99000 1
must be carefully planned to avoid 84000
local areas of excessive stresses. §,70,000 A1

(2) Maximum local stresses must ‘geqooo 49
be safely within the strength of 5 50000 \(i/"'L/
available die steels. (3) The die 2,00
members must be built up in a ’
sufficiently rigid manner to give
proper support to the working die
steels. (4) The press selection  '9000
must be made with proper consider- 0 ez odo oso  oso
ation for metal yield point (see Fig. Carbon Content, Per Cent
263), the effect of restraint of metal =~ Fie. 263.—This chart shows the
flow, pressure on contact blocks, :',‘,’:L‘f Jpoint of c‘;‘f&f;ﬁf&’,’lgmwed
time allowances, and rigidity re-

quirements. Developments in all four of these classifications have
greatly increased the practical range of cold-sizing operations.

*E. W. Bliss Co.
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Sizing, instead of machining, is an increasingly popular method of
smoothing contact surfaces and squeezing bosses, etc., to accurate
dimensions at great savings in cost. The method is largely used on
drop forgings, rolled forgings, malleable castings, steel castings, and
nonferrous castings. Cold squeezing greatly improves the surface
hardness and wearing qualities of the parts operated upon. Dimen-
sional tolerances are affected by the rough size and properties of the
slug. Variations in these are controlled by the use of sizing blocks or
distance pieces in properly backed-up dies and properly selected
presses. Hardened tool stecls and their backing members yield
elastically under high loads involved, and this must be considered.

Drop-hammer Presses.—Jewelry manufacturers use a drop-
hammer press, usually called a ‘“drop press,” for light draws and
coining. Some of these presses operate up to the equivalent of a
400-ton knuckle-joint press. They consist primarily of a massive
bed and a guided weight which is lifted and then dropped in a heavy
blow on the work in the die. Shallow draws, such as cigarette cases,
are stamped in various designs in these presses.

Computing Cold-sizing Dies.*—Let us take a hypothetical job
and figure the press capacity required. First of all, although we
have endeavored to reduce the unpredictables as much as possible,
there still is no substitute for experience and common sense. Care
should be exercised in all cases.

Let us assume that we have a steel drop forging to be sized to
limits of +0.001 in. Its arca, top and bottom, is 2 sq. in., and its
carbon content is 20 to 30 points carbon. We first must find its yield
point, which will depend on the carbon content and the state (whether
annealed or partially cold worked). The majority of drop forgings
are forged hot enough so that théy are annealed upon cooling. There-
fore, let us say that it is anncaled.

By the chart (Fig. 263) we find that the yield point of commercially
annealed steel, of 30 points carbon (always take the high value),
is about 50,000 lb. per square inch, or 25 tons. In cases where this
information is not readily available, it is advisable to run a compres-
sion test of the material to find its initial yield point.

The second step requires experience to determine how much to
allow for pyramiding of pressures and restraint of metal flow. In our
case, the area being sized is 2 sq. in.; the limits of +0.001 in. are very
exacting; and, further, the fact is that the area is not relieved by an
impressed hollow. We should add 15,000 1b. per square inch, giving

* Courtesy V. R. Parker, M.E., E. W. Bliss Co., in The Modern Industrial
Press. :
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us a probable average yield point due to pyramiding of pressures
and restraint of metal flow of 65,000 lb. per square inch.

To obtain the job requirement, the area in square inches is
multiplied by the probable yield point, which in our case is
2 8q. in. X 65,000 lb. per square inch, giving us a total of 130,000 lb.,
or 65 tons.

F16. 264.—A large knuckle-joint press producing cold-sized connecting-rod bosses
in a die similar in design to Fig. 262. The pieces are fed through a chute at the front
of the press and removed at the rear, as shown. (Courtesy of E. W. Bliss Co.)

The next step is to obtain the area of the size blocks to be used.
This is generally determined by the accuracy desired and the variations
anticipated in the piece to be sized. In our case the limits are very
close, +0.001 in., and we can expect about a 1{¢ in. variation in the
dropforged piece that we are sizing. The practice for such conditionsis
to use a constant of 3. 'This constant multiplied by the job requirement
of 65 tons gives us 195 tons to be taken by the size blocks. The
pressure per square inch to be carried by the size blocks must be very
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low, because the fatigue yield point of any metal is very much lower
than the normal yield point. Although the normal yield point of a
tool steel for size blocks is in the neighborhood of 100 tons per square
inch, to allow for fatigue, we shall place only 10 tons per square inch
on the size blocks. Thus 195 tons total load divided by 10 tons will
give us an area for the size blocks of 1914 sq. in.

With the job pressure figured at 65 tons and the pressure on the
size blocks at 195 tons, the press should have a tonnage rating of
their sum of 260 tons. To this may be added a safety factor if desired,
to give an added measure of safety. In some cases warming up the
piece to be sized, under the scaling temperature, will reduce the power
requirements considerably; but there is always the risk of having
a cold blank.

Scope of Cold-sizing Operations.—Besides the bosses on auto-
mobile connecting rods, those on the emergency-brake lever and steer-
ing-rod knuckles and even cast-iron piston rings have been cold-sized,
and so have many other parts. As explained in bending and forming
dies, there is in the work an inevitable spring-back which is sometimes
difficult to control. In cold sizing, spring-back may be due to other
causes than residual elasticity of the work material. It may be caused
by elasticity in the die blocks, press frame, and bolster.

Extruding Aluminum Shells.—The tools and process for the cold
extruding of soft aluminum shells, compared with drawing them, are
relatively simple. Figure 265 illustrates the die principle for extruding
an aluminum blank and producing a shell.

The punch is shown in three of its operating positions. At A
the blank has been placed on knockout pad D in the bottom of the
die, while the punch is up. At B the punch in descent has contacted
the blank, and its impact increases the temperature of the material.
Continuing in descent, the punch forces the metal into a plastic state
and causes it to rise and fill the space between the punch and die.
At C the punch is carrying up the finished shell, followed by the knock-
out pad. The knockout pad is operated by a cam underneath.the
press, as described previously under Fig. 23. The shell is stripped
from the punch by contact under the positive plate E. The entering
end of the punch is slightly smaller in diameter than across its top
to facilitate stripping. An air-vent hole through the punch cannot
be used; the metal would flow intoit. Because of taper on the punch, a
vent hole to facilitate stripping is not necessary. Shells are removed
from the press by a jet of air,

Blank thickness and length of press stroke control the shell height.
- The limit is approximately seven times the shell diameter, depending,
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of course, on the diameter and ductility of the material. The thick-
ness at the closed end of shells is determined by the depth at which
the punch enters the die, while the shape of the closed end is deter-
mined by the cross-section design of the tool members. The cross-
section contour of the shell body can be any desired shape, if made
uniform throughout its length.

The usual extruding press has a compact double-sized frame similar
to the conventional straight-side presses. It is built with either single
or double gears which impart slow speed and great power to the punch
travel. It has a crank stroke, and the largest presses require a motor
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Fia@. 265.—Aluminum is extruded from a blank laid in the die recess; when the ram
descends, the metal squirts up around the punch and forms a shell.

of 50 hp. By hand feeding, a possible output for small shells is about
2,000 per hour. With an automatic feed, this output may be doubled.

Extruding Collapsible Tubes.—This operation is similar to extrud-
ing aluminum shells, but the press construction is different, and the
hourly output is only half as great. Collapsible-tube presses are
built both vertical and horizontal. The vertical machines belong
in the arch- and pillar-press classes. All of them are back geared for a
slow and powerful travel of the punch. The operating mechanism is a
knuckle joint which imparts to the punch that smooth and easy action
80 necessary in producing collapsible tubes used for dentifrices, shaving
creams, pastes, artist’s tints, etc.

These presses are built in three sizes, 30, 60, and 130 tons capacities.
The press strokes are from 4 to 414 in.; the diameters of tubes are 34,
114, and 2 in.; and the lengths are 6 in.
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In operation, a tin- or lead-alloyed blank or disk is placed in the die,
and a swinging arm automatically carries the punch directly over the
blank. The ram in descent forces the metal up around the punch,
as shown in Fig. 265. The punch is slightly tapered above its end to
facilitate a subsequent removal of the work. When the punch
ascends, the die knockout gradually raises the tube from the die, so
that the tube clings on the punch. As the ram continues to ascend,
the punch is automatically swung outward into a convenient position
for removing the work by hand.

The Scope of Impact Extruding Operations.—Many parts ordinarily
designed for drawing, spiuning, stamping, or turning may be changed
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Fia. 266.—A squeezing die operated by side cams, wlm,h swages shoulder B on blank
A. The work is forced out of the dies by the ascent of the side cams which force in
pins D agaiust the ejector cams.
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in design to take advantage of the benefits of the impact extrusion
process. Tool engineers and production superintendents are quick
to see its possibilitics. The fundamental advantages are close toler-
ances, dependable uniformity, high mechanical properties, and very
low production costs.

Swaging Annular Shoulders.—The schematic design of a side-cam
die in Fig. 266 illustrates the principle of cold swaging the blank A,
with a shoulder as shown at B. A section through the shoulder may
be of any contour—triangular, square, hexagonal, or round, as shown.
The die is sketched in its closed position.

. This is an easy application of the plastic-flow principle. The fore-
most design precaution is not to attempt an operation of this kind if
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the unsupported length of the piece is more than 114 times its diameter
when swaging begins. This rule may be exceeded slightly if the
material is nonferrous, well annealed, and very ductile.

When the ram descends, the side cams force die blocks C' together
and swage the shoulder. When the ram ascends, the cams cause the
die blocks to open, and the ejector cams clear the work from the dies
by means of thrust pins D. When points E, on the ejector cams,
in ascent, pass the heads on D, the ejector pins recede, because of
compression springs; the work is released and rolls out of the die; and
the blocks are fully opened for inserting the next blank.

These dies are sometimes designed to work in a vertical position.
This will eliminate the expense of making side cams, but upper and
lower ejector rods will still be needed. Dies of this character are
usually designed as shown in the sketch, because loading the tool is
faster, and ejection is more certain.,



CHAPTER XX
DRAWING DIES

Specific Faults in Shells Can Be Traced to Incorrect Punch and Die Radii, Poor
Blank-holder Action, Lack of Annealing, and Too Fast Punch Speeds

These and Other Circumstances May Cause Wrinkles, Cracks, Thin Spots, and
Torn Shells

Introduction.—The drawing of shells from sheet-metal blanks
seems to have been one of the unnoticed events following the American
Civil War. The records reveal that a patent was issued to J. H. Cole,
a Millbury, Mass., inventor, who described a new and useful punching
tool that could force cold metal blanks to “flow” into the shapes
of cups, ferrules, and the like. Cole sold his invention to a local
millwright J. J. Parker, who in 1869 established the Parker Ferrule
Shop. From this modest beginning evolved the gigantic modern
presses that form part of an airplane wing or the top of an automobile
body with a single stroke.

Drawing operations are divided into two classes: “shallow” and
“deep.” The line of demarcation between the two is naturally fixed
at the point where the depth of the draw is less than the diameter and
where the depth may equal or exceed the diameter. The first is used
mostly for such products as shallow tinware, shoe-polish and salve
boxes, and parts of lamp sockets. These products can be made in a
single-action press with an inverted compound die; the material is

‘usually high brass or tin. A typical die for this class of work, in
relatively small sizes, is shown in Fig. 267. Press tools of this design
are sometimes called ‘ combination blanking and drawing dies.”

In large work, many difficult parts come under the classification
“shallow.” The entire turret top of an automobile is made at one
blow. Fenders and radiator shells are similarly made. Probably
one of the most difficult of these shapes is the front fender with its
reverse bends. The difficulties in the way of such large work are
identical with those in small deep-drawn work