2

' BIRIA gﬁmrxAL LIBRARY
PIT ANI ( RAJASTHAN )

Call No, 57/
HeES P
AAL\.C&MOI\ No .3 3 3 8/

A










PRESSWORKING
OF METALS '

A reference book illustrating and describing
practical applications of the principles used
in the design of punches and dies

BY
C. W. HINMAN

Former Chief of Jig and Fizture Designing, Western Electric
Company, Chicago, Ill.; Former Chief Tool Engineer
Automatic Elec.ric Company, Chicago, IU.

First EDITION
ELeEvENTH IMPRESSION

McGRAW-HILL BOOK COMPANY, Inc.

NEW YORK AND LONDON
1941



PRESSWORKING OF METALS

Copyricat, 1941, BY THE
McGraw-Hirgd, Book Company, Inc.

PRINTED IN THE UNITED STATES OF AMERICA
s reserved. This book, or
ereof, may not be reproduced
y form without permission of

the publishers.



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
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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
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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.



SPECIFICATIONS FOR ORDERING SHEET MATERIALS 53

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



56 " PRESSWORKING OF METALS

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



58 PRESSWORKING OF METALS

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-



60 PRESSWORKING OF METALS

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
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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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pring ]
f/gfe e;_\ Punch
'PP —--!-:— = // Shisf
._/. " L - .. = T “l m
64
——-Dre block
Die 7hkd ~ =~ Sprin
shoes, /i shedder
- =~ Compressed
b feltring
Lt
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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.




L

72 PRESSWORKING OF METALS

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

(gl

(|

If
I\

{l

(i

=



76 PRESSWORKING OF METALS

- 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.
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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



CHUTES, MAGAZINES, HOPPERS, ROLL FEEDS, AND DIALS 105

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
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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.
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l l'/ 7 Stripper plate
Avtomatic . ____ -
Stop punch () r - -
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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 plung<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>