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PRESS WORK
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Drawing operation using an inverted punch.

SPECIAL DIES AND
FORMING PROCESSES

Dies

The die sers shown m Frgures 1020 and 1129 are chssihed s sumple
dies, only ane operation béing performed with cach sirohe of the ran.
Compound dies combine two o more operiatons i one station, as lus-
rrated i Figmne 11250 Here snpostock is fed 1o the die; two holes are
punched; and the peee is blimked on cachy sirohe of the ram. When the
operatons wre not simikieas inothe case ol o blimking and farming
operatron. dies ob this twpe are freguenty known as combruation dies.

\ Jriogresseen e ser s one il Irl‘llnlln\ o o ot -)Iu'l.lliull.\
simudtmcoushy, butat dillerent stimons, |\ prnchand die setof this tvpe
isoshown m Figoe 1RG0 AS the strp enters the die, the sinall suare
hole s pundied. The stock s then advane d 1o the nest station, where it
iy postnoned by the pilotas the blinking princdydescends tocomplete the
part. This gencral wpe ol design s stmpler than the compornd dies,
since the vespedive operitions are not crowded together. Regardless of
the number of operations to be performed, the Innshed N0 LIS not sepa-

rated Brom the stip block until the Tast opernion. A progressive die set

that performs 15 OPCrAtions on G cm apener, completing 1w each

K

v

[ 2NN ;‘) 84
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SPECEIAL BIFS AND FORMING PROCESSES

Knockout pin

®© [ DOG

Fimshed part T Strip stock
B ()
&\\:3, 3 ——— Blanking die
Stripper pads - | O
P \‘r A { . = Punch
\ - T e
ARG | 1 Ho | e bl e
Br‘ F; 3 ; S Stock ginde <
De 49 o) b P )
shoe ™\ ~ila Ll R

End view

Tl s |

1

Finished part

Compound punch and die. SOWN ‘85

o

stroke, is shownan Figure P27 Produection is vapid, har dose roleranees
are dilficalt to maintuan.

Inthe perforation ol metal, one ortwo ro. of punchesare cmployed

and the metal sheet is moved inerementally through the press as the
punches are withdrawn, T'he holes that e punched miy be alimose any
shape and all nonbriule metals can be pevtorated.

Misalignment of punch and dic causes excessive pressures, shearing

or chipping ol dic edges, or actual breuking ol the 1ools. Such action nmay
oceur through shifting, cven though the setup is origimally correct. To
prevent sich occurrences, proper ahgnment is insured by guide rods at
twa or four corners of the die that fir into holes in the punch holder,
Such diesave known as pillar dies, "Uhis arvangement ol having the punch
and dicabways held m proper alignment greatly Gacilitites the seiing up
ol the tools. A similar arvangement, known as a sbpress die (occasionally

Progressive punch and die.

Punch

holder
)OO e

Strip stock

®

\
Pilot 5 St
Punches FMwn 86!
Slnpper !
plate i ) a4 W L M M =
/—Dld T F [ lT r
; 3 N N 1t it
[;:08 RN \\K‘ 1 (R
shoe v P77 T E
Y7 A A, |E]
/7/ *,[/,1 ’}/// W End view
| // A 25w . .
| $IAA % 7Y Stripper and die v
| ‘."
i, \
\
i
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Progressive die set which performs 15 operations on can
openers and completes one on each stroke.

-

used on sl work), employs o punch imd due motnted o simall frime
o that accurite alignment is alwans maintined. Pressure is applicd hy a
plunger which extends out of the top of the assembly.

Rubber-pad Prccessing

I cubher-chie processing soubber o wrethane pad conlmed in o con-
tainer rephices the die or punch, Under pressine, the vabber pad Hows
around s form block o punehiand the bhmkis punched o formed, Ad-
vinitages of these methods are lower cost tooling Tor shov-van provuc-
Lo

Lo Guerne process the vubher parck st e boxtike contimnier mow ted
on the v side, As the pluen moyes downcthe Tonee ol the vun s exe-
crred evenhy in albdinecnons vesuliing in the sheet metal being pressed
agatist the die bloek as shownom Piogare TLES Cotnng dic blocks are
merch steed wimphites of the paat o be nade and need not be over
Tonm thick. Forming dics may be made of hardwoord, aluminu, or
aeel For aluminum workstock, thickness nun he up o 130 non n
thickness, and {or hending and formmg the usual it s soound
5 nnn-thick,

A Marform process permits deeper drawing and the Torming of ir-
resularly shaped parts. bn the apeération shown by Figure 1-L29, 0 flat
piece of metal is p):u'ul on the blank holder plate, and s the platen
descends the rubber pad contias the bk and clamps itagainst the wop



-

2b1 ¢

SPECIAT DIFS AND FORMING PROCESSES

N RS

: Live rubber

S
SN 88

Forming complete -

, ) Method for forming sheet metal using single die and’
rubber pad.

ol the punch and surrounding plate. As the dowoward movement con-
b tinues, the blank is formed over the end of the punch and sulficient
’ pressure is exerted over the unformed portion to prevent metal wrinkle,
During the drawing operation the dowinward movement of the blank is
opposed by controllable pressure pins. Inothe forming ol ahuninum,
sheet thicknesses of 0.25 to 17,15 nin have been processed.,

Arrangement of the components in a forming operation
! with the Marform process.

|

g T
Moving platen

Formed })‘ » \\.‘”LL'“.-';‘;(%? _\}\\ Pad

ol w v 3 ‘J}f >

part .\% 27 Rubber {SS/&V%" holder ‘
VRS i 8

f holder plate 7 :& ; } /

| 7.
: T Stationary
Holder ring ] punch
Pins { 1
Platen I
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Pressworking

single-action presses can be operated by hand feeding the metal stock and
by manually tripping the dies on a one-to-one basis. Most production
stamping presses, however, are equipped with multiple station dies and are
designed for high-speed, completely automatic stock feeding and stamping
opcrations. Some presses are restricted to single-purpose types of operations,
such as bending, coining, or punching. Figure 3i-1 illustrates a variety of
presses. Multipurpose presses are available and, depending upon the design
and construction of the dies, are capable of performing varied stamping
operations, such as cutting, forming, and punching. Figure 31-2 illustrates
a numerically controlled punching and nibbling machine.

Press Classification: Presses are clisstbied in various ways. Some manutig.
turers list presses according to the type of work for which the press has been
designed. Other manufacturers group press types according to the method
of power transmission, which may include simple manual operation or
mechanical, steam, or hydraulic power operation, Frame and bed designs
constitute another way that may be used to classily stamping presses.
Finally, press types may be listedtaccording to the action or to the number
of rams (single, double, triple); methods of ram opcrations {crank, cceentrie,

toggle, knuckle-level); and the position of the ram guides (vertical, hori-

zontal, indined).

.o . A punching and nibbling
machine tCourtesy, Trumpf & Co.}
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Pressworking

JIC Press Identitication System; “Vhe Joint Industity Conlerence (J1C) system
of identitying press characteristics is in general use. In a typical sample,
$4-750-96-72, the press is identificd by the S as a single-action model (D js
used for double-action, T tor triple-action, and OBI for open-back inclin-
able); by the 4 as having four-point suspension; by the 750 as being rated
at 750-ton (670-metric-ton) capacity; and by the 96 and 72 as having a bed
measuring 96 in. (2.45 m) left to right and 72 in. (1.83 m) front to back. Any
other press can be so identified by substitution of appropriate numerals for
the number of suspension points, tonnage rating, and bed dimensions,

The JIC also recommends that a metal tag be attached permanently to ;

the press, stating the stroke length, shut (or maximum dic opening) height,
kind and length of adjustment, strokes per minute, and bed size and machine
weight.

Press Selection Factors

The overall workpicee size, the stock thickness and marerial, and the
nature of the individual operations as they relate 1o Tinal as-stamped con-
figuration are important factors that must be considered m selecting the type
of press 10 use for a given job. Once these initiul considerations have
been carefully evaluated, the fabricator can usually determine the type of
ooling, the power requirements of the press, and the approaimate produc-
tion rate at which a given workpicee may be produced. In the chapters o
follow (cutting, bending, cte.), which explain imporuunt clements of the
various stamping operations, recommended classifications of presses will be
given for most operations. [t will be stated, tor example, that a crank-type
press is almost exclusively used for punching or notching operations.

High-Production Presses: Somc presses are nuade especially for high-pro-
duction applications. While a machine is rated on its ability to operate at
the highest number of strokes per minute, this is not the only determining
factor. A high-production press must also be uble to operate continuously
over @ period of many hours, almost unatiended and with a minimum
amount ol wear and vibration.

High-production presses include dicing nrdchines, multiple-slide machines,
transfer presses, and *thigh-productivitey™ presses. Dicing machines are
used prncipally tor blunking operations wnd, in some cases, for forming
and drawing, These single-action underdrive presses dre set up with pro-
gressive dies Tor long-run operation. Unlike conventional press action, the
dies are pulled together rather than pushed together. Large gutde rods and
bushings are used which keep the die halves in proper alignment, resulting
in a prolonged dic life. Multiple-stide machines we tully automatic and
are used principally for produging high quantities of small parts from metal
sUrips or wire.
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Two principal types of high-production rransfer presses are nsed: One
type is i wide-bed, straight-side, transler press which has a horizontal slide
that permits the movement, or transtee, of the warkpicee blank from one
die to the neat. The press is adaprable to the use of either single-operation
or compound dies. A press of this type is used 1o produce parts that cannot
be manufactured on a die setup, such as deep drawing, restriking, or cam
piercing and trimuning. A second type of transter press is the eyelet machine,
whiclt uses straight punches, m o series of smigle stations, which may be
individaably repaired or replaged without witecting the rest ol the setup,
Eyelet-type transter presses are used Tor i wide viuiety o operations, such
as bottom stamping and marking, theeading, beading, knurling, picrcing,
and slotting. The coiled stock is Ted into the machine and the operations are
progressively accomplished as the blank is moved rom station to station,
Such presses may have from 7 1o 15 stations . «, depending upon the press
design, may have a capacity ot from 15 to 75 tons (13.5 to 67.5 metric tons).
They operate at up to 250 strokes per minute and produce parts as large-as
3% in. (98.43 mm) in diameter. Draws as deep as 3% in. (79.38 mm) are practical.

High producuvity prasses: {a) o 5-ton press, flywheo! type with mechanical
clutch (Couriesy, Rousselle Corporation); (b) a 150-ton straight-side double crank press
{Courtesy, Perkins Machine Company)

W,

(u) (b)

-~
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High-productivity presses are used for relatively light stamping operatiops, {;
Such presses are equipped with precision automatic stock-feeding deviges '+
and can operate continuously at speeds equal 1o or greater than conventional ¢
presses. High-productivity presses range in design from ihe S-ton (4.5-mctfic-,;
ton) type, shown in Figure 31-3a, to the more rigid straight-sided presses |-
shown in Figure 31-3b, of 150-ton (135-metric-ton) capacity, for heavier
work.

0
A
li
|

Lubrication '

In most blanking operations, no lubrication is required. There is usually
a light residue remaining on the stock, which was deposited at the mill. Some
fabricators routinely apply a light coating of mineral oil 1o the stock before !
blanking. It is important that moving parts of the punches and dies be -
adequately Tubricated. ‘

Lubricants are of two main types: water-buse and oil-base. The final
selection of a specitic type ol Tubricant for a given lorming operation 'is
largely dependent upon the severny of the press operation. Lubrication
may be applied by sprayer, roller, dnp-tfeed, dip, lood, swab, or brush,

s PRODUCT APPLICATIONS

Parts produced by pressworking operations can be as small as a shoe eyelet

! or as darge as the end ol a fieight car. Cosared 1o other metalworking
processes, pressworking technmques olfer an almost unhmited choice of .
metals and design versatility and can be produced inextremely farge quanti-
ties. Metal stampings are lightweight, strong, and have a superior strength-
to-weight ratio. 10 s estimated that the ayerage household containg produgts

in which there are over 100,000 pressworked iterrs.
Shillful designers are often able 1o redesign parts previously made by
forging or by casting, with sipmticant savings in tme, labor, und marerials.
| Because it iy practical 1o produce pacis to close linuts of aceuracy, inter-
! ] ) changeabiliny is tssured.

Pressworked parts are used 1os intemal components on business machines,
machine tools, household equipment, aireratt and small engines, and fqr
tocks, various other hardware items, and countless other funcuonal app.ll-
cations, Ttis estimated that appronimately hadl the weight of an :mlomf)bll‘-'
. consists of pressworked parts. Formed parts are widely used as containgrs
of various hinds, tanging Trom household pots and pans, to pails, buckets,
and biny, Sheet-metal forms are also widely used tor heating, exhaust, and |
ventilating equipment, medical and food processing equipment, for buildings f
and structures, houschold appliances (stoves, refrigerators, [reczers, washers, .

|‘

and dryers), bathroom and plumbing and clecirical articles, highway

'

I T R L o L
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Typical pressworked parts {Courtesy,
Cadstrom Pressud Matal Co., Ing.)

1
I‘\l
hwvn gy
vehicles, farm equipment, office furniture, and for many other applications

100 numerous to mention. Figure 3t-4 llustrates some typreal sheet-metal
pressworked parts.

PROCESS SELECTION FACTORS

Workpiece Size Capabilities: Fuciors that povern the maximum size at
which a part may be stamped are regulated by the tonnage rating of the press
and the bed arca. The tonnage rating of @ press is defined as the maximum
force that a press can apply. Some hydraulic presses are capable of applying
up 10 50,000 tons (45,000 metric tons). Most general-purpose stamping
operations are perlormed in production presses which may be rated as low
as 15 1o 1000 tons (13.5 10 900 mictric tons), however. Higher pressures and
heavier equipment are needed for cold-working than for hot-working oper-

ations,
1
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e e e e

A 225-ton automatic cycle press brake which can accommodate
workpieces 10 1. long (Courtesy, Cincinnati Incorporated)

As a pencral rule, parts with a thickness range of 0.020 10 0.750 in. (0.51
to 19.05 mm) may be successiully cold-pressed. Parts as thick as 3% in,
(88.9 mm) have been successiully worked at elevated remperatures. Fabri-
cators classify small stampings as those up to 3in. (76.2 mm) in the longest
dimension; medium from 310 11 in. (76.2 10 279.4 m), and lurge as roughly
cquivalent to the size of an antomobile root,

Press brahes are available for forming vatious ¢ross-sectional bends in
stee] workpieces up to % in. (15.88 mm) thick by 20 1t @approaimately 6 m)
wide. One such press brake is shown in Figure 31-5. Figure 31-6 illustrates a
variety of §tock dic sets available 1o form the most common bends shown
i the e, Press sheis, shownin Digare 31 8h, caneut, inasingle stroke,
aluminuny sheets as threk as v in. (1905 mm) by 10 1 @approzimately 3 m),
wide, High-production turret punch presses, shown in Figure 31-6, can
punch holes upto 3% i (88.9 mm) an diameter insteel sheets as thick as %
i, (9.53 mm) at the rane of 30 holes per minute. High-production transfer
Presses Can operitie as fast as 250 strokes per minute and produce draws
(shape detormations) in thinmetal warkpieees as deep as 3% in. (79.38 mm).
Large hydraulic presses are capable of forming large automotive body of
applicnee sections in o single stroke of the machine. |

!
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Pressworking

Stock die sets which are used to form various bend

Used tor air bends
from very shatlow
angles to 30°
angles, The angle
formed, depends on
the depth 1o which
the male die

enturs the female
die. Acute angle
dies are cummunly
used 1o perform
s,

Acute angle dies

-

90° included angte
for both male and
female dies. Used
for making very
accurate bends
with relatively
sharp inside radii
in comparatively
light gage
matenal, such as
12 gage and
thinner.

Bottoming dies

Useful for jobhing
work where
changes in tie
opening are fre-
quently desired.

(m\\ﬁ\" 94

Fourway dies

configurations (Courntesy, Cincinnit lncorporited)

s Van

Air ber

]y

tncluded angle for
both male and
fernale dies allows
for overbending
of metal to
compensate for
springback.
Angles from very
shallow to Y0°
formed by adjust-
1y the press
brake ram,

W dies

Used tor
“hemming’’ or
flattening acute
angle bends.
Flattening dies
and acute dies
mounted side by
side in a press
brake can produce
a hem with each
priss stroke.

Flattening dies

Goosen

Used for making
channels or
special shapes
when a straight
sided die would
intertere.

Deeper ""throat”
beyond the die
centerline
increases width of
return flange but
reduces die
capacity.

eck dies
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Materials: Most mictals, excent brittle alloys, can b press-worked. Materials
. ' with @ hardness value up to Rockwell'CS0 are workable except those in very
NAITOW SeCtions.
- The most widely used metal for stamping operations is cold-rolled strip
| | and sheet steel that his a carban content between 0,005 and 0.20%. Stain-
i less steel types 302, 304, and 308 are excellem for stumping. They should be
| . B . ..
L ' worked in the anncaled condinon for mas munt tormmg qualities. Other
' ' ' commonly used materials include copper and briss alloys and soft-tempered .
aluminum alloys. Ragnesium alloys can also be press-worked but at an
¢ elevated remperature of from 450 10 6001 (approsnnately 232 10 316°C).
1 Precaated materials are pracheal to use i pressworhing. These include
; Lerne plate, Jithopraphed stock, tin plate, and galvanized, coppcr-plalcd.
,l 1 vinyl-plistic-coated, cadnuume-, chrome-, and nickhel-plated and stainless-clad
: ' steels. 1t is possible 1o produce pirts without damage 1o the coating in most
. 1 L
i cases without unusual tooling adaptauons. |
. A recently developed technique ot considerable interest the PWSf't
! te working ficld is the use of conventional metal-forming presses o form Plaﬁl‘cg
. 1 I sheet material, The material, known as Azdef (@ product of the G.R.T.L ,(‘:01-;
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(i) : (b)

Various metalforming presses: (a) a 60-1on single crank OBl press-air clutch
flywheel model (Courtesy, Rousselle Corporation); (b) a 100 ton stringht-side press (Courtesy,

Rousselle Corporation); (¢} @ battery of nine stamping prossus produces 30,000 catalytc |
converters a day. The line ir ludes four 1800-ton presses with 13 die stations and four | |

1200-ton presses with nine stations (Courtesy, Verson Allsteel Press Company)
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Diagrams of four basic forming machines.
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