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PREFACE

The planued abjective of the “Die Design Handbook” has heen to provide die
designers and nsers with rapid aceess 1o the distinetive design details of hundreds of
dies that have proved superior in cold metal-pressworking operations,

Characteristically, the data are intended to serve the men who atready know how
to design dies, but have some specific design prablem and hope to avoid the delays
of costly development by learning how someone else hag already conquered the
diffieulty.

The Handhoak planners have insisted that die design eannof stand alone in a really
usaful handhank, but must be related in an orderly way o the design of the part fo
he produseed, to the properties of die and stampings materials, to the optimum process-
ing avzilable, to the components that can hetter be purchased, and to the available
pressroom facilities.

Space considerations have prevented diseussion of the hot working of matal, heeanse
of the extensive data that would be required due to the fnndamental differcncey in
metellurgy, produet and tooling design, and equipment and operations, 4 eompared
to cold pressworking. Nor has space permitted entering further into pressroom
practive than to give brief criteria for selecting presses, lubricents, and handling
equipment, znd to set and try out the die. Either subject would deserve 2 separate
handbook for adequate eoverage.

Because of the all-member and all-industry cooperation received, acknowledge-
ments must be general, but nonetheless sincere and cordial;

To the hundreds of members who replied in detail to advance surveys designed
to find out what topics should be covered,

To the seores of companies and individuals who made the raw material available,
often with request that there he no identified recognition.

To the Socicty’s ediforial stafi, for their valiant lohors in skill and patience,

To the official industrial reviewers, for conscientious work that has augmented
the bool’s aceuracy and practivality.

To the ASTE National Baok Committee, not only for their ekill in plan and palicy,
but also for cheerful readiness 1o examine material, review manuseript, and, in
fact, to do anything that needed doing.

To National Officers of the Snefety, for patient awareness that designing and
building a primary reference hook takes mnch time and mezns,

Frasg W, Wusox
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1-2 PRESSWORKING TERMINOLOGY

Blanking: The operation of cutting or shearing a piece out: of stock t0 & predetermined
contour.

Block, heel: (See Heel block.) . . 5

Bolster plate: A plate seeured to the press bed for locating and supporting the die

B;csflezr:gmi bulge, bend, kink, or other wavy condition of the workpiece caused by
compressive stresses. . . .

Bulging: The proeess of expanding the walls of a cup, sh.ell,.or 'tube with an n‘xtemally
expanding segmental punch or punch composed of air, liquids, or semiliquids, such
as waxes or tallow, or of rubber and other elastomers. .

Burnishing: The process of smoothing or plastically smearing & metal surface to
improve its finish. . i

Burring: A common term for “deburring” or smoothing the rough eut ed;_g,es of metal,

Burr side: The side of a punched blank that presents a rough edge around its periphery
or sround & hole or opening in it. In blanking operations, it is the facc or side of the
blank that comes in direct contact with the punch. In piercing or perforating
operations, it is the face or side of the blank that comes in direct contact with the
die,

Bushing, quide-pest: A replaceable insert usually fitted in the upper shoe to provide
better alignment.

Cam aclion: A motion at an angle to the direction of an applied force, achieved by a
wedge or cam. .

Camber: A slight convexity or bulging of sheet, strip, or plate as might appear when
looking along the edge. . '

Capacity, press: The amount, of force, in tons, exerted by a press stide near the bottom
of ite stroke,

Carbonitriding: A process in which a ferrous alloy is casehardened by first bojng heated
in a gascous atmosphere of such composition that the allay absorb§ carbon and
nitrogen simultaneously, and then being cooled ab a rate that will produce the
properties desired.

Carbon steel: A steel that owes its specific properties chiefly 1o the presence of carbon,
without substantis] smounts of otheralloying elements; also termed “ordinary steel,”
“gtraight carbon steel,” or “plain carbon steel.”

Carburizing: A process that introduces carbon into a solid ferrous alloy by heating the
metal in contact with a carbonaceous material—solid, liquid, or gas—to o tempera-
ture above the trensformation renge and holding it at that temperature,

Case: The surface layer, or case, of a ferrous alloy that has been made substantially
harder than the interior or core.

Casehardening: Any process of hardening a ferrous alloy so that the case or surface is
substantially harder than the core or interior.

Casting strains: The strains resulting from the cooling of & casting accompanied by
residual stresses.

Cerromatriz: The trade name of an alloy of low melting point, used for anchoring
punches and die sections.

Chute: A trough in which blanks, workpicees, or parts are fed to or conveyed from a
die or press,

Clegrance, die: The space, per side, between the punch and die,

Closing in: The process of forming a closed end on a tubular part.

Cluch: A device which connects and disconnects & driven machine member snd a
driving machine member.

Coil eradle: A stand that supports and allows rotation of coil stock.

Coinage melals: Alloys of gold or silver with nickel or copper, used for minting coins.

Coining: A closed-die squeezing operation in which all surfaces of the work are confined
or restrained.

Cold heading: The process of upsetting the ends of bar, wire, or tube stoek while cold.

Cold shut: A discontinuity that eppears on the surface of cast metal as the result of two
metal streams meeting and failing to unite.



PRESSWORKING IERMINOLOGY 1-3

Cold morking: Working of 2 mefal, each a9 hy bending or drawing, fo plastioafly
deform it and produer sirain hardening.

Crimping: A forming operation uad fo sed down, or elown in, 4 seun,

Critival lomprratures: Tstablished temperaures (o which mefals must o hoated to
produes metallurgieal changes such as hardening and normalizing; sles known ag
transformation temperatures,

Cup: Any shallow eylindrical part, or shell elosed uf one end,

Cupping: An aperation that produces a enp-ghaped part.

(turling: Forming an edgo of cireular eross seetion along a shoet or uf the end of 1. shell
or tube, (e oloo Wiring,) 3

(ushion, hydrondi: & din cushian astunded by bydraulie prossure, (See Die :;unht‘m;,)

(tesnrbocarry method: A method in which the part undor fidiriention is nof, entirely
detached from the strip, or is pushed hack infe the sirip, for traneport to & mecsed-
ing station in a progreasive din,

Duglights {See Sht, hoight,)

Delurring: Removing burrs.

Deep drawsing: The drawing of deeply recossed parts from shoet materinl (hrough
plastic flow of the material, when the depth of the reeess equals or exceeds the
minimum part, width,

Deflaction: The deviation of s body from w straight Jine or plane when a foree is applied
toit.

Dial feed: (@) A press feed which eonveys the work 1o the dies by a eirenlar motion;
() n mechanism which smoves dies under punches by @ cirgulur motion and inte
definite indexed positions.

Die: {a) A eomplete o0l consisting of # pair or o combination of paire of muting
members for producing work in presacs, ncluding alf supporting and actunding perts
of the tool; (i) the female part of & corplete dic.

Diz, assembling: A die which nseombles and fastens party togother by riveting, pross
fitting, folding, staking, eurding, hemming, crimping, seaming, or wiring,
leping: A die which permanently deforrag shent or sbrip wefal along wsiraight axdy,
hlanking: A die for cutfing blanks by shearing,
hrake: A die uged in & press brake,

Turnihing: A die which improves surfce or sise by plastienlly smenring the metal
surface of the part,

cams A die in which the direction of moving elemonts ia af an angle {0 the dircetion
of forees nupplied by 4 press,

eombination: A die in which o gutting eperation wnd n nonestbing oporation on a
part are accomplished in one stroke of the press. The most common type of
combinstion die hianks snd draws o parl,

oompoinds A die In which two cuiding operations are aceomplished in one pross
siroke, The moat common type of eompound die hlunky and pierees o part,

componnd-combination: A dic in which a part is Wanked, drawn, snd pisrerd in one
stroke of the pross.

curling: A forming die in which the edge of the work is hent. nto 1 loop or eircle
along u sirafght ar eurved axiy,

cut-unid-carry: (See Die, progressive,)

dimplin_q: Aforming dic which produees o canion! fisnge (stretch fange) encircling n
holz in one or mor sheots of metal,

dinepling, ramecoin: A fortoing die whick forim  conienl dismplo in two ghocts, nnd
rivets Lh(f ehects together with some eoining of n smalf ringlike aren Immedintely
surrounding the hole,

dinking: A die w’hinh consdsts of v preas or hund-aperated holfow prneh with knife-
adges for cufting hlanks Srom saft sheet Totals o monmitallic muterins,

dauble-oetions A dic in which pressure fs (st applied 10 a Dlank through the hlank.
hohj(;r and fH‘ then applied to the punels,

embring; A dic st whith 35 relatively heavy and rigid for produeing shallow or
rained indentations with 1ittle or no change n melal thicknogs,




14 PRESSWORKING TERMINOLOGY

expanding: A die in which a part is stretched, bulged, or expanded by water, oil,
rubber, tallow, or an expanding metal punch. .

extrusion: A die in whicha punch forces metal to plastically flow through a die orifice
50 that the metal assumes the contour and cross-sectional area of the orifice.

floating (or punch): A die (or punch) so designed thet its mounting provides for a
slight amount of motion, usually laterally.
{low: (See Die, progressive.)

;z'-::fngg Adic ilyll\]vhih the shape of the punch and dic is directly reproduced in the
metal with little or 2o metel flow.

gang: A series of dies mounted on a die plate. .

heading: {a) A die used in a forging machine or press for upsetting the h_eads of bolts,
rivets and similar parts; (b) & die used in & horizontal heading machine for upset-
ting the flanged heads on cartridges and similar shells.

hemming: A die which folds the edge of the part back over o itself; the edge may or
may not be completely fattened to form a closed hem.

Jorn: A die in which a horn, mandre], or anvil holds the work, usually on a horizontal
axis.

inverted: A die in which the conventional positions of the male and female members
are reversed,

joggle: A die which forms an offset, in a flanged section.,

lancing: A die which cuts along a fine in the workpiece without producing a separa-
tion in the workpiess without yielding o shug.

mulliple: A die used for producing two or more identical parts at one press stroke.

perforating: A die in which a number of holes are pierced or punched simultancously
or progressively in a single stroke of the press.

plercing: A die which cuts out a slug (which is usually scrap) in sheet or plate
material.

progressive: A die in which two or more sequential operations are performed at two
or more stations upon the work, which s moved from station to station,

punahing: A term interchangeable with piercing die.

riveting: A die that assembles two or more parts together by riveting.

sectional (segmental): A die, punch, or form block which is made up of pieees, sec-
tions, laminations, segments, or sectors,

shaving: A dic usually having square cutting edges, negligible punch and die clear-
ance, and no shear on either punch or die.

shimmy (Brehm trimming die): A cam-driven die which cuts laterally through the
walls of shells in directions determined by the position of cams,

side~action: A type of die that operates approximately at right angles to the motion
of the press shde by means of cams, wedges, or auxiliary press mechanisms.

stngle-action: A drawing die that has no blankholder action, sinee it is used with a
single-action press without the use of a draw cushion.

swaging: A die in which part of the metel under compression plasticelly fows into
contours of the die; the remaining metal is unconfined and flows generally at an
angle to the direction of applied pressure,

tandem: (See Die, two-step.)

toggle draw: {See Die, double-action.)

trimming: A die that cuts or shears surplus materia] from stock or workpieces.

triple-action: A die in which a third force Is applied to a lower punch in addition to
farees applied to the blaskhelder and the punch fastened 4o the inner stide.

two-step: A drawing or reducing die in which the reduction is made in two stages or
Ievels, one above the other, in a single stroke of the press.

waffle A.t,ype of flattening die that sets a wafle or crisscross design in the blank or
workpiece without deforming it,

wedge-act?on: A die which hes & side motion actuated by a wedge surface.

Uy (See Die, cam.)
¢ Die bloclf: ) A'b\uck or plate outt of which the die proper is cut; (3) the block or plate

to which sections or parts of the die proper are secured.
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1-6 PRESSWORKING TERMINOLOGY

_Embossing: A process that produces relatively shallow indentations or raised designs
with theoretically no change in metal thickness. )
Energy: The capacity of & body for doing work, measured in terms of force and
distanee, N
Eatrusion: The plastic flow of a metal through o die orifice.
Eyelel machine: A multiple-slide press, usually employing a cut-and-carry or a transfer
feed for sequential operations in successive stations, o )
False wiring: Curling the edge of a sheet, shell, or tube without inserting a wire or rod
inside the curl.
Feed: A device that moves or delivers stock or workpieces to a die.
Feed, rall: A dic feed operated from the press slide or crankshaft, in which the stock is
moved by gripping rollers,
drume A feed in which the station dies are located on the periphery of a drum hori-
zantally mounted in the die space.

grip (slide, hitch): A type of feed mechanism employing a set of jaws to grip strip
stock and feed it to the die,

hopper: A bin designed to hold parts and with & mechanism which selects and auto-
matically feeds individual parts into a chute.

indexing: A feed that rotates blanks and parts for various operations, usually visu-
ally indicating the position of the blank or part.

ine: The combination of & ine and a

and feeding one unit of the work at a time.

Flaring: () The process of forming an outward flange on a tubular part; (b) forming a
flange on a head.

Flash, (fin): The excess metal attached to a part after a forming operation,

Flatiening: The truing of metal surfaces by the use of restrike dies, or other methods.

Fluting: The forming of longitudinal recesses in & eylindrieal part.

Flying culoff device: A cutting die, saw, or wheel that cuts work to length while it is
moving,

Form block: A punch or die uscd in the rubber-pad process to form materials.
mechanical: A special die used in rubber-pad forming to perform operations which

canoot be made with the simpler, regular form blocks.
~Forming: Making any change in the shape of a metal piece whieh does not intentionally
reduce the metal thickness.

Form radius: (See Radius, die.)

Fouling (pickup): The adherence of particles of a part to a punch or die.

Gag: A metal spacer to be inserted 50 as to render a floating too! or punch inopera-
tive,

Goge: A device used Lo position work in & die aecurately.
fnger: A manually operated device to limit the linear travel of material.

Galling: The friction-indiced roughness of two metal surfaces in direct sliding contact.

Geneva motion {star wheel motion) An intermittent motion, sometimes used in dial and
d}:u;n feeds, in which a part of the driving shaft's motion is transmitted to a driven
shaft.

Gibs, adjusiable: Guides or shoes designed to ensure the proper sliding fit between two
machine parts.

Guer:z’n process: A forming method in which a pliable rubber pad attached to the press
slide is fored by pressure to hecome a mating die for a punch or punches which have
been placed on the press bed.

Guide posls (guide pins; lm@er pins): Pins or posts usually fived in the lower shoe and
accurately fitged to bushings in the upper shoe to ensure precise alignment of the
two members of a die set.

Guide, stock: A device used to direct strip or sheet material to the die,

Head blac'k (head): The top member or erown of & hydraulic press, usually containing
the eylinder, "

01

for holding of parts
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1-8 PRESSWORKING TERMINOLOGY

Normatizing: A process in which a ferrous alloy is heated to & suitabie tempernture
ahove the erjtient range and then cooled in air ab room temperature,
Nosing: Vorming o curved portion, with redueed dismelers, 4b the end of & ubular

purt,

N I}ll!h brittlencss: The nherent bristleness in arens contalning & groove, serateh, sharp
fillet, or noteh, .

Noteling: Phe euiting out of various shapes from the edge of  strip, b]unk, or part,

il cunning {canning): The distortion of u flat or nearly flat surfuce Dy finger pressure,
and its reversion to normal.

Olren, ductility test; A test for indieating the duetility of sheet melals by foreing
hemispherienl-shaped puneh or hardened hall into the metal and measuring the
depth at which fracture vesuss, . .

Overbending: Bending metal o greater amount than that ealled for in the finished
piece, 50 18 to compensate for spring=huck. X

Overtoid pelisf bz A press bod with o buili-in eushian, usnally of the hydroproumatic
4ype, whic assos 1k u predetermined overoad,

Pad: The genery! term uged for that part of a die which delivers holding pressure to the
metal heing workoed,

Parting: An operation usnally performed to produce two or mose parts from one
common glamping,

Perforating: The piereing or punching of many holes, usually identical and arranged in
w regular peftern,

Plekaffl: An automatie deviee for removing the finished part from 4 die, after it hag
heen slripped, or relensed fron the die,

Pirleup: The adherenee of particles of metal {0 o die surface in contact with the metal
Deing worked,

Piercing: "The process of die-eutting holes in sheet or plate material.

Pilot: A pin or projeetion provided for losating work in subsequent operations from a
previously punched or drilled hole,

Planchel: A metal disk with edges milled ready for eoining,

Plundshing: A haummering operation in whieh parts are given o dense smooth surface
finish by a rapid suecession of blows delivered by highly polished dics or by'a
planishing hammer,

Plastie flow: The phenomenon which takes place when a substance is deformed perma-
nently witheut rupture,

Plasticity: The property of a subsiance that porsnits it to undergo a permanent change
in shape withont rupture.

Plastic worling: The processing of o substance by causing . permanent ehange in its
shape without rupture.

Platen: The sliding member or ram of & power press,

Prowmatic dig cushion: (Sec Die cushion,)

Proumntic loggln links: Main links of a toggle press which are equipped with prieus
waie cushions o give wie-pressure-controlled foxibilivy,

Profill vde: A pregsurcenctunted valve required for controlling the prefilling (or
extiwusting) of ol during fast, traverse aporation of hydraulie press ram eylinder.
Preformed parts A partially formed part which will he subieeted 1o one or more sub-

sopent operations,

Prehenting: A general term used to deseribye heating applisd a5 o preliminary to some
furihor thermad or mechanical treatment,

Press: A machine having o stationary bed or anvil, and n slide (ram or hammer) which
haus  controlled rociprocating motion toward and mway from the hed surface and at
right sagles to i, the stide being guided in the frame of the machine o give o
definite path of motion,

arbor: A presy originally developed for forcing arbors or mandrels inte holes and
sintilur asgemhling,

freh l)/]u:': A Lype of pros hgwing its oolumns arched outward to permit a wider bed
and slide flango, loft to right, between the columns,
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1-10 PRESSWORKING TERMINOLOGY

reducing: A long-stroke, single-crank press used f_or r'edrafving (rgducing)' operations,

rubber-pad: Any single-nction hydraulic press with its lide equipped with & rubber
pad for rubber pad forming. i , .

side-wheel: Any press with a flywheel at the side and with 2 left-to-right qrankshait.

single-action: Any press with & single slide; usually considered to be without any
ather motion or pressure device.

single-picce frame: {See Press, one-piece-frame.)

solid frame: (Sec Press, one-piece-frame.) . .

straight-side: An upright press open at front and back with the columns {uprights)
at the ends of the bed. L.

tapering: A press designed to permit placing a blank in o die without the need for a
slide plate, and to deliver an exceptionally long stroke.

tie-rad: A type of press in which four steel tie rods hold the bed, uprights, and
crown together under a predetermined eompressive load.

toggle: (o) Any mechanical press in which & slide, or slides‘, are actuated by onc or
‘more toggle joints; (b) & term applicd o double- and triple-action presses.

toggle drawing: A press in which the outer or blankholder slide is actuated by a series
of toggle joints and the inner slide by the crankshaft or eceentrics.

{rimming: A special-purpose mechanical press in which shearing and trimming
operations are ugually done on forgings.

triple-action: A press having three slides with three motions synchronized for such
operations s drawing, redrawing, and forming, where the third action is opposite
in direction to the first two.

tryout (spotting): A press used in the final finishing of dies to locate inaceuracies of
mating parts, .

twin-drive: A press having two main gears on the crankshaft meshing with two main
pinions on the first intermediate shaft.

two-point: A mechanica] press in which the slide is operated by two connections to
the crankshaft,

underdrive: A press in which the driving mechanism is loeated within or under the
bed or below the floor fine.

watch (watchmaker’s bench press): A small end-wheel gap press having & compara-
tively high die space to allow the usc of subpresses.

wiring: Any press of several types used for wiring operations.

Press-brake (bending broke): An open-frame press for bending, cutting, and forming;
usually handling relatively long work in strips.

Press tonnage: (See Capacity, press).

Pressure attachment: (See Die cushion.)

Pressure switch: An electrical switeh operated at 5 predetermined pressure,

Puckering: A wavy condition in the walls of a deep drawa part.

Pull feed: (See Feed, grip.)

Punch: (a) The male die part, usually the upper member and mounted on the slide;
(b) to die-cut & hale in sheet or plate material (see Plercing); (¢) a general term for
Li:e press operation of producing heles of various sizes in sheets, plates, or rolled
shapes.

Pm'wh holder: The plate or part of the die which holds the punch.

Quick-return motion (drag-link motion): A motion vsed on erank presses to provide fast
upward slide travel,

leb—ltype punch: A frail or small-sized punch mounted in & shouldered sleeve or quill

Rabbil ear: A recess in a die corner 4o allow for wrinkling or folding of the blank,

Rach-and-pinion drive: A drive incorporating a rack and pinjon and commonly used to
actuate roll feeds,

Ram: (See Plunger, Platen, Slide.)

Recovery: The removal of residual stresses caused by localized plastic flow in cold-
worked metals by annealing without substantially altering the grain structure or
strength.  (Ses Stress relieving,)
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1-12 PRESSWORKING TERMINOLOGY

Shoe: (@) A metal block used in bending processes to form or support the part being
processed; (b) the upper or lower component of a die set. .
Shut height of @ press: The distance from the top of the bed to the ba@tom of the Slld:e
with the stroke down and adjustment up. In generz], the shut height of a press is
the maximum die height that can be accommodated for normal operation, teking

the bolster into consideration. o

Sizing: A secondary pressworking operation to obtain dimensional accuracy by
metal flow. .

Slide: The main reciprocating press member; also called the ram, the plunger, or the

faten.

Slgling: Cutting or shearing along single ines; used either to out strips from 2 sheet
or 1o cut along lines of & given length or contour in a sheet or part.

Stug: A small picce of material, usually scrap, produced in piercing or punching holes
in sheet material.

Spacer block: (See Riser bloek.)

Spalling: The breaking off of flakelike metal particles from a mptal surface,

Spolting: The fitting of one part of & die to another, by applying an oil color fo the
surface of the finished part and bringing it against the surface of the intended
mating part, the high spots being marked by the transferred color.

Spring-back: The extent to which metal tends to return to its original shape or position
after undergoing a forming operation.

Spring cushion: (Sec Die cushion.)

Staking: The process of permanently fastening two parts together by recessing one
part within the other and then causing plastic flow of the material at the joint.
Stamp: (a) The general term to denote all pressworking; (b) to impress letfering or

designs by pressure into the surface of a material.

Stack giler: A device, generally consisting of felt-wick wipers or rolls, which spreads oil
over the faces of shect or strip stock.

Stap, automatic: (@) A device for positioning stock in 2 die; (3) & mechanism that
initiates the stopping sction of o press after its complete eyele; (c) a device for
initiating the stopping action of a press at the start of operating troubles, such as
misfecding, buckling of strip stock, or nondischarge of blanks, for the protection of
the die or the operator.

Stop pin: A device for positioning stock or parts in a die.

Straightener rolls: (See Rolt straightener.)

Strain: The deformation, or change in size or shape of a body, produced by stress in
that bedy. Unit strain is the amount of deformation (usually in inches) per unit
length (usually in inches).

Strain hardening: The incrense in hardness and strength in & metal caused by plastic
deformation at temperatures lower than the reerystallization range.

Stress: The internal force or forces set up within a body by outside applied forces or
loads. Unit stress is the amount of load per unit area.

Stress eracking: The cracking of parts which have retained residusl stresses from cold
forming, hent {reating, or rapid cooling.

Strass relief (relieving): A heat treatment which is done primarily for reducing residual
stresses.

Btreich (stretcher) forming: The shaping or forming of a sheet by stretching it over &
formed ghape.

Sirolch (strelcher) leveling: A stretching process producing & slight plastic flow to
obtain flat surfaces on sheet metal.

Strelclher strains: (See Lirders’ lines.)

Striking: A general term for making & quick and forceful (hitting) contact between a
punch and the work.

Slnjpper: A device for removing the workpiece or part from the punch.

Stripper p{ale: A plate (solid or movable) used to strip the workpiece or part from the
punch; it may also guide the stock.

Stripping: The operation of removing the workpieos or part from the punch.
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1-14 PRESSWORKING TERMINOLOGY

Vent: A small hole in & punch or die for admitting air to avoid suction holding, or to
relieve pockets of trapped air which would prevent proper die closure or action.
Wiper block: A metal block used to exert pressure during the wiper forming of sections,
Viper forming (wiping): A method of curving work over a form block or die in which
the form block is rotated relative to a wiper or slide block.

Wiring: The curling or forming of a curled cdge of & sheet or tube with a wire or rod
inserted within the curled edge.

Work: Any material part or piece that is being processed or handled to or from a
processing operation.

Wrap forming: {See Stretcher forming.)

Wrinkling: A wevy condition on metal parts, due to buckling under eompressive
stresses.

Vield potni: The stress at which & pronounced increase in strain is shown withous an
increase in sbress,

References
1, *Bliss Power Press Handbook,” E, W, Bliss Co., Toledo, Ohio, 1950,
2, "Metals Handbook,” 1948 ed., American Society for Metals, Cleveland, Ohio.



SECTION 2

STAMPINGS DESIGN*

No stamping-design work ean be considered optimam until, in the judgment of the
rking department or custom stamper, it holds out the strong probability of
eving the following:

1. A die, or set of dies, that combines maximum produetion and least maintenance
with lowest feasible Jife cost

9. Maximum utilization of the least expensive stamping material that will serve
satisfactorily

3. Most efficient pressiwarking practices

4, A stamped product that consistently meets sales and service requirements of
shape, dimensions, strength, finish, style, and utility

Design alieration, except to meet changed product or press requirements, or to
utilize existing dies with reasonable modifieations, is to be avoided as being expensive
and time-wasting. Thercfore, even preliminary die sketches should be examined in
the light of the following data.

GENERAL DESIGN PROCEPURE

The design planning of 2 new stamped part or assembfy should take into account the
following steps:

L. Determine exacily what the product is to accomplish fn its application,

2. Comvert or reducs any vague or generatized specifications to specific deseriptions
of materials, mechanical units, and dimensions.

3. See that all dimensions have the broadest permissible talerances, and that initial
allowances are made for overtravel, temperature and pressure variations, and other
physical factors encountered in product service,

4. 8et overall size limits with references to mounting upon an attachment to a
machine, 4 control, or other cooperating parts. These limits may indieate the need
of glotted holes, spacers, or similar devices.

. Are weight limits imposed by the conditions of service?  If so, consider reduction
of the weight by such means as punching out unneeded material, or by resort to
lighter or thinner-gage mateial strengthened by stiffening ribs or bosses,

6. Check 2l ritical points, such as hearing points, where high mechanical stresses or
e'xces.sive wear may oceur. Are parts as designed able to resist deformation during
ejection from dies, tote-box handling, tumbling, or heat treatment?

7. ¥ very high and fast stamping production is in view, see to what extent the
physical proportions, the appearance, or the finish can be altered or compromised to
achieve such production,

&, Find out shothes there ae amy unavoidsbie limitskions in avallable press eguip-
ment, fabrieation and assembly facilities, or other production factors, and alter stamp-
ings design as far as possible to meet the fimitations.

* Reviemed by J, A, Barth, General Maneger, Barth Corp., and 3, W. Gullikeen, General Superin-
tendent, Worcester Pressed Steel Co,

21
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2-9 ' STAMPINGS DESIGN

REDESIGN OF EXISTING PRODUCTS

When « stemped part or assembly has been in production for some time, it may
become feasible or necessary to redesign the produc_t, because of market‘demnnds of
appearance, functioning, or cost factors, .R is especlftlly desirable to consxdey product
redesign if the worn press tools or stamping operations hzwe_ proved' unsatisfactory.
The following are good examples of integrated product and die redesign.

Television-tube Electron Gun. The redesign o_f fo_ur electron»gl_m components
shown in Fig. 2-1 resulted in 60 to 75 per cent reduction in mam}facturmg costs. Top
views show original parts design; lower views show them redesigned.

2- Seamless 3-Tubing and 4~ Tubing and
tubing, starmping, stomping,
cut welded welded

" s
&
e, i
{- One-piece 2-Flat strip formed 3-Drawnin 4-Drawnin
stamping, with lock sear, ~ one operotion,  one operation,
48% saving 53% saving 58%saving  55% saving

T1e, 2-1. Components of television-tube electron gun: (4) original design; (B) redesign.
(John Volkert Metal Stampings, Inc.)

The anode (No. 2) was previously made from stainless-stecl tubing eut to shape; in
redesign it is formed from flat coil stock and lock-seamed in a Multislide machine.
The grids (Nos. 3 and 4) were also made from tubing, to which separately blanked and
formed lens caps were welded; in redesign they are drawn in one piece from flat stock.
The flange spacer or spider (No. 1} was originally fabricated from four pieces welded
together; in redesign it is now stamped at the rate of 75 per minute in a six-station
progressive die (Fig, 2-2) from autometically fed coil stock. The spacer was
improved in redesign by doubling the number of arms. The steps used in producing
the flange spacer from stainless-steel strip are (1) pretrimming to permit flow of
material in subsequent operations; (2) cupping for the center hub; (3) finish drawing
the eenter hub; (4) finish trimming the six arms and picrcing for the center hale; (8)
finish si'zing and squaring at the hub; (6) eutoff and finish forming.

Elimination of welding on the grids and flange spacer avoided possible loss of
acouracy.

Perforated Bulkhead. The original design of a bulkhead (4, Fig. 2-3) used s con-
v.cntlomq geometric layout of holes to provide air flow. Holes had to be kept small in
size t0 minimize distortion in subsequent forming 25 shown in view €. In this design,
the shearing load of the many small perforating punches was heavy, and the limited
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2-4 STAMPINGS DESIGN

Fi6. 24, Examples of piece part redesign, 16

the cost. ;s a good design of two symmetrical stampings welded together. €, isa
ane-piece stamping involving simple operations and assuring uniform hole alignment.

Cs is probably the ultimate in simplicity of design and cconomy in tooling and
production,

DESIGN FOR EFFICIENT STOCK UTILIZATION

Use of Standard Mill Stock.* The size, shape, appearance, and intended use of a
stamped produet will generally dictate the stampings-materials specifications. How-
ever, applied knowledge of the grades, qualities, gages, sizes, physical forms, and
finishes available in standard mill stamping stock will frequently sssist in securing
best die design and stamping efficiency.

Mﬂ!firflum Volume for Given Area of Material, The caleular principle of maxima
and minima ean be used to determine the least amount of sheet metal required to form

* See Secs, 26 and 27, covering stamping materials,
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New
design

Blank fayout -original
stamping design. Stock
utilization only 62%

; A
i
|

Original vs.
new design

STAMPINGS DESIGN

Original
dlesign

g5

.
Rl

Blank layout-new
stamping design.
Stock ufilization
nearly 100 %

Fic. 2-74

Wasteful layout - 4
suore inches per blonk

B

Better layout- 3%

Best layout;enabled
by slight redesign
~only 2% square
inches per blank

squarg inches per blank
Fie. 2-7B

Tra. 2-7. Stock layout for minimum serap.

(Hinman.")

The simple hook-ended flat blank in Fig. 2-74 in conventional layout uilized only
62 per cent of the strip; no other nesting was more efficient. Consultation between

Original o
strip size New strip size
Froposed nofch

Fre. 28, Unnecessary corners cut off to
permit use of narrower strip stock.?

the produet designer and die designers re-
vealed that the only mandatory dimen-
sions in the piece were 4, B, and C.
When the piece was redesigned, a new
strip layout was possible which utilized
nearly 100 per cent of the material.

In the case of the part shown in Fig.
2-7B, a 14 per cent materials saving was
made just in changing strip layout from
single in-line o an alternating double-
row arrangement.  Further investigation
showed that about one-third of each piece
could be cut from the piece ahead with-
out changing the utility of the part, and
resulting in a 32 per cent savings in ma-
terial, eompared with the original layout.

It is good practice to examine the prod-
uet design for any corners or flanges pro-
jecting at the top, bottom, or sides which

‘can be cut off \yith?ut detriment to strength or nccessary welding surface. This prac-
tice, as shown in Fig, 2-8, permitted a considerably narrower strip to be used,
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2-8 STAMPINGS DESIGN

where B = bottom radius, in.

T = stock thickness, in.

§ = tensile strength, psi

p = forming pressure, psi )

Locked-in beads (those terminating short of the edge of the sheet) have their pro-

portions given in Fig. 2-11. If these proportions are maintained, elthgr mtermedigte
or larger sizes can be rubber-formed in most of the wrought aluminum stamping
grades, annealed steels, and all magnesium alloys formed at 300 to 400°F. The
minimum redius at the end of the bead is shown in the tabulation as B,, but it is not
shown on the drawing, The function of this radius is to fair the end of the bead from

4

R

Atf z'/W —
Bead 1 Suitable
No | H | W B | r | B | “goges
-1 |aos0 & loorof § 0.020
-2 |olo0 L Toiso] 1 Joo20-0025
-3 fouso] & ]2 Jozio| ) [oo20-00%
-4 l0200 0280 2 |0.020-0040
-5 |0250 0350 | 20 0020-005I
-6 |0300 0420 3 [0020-0064
-7 |0350| % ¢ 04901 3L |0020-0064
~8 {0400] T | 7 Tose0| 4 |0020~0064

F16. 2-11. Allowable sizes of locked-in aluminum beads. (Schulze.)

its full depth to the surface of the part. Figure 2-12 shows sundry other general
design suggestions for the use of strengthening ribs and beads.

Internal Beads.  In rubber forming of internal beads, the platen contacts the whole
web simultaneously and, as pressure builds up, it tends to elamp the sheet in place.
As pressure continues to increase, the metal stretches into the bead depression while
the metal around the depression is more tightly locked. Most of the deformation is
thgrefore confined within the bead itself, and distortion of adjacent metal is mini-
mized. Beeause the length subjected to stretching is short, the depth of an internal
bead is sharply limited.

Company practices vary widely. The maximum possible internal bead depth ¢
depends primarily upon the bead width 4, standard beads commeonly having the ratio
Afa between 5 and 6. In general, 2430 interna! beads are specified only up to
0.qﬁ4—xn, material thickness; some difficulties arc likely in raising beads in metal
thinner than 032 in. For thicknesses over 0.080 in,, bead width must be at least
1375 in., n_nd at least 1.625 in. for thicknesses over 0.090 in,

Parallel internal beads can be spaced close fogether; the joining crest, however,
should have a radius of at least 47 to avoid cracking, Beads parallef to an edge
s}muld be no less than 0.5 in, from the edge. The bead end may extend to the bend
lines of a flange, or stop 0.25 to 0.5 in. short.

Extem.al Beads. In rubber-formed external beads, the highest point of stamping
pressure is on the erown of the forming strip. Metal s locked at this point and, with
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2-10 STAMPINGS DESIGN

rubber forming of internal beads. However, a very dccg external bead designed for
rubber forming cannot be produced in 4 single dic operation.

Figure 2134 gives the minimum recommended center-line distances of external
heads parallel to the edge of the sheet and the minimumn recqmmcnded distance for the
end of the head to the edge of the sheet, using an A/ ratio range between 4 and 6.

3
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2 5 o
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5 4T i 2
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£ T
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w 0 w

0.02 004 0.06 008 010 012 D4 X .
Sheet thickness,in, Sheet Fhickness,in.
Bead parallel to edge Bead perpendicularto edge
(4) Minimum distance of beads from edges
A A A
d 4
" ! ?a:@ 10070 1400ps Section @
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" R
) .7 e

o - 18 22 1| a=7)

N

g 6 03 25
s [ 0257
et X |
2
]
o

» AT doh ]
5 = A3 a:%.
= %

-] ecormmended [P
o G
4 I =l

4144 10 77
002 004 006 008 00 02 044 Q60 002 003 004 005

Sheet thickness, in, Metal thickness, in.
(B) Ratio of width to depthfor beads {C) Width-to-depth ratio for buttons
TFig. 2-13. Bead and button considerations.?®

Dimensions A and € refer to parts with flanges, while B and D refer to parts without
flanges.

Figure 2-13B shows the ratio of width 4 to depth a for heads which can be formed
using the usual rubber pressure of between 1,100 and 1,400 psi.

Buttons or Bosses. These are flat-bottomed circular depressions or elevations in
thin sheet. (Fig, 2-13C), used to increase buckling resistance of unstifiened area, and
where drawing of the material must be held to a minimum. Distence from center of
button bo o flanged edge should exceed 60 to 80 per cent of the button diameter, and
70 to 100 per cent to a free edge.

Flanges. A flange as formed on a sheet-metal part is the result of a simple bending
operation, or combinations of hending and compression (shrink flanges), or combina-
tions of bending and elongation (stretch fanges). In Tig. 2-14, these are respectively



= et i

s

¥
e

[k
whegsik]

2l

&

w

Ie

NI
PR W

B ERR
& Ew ek

zurigiar

nroisz
LErES

.
2




2-12 STAMPINGS DESIGN

method of forming. The mold-line radius, and the flange }vic!th and/or phe angle
must be adjusted to meet design requirements and still be within deformation limits
of the metal. For limits of allowable deformation, see Table 2-1.

TABLE 2-1, PERMISSIBLE FORMING LIMITS FOR CURVED FLANGES

% elonpation % compression
(stretch) (shrink)
Metal or alloy
Rubber | Die | Rubber| Die
forming | forming | forming | forming

Aluminum:
280 25 30 6 40
28-3H 5 8 3 12
SO 2 30 [ 40
35-14H 5 8 3 12
5280 20 25 [ 35
528-14 B 5 8 3 12
6180 21 22 8 35
613W 12 20 8 20
61ST 5 10 2 10
2480 and 2480 clad 14 20 [ 30
2487 and 248T clad 6 18 0.5 9
248RT and 245RT clad 0 4 g 4
R301-0 and 1480 14 20 4 30
R301-T end 148T 1 [} 0 0
7580 13 18 3 30
758T 0 0 [} 0

Magnesium:
AM350 and Ma 10 15 6 16
AMS3SH and ML 0 i3 4 12
AM-C5280 and FS-1a 0 [ 5 16
AM-G528H and FS-1h 0 o 3 [
AM-C5780 and J-1a 0 0 4 12
AM-C578H and J-1h 0 0 0 0

Steel;

SAE 1010 .. 38 10
SAE 1020 N 22 10
BAE 8630 . 17 8
40 10
15 0
40 10
40 10

Data supplied by Curtiss-Wright Corp.

Above allowable deformations are satisfactory for flanges formed instock, 0,040 in. or thicker. Vslues
can be slightly reduced for the lighter gages, particularly for shrink flanges.
. Velues for compression (shrink) rubber forming may be exceeded by use of notehes, controlled wrink-
ling, special form blocks to compensate for bow elfeet, ete. Elongation values may be increased for
some alloys by polishing edge of the blank,

The approximate deformation of the free edge of the flange is given by

Ry
pen(%-
(3 1) )
where D = deformation, per cent
B = cdge radius, in., before forming (flat pattern radiug)
E.‘ = cdge radius after forming
Positive values of D indicate elongation (stretch); negative values indicate com-
pression (shrink),
Flange Calculations. The relotionships of the various dimensional elements for
stretch and shrink fianges are shown in Fig. 2-16.
The amount of sethack, for all flanges, can be determined from Fig. 2-17.
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2-14 STAMPINGS DESIGN

Radius
047 044 04) 038 034 031 028 095 0.22 019 016 0I3 009 006 003 O
AP ESPORTEE HV  OPE NP P O
Bevel
SETBACK CHART ﬁ
J= Amount to be deducted from sum /&

of flange dimensions 2
Developed width=A+B~J \

f—a—f 8

o Values S

22 5358 939388RY eSS
170 (30 130 110 SIS \Sogdgae 336l
_, e // oo/ awanll)
——E_'-,—/-—__—?”';,/ = ;};//mmm 50
ﬁ ///mn 40

/ // //TJLZ°'§
o

it

QLZLO

7T15

s Nm

L%

/ /%203)5

o\oqoo& // J‘ZS

R 71

o - / / B L

A R e S
0 09 é?

/ 45

50

55

60°

R s s G
0130 0120 oo OIOO 0090 UOBO 0070 0050 0050 0040 0030 0l070 0010
Thickness, T
Fia, 2-17. Sethuck chart,

Ezample 2: Given: mold-line radius Ryy = 10.00 in.; 0.040-in. i

n -thick 248T aluminum, 90

streteh fange, to be rubber-formed. Required: maximum fiange width W. Using a

\lgalur:'«}fg]TZ(’{‘ak;le 2-7), b;;zd radius B = 0.12. From Fig. 2-17, sethack J = 0.11 in.
rom Table 2-1, elongation £ = 6 per cent,  From Fig, 2- =

fange width 7' = 0.57 + 0.1 = 068 a. e BT = 0T Fhon, i

Ezample 3: Given: mold-line radius B = 6.00 in,, flange width W = 1.20 in,, flange



Compression € (shrink) in percent

1010

\
\—

o @
r cent
\

-
i
PSS a—

=)

"(stretch) in pe

30

35 1

4

\

oALcunATING 90° FLANGE WIDTH
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A/
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Example 2

Flat pattern 'flange width ¥

W\
.

£ 300

200

[~0.10
~0.08

~0.06
005

(- 0.04

[—0.03

=002

Fra, 2-18, Chart for ealenlating 90° flange width and percentage of deformation,

angle § = 30° (open), atretch flange thickness 7' = 0.064 in., and bend radius B = 0.19in.
Required: per eent deformation and permissible materials,

From Fig. 2-17, J = 0.06 in,, and By (Fig. 2-19) = 6.00 — 1.20 + .06 = 4.86. From
Fig. 2-19 (lower graph) projected flange width H = 0,60 in., and

Bz = 600 — 0.60 = 5.40 in.

per cent elongation = 11 per cent (upper graph). Consult Table 2-1 for materials possess-
ing 11 per cent or greater elongation.
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CURVED FLANGES
Approximate deformationdf freeedge
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0+ - 3
s §--7 —1g
=T E E
50 E
- 04 & 204
w0 & 1l
is 5o
"33 504 3%
is i
4 2 ~
w2
:
T
i
IS
104
090
080 5
0104
050
050

-
o
=
i}
i~

==
1=

&L 3
il

$ il g

2420 10 o 10 20 "

[Pa— Flange width 7,or projected flange width B
Locate Won bollom scale, follow arc up/o flange angle 6,
project down from intersection and read H on botfom scole
Fia, 2-19. Chart for ealeulating widths of open or closed flanges.
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Ry= Confour( bent up) radivs
W = Flange width
= Projected movement
of blonk edge
¢ =Strain

__—e:-l—e;

Wfi-cosz)

——pz 7

Wl-coser) Wlitcose)
SN Ll s b
Closed u “ ] Rp Az

angle
‘ZRB’—&
WirW T 1 W

——

Special [AEHE g
iRy

P

(P
W *WZQ/F)‘ w2 W,
U 48 B,
Special D}éwl Ep

Rg—i
S
Special I‘ﬁa 4 £y

Fig, 2-20. Computing strain of streteh flanges.®

Permissible Strain in Stretch Flanges. These values, which depend upon edge
condition of the metal, the flange width (see Fig. 2-20), and method of forming strain
for right-angle flanges, may he approximately computed by the formula

e=q 8

where ¢ = elongation Xskram) factor at free edge of fiange
¥ = flange width, in.
Rp = contour (bent -up) radius of fange, in.
For 48T and 2480 aluminum 90° flanges, 0.10 is a safe value for e where edges are
smooth; 0.06 35 a safe value for shear edges. A larger degree of stretch ocours where
contour 1adivs R is small, or where the sireteh fange is adjatent to a shrink fange.
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3k

To facilitate trimming,
maximum flange should
be twice metal thickness

PREFERRED

Rodius-twice tmetal
thickness is minimum

Round corners

only where shorp
corners may
cause inyury,

Scatlop flange €5
wherever possible
Fo recuce weight

Keep flange fo min-
imum fo prevent fearing

Make allowance for distortion and variation

intab shape to permit piercing and nofching
in blank ©

is necessary i

—
Notched used for II _______
relief of smaller
flanges

Circviar hole relief
used when max-
imum flonge height

(E) Partial flanges in highly
stressed parts should be
relieved by notch or hale

Curl difficult;
risk of rupture

Flonge shope when
asharp edge is ot
objectionable

PERMISSIBLE

Use fab on corner
only when necessary
for attachment

STAMPINGS DESIGN

Absence of flonge causes
expensive trim if Xis
maintained

NOT RECOMMENDED

Twice metal
thickness or mini-
mum of 0.12in.

Flange should not taper
to metal face

(8

Twice mefol thickness
or 0.12in. m/'n/'mum\é

o

Outside and hole
flange dimensions

()

A

Secti
w S
Ahemmed edge should
be notched at corners

Pieced construction
beffer; fess strefching

and wav/ne:sA\

(G) Interior flanges

ﬂ

Fie. 2-21. Details of stamped flanged design.?
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fadients that there is danger of eracking when dnngetion
2, Thenfom, forsiety, ¢ = 112, 60d

=188 (0]

+ eee Fig. 22,

Wil —esel

"
Be g

N

Fare = 0.12, En. (7 gives ths following values fo verloiz open Sange sugles:
0.472R,
250K,
.164R,
0130k

e stgls e Fiz 200

, Lh‘_ mcta_l Ein camfrman, a"d *hp
ckling or wrickling,  With rubber forming, there
s end only slight sh rm:n. czn be aerom-
e fo very !argv» g2 redd or VEIY DA

ower 207 3 per (r.nt, ard (J;J per rrer.t Eor Qzﬂ
wiire 221 Husrates varivas elements of fzngz desen.
TOLERALCES O STAMPINGS
Dimensional Toleranees. Tolersnees are resitiction: in specifetions am} should
be made oaly 25 ¢lose 23 tuay be essential or eritieal fn the functioning of the st,:mpa'l
part, Urneeessarlly dose toleranes il fnereas 100] and production costs and lower
the dl“ 1¥e. end mey meke up to 100 per cent inspection mendztory,

TABLE 2-2. ELANEZING AND PIERCING TOLERANCES, INCEESw

Size of blanked o7 platend apenizy

:

Tatn }07:{.,, o mJO‘rE, tp s
2§ wide | Bmowile | 2tir wide
s 1

|
o | o [ .0
0.0 | 6E% | 1
0060 | GEE |
wins e
G GO
a0y o gAe |
66 L men
| i

reing Toleran: Table 22 gives blanking znd plercing toler-
e maintsined on steel, bress, COppEL. Or slaminum perts.
us1zlly reguived on fiber, rabber, sod softer materisls,
4 b ngted that blanking o res re indicated a3 plue; this is because the
eiatnes the Blank size and, 2o the die = resharpensd, the size of the
oprsing K."'f?(.:-f_. Caav fering punches decresze fn dizmster with wer,
and {k p: mhg!x becoms er (minns tolerzenes).
Ho‘f fole ,,Lri rr‘Fts sbaild be plos 0045 T, soifnns 0.000; for drews rivts
v shoitld he p'u: or minys G.0035 .t
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Bending and Form Contour Tolerances, Figure 2-22 suggests allowable tolerances

on bent parts.
It may sometimes 1
toured shape, because of 2 possible

[ ]
I

t
I
\|V

e inadvisable to specify tolerance on each dimension of a con-
bjectionabl lation of these tol

B or ,=Basic dimension 4, ordy* 0003 for decimal dimension
B, or B, =Basic dimension A larAgf 005" for fractional dimension
Angularity tolerance shall not be added ta linear

LI‘_‘-AI»I (dimensional) tolerance

Az

ANGULARITY OF BENDS OF PUNCHED PARTS (MADE ON REGULAR DIES)

B=% 000 perl"of A
B sholinot be added to linear olerance of &

ANGULARITY OF BENDS (USING BENDING MACHINE)

r— A ! Tolerance ondimensions 4
z 4 [ Ugtofinchthick | 0,008
4 1 I § o} inchihick | 10.05

TOLERANCE ON DIMENSIONS OF PARTS {USING BENDING MACHINE)
TFrg, 2-22. Tolerances for bent parts.  (Neilsen.)

{This increase or decrease in size resuls,

from #he accumulation of folerances) (This increase o decreose in size is V
Allowable variation on ai fractionaf never mure it fhe stateo fokronce)
dimensions {é unless otherwise specified Tolerances of form contuurs from
nomingl sizes are * é”
{A) Not recommended (B) Preferred practice

F1g, 2-23. Indication of form contour tolerances.®

;1} Slglzlacases, notation should be clearly made on the drawings, as suggested in
i, 2-23.

F]atness' To}erances. Parts should be so designed (Fig. 2-24) that straight edges
can be maintained on the flat blanks of formed parts whersver possible. This results
1n economy and ease of production, since the blank can be sheared from fiat blanks
with relatively inexpensive dies,
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222 STAMPINGS DESIGN

*

PUNCH PRESS

£
) 016 preferred
! or 2T
R, 2T min
\
T Non-ferrous | Ferrous l—p
D; |Thru0062 012 2 |y 2
or 0.120r 157 D "
Dz lo063-038 |whicheveris | 27
greater T
10T or 0098 min except 0.120
Dy | min far alloy steels ¥ |
et 2 C_ Ol
T T war, i ] {1 2s.
} C__ O
Dy | Thru 0032 0.06
or | 0033-0.25 or 1 X
D; | 0126-038 257 D5 L
4t
L Minimum infernal corner ’1 l€
radii, 06 inredivs(prefer-"1Ds
red),or 2T

F16. 2-28. Minimum practical punching and blanking dimensions. (A. H, Petersen.)

especially important whep the periphery of the hole is intended to act as a bearing
surface

THoles in stamped parts are produced by one of three methods: punching, extruding,
or piercing (Fig. 2-27).

Punched Holes. Figure 2-28 presents general guides for punched-hole diameters,
cender-tocrnter distances, and distance from edge of blasked pert. Teleraness on
punched holes are given in Table 2-3,

When holes are to be punehed in stampings, for later use in assembling with bolts or

serews, mil edge di should be so ealculated as to utilize the full shear or
bearing strength of the bolts or serews (Table 2-4).

TABLE 2-3. MAXIMUM PUNCHED-HOLE TOLERANCES FOR ALUMINUM
AND STEEL SEEET

Sheet thickness, in,

Decimal nowinal | Equivaleat drill

dinmn. in. incl, | size, inel, 0.025 0.050 0078 0.102 0.187
through | through | ‘brough | through | through
0.0427 0072 0.093 0.156 0.250

0.125-0.141 16~%4 x i { 1 i

0.143-0.28 | 57-1

0.234-0.113 13,0 : o Hoooe | oo

0.422-0.,688 (A * ! o +0 Tmr

0700088 | sne,na, * + Zoom

LO000andup | 1'andup * * + !

Dats courtesy of A. H, Petersen.

* Use same tolerances as for drilled holes.  (See “Too) Engineers Handbook.")
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TABLE 24. RECOMMENDED DISTANCES, CERTER OF SCREW OR BOLTHOLE TO
KEAREST EDGE OF PART

Meteriel in whith the hoft or screw hearz

Conmetion 24 ST, 24 AT, 75 8T, 14 8T, 17 5T, 19516,
356.T4 2nd T, 220-T4, 820, comosion-

resistant stacl die-cast materizls
4b2) o

2.0 dizm. 40,03 in,
2.4 dizm, + 0.03 in.
1

Bolts zod nopfush serews. . 1.7 diam. +0.03 in.

i 61 W, Mg alloy,
!
Flush screms. ... ... } 2.0 diaw. + 0,08 in. [

Duta courtesy of A, W. Petersen, i
Above veluss allow 2 maanfacturing tolerance of 0.03 in.

Extroded Hofes. An extruded hole & usually formed in 4 single operation by a
punch which clean punehes a smaller hole. and then follows through to flange the
sides, Sometimes a hole flange s specified which i3 wider than can be formed in one
operation. This necessitates drawing metal in from outside the hole by first drawing
an embosement much lacger thau the hale, then by successive steps forming the flange
and finally punching out the hole. It is a more expensive method, and its use can be
limited by keeping the specificd fiange width fo an absolute minimum.

If the extruded hole is to be tapped, the maximum hefght H (Fig. 2-28) of the
extrusion ghoutd not exceed one-fifth of the body size of the tap.  In view 4, with an

S
2 QO
Tiveee, "R
=== (g FezzlEn

Fte. 2-28. Extruded holes for tappingt*

832 thread, only two threads could be produced. In view B, 314 to 4 threads would
be possible,  1f permissible, a 1022 thread in place of the 832 would increase the
hole size and therefore the height H.

In addition to extruding o 85 to provide 2 buss for tapping, tapped holes deeper
than the sheet thickness can be built up by means of clinch-on nuts, or by use of a nut
spot-welded in line with the punched hole.

Pierced Holes. 4 plereed hole iz made by a sharp-pointed punch which follows
through to flange the sides, forming 2 hole with torn ot frregular edges.

Relation of Holes to Right-angle Bends. PBecause of variations in stock thickness
and temper, the relation of right-angle bends to given hole locations is someswhat
difficult to maintain.

The most desirable ocation of a hole adjacent to a right-angle bead is shown in
view A2, Fig. 2-30, the edge of the bole being not closer to the bend than dimension
X =14Tplus R, Where 2 hole must he located as close ag possible fo the hend (hut
ot actually in the hend), as in view A1, the addition of 2 crescent lot allows the part
fic be die-cut, hlanked, and pierced, with enough flat materizl around the hole to avoid

istortion.

When a hale raust be located actually in 2 right-angle hend, unless piercing i done
after bending, hole distortion would he considerable if design were as shown in BI.
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particularly if stock thickness exceeded 0,015 in, Redesign, as in B2, permits norma)

amping operations. o
smll-lllsll;zcizf Ztgﬁlbfngle-hent stamping must sometimes hold close relationship in
assembly with 8 separate base or part. Thus, the gear-train plate in €1 must assemble
with another plate on & common base X, with dimensions c a?d D closely held so that
the bearing holes will be in alignment in final assembly.  With the design as in (1,
slight variations in stoek thickness or temper could throw the alignment out.

Material

7
i brass

Tr6. 2-30. Pierced holes relative to right-angle hends.!¢

Using the design in 2, the ears ¥ were so formed as to leave 2 slight clearance .
In lining up two such plates, the added section @ comes to rest on base X for positive
dimensional control.

Lightening Holes, These are inhercntly assoeiated with their peripheral stretch
flanges, to combine saving in weight with increased stiffness (see Product Design for
Forming).

SLOTS

Blots of regular shape are employed in design (1) to compensate for inaccuracies of
manufacture, or (2) to provide dimensional adjustment. Their basic dimensional
considerations are indicated in Fig, 2-28,

NOTCHES; PERFORATIONS

There are two general groups of notches: (1) notches that are part of the product
design, and provided for elearance, locating, or attaching; (2) notches added to flanges
to facilitate forming of the part.

Notehes in highly stressed parts should never be specified with a sharp V at the
vertex beeause it would provide the starting point of a tear. Instead, it should if at
all permissible be rounded (4, Fig. 2-31), the mintmum radius preferably being 27,
This type of noteh is usually added in the blank; allowance should therefore be made
for distortion in any subsequent forming operation.
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A gharp vertex in notehes is allonable on part
in lowering dlemaking and maintenzne
réion should be made €0 that {
f design fncludes well-defined noteh

otch ¢en be sdded in the .
or side~wall perforations (B, Fig. 2-31} in 2
he openings vould tend to

clasz up under eomp ores, . . .
‘ Relicf Tiotches for Right-zngle Bends. I the exterior surfece of an unrelivved

bend i parellel with the proSle of the blunk. sme tearing or fracturing will oecnr

HMosimum redive frice Sicle vrell

metal thickness for / perforation
highty stres
3"
Shorp verfer can be} Shorp nofch
vzed for low sfressed
perie (B) Hoiches in relation
(A) Notches are of $wa Types to drowing

Fis. 2-31, Basic notch considerations.

Motfch/ 4z /
o= b
&

{o)

(B1) (B2) {C!) Poar (C2) preferred
Fre. 2-32. Relief notehes for right-angle bends, '

becanee of bending (41, Fig. 2-32); the amount of tearing deereases with ineresse fn
peripherel radins of the finished formed pert. To avoid such tearing or fracture,
telief natehes ean be made in the flat blank, as 2t A2, and should if possible he at least
twice stock thickness in bath width and depth. This design will hend hetter and have
ertion.

22 &b B1 should be avoided for smalldot or pilot runs, sinee the laneing
4on} not only has to lanee the three vars loose, but muct 2lso form and sot them,  With
relied notehes used 4¢ at B2, the forming took merely form and et the ears at almost
¢ desived angle, The radius at which the ears meet the major blank can be eadily
varied,

When one surfacs of right-angle-hent stamping raeets an adjacent surface 8t 2 taper
or slant (1, Fig, 2- g may result, It is hetter prantice to notch 2s at
€2 in order to have work contours meet at 907,

Figrure 283 shows some hasie considerations in shearing edges of strip stock.
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TABLE 9-7. APPROXIMATE RADIL FQR 90° COLD BENDS IN ALUMINOM ALLOYS

Sheet. thickness, in,

Alloy and temper*
0.016 0.032 0,064 0.128 0,182 0.258
250,880, icvee it 0 ¢ 0 4 0 0
28-H12, 28-H14, 38-H12,
2480, 5280, 6150, o 0 0 0 Q oT-17  107-1T
0 o (o717 |ora7 (yrayr

0 |07-1T | BT-U4T|17-2T |1y47-37
077 | MT-1T| 1727 14737 [2T-aT
MY |12 [ 14737 |27 [a74r
1ror |[147-37 |274T  |3P-5T |argT
. 9747 13T-5T  [4T-8T  [4P6T |5T7T
er4r (srs7  |srsT  |aT-6T (67T |6T-107

38-H18, 52-H38.
248T3
248136, 755

* 0 = annealed
H12 = 34 bard H36 = 31 bard and stabilized
K14 = ¢ hard full hard end stabilized
H16 = 3£ hard room temperature, aged
HL8 = full hard elevated temperature, aged
H32 = 3 hard and stabilized T36 = aged and rolled

H34 = 34 hard and stabilized

Alternate

Typical flat potiern
develapment showing
intersection of wo bend lines

Alfernats cut-ouf
N Pbeuseditangle

fess 1han 90°
| .
' ’ i ™
| i I i
il

Minimum
flange widlh ot

Three bend lines converging
F1. 2-35. Bend relief eutouts,
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D, ICHES, FOR MISCELLARECUS MATERIALS
3 Abe grain, ¢ bend wmox

TLBLE 2-3. MINIMTH BEND
i tern

Lowdeaded Beass (656755 Cu; G205, Fb Mex; 0057 Fr Max; Belnce, Zine]

Temper Teiskmeen, in,  Padius Tetaper . Thickness, in, | Rediu

] !
| Ban05t | Sha

b0 Skarp

. ) 005 | 0005
9 50.05  Starp | Herd. 050,08 | 0.0212
6654008 6.5 |Hud doae 0w
’ Herd. . 1o 0.2
i i

Prosphor Bronze

Grede 4} Orzde B Grede D
5 {85; tin) (107, tin}

v )

¢ Skzp | 0.0325n
i 002126 | 6.065in
. i

3

v o D40 I ik
3 urds sherp rading

Wegresivm

Farming temperatuge, deg F

|
7 | 20 | 4 { 00 1 €00
/ ; f
U1 sozs 5T f eyl oar o er| 17
31 eold T | 85T | 6.5T [ asr
A woued 35T L 2T L LET L AT
YIREX erld wockad 787 | o | [ i

o BC-70 z2d RC-17
Lenezled 2nd £
raifie o 87; 205 nold wock ins

A:3T mim,
% can be bent 180% on 2 3T radjus.  10% enld work inereases
aree radine to E2-16T

2ecount, however, that this method mekes the part weaker, work-hardens the metal
vely, and makes any subsequent forming aperations diffcult,

Significance of Bend Length. Beeause of failure in eracking 2t the convex surface,
ed

bending limits are determi
the particular stress copditions,

The bend length (axial line of thn bend) direetly affects these stresses, For & part
of wery narrow bend fength, the tension Sy on the convex surface & only cirenmier-
entizl. In addition, where the hend lenath is finite, there s also present 2 fransverse
tenston Syalang the axiz of the bend.  The ratio 8,785, which defines the stress condi-
tion 2t the eritical location, fncreases with an increasing ratio of bend length L to
metel thicknees 7. The retin Si/S; varies almoat linearly with the ratio /7 unti],
for bend Iangths mreater than about eight times the thickness {L/T = 8), the stress
ratiy remains practically constant,

Bend Relief Cutouts, Where o or mare bend lines intereact (X, Fig. 2-25), ar
whers the bend fnterseets an edge of the pieee ot an angle fess than 607, the uee of bend

by the amount of stretch s metal can undergo under
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Where joggle extends entirely
= across a flat sheet use
o il standard radii

\% |- Attowanze
Depth /L Cleararice
Length

Clearance=0.06"
Allowance = Ixdepth

Radii Straight section
tangent  tangent to standard
bend radii

Joggles are preferredto
the use of addtional parts
such as clips or fiflers

Keep joggle bend lines
90° to edges of section

Entire section is usually
offset when jogglesare
incorporated into pre-
formed sections such as
extrusions, rolled sections ~ Only desired area is off-

and brake-formed set when joggled parts )
sections are formed directly from Relief cutout mudy :”,“d
flat stock to replace standard joggle
where practical
INTERSECTING JOGGLES,
TWO PLANES INTERSECTING IN
LE SAME PLANE
3

A= 3x greafest D
(Comp/e!e/y dimension
on drowing) Wrong bend radius for moterial used
T1a. 2-36. Design of jogules.

Minimum corner radius
(R} is equal to standard

relicf notches or cutouts is indieated, to prevent distortion due to the proximity of the
flanges.  The cutout should be so shaped that all portions of the metal are removed
which would otherwise have curvature in more than one direction.

The cutout should be extended from 0.3 to 0.6 in. past the eritical bend tangent line
or intersection of bend tangent lines. Internal radii should be a minimum of 0.16 in.

W in Fig. 2-35 represents minimum flange width for the composition, heat-treat
condition, and thickness of the metal. For rubber forming without suxiliary devices,
some practical minimum Hange widths are:3

2480 (7580) aluminum. Mg in. +2.57
248T aluminum. Jin. +4.07
Anvealed stainlose 3 in. +4.57

34H stainless steels in.

Nonferrous parts having narrow projecting tabs, small cutouts to reduce air Jeakage,
ot slots narrower than 0.75 in, may have relief radii smaller than 0.16 in. For parts
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2-32 STAMPINGS DESIGN
FORMED PARTS CLASSIFICATION BY SHAPE
TYPE §—SINGLY ~CURVED PARTS
\-A  Straight Long narrow shapes with %
sections readtily evigknf moldl fines
-8 Straight, Flat web and fianges bentin @ @
flanged same or opposite directions
t-C Smocthly Flowing straight bends:no
contoured defipite mold lines or breaks %
in e major contour
TYPE 2-CURVED CHANNELS
24 Curved, Curved in ane oriwo planes; == [E@
symme;rfcal definite mold fines
2B Curved,non- Curved inone or Pwoplanes; m@
symmelrical definife mold lines
2-C Non-uniform Varved cross-section;uniform ‘R\
section or nor-yniform R
TYPE 3~CONTOURED FLANGED PARTS OF NON-UNIFORM SECTION
3A Strelch Flanges on concave profile; may M
flanged be combined with straight flanges
3B Shrink Fanges on convex profile; may be ﬂ W
flanged combined with stroight Hongss
3C Combined strefch FHenges on bo convex and m VAS
and shrink concave profiles ,..,}/’
TYPE 4 - DOUBLE - CURVATURE SMOOTHLY CONTOURED PARTS
o Lorge s et
one direction “Saddleback corrugated N
48 Large radius - LD 4-0 Smalt radius at one
two directions @ edge of parts 44,48,4C
TYPE 5 -DEEP RECESSED PARTS
5 Cylindrical cup 5-E Open parts
Verfical walls with or without w Convex curvature; confinvous wall
Hlange swall coloufs or bplfom offsels absentatone or. /e
S'B_ Oual eup 5-F Re-entrant contours
Witk or without flanges, cutouls Contirmsaus or partial walls
or sloping and corved botfoms
5-C Box fype 5-G Saddleback baffom
Small corner radyiand vertical @ Having reverse confours
walls;ollcurvatyre convey & perpendicufar fo each ofher
5D Sloping walls 5-H Undercut walls
Curvature convex; sides Having recess larger af ﬁ
straight orcurved Lbottom than at parfing plane
_ TYPE 6~ SHALLOW RECESSED PARTS |
6=A Dishtype 6-B Beaded and embossed
Only one recess;closed Shagpes flat o with single or double
or open, and regqufar o curvature; surfirce brokenby several
irreqular in shape

regular o irreqular shaped recesses

3 2-37. F i 1, B . N
Fra. 2-37. Formed shapes classified in order of inereasing severity of operations; class 1,

ensiest; elass 6, most diffioult.
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berever po
fimts. Qo oparze
it 20 per eeat sireych

{ haxd or noz-hest-
cottins shodld Ras

pasi
216"

L

;
Al

0p21 s23les for secess o fomming wools.  For minimum bend radi. see Tebl
b g

Class 2-B.  Fozsymmetrics] Sections. B zgation and radif considerations same
¢! A, TEess spiioms commonly distort whea retzoved from the forming

£ Dlane of hending does mot caiz part’s principa]
i # partly or largely overcome by the produet desipn.
Sometimes, & part with nonsym-.

ing ing. eitker (1) by com-
=15 into = single blank to be trimmeq
excess metal and trimming

T rISnt i

534 and Bj o

Nozunifors Sections. Elongati
Te exvss seting should be sy

1z, eha

nee in erose-sent




2-34 STAMPINGS DESIGN

TYPE 3, CONTOURED FLANGED PARTS OF NONUNIFORM SECTION

Class 3-A. Stretch-flanged Sections. See Table 2-1 on permissible forming
timits; also, panying text on di 1 caleulations for, end permissible
strain in both stretch and shrink ﬁangeg‘ For ben_d l”l'ldll, see Tables 2-5'1;0 2.2} The
designer should remember that stret_ch increases with increasing Ih}ngc width, inereas-
ing Range-edge movement, (increasing b_ensi angle), and fiecrpasllng contour radius.
Any cutouts made to bring }';he stretch within rubber-forming limits must extend over

h of the stretch area.
th%{:fs l%riglf Shrink-flanged Sections, Flange widths, .bend rqdii, and forming
timits are ssme as for class 3-A. For rubber forming, high lshrmk (compresgive)
strains must be relieved by providing short flange scgments with free edges. Hard
stock and thin gages do not shrink readily. J

Class 3-C. Combined Stretch-and-shrink flanged Sections. Flange widths, bend
radii, and permissible strains are generally the same as for classes 3-A and 3-B except
that strains in adjacent streteh-and-shrink portions are complex and eannot yet be
properly evajuated. X

A flange having adjacent streteh-and-shrink areas can be formed to a severe contour
if the contour radii and/or the segment angles are small (under 4 in, and 60°, respec-
tively) since the stretch-and-shrink straing may largely compensate each other.
Total strains may be considered as consisting of two components: (1) straing resulting
from the contouring of the flanges, and (2) strains created by curving the web., The
latter straing are caused by deviations from a flat web.

Shrink areas on reverse-contour rubber-formed parts are always critical, and thin
gages or strong, hard stock should be avoided where possible.

It has been observed! that stretch portions of reverse-contoured flanges of deep-
drawn boxes can be made very high in comparison with their contour radii, without
cracking, Such cracking was encountered, howcver, in a severe-stretch flange
adjacent to a shrink flange, which latter developed wrinkles. The mutual relief of

 strains in adjacent shrink-and-severe-stretch flanges of formed boxes is commonly pro-
vided, either by cloging the box or by adding short portions of eonvex contour which
are trimmed off after forming.

TYPE 4 DOUBLE-CURVATURE SMOOTHLY CONTOURED PARTS

Class 4-A Parts. Large Radius in One Direction. The majority of the parts
covered by class 4 are especially suited for stretch forming, permitting the use of hard
stock and thus avoiding heat-treat distortion. Snitable materials include 248T and
G1SW aluminum, and quarter-hard or annealed austenitic stainless steel, for parts
formed in one operation; and as-quenched 5230 and 248 aluminum for parts requiring
two or more operations.

A practical limit for longiludinal stretching may be set at a minimum of twice the
maximum transverse extension; broader parts are preferably stretched longitudinally.
Approximate limits of elongation (per cent in 42 in.) for certain 0.064-gage aluminum
alloys are:

Sheared | Polished
edges, % | edges, %

Soeenoo
nmon

ERBa3
EXES

Minimum bend radii should spproximate ¥4 in. for double-action die forming, and
Lin. for stretch forming. Parts that taper longitudinally erc suited for stretching,
but greater flash will result because more metal is needed to make the blank sym-
metrical for forming,



OTHER DESIGN CONSIDERATIONS FOR FORMED PARTS 2-35

Class 4-B Parts. Large Radii in Two Directions. Data on type of material, bend
radii, and maximum stretch are same os for class 4-A, Parts deviating only slightly
from flat sheet ave difficult to form accurately hecause of high fristion around the edge
of the die; also beeanse buekles tend to form along the eenter of the blank parailel to
the direotion of stretching, Proper die development can usually correct, this buckling
tendency.

Class 4-C Parts. Opposite Contours in Two Directions. Suitable materials and
forming limits ave samne as for class 4-A. However, if the maximum contour is at the
edge of the part, edge effect will reduce the formability.

The “saddleback” charaeteristic of this class has contours eoncave on opposite
sides of the sheet. It can be stretch-formed over a block if the one contour is not
reversed (curves throughout in one direction); the other contour may be with or with-
out a number of reversals, The direction of stretching must be along the unreversed
contour,

To prevent wrinkling, the saddle should be shallow, not exceeding 2 0.09 maximum
depth-chord ratio. If the part is corrugated (several reversals of contour) the depth-
chord ratio of such reversals should not exceed 0.22.

Class 4-D Parts (A,B,C Parts with Small Radii), This class should be designed
only for duetile materials. The sharp radius (generally formed in & second operation)
should be so proportioned that shrink does not exceed 4 to 8 per cent. If the sharp
radius produces a stretch flange, maximum width can be one-twentieth of the profile
radius of the part periphery, where the flange is turned through 180°.

Any sharp contour which does not coineide cither with the directions of stretching
or perpendicular to it requires a separate operation,

TYPE§. DEEP RECESSED PARTS; TYPE 6. SHALLOW RECESSED PARTS

These two types are here included for classification purposes only (see Produet
Design for Drawing).

OTHER DESIGN CONSIDERATIONS FOR FORMED PARTS

Lightening Holes in Flanges. Flange design proper has been covered under Design
to Inerease Strength of Stampings. Lightening holes can be flanged in annesled
aluminum alloys up to 0.125 in. thick, and in heat-treated 245T up to 0.064 in. thick.
Austenitic stainless steel up to 0,060 in. can be formed with external hole flanges and
up {0 0.050 in. thick, with internal flanges. The quarter-hard stainless steels up to
0.04 in. thick can be externally flanged, and internally flanged up fo 0.030 in. thick.

Rubber-sheared lightening-hole mini di in relation to aluminum alloy
thicknesses, are shown in Table 2-9.

Sheet-metal Box Design.  Box constructions shown in Fig. 2-39 represent suceess-
ful designs in widespread applications.

Lock-seam corners (view A) are excellent for metal 0.018 in. or thinner. Manu-
facturing cost is moderate where tooling cost is justified by the estimated quantity.
Lithographing ean be done in the flat sheet before forming, Height of box sides is
usually less than 3 in., beeause of press-stroke limitations,

The can-type lock-seam congtruction (View B) is economical to manufacture but is
limited to lightweight stock and round corners. The bottom not being flush with
the seamed edge, the construction is not suited for heavy contents but, with double
seam, holds powdered produets well. This design would require sealing compound
for leakproofing.

When design calls for small boxes of fairly stiff metal a blanked dovetail-fastening
construction (view @) will permit the shape ta be retained without seaming or welding,

Where simple leakproof design is wanted, a box with ends folded on the outside
(view H) may be considered.  Tinds folded on the inside (view J) muke for improved
appearance but are not leakproof.

A construction using split corners with tabs (view M) is low in cost, and in wide-
spread use where appearanee is not important,
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TABLE 2-9. LIGHTENING HOLES FOR 65° FLANGE!

Flange height, seetable 50°5°
T
i

—p
Blonk hole

D,in. | M. | Gin | T, in. | R, in.
4-in, Flange Height

0.425 ) 0.812 | 1.223 | 0.020-0.040 |} ¥4
0.400 1.212 0.051-0.072 %
0.570 | 0.938 | 1.348 | 0.020-0.040 | 3{,
0.5 1.837 | 0.051-0.072 | X
0.695 | 1.062 | 1.473 | 0.020-0.040 | 3¢
0.650 1462 | 0.051-0,072 | X
0.820 | 1.188 | 1.508 | 0.020-0.040 | Z¢
0.775 1.687 | 00510072 ( %
3¢o-in. Flange Height
0900 | 1.312 | 1.800 | 0.020-0.040 | ¥,
0.852 1791 | 0.051-0.072 | 3
1150 | L.562 | 2.050 | 0.020-0.040 | 3¢
1.082 2.041 | 0.051-0.072 | %
1.2t6 | 1.688 [ 2,175 | 0.020-0.040 | 3¢
1.208 2.166 | 0.051-0.072 | 3
1.400 | 1.812 | 2.300 | 0.020-0.040 | ¥g
1.332 2.204 | 0.051-0.012 | %
3{¢-in. Flange Height
1.606 | 2.082 | 2.625 | 0.020-0.040 | 3¢
1.543 2.617 | 0.051-0.072 | ¥
1.490 2,610 | 0.081-0.102 | ¥
1.856 2.875 | 0.020-0.040 | 3,
1793 | 2812 | 2.867 | 0.051-0.072 | ¥
1.740 2.860 | 0.081-0.102 | ¢
1.982 3,000 | 0.020-0.040 | 34
1.919 | 2.438 | 2.002 | 0.051-0.072 | ¥
1,866 2.987 0.081-0.102 e
2.106 3.125 | 0.020-0.040 | 3
2.043 | 2.862 | 3.117 | 0.051-0.072 | ¥4
1.990 3,111 | 0.081-0.102 | 34,
2.356 . 3.375 | 0,020-0.040 | 3
2.203 | 2.812 | 3.367 | 0.051-0.072 | Y
2.240 3.361 | 0.081-0.102 | 3,
2.606 3.625 | 0.020-0.040 | 3¢
2.3 | 8.062 | 3.617 | 0.051-0.072 | %
2.460 3.611 | 0.081-0.102 | 3{,
2.856 3.875 | 0.020-0.040 | 3{,
2.793 | 3.312 | 3847 | 0.051-0.072 | Y
2.740 3.861 | 0.081-0.102 | 3
3.106 4.125 | 0.020-0.060 | 3
3.043 | 3.562 | 4117 | 0.051-0.072 | ¥
2.990 4101 | 0.0810.102 | ¥
3.356 4.375 | 0.020-0.040 | 3
3.203 | 3.812 | 4.367 | 0.051-0.072 | ¥
3.240 4.361 | 0.081-0.102 | ¥s
3.608 4,625 | 0.020-0.00 | 3
3.542 | 4,062 | 4.817 | 0.051-0.072 | 3
3.490 4.611 | 0.081-0.102 | ¢
2.856 4.875 | 0.0000.040 | ¥,
8708 1 4312 | 4.867 | 0.051-0.072 | ¥
3.740 4.861 | 0.081-0.102 | 3{s

These lightenin:

% hales be £ i . i .
aloy md RA10S ales may be formed in 528-H32, 18T, 248T, 1487, R-301-T, and 758T stuminum

250 and FS-Ia magnesium alloy or any softer condition of sny of these alloys.
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locbed, corner

fold

/

(A) Lock ceom corrers

—
7=

%ﬁmﬁon of

end crimping
(€} Folded corrars bumped on end

Bottomn
side %/ Before

curling

Curling punch

—Cpring
4 T presoure
/ %, pad
Deteif of \ )

e
Supporf

botiom s

cur/

Modified
with curl

flot tered—"7 |

Corners con be rounded
or squzre. If square, body
Hark and bottem blonk
must be nc/ched\

T~

(E} Curled cconers on batiom

Fro. 229, Denign of thent.

Al cormer seoms 5 + Detail of

Dies of

,
!
LV =

End seom: bumped
flof offer azcombly \

£ ppearonce improved
by owoiding erfernol
Zeom af bstfom of con

Double fock zeam vill hot open
up by crushing.

Limited to 00/2in.ctock with
standard con-mabing equipment
Vihen heavier stack iz uzed,
foct seam must be made in dies

™

Single lock ceam can be mad
veith ctock up fo QGOIEin.vith
stondard con-mobing equipment

Hermmed H /
edlge Va

(B} Coni-tyge lack ceom carniers

e
; 0
~ Eor folded
Elont prior

i‘u fa/d/'ng.;{ l F.‘:ﬁ:
|

(D} Elorked box with folded edge

Botfomn fitting
detail prior fo
\ Hem  ceQMIING,
Hem ng 'y

7 I

Detoll of bottormn ceaming
opzration, Twa rollersused,
one for curling,onefor fluf-
fening curl

HMuzt have round cornery

Erternal ceom on bollor

(F} Sealed corners on bottom

tmeted Yoes (Mill3y
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Dovetoil secures Top edlge can be curfed
sections affer over heavy wire for
folding additional stiffness

T

(6) Blanked box with dovetail fastening

Blank pw‘ﬁa//y Blank pri ror Ends' Modified form
folded fo folaing folded  with hemmed
ends
{H) Box with ends folded on
autside Blank prior fo
=== folding,
Hem folded
over ends

7
Tabs fold over
slight recesses
(J) Box with ends
folded ‘on inside Tabs folded over

7o secure ends ?m folded over edge
Cy/fnderf (K) Folded ends (L) Folded ends held
squaredand held by tabs by hem
flanged, Tabs Con be drown Blank prior fo

folding

Box drawn round

i y strengthen  about g in with-
(. - box Oufspl/‘H/ng\

Goftorm . Botfom Solit Depressions
cutout bumped on P ; " 502'7"5
withiaos Offset depressions
Defoif of- Modified splif corners %;:abs fbuem lTG
botfom blank without fobs.Strong i dcadn spo
enough for shallow ©
{N) Drawn box and containers
Blanked bottom (M) Split corners with tabs

Fi. 2-38. (Continued.)
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Box drown with Box strefehed
corner radif as o moke /;
small as practicable  square corners 2
Wire
(o Rounded hinge with
] ond rein- fabs on cover and body
forced
L corner

(P) Drawn box with streiched corners
Ploin edge

Curfed edge
For round corner boses,drawn
shells may be used

(R) Drawn cover with round corners

Narrow offsef Vihen working neor the edge
of o blank, the stock s free fo draw fromone
direction fo form o beod. The oufword beod &
not noticeable and wrinkjes in the corners

areslight \
R

Y
There is
no joint
showing
here

Section

through sides

Ry

Section at corner

permifs
Forming corners
without wrinkling

a -
Wide morgin for
spot welding

(8) Rounded corrers; conceoled side seams

Squore  Corner ongle
corrers  pleces spot
welded fo
Foldedand  fojefeet pox
spof wefded

(V) Folded and spot
welded corners

Curled
cover

i
Wire P%l z%

Wire is inserfed
through one slof in
body, pushed back through other
slot from inside of box with cover
open. Cover js hooked on wire
arid clinched

hinge.Very popular
in Greof Britain

(T} Hinges
Toh

Modi-
Fied!

form

with offset
and tab

End piece
spof welded

(T) End pieces spot welded fo sides

Tab
Modi- @
fied

form with
offset ond
fab
(X) End pieces spot welded

or riveted

£nd piece spm‘}
welded or riveted
fo sides

Lorner pieces
stiffen contoiner

Optional flaf plotes

can be spof welged
#o bottom fold for
additiona! strength

w) Angle pieces spot welded o corners

Frc, 2-39. (Conlinued.)
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Notch before 15 Shallow fortming
p er Shallow
f"’""ﬂ’ / forming proctical "
' ( Y/ k
r P7 Punch squore hole
.{/ before bending
) . Notch before

u Forming

Seam

V{erraﬁun:é ~ / /
/

[nstead of notching foaveid’ Squore-cornered
fearing, corners may be split  Fray fits inside
ond formed atsorme fime  opening

Pencil-lead contoiner

holds shape because oot
of stiffness orising \
From small diamefer /IV\ / g

Corners may be split “Perforate hole, then split
ond botfom left in corners and form

(4)

Metol ingrooved ash Frays is formed fo well defiried
shape here, instead of being allowed fo wrinkle

Embossing
[y
Serrote and
hide serrations
by ornamental embossing

Other famifiar examples Bead or offsef provides
Stove- pipe elbows and convenient stop lines for
eave froughs with cor- fold's, so they are uni-

rugated ends form in length

(8)

F1a. 2-40. Forming design for surplus stock control. {Mills.9)

The construction shown in view S presents very attractive appearance, with all
cormers round and no joint showing on the side where the bottom is connected.

Various welded-box constructions are shown in views U, ¥, TV, and X. Unlike
folded desigas, spot welding requires spraying or retouching after welding to prevent
rusting.

Control of Surplus Stock in Formed Parts. In many parts formed from plain
blanks, wrinkling or folding occurs.  Sometimes this is not objectionsble; more often
itis. A common provision is to cut away the surplus stock (4, Fig. 2-40), Another
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i i i dee, fro
views D, E, and F suggest good product designs wherein forming near an edge, from
\vh\iég“tii)}nebul can dr%% freely, tends to less tearing of stock than may result from

ing in the interior surface. )
fur(lllfl)l:egriﬁlg of Raw Edges. The design of a part to be formed czm‘oil.en, without
requiring extra operations, utilize functional hemming, curling, or beading to eliminate

ra odges (Fig, 2-42).
R I EEE
VIR o B

17 s lp 19 ﬂj_— 0
CFEEFT

0 FWTQ‘ quJT_zs (;4 ﬁ'— 35\\__

NCurl Flottened
af places

T1q. 2-43. Attachment of tops and bottoms to sheet-metal container. (Mills.19)

36

Container Top and Bottom Attachment. Figure 2-43 illustrates some common
methods of attaching tops and bottoms on sheet-metal containers. A majority of
the applieations involve the use of interlocking seams; in some cases, sbap or press
fits are quite satisfactory, Although the designs shown are generally produced in
special automatic machines, a number of the designs can be stamped in adapted dies
of certain types deseribed in the sections Forming Dies and Assembling Dies.

Container-lid Nibs and Catches. Figure 244 shows a variety of detent designs
for remavable lids on sheet-metal hoxes, cans, and cabinets. Catches are commonly
made by forming nibs or small projections iz both the container and the lid.

A listing of the various types of construction for attachments is as follows (item
numbers correspond to those in Fig, 2-43):
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Yiews D, E, and F sugpost good product desiges \‘{hercin forming near an edge, {rom
which the metal can draw frecly, tends to less tearing of stock than may result from

forming in the interior surface, )
Coveg}ing of Raw Edges. The design of o part to be formed tan often, without
requiring extra operations, utilize functional hemming, curling, or beading to climinato

raw edges (Fig. 2-42),
1 2 3 & 5| 6 7 8 g1 0
JI $— :_L— — L_ ~
P 12 13 J 5 % Paper
# o ) !
7 18 bid 20 2
e 9 U

2 LRENT

TPuIrEr
s

-&/\//bs on body [— ________
d)\ Curl flottened i [ Yelap o;‘ #
af ploces ¢ body

T16. 2-43, Attachment of tops and bottoms to sheet-metal container, (Mills.13)

36

Container Top and Bottom Attachment. Figure 2.43 illustrates some common
methods of attaching tops and hottoms on shect-metal containers. A majority of
the applications involve the use of interlocking seams; in some cascs, snap or press
fits are quite satisfactory. Although the designs shown are generally produced in
special automatic machines, a number of the designs can be stamped in adapted dies
of cortain types deseribed in the sections Forming Dies and Assembling Dics.

Container-lid Nibs and Catches. Figure 2-44 shows a varicty of detent designs
for removable lids on sheet-metal boxes, cans, and cabinets. Catches are commonly
made by forming nibs or small projections in hoth the container and the lid.

A listing of the various types of construction for attachments is as follows (item
numbers correspond to those in Fig, 2-43):
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Product Design for Drewing,  Under Anzlysie of Formed-paris Design, In & pre-
ceding sion, o classifinztion for afl formed parts wes deseribed and Mustrated
(Fiz. 297}, Tt wes theve stated that classs 5 and 6 more properly relste to drawing
aperetivas,

TYPE 5. DEEP RECESSED PARTS

7pe B-A Cjlindricel Cups. Chareeterized by heving verticel wells, with or
¢ ertoats in walls of flanges or offzets of the bottom.  For deep drawing with
2, the meterial sirength shauld not exceed 30,000 pst. For higher-
7 ¢ the same gaze, the mavimum single depth of drev must be
redured.  The dismeter end height of 2 pert should be such that the ratin of punch
x w7t e et teast 05 for double-setion diss. The rotio of
beight 4o radius should be ot legst 0.5 for deepdraw 110 steed and 2430 or 5230
elenimen glioys, exd 63 for GISW alloy. Draw radif should he within the renge
of 5T {0 107, with 8T optimum.  The menimum depth of draw 5 equal fo the sum of
the part depth end the required fiznge widths, if ang,

Trpe §-B. Oval Cugs. Wiith or without fisnges, eutonis, or eurved or sloping
botms, zme generzl design provisians preval e for elass 5-4.

Trze 5-C. Reclznguler Boz Types. Inelades parte with verticel wells and smefl
oommer redf; all eurvatirs ennvex; regular, Ireguler, o sloping bottom.  Draw depth
islimited to 7 times any comer redins from 14 to 1 i, or 12 times corner radii of 14 in.
or ez, Both the draw and the vestical corner radi must be 57 minfmum; bottom
redif ezn pengefrom 24T 10 8T, For 930, 2430, 5730, and deepirawing 1010 steg,
t-ridth retio fs ehaut 0.6 for eorner radfi up to %¢ in., snd .75 for radii
exeeeding 14 i, Inelnded eomner angles of fese than 80° rednee the feasitle depth of

204 fat or bregales hottnms. Drew end punch redii requirements similar to those
for cleas L znd 3B, The punch-blank gres ratiy &= optimum st sbout 0.33.
380, 5280, 2480, 2nd other hichly ductils materiols drav best fn this clase,
Trpe§-E. OpenParts. Chareeterized b the abesnos of 2 continuous wall at one
or severz) locations, end convex curvature, For single draws the draw radius should
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T1g. 244, Detent designs for container lide, (Mills13)



CONTAINER-LID DETENTS

K4
T =) 4@
o 1]
i
K< d
Larger nibs spring
over smaller nibs
Cover rests on nib Section
) KK
Cofch engages bock of
J< bady\
Y

Section J-f
through
cover only

Cover  Body

5

Section C-C

Section A-A

Section X-X
Compact closed

Four nibs on botfom
of box keeps box closed \>
ond octs as sfop

Section B-R
+hrough
@ cover only
Section N-N
(13)

Cover

3

Body

Push cover

fo open

Section
—_—————— F-F
Stop hifs endof body

(24)

—

Two nibson
cover snap
into bead
on body

Section
) G-G
y :_15) o /r: Cover slides NStops hitend of cover
d _ of body
: S 1 ?E
M .Y;‘opsX
(17) cover Section M-y (18)

¥se. 244, (Continued.)
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be a5 large as 107 to 127, cspecially where there is an abrupt change in the parting
planc. The part should be designed with fairly uniform depth, or else gradual change
of depth, to avoid wrinkling. The punch area~blank area ratio should be & minimum
of 0.2 for a single draw. ) i

Type §-F. Reentrant Contour Parts. Whether walls are partial or continuous,
the radius of the reentrant area should be not less than the depth of the part, to avoid
excessive tool wear and brenkage. The punch area-blank arca ratio must be not less
than 0.30 for 2480, 5250, and other ductile materials. Draw radius on the reentrant
contour should be 14 in, or greater. Where design permits, sloping walls permit
casicr forming.

Type 6-G. Saddleback-bottom Parts. Generally, saddlebacks should be avoided
hocause of marked wrinkling tendencies in the saddle center. Such wrinkling i
minfmized if moderate contours can be held, Draw radii, punch arca-blak area
ratios, and maximum contours are same as for class 5-E. Saddleback design is best
formed in Jow-yield-strength matexials such 13 380 and 2480,

Type 5-H. Parts with Undercut Walls. Characterized by having 2 recess that is
lorger at the bottom than at the parting plane. The part design should permit the
undereut to be produced in one operation by tilting the part to permit the access of
conventional tooling. Punch arca-blank area ratio should be ab least 0.30. Draw
depth and radivs, contour, and materials are same as for classes 5-4 and 3-8,

TYPE 6. SHALLOW RECESSED PARTS

These parts are characterized by having one or more recesses with depth shallow in
relation to the major dimensions of the recess. The depth-width ratio must be less
thap 0.15. Careful parts design, with optimum distribution of recesses, is required to
avoid the tendeney to buckle in the flat area between recesses,  To overcome buckling,
heeds or other shallow recesses may have to be added to those requived hy design.
Parts of this design can be formed from as-quenched 248 or 2480; in some cases, 618
can e satisfactorily formed within 8 hr after quenching.

Class 6-A. Dish-type Parts. Typically, have only one recess; shape may be open
or closed, and regular or irregular. Since most of these parts are formed by pure
stretch, oll radii should be generous for greatest distribution of strain, Walls of the
recess should slope as much as possible.

When the cross seetion is a cireular are, the following are good values of permissible
stretch for the indicated recess depth-width ratios:

6.30
22

0.20 0.25
10 15

Clags 6-B. Beaded and Embossed Parts. This class includes a wide variety of
shapes, flat or with single or double curvature, having the surface broken by several
regular or irregular-shaped recesses. It is essential, when forming 2480 or 5280,
that required stretch limits do not exceed 10 per cent for rubber forming, or 15 per
cent for die forming, unless the reeess ean be located near a fren edge where the mate-
rial can fecd into the recess, Hard stock, such as 248T, ean be rubber-formed where
mosk of the parb area is covered by closely spaced paraliel beads.

Recess mold lines radii should be about 1 in, minimum for properly distributing
strains over 2 latge area. Where the part periphery bas 2 surrounding wall, outside
corner radivs should be at lenst half the blank radius, Whenever forming is done by
pure streteh, the slope at a recess corner should be less than the slope along the sides.

OTHER DESIGN CONSIDERATIONS FOR DRAWN PARTS
Deep-glmwn Thin-walied Cylindrical Cups, Drawability in thin-walled cups
(l?]nnk 'tlimmeter gf 207 to 307 or larger) is influenced chiefly by the punch and the
die radi; the strain properties depend rather little upon the metal thickness. Figure
2-45, valid for brasscs and many other ductile materials, shows that an average
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Diameter reduction, per cent
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Fra, 2-47. Effects of corner radius and sheet
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boxes. (Lockheed Adrcraft Corp.t)
10 —
Pl
[~ Range of <
o cracking v 13
—
1/ by
[ daneated 7 A
2 1
_F\é a6 | I
= Tensile strength-sz
g 1500osimey”| )1 |
04 178000 psi .
/ (§hard)
1HN4VanE
0 ] 7 7 .
i / / Range of
1/ 7 no cracking ~™|
G /7 /
Q 0l 02 03 04 05Cuwp)
Ratio: r/ W

T1g. 248, Bffeots of depth and corner radius on stress-cracking tendency for austenitic
stainless stecls of various temperss
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depth would be reduced 50 per cent or more if the corner radius is reduced to about
10 per cent of box width. .

The limits in cupping box-shaped parts of nustenitic stainless steels are indicated
in Figs. 2-47 and 2-48,  From Fig. 247, it is seen that, for » R/d range from 0.03¢
to 0,54 (cylindrical cup), the maximum
Dox height for stainless (also carhon) steels
is greater than 0.8D. TFigure 248 shows
that, in the drawing of stainless steel, the
depth and/or the cormer radius are also
limited by the tendency to stress cracking.

The sbove considerations do not apply
to boses having reentrant corners, since
in such designs the metal is stretched in the
carners, and only such metals as have high
elongation are suitable.

Drawn Shallow Recessed Parts. These
paris {class 6), being produced almost
entirely by stretehivg, the average form-
ing strain (stretch) e Involved i given by
the equation

PIECED V8. UNIT CONSTRUCTION

trefch L) /Lo per cent
0 10 20 30 40 50 60

1 A

o
&

b
i

=3
T

<
]

Ratio: depth to width, f1/Lg
o

0
0 i
Ratio:contour length to vridth,
_LiLy Ll
€= Lo @ Fig, 249. Relation between average
stretch and dimensions of a recess of

where Ly = recessed contour length cireular contour.

Lo = itsdeveloped length inthe blank
For the most common., cireular type of contour recess, average streteh is a function of
the ratio between the depth h and the length Lo of the recess (Fig. 2-49).

PIECED VS. UNIT CONSTRUCTION
Figure 2-50 llustrates  number of good product-design prineiples fnvalving resort

to pieced construction.
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Fra. 2-50. Comprisons of pieced vs. unit construction, (3ills.

Restriction of Metal Flow. In 2 doub)
the metal must draw simultaneoust
likelihood of stretching and tearing;
In 2 circuler shell (view 2), it is wel

le-cup part of integral construction (view 1),
¥ over two forming punches and there is strong
7 pleced construction is preferable in such a case.
[ to design the part 0 that {he stotk can draw

Ereely from all directions and, preferably, to have the draw near the periphery, Where
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design permits a center hole (view 3), difficult draws c_rm_hc made more casily; how-

ever, possible tearing limits $he amount of drow from inside. o
Avaidance of Excessive Stretch, The spool and the jar dcfslgns shown in views

6 and 7 are not pretieal because of rigk of tearing.  Stretehing of the spool from

Perforation too near
edge fo get die inside

Perforation
n i3 on confour

) Fiber
™A No access for fool w

H (5)
’ ‘ Sicle “ Soft filling
(2) . . — Section AA sean=| j material
Delicote tools ' grever'vfs
’“’ required because inserfion

of sharp points of foo

[ A on blank
’ Hole foo smell
{A)} Poor design for
perforating
Curling fool witf
Cvﬁw% @/ not cleor itself (7)
{3) of dirt
This Not this -
Edge is curled olong flat plane first ;
_______ ther bent fo contour affer Forming S%,a P ;rf/ﬂg
“ N~
T T Curled = Practical
edge Rolfer design
Nut bowl (8)
(8) Design for curling (C) Design for
}ool cleorance tool access

F1a, 251, Design considerations for tool access.!

dinmeter a to flange dirmeter b risks rupture in thin stock; piceed structure avoids
this. The jar in view 7 ean be formed in thin metal only to o limited oxtent by
bulging with rubber or hydraulic dies; but pieeed construction as in view 8 i prac-
tical for die forming,

DESIGN FOR STRONG, SIMPLE TOOLING

A little thought end discretion on the part of the product designer frequently can
greatly facilifate optimum tool design and operation, In Fig. 2-514, views I and 2
emphasize the need to avoid designs that require tools which are either too fragile
or efse must be ground to a contour for gharpening.

R A product design that does not permit interior aceoss for o forming tool is imprac-
tienl. View 5 shows 2 eondition where a fiber strip (o other soft material) is to be
assembled in o drawn shell, whieh it is to be beld in by an inwardly formed head,
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Tia, 2-52. Product-design suggestions for pm-ts to be porcelain-enameled. 1t
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Here, product design must permit entry of a hard tool in order to form the sharp
Ve,
gr?\)'hcm 4 sleeve or tube is designed to be filled with soft material, a8 in view 6,
interior tool access is prevented. The top can be flanged over but, without an interior
hard tool to bump against, there will be wrinkling, L )
Too small an opening, as in view 7, will also prevent insertion of a forming tool,
whereas the product design in view 8 does provide interior tool access.

DESIGN OF METAL PARTS FOR PORCELAIN ENAMELING

Gage of Metal. Use of the proper gage of metal is all-important fm: avoiding such
processing defects as chipping, hairlining, warpage, and sagging. It is much better
to use somewhat too heavy a stock than one that is too light, Table 2-11 is a safe
guide for parts of moderate size, intended to be enameled in white or light colors,
and required to have only moderate rigidity and flatness.

The requircd flatness for Jarge rehitectural porcelain enamel panels may call for
heavier gages than Table 2-11 indieates, going perhaps to 18 or 16 gage. For formed
metal plumbing ware, necessary rigidity ealls for stock not lighter than 14 gage.

TABLE 2-11, METAL GAGES FOR AVERAGE PORCELAIN
ENAMELING REQUIREMENTSY

Gage | Width, in. } Total ates, 5q ft

24 6 0.5

24 12 3.0%

2 18 5.0%

22 6 1.0

22 12 15

2 18 6.0%

22 4 8.0%

20 [ 1.5

2 12 5.0

0 18 8.0%

20 24 10.0-15,0%

* Should be embossed, flanged, or otherwise suitably reinforced.

Materials, Ordinary stamping grades are not suited as basis metals, because of
impurities that may ezuse blistering or chipping of the coat. Commonly used mate-
rials include:

1. “Engmeling iron” stee] sheets

2, Good grades of drewing steel of 20 per cent carbon or less
3. Non-heat-treatable aluminum alioy sheet

4, Castings: gray iron, malleable iron, alumi ete.

Specific design considerstions are indicated in Fig, 2-52.
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32 PROCESS PLANNING FOR PRESSWORK TOOLING

4. Presses, except for the small manusl punch presses, are typically more costly
than standard machining equipment such as lathes and grinders, and require & higher
machine-hour rate. L . )

5. Finishing cosls ar low. Often no other finishing is required than normal paint-

ing or plating,

BASIC PROCEDURE IN PRESSWORKING PROCESS PLANNING

Trom a consideration of all factors, including those listed above, it is assumed that
the decision is to produce by means of pressworking, .

The pressed-metal process planncr now has three major areas of responsx]xility:

1. Planning the sequence of operations, the specifying of the metalworking equip-
ment, and the gaging necessary to produce good parts economically at & specified
production rate. -

9. Caordinating the sllied processes such as heat treatment, metal finishing, and

lating.
! 3. Iér:xtegmting the required material handling and operator movement paths.

The second and third responsibilities are exccuted by specialists and are not here
further considered.®

The following steps constitute & valid procedure for the planning of & pressed-metal
manufaciuring process.

1. Analyze the Part Print, To 2id this step it may be desirable to have enlarged
layouts, additional views, experimental samples, models, and imit layquts. 1t will
be helpful to chart assigned responsibility for carrying out the specifications.

a. What Is Wanted? The product designer must establish explicit detailed specifi-
cations for size, shape, material type and condition, and allied processes.  The process
planner must be left in no doubt as to all the definite and implied specifications and
their interrelationships.

b. List Manufacturing Operations and Allied Processes. A typical listing would be:

1. Pierce hole, 0501 it., 40,002/ —0.000

2. Flange 90° & 2°

3. Buff external surfaces

4, Blank

No attempt should be made, at this point, o list the operations in proper sequence,
or to combine the operations, but only fo make a preliminary survey of basie oper-
ntional requirements, Each listed item should be checked off on the part print
drawing.

[ l)glnrmine Monufacturing Feasibility. Consider the possible die operations that
could produee the part with the specified surface relationships, A hole close to a
flange,  small radius, a draw requiring annealing, a blank that cannot. be economically
nested~—these and other conditions can frequently be improved by the product
designer without affecting the functional requirements (see Sec, 2).

d. Write Recommendations lo Product Engincering, Upon completion of part print
analysis, recommendations should be written to the product designer. Al accepted
recommendations eall for necessary engineering changes in the part print.

2. Determine Most Economic Processing. For the same part to be stamped,
there arc usually several alternative production methods. The method selected
should be the one which, all factors considered, will result in the lowest overall cost
of the part. The cost will include materia), tooling, direct and indirect Iabor, and
overhead burden.

Determination of the most economical processing can be accomplished by com-
paring two or more feasible processes for producing the given pressed-metal part,'?
The comparison of unit costs for each sueh process, for equal production quantitics,
will give a break-even point which is & guide o selecting the most economical tooling,
Productive labor costs and burden rates are estimated from past performance, and
by the use of stendard time data.?

A graphical presentation of the break-sven point i useful where the spread between
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processes is small. Where the spread is small, but inereased production is & future
possibility, it may be preferable to use the higher-cost process. .

Unless new pressworking equipment can be amortized over a rather short period,
or have future value as standard equipment, it may prove more cconomical to use
existing available equipment even though production costs would be highen'

Likewise, simple dies may be favored over the high-production dies which seem
indicated by the anticipated requirements, because of lack of the special skills required
to design, eonstruet, and matntain high-production dies. Also, the stmpler single-
operation dics may permnit interchangeability of tooling for different parts which have
several common shape and /o size specifications,

3. Dlan the Sequence of Operations, Operations planaing done only on the bagis
of past experience ean prove eostly if seomingly minor details are overlooked.

. Determine Crifical Specifications. Any di ional specifications which, because
of their comparatively close tol or the limitations placed upon the specifica-
4ions for aftivd prosesses, are known a8 “eritieal” specifications.  Study of the com-
parative effects of specifieations upon surface relationships, with the aid of a Jimit
fayout, will reveal the critieal specifications from a facturing standpoint.

b. Select Critical Areas. Most criticnl specifications pertsin to t of
surface relations within specified close tolerances. Critical areas are those arcas or
surfaces from which the measurements for all specifications ean be taken so as to
determine the geometry of the part, Timit luyouts serve alse to defermine the
aritieal areas,

In ideal planning, critical areas should be established fist, provided that they are
“qualified” as surfaces of registry, fn o locating system, for subsequent aperations
and allied proeesses (sce 3-2-1 System for Locating, and Tests for Qualified Arens in
subsequent text).

¢. Determine Critical Mamidacluring Operetions. An operation is desigrated as
“eritioal” when it 8 required in order to establish & critical area or an equivalent
area, from which subsequeny operations or allied processes can be performed. The
required degree of control over such stock varintions as width thickness, camber,
meachanical properties, also control over metal flow eharacteristics, are basic factors
in determining the critical mavufactoring operation, The ideal eritical manufse-
turing operation would estalish the critical areas in a single operation from the sheet,
strip, or coiled stock.

d. Accomplish Critical Monufucturing Operations. This is the major responsibility
of the die designer, warking to the process plan, However, the process planner must
know the basic types of dics (see Secs, 5, 7, 9, 11) and their gencral applications, and
the control of disturbances due to metal flow characteristics which may affect parts
accuracy. He must alsa consider the die designer's problems of deflection, wear con-
trol, dixt, and workpiece mutilation.

¢, Delerming Secondary Monvfocturing Operafions, These operativns are inter-
wediate between the critical manufacturing operations and the finished part, Limi-
tations in these operations are those imposed by the workpicee specifisation, and by
the amount of metal flow and for movement (e Sees. 4, 6, 8, 10).

Additional sccondary operations, such as restrike, miny sometimes be necossary to
coordinate with an eflied process or to reestablish a critical area for subsequent
operationa,

4

. lish Secondary M ing Op . This follows the same pro=.
cedural pattern and involves the same responsibilities for the planner as for eritical
manufacturing operations. .
9. Determing Allied Processs. These processes are determined during part print
:mu\ysis, cxeept 28 they arige through emergency or necessity, Thus, an annenling

op ay become necessary when secondaty ing operations have
been glctormmed. 'In some cases, the process planner may avoid annenling by recom-
mending & change in material speeificati Al possible elimination of i

pluyiug, cleaning, and other allied processes will appreciably reduce total my.nufag»
{uring costs.
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k. Accomplish Allied Processes. These are usually the function of specialists, b_ut
the pressed-metal process planner must cooperate by delivering 2 workpiece in suit-
able condition for the allied process. The specialist should advise the processor of
the effcct the allied process will have on the workpicee. .

4. Specify the Necessary Gaging. Gaging here includes (1) the gaging of n}ntcrinl
as-received, and (2) gaging of the workpiece in process. Gaging of mat.crlul will
include width, thickness, and enmber for specified tolerances, and mechanical prop-
ertics. The planning of in-process gaging for use during mapufﬂcturc follows the
same procedure as used to select critical areas, or areas from whmhAmcasuremcnts can
be taken to defend the geometry of the workpiece, The workpicee should not be
allowed to continue through the sequence of operations if it is defective from a previous
operation.

pﬁ. Specify the Necessary Press Equipment. A press should be specified according
to the actuation requirements of a die, the typc of pressworking operation to be per-
formed, properties of the workpicee material, and the required production accuracy
(sce Sce. 23), . . .

6. Prepare Routing of Process. The operational machine routings vary in form
throughout industry but must meet two common essential requirements: (1) deserip-
tion of the operation must be accurate and complete; (2) the nomenclature used should
he necording to accepted practice.

A pictorial sketeh of the part, shown on:the operational machine routing sheet, aids
considerably.

3-2-1 SYSTEM FOR LOCATING, AND TESTS FOR QUALIFIED AREAS
Qualified areas are those areas which fulfill the requirements of arithmetical,
mechanical, and geometrical tests in order to serve as surfaces of registry.

I

| D!J_V_--_ ] Proce:
—V'/—@‘} I x |_ @‘—’T(pieir:;cle)

o —

Fia, 3-1. 3-2-1 locating system. Tre. 3-2. Application of process symbols.

v(/lacm‘e

Support

1, Arithmetical Test. The selected surface of registry must not cause a limit stack.
If surfaces of registry cannot be selected, they must be qualified, 7.c., must be produced
to a toleranee closer than those required and specified by the produet engineer.

2. Mechanical Test. The size, shape, and finish of the sclected surfaces of registry
must permit a seat of registry design so each will withstand the operating forces
excrted, and also the necessary holding forces.

3. Geometrical Tests, This test pertains to the distribution of the surfaces of
registry so that the workpiece will be positionally stable, I surfaces of registry are
\uoL;thus qualified, the pracess planner must consider suitable redesign with the product
engincer,

In the 3-2-1 locating system (Fig, 3-1), six points are the minimum number of points
required to fix a square orrectangular shape in space.  Three points establish a plane;
two points define o straight line, and one point for a point in space, combined give 2
total of six points. A small pyramid symbol is used to designate & locating point.
In Fig. 3.7, this symbol is used to illustrate a locating system for & rectangular solid,
Variations of the illustrated system ean be used to fix location of a cylinder, cone,
disk, or other geometric shape,

The surface of the device used by the dic designer to cstablish the locating point
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spacified by the process planner isknovn as 2 “seat of rcg’istr_v." The corresponding
ares on the workp known asa “swrfece of registry.” »

Process-planning symbols can be used to evoid I.rmgthy writing o the preliminary
steges of planaing to utilize critical atess for critival and secondary manufacturing
operations.  Figure 3-2 filustrates use of such svmbols.

APPLICATIOR OF PROCESS PLAXNING TO SPECIFIC PRESSED PARTS

Afthough sound general principles zre elways of value, their application to pressed
parts that have been successfully produced mskes them of utmost practical use.
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Fi6. 33, Cross-shaft bracket, analyzed under case 1. Circled numbers rafer 1o separate
nperations,

Therefore, a number of cases gre deseribed. In the first eese the process-planning

procedure is applied in detail; in the other cases improvement through product and*

tnoling redesign is gained by application of the principles of good planning procedure.

Cise 1. Cros

Figure 3-3 is the part print of a ero:

ass

1rr BracseT

shaft bracket, an approved component of an
wssembly with 2 forecast production of approximately 100,000 per year.

In some plants the process planner might be expected at the outset to furnish a
prefiminary routing so that unit coste may he estimated.  Such routing might indi-
cate: (1) blank and pieres,” “(2) first fiange,” “(3) finish flange,” 2nd “(4) inspect,”
together with other normally required information and specifications,
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Although such preliminary routing may satisfy estimating needs, it does not always
ensure quality parts, economically produced.  For such goals, it is essential to apply
the accepted planning procedure, _

Analyze Part Print. Each specifiention, dimensional or noted, must be studied to
understand exactly what is specified by the product engincer.  One method used by
the experienced planner is to check off each specification on the print, once it has been
interpreted to his satisfaction. For the less experienced planner, a tabuler analysis
such as that in Fig. 3-4 will prove more effective, because it is a graphical record of
information on all specifications shown or implied on the part print.

Terms used as column heads, “Material,” “Die,” and “Processing,” in Fig. 3-4
are listed in the following annotation,

“Matcrial” refers to the material of the part to be pressworked, and it should be
considered when a surface relationship depends upon a variable of the material, For
example, variation in thickness would affect a forming operation.

“Die” refers to the tool which is anticipated for obtaining a required surface
relationship. For example, the size of a pierced hole and the obtainable limits
depend upon the skill of the diemaker in producing the punch to proper size.

“Processing” refers to the work of the process planner as it affects surface relation-
ships. For example, if two holes were pierced simulteneously, the acouracy of surface
relationship would depend upon the die; but i one hole were pierced and the second
hole is located from the first, then the aceuracy of surface relationship would depend
on the skill of the process planner.

This technique in process planning classifies all specifieations conecrned with surface
relationships and reveals whether the relationships depend upon the material, the dic,
the processing, or some combinations of these factors.

The process planner is primarily concerned with the “Die” and “Processing”
columns but, in order to plan an acceptable seq of ions, the items in the
“Remarks” column must be clarified in consultation with the product engineer. The
product engineer must also be consulted on any changes in materials specifications
which might avoid manufacturing difficulties without affecting the part’s funetioning
requirements. I extreme cases, & study of the materials considerations might show
the wisdom or even the necessity of changing to some process other than pressed

king. In short, discussions hetween the process planner end the product
engineers should firmly resolve the difference between “What Is Specificd” and
“What Is Wanted.”

Operational Requirements for Case I The basic pressed-metalworking operations
such as cutting, forming, or drawing, which are used to obtain the surface relationships
35 indieated in the tabular analysis (Fig, 3-4), must be sorted out after all engineering
delcisiuns have been made on specifications which were noted in the “Remarks”
column.

Operational requirements for the cross-shaft bracket, without regard to final deter-

mined sequence,* are indicated by stars in the tabular analysis, The basic operations
are:

1. Cuts (1 notel) 3 by Lin,

2. Cut: (1 blank) +.. B by 13{ by 12565 in,
3. Cut: (pierse 1 hole) o TONE

4. Cut: (piorce 2 holes). ... 0425700085,

8. Cats (perse 4 holes) ... oage + 0008,

8. Forms (2 hends). Yo in radius

7. Form: (2 bends).., . g in. radiug

? 1t must be understood that ol factars cannot be considered in once-for-all sequence in this stage
of plonning. In the majority of cases, final decisions can be reached, but they should not be rigidized
to preclude vefinement as the final plan for the process evolves,
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A further analysis must now be made of each listed operation, in the light of Feasi-
bility for Manufacturing and Economies of Tooling, previously discussed, i

The oporational requirements (excluding 1 and 2) will now be examined briefly, in
the above-lisied order.

3 (picrce one hole, 0.501 tgggg in.): No problems are apparent in produeing
this hole. Tolerance is close, but not impossible with properly maintained tools.
The natural break from piercing will provide adequate surface in the hole io meet

funetional requirements, ;

4 (pierce two holes, 0.125 fgggo in.): No problems arc apparent in producing
the holes.  The natural break from picreing will provide adequate surface in the hole
to meet functional requirements.

5 { picree four holes, 0.183 fggg% in.): No problems arc apparent in producing
the holes. The praduct engineer ohjected to the suggestion of keeping 2]l hole axes
in the same plane, which might have simplified tooling and proeessing.

¢ porf ¢ part ¢ part
D
Blank Blank Blank
! ! m
no 4
Ist form Ist form

Form complete

@) ﬂ Fﬂl

Final form Final form

(3) ©
TFro. 8.5, Alternative methods of forming the cross-shaft bracket.

6and 7 (form four bends, }{g-in. radius): These forming operations are similar in
some respects and, hined, would i the plete forming of the part.
Therefore, they evidently merit being analyzed together,

The forming operations consist of working & flat blank into a shape which will meet
part print specifications (Fig, 3-3), phs any decisions reached between the process
planner and the produet engineer.

Controllability of the blank, the metal flow and movement, and quality of finjsh
are factors in the “Feasibility for Manufacturing” and the “Tconomies of Tooling”
for the bracket-forming operations.

Figure 3-5 shows three possible methods of forming the flat blank to obtain the
final shape of the cross-shaft bracket.

In the single-operation method shown at 4, the developed blank would be placed
in the die having a suitable locating system. In 2 single stroke, the metal would be
worked over almogt the cntire surface in forming the blank to shape. In such a
method, the surface on the die radius would be subject to excessive wear and, under
production conditions, the part might have » mutilated surface, Also, it would be
diffienlt fo control spring-back and the part symmetry because of variables of the
material, even though the pad would hold the blank securely against, the punch face.
The 12° flange on the part (Fig. 3-3) would eause  localized flow of material, upon
initiat closing of the die, which would also distort the part.
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shaft bracket (provides three points), the 0.501-in. hole (provides two points), and
the 0.125-in. hole {provides one point).

This system should be checked to determine whether the selected sprfaces of
registry are qualified (1) arithmetically, (2) meehanivally, and (3) gcomctrlcally:

1. Arithmelically, the sclected aregs are qualified beeause of their close tolerances.
The holes have a maximum 0.004-in. tolerance, as compared with location dimensions
having plus or minus 0.010-in. or 0.020-in, tolerance.

2, Mechanically, the surface of the 0‘501.—1n. hole in th.e YOZ and XOY planes
(Fig, 3-3) qualifies satisfactorily, since )¢-in.-diameter pin is known 10 be strue-
turally adequate for the two seats of registry, one in each plane. The surface of the
hole will be only 30 per cent of the thickness of the stock, because of the metal action

pant e Cross shaft bracket paar o, P-460529

D ) °"°L““°"ER1 GPERATION PERFORMED
KEY é LOCATE SUPPORT | ~—== 01D L e e le

Basic dimensions for blenk development

712%/‘ frort
(|
T

|
|
|

|
| Arc length ot MA.=27’-" R

/'/ j
Qsp". N
7l ~ j ]:W L=15708R
0935

0876 RB=043]5in

F1a. 3-74. Process picture sheet; basic dimensions for blank development.

in piercing the bole, but this will not disqualify the surface, since only one point in
cach plane is needed.

The 0.125-in. hole qualifies for the other surface of regisiry in the Y02 plane, exeept
that so small a hole does not permit 2 structurally adequate locating pi for » seat of
registry. Thercfore, it is nccessary to select some other surface of registry in the
Y07 planc, such as the cdge of the blank, This edge is qualified beeause it is to be
produced in the same die as will produce the holes.

Although the 0.125-in. hole should theoretically be used, it was necessary to move
the symbols of the surfaces of registry to the edges, Since & workpiece of this type
would be nested, the equivalent of a nest is indicated in the operation diagrams
(¢, D, and E, Fig. 3-7) by a dashed “Locate™ symbol.

3. Geometrically, the 0.501-in. hole would be qualified to provide the necessary
surfases of registry to locate the workpiece in the Y0Z and X0V planes, since the
inside metal surface in the Z0X plane provides the required three points.

. The 0.125-in, hole is geometrically qualified in relation to the 0.501-in, hole, heesuse
it provides an adequate distance between surfaces of registry for locating purposes.
However, it was previously disqualified mechanically because of small size.

Critical mapufacturing operations are those required o as to obiain eritical areas
for secondary operations. The holes could he pierced first, and then used to locate for
8 blanking operstion. However, in case I, it is obviously practics) to blank and
pierce in the same operation.
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eary waue,_Cross shaft bracket

o |A e 2] s

Operation Na 30
Final form
I
M
~ i
!
A Ay [AY
4 |
O b

Final form  Side flg.90°
Press specifications:
{ (See gper: Mo 20)

TF16. 8-7D, Pracess picture sheet; final form.

pant weue _Cross_shaft bracket oear o P-460529
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T
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Operation No.40 ~ Frerce

Plerce 0189”508 holes (4) "0.199"+-9%8
Press specifications
Q8 1 press Hole in bed

bfor capacily  3-in. stroke
Appros, 100 S.PM

6. 3-7E, Process picture sheet; pierce flange holes.
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1 zad zlong to the die designer in
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Only those views
“and any dimensions
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Fi6. 3-8, Blanked and fossned rontact zrm.  (White-Radgers Electris Cn,)

Allied proe h 2z heat treating or tumbling, were considered and defermined
4s not pseded fn producing the o iaft bracket.

Cusr, 1L Costaer Azu
The eontzet arm shovn in Fig, 3-8 was originally processed by blanking the parts
from a strip of 0.0924n, halthard brass, Then, for matarials ceonomy, the strip
was turned 2round and rerun in the die. The blanks znd dugs ware then saparated
in 2 tumbling opration. end the perts vere formed complets in znother die. The
strip development for this part is shown in Fig, ig. 157, and deseribed in s accompanying
text.

This appears 2 sxmpl» enongh pracess that should work out well.  However, ron-
sidering the indirated elose toleranees a licated a shape, xtv&"drfﬁculttolﬂcp
the part within 4 toleranes,  Sinee the production was fairly bigh, and more
than one et of dies was noeded, regiar periodic inspactions callad for frequent chut-
downs, with consegquent die don,

¢ » by eombining pierce, blank, and form operations, and hy

retor into the die, so that parts and slugs fefl inta difi ermt e0t-

production and reducsd meintenznce would resmit. By using
ould rn 2utomatieally,

tainers, much he
cail stack, the p
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Net, results were direct labor savings of 1.3 hr per 1,000 pressed parts, inereased die
Tndirect savings were made through eliminating

life, and liberation of ane press,

shenring, extra setup, added irspection,

removal.

Note: Centferline of bole ond

slots must be in line within 20.010"

a tumbling operation, and excessive scrap

Bottom must be Flat within 600"
except this area must be flat
within 0005"

Slot must be A froles 7o be measured when fop issprung
centered within '8-52MC into (312" width
00/4"in respect 2 thd,

a3 | 2holes
52| 00071003 dkz,

to hole 4
/!

0459,
E%_z"% T by
o 1 Pl Ny
S 1A id EN

0.250"002 i |«q 779 I ,H o 03754002 dla,
-~ 178" /42630 g > A for pilot purpose only
% "3.003 2 | Both sides of frame
S l':; must be some height
on this dimension
” within 00/0)"
] 2125
This surfoce must 0030 1004 .
be paraliel fo +003 ¢ .
bottorm 08 [ 5" 1 13" J"
+.003 13 ,_Yi ,'"" S
57 ;j—— A
6_4/ g 03 I,,S o
£ P 64Ropt 3 @ R
I "
Ve opt
e N
«
027 min T 287700 [
, 1312
widthof 320 64T o5 : . :
bend 0./45" ANl vertical dimensions in
2 holes 0.065"+00/ dia reference fo this surface fo

be measured when fop is
sprung in fo 1312 " width
Tra. 3-8, Part print of housing frame. (While-Rodgere Electric Co.)

in line within 0.006"

Casi 111, Housivg Frame

The housing frame shown in Fig. 3-9 was originally made by the following oper-
ations: (1) shear; (2) picrce, emboss, and blank; (3) form; (4) pierce and extrude;
(6) picrce, extrude, and stamp; (6) tap four 8-32 holes, singly; (7) tap one hole; (8)
ill one slat; (9) three deburring operations.

By tooling redesign, the part is now produced as follows: {1) pierce, blank, and
form complete, except, for the small pierced and extruded hole in the tongue; (2)
pieree, extrude, and stamp; (3) mill onc slot; (4) tap four 8-32 holes; (5) tap onc
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Tole, (A transfer machine is now in design to allow combining of the last four oper-
atfons with the first.)

Direct-labor saving is 6.2 hr per 1,000 parts, largely due to combining of operations
and to use of » multispindle tapper. There hag also besn substantial saving through
reduced floor space, waiting time, and tied-up inventory.

Cuse 1V, Sraoep Eyever

Pigure 3-10 illustrates the case where study and production data may reveal the
wisdom of eonverting from some ofher process to pressworking; originally it was o

S|
/%H::zzm”
#

0095" {A)

0070°R oy,
n
i
5 R S
7 KRR
Rt Fa)
o 8
<
0093*
093"
o9 ¥:))

Fra. 3-10. Byelet (A) as formery prods inet i
i i ) e Elwtr:;c pcr‘t;')uced on u serew machine; (B) redesigned for press-

seresv-machined part costing $12.50 per 1,000. By mod i
A . By moderate redesign, the part could
be produced from sheet metal on an eyeléttiug machine st b current,oost of $3.40 per

3

Case V. Cpar Spcror

Tresswork redesign should be studied for possible elimination of allied processes.

The gear sector of Fig, 3-13 was formerly made up of & stamped gear seotor and

another stamped part called an “indinator” hoth i
d parts being subsequently welded
together af & total production cost of .352’per 1,000 The cost of the sini:le-piece

redesign is $10 per 1,000,
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7
Fig, 8-11. Qear sector: (A) former two-piece welded fon; (B) redesigned one-

piece stumping,  (While-Rodgers Electric Co.)

Case VI. AcTUATOR SHAFT ASSEMBLY

Another examplie of successful design revision, shown in Fig. 3-12, enabled produc-
tion costs to be redueed from $113 per 1,000 by the older methed to $50 per 1,000.

In the former method, the part was made from !4-in. round cold-headed stock;
the elongated holes or slots were plerced with a die, and the flat was milled. The part
designated as s “stop” was made by cutting off and forming from strip stock. The
1wo parts were then spot-welded together,

In the new method, the round shaft is made by eutoff in a screw machine, and the
stop (now incarporating the slotted cireular head) is made complete in & progressive
die.  After stud welding, the flat is milled.

PRESSWORKING COST COMPARISONS*

The previously described methods of presswork process planning, consistently fol-
lowed, will in most eases narrow down the final decisions to a very few of many seeming
possibilities. But several alternatives may remain for combining operations, making
second passes through a die, selecting from available presses of different types and
cupacities, and other factors.

. Under these conditions, comparisons of costs for different feasible dies and process-
ing methods may quickly reveal the combination that will result in lowest total cost
per pressworked part. .

* Reviewed by F. G. Von, Brecht, Manager, ) i ineering Division, White-Rods
Electrie Co,
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properly be tated on the basis of apparent stability of Py and Pz at Nz = 500, and
assuming their stability st higher produetion.

TABLE 3-1, COST COMPARISON OF METHODS FOR
PRODUCING AIRCRAFT FLAP NOSE RIB

Nt 13 2 50 100 500 01

Pri % 3,00 | 3,18 | 8 LIL L § Lo8 { 8§ 108 | § 1.08
Pz 4.40 2.05 1.96 1.85 1.85 1.85
Dy 810.00 810.00 810,00 810.00 810.00 810,00
Dz 103.00 103.00 103,00 103.00 202.00 202.00
Cy| 165.00 33.60 17.30 9.15 2,67 2.12
Ce 25.00 6.17 4.02 2.88 2,25 2,12

* Symbols in this column ase the same s in Eqs. (24) and (2B).
4 Extrapolated,

On the basis of listed figures at N7 = 500, and frotn Eq. (1), the production at which
tota! unit costs C'r and Cz will be the same for both methods is

_ 810 - 202

¥ = 1m T

= 760 pieces

Combined Operations. Under certain conditions, operations can be advanta-
geously combined. The total cost of tooling may he reduced, or production costs, or
both. A further advantage may be gained in combining » fast operation with another
operation which, separately performed, might be slower. A precaution, however, i
that setup and maintcnance costs may increase.

Table 3-2 gives cost comparisons for a three-setup method vs. a single-sebup method
for blanking & 1- by 2- by 3{¢-in. rectangular cold-rolled-steel part, and perforating
holes in it.  Lots are sufficiently small to require no estimates of maintenance cost.

TABLE 3-2, COMPARISON OF SINGLE-SETUP VS. THREE-SETUP
PRESSWORKING METHODS®

Method 1 Method 11
Lot quantity

500 ‘ 5,000 19,000 500 5,000 10,000

{
JI $30.00 | $30.00 | %30.00 | si5.00 | 815.00 | $15.00
| Lo 1.00 L.00 3.00 3.00 3.00
4,75 2.50 5.00 1.60 15.00 30.00
83175 | $§33.50 | $36,00 | $10.60 ’ 33,00 & $48.00

Total eost.c.....unsins

Method 1 {single setup}: Blank und perlorate from roll stock.

AMethod IT (theoe sobups): Blank and perforate from sheet stock, shoured into 2-in.wide strips, and
Turther sheared into 1+in,-wide strips,

Method I i clearly the lowest in total cost for 500 parts. At 5,000 parts, costs are
virtually the seme, and the choico of methods may be chiefly determined by the Jikeli-
lwod' of f{xture reqttired reruns or other factors. At 10,000 parts, the advantage i
heavily with method T and will increase as production gors higher.

Table 3-3 reflects a ease where the cost of combined tools was less than the total

¢ost, of the separate tools, The combinced operation was done at the speed of the
blanking operation.
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TABLE 35, COSTS OF COMBINED VS, SEPARATE OPERATIONS?

H \
| Wanki h\rmmq3
Costs o L C“‘““ﬁ‘““*
Nowe [ oy ohesation
(U S, ] |
i
Toal cost. SO | §70.00 . R0.00
Setup ev 20 400 ¢ 3.00
Mainteranec cost. ., L .. N80 | L. ﬂ:.‘.OO [ELY
Processtng eoste. .. 8 - 30.00 - 400 ¢ 400
Total eostiouce oo oy .00 [ $62,00 | $110,00 | 56,06
| J |

STEPS IN DESIGNING SPECIFIC DIES*

T order to svold false starts wod consequent expensive design ehanges, it s advis
able to wake the many necessary design-dotall devisions In some orderly, logical
sequence, The follawing steps ave suggpsted to be taken as neatly i their indicated
order g5 possible, Al the Hsted steps should be considered for single-stage dies; some
are applicable oaly to progressive dies.

A, Preliminary Planaing,

1, Develop the Mank with special reference (a) to best grain direetions () to bend-
fng, forming, snd drawing steatns; () to avatkble press equipment.

£

2, Decide the tentative soquence of aperaifons.

. Are dle stotions necded in progressive dies for strength of seetions or
punch

b, Will preformed blanks be preferable to complete stamping in a single pro-
gressive die?

23

. Lay out the sfock dtrip, preferably using at least theed part templets.

. Can required dimensional aceuracy be realized?

& Material between holes or botween edge of ~(ock and edge of blank should
be stock thiekness ar g . \\‘\ul\owr is lappo

¢ Are hatf holes and partial l\l‘mk\ properly ple mnod

d. Can the burr be so placed ag te eliminate need of removal?

&, Wheree ploveod holas am to be conntersank, can the die be so laid oud that,
the countersinking will remove

any buee? o 1 T
£+ Is the corzect side of the blank up Ly Temin.
| with vospeed to say shaved por- -~ ‘3%“
tons (puneh side of blank to be r +
die side of shave die)? &
2. In Blaking such parts as side S T =

t
Frao 814, Kelatiow of bend radivs 1o
Tearest vige of pivreed hte,

plates or outside parts of a unit,
will the sheared or die side of the
blank be our?

h. For parts to be fonmed; does the forming eome aeress the grain (optimtu),
or nof to exeeed 45°7
4. Is material urilization muhum S

j Place holes fn proper velation to bends (Fig. 3-14).  Hole edges should be

BT winirom distant from blend potad between the fist sndl the curved
seetions,

* Reviewed by Jay Bowen, Ghiof Enginecr, MeRevaolds Die & Tool Co,

5

N,
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4. Consider the press accommodation of the die sel.

. Have clamping provisions heen made?

b, Have proper provisions heen made for slug-disposal holes through die shoe
and bolster plate?

¢. Check design featnres as affected by the shut height of the closed die.

d, Will the ram accommodate the puneh-holder shank?

Second First

sfetion sttion

cenferliney cenferlines
[e] 2

o 4

F1a. 3-15. Partial blanking in first station to Fig. 3-16. Insert comstruction
avoid weak inserts. for weak projections.t

@

x
|
i

¢. Check for suitability of the die to the intended press in all respects, especially
as to fit, power required, stroke, and speed.

5. Cheek for frail inserls or projections.

a. Portions of the blank ean perhaps be punched in one station, and the remain-
ing portions blanked in a subsequent station (Fig, 3-15).

b. Delicate projections on the dic should, if possible, be inserts for economical
replacement in case of breakage (Fig. 3-16).

6. Establish center line of pressure.

a. When design calls for two or more cutting or forming punches of unequal
stze In a single-stage &1e, The center Tine of pressure should eoincide with the

For circular punches: (22T
RBly=R, L, “ 1

Forofher cases: |
WIWL, |

f“—-ﬁz ‘_+‘Lz
1 Lenferlineof
pressure
R,
18 3

Tig. 3-17. Establishing the conter line of prossure where punches of uncqual tonnage
requirements are on same punch plate.

axis of the punch-holder shank, and can be determined from Fig, 3-17 for
two punches.  Individual tonnages (I, W, ete.) for any number of regular-
or irregular-shaped punches can be similarly caleulated both for single-stage
dies, and for the combined moments of all stages in & progressive die.
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bl purcha.

sr7 ebenk for pilots coming B pis

i Svsn suztios, except

resoiis.
wen drew work iz dane o ihe first

s plnted by et b

1 bl aveilable.

5 o7 other hiek

Suppart.

immedistely before or shear

oristan & nesrded.

‘ Powr
YA

60557 L L e
ap‘araLL/%_ﬁ_“'?’/

clesrotice: i7

e. In eomponnd diss, aifow some shedder elezrence in extreme ejector position
Fiz. 218 to evoid dengeous pressirs upon shedder pins.

13, Loeae zrd desion pitrcs-anddlank punchen,

. ¥z clender paneh must be boested elase to 2 large puneh, with risk of deflec-

52 due 40 wstal eromding to one s, mele the slender punch shorter than

fie large paneh by af Tesat onehslf messl thickms

. Piza to step emall punches whick ere grouped closely together, for reduction

o tel ehenring presemre,

¢. Where part desizn cennot avoid  bent b or other formed pert that sould
fie dewaged {krough faeomplete efeetion, desizn the punch long enough to
pist the blank threagh the di

d. Where 2 smell unguided prneh must pierce stock thicker than punch diam-

e punch ghank ot east twite hole size i diameter, snd erind cutting

exd 16 hols size for a distance of shont twine stock thickness,

e Avoid desgning panches that would have more than shout in, unguided
length. Tosteed, consider sparer or fller plates (4, Fiz, 319).

. Where punch dismeser = 100 smell to ncorporete push-of pins, rounding
the pmdh fere will prevent siugs from pulling up, provided the hole dizmeter
iz gt Izast 27 to 37,

9. Mzle heel prmehs fllets as large s possible.

e
N
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&. When pierced holes are to be conntersunk, design the punehes so as not tp
destroy the aceurate portion of hole.

E/ﬂ/( ,///%
NSARRN

Fra. 3-19, Use of filler plates: (4) Filler plate and blanking punch both have sume amount
pround off at each sharpening; (B) filler plate used to avoid too long & blanking punch at
right.

14, Locate and design any spanking punches.

4, Usual location, for & single spank, is at next-to-Jast station.
b. Where possible, combine with bending or forming,

15, Consider the guiding and supporting of punches, generally advisable for pre.
cision work in better-grade dies.

a. Where flange width of blanking punches is less than punch height, guiding
is indicated.
b. Angular-headed drill-rod punches should stways be guided in the stripper.

16. Punches for long slots should be ground low (17 to 1347) in the center of the
face, to permit the ends to start cutting first. The face should be left fat at
the ends for 1{ in,

If blanking punches have pilots, time them shead of any piercing punches, to

enable the pilot to locate the strip before the piercing punches can start cutting;

otherwise, stock may shift, causing binding or bending of the piercing punches.

18, Set grinding allowances for pierce and blank punches; 34 in. is uswal,

19. When a forming punch is in the same station with a pierce or blank punch, a
filler plate or spacer block (B, Fig. 3-19) will permit relationship to be main-
tained, when sharpening, by grinding the same amount off both the cutting
punch and the filler plate. In some cases, only one punch need be resharpened,
and the other can be shimmed out.

C. Die Plates and Punch Plates.
20. Make preliminary layout of die block.

17.

=

a. Has it been finished square on all six sides?

b. Meke the minimum distance from outside edge of block to edges of dic open-
ings from 1 to 124 times the block thickness,

¢. Sharp-cornered die openings require about 1f in. more supporting metal
around them than round-cornered openings.

4, Is the block large cnough to withstand repeated shocks, or exeessive warping
or eracking during hardening?

2L

®

'Mukc punches and dies sectiondl, where feasible, for easy construction, sharpen-
ing, hardening, and replacement,

a. To avoid chipping, do not design sectional dies with acate included angle in
corner members (Fig. 3-20). [If corners are radiused, plan the parting line

to come outside the are, to avoid the machining and blending of tavo separate
arcs,
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Y2 &
;@@4

Gc;:d for square~ cortier Permissible  fair; two side
blanking; no length sections must be
fitting required ground fo length

[ é Good tgj [ §

Difficult; two Good; two radii Good; radiion

radii +o machine ground with corner efements
and blend single pass permit easy replace-

ment when damoged
TFi6, 3-20. Design of corners for joining members of scctional dies.

0oQ ©
R
ca @o
-]

Plan view of die
stripper removed
F1a. 3-21, Sectionalizing of & propressive die.f

b. Be sure that the sections have sufficient area to provent their moving in
operation,

¢. For progressive dies, it is well to have o separate seetion for each station
(Fig. 3-21); more may be needed for intricate operations.

22. Locate and design any finger, swing-type, or automatic stops.

a. Try to save the first blank, .
b. Work location must be such that, as the hlanking pilot enters the previously
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pierced hole, the stock will be pulled away from the stop a sufficient distance
to prevent the blanking punch from forcing the serap strip against the step,
¢. Loeate finger stops so as to avoid eutting on only onc edge of the die.
d. Position each automatic stop so that its working end cannot catch in any
scrap stoek projections.

Plan to have inserds and bushings wherever needed to facilitate diemaking and
hezt treatment, or for easy replacement of worn or broken scotions.
Select the best die set, fotal design considered (see Sec. 18).

a, For thin material, or extreme accuracy requirements, use sets with four guide
posts and extra long or antifriction bushings,

b. Posts should be from 14 to 5 in. shorter than the shut height, to allow for
sharpening or reworking, and on short-stroke presses to provide an oil pocket,

¢. Check for parallelism of mounting surfaces. :

d. Checlk for fit, of guide posts in their bushings.

¢. Heavy or overhanging dies call for diagonal or four-post die sets.

1. Use semisteel die shoes or nli-steel sets of requisite thickness, for severe duty.

Decide on grinding allowanee for die plate.
Locate 2nd design any required serap culfer.
Make adequate provisions for serap disposal.

a. On die plate, mark locations of holster-plate scrap-disposal openings.

Deeide hest keying methods, depending on whether the die elements are set info
or on fop of the dic shoe. If set on top, doweling is indicated.
Checek for good deweling practice.

a. Where misassembly is possible, stagger one or more dowels,

b. Noneircular punches must be secured in such » manner that they cannot
shift, out, of position.

¢. Where & dowe] large enough to withstand shearing action cannot be used,
keys are preferable.

d. Space dowels far enough apart in the dic to be most efiective.

¢. Provide means for removal of dowels from blind holes.

. Enough screws and dowels should be used to prevent any movement of die
elements.

If punches must be held in guills, plan to install the quills in individual punch
plates, where interch bility or repl t is a likely requi t,

Make punch plate sufficiently thick to support all punches adequately. Small
punches (34 in. or less) may need punch-plate thickness equal to punch diameter
for adequate support.

Decide best method of strip location.

. Plan to guide before the first station for a distance at least two times the
stock width,

Decide upon stripper and shedder locations and requirements,

23

Make inside width of channcl stripper 0,004 in. minimum wider than a strip
high-limit, width, to sccommodate stock variations.

So design strippers for progressive dies that they will not distort the stoek,
and so that the guide rails overhang the stock sufficiently to prevent stock
from pulling out of guides,

Consider whether special sirippers might be heavier or of Jarger section
than the standard steck dic sets will accommodate.

. Cheek for any necessary clearance holes in die block or stripper, for transport
of blanks or shugs.

=

o

e
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r opening provided with lead-in surfaces for convenient feeding

ock strips? .

. Desizn shedders for compound dies with suitable corner redfus on the refain-
ing fiznge. Flange should be ¥4 in. thick minjroum and should not under-
mine any weak or profruding die elements,

3¢ Hardened punches should be mounted in 2 soft plug. rather than be presced
divectly into = hardened punch plate.

35, Where runs are long. or punch heads are smell, back up the punches with a
hardened plate 2bout 14 in. thitk.

. Punches 1hat eut on only one side should be heeled, with the heel entering
the die before the puneh starts cutting,

36. Width of punch and die plaies or relaining sirips should be from 14 to 134 times
plate height for best stability.

D. Genera! Design Details,

37. ¥ die sfup pins seem adviseble, are they {av encugh apart, sod large enough

for needed rigidity?
38. Check for need, location, and action of any release or vacuum pins,
39. Check blonk-hole and scrap-hale clearances.

a. Sides must be straight for }¢ in. minimum from top surface.
b. Clearsnee holes should be taper-reamed to the bottom with sufficient draft
to avoid sticking of blanks and slugs (see Bec. 5).
40. Calculate sizes of all springs.

a. Be sure their length permits operation under masimum compression. The
average spring can be safely compressed about 25 per cent of its free fength.

4L

i

Cheek for good bushing practice.

a. Are bushings needed in the die shoe or hlock, er the stripper?

5. Check location of bushings and guide pins for interference.

c. Is the bushing sufficiently long so that it will bave sufiicient bearing?

d. Does design permif several or all of the bushing holes fo be of same size in
the die block, the punch plate, sud the stripper, so that they can ali be bored
together?

42, Cheek for good piloiing practice.

a. Try to have pilois removsble to facilitate punch grinding.

b, Can the pilot be made adjustable, so as to raise it when the punch ends have
been reground?

¢. Berause of unavoidable misfeeds, pilots will acensionally push serep down;
therefore, carry pilot holes all the way {hrough the die black.

d. Spring pilots may have o he nsed on stock heavier than about 1y in,
thickness; avoid their use when possible.

e. Pilots shonld be about 0.001 in, smaller in diameter than their piereing
punches, but a minimum of 35 in. diameter except in special cases.

43. Any boltheads in die plaes should be cet sufficiently below the top surface to
allow for mayimum die sharpening,

L. Holes for fastening gages should be tapped from 14 to 3¢ in, deeper than thread-
ing requirements, or through, to permit dic sharpening,

5. Locate any necessary air rent holes.

6. Counterboring for serewheads should be deep enough to sllow for grinding.
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47, Are slop or bumper blocks needed anywhere? Their use is advisable on expen.
sive and complicated dics,

For high-production dies using roll feed, consider the trimming of stock in the
first station, to eliminate stock camber.

49, Any required spring plungers should be nccessible for adjustment or grinding,
50. Cheek for safely to the operator, the die, 2nd the press (sce Sec. 22).

48.

&

a. Is necessary shear provision on the die, for protection where applied power
can possibly exceed & safe maximum?

51,

Check dic all over for grinding.
a. Will any parts have to be removed or altered to permit die sharpening?
62,

5

Can any future requirenients be anticipated by altering the present design?
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SECTION 4

SHEAR ACTION IN METAL CUTTING*

shearing nrcess in which the

The mmnz of metal betwean din componen
4 5 10 the poinf, of fracture, or

d in sheur betomen (%0 eutting e

Fl;.'. 4‘1) h1.r! trhmg
2, and |

planes in the reduced ame and becom
complete.

The fundamentsl staps in shearing or
cutting zre shown in Fig, 42, The prea-
sre: applied by the punch on the Tactal
tends 1o deform it inty the diz opening.

When the elestic limitis by Sur-
ther loading, 2 partion of the metsl will
ha foreed into the dic opening in the form
of an emboszed pad on the lower fae of
the materizd and a corresponding
sion o the u per face, 22 indirated
AstheJoad iz further inoreased, the pun/'h

will penetrate the metel to o cortsin depth
and fores an equal portion of mrtzl thick-
nesz info the dxr 2z indicated at B, This penctration oceurs before fracturing starte
and redu he cr tionzl arez of metal through w the cut is being made.
start in the reduced area af, both upper and Jower cutting edges, 25

Fr6, 41, Dircetion of stre
cutiing

in wetal
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FReduction  fracture of frgelure
in ﬂfiﬂ
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{4)-Flaztic defeemation {B)- Reductionin area (C)Fracture

F16. 42, Steps in ghesring rastal?

indiuated at €, ¥ the clearance & suitable for the material being eut, thesa frac-
will epread towvard azch other and eventuslly maet, causing Lc-rnplftﬂ separation,
Further travel of the punch will earry the cat portion throngh the etoek and into the
die opening.

by L8 ok, Superntentent, Tosding and Meintenanes, Divisian, Sareent & Co,, zad
Toad Encineer,
umbers relate t Releraaten ot the end of this pention,
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4-2 SHEAR ACTION IN METAL CUTTING

Clearances, Clearance is the measured space between the mating members of o
die set, Proper clearance between cutting edges enables the fractures to meet angd
the fractused portion of the sheared edge has a clean appearance. For optimum
finish of & cub edge, proper elearance i
necessary and is & function of the kind,
thickness, and temper of the work ma.
terial, Clearance, penetration, and frag.
ture are shown schematically m Fig, 43,

In Fig, 4-4, characteristics of the eyt
edge on stock and blank, with norma)
clearance, are schematically shown, The
upper corner of the cut edge of the stock
{indicated by A) and the lower corner of
the blank (indicated by A-1) will have o
radius where the punch and die edges,
respectively, make contact with the ma.
terial. This is due to the plastic defor-
mation taking place. This edge radius will be more pronounced when cutting soft
metals, Escessive clearance will also cause a large radius at these corners, ag well as
2 burr on opposite corners,

In ideal cutting operations, the punch penetrates the material to a depth equel to
about one-third of its thickness before fracture occurs, and forces an equal portion of

Edge radivs: A and A+
Cut band: & and B
€ and C-|
A4

T16. 4-3. Schematic drawing illustrating
elearance, penetration, and fracture.?

% 5
B0

i
& ,'

(4)-Excessive clearance (B)-Insufﬁ‘cfenf clearance

Tia, 4-5. The greater the clearance, the closer the condition approaches forming instead of
cutting.?

the material into the die opening, That portion of the thickness so penctrated will
be highly burnished, appearing on the cut edge as a bright band around the entire
contour of the cut, adjncent to the edge radins—indicated at B and B-1 in Fig. 44,
When the cutting clearance is not sufficient, additional bands of metal must be cut
before complete separation is accomplished, as shown at B in Fig, 4-5.  When correet
cutting elearance is used, the material below the cut will be rough on both the stock
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end theslug,  With correet clearance, the angle of fracture will permit 2 clean break
below the cut band because the upper and lower fractures extand torard one another.
2 learance will vezult in 2 tepered cut edge sfnce, for any cutting operation,
of the materizl which the punch enters will, after cutting, be the same
size 25 the die opening. . .
Jz'f”uc width of ﬁue cut bznd is 20 fndization of the hardness of the gt.a(erzaL provided
that the die clearsace and materiz] (hickness are constant; the wider the eut bund,

” Y Binch b Funch
W{’W?,h T‘?‘—Pyﬂffl -N/_//AL’;’ ﬂj

e
e lie — V4 W/ O
Pastic Fozic

Frocure Frochure Piech-cf
Prrim) 1’; B PO e
2 i e

Al
rmch B,

= Dot

Ry,
s

7
()= .;%J

Cose - Lemparati
56t melols; cor
cleoronce

Cosed-Cemporatigy Cased- Soft Case & Ercessiee
hord Is;correed metals;e 1 cleorance; pinche
deoronce off,nof frociure

[4

e Iocation related to part, punch =nd die dimensions: {4 Slug is desired
Tap,

parts (B; elup is

the soiter the material.  The barder metals require larger clearances and permit less
penetration by the punch than ductile metals; dul tools create the efiect of too small &
clearanen as well a5 2 burr on the din side of the stock.  The effects of various amounts
of elearance are shown in Figs, 4-5t0 47, Defective or nonhomogensous material cut
with the proper amount of elearance will produce nonuniform edges,

Theedee ronditions € and the hypothetical load curves B (Fig, 46, cases 1,2,3, and
4) are shown, as well as the emount of deformation 2nd extent of punch penetration.




44 SHEAR ACTION IN METAL CUTTING

Location of the proper clearance (Fig. 47) determines either bole or blenk size;
punch size controls hole size; dic size contrals blank size.

N — Subtract
Subtract

Subfract
y

(A Clegrance appliedfopunch  (B)-Clearance applied fodie
T16. 4-8. How to apply clearances.®

0010 —]

0009 -

0008

007 1A

0006 [« T -~

000s

die clearance, in.

0004

0003

€002

Q001
I 1

0020 0030 0040 Q00 Q060 0070 (P8O 0090 QMO0 QMO QN0

Nominal thickness of material which die is being designed for, in

T16. 4-9. Die-clearance chart by groups of materials, using the recommended percentage
metal thickness (indieated clearances are per side).®

At 4, which shows clearance € for blanks of & given size, make die to size and pun
smaller by total clearance 2. At B, which shows clearance Sor holes of a given siz
make punch to size and die larger by the amount of the total clearance 2C.

The application of clearances for holes of irregular shape is diagramed in Fig, 4-

at Bhthg hole will be of punch size, while at 4 the hlank will be of the same dimensio
as the die, .
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4-6 SHEAR ACTION IN METAL CUTTING
0.170 T
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Nominal thickness,in, of material which die was originally made for

TF16.4-10. Interchangeable material thickness chart, based on die originally made for group 1

materials (indicated clearances are per side).®
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4-10 SHEAR ACTION IN METAL CUTTING
Clearance ranges to produce uniformly good cuts for aluminum are listed in Table
4L
TABLE 4-1. TOTAL CLEARANCES FOR BLANKING ALUMINUM

Clearance Range, % of
Alloy Total Stock Thickness
250

Clearances for punching electrical steel laminations are listed in Table 4-2 arranged
in the order of deereasing silicon content. The data indicate that, the greater the
silicon content, the greater is the required die clearance. A softer stock will require
smaller die clearance, but greater angular clesrance 1o prevent scoring of die walls,
Angular clearances, per side in 1}4-n. length, ground after hardening, are 0.001 to
0.002 in, for hard stock, and 0,002 to 0.003 in. for soft stock.

TABLE 4-2. PER-SIDE CLEARANCE, INCHES, FOR LAMINATION DIES

28 gage

e 2 rage
(0.0186 in.) | (0.0249 in.)

b}
Grades of stecl 0155 Iny

Transformer grades.
Dynamo special,
Dynamo. ..
lectrical
Armature. .
Export armature

0.0007 0.00085 0.001
0.0007 0.00085 6.001
0.0006 0.00075 0.0009
0.0006 0.00075 0.0009
‘ 0.0005 £.00005 0.0003

0.0005 0.00065 0.0008

Data courtesy of Stesling Taol Co,

CLEARANCES FOR NONMETALLIC MATERIALS

For nonmetallic materials other thon cellulose acetate, cloth, and paper, the fotal
clearance between punch and die should be 234 per cent of stock thickness.  For mica
(data supplied by New England Miea Co.), the dic set should he built to & shear fit,
i.c., tissue paper will be cut elesnly; the weight alone of the lower half of o new die is
not sufficient to open up the die set.  Normal die wear ordinarily will allow the die set
to be sepatated by shaking, without tepping with a hammer.

Clearances for fully cured C-stage thermosetting laminated plastics should be
approximately 0.0005 in. for sheet, thicknesses of 0.015 to 0,032 in. and (.0015 in. for
sheets 0.040 to 0.093 in. thick,

CLEARANCES AND ALLOWANCES FOR SHAVE DIES

Where only one shave is required, 8 leading manufacturer’s standard elearance is
0.001 in, per side; in some cases, clearance can be 134 per cent of stock thickness,
This same manufacturer uses a shaving allowance per side of 10 per cent of stock
thickness plus 0,002 + 0,001 in. tolerance; minimum allowance is 0.005 in.

Small gears should have an allowance of 00035 in. for cach L4o-in. thickness of the
blank; two-step shaving operations should remove two-thirds of such allowance in the
first shave, and the balance in the second shave 1

Allowanees for shaving the softer metals are larger than for the harder metals; com-
pare Tables 43 aud 4-4, which were taken from snother manufacturer’s standard
data sheets,

Die-cut holes of less than 1 in. diameter tend to close in; blanks under 1 in. diameter
tend toswell.  Allowances should be added to the punch diameter, or subtracted from
the die diameter (Table 4-5). One-half the given figure should be added or sub-
tracted all around & punch or die of irregular contour.
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TLELE 43, SEAVL. \C ALLOWANCES PER SIDE, DICHES, FOR
STEEL, BRLSS, AND GERMAN FLLVER STOCE!

i 0.6
Y
L
|G
| 6.0
3

|

0,014

5,025
5,085

TABLE £5. COMPENSATING ALLOWANCE FOR PART-SIZE
C_AKG., I 2OUND EOLESt

ERGULAR CLEARARCE

spguler elearence &5 dsined os thet eleerance helow the straight portion of 2 die
-1’avr intrduced for she purposs of enabling the blank or the shuz {plereing opera-
ton) to clear the e (Fig. £19).  Angular elezranes is wouelly gronnd from 14 0 34°
persids byt oecesionzlly as bigh es 2%, depending mainly on stoek thickuess and the Excv
quene of sharpening.

Other df—qmtrom pertinent to dis clearanes are:
Lavd. 4 fat swrfzes eontigions fo the cuiting edge of 2 die, its purpose being to

redure the a4 10 be gownd and reground in meintsiaing 2 sharp cutting edge
(Fig. +-14),
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Straight,

SHEAR ACTION IN METAL CUTTING

That portion of the die surface between the eutting edge and the angylar
It has been found to be good prac.

clearance in a blanking or piercing die (Fig, 4-14). s b
tice to maintain a minimum straight-wall height of 14 in. on all materials less than
\

Lond

No—Angular
[ clearance

NS
N A

Lond

Trg. 4-14. Schematic drawing showing straight, land, and angular clearances.?

34 in. thick, Straight-wall height for thicker materials, equal to material thickness,
hes praved to be good practice.  These rules hold generally good for afl classes of dies.3

Draft. Draft is the amount of taper placed on a die to enable the severed slug or
blank to drop through without binding, In Fig, 4-16, it is shown s 4, the projection

TABLE 4-6. DIE-OPENING INCREASES (DRAFT), INCHES PER SIDE,
DUE TO RESHARPENING

Draft or clearance angle

Amount ground
below die
L R I B O P - S S A B O Y
$.010 G00410.0000310, 00018/0. 0002610, 0003418 0004310, 00057.10.,000700. 0O0RT 0.0010510.0014310.00140
0.005  |0.0000610.00013(0. 000260, 0903910, 000520. 000650, 6097010, 001040, 00131 {0, 0014810, 00185(0.00211
0.0%5  [0.00013]0.0002210.00044{0.00065]0. 0008719, 00109.0.00131}0. 00175 [0.00216]0 002630, 00307{0. 0035
0.035  |0,00015(0-00030]0.60061{0.00092]0. 0012210 001530 0018310, 00245]0. 507050, 60369]0.00420]0.00492
0.040  0017,0.0003810.00070{0..0010510. 00139(0.00174]0.09210{2.00280]0. 00350]0.00490}0..0041(0. 00562
0.045 00020{0.6003210.0007810.0011810,0015710.00106(0.00236(0. 0031500, 0030410.0047310.00552{0..00572
0.0 [0.00022]0.00044|0.00088{0. 00131]0. 00174]0.00218]0. 00262]0, 00350]0.0043710.0059510.0061410. 00703
0.060  {0.00026[0. 00032]0. 00105(0.00157)0. 00209(0.00262{0. 00314]0. 00419(0. 00525(0. 00631000737 0.00843
0.070  |0.00030/0.00061]0.00122{0. 0018310 002441000301 0. 00367]0. 00485]0. 00612]0.00736/0. 008500, 00984
0.080  [0.00034[0.00070:0. 00140/0.0210{0.00309]0. 003490. 00419 0. 00559|0. 007000, 00841{D.00982(0.01124
0.0%  [0.00039{0.0007810.00158!0.00236(0.0031410.00382(0. 0047210, 00620007870, 0a9asl0 0120510 01265
0100 [0,00044{0.00087]0.00175(0.00262]0. 00343}0. 004370, 805240, 00630)0. 00875{0. 01051]0.01228]0.01405
0125 0.00055(0. 001690, 00218(0. 00327|0v.00436(0. 00346]0. 0065510, 0087410, 01094(0. 01314(0.01535(0. 0175
0050 |0.00065]0. 00131]0.00262{0. 00393(0, 00523(0.00654{0. G078510. 0104910, 0131200 01576(0.-01842]0. 02408
0.173 10.0007610. 00153]0.00305(0.00458)0. 0061110 00764]0.00917/0.01224{0.0153110. 01839(0.62149/0. 02450
0,200 0,0008710.00175/0. 0035010. 00524(0, 00698(0. 03873]0. 0104810, 01398{0. 01750(0.0210210.02456)6. 02811
0.225 0.00098/0. 0019610, 00393(0.00589/0.007860. 0098210. 01175 (0. 01573{0. 01968]0.02365(0.0276210.03162
0,250 10.0011010. 0021810, 0043810.0065510. 00872]0.01091(0. 33100, 0174310, 02187]0. 02628/0.0305010.03513
0.275 09120(0.00240[0. 0048010, 0072010 09950/0.01201(0. 014410, 0332300 02408(0. 02890{0.03375(0.03865
0300 0.00131[0.00262(0.00523{0.00785/0.0104810.01310]0.01572!0. 020980, 02625(0. 031530036830, 04216
0305 10.00142(0.00084{0. 0056710008500, 0113510, 01410{0. 017020, 022730, 0284310, 0341610 03350}0. 04567
0.350 10.00153)0.00305/0.0061110.00531]0. 01222{0.01528l0. 130, 024470, 03062(0, 03678 0. 0429700, 04810
9.315 0.00164]0. 00327(0.0065(0. 009£6{0. 01309)0. 0163810, 019650 02622i0. 02381 0. 03042/0, 04604[0, 05270
0.400 10.00174]0. 00349/0.00698:0. 01047{0. 0139710, 0174610, 020050. 02797 (0. 03500 (0. 0420410, 0491110, 05622
©.425 0,00185(0,00361(0.00742{0. 01113(0,01484(0. 018550022270, 03872{0. 037180, 64467(0. 0521810, 05973
0450 10.00198/0.00393(0,00785(0.01178/0.01671(0. 01985(0. 62258l0ag14716. 039370 04729(0.05525(0. 06324
0.475 1.00207,0.00115,0.00s210-012430. 016500, 020740, Ondealy 039200, 04156(0. 0400200, 058920, 06675
0.500 in 00218]0,0013610. 0087210. 01309 n_mmin 0218300, 0c20{0. 034950, 04374]0..05255]0. 05130{0. 7027
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When 2 die iz sharpenad below the stzight, the die
neresss per zide can be caleulated os

4d=Fime )

Tearance or d=afi angle, deg

{he fnerezse per side in diz openings, groand from the die face below
the siraight forsmall angles, This table fz useful for checking to seo that rogrinding in
clearance.

I goaund with minimam hole elazrance, ez

stoaight, and &3 beep within maximum cearence limits, for the fol-

, 21l 0.03125 in. thick,

clamingm alloy, with 3.4 {0 6.5 per cent T dieclearance range,

0 9 per cent T die-clearance range.

half herd, with 5.6 to 11.2 per cent T dieclearance range.
wrn elearanee was ground on the dis, the remaining avellzble clearances for

B, and € 2re0.00105 in., 0.09141 in., and 0.00175 in., resp In Table 4-6,

exzrt or nert lower listed Talues, the maximum permissble depths of regring

hown in Table &7,

TABLE 47, MAKINCM REGRIND DEPTHS, INCHES, FOR CLEARANCE ARGLES
ATD STOCKS LISTED

e
3
2

To8.28 0 0.3%
L0100
P00 | 003
6.040 | 0.03
0.025 | 0.040
0.025 | 0.025
0.015 ; 0.025
8.015 | 0.015
0.010 [ 0.015
0.010 | 0.010
o reind | 0.010
Noregz'indi 0.010
%93 4,
h =5 2512
: stec, bolf bard, 063123 in, thisk,
SHEAR

Shear is the smount of relief ground off the fzce of 2 die or punch, primarily for
reducing the required shearing foree, {o reduce stress on the fool, to enable thicker or
more resisient stock to be punched on the same press, or to permit uss of lower-rated

TeSeE

Relation of Forces to Amount of Shear, Forces, but not work done, vary with
verious smounts of shear (Fig. £13).

View 4 of Fig. 4-15 showz 2 cutting operation in which the cutiing edges are parallel,
i, sheariszero, Stock thickness is indicated by ¢. Since the cut tekes place on the
entire periphery at ance, it is obvious that the operztion will entall meximum load.
The load disgram at right shows the rapid rise ot masimum pressure, then the sudden
load release, sometimes severe on both press and dies, as the cut is comploted.

View B of the same figure shows 2 punch ground with shear. If the punch were to
be ground so that the height of the angle equals one-third of the metal thickness 1.e.,
shear equels 141, its leading edge would start cutting before the rest of the punch made
contact. With this condition, only part of the punch would be cutting at any one
instant. While cutting load would be decreased, the punch would heve to progress
further through the stock to complete the cuf.  With the punch in position shown,




414 SHEAR ACTION IN METAL CUTTING

cutting pressure would be af maximum for this amount of shear, and becapse the cut
is more or Jess complete the total eutting load would be less than that required for the
condition shown in view 4. Pressure is slightly less than when shear is zero, but ag
the work done is the same, the distance through which pressure is applied is greater,
Toad release is also somewhat less sudden.

View C of same fignre shows that, if shear is ground on the puneh so that the height
of the angle equals the full thickness of the metal eut, the shear would be equal to 11,

\
Y. T ‘;4//75‘:/ fhicient
i S|\ clearance
* \
Shear=0
0o ¢ 2 3
Too! Thickness
A
Amount . »
of shear,; max |\
\
i
i HiAR
Shear=t/3 R
Tool 0 ¢ 2t 3t
B Thickness
| P
N mor,
t (] s~
Sl
T 3 \\
Shears tft \
Tl ¢ T
Thickness

Fia. 4-15, Loads for various amounts of shear.?

When the leading edge has progressed entirely through distanes 4, the trailing edge is
just making contact with the metal. Maximum pressure would be at this position of
the punch, and since most of the eut is complete the total load would be about half
that required when shear is zero. The distance through which the punch load fune-
tions is greater still than that indicated in view B.

Concave shear has been eylindrieally ground on the long sides of the die of Fig.
4-16 (4), which produces a rectangular blank. The punch first cuts along the short
s!des of {he blank, and at these locations the punch is supported as it cuts the long
sides toward their centers. The stock is held more securely than by first cutting the
long sides, with the shear ground on the short sides of the die, If the blank is round, &
scries of sealloped or wavelike ghear areas should be ground on the die. The amount
of shear varies from less than 1¢ for heavy ferrous material to 2 for thin stock, Flat
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s will also be produced by a die with convex shear [Fig. 4-16 (B}, but the upper
:!a,:‘tnl; thle‘ die sectirz)m will be xieak, The punched-out metal Fig. 416 (C), (D), (B)]
will be distorted, but the stock will be flat. .

Tn the die shown fn Fig, 417, flat arcas around the corners at D provide a level
support for the stock and prevent its slippage at th'e time of punch engagemen.
Tith the amennt of shear B and angle of shear 4, cutting progresses from the outside
to the center, produeing a fiat blank.

(> I ez
|
T o

N K Clearance or drat? ongle

Bent.
Flot blonk stig T gy
{4) Concave shear an {B) Convex shear on {C) Concave shear on
die die punch

7 % 7

» g~ Bent slug /

) Plercing punch with (B) piercing punch with
bolanced 2-point one-way sheor and
shear therefore unbalonced

Fre. 416, Use of shear on dies and punches (exaggerated views).

Shear location is determined by confining distortion to unwanted metal: grind shear
on the die if & fiat blank is required; grind shear on the punch if the punched-out metal
Is to be serap,

Shear is sometimes applied to  die for the purpose of forming a portion of the blank
to the required shape. The die illustrated in Fig. 4-18 produces the clip shown at the
right.  The angular portion of the punch strikes the strip first, shearing the tongue of
the picee part and simultaneously curling if, When the Aat part of the punch con-
tacts the strip, the tab of the part is blanked out. The angle of the punch must be
determined by trial and error, ~ After it has been established, » gage is made for use in
future punch-sharpening operations,

PONCHING AND BLANKING PRESSURES

. The formula for the pressure P required to punch or blank 2 given material, assum-
ing there is no shear on the punch or die, is
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P = SLT Ib for any shape of aperture @

or
P = 8zDT Ib for round holes (24)

where § = shear strength of material, psi
L = sheared length, in.
D = diameter, in.
P = thickness of material, in.

=

-
’//

Flat area ot
each corner

N J

View XX

Frg. 4-17. When shear is applied so that the die f
ot ie face is concave, cutting progresses from

Tn]gllznkmg or piereing pressures for various materials can he caleulated with the aid of
gressurcs required to pierce round holes up to 2.5 in, diameter in various thicknesses
t,i‘n Mgnf,es of sheet steel having a shearing strength of 50,000 psi ean be taken from
‘able 4-8
Blanking or piercing pressures for various materials can e determined from the
nomograph (Fig, 4-19). Shear strength of some metals s listed in Table 4-0.

E:
s ml_lé::;;l]eetglgzn Material, 245T aluminurm, 0.051 in. thick. Part is to be blanked with
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16, 4-18. Angular part of punch shears tab of the part and eurls it, then the flat part of the
puneh blanks the completed plece.t

£ 1000 100 100
£ 80 90
£ DB P F
[ 800 [ 60 t- 80
- 0.600 k40 70 F200
I 0.500 30 Lc0
F 0.400 Lao L
~ E-50
0300 ﬁ F 1000 3 i
- 10 L F40 i
g £ 500 [ oo
L 0200 Ee - 300 - 90
1 b 200 30 [ 80
F4 L Lo
-3 i 300 r l;-
£ 0400 -0 60
b £ 50 (20
- 0020 £ E E-50
o ) - 30 - 4
- 0.060 F F 20 L
0 [
F 0050 ¢ 5 o= - “
0040 T T ~EQ8- T [
JRos =~ b 5 ~30
- o3 _ 10
0.030 Cy 3
02 o [g
E 0020 F ( [y =20
" - [
f 3 of Scale3 [‘6
g Pressure £ I
- 0016 005 In tons £s
0008 003 F4
F 10
0.006 002 L 9
t 0005 3 8
- 001 N 7
L Scale 2 - Lg
Scale | Area of shear -2
Thickness of stack  Square inches Scale 4 Scole 5
In inches Shear length  Shear strength
In inches LOBOIb per sgin,

Fra, 419, Chart for determining blanking pressure.t
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.8, PRESSURE, TONS REQUIRED TO PIERCE ROUND HOLES IN STEEL
TABLE 45 P 'OF 50,000 PSI SHEAR STRENGTH

Hole sire, in.

Metal
thickness
Gomehin Lol oy gy o 06 | 30| 3] 1 im. 134 [ 136|136 156 136 176 2 | 236 204 | 23| 2ps
(28) 0.0149 [0.15(0.20]0. 44| 058} 0.73} 0.88f 1.0[ 1.2) 1.3) 1.5[ 1.6] 1.7} 1.9| 2.1} 2.2) 2.8) 2.5/ 2.6/ 2.8/ 2.9
(27) 0.0164 |0.16(0.32/0.48] 0.64[ 0.80( 0.97} 1.1 1.3] 1.4 167 1.8 1.0} 2.2 2.2) 2.4) 2.6] 2.7/ 2.01 3.04 3.9
{26) 0,0179 (0.17/0.35/0.53| 0.70( 0.88| 1.05} 1.2 1.4] 1.6| 1.7| 1.9} 2.1 2.3) 2.4) 2.6] 2.8 8.0/ 5.21 3.3} 3.5
{25} 0.900 [0.2610. 410,611 0.82{ 1.02) 1.23) 1.4) 1.6} 1.8) 2.0) 2.2 2.5 2.7) 2.8) 3.1 3.3 3.5 3.7 3.9 4.4
(24) 0,023 [0.23(0.47/0.701 0.94] 1.17| 1.41] 1.6] 1.9y 2.1| 2.3] 2.6) 2.8/ 3.0} 8.3/ 3.5 3.7) 4.0 4.2] 4.4/ 4.7
(23) 0.0269 0.26/0.53(0. 79| 1.06] 1.32) 1.68 1.8) 2.1/ 2.4/ 2.6§ 2.91 8.2 3.4) 3.7) 4.0) 4.2 4.5 4,7 5.0] 5.3
(22)0.0209 10.2010,50(0.88| £,17) 1.43( 1.76] 2.0 2.3] 2.6| 2.9 3.2{ 3.5} 3.8| 4.1| 4.41 4.7) 5.0} 5.3( 5.6 5.8
(21)0.0320 |0.32(0.64]0.97| 1.28] 1.62{ 1.04| 2.3| 2.6) 2.9/ 8.2/ 3.5/ 3.9| 4.24 4.5/ 4.8} 5.2} 5.5 5.81 6.1} 6.4
(20) 0.0359 {0.85{0.70/1.06| 1.41] 1.76| 2.11| 2.5/ 2.8} 3.2) 8.5 3.9| 4.2| 4.6} 4.9/ 5.3) 5.6 6.0/ 0.3 8.7 7.0
(19) 0.0418 |0.42]0.82(1.23) 1.64| 2.05| 2.46] 2.9/ 3.3| 3.7 4.1 4.5/ 4.9/ 5.3/ 5.7) 8.1) 6.8) 7.0/ 7.4| 7.8 8.2
{18) 0.0478 [0.47}0.04]1.41] 1.88] 2.35] 2.81| 3.3] 3.7) 4.2) 4.7] 5.2| 5.6 6.1| 6.6] 7.0 7.5} 8.0 8.4 8.9| 0.4
{17) 0.0538 |0.53(1.06[1.58| 2.19) 2,641 3.17} 3.7| 4.2{ 4.7) 5.8| 6.8/ 6.3] 6.7/ 7.4| 7.9 8.4 0.0] 9.510.0120,6
(16) 0.0598 (0.50(1.17]1.76] 2.35 2.03| 3.52| 4.1{ 4.7] 5.3 5.9| 6.4| 7.0 7.6/ 8.2/ 8.8 9.4/10.0[10.611.1|13.7
(15 0.0073 [0.66(1.32(1.98] 2.64| 8,30 3.96/ 4.6/ 5.3] 5.9] 6.6/ 7.3/ 7.9] 8.6 9.2{ 9.910.8/1,2/11.9/12.5/13.2
(14) 0.0747 [0.73]1.47}2.20] 2.93| 3.67) 4.40) B.1) 5.9| 6.6} 7.3) 8.1 B.5| §.5/10,3)11,011.7)12,5/13.2{13.9)14.7
(13)0.0807 |0.88]1.76i2.64] 3.52| 4.40) 5.28) 6.2 7.0| 7.9| 8.8 9.7/10.6/11.4}12.3/13,2/14.1/15.0115.8]
(12 0.2046 [1.03)2.05(3.08| 4.11f 5.13| 6.16) 7.2( 8.2] 9.2110.8(11.3(12,3/13.3(14,4|15.4/16.417.4/18.5
{13) 0.1196 11.17)2.353.52] 4.70) 5.87) 7.04) 8.2) 9.4110.811,7)12.9)14.1115.3)16.4117 6/38.8120.0021.1
{10 0.1345 [1.32(2.64(3.96] 5.28) £.60] 7.92] 9.2(10.6(11.0y13,2{14.5(15.8]17.2/18.5(10,8[21,1|22.4]23.8
(9) 0.1405 [1.47|2.93/4.40( 5.87] 7.34) 8.80/10.3111.7|13.2(14.7)18.1|17.6(19.120,5(22.0}23. 525.0/26. 4]
(80,1544 [1.61(3,2304 84) 6.45] 8,07} 9.60111,3112,8]14.6116,1117.7119.4121,0122.6124 2(25.8127.4120.0(30.6)32
(7) 0.1793 {1.76/3.52{5.28] 7.04| 8.80{10.56[12.3(14.1]15.8]17.6/19.4[21,1{22,6[24. 6125. 4|28, 1130.0(31,7(33.4/35.2
(6)90.1043 11.01)3.81(5.72| 7.63] 9.54(11.4413.3(15.3{17,2{19.1{21.022.9:24, 8/26.7|28.6|30.5[32.4134, 3]36.2198.1
(530.2002 (2.05/4.11(6.16 8.21]10.27|12.32{14.416.4/18.520,5/22.8|24. 6/26.7(28.7]30, 8[32. 8135, 0j37,0[39.0}41.1
(41 0.2242 12,2014.4016. 60| 8.80(11.00(13.21{15.4{17.7(19.8122.0(24.2(26 4128 .6{30.8]33.0135. 2(37.4139.6141 .8 44.0
(30,2301 [2.35/4.6917.04) 9.39/11,74(14.08716.4/18.821.1/23.5|25. 8|28, 2/30. 5|32.8135.2/37.5|40.0/42.2(44.6/46.9
0.250 [2.45/4.9117,36] 0.82(12,27/14.73(17.2/10.7(22, 1|24, 5/27.0(20 4131, €|34.3(36.8130.2{41,7(44.2146.6(49.1
0.2812 |2.76;5.52/8.28(11.04|13.80(16. 56/19.3(22.1{24.8/27,630,4/33, 1135.9(38. 6|41 .4(44. 1}47.0}497|52.4{55.2
27,0303 7 0.4162.9l¢6 0o 1162 1155 2s Am 3

.31 "« 7181 in gl |l2 278 A‘v 4 Iﬂ 24,

[

1. Length of sheared edge = 9.42 in., (xD).

2. Find 0.051 on scale 1 {at point 1) and 9.42 in. on scale 4 (at point 2).

3. Connect points 1 and 2.

4. The line ting points 1 and 2 inf: ts scale 2 at 0.480, or point 3.

5. From Table 27-3, it will he seen that the shear strength for 248T is 40,000 psi.

6. From point 4 on scale 5 {representing 40,000 psi) draw a line to point 3 on scale 2,

87. The line ing points 3 and 4 jnt seale 3 at point 5, giving a reading of
0.8 tons,

When the above problem is caleulated with the formuls P = SLT/2,000, the result
i99.6tons. The error in reading the nomograph is not important, heeause an error of
5001b would not impose an excessive load on the press, considering the factor of safety
used in the design of such equipment,

Pressures in pounds per linegr inch of perimeter, for piercing or blanking operations
for thicknesses of various materials up to and ineluding 0.250 in,, are tabulated in
Table 4-10,

The shear strength of various nonmetallic materials may be taken from Table 4-11.

SHRINKAGE ALLOWANCE FOR BLANKING HEATED PHENOL
FABRICS AND PHENOL FIBER

Iq general, the expansion coefficient of phenol fabries and phenol fiber is 0.00003 in,
per inch per degrec centigrade ehange in temperature or 0.0000167 in. per inch per
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degree Fahrenheit change in tempereture, When this materjal is blanked or per-
forated hot, it will in most cases shrink by the above smount,

TABLE &9, SHEAR STRENGTE, PSI, OF VARIOUS MATERIALS!

{draw to SOO°F znd

st (dravn W

170 O'IJ cltimate z
180,09 tltimate texlle streng

Nonlerrosz Mate:

Alnmisumend 2! 2i-3} Hickels
3,007 cltimate tenslle smn:lh 52,200
ensile t! 75,3

Iecopel (nv-hl—rbmz:urxm-u
42,9 0,00 altieate tenddle
5,201 90,00 uhimzte tensile strength
e sirenzth
z L} 65,200 115,000 uitimate tensle
1aa emu-.mf e enath..| 98,700 | 140,090 climate tealle streagih
199,09 uhimate te
175,000 altimate

SEANSDR
83838338

wile strength

STRIPPING PRESSURE
According o veports reeeived from reprecentative metal fabricato
sure vzries from 254 to 20 per cent of the blanking and/or pie
formulz frequently used is

stripping pres-
pressure. A

P, = 3500 LT ®

where P, = stripping pressure, b
L= perimeter of cut, in,

28 a Tough guide, but it cannot be clozely relied upon,
beeause of the mzny other variables which are extremely difficult to evaluate:
1. Angle and roughness of the fracture
2. Ratio of hlzn}; length te width
3. Condition of punch and die eutting edges
4 Die clearance
5. Lubrication of punch
d 6. Distance hetween holes, slote, and notehes; or hetween notehes and the sheet
I!F'
. Punch surface eondition: {a} ground; (b) unground; (¢) direation of srinding or
lapping; (d) plated or unplated
8, Number of hales
9. Amount of stock Jeft around punched or blanked piece
), Grade 2nd kind of matarial
Shear ground oo the punch or die will reduce the Hlanki ing pressure hut will not
afiect the stripping pressitre.
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T punches are stepped one-half of the metal thickness or more, the total blanking
pressure will be reduced as follows:

Punches on two levels, divide by 2.

Punches on three levels, divide by 3.

Punches on four levels, divide by 4.

TABLE 4-10. BLANKING PRESSURES, POUNDS PER LINEAL INCH,
FOR VARIOUS MATERIALS

Steel Brass
Thickness of lx\‘iu‘:‘sc Nickel | Pern- I;}lxlisr
stoek in | g | Lowe nove | sitver | elloy | (PO
e Silicon Soft | Hard

carbon { carbon

0.0156 1,404 780 | 1,170 624 837 | 1,232 824 546 675
0.0171 1,530 850 | 1,282 684 018 | 1,851 003 | 595 60
0.0187 1,083 940 | 1,402 748 | 1,004 | 1,477 087 | 615 841
0.0218 1,962 | 1,090 [ 1,635 §72 | 1,170 1,722 1,151 770 981
0.0250 2,250 | 1,250 | 1,876 ] 1,000 | 1,342 | 1,075} 1,320 875 | 1,128

0.0281 2,520 | 1,408 | 2,107 [ 1,024 1,508 | 2,220 | 1,484 980 | 1,264
0.0312 2,808 § 1,560 [ 2,340 | 1,248 | 1,675| 2,405 | 1,647 | 1,085 | 1,404
0.0343 3,087 | 1,715 2,672 | 1,372 1,842 2,710( 1,811 | 1,180 | 1,543
0.0375 8,375 1,875 ( 2,812 1,500 [ 2,014 | 2,962 | 1,980 [ 1,312 | 1,687
0.0437 3,033 | 2,185 3,277 1,748 | 2,347 3,452 2,307 | 1,540 | 1,966

0.0500 4,500 | 2,500 3,750 | 2,000 | 2,685 3,950 | 2,640 1,750 | 2,250
0.0562 5,058 | 2,810 | 4,215| 2,248 8,017 | 4,440 2,567 | 1,960 | 2,520
0.0625 5,625 | 8,126 | 4,687 | 2,600 | 3,356 | 4,008 | 3,300 | 2,187 | 2,812
0.0703 6,327 | 8,515 5,272| 2,812 3,775 | 5,554 3,712 | 2,480 | 3,162
0.0781 7,020 | 3,905 | 5,857 | 3,124 | 4,194 [ 6,170 4,124 | 2,710 | 3,514

0.0037 8,433 | 4,700 | 7,028 | 3,748 5,032 | 7,402 | 4,947 |3,200 [ 4,216
0.1093 0,837 | 5,465 | 8,198 [ 4,372 | 5,800 | 8,635 5,771 3,815 4,918
0.1250 11,250 | 6,250 | 9,375 5,000 | 6.712| 0,875 | 6,600 | 4,375 | 5,625
0.1406 12,654 | 7,030 ( 10,545 1 5,624 | 7,550 | 11,107 | 7,424 | 4,035 | 6,327
0.1562 14,058 | 7,810 | 11,715 | 6,248 | 8,388 | 12,340 | 8,247 | 5,460 | 7,029

0.1718 15,462 | 8,598 | 12,885 | 6,872 | 9,226 | 13,572 | 9.071 | 6.020 | 7,731
61875 10,875 ( 8,808 | 13,762 | 7,500 | 16,069 | {4,612 | 9,900 | 6,662 | 8437
0.2031 18,279 | 10,155 | 14,062 | 8,124 | 10,906 | 15,045 | 10,723 | 7,075 | 9,13
0.2187 19,683 | 10,935 | 15,232 | 8,748 | 11,744 | 17,277 | 11,547 | 7,067 | 0,841
0.2343 21,087 | 11,715 [ 17,672 { 9,372 | 12,582 | 18,510 [ 12,371 | 8,190 | 10,543

0.2500 22,500 [ 12,500 | 18,750 [ 10,000 | 13,425 | 19,750 | 13,200 | 8,760 | 11,250

TABLE 4-11. SHEAR STRENGTH OF VARIOUS NONMETALLIC MATERIALS

Material Shearing strength, Matetial Shearing sxktrength,
e

Asbestos board... 5,000 Leather, rwhide. 13,000
Cellulose aoctate, 10,000 Mica 10,000
8,000 Paperk, 6,400

18,000 Bristol board. 4,800

20,000 Pressboard... 3,500

Leather, tanne 7.000 Phenol Fibert. 26,000

; g;,: JL"QZX s;:!;:iie m}:z»tllmlf value shown for shearing streagth.
SCRAP ALLOWANCE FOR BLANKING

Th:: opbimum_ strip stock layout for blanking and perforating operations will provide
sufficient material around the cutout to prevent distortion in the blank or scrap stock.
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lgmane prodides en edequate erea to suppat o Bald dewn the siefp during

i or errsp allswaness have heen standardized by a lorgs
a:f gre licted in Teble 412,

% chnnld be gven in thn‘t" eonds of an inch or larger; the

en fn thouzandths of ¢k, The serep sliowences given

ez blar 2 exceptionzlly large, 2 greater amount of

le may be 16 per cent of the serap allvwance less

it
thzr. cal ﬁlz?w‘ z'mm the t;b!e

TEBLE 4-12. SCRAP ALLOWANCE FOR BLAVEING

Wken lenmth of skeleton segment
g 0% 13 betweer. blacks or along edge is
equal 16 67 {ess thes 27, greater then 217
|
Between Between
blanks, | Edeef | “pnp.
s 0¥, 1 E;ZJCE | pamms row,
o j | Blask i Ty
Hrjéa Al Ho-the | Hrihe
| Ted: e My Trder6.052 Y, He
| Akova (. EE‘Z T T Above(.062 T T
' AL 0AT*or  |04T*or AR GAT*6r [ GAT* or
| LG40 540 min 0.046 min | 0,040 min

[ 0.650 [ UnderG.044)  0.059 0.050
[ 6.0
957 677 Abore0.03451 0.4 .57
0.660 %.050  |Tnder0.033)  0.060 0.05
1.4T 1.2T 2bave0.632| 18T 1.6T

erd week sezay
shelgtns

Sunel roz thrangh G.020 6.0507 | Under9.0321  0.040 0.050f
AT 16.040 | 6.0950.04) 18T 0.040
1.4T 697 Sbovel,04¢| 18T 0.97
6660 0.956* | Teder .0 .60 0.050%
14T L4TF | Aboved.033] 1.8T 1.8TF

06T er | 06T*ar A 06T* x| 0.8T* o
0060 in | G.060 min 0,060 i [ 0.060 win
.66 6050 A Tt T3
e He Urder.03L] Y, Yo
27 T Above(.031 7 27

0,080 iz | 0.060 colns | Under 0,033 | 0.060 min | 6,050 min
1.4T 1.4T Above0.033) 12T 1.87

08T*or [ 0.8T*or AR G8T*or 1 0ET*or
0,056 min i 0.650 tiny 0.030 win § 0.020 min

#vwess Blaoks of frst znd seennd rows,

:b treen blanks e then four times the thick-

ferences
1. Beed, E. 4.2 Progress Planning for Preszed Metal Manufarturing, General Metors Inst,
:, 1640,
2 b I W.: The Theory 2ad Practice of Pressing Alaminum, The Tonl Engineer,
Jone, 1945-July, 1940,
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American Society of Tool Engincers: * Tool Engineers Handbook,” McGraw-Hill Book
Company, Inc., New York, 1049,

Paquin, J. R.: Why Shear Is Applied to Dies, Am. Machintst, Aug. 25, 1949,
“Engineering Standards Sheets,” Sperry Corp.

TPaquin, J. R.: It's Basy to Calculate Die Clearances, Am. Machinist, June 16, 1949,
Sergennt, E. V.: Am. Machinist Reference Book Sheef, Jan. 15, 1948,

University of California: Am. Machinisi Reference Book Sheet, June 22, 1944,

*“Tool Engineering Reference Sheets,” International Business Machines Corp,
Dowd, A. A, and F. W. Curtis: “Tool Engineering,” McGraw-Hill Book Company,
Ine., New York, 1925 (out of print). i
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52 CUTTING DIES

Typical Single-station Piercing Die. One large munufpctur‘er clussiﬁes t?m di.“
shown in Fig. 5-1 as a typical piercing die. General speclﬁcathns included in this
manufacturer’s manual of tool engincering are nutcd. on 'ﬂle dra\}'xug. .

Magnetic Locating Piercing Die. The die shown in Fig. 5-2 pierees one 04(!937-1114-
diameter hole only, in a keyboard lockout detent part of quarter-hard 0.031-in, cold-
rolled steel which has been previously blanked, slo!,ted, and fnrmu_:d‘ TFour permanent,
magnets (D2)* in hronze hushings (D1) huld.the piece part after it has been located on
the gage pins (D3). These gage ping are set in removable blocks (D4, D) so that f,h.cy
may he relocated after the die has heen sharpened.  As the ram de_sccnds, a positive
locater or wiper contacts the cam block (D5) and hqlds the work'ngamst phe side of Phe
die as the puneh picrees the 0.0937-in. hole. Nominal punch diameter is 009455 in.,
allowing 0.00085 in. for punch wear,

o194 > |<;~
4
#7000 [y
JI‘ s
m»la

¥ia PEfor
Q magnels det No.2

Bronze bushing
Magriet

+0.0000
~0.0003

" - o
S e > 085 38
‘s:%:u ¢ ot N §§
L.;’”E/:' Entarged Enlarged B3 5
’ 38 5
@(4}Bron2e Plan of die "E"S 3
to.s Y.e0
v N She B TR Ny
"% g § plIsty wia
Y oy FRR b |
S g 2 I s W
Iy Y o q i
3 # ¥ ) Flat 7
3 I8 M | T
oy _ = i ? Locafing pins
T ne i i:j L ;“i q it here
Sy i - 7084
Piece part

Material Q0300032 (R} hard seled!
Tre. 5-2, Magnetic locating piereing die. (A’ulz:anal Cash Begistir Co.)

* D indicates detuil nutmber on drawing,



PIERCING AND PERFORATING DIES b-3

Die for Piercing and Slotting a Key. Two end slots, two holes, and  central slot
are separately cut by punehes (D3, D2, D3) at one press stroke fu the dic shown in
Fig. 5-3. The workpiece is held in nests (D4, D). The two punshes for notehing
the end slots are heeled (section 4-4), A cam siripper (D6 is provided whieh is
bushed for the guide pins (D7, D8).

— Plan of die
i 0
il 1IN T
A 2 . -

il

—
N
s

T R 8
| -

o

1

4

Piercing die forkey
¥1a, §-3. Die for plercing and elotling a keyt



b4 CUTTING DIES

jercing Die for Press Brake. This dic (Fig. 5-4) is one of several set up in o preg
hr:l:r;;gga number of operations on steellstrip used in blank books. A spcciu!]y
designed feeder (not shown) facilitates strip mpvemcnc betw.een the §enes.of dies
which constitute a progressive arrangement of 'mdepen‘dent glngle-stntlon. dlmsY any
one of which can be removed from the brake without disturbing the remaining dies,
Strip stack is positioned by guides (5) and removed from the punches o, D2, 3)
by a stripper (D6). The die seetions (4) are of split design for case of grinding and
construction.

5t

on
i

1

=37 @060

E‘Iv 455
&
Tﬁg ek

‘ 0)
HIHIE s resss
@ - *FH{:%

Die section Punched strip stock
Fra. 54, Single-station piercing dic for a press brake. (National Blank Book Co.)
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Partly closed
Fia, 5-5. Tube-piereing die. (0 H. Mathisen, ASTE)
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Tube-piercing Die. This die (Fig. 5-5) picrees tubing without inside support, sueh
asamandrel or horn.  Spring-loaded upper and lower pads enclose and clamp the gyj.
side diameter of the work, hefore the epposed punches pierce the holes from the oyt
side. 'This design results in slight depressions around the punched holes; countersunk
or embossed (flanged) holes may be produced with suitable punches,

Sectional Slot and Pierce Die. A light-gage (0.0165-in.) aluminum eup is radially
slotted and pierced to close tolerances in the die shown in Fig, 5-6, Seven closely
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T1a. 57, Inverted pierce dic, (Harig Mfp. Corp.)
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spaced punches (D3, D4, D3, D6), four 0.089-in. diameter, one 0.169-in. diameter, one
0.1885-in. diameter, and one 0.4385-in. diameter, are well guided by the combination
stripper plate and pressure pad. Pressure is applied to the plate by a spring through
shedder pins. The piercing and slotting puches are backed up with a bardened
sieel plate. -

Slotting punches and dies (D1, D2) are of sectional design to facilitate construction
and sharpening.

Inverted Pierce Die. A stainless-steel (0.031-in. deep-drawing quality) drip pan is
held on a spring-loaded horn (Fig. 5-7, D3) by flat springs. A spring-loaded shedder
pin (D2) pusbes the oval slug out of the tnverted die (D1). There is some extrusion
(Aanging) sround the oval hole.

Piercing Holes of Less Than Stock Thickaess. Eight holes, somewhat closely
spaced, whose diameters (0.125 and 0.093 in.) are less than stock thickness (0.156 in.)
are punched in stainless steel in the die shown in Fig. 5-8. Intermeshing sleeved
punches (DY, D2, D3, D4 eosure maximun rigidity and support for the entire length
of each punch. A manual ejector (D3) is used.

. 0I25dio-2holes
QIS5 CRS/ 0093 dia-6 heles
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IR v 530"
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Fig. 58, Piercing holes of less than stock thickness.t
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Side-piercing Cam-actuated Die, Horizontally operating eaws are frequently yseg
when the shut height of a press is Emited or when it is necessary to pierce two or mo:
holes whose center lines are not parallel. In the die shown in Fig, 5-9, three sidc
(“dog-leg"") eams (D)1) transmit, pressure to the side-piercing punches (D3). A sin |§
cam (D2) operates two opposed slides (D4, D5). 'These slides drive punches (l)gu)
through pivoted arms (D7) shown in section B-B. The sliding punch-holder black
setuated by the arms are returned to the open position by springs, The work i:
removed from the locating post by three stripping hooks (D8) attached to fhe
upper shoe.

Stock material~ 0,032-in.
dead soft steel SAE I010CR.

N ®
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g Section BB
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) o Section AA
16, 5-9. Side-piercing cam-nctuated die. (Harig Mfy. Corp.)
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Combined Vertical and Side-piercing Die for Heavy Stock. Sliding punch blocks
(Fig. 510, section A-A, D5), to which eight horizontal punches (D13} are mounted,
are actuated by vertical eams (D2), which are backed up by heel blocks (D3). Hard-
ened wear plates are provided for all wear surfaces of moving parts of the cam assem~
blies. The bali-ock punches are held by retainers (Fig. 5-104, seetion B-B, D11,
D12). The punches enter dic buttons (Fig. 5-10, section A-4, D1) and ecut four
0.406-in.-diameter holes in the flanges at each end of the part, an automotive-trans-
mission support (Fig, 5-10C). Spring-loaded strippers (Fig. 5-10, seetion A-A, D4)
strip the ends of the part from these punches. Three vertical punches (D%, D10)
shown in seetion C-C, Fig. 5-10, cut oval holes in the middle of the part. A double
pry-har asseubly (Fig. 5-10B, D7, D8) taken as & section through D-D, Fig, 5-10,
raises the center part, of the part out of the die as the operator pushes » handle (Fig.
5-108, D6} downward,
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Tie. 310, Combined vertical and side-piereing die for heavy stock. (Buich Division,
General Motors Corp,)
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Section BB

5-10

T1a. 5-104. Section B-B showing punches and retainers.

T16. 5-10B. View showing ejector mechanism.
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5-12 CUTTING DIES

Cam Die for Perforating 1,080 Holes, Six holes of 1%, in, diameter and 1,074
Toles of 3{¢ in. diameter are picreed ontwardly in a c)_’lindrical tub by the die whoge
plan view is shown in Fig, 5-11.  An indesing mechanism rotates and locates the ty}
so that a total of 180 holes are perforated every 80° Two cam blocks (D2, Tig,
5-11B) carrying punch holders (D4), each equipped with 80 punches (D11), ang
strippers (D2), are located inside the tub. Two sliding die blocks (D5), actuated by
right- and left-hand cams (D1), each carrying 90 die ‘buttons (D6), slide inwardly,
Six holes {134, in, diameter) are cmbossed as well as pierced per complote revolution
of the ball-bearing indexing and supporting table (D8) for the tub. A spring-loaded
pad (D3, Fig. 5-11B) clamps the tub. Spring pins (Fig, 5-114, D10) locate the tul to
the index plate or table.  Felt washers (DY) retain lubricant for the revolving indexing
table. A heel block (D7, Fig. 5-11B) takes the side thrust of the right and left vertieal
cams. One automatic eycle of six press strokes per minute in a 300-ton Verson
mechanical press pierces ali 1,080 holes, Other views of the die blocks and punch
plates are shown in Fig. 5-11C, scction A-4, The part is the inner tub of an auto-

matie washing machine.

I

0f
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=

Plon of die Plan of punch
Fi1e. §-11. Plan view of am die for perforating 1,080 holes. (Maylag Co.)
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CUTTING DIES

614

.

Section BB

Fta. 5-11B. Section B-B of Fig,

5-11
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Die block

Punch holder
Fra, 5-11C. Punch-and-dic blocks of cam die shown in Fig. 5-11.
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Universal Holder for Piercing Single Holes, Punch dismeters frum Vg to % in.
are mmmom#d in punch unitz (Fig. 312, 115}, For detells of thee: units ese Fig.
D1, D2, 1) elamp the work, end hrarkets (D8) support
Shffit ar 5171‘;1 dok, T dlm is wsetul for ghort-run pumhmg of various shapes
(Fig. 5124}, The fustration ehows the jews in various poritions ty Joo
blankz on the die.
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(A) Typical set-up to pierce {1 kole in irregular blank

(€) Typical set-up 1o pierce (1) hole in irregular blank

Fie. 5-124. Typical setups for piercing in universal holder of Fig. 5-12.
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This dis desizn (Fiz, 513)
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Fre. 5-13. Universal dis for pleceing multiple holes.  {General Electric Coy
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&
Jr‘i/{ and mﬁ:(&) $

holes

Drifl and ctr bore 0.378"dia.ream
16) otes - /{7 holes
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Fia. 5-13B. Assembly of interchangeable elements of die shown in Fig. 6-13.
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Die for Piercing Round Cold-rolled-steel Rods. According to the designers of the
die llustrated in Fig, 5-14, holes whose diameters are 40 per cent of the rod diameter
can be punched with some slight bulging of the rod, provided that the center of the
hole is not less than stock thickness (rod diameter) away from the end of the rod,
Both the die button (D1) and the punch sleeve (D2) fit the outside of the rod. Two
limit pins (D3) check punch overtravel, and heavy stripper springs (D4) minimize rod
distortion. A $¢a-in. hole is picreed 3{¢ in. from the end of 3{¢-in. rod,

Die for Piercing Small Closely Spaced Holes. Conventional design of small indj.-
vidual punches for the custing of the twin slots in the part (Fig. 5-15) would inevitably
result in their frequont breakage. Both sets of piereing (D2) and slotting punches
(D1) are inserted in upper and lower intermeshing sleeves, The win slotting punches
are contained in upper and lower halves made in three pieces and are assembled with
2 ring {D3) to keep them togethor.

Cutting Slots Narrower Than Stock Thickuess. Buckling of the thin blade of the
sleeved punch (Fig. 5-16, D1), equipped with & hecl,
is prevented since it enters the die button before the
slot is cat.  The gage plate (D2), 0.004 in, thinner
than the workpiece, allows the stripper plate to
clamp the work firmly, so as to prevent distortion
of the part on both upstroke as well as down-
stroke. Punch travel is controlled by a limit stop
pin {D3).

Part, 0.160"C.R S,
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Fic. 5-16. Cutting slots narrower than stock thickness.!

. Die for Cutting Holes in a Bent Part, A die such as the one shown in Fig. 517
incorporates acenrately guided punches to minimize punch breakage on the down-
stroke. The pary closely fits the die (D) so that, with the help of stripper pressure,
there will be no spring-back of the part or punch breakage on the upsiroke, The
stripping action is severe and additional cushioning springs (D4) are provided to pre-
vent hreaking of the stripper holts (D3). Heavy springs (D2) enable the stripper
(D1) to clamp the patt to the die, but its pressure would be insufficient to stop spring-
back if the part and die were not well mated,
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MISCELLAKEOUS SLOTTING, NOTCHING, CUTTING DIES 6-23

Cam Die Design for Accurate Punching, Precise alignment, of holes in the work-
piece (for shaft bearings) is ensured by the use of guide ping (Fig, 5-18, D7) as well as
sleeved punches (D). A spring-loaded pad (D1) clamps the work }Jefore the cams
(D13} actuate the slides to which panch pads (D5) are .fa_ste.ned. . Spring-loaded strip-
pers (D2) strip the punches. The heel block (D4) minimizes side thrust of the eam,

7/

N

sé@.ﬂiﬁi‘s
.

Single knockout die Double knockout dig
Fig, 5-19, Single and double knockout dies. (Generel Electric Co.)

MISCELLANEQUS SLOTTING, NOTCHING, AND CUTTING DIES

Kuockout Dies, Typical single and double dies for producing knockouts in conduit
hoxes, enclosing boxes, and similar products are shown in Fig. 519,

Bumper blocks between the punch holder and die shee (Fig. 5-19, single knockout
die) Himit the punch penetration to a predetermined depth. To ensure & clean cut
around the knockout periphery without unduly straining the holding tabs, penetration
is limited to the minimum depth that will aliow daylight to be seen around the edge of
the cut.  This usually requires 4 minimum penetration of about two-thirds the mate-
rial thickness or more,

Knockout slugs should be readily removable from the outside of the box; 50 care
should be exercised to see that the material is pierced from the proper side in view of
subsequent operations, On single knockouts, the slug should he pushed toward the
inside of the box. For double knockouts, the outer ring is pushed toward the outside
of the box, while the center slug and the halance of the blank remain on the same plane,

Die clearance in knockout dies is generally reduced Yo one-half the customary clear-
anee for pierce dies.  Thus the clearance hefsween puneh and die is ebout 3 per cent, of
the material thickness per side when cutting medium rolled steel. A flattening apera-
tion Js used to force the knockout elug or ring partially back into the material, This
con be combined with subsequent forming operations or may be performed as an
individual operation, In genersl, the slug or ring is foreed hack till it protrudes &
maximum of one-helf the material thickness for materia] 14, in, thick and under, and
a maximum of 14, in. for heavier materials,

Holding tabs bridge the knockout slugs to the parent metal. Tabs are produced by
providing matehing grooves in the punch and die periphery which do no cut the mate-
rin at these points.  Figure 5-194, upper view, shows two tab shapes commonly used.
The straight tah is preferred, because it does not work the material so severely and
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X= Moteriol thickness os @ minimum ‘Bridge section deformed buf nofcut
Common holding tab shapes. Square tabs preferred

~ § ;o 7 1/W
"
5

Tabs for double knockouts
Fio. 5-194. Tab shapes and sizes of knockouts commonly used. (General Electric Co)
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5-26 CUTTING DIES

therefore can be made smaller.  The width of the straight tab is made to a minimun
of the material thickness.

Holding tabs for double knockouts must De so located that the inner slug can be
removed without loosening the outer ring. In addition, more tabs are used in the
lnrger sizes. Figure 5-194, lower view, shows recommended location and number of
straight tabs in double knockouts of various sizes. In the case of single knockouts i
is customary to use one holding tab on diameters up to 134 in., and two tabs on larger
diameters.

For small-lot prodution, a knockout die may be used to et different thicknesses of
naterial, o which case specific rules are followed to establish die elearance and widih
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Section C-C'-
Fic. 6-204. View of upper shoe for louvering die of Fig. 520,
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MISCELLANROUS S8LOTTING, NOTCHING, CUTIING DIRS  §-27

of rirnight tahs.  Far example, a dis made to e materials from Y4 o 3 in. thick
will usc the mean thickness of matorial eut to determine die cenrance,  For mediam
rosted siecl, the clearance per gide would be 8 per cent, of thie menn thicknees, 545 in,,
or0.0028n,  The width of o struight-type tah would he equal 1o the grontest material
thiekness to be eut, or b in.

Louvering Die. Biricily spenking, the dic of Fig, 520 should be clussified with
dies in which eulting and noncutling operations sre combined, 10 % included in this
section, however, as ilfustrative of punch design for the shearing function in fabricuting
Yonvers, Four inverled punehes (1), seeured with serews snd o low-melling-point
alboy, are provided with . cutbing or glitbing edge a8 well sg o Sorning surface, A nesh
plate (“foolpronf” plate, 12) and a locating pin (£2%) position the workpieee, This
die was made to form the same Jouver pattern in four different parts,  One of the purts
is an opposite hand to the ane shown wnd the other bwo are & right- and left-hund pair
with & blank of a different, contour, Tl foniproof nesting plae is turned over and
the locating pins, which are held in place by 2 setserew, are moved (o the opposite
position to make the port of oppogite hand.  For produeing the other two purty,
simifar foolproof plate was made to mateh the contour of the part, and is ueed in the
mume manner as deseribed ahove,

Notching Die, In the die llustrated in Fig, 521, the workpiese is shified by the
handle (DY), allowing 10 slols to be punehiur at each position per stroke, Twenty
elots each .48 in, wide conld not he punched ab ane steoke, gines 20 punches, 1 in,
upart, confer 10 center, could not he moanted in the punedy lilock,
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MaterialiHt,cold roffed steel, 0093
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i ﬁ%

B, 5-21. Notehing die vith lever for shifting viorkpieno.t
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Slotting Die. Bullet-nosed pins are located in bushings mounted on the die slide of
the dic shown in Fig. 5-22. Holes previously punched in the fan-blade stock, of eight
different-sized blades, are engaged by the pins, so thet slots of eight different lengths
but of constant width arc cut by the elongated nibbling punch. Setup tite ang
tooling costs for cight conventional slotting dies are reduced by this die design. There
are four bushings in the forward end of the slide plato, and five bushings in the rear end,
1o receive the removable locating pins. Two pins are placed in the proper set of holes
to position the blank for notching.

A
.

3
N
N 3
Cutting, o
surface ‘l‘:
Section B-B
™ Pune

[

A
% Stripper

N
Section A-A

Removable pin bushing

Kot

m Slide
ik
Blank

Tre. 5-22. Die for eutting eight different-length slots in 4 single setup. Large holea in slide
reduce weight,t
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Tube-slotting Die. Two slots (1% in. long by 0.143 & 0.003 in. wide) are euf. in
the die shown in Fig. 523, to & slot alignment of 0.005 in. in SAE 1137 steel tubing.
Pasitive-return cams actuate slide blocks, which are provided with clamp inserts to
hold the workpicee, The work is revolved sfter the first slot is eut untif the locator
pin enters the slot, thus aligning the tubing for punching the second glot hy the hollow-
ground punch, Turning the key depresses the locating pin and allows parb emoval,

Clomp insert \

Cam ———"""]

Slide block-———
Stop block ———=]
Wear plate

£

il

Locator V / jjﬁ/

i

£

/"
%)

77

Averrrreyrrries
% e

Locator

ey

SN

e
T16. 523, Tube-glotting die,s

- Punch

i

movement

Notehing Die. Two dissimilar notches are cut out of the ends of a box-shaped part
in the i shown in Fig. 524, Cams (D4) actuate internal sliding punches (D1, D2)
on the opposite ends of the die, which leave the burrs on the eutside of the part and
also drive the slugs outwardly to openings in the die hlock and die shoe, Heavy die-
section design ensures long life.  Parts are clamped in the die by a spring-loaded pad
(D2). Production is 500 parts per hour in 2 No, 4 Niagars press,
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Fta, 5-24. Notehing die, {White-Rodgers Blectric Co.)

HORN-TYPE CUTTING DIES

Horn Die for Slotting Tubes. A horn (mandrel) may support 2 tube or shell (Fiy
5-254) during the die-cutting operation. Two notches are cut in shell or tube en¢
with this die. The part is slipped over the locating plug, the upper edge entering
siot cut into the punch, On the ram descent, both notches are cut. The lower siv
drops through the dic; the upper shug is raised flush with the locating plug 2nd is blow
off. The frce end of the work is supported by a rest pad.

Indexing Horn Die for Slotting. Another type of horn die (Fig. 5-258) notehes or
slobat a time, The part is placed over the horn and located by a pilot entering a ho
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precrinusly piersd in the fange of the part. A hardened block iz a5t Inin the horn
and doss the cutting iu conjumetion with the heelod punch.  The part is then pulled
beek znd otated o that the pilot enters the loeating hole,

Horn-type Die for Piercing Shells.  Twn oppos re: accurately located by
the % sliding Iocuting pin in thiz die design (Fi With the sliding plate
k aeed over the horn.
nved Ieft 0 & stop
3 is again tripped
e eonstrietion for dies of $his type.
fercing Die for ells. A die for this purpese (Fig. 5-250)
fionn secured to 20 angle bloek, 4 flat on the bottom of the horn pro-

(4) B

g

]
Fia. a-‘Zi..Hn.m dw (4} eutting two appased notehes in one stroke with only one punch;
(Bj mtehing in relatinn to hole in flange; () vith movable gage pin to lacate second hnle.47
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Hora-type Piercing Die for Large Shells. The die design shown in Fig, 5.258
permits the piercing of shells larger in diameter then the maximum opening between
ram and bolster plate by incorporating & horn which overhangs the bolster plate,
The eccentric punch is well guided for close alignment with the die button in the hom,

)7

Press rom

Stripper

Horn

2,

(D) (%)

Tra, 525 (Continued). Horn dies (D) for small-diameter shells; (E) part overhengs bolster
plate to accommodate large shells.&*

Die for Punching Opposite Holes in & Shell or Tube in One Stroke. This operation
(Fig. 5-264) is done by using the slug from the upper hole as the punck for the lower
hole.  Fracture will be fairly clean, but there will be & burr on the lower side of the
part. A spring stripper contaets the work first, eausing the spring-supported horn to

S

N
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A

., T Stop
Steipper | coltar S//ug
Horn > cleararce
5 hole
Die block-

000

) (B

Fra. 5.-26: Horn dies (4) piercing opposite holes in shell with one punch in one press stroke;
(B) picrcing irregularly shaped shells.”
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bottom on the die block. Further ram deseent results in piereing of the upper and
lower holes. A spring rafses the horn to the Joading position 25 the ram aseends.

Die for Piercing Irregular Shells. A horn on the die shown in Fig. 5-268 is mounted
on an angle plate or bracket so that puneh travel is at a right angle to the surface to be
punched. Cast iron can be used for the bracket if light piercing is involved; cast steel
is used for shells of thick cross seetion, A weldment is not recommended, since it may
not withstand repeated shock.

N\ o \\\\ Sids
NN \\ cam

H W 7
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()
TFig, 526 (Continued}. Horn dies (C) with foating horn and (D) cam-actuated die

Die for Punching Internally Burred Opposing Holes in Shells. A spring-loaded
horn Is provided with a stop to limit hora travel upward on its guide pin in the design
shown in Fig. 5-26C. Punches located in both punch holder and die helder are
stripped, respeetively, by a conventional spring-loaded stripper and a rubber stripper.

Horizontal Cam-actuated Horn Die. A die incorporating horizontal cam-aetuated
punches (Fig, 5-26D) is useful when shut height is limited. The horn is hored out for
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Fro. 5-26 (Continued). Horn dies with hackup block to support horn,?
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slug drop-out, When the ram aseends punch slides are retracted by rods ungy
spring tension. . )

Hora-die Design for Heavy Pressures. In his design (Fig. 5-268) a spring-loadyd
backup block is used to overcome any misalignment due to the overhanging horn ng
severe pressures, On the ram ascent, the backup block returns to the idle position fo
removal of the work. The punch is guided in & solid stripper to further ensyg
alignment,

Horn Die for Long Parts, A swinging horn is engaped by 2 short guide pin aftey
the long workpicce is slid on the horn in the die shown in Fig. 5-20F. The part i
foaded by raising the horn wutil it clears the short guide pin, then swingivg i to gng
side. In the piercing position the horn is supported by solid pads. The long guide
pin could be equipped with & spring and a limit stop at its upper end for case of pary
insertion and removal.

nm,

éZ//'Z’ NJ/?OI‘?‘
; AT i quide
pin et 9 in
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(F)
F16. 5-26 (Continued), Horn die for long parts.”

Die Design for Incorporating Entire Cam Mechanism in the Punch Holder. A
spring-loaded cam plate, in a die of this type (Fig. 5-27), descends ahead of the punch
holder to elamp the workpieoe first. DPiercing action begins when the cam blocks
strike the heads on the punches. Each punch is spring-retracted for stripping.

NN\
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¥tg. 5-27. Cam-piercing die design for movable cams integral with punch holder,  (Destgn
Service Co,)
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L Hdlie holder; Outer die
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Fra. 5-29. Mast lled piercing-and-slotting die.’
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Master-cam-controlled Piercing and Slotting Die, Precut blanks (2 in. diameter)
of phosphor bronze 0,020 in, thick (Fig, 5-29C) are radially pierced and slotted in the
die illustrated in Fig, 5-20. Three of the many possible combinations of slots in
a fnished part (2 telephone-exchange contact cam) are shown in the sume figure,
The sguare hole aceommodates a workholding pilot,

The puneh and die, which ¢an cut a minimum arc of 10° in the inner cutting circle,
are shown in Fig, 5-298. Punches end dies for slotting the blank’s periphery are of
similar design.

Sinee the workholding pilots are indexed for each 5° of rotation, any angular slot from
10 to 355° can he cut in the inner and outer cutting circles. The number of possible
eombinations of slots of varions size in hoth eutting circles is more than a million,

A replaceable revolving master eam located in the Jower part of the die set rotates
both workholding pilots (in both right- and left-hand die sets). The master cam
actuates solenoids (through switches) which govern the movement of punch-nperating
slides, The punches are shifted by the slides into cutting positions a8 deterrined hy
the master cam, Two identieal toleph iteh cams are produeed per stroke.
The switches could be connected to golenoids of a series of dies to operate simultane-
ously in & hank of presses.

The die shown in Fig. 5-290 punches out the master cams and is hand-indexed by
the diaf piate and by manual pesitioning of the punches.

Workholding — Inner cutting  rOuter slofting

pitot hole circle,
3 £} /
fo o II
O WB)R
° ‘\
(4]

LH e polde, (TN R hotder

Die shoe 7
{ [«—-3.905 —‘—>]

Workpiece I
QNS

Dial insert

(n)

Tre, 528 (Continued). Blank, typieal finished parts, and die for punching master cams,
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BLANKING DIES

Single-station Blanking Dies. Blanking heavy (0.75 in. thick) eold-rolled-steel
stock 134 in. long around part of its perimeter reduces serap but necessitates the use
of o heol block (Fig. 530, D). A springdoaded plunger (D2) clamps the stock
against, the heel block. The punch holder (D3) is machined to fit the punch blade
(D4) to which it is welded. Blanking pressure is redueed by grinding shear equal to
one-third stock thickness on the die only. Since the finished blanks fall through the
die, this die design ean be classified 28 & drop-through die.

i)
3
2 Weld
1
4
Section 4-4 Section -8

Tra. 5-30, Single-station heavy blanking die. (Leake Stamping Co.)

Tnverted Blanking Die. The blank for the part shown in Fig. 5-10C is produced
from 0.187-in. SAT 1008 steel stock by the die of Tig. 5-31.  All holes are cut after the
part is drawn or formed with the exception of two piloting holes cut by two heavy
punches, one of which is shown in section 4-4; the resulting slight elongation of these
holes is permissible. The stripper on the upper shoe strips the part from the perforat-
ing punch and the inverted sectional blanking die. A stripper plate on the lower shoe
removes the blank from the sectional blanking punch, The stock is fed into the front
of the die where it is positioned from left to right by guide strips and front to back
by the spring-loaded stop pins shown in section B-B. The serap skeleton is chopped
by two serap eutters whose construetion is ghown in seotion C-C.
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iy
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AVIIAN

Section 4-4

2007

5
&

Section 3-8 Section £-C
Fre. 5-314. Die-sections detail of die of Fig. 5-31.
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CUTTING DIES

TABLE 5-1. COMPARATIVE PRODUCTION COSTS PER PART,
DINKING DIES VS. OTHER TOOLS AND METHODS!

Standard tools
. Dinking 0 Presg
Production i Touting Tt
3 setups | O setups
100 parts, 20 by 26 in $0.90 81,19 §1.21 8,10
ris, 12 by 15 0.20 0.20 6.31 0.43
5 by b 0.08 ] 0.2 | 0.3 | 0.08

—

Blanking
die

$6.38
0.90
0.12

Hand- or Press-operated Washer Die. Inside circuler blades (D1) and outside
circular blades (D2) held by sctserews (D3, D4) cen be unscrewed and replaced hy
blades of different diameters in the die shown in Fig, 5-33. A pin (D5) iz actuated by
the press knockout rod when this dinking die is press-operated, Hand operation is
achieved by an initial hammer blow to cut out the washer or disk and a second blow on
the pin for knockout action, For either operation, some resilient stock may have to
be hand-stripped from the circular biades.

aamA

A ETIITY,

2177 NN

% P

<
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ARNTIIEERN
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S
N i.,ﬂ/ill}}%
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o

I,

S

5\\(\"

T16. 5-33. Hand- or press-operated washer die.!?

Di.e for Blanking Lead Foil. This dic, similar to  dinking die, shown in Fig, 5-34,
consists of a hardened-steel dic and a rubber punch, The thickness of the rubber is
eritical; it should not execed !4 in. for clean cutting of the blank (3 in, OD; 1 in. ID,

0.005 in, thick).

’ Zinda,
Rubber

-

TF16. 5-34. Die for hlanking lead foil.2t



DINKING DIES

Typical dinking die for small parts

Finger holes for hondling:
e, dia.x Vi Geep

Typical dinking die for long narrow parts
on plywood base

Stee strap,

Typicaldinking die for large parts
on plywood bese

Titg, 5-35. Cubting-rule dinking die.®
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Steel or
ofum. strip

Recommended for all material
except fiberglas
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Epon poured into routed grooves Cutting rule installed into jig-sowed
around cutting rule cut without use of epon

Tha. 5-35A. Enlarged details of cutting-rule dic.'®

Dinking Dies Using Steel Cutting Rule. Steel cutting rule (D2), obtainable from
printers’ supply houses, is used for the cutting blades of the dies of Fig. 5-35. Rule is
furnished 0.937 £ 0. %05 in, wide and thickness desired is ordered by pointst

Points | Thickness, in.| Points | Thickness, in,

<
1 0.014 6 0,083
134 0,021 8 0.112
2 0,028 10 0,140
3 0.042 12 0.166
4 0,056

Rules hwmg a center bevel are recommended for cuttmg soft metals. Stripper mate-
rial (D1) is 3 g-in. Neoprene cork sheet; dic plate is 34-in, hard plywood. Rules must
be a600° £ 14° to suface of dic plate and should be hnrdened 10 & range of Roekwell
C57 to 61, The dic plate should rest on a heavy flat ground surface plate.
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-Shollow depression

Trim
flange

Wnpe down
Simooth Forge
F % pf A
/ int
/ Pressure

% pod,

Air hole 7

Tra, 5-37. Push-through pinch-trim die.® T16, 5-38. Wipe-down trim die.®

Wipe-down Trimming, This type of trimming, more commonly known as & trim
and wipe-off operation, allows a previously drawn part to be produced with  trimmed
cdge normal {(at 90°) to the center line of the part, 'There is a tendency for this opera-
tion to leave & wipe-off line or shallow depression on the outside of the part, The
finished edge will be identical with the original edge of the flange, A wipe-down and

/,, ” /
b \mmm

(4) Die for long shells {B) Die for avernge shells
TF1a, 5-39. Flush-trim dies for shells.t
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@ @\ Plan/of die /@
W00
N\ 9

Enlarged section of Section B-8
overlapping cams

Fiq. 542, Cam-trimming die for cylindrical parts.’?
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7
bolster
“‘D, opening

through
press bed

& and bolster
—===F, spring
cage unif

}

zl/"fe’.v.v bolster

Air cushion type Spring type

Trc. 5-44. Shimmy {Brehm) trim die,1?

Shimmy (Brehm Trimming) Die. A die design in which the lower floating die
moves from right to left and frent to back to trim or notch shallow or deep shells and
boxes may be of two types, air cushion or spring (Fig. 544). Dies for trimming parts
of over 10 in. {largest dimension across the trimmed edge) should be of the air-cushion
type, which requires no opening through the center of bolster, requires less setup time,
and has greater shut height C, compared with the spring type. Increased shell height
does not affect the shut die height of the spring type, and trimmed parts can be
flj‘mﬂd higher than by the cushion type, Quality of production is the same in either

ie,
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SHIMMY DIES

No.3
Jocators for parfs

No. 4
) Note: Allow 0.005 per side in

of cams ——

% % Pmme
No.2

No./

Section 4-A

Fra. 545. Shimmy die.

(Lufkin Rule Co.)
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Punch motion diaaram

Profile of cams
T16. 5-454. Profile of the cams in the die of Fig, 5-45.

Shimmy Die. A cup of 0.025-in.-thick stock is set in a holder (Fig. 5-45, D9, D10)
to which it is elamped by spring-loaded plungers (D6, D8) and is trimmed along its
top from the inside by 2 horizontally moving punch (D7). During 2 3-in. press stroke
the angular surfaces of the cams (D1, D2, D3, D4) move downward to contact the out-
side surface of the eam follower (D5), to which the punch is attached. Horizontal
maovements of the puneh resulf only fram angular contacts between the follawer and
the four cams; vertical contacts produce no motion.  There are eight horizontal punch
movements which compicte the trimming;: the initial movement, a¢tuated by cam D1,
starting at the center of the punoh travel diagram (Fig. 5-454) is directly ba,ckwurd
numbered ively the ts are; (2) to the right, actuated by
cam D2; (3) to the rlght and front by cams D2 and D3; (4) to the front by cam D3;
(5) to the front and left, by cams D3 and D#; (6) to the left, by eam D4; (7) to the left
and hackward, by eams D4 and D1; (8) to the back by cam D1. Numbered spaces
(Fig. 5-454) between the lines dm\vn on the cam prnﬁ]cs are the eam surfaecs which
generate the corr dingly bered punch
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Fr6. 5-46. Cam-trim die for rings. (National Blank Book Co.)

Die for Trimming Rings. A cam-nctuated trim die (Fig. 5-46) incorporates a spriny
pad (D1) to clamp the workpiece (a ringed plate of a loose-leaf blank book) and trim
the overhanging ring between the cam-actuated cutter slides D2 (which are force
outward) and the upper cutters (D4). The cutter slides are moved by cams (D3) o
opposite sides of the die.  Spring-loaded pins (D5) prevent the part from adhering t
the upper die member.
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t0.002
"4 0,000 0002, 2094 -0.000
0.192 15 00r— 0750 L
N cis F
"t 3 o
034320005 35 /Y 5t 0008
"y 7507 0,002
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side for 187" £ 0003
shoving
Piece part
Stock=AISI CI010 ~Rg 20105
0.094" thick
— K0 plote

Flooting odopter
,_Jj die sef, used fo g\\%‘!&@

insure
S 7 i

Filler
block—7]

Die —| i
b;ock Ix 4l A r\
Shedder

To #7# pierced ) Shove

slofs in par? punches

Adjust height of spring
locators after grinding
punch (one eoch locator)

Fig. 5-47. Die for shaving slots, (Infernational Business Machines Corp.)

SHAVING DIES

Die for Shaving Slots. Approximately 10,000 parts (0.094 in. thick, SAE 1010
steel) per grind are shaved 0.006 in, to a 64-microinch finish in the die shown in Fig.
5-47.  Sinultancous and equal shaving of the slots and the outside of the part oppo-
site, with no distortion, is ensured by the use of adjustable spring locators, The part
remains in the die block until a positive knockout pin ejects 1t at the top of the stroke,
thereby preventing the spring Jocators from pushing the shavings back into the part.
The part and the chips are simuitaneously blown off the die. Maximum accuracy
and straightness of holes are secured when the burr side of the hole is toward the punch,
50 that the shaved chip becomes smaller as the punch progresses.
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D)) 7))

N2 a2,
0

708700

(4 8) Lo

0°

¥16. 549, Dies for shaving o portion of a blank.1

Enlarged view

)
_@

[
b | r_-b. _Li of shedder pin
T
J
TR e {
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Pl . i i
e A e T
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F1a, 5-50. Shaving die for small gears,?
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8

Y16, 551, Plan view of dic for shaving multiple holex at an angle.  (Ddemobile Divisinn,
General Motors {lorp.}

Die for Shaving Holes at an Angle. ‘The shaving dic shown in Fig, 5-51 is designed
to shave 12 holex angularly in 4 0.278in.-thick stee] digk eiroumferentially, A 10-
station dial feod i incorparated o that eix holes may he shaved at a time jn each
of 2 of the 10) stations (the remaining 8 stations are idle). The six well-ubrivated
sliding punehes and the off reservoir are shown in Fig. 5514, The springdoaded
pilot and microswitch assembly prevent operation of the press if the disk is not Jocated
properly.
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7 hove a.miri pressureof  Micro switch,
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Section B-3
T'16, 5-514. Seetion B-B of die shown in Fig, 5-51,

CUTOFF DIES

Cutoff Die for Tubing. A sliding block (Pig. 5-52, D2) s actuated by a cam {D3) to
clasap the wark (0.025-in, cold-valled-steel tubing) before the punch blade descends.
The shape and thickness of the blade (D1) as well as the contour of the clamping
surfaces determine the wmount of possible dimpling or distortion of the work.



CUTOFF DIES

37
8

C.R.steel
H.colled-0.035% 2,
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Hordened fool
steel inserl

Fr6. 5-52. Cutefi die for tubing,
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NN

End view

| Pressure pods

BANR
Serap /\\;\\_\\%\\:}\\‘\{\ /
/

Section A-A
T1c. §-563. Triangular-blade cutoff die.1s

Triangular-blade Cutoff Die. Spring-londed pressure pads closely fit the outside
of the tubing and clamp it before the blade descends in the die illustrated in Pig. 5-53.
The point of the blade leaves a small indentation at the top of the tubing., The ring
slug drops through the die, requiring no scrap cutter.

Cutoff Die for Square Tubing. The dic design of Fig. 5-5¢ incorporates a thin
punch with the contour shown. Square tithing is confined and elamped by & spring-
loaded pad. The pointed end of the laneing punch pierces the top of the tubing and
progressively shears the sides and bottom of the tube 25 the punch descends, The
eareful fitting of the punch in the slot ensures the success of this die,

Slug and Shearing Dies. A type of cutoff die, commonly known as a parting or
slug die (Fig, 5-55, view A), completely trims the outline of both sides or ends of the
blank, producing the burr on the seme side of the part at both edges. In contrast,
the no-serap shear dies shown at B and ' will produce burr on opposite sides or ends
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Section 44

Fi6. 5-56. Trimming fiats on a round shaft.®



BROACHING DIES 6-63

of a given part. Wide-run shearing will reduce handling of material strips. But,
where parts are to be bent in a subsequent operation, strips are run the narrow way so
that the bends will be across the grain,

BROACHING DIES

Die for Trimming Square Ends on a Shaft. A square section is broached on the
cnd of a round bar in two operations in the die illustrated in Fig. 8-56. A heeled
punch (D3) broaches the first pair of flats in the right-hand pest (D6). The part is
removed, turned 90°, and inserted by hand in the left-hand nest (D3) for the second
broaching operation. Springs (D2) hold the nests open until the upper nest is forced
down by the pin (D4) to clamp the work in place. The second operation cannot be
done until the first is completed, beeause of the shape of the nests.

F16, 5-57. Broaching slots in a round shaft. (0. H. Mathisen, ASTE.)

Die for Broaching Slots in & Round Sheft. Toothed broachin, i
r Broad g blades of high-speed
steel (Fig. 5-57, D1) eut opposed slots in round rod. The chip is apprnximzftely

0.003 in. per tooth. A stop pin (D2), a workholder (D3), and by ing-}
blocks (D4) ave incorporated. (P2), ead broschiag blade hee
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BENDING OF METALS*
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6-2 BENDING OF METALS

The minimum bend radius is affected by bend length (Fig. 6-0); the minimum benq
radius is nearly constant when the bend radius is cight or more times the metal
thickness.

The minimum bend radius that can be formed in most metals is dependent on the
maximum smoothness of the edges, even for very strong metals (Fig. 6-10). Edge

Llenglhof
Veb bmd

R= fendrochius ; melal
T'= Metol thickness Flange 7

A= Bend angle Hidness
B= Bevelangle
C= Leg of flange or widlth of web
D= Mold line dimensions

X= Setback

Qutside Sof .
Mold line, -Bend line mold ling , \"‘ Eena’/me

Bend angle
(parf)

Bend angle -Berd allowsrice
(die) bend fine: s
Undludes springbact. Insicle mole line

allowance)

Forming fool (dig) Formed part

Reclial stress
L= lengthof berd 5lfw/mferen/z/ P
T A I ‘
7r 7=
rj/irsw Initial Neufral axis (refains
I Blank Fhickness initiad dimensions)
" Blan
Bent part Distortion of cross
section A4

T16. 6-1. Bending terms,}*

conditions are more pronounced in very short bends in thick metal then for relatively
long hends.

Blanking Angle. Directionality in sheet or strip metal limits the magnitude of the
bend radivs, Blanking angles (the angle between the bend axis and the direction of
rolling) as specified by one manufacturer for some metals ave listed in Fig, 6-11,  Such
anangle can govern the orientation of all die elements with respeet to the direction of
feeding; 2 blanking angle of 90° allows most but not all metals to be bent to the smali-
st possible radii.

*Superior numbera relate to References st the end of this section.
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Ratio of bend radius fo thickness, R/T
00 5 25 67 125 10 083 07l 063 056 050

00 x
™~
)?( uuA Yy

* LAY
s 2 S
5 : “&
Y
h .
1
¢
34 T
£ 104 ST speci .
£ TR >
£ CL/T<1
FOrTT e LT =2
2 o L/T=4
& T xL/r=8

8 |

0 04 08 12 16 20

Curvature, T/R

TF16, 6-2. Progreasive decrense in ¢hickness with inerensing eurvature (L/7 i the ratio of the
length to thickness),!
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T, 6-3. Effect of bend angles on the maximum circumferential strain.!
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Fig, 6-5. Transverse distributions of strains in bent 14-in.-thick 248T sheet.!
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F1a, 6-10. Effect of edge condition on minimum bend radii of an aluminum alloy,!

Material £
Brass, quarter hard Any
Bronze, radius of bend less than 2 T/ 0°
Bronze, radius of bend between 27-47" | 65°

Bronze, radius of bend 4 T'or more 25

Copper , Any

Steel, strip A, D, B, or ¥ Anp

Steelstrip B o |
T=Thickness of stovk

¢ N E=lMinimum angle between line of bend
Grain of stock and grain of stock
A=Deod soft CR steel 1) =HRpicked steel No.5 femper
B=lohard (Rsfeel ~ E=HRpickled steel No.A femper
F=}ibard CR stesl

Fi1a, 6-11. Blanking angles related to bend radii.
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BEND ALLOWANCES

The equation for calculating bend allowances is

B= 3"% X%WE+H o B=00T5BAR +H) ®

where B = bend allowance (are length of the neutral axis), in.

4 = bend angle, deg

R = bend radius of part, in.

{ = metal thickness, in.

I = constant, neutral axis location

A value of 0.5 for & places the neutral axis exactly in the center of thg metal; & va}ue

generally used for some thickoesses (Eq. (4)}. One manufacturer specifies & according
to sheet thickness and inside radius of the bend:
When IR is less than 2

Ax
= (IR + 033 3)
180( i } (
When IR is 2 or more
A
== 0.50¢ 4
B %6 (IR + 0.500) @

where B = bend aflowance (arc length of the neutral axis), in.
IR = inside radius of bend, in.
{ = thickness of stock, in.
Bend allowances based on Eq. (2), but using a value of 0.446 for &, are charted in
Fig. 6-12, as well as setback allowances.

Ezample: Given a 90° bend of 1§ in. radius in 0.040-in. stock, what are values for setback
and bend zljowance?

Solution: A straight }ine connecting 14 in. on the R scale and 0.040in. on scale T intersects
the B.A. (bend allowance) and S.B. (setback) scales and establishes 0,228 in. and 0,0105 in.,
respectively, for bend allowance and setback.

On a hend as shown in Fig. 6-13, bend lengths are usually mensured from the end of
4 leg to the opposite side of the bend (s or [}, The sum of these two measurements
will always be greater than the flat fength of the piece before it is bent. The blank
length necessary to give leg lengths of I and ; can be expressed as follows:

L=h+ls~(2—§)f‘(2'gk)‘
=L +L-D ®

where r = inside radius of bend, in.
{ = thickness of material, in.
= distance from inside of bead to neutral axis
D = setback [see Eq..(14) and Table 6-2]

Al these quantities are readily measured except k.

The metal on the inside of the bend compresses, and the metal on the outside
stretches. The plane along which no compression or stretching oceurs is defined as
the neutral axis. In general, it can be stated that metal will streteh more than it will
compress, ‘This means that the neutral axis will pull in from the ceater line of the
piece. The sharper the bend (small radius as compared with thickness), the more
scv?re will be the compression, and the neutral axis will pull in closer to the inside
surface.

Crane states that k = 0.4, Hinman gives the value of k = 14 for mild-tempered
sheet metals wwhen the bends are made across the grain and & = 3¢ where the radius is
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greater than twice the thickness. Abrahamsen states that, for steel from 10 to 24
gage, k= 0.2. Mallett states that k = 0.446, or sometimes 0.5.

This formula takes no account of the physical properties of the particular picce of
metal being formed or of the condition of the die. The vatue of % will be influenced by
the ductility, yield strength, and possibly the hardness of metal. A rough V die, par-

S -
8 F-045 B.A.~Bend

. E allowance
5 7 F 8. B, = et back
% = outside for

1 040 one bend

] LE R = Radivs
%_ - nd T = Thickness

N 035 B -00msRe 0008 T

d E for 1 deg.

] E E
6 ) E E-0100

B Eo‘so 3
3] 2 E-00%
[ E E

] F E-0.080
5] 3
] E-0070
2] E-0060
4] E

] E0050
3] E
]
L E
8] 3
1] 2 3
6 7] - 3
o~ Lo 5_0

R 8.8 T

F16. 6-12. Nomograph for determining bend allowance and setback for 90° bends.?

ticulatly one with sharp edges, will cause a certain amount of drawing in addition to
the straight bending and will result in longer legs Iy and Is than would be the ease with
a highly polished die with smoothly rounded edges.

Since £ depends upor the ratio of compression to extension for the particular radius
and thickness and since this ratio ean be determined only by direct measurement, the
only way that an accurate value of % can be obtained is to measure it directly. The
value of J that should be chosen is one that would give the best results for the range of
physical properties in commereial-grade steel and for the average condition of dies.
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For precision work where thousandths of an inch are important, the allowance should
be determined by experiment. For average work the allowance can be determined
assuming that k varies from 14 to 14 depending upou the ratio of thickness to radiug,

Table 6-2 has been compiled on the basis of these values combined with experi-
mental data prepared by the Butler Manufacturing Co. and the Verson Allsteel
Press Co. The measutements of bends were made on samples of hot-rofled steel
ground to 2 length of about 14 in, and the length was then measured to 0,001 in. with
a micrometer caliper. The thickness was similerly measured, The samples were
bent on dics especially made for these tests. These dies were carefully made with
true angles and radii. After the samples were bent, the lengths of the legs were
measured on a surface plate with & height gage. It will he found that the bend allow-
ance depends more on the physical propertics of the sample than on the metal from

s
/ NEUTRAL AXIS I
1.
Y l I3
!
AL i l‘/
s t X
/
T e~ / i
bl r
i | f~— e t
5 T 1
L] ] =
p—
Fro, 6-13, Elements of a 90° bend in sheet T16, 0-14. Bend of any angle.t

metal.t

which it is made, i.e., brass and stee! of approximately the same physical properties
have approximately the same bend allowances.

Often, messurements of bends are made in ways other than from the end of the leg
to the opposite side of the bend. Below are given formulas for computing blank
lengths for various ways of making measurements.

1. Measurement from end of leg to end of bend (Fig, 6-13):

L=h+ls—( —g)r—(Z—gk)t=ll+h—l) ®
2. Measurement from end of leg to beginning of bend (Fig, 6-13):
ka
L=l1+lz+§(7+kl)=lx+lz+E ()

3. Inside measurements of legs (Fig, 6-13):

T T
ettt (2= )=tk - ®
4, Por angles greater or less than 90° (Fig. 6-14):

T

L=1 - 2
1+l 2(r+t)cot2 +180

(r + H)(180 — &) ©
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5. For angles greater or less than 90°, measured to beginning of bend (Fig. 6-14);

L=t b 5 (180~ a)r 4 157 (180 ~ it 10y
For 180 — a = 1°,
L=l+1L+6 an
Tor any angle «,
L=l + L+ G180 — o) (12)

F1a. 6-15. Measurements of multiple bends: (4) double bend; (B) reverse hend.!

6. Yor multiple hends, measure to ends of bends, and deduet D for each bend.  For
two bends (Fig, 6-15):

L=l+lh+i-2D (13)

In the ahove equations
D = setback = 20 +0) ~ 5 {r +1) L)
E = bend allowance = ;—E (r + &) (1)
6 = bend llowanee for 1° = 725 ¢ + ) @10)
F = inside measurement of legs = 2r — B = 2r — % M) an
D+E=2f +1) (18)

Bend allowances may be found dircetly from Tables 6-1 and 6-2.

SPRING-BACK

After the bending pressure on metal is relcased the bend angle decreases and the
radius of curvature increases, because the elastic stresses in the metal are also re]mgsed-

The amount of metal movement, spring-back, depends primarily upon the ratio of
the angles 4 /4, (Fig. 6-16) and the temper of the metal.

Spring-back factor X is expressed as

A Ri+i2 " (19)

LS M

5
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6-16 BENDING OF METALS

where A = bend angle of part, deg )
4y = bend angle of part during bending, deg
R = part radius, in.
Ry = die radius, in. ) ) ]
Higher vatues than thase caleulated are found in actual practice (Fig. (}.17.)2 due to
variations in work-hardening rates, die elearances, and the chemical composition of a
particulnr metal. Variations from the ealeulated angle may be as high as +2°
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Ratio of part radius to thickness - B/ 7'

T16. 6-16. Spring-back data for aluminum alloys and stainless steels.!

Spring-back allowanees for 90° bends in 2480 and 7550 aluminum are listed in
Table 6-3, to be incorporated in form blocks used in hydraulic rubber-pad presses.

Tor angles other than 80°, the spring-back allowance for 90° will be multiplied by
the factors sot forth in Table 6-4. To find spring-back allowance for an 80° flange
proeced as foflows: .

Trom Table 6-3, the spring-hack allowance in 2450 Dural sheet 0,040 in. thick for a
1§ in. bend redius of the flange is 3° for a 90° flange. ‘The 3° allowance s then multi-
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099 Anealed +Hard IW SHord fo hardl
\ 1| Vel strongth: | | Vel strenglh: | for We/o’s/rfﬂg/ﬁ':
N 34000 psi mintapron)| || 75000 psi miin 4 L harat Y1000 psimin,
098N Tomsile strength: Tensile strength: 11| [ Tensile strength:
S N0 t0100000 | 2800 gsimin. |3 50000051 i,
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R /T

R = Fortradivs
Ry Die radiys

A = Forf angle
A= e angle

T = Metal thickness

Fig. 6-17. Spring-back data for 18-8 types of stainless steels.?

TABLE 6-3. SPRING-BACK ALLOWANCE IN DEGREES FOR 90° BENDS
1IN 2450 AND 7650 ALUMINUM

Sheat Bend radiue, in.
thickness,

ool as | o ste | x| e | s | s} M
0.020 | 3 4 5% | T | 8% | 9 o | 12
0.005 | 28 1 3% | 54 | 6} g 81 | 8% | 0¥
0.032 |2y | 3 2|6 8% |7 7% 0
0.010 ( 2 3 4 5 § 6 | 6% 8%
0.051 | 2 2% | 3% | 4 5 5% | 5% | T
0.064 | 134 | 2 2 | 3 | 4% | & 5% 634
0.081 | 1 s |2 26 | 3% | 3 | 4 43
0.094 10 2% )3 3y 8% | 4k
0.125 14 | 2 2% | 2% | 3 33

Courtesy of Emersen Elactric Co.

plied by 0.8, the factor opposite 80°in Table 6-4. The product, 2.4° is the spring-baek
allowance for an 80° angle.

Spring-back allowances for 80° bends in 248T stock are listed in Table 6-5. To
obtain the spring-back allowance for angles other than 90°, the allowanee for 90°
should be muitiplied by the factors shown in Tahle 6-4.
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TABLE 6-4. SPRING-BACK FACTORS IN BENDING ALUMINUM TO
OTHER ANGLES THAN 90°

Angle, | 2480 and 7550 248T
dex aluminum aluminum
60 0.6 0.7
65 0.6 0.7
70 0.7 0.8
75 0.7 0.8
80 0.8 0.9
85 0.8 0.9
95 1.05 1.02
100 1.05 1.05
105 L1 1.08
10 1.2 1.1
14 1.2 11
120 1.3 1.2

Courtesy of Emerson Electric Co,

TABLE 6-6. SPRING-BACK ALLOWANCE IN DEGREES FOR 80° BENDS IN
245T ALUMINTGM

Sheet Bend radius, in,
thickness,

o Mo | M | Me | M| HMe | % | Mo | ¥
0.020 | 10 12 153 | 19 2015 | 2 25 | 38K
0.025 83 | 1oy | 1t 13 | uy | oo 2 2834
0.032 7% | 8% | 12 Wi | 163 | 1y | oy | 2
0.040 ™ 81 | 109 | 123 | 143 | 184 | 17 2086
0,051 9 10} 123 13 143 188
0.064 8 03 [ 1Y | 12 123% | 15
0,081 9k | 10y | 1y | B
0.094 8y | 9% | 1k | 12

Courtesy of Emerson Electric Co,

Tables 6-3 to 6-5, inclusive, are based upon the results of thousands of tests and
should be accurate to within 2° for average operating conditions on & hydraulie pross
with an 8-in, rubber pad having a Shore durometer hardness of 60 to 70.

The operating pressure of the press was 2,500 tons and a L-in, throw pad having &
Shore duremeter hardness of 60 to 70 was located over the blanks on the form blocks
during the forming operations.

Tables 6-3 to 6-5, inclusive, were caleulated from tests on straight flanges. In view
of the many possible eontours of curved flanges, it is diffcult if not impossible to pre-
determine 1y the spring-back all for'such flanges, Asa practical work-
ing basis, Tables 6-3 to 6-5, inclusive, for straight flanges can be employed as a guide
for determining the spring-back allowances for curved flanges, However, the exact
spring-back allowance for curved flanges must be developed by trial and error.

An empirical equation? for predicting angular deviation in eurved flanges is

0.095(4 - B)
0.0005

X = 1004C + D+EG+T 20
where X = total degrees of angular deviation (spring-back)

4 = punch and dic setting (clearance when closed), in.

B = minimum stock thickness, in.
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= fec ing 2t maimm stook thickness .
= {z b e sntting znd minimum stock thickness
;‘a, f

it

DT
L}

n

emie
Vahues of i;_cto. c, D E, aad P for eertzin materizls are Hsted in Table 6-6.

2 67 engle iz 0/ f”?—m hzrd steel, with o thi "zmtmn of
r'.l A BTl toR2, end e 0155,

fud the snguler o n tn be 2,4',

o,

J
RYT=150 RJT=200 R Ir- /nq
K =035 £'=031 K045
Rj=22 Rj=25 Rl

F16. 618, Graphical methnd for determaining form-black eontaure?

maining the contour of form
oped (Fiz. 6-18). The pert

2 n epprozimetely com-
rmined zrzuhxm[!v znd the ratins
Yyeek: fuctors K, K¥) K are taken
R4, Ry = KR are then

Ferm-biock Comtours. A (raphical method of d
T 0 compenizie for eprinz-hack has }fm ds
is divided ints 2 few lengthe, L’ 17, e, et
mon radiz B, B, B, Thee redii o
Rjt it = metal thick
from Fig. 616, Die redii Ry
cafadated.

TAELE -5, DEVIATION PACTORS FOP, SPRING-EACE IN CURVED FLARGES!

: I
Materist b

(st g oztyy . et o Fertar D ; Factor B%
¢ i
| ——
| ! |
N 605 | 6.19 Lo
[ Zem ! 0.17 o 008
012 i 612 Lo
i B [
/ |
Matesiat } S tinknens s Paetss P
!
' 9.50
1.49
68
2.1
0.

* Farters for

e i Fn. (207,
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I/ is laid out on the perimeter of a circle of radius By, L on 2 circle of radius R,
and L on & cirele of radius B1". These three segments are faired, or smoothly
blended, in agreement with the desired part contour.

For such large radif as are shown in Fig. 6-18, the data derived from Figs, 6-16 and
6-17 would be inapplicable, Instead, the spring-back must be determined from
special tests on the workpiece material.

BENDING PRESSURES

The amount of pressure required depends upon the thickness of the stock, the
length of the bend, the width of the die, whether a Iubricant is used, and the amount of

.
. K
I ¥
g
¥ S 7
8 % 1600
g <le
&
100
e 80
. 60
c
%0
& ‘Z’ p—
— 7
/ 2
10
8
4

L= Length of bent port, in.
w=Widil of female die
S'=Ultimale fensite strength of
maferial, fons per sq. in.
F=Bending force required, tons 002+
t = Metal thickness, in. 4L

001
Fig, 6-19, Nomograph for determining bending pressures in V dies.®

wipir{g, ironing, or coining present. V dies in which the punch does not bottom (air-

bending), commonly used in press brakes, require minimum pressures (Table 6—7)2
For U-ing and channel bending, the pressures required will be approximately twice

those listed; for edge bending, the pressures will be about one-half those listed.
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6-22 BENDING OF METALS

Bending pressures can also be obtained from a suitable chart (Fig. 6-19), The
chart is based on
KLSp?
F==5 @

where F = bending force required, tons
K = die-opening factor: varies from 1.20 for & die opening of 16 times metal
thickness, to 1.33 for a die opening of 8 times metal thickness
L = length of beat part, in.
8§ = ultimate tensile strength, tons per sq in.
{ = metal thickness
W = width of the V, channel, or U-ing lower die, in.
To prevent the chart from becoming too complex, a die-opening factor of 1.43 was
used in all cases.
Ultimate strengths S for various materials are:
Metal Tons per 8q. In.
Aluminam and alloya . 0.6-38.0

Brass..,
Bronze.

. 19,0-38.0
. 31,5-47.0
- 16.0-25.0
. 22,0-40.0
. Ll-1d
. 90.7-18.5

The usc of Fig. 6-19 for deriving hending pressures is valid for V-shaped dies only.
For channel forming and U forming, multiply the result by 2. In forming a channel
with flat bottom, a blankholder is necessary. Multiply blankholder area in square
inches by 0.15 and add to the bending force derived from Fig. 6-19.

Ezample: A 15-in.-long 0.10-in.-thick, 34-in-wide steel strip is to be bent in a V-shaped
die. What bending force is necessary if the steel has 40 tons tensile strength?

Solution: Enter Fig. 6-19 at 15 in. on the L scale and draw line abe through 40 tons per
sq in. ultimate tensile strength on the § seale. Next, draw dbe from 0.75 in, on the die
width, scale T, to the intersection of the first line with reference axis 4. Extend to inter-
sect reference axis B at e, Connect point e and 0.10-in, metal thickness efg. At f read
bending force as 11 tons,

Hemming Pressures. Hemming pressures, including seaming pressures, will gen-
crally smount to seven times the forming pressures required for 90° bends and may be
as high as a ratio of 40:1, dependent upon stock thickness, tensile strength, size of area
to be flattened or hemmed, and tightness of the hem.

References

Sechs, G.: "' Principles and Methods of Sheet-metal Fabricating,” Reinhold Publishing
Corporation, New York, 1951,

. Sachs, G., and U. N. Krivobok: “Yorming of Austenitic Chromium-nickel Stainless
Steels,” The International Nickel Co., Inc., New York, 1948,

Compton, B. M.: Nomographs Facilitate Sheet Metal Layout, Aviation, November,
1944,

[ O

. American Society of Tool Engi : “Tool Engi Handbook,” MeGraw-Hill Book
Company, Ine., New York, 1949,

Hicks, T. G.: Estimating Press Capacity, Am. Machinist, Apr. 3, 1950.

Fries, R. 8., and J. A. Thorud: Shop Tolerances That Can Be Met, Factory Management
and Maintenance, September, 1951,

3



SECTION 7

BEIDING DIES*

PRESS-BPAYE DIES
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7-2 BENDING DIES

Tra. 741, Typieal press-brake bendj i i i

v A onding end forming dies, derived or adapted from the

zBeraBn Mstec! Press Co. (4, F, 6, H, J, 1, M, 0, P, F, 5, T); Cincinunti Shaper Co.
+ DN, Q); Dreig and Krump Mfg. Co. (B, K).1*

» Byoat
Superior numbors relate to Refarences nt tha and f fhic mandinn



PRESS-BRAKE DIES -3

eorly five €
: 8‘ PBeadh ctifiening means in fiat sheets and some.
times permit zirrizl than would be pozible othernis carls
of o genersl typess npen beads extending from edge to edge of the shest, end closed
oz Bind b ket fzde ont in the sheet.  Open beads ere umuelly formed by simple
dies 1ok 25 thet shown in Fig, T-1J.  Closead beads, on the ather hend, require the use

ads gt the ends, whick fade ot to minitaize wrinkling of the metal,
These: preide 2 erl or eniled-up end 1o the Hinge dies
crling operation.  The ourl may be esntered, or & may be tangent to
the shent 25 ehown fn Fig, T-1K.

19, Tube- anf Pipeforming Dis. Thesn ere similer to curling diss.  The edges of
the metel must be bent s & first oparation.  The piees will than roll up properly.
Figure 7-1L shows & two-aperation dis for forming zmall tubes,  For larger tubes, a

ingdfe srich as in Fig, 7-13 s neerssary,  Forseurate work such humped tubes
Sagild e chzed nver = sizing maodrel  Seams can be formed on the edge of these
hes bedore they zrm mffed.

3. Suars beading with bowed spring
ped o prevent distortion of the weh,?

=1} preAnetion runs or for 2 job €hop, the four-way
quite nseful and representa & material saving in fo0]

12, Clannel-forming Dies. Chanels mzy be formed In goosenerk: diee or in single-
sieoke channed dies 23 shown in Fig. 7-10. Snck diez zre commonly made with 2
spring-prearire pad relezss of some sort to efect the formsd part foom the di=.  Strip-
ez are somstines provided o sitip the pert from the punch,

1. Uhend Dier, U-beod {umeing is similar o chennel forming, but spring-hank
s nzuelly more pronouneed sod meens must be provided to overcome it One way of
{xhing thiz i3 ehown in Fig. ¥-1P,

14 Burfuming Dier, While boxforming eonsisis of sltaple angle beading, there
are prablems perulizr to the nature of the work.  Tn generel 2 high punch and & low
Yig. 7-1. Sometimes the puneh iz eut into seetions s
‘e of the box ean eome up betwern them,  Certain shapes of hores may be
formed on horn preges.

15, Corrugating e, Corruzeting dies can be provided to producr 2 variety of

enrigatis From aze to four encragetions ave made 2t 2 singls siroke. Figure
T-1E shows s1eh & die.

16. Yultiple-bend Dier.  Multiple-bend dics offer zn infinite varisty of possibilit
Commonty nsed on lergs produstion runs, one dix can zecomplish, in = siagle steo
&g operatim that would manire seversl operations with single-bend dics. Figure
T-L8 shows onch e die. Sueh e die requires much greater foming pressures thar do
diss far the individual oparationz.




4 BENDING DIES

17. Rocker-lype Dies. Rocker-type dies can be used to form parts that would be
impossible with a dic acting only vertically. A typical example is shown in Fig, 717,

REPRESENTATIVE PRESS-TYPE BENDING DIES

Typical die designs to compensate for spring-hack are shown in Figs. 7-2 and 7.3,
Varintions in sheet temper and thickness cannot be exactly caleulated; hence the
desired bend angle in the part may be secured by handwork.
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Fre. 7-4. Standnrd V die,  (General Electric Co.)
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-6 BENDING DIES

Bending and Flattening Die Design. Tiwo spring-loaded pivoted arms, foreed out,
ward by 2 diamond-shaped punch, bend the first flaps on the part through 90°, aug
retract to allow the vertical punch to flatten both flaps (Fig. 7-7), completing the
finished seam.  Spring-loaded holddowns position and prevent movement of the pan
during the bending and flattening operation. Previous operations on this part ent i
to length and shape, and also slot and form the two flanges along the sides of the cut,
out a5 shown,

TE G
Rp-dy Sle
Die =1 1”1

il £) 7]
@—LLl il

To air cylinder
Fra. 7-6. U die with pivoted jaws.!

Die-closed position

Stock

e —
Finished bends

T1a. 7-7. Double-bending die.?

Twisting Die. Hot-rolled SAE 1010 12-gage steel strip is twisted {bent in 2ir)
form an angle of 90° in the die shown in Fig, 7-8. To compensate for sprir}g-bnck
angles in the two sections of the die and of the corresponding punch sections ar
specified as approximately 43° with the vertical. An ecjector and gage pins ar
incorporated.

Rotary Twisting Die. A plunger with » helical groove (D2, D3, Fig, 7-9) revalve
and twists the work through 90° through the engagement of a hardened pin in th
groove on the downward movement of the ram. On the upstroke, a cam (D4) pre
venis plunger movement until it is disengaged from the part, when the stop (D5) con
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—

Free
ing space :

I

{
1
1
i

? }
\_._\ (_J
- J
P
Spring pr‘ﬂ/ Foofproof 43 approx.dey,
pin e v S
Section B-8

™

!
Section A-A

Material: No.12 Gai.(0109) H.R.steel strip
Pickled and oiled, ALSL,CI010
Commercial quality,edge optional

Fra. 78, Twisting die. (Harip Mfg. Co.)




7-8 BENDING DIES

tacts the cam, allowing the spring (D7) to return the plunger to its original position,
The work is held in position by the Jever (D6), which, along with  stationary block
has a slot, to position and prevent rotation of the part, The finished part is ghown
as DL,

Rotary Bending Dies. Two cam surfaces on the end of the punch (D3, Fig. 7-10)
rolate a ring (D1) counterclockwise by contacting the cam rollers (D2) so that the
picee part (» carpenter’s brace handle made of J-in. eold-rolled stecl rod) is bent

4

7
=

II.,!:

1
s l '

7

Piece part

Distortion

TF1e. 7-10. Rotary bending die.*

hetween two hardened rollers (D4 and D5). A conventional press setup provided too
much spring-back to allow free tuening of the hand grip sleeve.

Bending and Setting a Straight Flange, There is some wiping action as the flange
of the workpieee is bent to 2 0° ange (Fig. 7-11). A sliding punch (D1) is cam-aefus
ated to “set” the 0.406+in. dimension, Stock of uniform thickness (0.040 in.) must
be used; otherwise, the dic can be wrecked.  The part is positioned by the nest plates
(D2 and D3). This dic could be classified as either o bending or forming dic since
both actions are used.
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Cam-actuated Double-flanging Die.  An Heshaped entout is mads in the blank to
feh, wohen hent 59° s provducs; 2 fange entending shove and belyr the
enin Yig, 7-12. The sention through the bending dic
o el 10 el these taha o gwing dvrmward 24 the

Pt
zhowz il
fiznge is bring hent uprerd,

The blznk © foned in the die by the nesting blacks f@ ‘r'r/I {6 the gliding die
Bloke DI and i supporied by the p pad. The fis it uprward gz the
forming punch pushes the blank down hetween the dliding dxr Bieks, The spaee
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Fun T11, Flenging die.  (Wational Cash Register (fa)

, and enuz
ok thron
s

f

. £ (Mpgzgs 'MIL— 7i-in. ODj digyed in heavy
e in Fig. 7-15 and iz ejects i

2 0.0 in,
o perts {n facilitate mechining.
tide an!f for forming the satoe dizmeter

{ubing. Die
perhour. Tk
Fmer bloed if:
tubing to ent r2di, thus making 2
Dis i'r He"mmg 20 Aut Fender, o fens 'r, 'mh 2 90" flengs, i clzmped
he dis zection fY' iz, 7-14, 115y by 2 springAnaded held-down (D8) a2 the punch

2, ?h’lm,{ rrmfh (D/) i foreerd to the It by the cammed
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7-10 BENDING DIES

plunger (D1) and the cammed block (D12), so that the flange is bent to the left ata
45° angle. A vertieal punch (D9) descends to flatten the flange against a die block
(D6 and to flatten it back on itself just after the sliding punch is forced to the right by
the cammed phunger end the cemmed block (D11) is not essential in providing
correct timing for the vertical and sliding punch movement. 'The timing of the right-

5.5278"

L<~—3.727”

Material: 0.060°-0,062"CRS £ hard
Fi. 7-12. Cam-actunted double-fanging die.  (National Cash Register (0.)

hand or return movement of the eliding punch must be such that the sliding punch
docs not obstruct the downward movement of the flattening punch. A wear plate
(D4) s fitted to the plunger, which lides between two die members (D3 and D13).

Flanging and Heroming Die. A flanged part is placed hetween a spring-loaded pod
and nn air pad (Fig, 7-15, D1, D), and an angular flange (D5) is bent by the punch
(D3). The hem js fattened by the action of the Jower die member (D4) after the
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M /Funcly

Guide leck

//TUbe
Eenf fube

I / F Doweels,
ka3 A ., f
Ot e .
% ‘\\:\\@f 7“;:_'%7 =
0 O\~ g fu! 23 e
L
I Loverdtoct || ]

Fi6, T-13. Tube-tending die.?

Frs. 7-14. Hemming die.
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Tig. 7-15. Ianging and hemmning die.

air pad compresses, If the angular flange were nearly horizontal it would buckle
instead of heing flattened.

References

American Socicty of Tool Engi “Tool Engil Handbook," McGraw-Hill Book
Company, Inc., New York, 1949,

Snchs, G.: *' Principles and Methods of Sheet-metal Fabrivating,” Reinhold Publishing
Corporation, New York, 1951,

1o

3. Halbl, H.: Double-bending Die Set Forms Small Channels, Am. Mackinist, Aug, 4, 1952,
4. Mather, D. L.: Forming Die, The Tool Engineer, January, 1952.

5. Lee, L. L.: A Simple Twisting Die, Am. Machinist, Apr. 18, 1926,

6. Budnick, J.: Rotary Punch Bends Brace Handles, Am. Machinist, June 12, 1950.

7. Riley, F. E.: Press Tool Bends Tubing, Am. Mackinist, July 28, 1949,

8. Cory, C. R.: “Die Design Manual,” Part IT, 1948,



SECTION 8
METAL MOVEMERT IN FORMING*
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8-2 METAL MOVEMENT IN FORMING

Streteh flange

{A) Strefch flonge

Web

Shrink flange

(B) Shrink flange

S Shrunk
Reverse flange
Stretched

(€) Reverse flange

(D) Joggled flange
I1a, 8-1. Basic types of fAanges.li*
Referring to clements in Fig, 8-2, the critical strain ¢ is defined as the ratio of flange

movement a to the radius of curvature (¢ & w):
For streteh flanges:

For shrink flanges:

where ¢ = strain, in.
a = flange movement, in,
¢ = part radivs at inner bend line, in,
w = developed flange width, in.
Note that the denominator in the above equations s, respectively, the diffcrence or
sum of the part radius ¢ st the inder hend lne and the developed flange width 1, at
the center of the fiange. In many instances where the bend radius is small, o

* Superior numbars relate to References at the end of this seotion.
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84 METAL MOVEMENT IN FORMING

Because of the several factors involved, such as the kind and condition of materig),
and amount of stretch or shrink, final determination of spring-back must gencrally bn
left to dic tryout.

Flenge-edge Thickness Change; The forming of stretch or shrink flanges i
always accompanied by change in metal thickness at the flange edge, thickness heing

00 72 /63
P VA
[ T T
3 xx
x + Sheared
o Routed
50 4 s Polished ~
A Polished, R<Iin.
x O Verious methods
x % Crocking encountered
40
©
.
i
a
xx

W=

Stretch, per cent.

20 " t ~
Xo\ * - Routed and
o \ . deburred
N T
10 *it‘\ - Sheared, deburred ———]
o l’
Y S _ %
—t 3
* \Sheared] rough ecle
0
1] 60 120 180 240 300 360

Segment angle, deg.
F1a. 8:3. Stretch values as a funetion of edge condition and segment angle, for 2480
aluminum flanged parts.t

decrensed for a streteh flange and inereased for a shrink flange, This thickness change
is snally insignificant, especially in the case of steel parts. Generally die tryout is
necessary for accurate determination, but an approximation is

Thickness change AT = & —1-’25 @
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8-6 METAL MOVEMENT IN FORMING

provide a 40 per cent stronger joint than a conventional riveted joint, provided (at
the ram coin-dimpling process is used in forming the dimples (Figs. 8-5 and §)
around previously pierced holes, The ram coin-dimpling operation introduces pres.
sure in the direction of the thickness of the sheet to reduce internal stresses and
thereby increase the amount of strain to fracture the sheet. This process has super-
seded conventional dimpling for alumi and stainless-steel parts; no coining action
is present in the latter method.

Die body

i !y

4 W / Punch
Ram i\“/ § § % N
Pt ddd_+ /j 7 Striop

N

;/\\\N W, “
} 0 S Z:mber
%\ {B) Dimpling in steel

{2) Dimple formed

(A4) Ram coin dimpling
in durninum
F16. 8-5. Dimpling methods.?

5D

Punch

() Stort of stroke

<

¢ 1
Tia. 8-6. Proper nesting of ram-coin- Tic. 8-7. Hole flanging with &
dimpled sheets.? two-step punch.

The eritical strain ¢ in a dimple is

¢= (% - 1) (1 —cos ) @

where D = rivethead diameter, in.
d = hole diameter, in.
a = hend angle, deg
Dimpling, confined mainly to air-frame fabrication, s done in dies heated to 600°F,
for some aluminum alloys, using portable or stationary dimpling machines.
For stecl parts, holes are characteristically picroed, and the dimples are formed by
one punch in a single stroke, as shown in Fig. 8-5B. The size of the picrcing point 0n
the punch is somexchat smaller than the size of the hole in the finished part. Thehole
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in the die member may be 34, in. larger than the point size, since piercing oseurs before
the metal is entirely forced down to the eountersunk shape of the die member,

90° Hole Flanging. Forming o flange around a previously pierced hole aba bend
angle of 90° (the most commen operation) is nothing more than the formation of &
stretch flange at that angle end Eq, (4) applies for the eritical strain.

A 90° hole flange ean be pierced and fianged in one stroke, using a two-step punch
as shown in Fig. 87.

o

<= P

i
R H
L]
2 .
F16. 8-8. Elements of & hole flanged for tapping: J, diameter of original pierced hole; 7,
thickness of stock; R, bend radius of flange; 4, ID of hole flange; B, OD of hole Sange; H,
width of flange.
One mapufacturer has standardized flange widths (Fig, 8-8, dimension H) for holes
to be tapped in low~carbon-steel stamping stock, as follows:

e

B=4 +% when T'is less than 0.045 in.
B=4+T when T is more than 0.045 in.
H=T when 7 is less than 0.035 in,
T .
H= 4—5—- when 7 is 0,035 to 0.050 in.
37 . .
H= 3 when 7 is more than 0.050 n.
R= —i-' when 7' is less than 0.045 in,
r . .
R= 3 when 7' is more than 0.045 in,

7B x T _ iHR!
I + 474 -;-T4HA 4HB o
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SECTION 9

FORMING DIES*

Simple Flanging Dies. Figure -1 shows & die for simultaneously forming end
stretrh-fanging & right-hand znd 2 left-hend pert from 2430 clad aluminum slloy,
7 e

treh, 43 per ceat
22 per cent 2t A, 28 par eent &t B, 11 per eent 28 C.

af (; deerease in thinkness,

Eoze plote. Solid dfe  Blank oreos, Solid farm
\\. blocks ] / Elock

5
16
“'
z /Ha/d dowrn

Fod
Punch

21t

Develspec part
Eig. 0-1. Streteh-fanging die

81



9-2 FORMING DIES

The spring-loaded pad attached to the inverted dic holds the web of the blank as {he
solid die blocks form the flanges down.  Gages or nests for this elementary dic are not,
shown, It is not capable of high production, and the finished part is removed by
hand, A high-production design would incorporate a pressure pad attached to the
lower shoe and an automatic stripper (such as stripping hooks) to remove the par
from the solid form blocks.

TFigure 9-2 shows tooling for shrink-flange forming of a part from 2480 clad alumi.
num alloy, 0.032 in. thick, in a 40-ton erank press. The part is produced from a
developed flat blank, The major shrink strain at the closed end of flange was 25 por
cent, necessitating use of deep-drawing technique, Pressure s supplied by a spring
pad and pins from a cushion.

Drawing and/or stretching of the metal may oceur in the die, depending upon the
amount and location of the net hold-down pressure exerted.

0,032 "thick
24 S0 clad aluminum

Section A=A Finished par\L
Fia. 9-2, Shrink-flanging die.?



TORMING TLANGES 9-3

Dic designs for the forming of eurved fianges commanly incorpornie o spring or
pueumatie pad for clumping the weh, to prevent slippage or distortion,  Sometimes,
adequate clamping pressure ean be seeured by Torming right-hand and lefi-hand parts
in the same blank, and subsequently lrimming them apart (Pig, 9-3),

Y
o »{

Blank; Type 302, annealed

0.062"thickness P
——

Finished part

ﬁlﬁlg«gs.; A right-hand and loft-hand part Taid out for simuttuneous forming of slrofeh

Flanging an Automotive Part, A design for i i i
3 oaign for the quantity forming of » slightd
bowed and tabhed flange is shown in Tig, 94, Cnge ping (DG*) onter f}u: h;leﬁ 1x‘r’rn l(,hy(',

* 1) indicatos dotail numbor on deawing,
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blank, and gages (D7) position the blank and prevent its dlipping. ‘The flange (D1)
and its tab (D2) are formed upward and outward by the punch (D4) against the die
(D3) as the punch forces the pad (D5) down. Pressure is supplied to the pad through
nir pins (D8) by & die cushion. The part falls out of the back of the die used in sn
inclinable press,

and press

- |
— (L] WY,
Prront ™ 5 i E @

Plan of die Section A=A

Section B-B
T16. 94, Forming a tabbed flange. (€, B. Cory.)
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Hole-flznging Die, The formdm of &
Heetn hub (1D of 0. /48 in) or cireular
ﬁznzl zm,md’ ! 23 e

i Jrr chwn i Fiz, 5. The
g ek (D) 0.7455 in.
e il fo the worky plece
Ahick desg-deawing bat-

Firiched port

P16, 4-5. Hole-Benging die.  (Century Fledtyiz (o

Flanging Large Flat Pasts,  The farming of fiznges aronnd the periphery of refrig-
wxator dems, o Sreener e, end dfer Yarz ey ity dum: in wuippe
it & ommber of cams, The com artinn shown in Fig. 0-6 iz not in {he satae direction
21 the antion of i} foring punch.  Cam refurn (not shown) is by epring
action or by the p ¢ retumm stroke of ! 6T,

Dounlhc.am Plzngms Die. The dix chown in Fig, 57 hee, in 2ddition to the out-
m, an inner ram whi when the die iz open. The inside cam zetion
wheneyer the g hed or: the punch by interfering flanges, offecty, or

Cide flonge formed Direct forming member
by direct oction r 2 ”
h ) rezsure por

Incide cam

Outzite cam

Fr6. 84, Cum flznging diet

F15. 7. Internel 2nd exfernal cam fianging dizt
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Forming a Flanged Cylinder. A circular flat blank (0.0375-in. deep-drawing hot.
rolled steel) with an OD of 133 in. and an ID of 21§y in. is formed into » flanped
cylinder in the die shown in Fig. 9-8. A double-action press, equipped with & rubber
die cushion, performs a combined drawing and flanging operation, The cireular blank
is londed in the nest (D1) and centered on the pin on the Jower knockout (D3). The
outer ram of the double-action press descends to lower the spring pad (D4) and draw
slecve (D5).  The spring pad grips the blank as the draw sleeve draws the part o the
1.4145-in, dimension, The part is then gripped between the draw sleeve and the step
in the dic and the inner punch (DU} descends to draw the 1,1785-in, dimension and
complete the part.

2"

ooy 19164

N

( 4 191/ X
"
6ax 45 chomfer

! N NN

i A PERNSCMENN TR

i ) % 3 = '\ i g

ol .

! } L o NAH i
i |

| ]

T1q. 9-8, Hole-flanging die. (Century Eleciric Co.)

Flanging Shim Stock. Two-inch strip shim stock 0.003 in. thick is blanked and
piereed by 0.069-in.-diameter pail punches (D1, D5) which also forms flanges around
the hole to a height of 0,036 in. (Fig. 9-9).

Tiwe holes are pierced without the cutting of any slugs, by the use of a Sour-sided
tapered point on the punches, The €.069-in. flanged holes shrink to a dizmeter of
0.067 in. after the flanges are formed and the punches withdraw. Spring-loaded
ciector pins (D2, D6) are used in this die design, which achicves piercing and fianging
in opposite direetions by the use of a lever (D3) actuated by a pin (D4).
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Finiched port
0,002 "shim stock

‘
i

P16, &4, Flanging holes in oppocite diveetions.  (Harig My, Corp.}

TForming 20 Inwerd end 2 Sudgnt Flenge.  An Inward Renge s lormed oy & cam
forining memhe botizontal surface of the di shos in the dis shown in Fig.

Gifl, Toe cam i ngle equel tn or greater than the angle of the
fange {0 be formed, forces the eatn fznging member inward es the air-pressure pad is

Cam Spring pod Selid punch
driver punc{? member [ member

= 7h Solid flonging  ,laward Hlonge
2=

Stroight
Flonge

Com Flonging hir srescure =% S
member pod Air pins

Stari of operation Finish of operation

Fi. 0-10. Forming on irward and 2 strefght fiznge, (0, B. Cory)
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forced down. The punch is split into two parts: a spring-loaded puneh, and a, zolig
punch, which forms the straight flange, 2 design that prevents the part from sticking
to the split punch. On the upstroke the pad travels upward carrying the fianged
part above both the solid flanging member and the cam flanging member so that the
finished part can be removed.

Return Flanging Die. The dies shown in Figs. 8-11 and 9114, for flanging
freezer-lid panel, are notable for their Jow required shut height of 16 in., as compared
with 24 in. required by conventional design.

The 20-gage cold-rolled-steel part (previously picreed, drawn, and redrawn) i
placed in the die with its flanges down.  The dje incorporates & spring pad traveling
shead of any action, 8ix side and end cam drivers {D5) and four corner eam drivers
(Fig, 0-11, D7) arrive simultaneously, pulling all the center collapsible sections out-
ward. The cam drivers dwell while the outer cam slide flange seetions travel inwardly,
thus forming the four flanges under at one press stroke.

A=
Die is symmetrical about centerline””
Tra, 9-11. Quarter-plan view of die for flanging a freczer-fid pancl.’s
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QOn the upstroke, the outer cam glides move outward after the inner collapsible
sections recede under spring pressure toward the center of the dic, pesmitting the pert
{0 be unloaded. Figure 9114 shows the cam drivers (D1} and the corresponding
extornal and intern] collapsible or rotracting forming members (D2, D3} for the
rounded eorners of the Jid, Similar sots of forming members (D4, D3) ange the
straight sides of the fid. This die in a 150-ton mechanical press attended hy two
operatars produces 120 pitees per hour,

Ny
Cam-——~—>‘\\\:§l\x\&\§§ k\x\

®

T

>
D

- N

Hee! Block ‘\\S\\§\§ y
\ N /\ o
A \ 1 B
ﬁﬁ‘%&k\ﬂ\\/J}l;l\f\\fi\\“?_‘QQ\.\:T\"&\\\\\ :

Section A-A
Weer plefe,

A

®
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3&\7@\&\\“
R
3

Section X¥-X

TFsa. 9-114. Bection views of die in Fig. 9-11.
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Roller Die for Flanging Inwardly, The
swiveling die members (D1) in the dic showy
in Fig. §-12 are rollers which flange 0,031-iy,
copper blanks (1374 in, by 3¢ in.) placed be-
tween the locating pins (P2). The work js
hent to form the completed clip by the revoly.
ing rollers, actuated by the punch (D3). The

b art is slid endwise off the punch.
0,03/ soft copper " Typical Standard Cam Forming Die. Cam-
N actuated forming-dic designs are standard
fOoU ey designs with many menufacturers; Fig, 0-13
illustrates a typieal design. Either spring
shedder pins or conventional strippers are in-
corporated (not shown) if the flange angle is
d close to 90°. The dic can be wreeked if stock
thickness is not uniform,

Rollers shown in closed
position
Trg. 912, Swiveling-roller die for
flanging,

© " ©

/Spr/hg KO pin

Plen view of punch

Backing blocks Open

When slide fs set Closed| 1
10 high fimit of
stock thickness
grd. (X) dimension
e 0002 Suiiable Stab Flat for weench
radii

Grind correct angle by trio!
Grind wedge
] to clear fop
plate, when
die is in gpen

J’J\\\ NN position

Note = Al forming blocks JOG;X
. and grd, R 61-62 s

Fra. §-13. Standard cam forming die.’
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Finished part:0.062"
phosphor branze,2H
Frc. 9-14. Double-cam forming die. (National Cask Register Co.)
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Double-cam Forming and Setting Die.  After the vertieal punch (Fig. 9-14, D1y has
completed its forming function, horizontal punches (D2) actuated by two cams (D3)
set the legs of the part. A ﬂvutmg member (D4) with a vertical travel of 34 in, (4)
fimits cam movement through pad action to allow for thickness variations in {le
part (0.062-in. phosphor bronze, 2H), Legs are set to £0.003 in. from the center line,
Nest plates (D7, D8) position the part, and it is removed by stripping brackets
(D5, D6).

Die for Press-brake Flanging. Ilanges and joggles in aluminum strip (0.072-in,
Alelad 758VV) are formed in the press-brake die shown in Fig, 9-15. The blanks are
heat-treated and stored at approximately 0°F so that they will not age-harden before
forming is completed. An insert (D6) in the joggle die (D2), in conjunction with a
pressure pad (D4), the flange die (D3), and the punch (D5), form the flanpes and
joggles. The part is positioned at each end by locating ping (D1) and removed by
the stripper (D7).

<t 40" > 4’*’ i‘ " E
o<—,5 dlﬂ foo/mq ’ ol
1 3%
1S
o 1;‘ Wk
:[F % ;
9
S fart‘of -/Jz
flat portion of Joggle
@:’dn.
! @ 5”/’5’_42% Section 5+
nose "’L_ I
: +«
! <
: o
. )
i YON;
G S b
3
N
n N oNY
R
9|

Section A-A
1;;; %15 Die for joggle and flange forming in a press brake. (The Emerson Eleclric
9, Co.)
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Embossing and Flanging Die for Channel. The dic shown in Fig, 9-16 performs
the first (embossing) end third (flanging) operations in produeing a eharnel structural
member of 0.064-in. 38 half-hard sheet aluminum. A second (trimming) operation is
performed in a die not shown. The embossing is done with a long shim block (D1)
lnserted between the die shoe and the embossing die. The third (fanging or channel-
forming) aperation is performed with the shim block (D1) removed {scction B-B), per-
mitting the punch member to enter the lower die member to form the channel sides.

Outling of
Frimmed blank Formed O
/B blank

Section B-8B

| 5
B £ “

?——— 2 3L £e3
Al EE’ 35 % K (4 TE3
stok: a5 35,46 SY| 4|2 888/ A 52 é 2ok
sheet aluminum H RS ][/]II”‘]"/" 2t
View showing embossing, 3§ = L’,‘///§ £ .é 8
ending in area of slof/ 0/25’*1}"1 312" 4 /’\\‘ 8° -

7
5

,,
&y
N §
Sy
X
NA

R g/// 2| 1/ u—
WWsrn, o o ]
A NN T

£ 3

Embossing: apprgX. —

.
NNy

@ Fress p/'n.s/

Shim block Section A~A
Fra. 9-16, Flanging and embossing die.  (Harip Mfy. Corp.)
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Overform Flanging Die. The part, of 0.050-in. eabinet sheet steel, is overformed
from = flnt blank positioned by suitable nests {not shown) in the die illustrated in Fig.
9-17. The pressure pad (D2) is nctuated by pressure pins (D1). The 90° flange js
formed in another similar die, followed by a restrike operation to set the angle and
dimensions of the 90° flange.

T
(B4
k-t
[
[
L
[
]

[

T Overformed= |y
Mg " t

f 11969" K|

I"—.’>'.5/3"— Fintshed part
T16. 9-17. Overform flanging die. (National Cash Register Co.)

Forming Permanent Magnets. Magnet steel (0.320 by 0.320 in. by 5% in. long} is
formed between hinged form blocks (D1) and the punch (D2, Fig. 9-18) into 2 U
shape, after the hlank is placed between the gages (D3), A cam-actuated knockoul
(D4) strips the work from the vertical punch and is retracted by springs (D5). The
part is snapped to the right and comes to rest around the two locating pins (D). The
U-shaped blank is sized, on the next press stroke, between the fatiening punch and
die (D7, D8)
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Fr;.8-19B. Sliding punch
detail for die of Fig, 8-19,



9-16

FORMING DIES

NN ! 1

—

1
00

/ AT
NER X
DO
Fra. 9-194. Enlarged view of punches in the
die of Fig. 9-13.

6 ——— -
Section A-A
Ttc. 9-19. Hand-operated flanging and forming die. (Harig Mfy. Corp.)

Hand-operated Forming Die, A gmq|
square bobbin (a coil form) of (,0104p.-
thick metal is formed from 2 square fube
in the die shown in Fig, 9-19.  Anexpand.
ing punch {D1) forces two hinged punches
(D4) apart which expand the tube agains;
two sliding punches (D3) actuated by two
cams (D5). An upper flange approxi-
mately 0.007 in. wide is formed between
the upper punch and member (D2) and o
lower flange s formed between the sliding
punches and the shoulder of the hinged
punches. This small die set is hand-
operated.

Section B-B
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Die Forming of Gold Sheet. A blank made from 0.028-in.-thiek 14K gold is placed
in o nest (Fig. 9-20, D9). As the ram deseends, the part is U-formed by the spring-
toaded punch (DB), Near the hottom of the stroke, this punch dwells while the
double-faced cam (D1) forees two slides (D4, D5) inwardly to offset the part. A cam-
actuated knockout (D3) strips the part from the punch and ejeets it toward the rear
of the die. The knockout has a spring return (D7, D8).

B«

Direction
1 of ejection

{ actual size)

B be— 3. 3// ——>
Qi
4 e
I ©lepe
: RO
O Lo
Cl
FP Stock material:14-K gold
or 16-32 gold filled,
0.028" thick
&1
3
i
Section €-¢ Flat blank I
2 f 2 {7
'

_

I

N
) :
2 1
oy
; 5 Direction
NMNERTINNNY t‘g of ejection
©
N \\
AN
I3
Section A-A Section B-B

F1a, 9-20. Single-cam dauble-glide forming die. (Harip Mfg, Corp))
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f

Finger clearance

A<}

7760 overall of tube "
(finished) & epprox.dev.

L‘ est approx. dev.
fube lengrh

/lz
% QM - 157
a*' e Travel é@ Qé oLt travd

'

SHTHEITIN

8" e hes
(rrrerx.)

%
LS
mle

7
8 P‘ Travel
{bottom)
@ J
“(upper
!}7) 51 :
J__ Th AN
13" {lower & j \
8 _hatf)
T
Section A4 Section B-2

F1o, 9-21. Tube-flanging die. (Hariy Mfg. Corp)
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9-20 FORMING DIES

| £ as Lhamper

Part after final forming
F16. 9-234. Developed blank and part formed in the die of Fig. 9-23,



CURLING DIES 9-21

CURLING DIES

Curling the edge or edges of 2 flat or eurved sheet, tube, or shell i
flanging operation; it f an expansion of the metal followed by its redietion.
The term seduction i ot to be confused with its wee in conneetion with drawing

npearations,
Curling-punch Design. The diameter of the groove in & curling punch should equal
tha eur] dismeter of the part, The groove dizmeter should not be les than Y in. for

Fr;s:we T
oo Cur//ng punch //

Flare in right

l}/dfg‘ for direction
stock thickness  (B) Punch properly designed for
(A4} Foulty curling grosve design inwerd curling of an inferier flonge

Fre. 024, Curling-groave design.é

2 gtock thickness of 0.010 in; the groove dmmcter should not be less than ¢ in. for
0.018in. stock thickness, Aﬂwrdm;. to Crane states that the curl dizmeter
should Tz from 6 to 20 times metel thickuess,  When the groove is ton Jarge, the curl
forms to its ovm diameter (4, Fig. 9-24),

Burr and Flare Direction. The optimum condition of a sheil or tube for eurling
oecurs when hoth its burr and flare are in the direction of curling.

Quiward curling of 2 shell periphery is the casiest curling operation, partienlarly if
the shell has bern drawn in 2 single-action die,

Tnwrard curling on an interior fisnge (B, Fig, 9-24) is casier to accomplish, when the
flare is inwerd, than an cutward curling,

Diedesign pﬁnvip&rv for the inward murting of shallow and deep shells are shown in
Fig, 425, If the pieee edge hes heen nigped, ot has o flare in the cight dirertion, the
usz of a tapered plug may be unn Iy,

For shellovs cup for deep cup ,
Edgez ot torned Edge turned in
Inside sdpport
16, 8-25. Dis-desizn principles for fnwardly curling shallow and deep shells.¢
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Inward Curling of 8 Deep Shell.  This operation is achieved in the dic of Fig. 9.95,
which is equipped with an expander {D1) that stides on the top surface of a supporting
plug (D2). A heavy spring (D3) presses against a tapered plug (D3} to provide dyell
for holding the expander open hefore the curling punch engages the work.  iffer the
curling punch has cleared the work on the upstroke, 2 spring (D6) causes the expander
to dwell until it is collapsed by the upward movement of the eurling steel. "The fight
spring (/4) merely retains the supporting plug (D2).

Curling a Can Cover. A heel on the carling punch (Fig. 9-27, D1) supports the
inside of the work (2 ean cover) which is to be curled outwardly. A pocket in the die
supports the outside of the work, which is stripped by an adjustable-spring counter-
balanced knockout and oil-seal breaker pins (D2). During the working stroke, the
part is gripped between the lifting plate and the knockout.  On the upstroke the lift-
ing plate ensures positive part movement upward with the punch so that it can be
cjected.

i

i

L Aep il
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Fe. 9-26, Inward-curling die for deep Tra. 9-27. Outward-eurling die for & can
shells.¢ cover.t
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rifal curls ere formed in 0.012-in.~thick SH
&I8, ctuated punches (D1, D2).
53 stment., The hand ejector
of the die, functions oaly when the
been nipped to faeilitate produeing the

< the pare out fram the
B \ate that the part has
eurl 03 the right-hand side.

- F;
Die hivight

Curling 2nd Flanging Die with Retractzble Holding Jaws. 4 holding clamp (Fig.
23, pl} opened by & plunger D2 allows 2 curl 10 be formed on one end of the part by

= curling

D3. A flanging punch D4 fianges the sides of the part (s pen elip of
k base metalf.
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=

il
(&)

>
@
[©)
25
0
hS

Tdiee=s
i o
¢
L>p
Die

Stock matl, 0:020"thick
No.67 base metal

“shut height

EFER

Section A-4 Section C-C
T'1e. 0-29. Finish-curl di¢ for pen clip. (Harig Mfg. Corp.)
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Hinge-forming Die, A revolving lovier curling steed (Fig. 9-30, D1) iz loaded while
in the horzontal position, The pert to be curled iz Josated over twn locating pins
(144) and becked up by 2 support plate (05). The any il blnek {)8) has a slot to pro-
vids elearaneea for the lqmung pm- (D4}, This anvil block is free to move in a vertical
direction and is held = or sfops hy springs (U9).  On the downstroke
a plunger (1)2) swings 1 (/1 13 to a vertical position. The lower
eurling gteel is then forend againg (D8) by the heel (I/5) on the die bi
{06).  The upper eurling die then eontacts the znvil and drives it downward,
the part as it goes.  The entim force of thkur]m;, operation i i ]
plates (D3) which must b ssenrely doweled fn place, Sinee the work i
unloaded in a horizontal position and away from the elosing members of the die, this
design provides for eperator safety,

Fi6, 930, Hinge-fortning diet
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Curling Chancel Edges. Slots in o typewriter part (Fig. 9-31) are gang-milled afrer
three die operations curl the edges. The first operation (not shown) forms the flat
Hlank into o channel shape, with radii cqual to one-half of the ID of the final curl
(0.1575 in.), The part is placed, legs down {view 4 in a nest consisting of » split die
and eam-aepuated forming punches, The spring-londed plunger {D1) forees the part
and the expanding dic steels (D2) downward. The die steels are expanded by an
adjustable wedge (D3) and hold the part, while the outer die halves are cammed in to
form the start of the inward cur, The curl is completed by a solid die and & sonven-

tional curling punch (view B).

“

[

1

i

ik,
- Cams
i

S

2

(4} Forming the start of inward curls (cams
shown in closed position of the die)

TN

Form 0.1575".00/

'(B) Cornpleting inward 20° Quarter hard 0,083 CRS.
curls
Tie. 9-31, Dies for curling channel edges.®

Inward Curling of a Shallow Part. This operation will distort and bulge the curl
(Fig. 932, A) if any of the following conditions are present: the eurling punch is too
Joose or 100 tight; there is ton much or too little material; the pressare pad does not
clamp the work before the curling punch engages the work; or the fange of the work-
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piece has high spots. Rubher suction cups, assisted by spring-loaded ping, fift the
part from the die and a knockout removes the part from the cups,

Backed-up cur/
8" will form bulge
N in edge
] 9% m
P 517 ~
Shatlow trays as above may be curled ™~ (4)
without furning in edges or supporfin "
side walls 9 eds pperting Cur/mgpuﬂchl

/Spr/ng pins Air holes I Pressure pod

F1a, 9-32. Inward-curling dic for shallow parts.¢

Wiring Dies. Striotly speaking, a wiring die is a curling (or false-wiring) die in
which a wire is inserted in the edge to be curled either by hand or by a suitable spring
pad, 50 that the part edge i curled around the wire, Such an operation ig simply
forming a shrink flange which can be formed withont wrinkles provided that the flange
width is less than ten times the metal thickness; if is commonly done on annealed
metals such ag the wiring of pails, pots, and similar utensils.

Seaming Dies. Seaming dies usually join or erimp straight or eurved flanges
together, although it may he an operation of hemming only (Fig, 7-14), in which case
the flange is hent hack upon itsell and fattened to give the part increased strength,

Longitudinal Seaming of Tubes, Horn-type die designs for seaming round tubes
are shown in Fig, 9-33.  The edges of the tube are bent and hooked together hefore it is
slid on the horn. A slot is machined in the dic and the punch is radinsed for inside
seaming, The outside-seaming dic is provided with a smooth horn and & suituble slot
in the punch.

Inside \k

N

Outside

ist operation

9

2nd operation

Fro, 933, Dies for seaming round tubes.
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“Zipper” Closing and Seaming Die. A preformed U-shaped bleak (0.036-inthick
steel) with hent edges (Fig. 9-34, section A-A) is formed into # eylinder and the edges
are lock-scamed in the die shown. The driving shoulder of the arhorlike puneh forees
the blank inside the guide plates and into the die block. Chilled-iron inserts (sections
¢~ 0 G} fold and seam the edges.  Rollers (sections H-H und J-I) flatten the seam,
The finished tube is foreed ont of the die by the following workpiece. The special
vertical hydraulic press used has a 44-in. (maximum) stroke.

-
Driving Pre-formed
shoulder shape

A
5 —Z é 2
i (> Guide
i plates Section B-B
ill
= [
SIN-IENES s
EN-INEE 2
(> “ |[||“ G\ “\-:16' Section £-C
‘ I AR | dserts
- il H—A L :‘ --H V22777 5SS
Interchongeable tools //////////h
are used on press fo = I Section J-D
close and lockseam in- Rollers ection

toke and exhaust stacks B
of severol sizes. Holes m‘}&m W//’ﬂim
are plerced lofer M/////// )3

Section E-E

M N
[”1 '—j Section F<F

77 — 7

% RN

Section [/ Section H-H Section G-G
Fig. 9-34. “Zipper" closing and seaming die.10
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9-30 FORMING DIES

Press-brake Beading Dies. A typical dic for this operation is shown in Fig, 7.17;4
dic for corrugating (forming multiple beads) in Fig, 7-1R.

“Piano" Corrugating Die. A corrugation (consisting of four bends in the metal) ean
be formed as 2 single operation but is a tedious operation if many corrugations (parallet
beads) are to he formed.  If more than one eorrugation is to be formed simultaneougly,
rupture will oceur unless the corrugation is shallow. A “piano” dic (Fig. 9-3),
having one or more spring-loaded punches and a rigid punch, progressively forms one
corrugation at a time, thereby confining any stretching to the eross section of one
corrugation, and allowing metal to be “sucked in” from the unformed portion of the
sheet.

Beading a Doubly Curved Part. The
part shown in Fig. 9-37, having & pro-
nounced double curvature, is first formed
to that curvature, and the beads are
formed in o sccond operation. The beads
are formed in a double-action press so that
there is hoth a drawing and stretehing ac-
tion in their formation.

&L
RANNS

I LI IIIiD,
Assembled tools-Section A4
F1a. 9-36. " Piano™ corrugating diet Fro. 9-37. Beading 2 doubly curved part.!

Beading a Rectangular Box. Tn the die shown in Fig. 9-38, the nest and the iner
expanding jaws hold the part (a rectangular box) and descend together. A tapered
expanding plug drives the expanding jaws outward to foree the metal into the groove
in the nest, thus forming an external bead. Stock is pulled upward and downward o
form the bead.  Coil springs in two grooves encircling the jaws collapse them on the
upstroke. The work is stripped from the punch by the expanding plug and pushed‘oﬁ
ttle_ jows by a centrally located spring pin and out of the die hy the bettom spring
stripper.

Beading a Can Cover. A can cover is supported on the inside by the spring-loaded
I{IUE in the die shown in Fig, 9-39, Downward pressure is applied by the hardened
ring 1o prevent buckling of the ean walls and to roll-form the bead outward at the
corner of the cover.  On the upstroke, the work is forced from the punch by the phug.
A spring-loaded pin pushes the work downward and off the knockout.



BEADING DIES

\—Expanding

plig
; Exparding
0 inner jowis
Spoze befusen punch LCoil springs(Z)
and vior#é alfows
fock below bead Punch
fopallpn L Groove

Fic. 9-23. Bending 2 rectengular boz.f

931




FORMING DIES

Nib-forming Die. The panch closes the inter.
focking jaws from the outside, and the center plog

Y.,
A

S closes them from the inside, to form a nib as showp
‘E;,/ in Tig. 940. The spring-londed jows are relogseq
ES/ before the punch ascends, since the jaws are hoysed
ﬁi% in & cage which slides up and down in the punel,
SV

AVAYAY

Cage spring
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press stroke by U-forming a blank over a spring-supported horn and then driving the
horn into & U-shaped die to complete the operation. To perform this operation suc-

Stone off sharp edges Sugport 77T ~
Grind punch, horn and dig for born =" \Bunch
L y Y-shoped
37 below surface
5 LY conter
Purch ¥ 4
Blonk
e Horn
¢ 1°clear 1 L Horn
H V-shaped { T
\ surfaces . ance | l |
Lower Bk, Lo
; + »
} \J%
Lower
' de
(— 7 Support &
for horn

{4}

Ti. 9-41. Forming stall tubes.t
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Cam-actuated Arbor or Horn-type Forming Die. A preformed rounded channel-
shaped blank (0.025-in. 1010 cold-rolled stecl) is formed into an eleetrie-iron-plug
receptacle in the dic shown in Fig, 9-43.  The work is formed around an arbor (1) by
cam-actunted forming punches (D2) as it is elamped in position by a spring-loaded
plunger (D3). A vertical spring-loaded punch (24) snaps up after the two sliding
punches are home, to set the part. Fjection is manual; these elements are shown:
D5, D6, D7, and DS,

Shut he/g/vf(max)\gn
53

VRN

=1
L Cut away fo clear
. flange as piece is
45 g) formed

Stock: 0.025"CRS
to-10

HN:
7 % S !I‘ 4.

NN

T16. 0-43. Mandrel-type cam-actuated forming die. (Hariy Mfp. Corp)

_ Forming a Clamp Ring, Forming a hose clamp ring can be done in two die opera-
tions.  The blank is first formed (4, Fig. 0-44) with the proper allowance for spring-
Dback on the punch and die radius. The distance X is found by the equation

X = (ID +)1.414
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9-36 FORMING DIES

mandrel and spepks it to a round shape. The mandrel is removed and the part
stripped from it by hand.

Forming Lapped-joint Tubes. For forming a tube with a lap joini, the design
shown in Fig. 9-41 can he chamged so that the longer branch of the U-formed blank
strikes o raised section of the die, forcing the branch against the horn (Fig. 9-46).
The shorter branch is formed outside to overlap. The raised die section is spring-
supported. The bottem of the horn or mandrel is slotted to accommodate the over-
lapping joint. If desired, one overlapping flap could be designed with raised nibs for
projection welding.

Forming a Yoked Tube. A yoked tube of mild steel (00625 in. thick) is formed
around & mandrel (Fig. 9-47, D2) by hinged punches (D1). The blenk is positioned
by guides (D3) and gage pins (D6). Vertical punch travel is limited by stop blocks
(D7) after the squeezing action by contact with the 30° angle of the die (D5) is com-
pleted. The laich (D4) supports the mandrel at the back of the die but is opencd
when a blank is inserted and returned by a spring (D8).  Yokeless tubes can be formed
by reducing the distance between the guide blocks (D3), and designing the hinged
punches so that their ends will meet under the mendrel at the end of the downstroke.

Yoke
} %0 @ G formed| &
! Die shoe
E/ankY ¢ Finished work /
e ]

ejected

go, S
Die shoe
Front

Yoke

D
Die shoe Section Y~Y"
Side view
TFi16. 9-47. Forming a yoked tule,??

A
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Torming Dies with Mavable Homs, An inexpensive gravity-fed i_nvr:rtcd die
design for 2n inclined press is shown in Fig. 9-48. The: pivoled horn is suppo'm:d
during the forming action by the springJoaded C block. No stripper is pr{wlded
sinee the cylindrical parts slide off by gravity. This inverted die is eeonoraical to
Huild.

i
3

Heavy spring

¢
y}ﬂ} Upper forming
e block

)
B2 i o
(i3 ‘J Rails on chute
o avoid odhesion
A of blonk becouse
—ped of ofl, 2 Horn drifled fo
3@: \ . reduce weight
E/Mk\ Stop Lower
— — i—lih{_/farm/ng
N Chute for % G de
grovity
feed

F16, 948, Gravity-fed swinging-horn-type forming die.’t

A hinged tift horn or mandrel (Fig.
3-49, D1) is used to form s tube of rec-
tangular cross seetion from preformed
0.034-in, anncaled steel. The horn forms
tavo corners only as it slides down into the
die against the force exerted hy the die
cushion through the pins (D2).  Pins (D3)
pish the horn and pad down while allow-
ing the part to fold around the horn,

Mandrel

/@
E/7/9;/4

Frefzrmed- 2

Y
AT
]

i

Fa. 049, Hinged-horn die for forming a rectangulur part,  (Harig My, Corp.)
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Another dic design uses a pivoted mandrel with its pivot, (Fig. 9-50, D1) located at
the back of the dir. A fountain-pen nily is formed around the horn by two spring-
loaded horizontal sliding punches (D3) cam-actuated, in conjunction with the vertical
punches (D2, D5). A hand-operated ejector strips the finished nib off the arbor and

y

==
S

out the front of the die. As
the die closes, the spring-
londed plunger {D8) forces
the mandrel (D9) down and
U-forms the part against
the pad (D2). The sliding
punches (D3} are then
cammed in to form the part
around the mandrel. Then
while the cams dwell the
upper punch (D5) eloses the
part and at the bottom of
the stroke the sliding punches
are again cammed in to re-
strike the part and make it
round.

S
|

frut height ~——J

or

s

~—"¢

“Z

Section A-A

N7
(I
o

=

NEN
vz
7

Wzeddy)
ez

i

Section B-B

F16. 9-50. Pivoted-nrbor forming die for a fountain-pen nib. (Harig Mfg. Corp.)

@z

Fta. 9-514. Detail and product for die of Fig. §-51.
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Low-grade steel is formed into a eore for rolig of ensh-register paper strip (Fig. 9-51,
A). The glight indentation made by the blade (D2) i of no importance in this ines-
pensive but high-production part, but it oullifies spring-back.  The die ineorporates
a typical floating mandrel (1) in which a flat blank is placed between the neats (13)

A= Section A=A
Fra, 9-51, Floatingeurhor tube-forming e, .
. /éedge prevents
pring side — ipping

guide halds Punch
blonk, Ledge prevents Sicle gur

edg enfe guides

Elank/ Fipping y fit blank

(4) @

Fra. 8-52. Horn-type die for forming opon tubes,
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and formed sround the mandrel by the punch (D4) and die (’5). Stripping is auto-
matje through the movement of the stripping collar (DG}, which is actuated by the
bell eranks (D7) pivoted at D8, On the upstroke, the studs {D8) contact the upper
part of the bracket, forcing the stripping collar to the right and alfowing the operaor
to remove the finished core from the mandrel,

Forming Open Tubes. Forming open tubes {Fig. 9-52) allows the use of a webbed
horn. Tn hoth dies, the blanks are retained by guides end ledges to prevent tipping.
At 4 the left-hand guide is spring-loaded; at B the blank fits the guides loosely.

Another die design for forming open tubes, using a vertical mandrel, is shown in
Fig. 9-53. ‘The flat blank is placed in a slot in the cover of the die. The first form
cam forces the first puneh toward the front, forming the blank into a U shape, Fur-
ther descent of the ram retracts the first form puneh; the mandrel {pin) desconds, and
the two second form punches are forced inward by the two side-acting second form
cams to form the finished open tube. The vertica! shouldered mandre] forces the
work through the die to size and iron it.  Shoulders on the second form pinches act as
strippers.

----- First form punch
Hord steel
rg///srs * First Blank size
/dom | Zoms
g::;nd purch Blark after n
purch (2  Blenk first bend r '/
¥ N First farm

w—Adjusting

strigpers
T T —r T /!
i 0O T o
Sizing die \First form block
Lin st
g in. slot -6
Port 0D
l j Second ironed
Fir I form smoafh
fz;’::z & —S/?/ﬂg com (2] /n 5q.
com —sE] pin Cover
= Finished perr
(. ‘r:) L | L -:’ | View of
= [ first form cam
i H

F16. 9-53. Vertical mandrel die for forming open tubes,3

FORMING RINGS, CLIPS, AND SIMILAR PARTS

Ring-forming Die. A flat blank is placed in the disappearing nests (Fig. 9-54, D1}
and s formed into a U shape around the upper half of the mandrel (D2). Four pins
(D6}, actuated by 2 die cushion, hold the blank between the mandrel and the upper
punch. The inverted U-formed blank is carried down by the mandrel and the upper
forming puneh (D4) to where the ends of the hlank are closed by the tower punch (D5)
to form the finished ring.  Air-etuated stripping pins (/3) push the ring from the
mandrel on the upstroke. This die is identicel in principle to the die shown in
TFig. 9-42, .
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U

Diein open position Die partially closed Die closed

e

Plan view - punch inverted

127/32 dia.

3/]é‘s’r0ck N ‘l
S o s
Eo NN AT
727772777 A VA2
Die closed U U Die opened ; J

F1c. 9-54. Ring-forming die.  (Toledo Pressed Steel Co.)
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Forming a Flattened Ring. A channel-shaped blank is placed under the forming
anvil (Fig. 9-53, D1) with the ends of the blank resting on two grooved rolls (D2),
which are mounted on cranks (D5). As the ram descends, the part (with flanges
down) is held tightly between the bottom of the anvil (mendrel) and the top of the
die. Racks (D3) attached to the punch then engage pinions {D4) to turn the eranks,
The rolls are forced around the anvil to form the flattencd ring around it; one rack is
timed nhead of the other to permit one end of the ring (2 rope guide for a elothesline
pulley) to Iap over the other,

Plan view of lower half Section A-A

Forming anvil @

] Partopen

Front view open
Caee?
Spring Part closed

Front view, closed
Fig. 9-55. Anvil-type die for forming a flattened ring. (Stanley Works.)

Forming a Phosphor Bronze Clip. A relieved forming punch (Fig, 9-56, 1) forms
the ears on a phosphor hronze blank (0,014 in. thick) with elearance of stock thickness
only. The bottom of the part is embossed to a depth of 0.031 in, and to a dinmeter of
0.139 in, by an embossing punch or pin {D3), The spring-londed pad (D4) for the pi_n
bravels J4 in, against the pins (1)8), equal to the depth of the die (D5). The blank is
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9-44 FORMING DIES

after the blank becomes U-shaped in the die or lower plate.  This design is a varistion
of the conventional enm or wedge die with sliding horizontal punches.

Forming Die with Air Actuation. Clips, cylinders, and rings are formed in the die
of Tig. 9-58. in which air at 80 psi is used instead of springs to return the horizontal
forming punches (D1). The same air pressure actuates the pressure pin (D2).

7 O

T16. 9-57, Toggle-action forming die.1® T1a. 9-88. Air-actuated forming die.!t

Lower plate Toggle
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SECTION 10

DISPLACEMENT OF METAL IN DRAWING*

Drawing is a process of cold forming a flat precut metal hlank into a hollow vessel
without ive wrinkling, thinning, or fracturing. The various forms ‘proclluccd
may be cylindrical or box-shaped with straight or tapered sides or a combination of
straight, tapered, or curved sides, The size of the parts may vary from 14 in. diam-
ster or smaller, to aireraft or automotive
parts large enough to require the use of
mechanival handling equipment.

Metal Flow. When a metal blank is
drawn into a die, 2 change in its shape
is brought about by making the metal
flow on a plane parallel to the die face, in
such a mamner that its thickness and
swrface area remain abouf the same as
the blank. Figure 10-1 shows schemati-
cally the step-hy-step flow of metal in
circular shells,  The units within one paiv
of radial houndaries bave been numbered
and each unit moved progressively toward
the center in three steps. If the shell
were drawn in this manner, and 2 certain unit area examined after each depth shown,
it would show (1) a size change only as the metal moves toward the die radius; (2) a
shape change only ay the metal moves over the die radius. Observe that no change
takes place in arez 1, and the maximum change is noted in area 5.

The relative amount of movement in one unit or groups of units is shown in Fig.
10-24 and B, in which two methods of marking the blanks are used to illustrate size,
shape, 2nd position of the units of area, hefore and after drawing. The blank in view
A is marked with radial lines and concentric eireles, and in view B with squares, 1f
after these blanks are marked and drawn, sections are cut out of the shell, fattened,
and compared with the original triangular portions, a change in shape of the triangular
picces will he found. The Mustration shows that the inner portion of the triangle
which becomes the hase of the shell remains unchanged throughout the operation,
The portion which hecores the side wall of the shell is charged from an angular figure
to a longer parallel-sided one as it is drawn over the die radius, from which point no
further change takes place, The particular areas observed have been enlarged and
superimposed upon cach other, respectively, to show more elearly their size, shape,
and position before and after drawing.

The general change in circular draws, due to flow, may be summarized as follows:

L Tittle or no change in the bottom area beeanse no cold work was done in this
area.

Fi16, 10-1. A step-by-step flow of metal.bf

2. All radis] boundaries of the units of arca remain radial in the bottom arca. The
units in the top flznge aren remain radial until they move over the die radius; they

{ef Pracess Engineer, Alyminum Goods, Ltd,
e 2t the end of this section.

10-1



10-2 DISPLACEMENT OF METAL IN DRAWING

then become parallel aud assume dimensions equal to their dimensions at the point
where they move over the die radius.

3. There is a slight decrease in surface area and inerease of thickness in the units
involving maximum flow, The increase in thickness is limited to the space between
the punch and die.

4. The flow lines on a cireular shell indicate that the metal movement is uniform on
all dinmeters,

Flow in Rectangular Shells. The drawing of n rostangular shell involves varying
degrees of flow severity. Some parts of the shell may require severe cold working and
others simple bending. In contrast to cirenlar shells.in which pressure is uniform on
all diameters, some areas of rectangular and irregular shells may require more pressure
than others. True drawing occurs at the corners only; at the sides and ends metal
movement is more closely allied to bending. The stresses at the corner of the shell
are compressive on the metal moving toward the die radius and are tensile on the

Unifs Blant, Unifs __ J0B Blank,
3 }/r/angu/arsgchbﬂ Ffriangularsecton
\before drawing (e s I before drawing

Enlarged
2 times

same section
after drawing

Relative shape and Relative shope and

position-of one area unit, position of ene areq
before and after drawing unit, before and after drawing
(4) (8)

F1a. 10-2. Two methods of marking blanks to illustrate size, shape, and position of the
units of area, before and after drawing.t

metel that has already moved over the radius. The metal between the corners is in
tension only on both the side wall and flange areas.

The variation in flow in different parts of the rectangular shell divides the blank into
two arens. The corners are the drawing arca, which includes all the metal in the
corners of the blank necessary to make a full corner on the drawn shell. The sides
and ends are the forming ares, which includes all the metal necessary to make the
sides and ends fult depth. To illustrate the flow of metal in o rectangular draw, the
developed blank in Fig. 10-3B has been divided into unit areas by two differcnt meth-
ods. In Tig. 10-34 the corners of the shell drawn from the blank in view B are shown,
‘The upper view is the corner area which was marked with squares, and the lower view
is the corner area which was marked with radial lines and concentric circles. The
severe flow in the corner arcas is clearly shown in the lower view by the radial lines of
the blank being moved parallel and close together, and the lines of the concentric
circles becoming farther apart the nearer they are to the center of the eorner and the
edge of the blank. The relatively parallel lines of the sides and ends show that little
or o flow oecurred in these arcas. The upward bending of these lines indicates the
flow from the corner area to the sides and ends to equalize the height where these areas
on the blenk were blended to eliminate sharp corners,

Control of Flow. The shaping of a shell neeessitates severe plastic working of the
metal; thercfore the climination of any condition which tends to retard the fiow is
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104 DISPLACEMENT OF METAL IN DRAWING

theshell. At view B there is poor conirol of the metal flow beeause only the tip of the
punch i in contact with the biank, leaving nwcl of the center area of the hlank free to
pucker. Depending upon the material, increased blankholder pressure may or may
not produce a good shell,

Blankholder Pressure. The amount of blankholder pressure required fo prevent
wrinkles and puckers is largely determined by trial and error, The pressure required
to hold & blank flat for a ¢ylindrical draw varies from very little to & maxinmm of

Tre. 10-4. 8hells arranged in order of in- Tis. 10-5. Two drawing
creased  blankholder pressure require- tools showing: (4) good
ments.! control of flow; (B) poor

control of flow.!

1

Moulding type Lock type

draw bead drow beod
T16. 10-6, Unbalanced draw, using excess Fig, 10-7. Two common types of draw
metel to control flow,! beads.?

abont one-third or more of the drawing pressure.  On eylindrical draws, the pressure
is uniform and balanced at all points around the periphery beeause the amount of flow
at all points is the same,  On rectangular- and irregular-shaped shells, the amount of
flow around the periphery i3 not uniform; hence the pressure required varies also.
In certain arcas where more pressure is required, excess material on the blank (Fig,
10'5>10r beads on the blankholder faces may be employed to retard the flow of the
metal.

Hea‘dsA The beads need not be continuous sround the die, and more than one are
sometimes placed in areas requiring greater retarding of metel flow. Figure 10-7
shows two common types of draw beads. Draw beads may be mounted in & die in
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10-6 DISPLACEMENT OF METAL IN DRAWING

CYLINDRICAL DRAWS

Development of Blanks. Tle development of the approsimate blank size should
be done first (1) to determine the size of a Mank to produce the shell to the required
depth and (2) to determine how many draws will he neressary to produce the shell,
This is determined by the mtio of the blank size to the shell size. ~ Various methods
have been developed to determine the size of blanks for drawn shells.  These methos
arc based on (1) mathematies alone; (2) the use of graphical layouts; {3) & combination
of graphical Inyouts and mathematics. The majority of these methods are for use on
symmetrical shells,

1t is rarely possible to compute any biank size to close aecuracy or to mnintain per-
feetly uniform height of shells in production, beeause the thickening and thinning of
the wall vary with the completeness of annealing.  The height of ironed shells varies
with commereial varintions in sheet thickness, and the top edge varics [rom square to
irregular, usually with four more or Iess pronounced high spots resulting from the
offect of the direction on the erystalline structure of the metal. Thorough annealing
should largely remove the dircctional eficet. Ior ali these reasons it is ordinarily
necessary to figure the blank sufficiently Jarge to permit a trimming operation, The
drawing tools should be made first; then the hiank size should be determined by trial
before the blanking die is made, There are times, however. when the metal required
to produce the product is not immedintely available from stock and must be ordered
at the same time as the tools arc ordered. This situation makes it necessary fo
estimate the blank size a3 closely as possible by formuls or graphically in order to
know what sizes to order.

Blank Diameter. The following equations may be used to caleulate the blank size
for cylindrieal shells of relatively thin metal. The ratio of the shell diometer to
the corner radius (d/r) can affect the blenk diameter and should be taken into
consideration,

When d/r is 20 or more,

D = & +dh ®

When d/r is between 15 and 20,

D = /d +ddk — 057 ®
When d/r is between 10 and 15,

D =+/&Fidh -1 @
When d/r is below 10,

D =~/{d~2r)t +4dh — r) +2c(d - 0.77) (4)

where ) = blank diameter
d = shell diameter
b = shell height
r = corner radius

The nbove equations are hased on the assumption that the surface area of the blank
is equal to the surface aren of the finished shell.

In cases where the shell wall is to be ironed thinner than the shell bottom, the
volume of metal in the blank must equal the volume of the metal in the finished shell,
Where the wall-thickness reduction is considerable, a5 in brass shell eases, the final
blank size is developed by trinl. A tentative blank size for an ivoned shell can be
obtained from the equation

p=\it e ®

where £ = wall thickness
T = bottom thickness
The blank dinmeters given in Table 10-2 are approximate and based on Tq. (1),
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BLANK DIAMETERS
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10-12 DISPLACEMENT OF METAL IN DRAWING

"To find the horizontal distance X hetween the combined center of gravity I and the
axis 4-B, divide the sum of the moments of cach scetion by the combined lengths of
the gections:

LD+ 1.2 E+ L
X=|+‘+la+| )

IntLet L+ n
Applying the rule of Guldinus (also known ns Pappas’ second theorem),
A = (Iy + Lo -+ Ly 4 L)2xX (1)

Sinee the aren is unimportant, the desired blank diameter £ ean be solved direetly,
instead, by using Iiq. (12),

D= \/BX(Li Lo + Ly + 1) 12

Area-of-element Method. The blank dizmeter for complex civeulur shells, as the
one in Fig. 10-10, may be divided into simple clements of shape, such as the clements
numbered 1, 2, 3, and 4 in Fig, 10-11. Element 1 is o cylinder, 2 is a flat ring, 3 is 2

/el

37

’ AS
ilad 2 4 \ Rad of blank,
%

m*

N

Tra. 10-11. Graphie method of determining the blank dismeter of o symmetrical drawn cup.

radiused ring or o portion of a sphere, and 4 is 2 disk. The area of each element may
be found by using the cquations in Fig. 10-12. From the totel of these areas, the
dismeter of the blank may be determined by

CD=118+/4 (13)

i

Layout Method. A graphic method of determining the blank dinmeter of the same
shell shown in Fig. 10-10 is illustrated in Fig, 10-11. The procedure to determine the
blank is as follows:

1. Make an acewrate layout of the parf, incjuding a fine (hrough the center of the
stock.

2. Number cach dissimilar seetion starting at the extreme cdge of the part.

3. Draw vertical line X- and mark off the length of each section aceurately start-
ing with section I at the top of the line. Number each seetion to correspond with the
same seetion of the shell,
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< d ——>
A Cylinder
A=30416 dh ()

r"‘——'i —"’1 Disc

A=0.7654 d? (15)

d ———>l
: " Flat ring
"—“dl _4

A=07854(af-d8) ()

[

dy—>

€ Beveled

. Dev

N
§ St L o
V]"“dz—"irdc e ST
A=31416 s( 522_.') (17)

Rediused
Ih ring

Kz‘ bish

A=628rk (18)

Half
sphere
A=628r? 19
e~
7 j Fillet
A=494rd 462817 130)
N
« &>
A=494rd-628r% (21)
Double
4 fillets
r
&
) Half bead
- !
A= 987rd (22)
o
Full bead
A=177rd (23)

TFra, 10-12. Equations for areas of circular shell parts.

4. Through the center of gravity of each section, draw a line downward paraliel to
line X-1.  The center of gravity of an are lies on « line whieh is perpendienlar to and
biscets the ¢hord and is two-thirds of the distance from the chord to the arc.

5. From point X draw line A at 45° to point P, whiel is about midway between X
and T, Draw line A’ paralle] to line .4 intersecting the lines drawn jn step 4.

6. Conneet P to the ends of the sections on line X-Y obtaining lines B, C. D, and E.
Draw parallel lines B, C', D', and E’. Note that B’ starls where A" intersects the
first center-of-gravity line and so on until where B’ starts where D' intersects the
fourtl center-of-gravity line and continues fo intersect A,
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7. Through the intersection of A’ and E' draw a horizontal line Z to the center line
of the shell.  Construct a rircle using Y as the center point and Z as the diameter,
Using point X as the center point, scribe an arc tangent to the small eircle,

8. Drasw o horizontal line tangent fo the top of the small eircle until it intersects the
Jarge are.  The distance {rom this interseetion to line X-1 is the radius of the required
blank.

Figure 10-13 shows n group of equations for blank diavseters of differently shaped
symmetrical drawn shells,

"I d l‘ -*y }('dz—’i "
u7 Vat+4dr b VP tdf+adh

i 0o | gk a0
ko ]
U » VaZiidh \S 14d\ezif gray)
oyl ) | e @
federly [~
UT"" G ddntdny |\ /7 Vapaslardy)

oAq b e | Al @)

o <]

L{%} R ) V25l aprdia
Al e Aa/,ﬁ (33)

, Kl
’IK’IJI* Le14d L= Sy ag2 e s gh

@) "1 en)

- d; ,{ ——dj
!:i 4 M Vazra? I_t’ij_ VeF+ 226 vy 0661
~ @ | gk (35)

TiG. 10-13. Equations for blank diameters.

Reduction Factors, After the approximate blank size has been determined, the
next step is to estimate the number of draws that will be required to produce the shell
and the best reduction rate per draw. As regards diameter reduction, the area of
metal held between the b]'mkholdmg faces must he reasonably proportional to the
area on which the punch is pressing, since there is  limit to the amount of metal which
can he made to flow in one operation. The greater the difference between blenk and
shell diameters, the greater the area that must be made to flow, and therefore the
higher the stress required to make it flow, General practice hias established that, for
the first draw, the area of the blank should not be more than three and onc-half to feur
times the cross-sectional area of the punch.
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One of the important factors in the success or failure of a drawing operation is the
thickness ratio, or the relation of the metal thickness to the blank or previous shell
dinmeter; this ratio is expressed as {/D. As this ratio decreases, the tendency to
wrinkling fncreases, requiring more blankholding pressure to eantrol the flow properly
and prevent wrinkles from starting,  The ratio £/ is used in Fig. 101 as a {entative
means of determining maximum reductions permissible under single- and double-
action draws, The top limit of about 48 per cent scems to be substantiated by prag-
tice and theory concerning the strains set up in the draw. The 30 per cent limit for
double-nction redraws is dictated by practice and is modified by corner radii, friction,
and the angle of the blankholding faces with respect to the shell wall. Because of
strain-hardening stresses sct up in the metal, the third and subsequent draws would
not exceed 20 per cent reduction without an annealing operation, The reduction per-
centages obtained from this chart should he considered tentative only, sinee they
may he exceeded under certain conditions; under other eircumstences they may have
to he reduced,

The nomograph Fig. 10-14 is used as follows:

Given: A blank of approximate diameter of 16.6 in. and thickness of 0.050 in.

Solution: 1, Connect point 16.6 on d-chart and point 0.050 on i-chart with a line,

2. The projection of this line intersects the ¢/d-chart at 0.30 (0.3 of 1 per cent),

3. The vertical projection of this point on the “Ist draw, double-action” curve at 42
establishes an approximate limit of 42 per cent reduction for the first draw, using & doubloe«
action die, Similarly, intersections as shown establish reduction limits of approximately
28 and 734 per cent, respectively, for double-action and single-action redrawing.

When the maximum ratio of height divided by the diameter exceeds 5:8 or o
possible 3:4, more than one reduction is required. Table 10-3 cnumerates the prob-
able number of reductions using this ratio.

TABLE 10-3, PROBABLE NUMBER OF REDUCTIONS POSSIBLE FOR A
GIVEN RATIO OF HEIGHT TC DIAMETER

Ratio, Probatte Number of
Height to Diametert Reductions
Up to 0.7 1
7-1.5 2
1.5-3 3

3-4,7 4
* Tg compute the height-diameter ratio, it is necessary to divide the inside shell height by the wean
shell dinmeter.

Changes in Unit Stress. After cach differential of draw depth, the material has &
new group of physical propertics resulting from cold working. Elastic limit, hardness,
yield point, and to a lesser extent, ultimate strength are increased and plastic range is
thereby decreased. The total depth of draw is not limited by the plastic range; only
the depth in one operation is thus restricted. Anncaling may be resorted to after a
draw to restore, almost entirely, the original plasticity.

The use of strain-hardening curves to discover the extreme unit stress of a shell
after an operation s illustrated in Fig. 10-15. The straight-line curve was drawn for
o materizl having a modulus of strain hardening S.* of 110,000 psi, ar initial yield
point 8, of 50,000 psi, and a maximum yield point 5. of 90,000 psi. A reduction of
40 per cent of the blank dizmeter was used for the first draw, and 2 reduction of 20 per
cent of the shell diameter produced in the first draw was used for the second draw.
‘This is a total reduction of 52 er cent for the two draws, After the strain-hardening
tine (0-S.) is plotted, o Yine is drawn from the 40 per cent point on the X-X axis to
point 8. From point S, extend a horizontal line until it interscets line (40 per cent~
8:). Trom this interscetion, extend 2 vertical line up to the strain-hardening lx'ne
(0-8;). This intersection determines the approximate psi value of the yield point
after the complotion of the first draw. By using the same procedure and the new
yicld point, the unit stress after the sccond draw ean be determined.  Note that, when
the vertical Tine of the second draw is extended downward, it interscets the horizontal

* Extrapolation of a yield point to a theoretical 100 per cent redustion,
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T16. 10-16, Nomograph for computing drawing pressures. (E. W. Bligs Co.%)
. Given: Deep-drawing steel stock, 14 in. thick, tensile strength of 50,000 psi to be drawn
into a shell of 10-in. diameter. Determine the drawing pressure.

Selution: 1, Connect point 10 on the D-seale with a Jine (line 1) {o point (1125 on the
=seule,

2. Its interseetion with the A-seale is nt 4.0, which is the approximate arca.

3. Connect this point with a line (line 2) to point 50,000 on the S-scale,

4. Project the line to the right to intersect the P-scalo at 98 tons, the drawing pressure
required,

The pressure applied to the punch, necessary to draw a shell, is equal to the product
of the cross-sectional aren and the yield strength S of the metal.  Taking into con-
sideration the relation betveen the blank and shell diameters and a constant € of 0.6
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10-20 DISPLACEMENT OF METAL IX DRAWING

with vertieal strokes, especially when drawing soft metals, to eliminate any cross pockets
into which the metal might flow and cause fracture when the metal is stripped from
the punch.

Shells may he prepared with angular corners, as shown fu ig. 10-18,  From the lay-
out of the finished shell, the layout of each preceding shell is developed. The angle
in the bottom of the last preliminary shell should start at a point equal to one-fourth
of the hottom radius of the finished shell, messured inward from the inside of the shell,
Angles for the other shells should start at a point equal to one-half the I dimension,
The angle Z measured from the horizontal should be 30° for stock up to 0.030 in,
thick, 40° for 0.030- to 0.060-in. stock, and 45° for stock over 0.060 in. thickness. The

TFre. 10-18. Layout of bottom corners. F1a. 10-19, Relation of punch-ose and die
draw radii.

radius * at the intersection of the slope and the bottom and sides should be approxi-
mately 0.6},

The relation of the punch-nose and die draw radii to minimize thinning of stock is
shown in Tig. 10-19. The center point of the draw radius should be approsimately
1% in. outside the previous cup, as illustrated at A. The center point of the punch-
nose radius should be slightly inside the following shell. as at B. The ceater points
of the punch-nose radii on the last two operations are about on the same line, thereby
maintaining the flat on the bottom of the cup, as at C.

Clearances. The die space usually allowed for drawing any metal should be propor-
tional to the metal thickness plus an allowance 1o prevent wall friction, This allow-
ance ranges from 7 to 20 per cent of the metal thickness, depending upon the type of
operation and the metal,  As the shearing strength of the stock decreases, the allow-
ance must be increased. Table 10-5 gives factors for determining typical die-clear-
ance dimensions. The sizing draw clearance is used for straight-sided shells where
dinmeter or wall thickness is important, or where it is necessary to improve the sutface
finish in order to reduee finishing costs.

TABLE 10-5. DRAW CLEARANCE:
[
Firat drawa Redraws Siring drawt

Blank thick-
ness, in.

Up to 0,015 1.07t to 1.0t 1.08t to 1.1t 1.04¢ to 1,050
0.016 t0 0.050 | 1.08tt0 1.1 1,000 to 1.12¢ | .05t to 1.0
0.051t00.125 | 1.lfto1.12¢ 1120 to 1141 | 1,07 to 1.00
0.136 and up 112t to 1.14¢ 1,150 to 1.2t 1.08to 1.1t

" Used for straight-sided chells where diameter or wall thickness is important, or where it is nerewary
to lmprove the surface Goikh in order to reduce finishing costa,
t = thickness of the original blank.
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RG)

Tre. 10-214. Corner dovel of blanks for 1

it

draws: & straight line is pro-
duced if B, = 0.54(h + 1.57r).8

()

Fre. 10-218. Corner devel of blanks for

p

I draws:
is obtained if B, > 0.54(k 4 1.577).

o convex sloping eurve
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10-24 DISPLACEMENT OF METAL IN DRAWING

and decrenses as the length-to-twidth ratio inereases.  Draws may be made to a depth
of approximately 80 per cent of the width in ease of a square box with a rather smalt
corner radius,  Rectangular boses con be drawn to  greater depth than can square
boxes, and this maximum depth X increases with in-
creasing ratio of length L to width ¥ according {0 the
following empirical equation:1®

H L.
Lo ey

The constant C in this equation varies slightly with
the metal; use 80 for steels and such duetile metals as
copper and brass, 70 to 75 for ductile aluminum alloys,
The refation applies to boxes not longer than three
times their width. For longer boxes, the maximum
depth to which they can be drawn in & single operation
Fro. 10-22. Layout of a blank 1S approximately 135 per cent of their width,
for un irregular shaped shell.! Tt is also safe to assume that a part can be drawn in
one draw to 2 depth of four to six times the corner
radius. If the eorner rudius is greater than 14 in., the depth for the draw should be
kept nearer the four times factor. Table 10-7 shows an idea of maximum depths
that can be obtained from corners of a given radii.

TABLE 10-7. RELATION OF CORNER RADIUS TO HEIGHT OF DRAW:

Cornier Ratius, In, Length of Draw, In,
He-36 1
o34 134
315 2
3i-3 3

Table 10-8 is used for aluminum to determine the number of draws necessary to
produee noncircular shells and is based on the ratio of the depth of shell to the corner
radius (t/r),

TABLE 10-8, NUMBER OF DRAWS BASED ON RATIO OF DEPTH TO CORNER RADIUS

Allowshle range

Basie 4/r value - -~—] No. of draws
Min Max
i
6 . 7 1
12 7 13 2
1 3 8 | Y3
22 18 24 4

Data fron J, W, Lengbridge,

The amount of reduction between draws for & reetangular part depends upon the
corner radius and diminishes as the corner radius becomes smaller.  Where two or
more draws are required, the length and width of ench die can be determined by
multiplying the corner radius by 3 and adding the product to the length and width,
thus finding the Jength and width of the preceding die, This method should apply
only to & corner radius of less than 34 in.  For all radii over 14 in., use a constant of
0.3 instead of the radius. The corner radius of the first die may be a5 much as four or
five times the radius of the succeeding die or finished part. The radii of the two dics
should rot he laid out from the ssme center but, as shown in Fig. 10-234, with enough
surface X hetween the two corners to provide 2 drawing edge. The reason for using
a large corner radis for the first die is that, when the larger corners are reduced tothe
smaller sadius in the second die, a large part of this eompressed metal Js forced out into
the sides of the box. If the first die were laid out ag in Fig. 10-23B, there would be s
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comparatively Jarge reduction at the corner and the metal would be more compressed.
The drawing operation would therefore be made much more difScult since the drawing
action is confined to the corners when drawing rectangular work.

Punch-and-die Radii The size of the draw and bend redii on the draw ring is
generelly the seme for rectanguler draws s for eiroular drawe.  Some designers prefer
to make the radius between the corners smaller than the radius at the corners in order
to equalize the stresses in the metal at the
corners.  To perform some very deep draws X
successfully, the radius on the draw ring
may be from four to ten times the metal
thickness, The top surface of the draw die
and the draw radii should be polished
smooth, free of grind marks and well blended
together, to prevent Jocalized retardation
flow with consequent uneven drawing of the
metal.

There may be bulged areas in boxes of Firstdie
thin stainless steels and other high-strength l(»f )
alloys. where the length of the fat area ex- Second die
tends over fifty times the metal thickness, (4) (B)
which may be made to deflect by 13D Fye 1023, Relution between the cor-
action referred to as “ofl cenning.” To  ners of first and second operation dies
climinate this. such parts are formed in %o for square and rectangular work.®
operations using slightly different tools.
with s sunesling between operations. The second draw should stretch the metal
into shape to eliminste the canning. To facilitate stretchiug in the center of the long
walls of the box-shaped part. the nose radius of the first draw punch may be enlarged
at these Jocations.  The use of a constant radius on the nose of the redrew punch then
provides the stretching action.

If the comer radius of 2 box-shaped shell is smaller than the punch-nose radius, a
corner relief should be provided at the intersection of the punch-nose and corner radii
to avoid tearing vt these locations. Beveling the punch nose at the corners permits
the part to develop natural contours. The beveled portion should extend sufficiently
far to permit the metal to curve at a radivs at least equal to five times the metal
thickness.

Draw Clearance. The clearance between the punch and die for a rectangular shell
is about the same as for o cylindrical shell. There should be 3 little more clearance
allowed at the corners than along the side walls. Some designers prefer to use the
same corner radius on the die as on the punch to avoid ironing in these areas and to
increase drawability.

Drawing Pressure for Rectangular Draws. Caleulating the punch load for a
rectengular shell should take into consideration the straight side-wall areas where only
hending and friction are involved and stresses are low, and the corner areas where hich
compressive stresses are necessary to rearrange the metal. These areas are covered
in the following equation:?

P = 1820, + L) (2)

where P = drawing punch pressure. Ib

{ = metal thickness, in.

§ = nominal ultimate tensile strength, psi

r = corner radiug of the reetangular shell, in,

= total length of straight sides of rectangular shell, in.

Constant €' = 0.5 for & very low shell, up to about 2 for a shell having 2 depth
of five or six times the corner radivs r

Constant €2 = say 0.2 for easy draw radins, ample clearance, and no holding
pressure: or about 0.3 for similar free flow and a normal blanke
holding pressure of sbout P/3; or 2 maximum of 1 for & metel
clamped too tightly to flow




10-26 DISPLACEMENT OF METAL IN DRAWING

These values for €y and C; are roughly empirieal, and judgment must be used in their
application.

REDRAWING

The term “redrawing" is used for a varicty of operations in which a part is reduced
in its lateral dimensions by means of single- or double-nction tools withont reducing
the wall thickness, Regular redrawing is done by slipping the part over the punch
which pushes the eup into the die, reducing the bottom dimensions and increasing the
side-wall height. Reverse or inside-out redrawing is done by slipping the cup over 2
dic ring, and the punch attacks the outside of the bottom, turning the part inside ont
into the dic opening.

| {

——

<
Cup from i
first draw
7
Part from
redraw
S
Single Double Single Double
action action action action
Regular redrawing Reverse redrawing

T16. 10-24. Various types of redraw operations.

Tigure 10-24 fllusirates the various types of redraw operations. The regular
redrawing shows the single-action tool with only a punch and die required, as the
metal is heavy enough to withstand the reduction without wrinkiing. The double-
action tool has 2 blankholder, since the metal is thin and the flow must he eontrolled to
prevent wrinkles, Most redraw operations use the regular double-nction tools, The
reverse drawing also shows single-~ and double-action tools,
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11-2 DRAW DIES

The simple single-action dies (Fig. 11-26) employ only a punch and die 80 arranged
that they ean be mounted in a press.  As the shapes being drawn heeome more com-
plex and difficult to fabricate, blankholders and pressure pads are ndded to the dies
and the parts are developed in several operations rather than one,  The binnklolders
may be permanently attnched to the draw ring (Fig, 11-27) with spacers that allow
insertion of the blank and its proper positioning over the die cavity, The movable
blankholders and pressure pads are actuated by pressure arrangements built into or
attached to the dic or press,

The materind, shape, and quantity of parts to be produced determine the number
of operations and type of dies to be designed and built,

Analysis of Drawn Shapes, The finished shape of a shell must be earefully analyzed
to determine the shape of each redraw, The shape to which a shell is redrawn deter.
mines 10 some extent the number of redraws required to produce the finished shape,

control

Bf

T1e, 11-2. Shell contours—a factor in determining the number of drnv{s‘l

Tigure 11-1 is an analysis of redrawing operations. In case I the reduction is 65 per
cent, which is usually considered loo much for most materials; thercfore, two draw
operations are recommended, Three draws are necessary in Case 2 hecanse of the
contour, The small dizmeter of the bottom of this shell ercates a condition in which
there is a substantial area out of control at the start of the draw, if attempted in one
operation, Shapes similar to this must be drawn in two or more operations, and a
stggested method isshown at D, Chse 3 is 2 10-in.-diametor blank drawn to & 5)4-in.-
diameter shell. Although the reduction is only 45 per cent, the thickness-diameter
1atio is only 0.10, requiring a smaller reduction in the first draw as suggested at F.

Shells of the same maximum overall dimensions are shown in Fig. 11-2 but, becruse
of their contours, require different shape and numher of redraws. A rcprr»scntg A
straight-sided shell 6 in. in dinmeter and 6 in. deep, drawn in two draws from o 13%4-
in.~diameter blank, » total reduction of about 56 per cent. B is a tapered shell uf'lhc
stme overal] dimensions, drawn in five draws from a 12-in.-diameter blank, The
ilnsteation nt B-1 shows the condition of the metal out of control if an atiempt is
made to redraw the tapered shell in the third operation. € illustrates 4 domed shell



DRAW DIES 11-3

drawn i three aperations becanse of the shape of the bottom,

shelt ¢ 1 i, in dizmeter,

The blank for this

Aty [m'ul arpsgemnent, of redrases for o eiroar ghel] of 330 sluminm is ehown in

Fig, 1144

Thix ehell vins draven in thres operations withont any intertediate anneals,
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Fra, 114, Lagont of drawing operations,



114 DRAW DIES

A large stainless-steel shell (Fig, 11-6) with a four-draw sequence used a two-step
punch in the third draw and a shallow reverse contour at the bottom, using a nuating
die with a contour-hottom pad. The stock was type 302 stainless, annealed.

i
L 11" S
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i
Blank; Type 316, annecled !
y
QDZE’JFGZ a0, ‘“1
approx] ng 0078"
:1 % }‘.—47" T 8Blank
S §
¥ g
&

/% & Firstdraw
> 207 reduction

First draw l.(__ 32 ”_>r_L

‘i Second draw
‘T =~ 15% reduction
T

5
#=_ Third draw
T 5% reduction

e
i®

r———-“
approx.
NS
N
N

Second draw

o
" T 28%reduction
5
E‘—— 65 ol | ~ j—L
b 20

L

!
R

Fourth draw

4 ——->l

U
8

Flatige flattened 245%

Fra, 13-5. Forming n tubular purt of stain-  Fre. 11-6. Draw reductions for & large
less steel. stainless-steet shell.?

L

A shell which required seven draw operations to reduee it to the final dimension is
shown in Fig. 11-7, To facilitate the redraws, the shell was annealed after each opern-
tion. This part of Lype 347 stainless steel 0.091 in. thick was drawn in elloy cast-iron
tools on a double-action hydraulic press. The tools were repolished every 100 to 300
parts,
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114 DRAW DIES

A large stainless-stee] shell (Fig, 11-6) with a four-draw sequence used a i
punch in the third draw and a shallow reverse contour at the bottom, using am
die with a contour-hottom pad. The stock was type 302 stainless, annealed,

",
iJ 11’ dia:

e go65”

Blank; Type 316, annealed

¥

0075—11[;—62 20. ——-1

approx. - nn7/z
1, —a—

Nig §
\’.

, Firstd

I"® o
B § 20% rEdu

First draw }<_32"_;|l

X.

appr

Iriny 1‘? Second c
T 5% redu
% $ — 26"
Y !
8 22 Thigs
15%0 redu

Second draw

2
28% redu
65 L_ ;l’_L
§ > 20"
/SR T Fourth d

\lN

Flange flattened l<~ 24;2.”j

Tra. 11-5. Forming 2 tubular part of stain- TFre, 11-6. Draw reductions for a
less stee).? stainless-steel shell.?

1
e

A shell which required seven draw operations to reduce it to the final dimensi
shown in Fig. 11-7.  To facilitate the redraws, the shell was annealed after each o
tion, ‘This part of type 347 stainless steel 0,091 in. thick was drawn in alloy cast
tools on & double-action hydraulic press. The tools were repolished every 100 t
parts,
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11-6 DRAW DIES

The dev cIopmcnt of a type 316 stam]c«-stccl purt in which the bottom is pierced
out and the lower wall is straig) i out, is shown in Fig. 11-8, High
blankholding prcssurvs were required on this aperation, beeause of the lrgp draw and
punch-nose radii. This part was drawn with & hardened-tool-steel punch, die, and
blankholder in a double-netion press.

!‘ 17,2650, - Jl
Blank:Type 316, annealed ais"

e 150" dim
| ; l

First draw
|

-

I“ 537 j}?ierce -“l

Sized part i
Fierce 24 holes 5 /3
———— U4y dia. frimmed —r'l
4,,, LN\ it g
ST
I

gl = |
iR
5 *——4#—&055’

Flnlshed part
T1a. 11-8. An example of & draw using a high blankholding pressure.?




DRAW DIES

i

Cone Shapes. The drawing of
cone-shaped shells requires addi-

5¢th draw

342301 8% reduction

tional draws to minimize the amount
of material out of control. The
tapered shell in Fig. 11-0 was com-
pleted n gix draws, while the very
severe cone in Fig. 13-10 required

cightdraws, Theseshellsweremade -]

of annealed aluminum, hut fewer
steps are sometimes possible with
higher-strength metals such as stain-
less steels hecause of their ability
to withstand high blankholding
pressures.

7 oo
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| s i Set sheape

Zh drav 28% redudd,

» 0% »
n 4% #
" 0%
v 0% n
v 5% »
v 429 »
T zo] 8:5.90.(0032')
50 al
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Fie. 11-10, Draws for a severe tapered
shell.t

oy
TIrF

1y

D t#Z;’mw
i
SR redict

2., 5%
3 reduct |
G [T

It draw
43 Tareduction

9"t Blank
£ 006"

Fic. 11-9. Draw reductions for a tapered
shell.t

The development of 2 funnel-shaped part,
drawn of type 302 stainless steel, is shown
in Fig. 11-11, A single-action press with 2
die eushion was used with aluminium bronze
die and blankholder and hardened-tool-steel
punch for all the drawing operations,



11-§ DRAW DIES
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fifth draw Finished part

F16. 11-11, Press-f orming a funnel-shaped part.t

Tubular Part with Vertical Bead. The draw schedule for & tubular part Tormed
from a 54-in,-diameter blank of 18-gage dead-soft sheet steel is shown in Tig. 11-12.4,
The plan view B shows the relutive position through which these sections ere taken,



DRAW DIES 11-9

The workpieee is first formed a8 a cup; then the brads in the side are formed. n
three draws the stepped diameter is sunk into the hottom, and the eup is perforated
and redrawn into the tubular shape, The redraw (third-draw) die (shown at 53} to
form the beads on the sides of the cup is an inverted-Lype die whers the pinch (D1)%,
with inserts of the shape of the bends, i mounted on the die shoe, with the blank-
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l«r-z,zm”n/m,—L dio. (1 '_*/‘—‘“““r‘
- i 153"

: N

f\a 208 l 268 1t
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e
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blank diometer, § 4" Fifth; redravs; sharpen flange radivs

~0062'R @07&/“,]{

1114 dray, 1= g
] e 72 dio, punch
j 02507 1‘
172"
0062*
o !
- =
44 Sixthy redraw, bead and perforated
- f—t-timanin
1276"
A
— 012"
> 210", <~ —
T b1500")
Third dray, 8% reduction Sevcnf’h; trim and redraw
L1 de. 220 017!2/?-\ I‘——-“t—;/,f/“f dia D
T y "
] 1 0628
1269" 16257
!
—L e

Foutth draw, 22 % reduction
redraving steped diameter Eighth; size and perforate
Fra. 11-124. Blank development for drawing a tubwlar part,  (Goeral Metal Products Co,)

halder (1)2) operated by the die eushion, The dras ring (D2) is mounted on the
puneh holder, and a spring-loaded stripper (14) it recessd into the puncit holder,  Tn
the die in view €, in which the previously perforated hottom i redrasn into n tubsdar
shape, the shell is held hetween the draw ring (D1) and the blankhalder (£2), then
drawn over the punch (D3). Near the end of the siroke, the Sange i trimmed to
size. The positive knockout (4) cjects the workpicee from the die,

* D indicates detuil number on draving.



11-10 DRAW DIES
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Fio, 11-12B and €. {B) Third-operation draw die, and (C) seventh-operation trim and
redraw die for the part in Fig, 11-124,
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Tig. 11-13, Reverse-drawn shell.?
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11-12 DRAW DIES
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Fra. 11-14, Forming & reverse-hattom cup on & triple-action die.*

Reverse-bottom Cup. Figure 11-15 illustrates n type 304 stainless-steel part,
0.057 in. thick, drawn in a triple-aetion die on a double-getion press. This operation
is unique in that, since the limit of reduction was not reached in the cupping opere-
tion, the redraw starts while the cup possesses n considerable flnnge. During the
fiest forming stage, the blank is held by the hlankholder (D1) attached to the outer
ram apainst the dic (D3), The punch (D2) on the inner ram deseends until it eomes
in rontact with the recessing puncl (D). The sceond hold-down (D5), artuatedd by
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11-14 DRAY DIES

Large-flange Cup-shaped Part, The drawing of a stainless-stee] part with a targe
flange is shown in Fig. 1-17. The first die draws a part with s heveled hottom corner,
The second die hos » blankholding sleeve that has the same shape as the shell drawn
in the previous die. The redrawing of a shell with beveled corners is easier than
drawing one with radius corners, since the metal does not have to flow around two
90° angle corners.  The third oporation flattens the flange and bottom surface,

f— %% ——ai }a’,”.’f”""

Blank hl
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(finish)

Third draw
Yig. 11-17. Forming a purt with # large flange.
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DRAW DIES 11-15

Targe-flange Tubular Part.  The drwing operation fora fubular part with o large,
shaped flange is shown in Wig, 1118, The 10-n.dinmoter oup was sunk to final
diameter in three operations. A bovel was used on the hottow eorner of the enp in
the sceond nnd {hird draws as an aid fo the drawing operntion,  The hevel fn the
flange, romaining after the thivd draw, was nsed as o slart in fovming the lago rading
around the 10-in-diametor tubular portion,  After the third draw, the bottom was
Blanked out of the eup, the tnbular portion completed, and the rading around the tube
was seb, The outside contour was formed in the fourth draw,
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Tia. 11-18, A tubwlar part with a large, sliapod flang,



11-16 DRAW DIES

[« 27 ~T—>{<—3rd drow square

[<—2nd draw shaped

N|

- Ist draw round

Fra. 11-19, Drawing a square shell from a
circular blank,!

Square Shell from Circular Blank.
On square shells, it is sometimes possible
to use round blanks and even make the
first draw eireular, The square shape
is approached gradually, as suggested
by the 214-in.-square by 4-in.-deep radio
shield (Fig. 11-10).

Square Flanged Shell from Square
Sheared Blank, A hox-shaped part
drawn from a square sheared blank is
shown in Fig, 11-20. Apparently the
blank shape is unimportant as long as
the total surface aren of the formed part
does not exceed three to fonr times the
cross-sectional arca of the punch,  How-
ever, o part formed from a rectangular
blank usuaily deviates considerably
from the finished contour and peces-
sitates a lerge trimming allowance. In
this part, note the change in material
thickness in the various parts of the
shell.

3
0060'ct corners
b .
Y s

Frc. 11-20. Box-shaped part drawn from a square sheared blank.?



DRAW DIES 1117

Drawing a Long Narrow Box. A long narrow hox-shaped part is illustrated in Fig.
11-2). During the first draw, the preshaped blank was drawn to a flat eiliptical
shape and part of the flange was trimmed off hefore the second draw. In the second
draw, the side of the shell was straightened, and to aid i eliminating canning, the
punch-nose radius was inereased from 14 in. at the ends to 1 in, at the center. The
third draw shaped the shell to the finish dimensions and stretched the long fiat side
wall to eliminate the canning efiect. This type 304 stainless-steel part was annealed
after the first and second draws. A east-iron double-action die was used in a double-
action press.
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¥16. 11-21. Press-forming a hox-shaped part.?



11-18 DRAW DIES

Square Box from Preshaped Blank. A preshaped hlank and the box to whicl it was
drawn are shown in Fig, 11-22, This part was drawn in a conventionn] took-steel die
on & doulle-netion mechanical press,  The material was 280 ¢lnd aluminum 0.064 in,
thick. The draw radius was 4y in., puneli corner rndivs was #{q in,, nnd the punch-
nose radivg was 1{ i, increased o 33 in. ut the corners, This draw was mther
severe, sinee the part was drawn toa depth
23 tinies the corner rading, and the area of
the blank was L5 times the ares of the
ptineh, but the depth was only 80 per cent
of the width.

Outside of
drown part

Inside of
drawn part

Blank \}/

Trim line

7~
Formed part 7

F16, 1142, Preshaped blank drawn into o Fro, 131423, Rectangular box-shaped pact,
Lox shape.

Formed part

Rectangular Box from Preshaped Blank. The rectangilar box-shaped part shown
in Fig. 11-23 wos drawn of 0.064«in. 2480 clad aleminum from a preshuped blank.
The draw radius was 1144 in., the punch-nose radins 14 in., and the mmch corner
radivs 7{g in. The part was drawn to a depth of ahout 6.6 times the corner radius,
The blank area was 3.4 times the punch eres, and the depth was 80 per cent of the
width. This part has a 2y,-in, offset in the vertical portion of the ends and a slope
of %45 in at the hottom. A conventional-type die i a double-notion pross was used
for the operation.

Eliminating Oif Canning in Rectangular Box Draw. A canning effect was experi-
eneed in the forming of the part shown in Fig, 11-24.  The nose radlius of the preform
punch was graduatly ineressed from 34 to 1in, at the center along the Jongest sides,
“The finish form punch had & %-in, radius the entire Jength, and the sharpening of the
radius near the eenter of the long sides caused stretehing of the center portions of the
walls, climinating the canning, metal, or cars, was used at the corners to
rlieve the strain ot those points, thus distributing it over the entire surfncp of the
blank, avoiding sorner breaks,  The part was ansesled hetween draws to aid in form-
ing. A cost-iron double-unetion die was nsed in z double-netion press. The shell
material was typr 302 stainless steel 0.050 in. thick.

Drawing an lrreguiar Contowr. A contoured pavt of G840-n.Ahick 5280 cl".ul
aluminum is shown in Fig, 11-25. The tool-steel draw ring had a H-in. draw radius
with draw heads on the Jong sides. A I-in, nose mdius was used on the toobstee!
punch,  The blankholder was also made of steol,
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GENERAL DESICN OF DRAW DIES,
DIES FOR CYLINDRICAL SHAPES

Single-action Dies, The simplest {ype of draw d: is one with only a punch and
die. Euch component may be designed in one picee without a shoe by incorporating
features for attaching them to the ram and bolster plate of the press. This type of
die forms shells from blanks with low D/d or D/t ratios.  Figure 11-26 shows a simple
type of draw die in which the precut blank is placed in the recess on top of the die,
and the punch descends, pusking the cup through the die.  As the punch ascends, the
cup is stripped from the punch by the counterbore in the bottom of the dic.  The top
edge of the shell expands slightly to make this possible. The punch has an nir vent
to climinate suction which would hold the cup on the punch and dumage the cup when
it is stripped from the punch.

Air vent fo facilifafe

part removal
-
Vent
Punch
ayn
A blenk -\
slides in i— Hook stripper

from front,

q / -
= L

N Die

¢ Positive pad
Ot

Air exhaust hole fo
ovoid compression

Fra. 11-26. Simple type of drawing die. T1a. 11-27. Simple form of drawing die for
use with heavy stock,

The method by which the blank is held in position is important, beeause suceessful
drawing is somewhat dependent upon the proper contral of blankholder pressure. A
simple form of drawing die with a rigid flat blankholder for use with 13-gage and
heavier stock is shown in Fig. 11-27. When the punch comes in contact with the
stock, it will be drawn into the die without allowing wrinkles to form.

Another type of drawing die for use in a single-zction press is shown in Fig. 11-28.
This die is & plain single-nction type where the punch pushes the metal blank into the
die, using a spring-loaded pressure pad to control the metal flow. The cup either
drops through the die or is stripped off the punch by the pressure pad. The sketeh
shows the pressure pad extending over the nest, which acts as a spacer and is ground to
stich a thickness that an cven nnd proper pressure is exerted on the blank at all times.
If the spring pressure pad is used without the spacer, the more the springs are depressed
the greater the pressure exerted on the blank, thereby limiting the depth of draw.
Becanse of limited pressures obtainable, this type of dic should be used with light-gage
stock and shallow depths.

A single-action dic for drawing flanged parts, having a spring-londed pressure pad
and stripper, is shown in Fig. 11-20. The stripper may also be used to form slight
indentations or reentrant curves in the hottom of 2 cup, with or without & flange.
Draw tools in which the pressure pad is attached to the punch are suitable only for
shallow draws, The pressure eannot be easily adjusted, and the short springs tend fo
build up pressure too quickly for decp draws, This type of die is often constructed in
an inverted position with the punch Iastened to the lower portion of the die.

Deep draws may be made on single-action dies, where the pressure on the blank-
holder is more evenly controlled by a die cushion or pad aitached to the bed of the
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press. ‘The typicel construction of such & die Is shown in Fig, 1120 This is an
fnverted die with the punch on the lower portion of the die.

Double-zction Dies. In dies designed for usein 2 doublc-ar:{i .pr . olank
holder is fastened to the outer ram which descends first and grips © + - wuen the
-t

g Spring z
Spring A Host pressure £ Hest
pressure § loctsas oy 2 'Z‘I /
pad~_, e g specer)
P : Stripper
7 E?
Blonk Y4 :

4

7

Fre. 11- ;3 Drew die with spring pressure 16, 177 < A draw die with spring pressure
pad. s pad and siripper.

Alr vents,

Blonk holder:
\,

RN
. Blonks
“holder]

SO O

NN ring
7 .
&'/ Die
o
\/'o oir pad, spring or rubber

),
pad or fydropreumaticpad  Delayed action ticker “icter pad

) ton of inverted draw-  F16 “-I1. Crosz sectinn of typical double-
ing die for single-antion p; Isattached  zctiou eylindrcal draw dis.?
to ram; punch and pressure pad are on bed

punch, which i fastened to the ner ram, descends, forming - - 4. These dies
msy bea push-through type. or the parts may be ejected from the..  ith 2 knockout
attached to the die cushion of some deluyed action. Figure 11-3) aows & cross sec-
tion of 2 typical double-zetion draw die. -
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The inverted-type redraw die in Fig. 11-32 has the punch (21) mounted on {he
lower shoe and the draw ring ()2) mounted on the upper shoe.  The pressure exerted
on the metal between the blankholder (D3) and the draw ring is controlled by the
stop pin (D4),  The large stop pin {D5) is used to contrel the depth of the redray.

re——Fnockout

7

N
Stop
pins

A7

=
N
@

Tie, 11-32. Inverted-type redraw die,

The redrawing of cups can be made with less cold working of the metal by uging &
beveled bottom corner rather than a radius.  If o radius is used, the metal is made to
flow around two 90° ngle bends. Figure 11-33 shows & redrass die for 8 cup with 2
beveled bottem corner,  The blankholder steeve and the mouth of the draw ring are
shaped to fit the beveled bottom corner.  In this dic, the top of the cup hasa ?npvrcd
flange and may be flattened later. Cups may also be drawn into a die of this type,
leaving no flange on the part.
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¥io. 1383, Double-action redraw die for
haveled botlom enrner cups.t

Figure 1534 illagtrates the typical
construedion of & double-action die for &
cup with a rading at, the bottom corner.
The finished eup has 4 flange at the top;
therefore, the hottom of the hlankholding
glneve and top of the draw ring arn flat.
On this die, the ejector s shapesd t0 indent
the bottam of the eup at the end of the
stroke,  Note the air vents in the puneh,
die, and ejector, to eliminate uir porkets.

Combination Drav-redraw Die, When
the reduction of the first dras is limited
beeansz of a low dinmeter-thickness ratio,
but, the yield point. of the material i
#till low, a shell may be draven in a com-
bimation draw and redeaw die as shown
in Fig. 1135, The blank is placed in the
neat and held there by the blankholder
(1), The main puncls (V2) drav the
shedl with the aid of the pressure pad (13)
into the draw ring (14) and pver the re-
vers: drow punch (U5) into the vavity in
the rasin punch.  The tap mrfars of the
redraw punch ghould be below the top of
the draw ring so that the first draw hay
been viel) started hefore the redraw starts,
The left-land part of the figure shovs the
enp partially drawn; the right-hand gide
thowe the complete

11-23

o

0
Fig. 1124, Double-action redeaw die for
radins hottom eorner enpg,t

Eeginning ¥4+ B Bpdof,
of drav draw
¥, 11-85. Cambination draw and reppr

draw dijs
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Combined Cylindrical and Elliptical Draw. A combination cylindrical- and ellip-
tical-shaped deaw is shown in Fig, 11-36, with details of the dic design.  The shape of
the developed blank is shown with the position of the first draw,  The stock is 0.120-in.

DRAW DIES

deep-draw steel,

Operation | includes o combination blank and draw. D1 is a combination blanking
punch with hardened steel inserts and draw ring; the blankholder (D2) is actuated hy
a die cushion,  The blanking die (D3} is senloped to provide shear.  The draw punch
is 9 in. in dinmeter, and the spherical crown is fnished to size. This draw die is

mounted on a heavy die set with guide pins and long guide bushings.
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T16, 11-364. Combination eylindrical and ellipticsl draw die, operation 1.
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Fra, 11-361, Developed blank and finislied part, for
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tho dics of Figs, 11-364, 11-368, and 11-36C.
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Operation 2 is a regular redraw with the blenkholder operated by the die cns
The punch znd dr: rmz are vented to allow the air to eseape and prevent suction.

The part czn be ejected from the draw ring by & knocksut operated by the press
tnockout bar.

e Venf .
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D Cperaiicn 2

¥1, 11-268, Combinatinn exlindsicel znd elliptical draw die, operation 2,
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hr 11-36C. Combination eylindrical and elliptical draw die, operation 3,



11-26 DRAW DIES

In Operation 3, the elliptieal portion is drawn, with a spring-operated sleeve (D1)
sliding over the cylindrieal portion to prevent its being pulled out of shape in this
operation.  Tn this inverted-type die, the holding sleeve is recessed into the die shoe
and slides inside the draw ring (D2). The blankholder (13) is operated by & die
cushion.  For ease of manufacture, the punch is made in two parts, one eylindrieal
(14} and the other elliptical (D5).

DIES FOR BOX-SHAPED DRAWS

Combination Blank, Draw, Pinch-trim. The dic shown in Fig. 11-37 is a combina.
tion die to blank, draw, and pinch-trim to height a reciangular box of 0.050-in, cold-
rolled decp-drawing stecl.  The box is 3%4¢ in. long, 114 in. wide, and 1 in, deep, with
a corner radins of 545 in. and bottom comcr radins of 345 in. The strip stock is fed
into the dic against the stop (D1) and is held in position by the spring-loaded pressure
pad (D2), while the combination blanking punch and draw ring (D3) punches the
biank in the die (D4). The box is formed over the draw punch (D5) with the aid of
the blankholder (D6) and is pinched to height with the pinch punch (D7), The dic is
used in a single-nction press with a die cushion and uses a positive knockout to eject
the box from the draw ring.

\ i
5
i

o

T1a, 11-37. Die for a rectangular box. (White-Rodgers Eleciric Co.)
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Inverted Deep Draw.  An inverted-type dras die for 2 sin -zetinn press with a
die enshion is ="som in Fig. 11-38. This dis iz for 2 box of 0.031-in. cold-rolled steel
E . long, 2% in. wide, 20d 214, in. desp. The corner and bottom radii are 34 in.
The preshaped blank: i Iocated on the blankholder by dizappearing pins.  Near the
end of the strke, the box is trimmed hetween the draw ring and pinch-trim block,

. Section A4
¥ro. 11-98. Draw die for a dewp box.  (White-Rodgers Elecriz Cn.)
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Draw Die for a Transmission Support, Figure 11-39is a draw die for a transmission
support made of 0.187-in.-thick SAL 1008 stork. A preshaped preflanged blank is
placed ou the loeating pins (D1).  As the die closes, the center portion of the puneh
(D2) and the pressure pad (D3) grip the metal, and the two end punches (D4) start
drawing the metal into the die. Because of the thickness of the material, no
blankholder s required in this die.  The closing of the dic sets the radii and fanges to
dimensions,
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6. 11-39. Draw die for o transmission support. (Buick Motor Division.)

Drawing an Oval Can. A dic to blank and draw an oval-shaped can s shown in
Fig. 11-404. ‘This is an inverted-type dic for use in a single-nction press with a d{c
eushion. TFigure 11-1073 shows the redraw and pinch-trim dic for the same ean. :T}HS
dic is also designed for use on a single-action press with o die cushion using 2 positive
knockout for ejecting the part from the die.
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Plan of die

Positive knockout
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Section A-A
Fra. 11-40B. Die for redrawing end pinch-trimming the oval ean of Fir. 11-404.
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DRAWING MAGNESIUM

Magnestum ean be deep-drawn, under proper conditions, with a greater pereentage
of redction than most other metals. Cireular draws up to a depth of twice the
diameter of the drawn shell are common in magnesinm alloys, In rectangular draws,
depths of one and one-half 10 two times the width are possible.

The forming of magnesium alloys at room temperature is recommended only for
simple hends and very shallow draws.  The drawing of the metal at a temperature of
hetween 300 and G30°F overcomes the rapid work hardening which ocenrs at room
temperature, The heating of annealed ghests docs not aﬁcr:’t its room-temperatire
propertics, but heating the fuli-hard sheet to 650°F results in propertics gimilar to
those in the annealed state,

Punch sub plofe Blonk holder
: sub plote
W Burner located " Pedestal
m’ Inside hollow punch, }] Ig' support
1’ 51 )
x | “11 Burner
3 A\ i
Nl
‘y; [ O Blank holder
I PN
) i A Drow ring
ik
N el
4% i
\‘\\ y ]4 : Angle iron
S T}Iﬁ——"Sﬁ/b/d
i Drow ring

w8 )
DI SIANSNNNY sub plate

F16, 11-41, Heated die with hollow punch znd draw ring (size of gan pipe is exaggerated).®

The heating of the magnesium alloy sheets can he done by placing them in a portable
heater with ncee: wafers ean he placed convenient to the pross io
provide and maintain the required temperature.  Relatively thin sheets ean be placed
in the nest of the draw die for approximately 3 sec preceding the draw, which allows
suffieicnt time for the sheet {0 reach the required temperature,

The drawing of magnesium differs from the drawing of other metals in that the dies
must be heated to an elevated temperature to keep the workpicee at an even tempera-
ture during the forming.  There are soveral methods of heating the tools, hut gas and
clectricity are most commonly used. 14 is important that the correct temperature he
maintained throughout the production run. ~ Controlling pyrometers, with thermo-
couple leads to the tools, are desirable to maintain « constant tool temperature,  When
drawing small diameters in thin-gage metal, it i sometimes desirable to use an
untheated punch.  This provides maximun strength in the ares under the punch but
still permits maximum duetility in the shell where the drawing actually takes place.
The uge of an unheated punch with a large ¢ clion area is not advisnble, sinee the
low heat capacity and the high heat eonductivity of magnesinm allogs may result in
the chilling of the metal under the blankholder as well a5 the punch, ~ Tt is important
that the area bring worked remain at the correst temperature prior to and during the
drawing operation,
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Gas hurners may be made of pipe with ports made with o No. 40 drill. - These pipes
should be bent as near to the shape of the parts of the die which they are heating as
possible. A space of 3§ to 7€ in, should be maintained hetween the burner and die
part.  When using the open-die construction, as shown in Fig. 11-41, 2 shicld should
be provided to prevent the magnesium alloy from becoming overheated.  This die
also has o hollow punch which has a burner located inside.

An inverted die for use on & single-action press is shown in Fig. 11-42.  The blank-
holder and draw ring are heated by gas burners. An insulating materirl is used
between the subplates and dic sct to reduce the amount of dic metal to be heated,

Die Materials. The material used in heated dies should be hot-work tool stecl for
the smaller dies and Mechanite or a good grade of cast metal for larger dics, These
materials are less likely to distort at the elevated temperatures.  When determining
the dimensions for the punch and draw ring, the difference in the cocflicient of expan-
sion of the die metal and the magnesium alloy in the workpiece should be considered,

Knockou!
fT / Thin gage stoinless
], 7 _steel insulation

[ Sub plate

o Angle iron,
burner
suppor?

Y16, 11-42, An inverted-type hented draw die (size of gas pipe is exnggerated).®

Clearance and Radii. The clearance between the punch and die for drmwing mag-
nesium should be greater than for other metals, This total elearance should he from
2.24 to 2.36 times the thickness of material. During drawing operations, thinning of
the wall takes place just above the punch-nosc radius, and thickens gradually in its
rise until it reaches the top of the cup. If the elearance is too small, ironing is intro-
duced; therefore, too little clearance can be responsible for ruptures because the
ultimate load, during jroning, frequently exceeds the maximum Joad a cup ean resist,

The size of the radius of the punch nose has no particular influence on the depth of
the draw; however, too small a radius increases the possibility of bend cracks. The
draw radins fs not so effective relative to bend cracks, but decreasing the draw radius
decrenses the drawability of the material. A good radius to use for the punch nose
is about cight times the metal thickness, for the draw radius about six times the
thickness.

Lubrication. A colloidal graphite suspended in lactol spirits is sutisfactory, pro-
vided that the tools are cleancd regularly. The sheet stock shonld he in an oiled con-
dition for use with colloidal graphite as a lubricant, When uging 2 chrome-pickled
surface, an oil-type forming Jubricant should be used.
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TABLE 11-2, SHRINK ALLOWANCES FOR STEEL DIE CASES OF HARDNESS NOT
MORE THAN ROCKWELL C 45¢

OD of nib, in. Shrink, in, 0D of nib, in. Shrink, in,

0.0013-0.0018 | 3.0000-3.4030 | 0.0055-0,0060
0.0016-0.002F
0.0021-0,0026
0.0025-8.0030
0.0028-0.0033

0.0005-0.0070
0.0070-0.0080
0.0050-0.0090
0.0690-0,0100
0.0100-0.0110
0.0110-0.0120
$.0120-0.0130

Carbide Draw Punches. The same general design used for steel punches should be
followed for carbide punches.  The carbide section of the punch should be fong enough
to cover the wear points. The carbide may he secured to the steel shank in various
ways depending upon the diameter.  If the punch is large enough and holes in the face
are not objectionable, the carbide may be fastened asshown in Fig, 11-44,4,  With the

Steel
body

LCorbide
ring

Punch Topped holein
body carbide section
8)

Steel body  Cone fitted and brazed
(

(B)
Fra, 1144, Carbide-punch construction. Fic. 11-45. Method of sttaching earbide
wear rings to large punches,

Tovel

) of clectric-ure machining, holes may be tapped in the sintered carbide
and the eap screws, running through the steel body, as shown in Fig, 11-44,8, hold the
tip to the hady,  Unless the pilot on the carbide is longer than the depth of the tapped
hole, a counterhore should be made a little deeper than the length of the pilot to direct
the stresses away from the thin section around the tapped hole. Punches which are
too small in diameter for o tapped hole should be made solid carbide or can be brazed
a3 shown in Fig. 11-44,C.

Mechanical retaining of earbide wear rings to Jarge punch bodies is illustrated in
Fig. 13-45.  View A shows holes tapped in the carbide for eap screws; the construetion
in view B utilizes a shoulder on the ring and a steel clamping plate.

A die with a carbide draw ring is shown in Fig. 11-46, This die produces s eup of
14-in. stock without the use of a blankholder. The part s ejceted from the die with a
delayed-action ejector end is stripped from the punch with o riding stripper.  The
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SECTION 12

DIES FOR LARGE AND JRREGULAR SHAPES*

The dies deseribed in this section presant special problemg breause of their
dhaper, Sany of the dies perform mare than ons of the fandamental shes
working npnmhrmu and, 4 they are located in adjacent areas, do ot conflict v.lih onk
another or require del Jivate and complieated punches and i,

The draving and farning of large and irregular shapes require divs that are carefally
dugigned, mllv' 15 soneens the shape of the blankholder rings snd the position of
the part. in the dic 4 ohtain # seasoebly uniform depth of draw or 1o fnrm the part
with 2 minfmum number of dies, The sizes and irregutar entlines in the plan and
erossentional views of Uhese parts prezent many problems in the control of motal flov,
The plaseraent of draw baads or the application of a Tubricant in fou] arsa by retrie
or divert the matal flow in order to prodice 2 gatisfactory part are resnite of reasoning
after rexinwing pust expedenes on gimiler parts or at the (risd ran of the die in the
prezsronm,

Esubhshmg Draw Lines for Large Trregular Shapes. A model of the frregular-
shaped workpienn to be dravn is rotated and tilted 29 that # roay be o rved iy

s positions,  This i Lo determine o position whish will pmdurt an aceoptable
stamping.  The following are conditions which should be congidered during the period
of ohgervation:

1. The eeenring of 4 uniform depth of draw
2. Avoidance of localined cantact of punch to blank
9

3. Elimination of 4 res ation to form en inderont or hack-draft area

b op

4. The facilitating of the embozsment of eharacter or mold Yinez
5, Fase of performing trimming, fanging, reforming, and other subsequent, die

aperatinng
When the draw position i izhed, a Jine i grribed on the moded paralle] to the
catahliched buse of the die and iz nee fon of the teaded, This
line: iz ales weed 25 the work or rel
The contonr of the model of the viorkpieer: pre
exenpling jts surfuc li

h' determines the puneh eontous
enrrisg s 1o all kholding gurfaces and ffang-
ing or other areas in gubseqnent operations, To himul:d/: thise areas, the model jx
added 4o or built up peripherally zround and outward from the drawv fine,  In the
weoeking peosition, the losier surfaes on the bullt-up aress outwvard from the dras: line i
un 'x)mmmn ates replicn of the | rfane of the Wankholder ring.

A goft female plas g ,xlh mads of the altesed die el
ulv,,ml fram the cavity
‘uft pl neter

This cast iz

t xl ligiex ns,hf 0 eft - nd (rnnt o baek, and 4 horzontal Sine parallel 4 the
sherd Voo Yine, are pster st 7l are 2 seference Jines by

cntendent, Tood, Die aod Finvnee Department, Autn Tedy
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TENDER DRAW DN 123

“Tho i destienor enn ke te dio Jayout (eon dimonaions nud tsuoplots (nkon from
i phater et The et tormmakor nlio wow sinilng iufox‘mnih’m for mnm!.,ruui‘im"
pattorns for custings and mantar eantour Dloske rquived 10 mnehing t ensbings,

Anglo of Tip Shown by Fonder Draw Die,  Tho reution throngh th Jowest. polt of
an nutomolivesfonder dessy din (Wi, 12-1, view A) illunteaton U tping ot extromg
gl 10 dxae tho nose end, e Dlank Tor this fondor i teinimed, formed, and
woldad info i eony shapn (o plaee the stock in n porition similsr Lo (he fnishod drawn
shapo. )

Tho proshaping of tha hlunk reducees the nmount of mobal drasen into tho die, veduee
tho netunl dopth of dewy, and Tneilitabon control of the watal i the dio dwing the
operation, The slapo of U blankholdar ving was deformined by th poriphory of the
finielied paat, and 1o parmil o of o minhnimesized Hlask,

View J7
Tra, 12-18, View B, erom moetion of fender die showing denw hond ponnirwetlon,  (Rard
Motor (1)

The neate alope of the hlonkholder surface nd iy nose end of the fender haa beon
ellminatoed by uning steps,  Thess atop act wn loeking Dewds snd aded atrengih to the
fitel insert,  View 5 shows the use of  Joeking hend (/) on the low pides pal 1 eon-
vendional draw head (12) o the high side of the die,  Tn addition Lo offering grontor
rewintanea 10 (o metad mavemend, the stepn provide horizontul mrfees for apoliimg
surfnsen and inerensing the setun] prese o e hlenle rines Qs remtant, foreo I ot
vight angles Lo e matal Dank.

The execss muterind in the noe end of tho fondor i pulled into the hendoTnmp wron,
which {u blanked oub in n sacccading operstion, by o wnal) hooked-shaged extonmion
(M3) on the punel,

Alignment, of the Munlchokler and Tower dio memher i amsared by the goide mefacen
(D) An dr-operated Vit i heorpouted i thin die o feilitate pipping md
removal of the dreawse part hy 0 meehumien ejector, On the produetion fine, thin din
waa eherduld o aperelo in 6 120-in, doulbte-netion prews. Tn tha die oy, tse lnpgend,
dis ryout prews wvailible war a 108-in, prewr for (his renson e Hladdoldor wan
designed wilh wo detuehubli ehnaneladped extomlony, nn dhows in the illustratlon,
to be used during 1l produstion run,

Formiug Parts by Strotching and Drawing, Sliallow pret with confours in sithier
one or hoth direetions, 4.6, longitudinadly and feteradly, often veqiive that the die

* D Tadieates datall pramlbior on deawlog,
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12-6 DIES FOR LARGE AND IRREGULAR SHAPES

grip the metal rather tightly <o that it can be stretehed to o certain extent rather then
being drawn fo shape.

The front panel for a space heater (Fig, 12-2, view 4) is an exatmple of this type of
part.  The blankholder at the ends, view B, has a curvature similar to the finished
outline to preform the sheet hefore the setual forming takes place.  Along the sides,
the blankholder i3 straight and contains beads to help control metal flow.  The lower
edge of the blank has a developed contonr which is trimmed to shape in a preceding
operation. Positinning of the blank in the dic is plished by two spring-loaded
loeating pins (1) on each side and o fixed pin (12) at the lower end.  The blank-
holder is actuated hy the dic eushion and grips the blank while a flange at ench end and
the contour are formed. This die closes tightly on the workpicee to emboss or coin
the sharp corners of the offscts ns shown in view €. Additional aperations on this
front panel will be diseussed later in this section.

Roof-panel Draw Die. The roof-panei die shown in Fig. 12-3 produces a shape
which requtires enrefud positioning to enable the low point of the punch to contact the
blank near the middle so that a uniform streteh is obtained in the blank as the opora-
tion proceeds. The shepe and relatively shallow depth of the roof panel require the
blank to be stretehed to retain the finished shape.  An clongation in the blank of 5 to
10 per cent wilt, under most conditions, produce an aceeptable part with o minimum
Inss due to scrap. The smonnt of clongation in the blank should be suffieient to
climinate the oil-can effect, without producing surface defects such as orange peel or
streteh lines, In large relatively flat areas a ccrtain amount of crown to the contour
is also desirable to overcome the oil eanning.

The Wankholder faces are shaped in such a manner that, when they grip the blank,
suflicient stock is under the punch to crable the desired amount of streteh to take place
without drawing additional material into the dic. Thus, the overall dimensions of
the blank within the draw ring, plus stretch allowance, arc equal to the corresponding
girth dimensions of the finished part, including trim allowanee. Beads in the blank-
holder surfaces control the metat flow and facilitate the stretching of the metal to the
desired contours.

Draw Beads. One of the functions of a draw head in a blankholder is to provide
additional resisiance to metal flow, thus helping to control the movement of the metal
into the dic envity, This often redices the amount of blankhalding pressure required
for an operation,  Another function is to work the metal in a manner similar to that
of leveling rolls, which momentarily heats the metal to stress-relieve and nnneal it to
improve the drawing characteristics. Beads are also used to defleet metal into or
awny from local ateas,

In double-action presses it is possible to adjust the blankholder to grip the biank
more tightly in cerain areas to control the metal flow, Sometimes this proeedure is
satisfactory hut often it is not, since gripping of these arcas sufficiently to control the
metal often resuits in fracture eaused by the puneh pushing through the blank.

As an alternative to using excessive blankholder pressure, beads are placed in the
blznkholder surfaces to retard the movement of the metal into the dic cavity., Two
or more beadls may he placed in arens requiring greater control of the metal,  The loca-
tion of the heads is usually determined i the die tryout, although dies for producing
similar parts may be used as 4 guide when they are available.  When heads are used,
a single head is placed around the die eavity and additional beads are placed in Jocal
arens only as required,  Conditions may even dictate that the single bead e reduced
in size or eliminated in some areas, Short beads or beads placed at an angle are used
{0 deflect the metal into or away from Jocal areas,

The placing of the head in the upper or lower blankholding strface is often deter-
mined by the eonstruction of the die.  Where possible, the head should be p]nced‘m
the lower member and the groove in the upper member where it will not eateh dirt,
However, the groove shuld be placed in the member that i to he altered duting the
spotting or mating of the hlankholding surfaces. ;

The size, spacing, and position of draw beads, in relation to the draw radiug, .\\'111
vary in aecordunee with company practices. The commercinl rolled-stect sections
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Fre. 123. Cross sections through  roof-panel draw die: view 4, seetion at center Iine; view
B, half sertions at front and rear of roof panel, (Ford Motor Co.)
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Ti1a, 124, A method of installing draw heads made from eommereial rolled sections,

used by mauy companies, and a method of installing this type of bead, are shown in
Fig, 12-4, A groove is milled in one of the die members and the press-fit bead and the

die member are drilled together for a cold-rolled
pin which is driven into the hole and peened over
to hold the bead i place. The excess portion of
the pin is filed smooth with the surface of the bead.
A mating groove is milled and spotted into the
opposite dic member,  As a safety measure a serew
with o tapered head is used at each end of the bead,
The recess for the bead must he machined to a uni-
form depth and width to fit the section so that little
or no shear is placed on the retaining rivets.

A bead and its mating groove as shown in Fig.
12-5 ean be machined from bar stock and inserted
into the dic members. The insert containing the
bead is recessed into the blankholder and secured

T, 12-5. Draw bead and mating |y sotsorews from the side.  The insert in the draw

groove m:

hined from bar stock

and recessed into die members.

ving is secured by cap serews from the underneath
side. This Lype of construction is used when small

beads are roquited hut eannot he fastened 1o the die memhers, or where build-up by

welding is not feasible,
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Another method of providing draw beads is to east the beads into the face ?1' .the
blankholder. ~The size and loeation are determined from past experience on similar
parts and, where additional heads are required, they are built up with welding rods
and ground or machined to shape and smoothness. .

Short heads used to restrict the flow of metal in local areas have small radii on the
corners to provide greater resistance to the metal flow (Fig. 12-6).  The lower type of
bead iz adaptable to dies using air or springs to exert the pressure on the blankholder,
The haight of these beads permits them to deform the metal to such a degree that the

T

a<]

Plan of die

\

wrEAY \

Type A bead

ﬂs 075 N
AN

Section A-4

Fra. 12-G. Draw heads to restrist the flow of metal in focal arcas.

metal between the bead and draw radius is gonfined by the surface of the blankholder
and draw ring.  The optimum height and eorner radins of these heads must be doter-
mined by the results obtained at the tryout of the die. The material, blank sive,
nature of stretch, and shape of panel are fagtors in dofermining the size, shape, and
loction of draw beads,

The fock-type draw head in Fig. 12-7 is ingtalled in dics to provide maximum restrie-
tion to metal flow. The bends are rectangular in shape with mini corner radius,
The locking bead offers more resistance to the metal when it is a part of the draw ring,
Tut. in many casez it is a part of the upper or blankholder ring. The figure shows the
locking bends machined into o picco of bar stock, hardened, and inserted into the draw
ring. - They may also he cast and machined dircetly into the daw ring.
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Positioning the Blank in Draw Dies. The amount of metal lying on the blankholder
surface outside the draw radius is imporiant.  An excess amount of metsl will retard
the flow; an insufficient amount will not provide cnough metal for proper gripping.
The positioning of the blank in the die is the function of the gage pins or blocks.
Pasitioning of the blank can he achieved by nesting it between pins or hlocks or by
using full or partial holes in the blank. A means of adjusting the location of the gages
should be provided. This is particularly important to the die-tryout man, who must
be able to reposition them if necessary,

k be dlefermined
af‘ Fryout mar,
‘ of g P 15 start

(4)

To be deferriined
af fryout. max,
of 5% R fo start

(8)

F16. 12-7, Locking heads: (A) insert type; (B) cast integral type.

The cyeling time of an automatic line may be so closely set that a blank, loaded into
a die by automatic devices, docs not have time to come to rest between the gages
hefore heing grippcd by the blankholder. Parts removed from the die by automatic
means may require that the gages be retracted during the time of part removal and
then return to position in time to catch and position the incoming blank.  Air eylinders
with controls interlocked with the slide movement are used to actuate gage pins of this
design.

REPRESENTATIVE DIE DESIGNS

The materinls used in dies for irregular shapes depend upon the severity of the
operation. Under normal conditions cast iron is commonly used. Figure 12-8 shows
typical die construction with o third-netion punch for large and irregular-shaped parts.

Areas snbjcct to wear are often flame-hardencd, or inserts made of hardencd tool steel
are placed in punch and draw ring.

In addition to the regular leader pins and guide bushings, hardenod-steel or bronze
wear plates are fastencd to the punch and blankholder rings to keep them in alignment
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12-12 DIES FOR LARGE AND IRREGULAR SHAPES

and to avoid excessive wear.  Lubrication grooves are machined in these wear plates,
copper tubing is installed between them, and grease fittings are placed in an aceessible
location, The planning of the route of the grease lines while the die is still in tle
drafting stage can eliminate the later drilling or chipping of holes in inaccessible
places.  Also, steh planning ean assure a more direct route, resulfing in shorter and
straightor tubes for the grease to pass through from the fitting to the wear plate.

Air-vent holes drilled in the punch and die can prevent sticking of the parts to the
dic members beeause of vacuum, These holes must be cleaned out occasionally, to
remove the aceumulation of dirt and drawing compound.  These holes may be shown
on the drawing for the diemaker's drilling instruction, or their position can be deter-
mined at die tryout.

The final fitting or mating of the blankholder faces to each other, with a space
between them, is ealled “spotting.” A stamping is made in the die, and one side of
the part lying in the arca of the blankholder faces is covered with 2 blue dye, The
stamping is then returned o the die and the dic is closed.

The blue dye is transferred from the part to the high spots on the die member,
These areas are then ground off, and the process is repeated until the cvenness and
parallelisin of the two surfaces transfer a large pereeniage of the blue dye from the
part to the die.  The corners and part of the bottom of the draw bead groove should
also he mated as well as the faces of the die members.

The degree of surface finish on the blankholder surfaces, draw radius, and punch
face can govern the amount of scoring, tearing, fracturing, and breaking encountered
in parts being drawn. Some of these spots will wear in from use and carly in the
production run may require the use of extreme-pressure lubricants until this takes
place.

There are times when only a certain amount of stretching or drawing of the metn!
can take place in Jocal arens, and the required shapes are not complete, This can be
accomplished by blanking and restrike operations or ean be combined into the first
operation by laneing the metal in the serap area.  Figure 12-0 illustrates the construe-
tion of the Janeing clements. The part being formed is the inner panel of a luggage-
compartment lid for an automobile.  The cutters are placed in several of the lightening
holes which are blanked out later. This device is used wherever the metal is stretched
completely over the face of the punch and into the draw-ring face, and more stretch or
meta] movement is required locally, The cutting operation is timed to lance and
release the metal at the opportune time. The stoek is cut on only three sides, so that
2 hrrd-to-eject blank is not left in the die but necessary metal movement is still
allowed. The utilization of & third sction of the press to lance and form local areas is
shown in Fig. 12-10. This die forms the outer pancl for an automobile door and the
third press action lances and draws the recess at the window opening. The male por-
tion of the lancing punch (D1) is mounted in the draw punch, and the female portion
(D2) is mounted in the third-action forming punch (D3). A locking bead is installed
in the blunkholder to grip the metal for stretching around the draw punch. The die
cavity has an open center sinee it is not necessary to squeeze the metal between the
two surfaces to set it to shape. The die is designed in such a manner that the blank-
hotder is guided by the draw ring to maintain their relative position during the
operation.

Combination Forward and Reverse Draw. The drawing of an inner-panel, upper
lift gate on a station wagon is an example of combination forward and reverse drawing
in the same operation. The blank, with » rectangular hole in the center, is positioned
in the die (Fig, 12-11) and gripped by the blankholder (1) agninst the surface of %hc
draw ring (D2). The punch (D3) draws the stock into the cavity from the oulside
over the regular draw ring and from the inside over the punch (D4). The pressure
pad, which is in the die eavity, holds the blank against the draw punch, thus controlling
the amount of metal flowing into the dic cavity. Since the metal being drawn into the
die from the inside of the blank is under tension, no blankholder is required on tpe
inner portion of the blank. The pressure pad also lifts the finished part out of the die,
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DIKS FOW BLECPRIC RANGE 10P 1215

hes ket prsibioned in the die by the piloting pime (01), iod the coging of the
wpper portion of the die 1o the Wankholder preforms i Vlank {0 o {7 shage over the
eenter portion of Vs Wankholder, Thin fn aecoraplidhed by the sirchghnprad i {:i
the blakhalder ue showa in view A, whieh fity info n. in the punih s shovn in
view 11, Contintted degonnt, of the press alide rlts in Ui forming of the purl over
the punch,The praed and die dose Vightly T s the ey eormem of the con-
tonr,  The air eylinder (02) 1ifte the ejeutor ypad (%) nd the part b0 @neh height,
Uit (e jaws of the mechanien) efector (view 1) are nble Lo grip the poret ind remove
it, from the die,

Laternd wavetnent.of the hlunklolider i meateisted by o wonr plute on sn overhanging
flastge of the upper die, A p rnfuly mensaure, o flonge s esd onto the bune plate pires
rounding the Manidlder,

=

PSR
)
——

“« .

Sye, 1210, Vsrnwring of meda) from atside and ingiile edgon of Bl to produes & stations
vgon |iffegute nnar punel,  (Ford Motar (s,

Vi type of die an e ndapfod 1o donbleasetion pross with g few sainor changes, in
enne st o single-sction proes i oot available or s atisfaetory part, i ot produssd,

Die for Range Top and Backaplasher, The onseplioee sleetrie-mmpe top and bek
sphiher elhiown in Vg, 1218, view A, i produced in i peries of opemtions from 0,069+
i sthicl: vitreoms enameling steet shienred futo 34- by 8534-in, ghests, A bisnking die
Lrinss Ui et on thres sides to obtain the blank wshown In view B, The two hnif
holest on the sirles nre used o poition (e Blank b hee St bwo forning dies, View 1
shsn the purt lber the fing, forming operation,

The die to preforin the cormer fanges, faee, sod 10 of $he backepbidier and 1o
frapt. edyes in thovn In Fig, 12-14, The foeming prneh on te apper g i attmprived
uf four eections, T, partion 23 farm e frond edpe snd the two punches (112) are
for preforming the corner fage, The blankhotder Dinttions betworm thew thre
prmehies, sines tle forming operstiong are: perfurmed on the oter edge of {he bk,
Presenses i sapplied to the Inodholder by four rbber pade, The Dlandcholder i aheo
urel e end Ui gheet to fure the buekopldinr sned Lo embous eortain srens,
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W

View A
Ejecting
Qofd/e\w,J‘%"\'<f”5’ﬁ””K —

Clear for
mechanical
ejector back
of die only
N |
View B
F1a. 1212, Donble-getion die with a die-cushi tuated blanklolder for forming a front-

seat side shield.  (Ford Mator Co,)
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Tl v faolproof loenting ping (224 position e blunk on the lowor die, The ports
of the die (125} containitg the Dot ing ping i clevated by nadr cishion to a mffieient
Hofght (o permil (he fat Dlank to be plaoed in position,  When the die s open, the
upper Mankdiolder draps below e Yower edges of Wie fixed ancabers and the vie
cushion i the Jower hlankbolder to grip the stoek.  The foslprool localing ping
veeede with the upatroke of the pregs, permitting quick removal of the stumping,

()
F1a, 1218, Oneepiose eleetric-runge Lop and hackeptushars (A) finislad part; (B Wlanle; (03
part after firt forming operatlon.  {Cenernl Bleetric O, )

The div {or drawing Lhe side fangen, Snish-forming the front, edge and top rear
unges, nnd embonshie thyee switch-hraeked openings of the part shown In 1, 12:14
i shown in B, 1206, A spring-ancdod prossire wid (013 on the pper die Tkl e
pn‘fon]lrrl Dlenk on the panels (D2) and the Juenting ping (793} during the dssing
opesntion,  Thin die i made of Meelusite iron enslings with Iu»rdvnm\-ﬂ(«vl innerty
at the polnts of winr and nrems where Y embuming s performed. A Sgedn, drasw
endis wan uned on this draw din, -
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Fia. 12-15, Dic to draw and emboss range top and backsplasher of Fig. 12-13
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12-20 DIES FOR LARGE AND IRREGULAR SHAPES

The die in Fig. 12-16 is for piercing the four holes for the heating unit. four 0.110-in.
dinmeter holes for securing the units, and Loles along the front-edge flange.  This di
and other dies for subscquent operations employ complex cam arrangements whicl
combine severat operations into one die so that several operations are performed witl
each stroke of the press,  Unless eam-aetuated dics of this type are correetly designec
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) View A-A4
Fra. 12-7. Cam-actusted slotting dic for hacksplasher (workpiece shown in Fix, £2-13).

and built, they frequently eause high serap loss, poor quality, and production delays
due to high maintenance, However, sturdy, well-designed, and securately huilt dies
will prove to he economical and trouble-free.
The picreing of the holes in the front-edge flange is achieved by a fixed vertical cam
(D1} on the upper shoe, and o horizontally sliding cam (D2) on the lower shoe which
transmits the motion to the block (D3} containing the piercing punches, Com-
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mereinlly standard punches, punch retainers, and dic buttons are uged with hardened-
stel bagkup plate behind the punches, The die rings for the luger holes are made
from girhiardening tool-steel tubing and are recessed into o machine-steol subplate.

The upper die shoe hus heen fabricated from steel plates s & weldment; the lower
shoe is o casting.

The next, operution performed on this part, is plercing five rectangulor slols and
twelve holes in the Lop of the hackeplasher and, at the seme time, two irregnlar-shapod
holes for instruments fn the face of the hacksplisher,

The part is positioned in the die (g, 12-17) sa that the two holes in the face of the
part are pierced in the conventional manner, while the remnindor of the holes are
pierend by a cam-actuated slide,  Spring-lowded pads precode the punehes and (‘,]Iln‘l])
the workpioee o the die, also serving ns punch strippers on the upstroko of the die,
Springs are utilized to relurn the glide for loading and unloading the die,

N ’ B
DR |
AT

g, 12-18, Piercing and
shown in Fig. 12-13).

stunted punclios (workpioeo

Additiona! piereing and embossing operntions are performed on the part by the die
shown in Tig. 12-18. The conventional vertien! punch cuts n hole in {he face of the
Dbiekaplasher; the cam-nebuated punch sitting ol about a 45° angle pierees o rectang-
lnr Jole at the radiug, and the other enm-netuated sliding bloek embosses o eirenlar
indentation around four of the instrument-mounting holes,

A commonly nsed type of eam flanging die is shown in Tigr, 12-19, but, ineorporated
in the dic are additional eams for other die funstions.

The enm-netuated fanging puneh {(D1) is mounted on the plate (H2) which i sup-
ported by ping exfending to the die enshion. Also on this plale in o liding forn
block (D3} around which the flange is formed, The raising of thig plute hy the air
cushion engagos a set of eams (D4) to withdraw the form bloek 1o facilitate removal of
the part, sinee the flanges are being formed on three sides by the die, Before the
plate can e ised by the air cushion, the upper shoe must aseend careying with it the
enmy (15) and relensing the latel plate (16),

Not shown bnt included in this die are cem-operated punehies for forming & vertienl
flange on cach side of the backsplasher, and n eonventional punch and form block te
flange downward the roar edgs of the top of the bucksplasher,
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Fia. 12-19. Cam-operated flanging die for workpicee shown in Fig. 12-13.
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T1a. 12-20. Draw die for recesses in range top of Fig. 12-13.
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FLOATING-DRAW-RING DIE 12-23

draw radius instend of allowing it to move unrestricted, These pads also bottom ab
the Jow point of the pross stroke to fletien the flanges and sharpen the corners,

This dic is of sturdy construction and uses two 214-in.-dinmeter guide pins to align
the upper and Jower shoes.

Floating-draw-ring Die. This type of die construction enables the draw ring to be
elevated to a predetermined height thove or nearly ahove the high point of a reverse
cantour in the parl,  This permits the hlank to be gripped with  nntural deflection
that would not be possible with the blankholder line in the low position, With a
fixed draw line at the higher position, a deeper draw would be required.  Bui a part
with & high center and high sides may be rather diffeult to draw satisfactorily, heeause
of the possibility of being unable to flow the metal in the reverse direetion avound the
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116, 12-21. Draw dic with a Ronting drew ring to form & dash pancl,  (Ford Motor Co.)

punch nose. The shape of some parts does not require the higher drawn sidog; thore.
fore, o smaller blank is used in these enses.  This type of dic s used on a regular
double-action press, with the floating draw ring actuated by a die cushion in the press
hed or a cushion built integral with the die,

"The fonting dras ving grips the metak agninst the surface of the biankholder, and
the simultaneous deseent of these two die mombers draws and siretehes the blank over
the die.  With the blankholder in dwell position, the punch continues downward
forming the part to the contours of the punch und dic, '

This type of dic eonstruction has o higher first cost and more maintenance than o
regular double-action die beeause of the movemend, of the Jower blankholder and the
faet that the blankholding faees require n higher degree of spotting,

An example of the flonting draw ring is shown in Fig. 19-21. This die forms an
automebile dash pancd, which is the proel hetween the passenger and cugine com-
partments and the sloping portion of the floor hourd, It hag o hurap in the center to
clear the transmission and the engine,
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Section A-A Section B-B
Tra. 12-22. Die to form stiffening heads, large radius contour and flanges on an air duct
panel.  (Pultman Standard Car Mfp. Co.)
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FORMING STIFFENING BEADS 12-25
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DIES FOR REFRIGERATOR PARTS 12-27

O

Section A

-\

Seclion B-B
F16.12-24, Die to form complete refrigerator bottom pen.  (Ready Mashine Taol & Die Coy
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12-30 DIES FOR LARGE AND IRREGULAR SHAPES

raised to a height equal to the high point on the punch.  The prossure pad (D4) on the
upper shoe is spring-londed and is constructed to drop flush with the surface of the
draw ring (D5).

Closing of the dic grips the blank, which has been positioned by six spring-loaded
disappenring gage pins (D6) between the surfnces of the forming block and pressure
pad.  Continued deseent draws the metal around the spherically curved surfree of the
punch,  As the form block reaches the end of its travel, the draw ring forms the four
flanges. Bottoming of the pressure pad against the upper shoe embosses the beads
and rectangular-sheped indentation, This die is mounted on a large four-post die set
but, to prevent shifting of the upper die by the inclined surface, 8 heavy heel block

7

N
\

S

C%

Frg, 12-26. Dies for a space-heater front panel, View 4, section through trimming and
blanking die.

(D7) with wear plates has been attached to the lower shoe, Shect-metal shiclds sur-
rounding the form block and fastened to the lower shoe prevent unwanted objects
from getting underneath the form block.

Dies to Produce Refrigerator Doors. Refrigerator doors have contours and corner
radif which require the combined operations of stretching and forming to produce the
required shapes.  Since these panels are enameled, care must be taken not to scrateh
the outer surfaces.

The illustration in Fig, 12-25, view 4, is a horizontal section through the draw die,
showing the draw puneh, draw ring, sir-actuated blankholder with draw heads, and a
leather-faced pressure pad within the draw ring.  View B is a vertical section through
the die, showing the forming of an offset near the top of the door. .

A seetion through the trimming and piercing die is shown in view ¢, The partis
placed over the bloek (DI), with the flange resting on the trimming die (52). The
periphery is trimmed by the punch (D3).  Continued downward travel of the punch
straightens the flange into the side wall of the stamping. The spring-loaded pressure
pad (IM) controls the flow of the mefal over the draw radius on the inner edge of the
punch.

The punch and die assembly (D5) blanks out a hole for the door handle. 'Thii
assembly is interchangeable with the block on the opposite side of the die to facilitate



DIES FOR DOOR PANELS
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12-32 DIES FOR LARGE AND IRREGULAR SHAPES
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View ¢

Fra. 12-26 (Continued). View (', partinl vertienl section showing inserts for embossing,

<

=y

N

\\
\\
N \ N

T, 12-26 (Confinued). View D, cam-nction flanging die.
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die, The small picrcing punch (DB) picrces holes for mounting trim to the upper
portion of the pancl. .

The straightening of the flange trimmed in the previous die, forming of the flanges
around the door opening, and forming of the numerous embossments are petformed in
the die of which n cross seetion is shown in view B. The punch-and-die elements of
this tool are made with several inserts because of the beads and indentations embossed

e 7
NN

0 I;\&S\ NN
AL
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Y16, 12-28. Die to draw a cylinder-hend cover.  (Chrysler Corp.)

on the panel. View C is a scetion taken along the vertical center line of the panel
showing the various inserts used in the dic construction, The panel is lifted from the
die by pads actuated by the die cushion. .

A scetion through a cam-action dic for flanging the vertical sides of the panel is
shown in view D, The panel is placed face down in a nest in the lower die. The form
block (D7) is foreed into position by the cam (D8) and the flanging punch is pushed
inward by the beveled surface on the upper shoe.  The form block and flanging I}“"C_h
are earried on a spring-londed pad attached to the upper die shoe. To ﬂ}SISL in
setting the bend radius, the sliding block (D9) on the Jower shoe is pushed against the



DIES FOR RECTANGULAR PANS 12-%5

panel by the same beveled surfare thet actuatss the flanging punch.  The sliding
membe U returned to their nentral positions by =p

Al thy dly construetad to withstand “the, eon
tion runs.

Pierce, Form, and Trim Die for 2 Large Shell. Trimming of the inp edge and
piereing znd forming the bottom of & washing- machine tube of 50, 18 Armeo shest
steel zre shown in Fiz, 12-27.  The drawn tub is plared on the Jocator (D1) end held in
place by two =pn‘n"—loadpd hold-downs (12 and [3). The trimming of the top «dge
iz performed by four cam-actuated trimming punches (D4, The eombination piere-
ing 2nd forming punch (I75) blanks out the bottom and forms & flange around the

. RN
4V/ t/F |

stion die Inr deawing 2 body oil pan.  (Cadillae Motor Car Divivion,

timuous nsage in produe-

Fi6, 12-29, Double-;
Gieneral Motnry Corp)

hottom, The part i raised for removal by 2 spring-getuated lifter.  Another spring
lifter in the die elevates one side of the serap blank 0 thet it can be gripped for
removal.
Die to Draw Cylinder-head Cover. Tne mlmdfr head cover DTO’IU(’G n thn die
]  hos

thetop.  On each
ing holts, Steel i
md ¢

Materiz] is provided for
voiding frarture hy over-
of the puneh, A die-cushion-operated pr pad
o the punch durinz the drewing eperation. The
erilar donble-zetion b2
Draw Die for Auto'—xubile oi Pan, Seotions of the draw die for forming a body ofl
pan having an uneven depth of dras an n in Fig. 1220, Thre material for this
part is 16-gage SAE 1008 steel.  Vies A is taken along the longitudina! center line of
the die, showing the die constriction and the shape of the part. The partial eactions

by
ing with £he nail punﬂh (lI:J, fh
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A-4 nud B-B show the relative difference in the depth of draw at each end of the oil
pan. Hardened-tool-steel wear plates with oil grooves guide the punch within the
blankholder and the blankholder over the lower die.  The dic is designed for use i o
regudar double-netion press with a die-eushion-actuated pressure pad to nssist in the
control of the metal within the dic eavity.

Draw Die for Bumper Part. A front-humper impact bar made from 0,1196-in,
SAE 050 steel is produced in the die shown in Fig, 12-30.  The irregular shape of the
draw line is shown by the plan view of the die. Sections A-A and B-B illustrate the

~,

Trim line”

Section B-B Section A-A
View B
TG, 12-20 (Continued). Section A-A and section B-B through die.

shape to which the part is drawn. A spring-loaded lifter mechanism, shown in section
B-B, is incorporated in this dic to raise the part so that it can be removed from the die
by a mechanical hand. The thick, high-strength material from which the part is
made requires heavy construction in the draw die.

Dies for Soft-drink-vending-machine Cabinet. The front door of the cabinet
shown in Fig, 12-31 is made from 0.042-in. cold-rolled stecl, deep-drawing quality,
sheared into blanks 3514 by 57%¢ in. and oiled hefore heing sent to the pressroom.
The first drawing operation forms the vertieal recess through the center, the offset
aeross the face of the panel near the top, and the flanges on the sides and hottom to
the depth of the offset. Seetions through the die showing its simple epnstruction are
in Fig. 1232 The section A-A is taken along the vertical center line of the die, the
partial section B-B shows the construction above the verties] recess, and section (-C
i through the vertical recess,
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Section €-C

T 4 Mill
Tro. 1232, Rections through the first draw die for the part shown in Fig. 1248, (Millx
Industrics, Inc.

12-40



DIES FOR CABINET DOORS 19-41

‘inal draw, pinch-trisn, and Blankiog die for vendinganachine door,

(Milln
Tuduntricy, Ine,
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“

VV//?

A

(B)
Fi1a. 12-34, Sections through dies for forming the return flanges on the sides of the frout-docr
penel.  (Mills Industries, Inc.)



DIES FOR AUTOMATIC WASHER TOP 1247

A gecond draw operation forms flanges around the door to 2 maximum height of
334 in. To facilitate the final draw, the flanges are trimmed to width acrozs the top
and elong the sides for a distance of about half the height of the door. The top
corner arcas are hlanked 10 a developed ghape so that an even flange height is produeed
in the final draw die,

Section A-A

Section 8-B
T16, 12-35. Draw: die for automatic washer top,  (Gencral Elertric (o)

The door panel was finish-deawn and the side walls pinch-trimmed to height in the
die from which the sections in Fig, 1243 were teken. Punch-and-die
incorporated in this dis to blank out the epenings in the face of the penel,

The gpring-aef blankhiolder (D1) srronnds the punch and grips the fiange of
the part against the face of the draw ring (D25, The pineh-trim steel (D2) i3 inserted




12-44 DIES FOR LARGE AND IRREGULAR SHAPES

ito the enst-iron punclt.  The draw ring of the dic Is also cast iron with hardened.

steel inserts, ) ]
After completion of the operations, the door panel is removed from the draw ring

by the positive stripping arrangement.  The stripper consists of a pad (04 fitting
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Half front elevation
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Section 4-4 .
Fre. 12-36. Parting dic for part drawn in the dic shown in Fig. 1285, (General lectric Co.)

the inside of the draw ring, the cxtension bars (D5), end the headed studs (D6}
attached to the lower shoe, .

The smaller serap blanks are permitted to drop through the die, The larger h]“"l‘f-‘:
requiring support during the blanking operation are lifted to the surface of the di
by their individual pressure pads.



DIES FOR AUTOMATIC WASHER TOP 12-45

The forming of the return flange along the top edge i 20 chievnd by 4 can-uetiog die
of eonventional design,  The fianges along the sides are formed In “the dies hown in
Fig, 12494, Bhoss and epring-loaded pads hold the door panel firrdy againgt the
farm blark while the ﬁ n'ring r;pn tionz are performed,

Additionat diez « e, pxrrm and dimple, und pivrw and extrude the
snall-dizme c enginearing drawing of the part.

3 in single-action mechanic
maximurn Hl’fp‘/o of shont, % in. znd die enshions where rf.qumd

Dies for Automatic Washer Top. The top ,md bashspls
cabinet are made in one plece from 0.04]1-in-thick dep-d
tandar draw to form the haeksplusher is made from 2
cub into w0 pisees 10 make two parts, The st
12-43 ilngtrates i

s having n

Fi6, 1257, Die vy desew flanges and pentrike recees in washer tap, (General Elutric Cn,,

shim tn e lowated Iedoeen the split draw nn" adjucent, to and surronnding the: dray
pnch. This ronstrsetion {aci 11,:;1/,6 loezlizing the draw pressare and thesehy pre-
wegting an ofl fient in the largs fia rronunding the draun portion. The
rpatting time i alzo reduced by the v 2 aplit-drawering dedgn,

The: panting die (Fig, 1296 for the part us onal punch and fneorporates
shear on the puneh 10 peduos: the i h }r/atl il part 0 ke puncl in
the: eenter suts the serap into 1y springoaded prezur
ad garrounding the punch holds the part t, the dlie members,  Cuide
pm» md heal bloe ilized o main The hsrdened-fon)

s dnserted o heavy o i
blank in the die.

Subsenent nperations mu”h»pxw/'ﬂ end drav s
trim thres; sides of the Wank to z developed

o dn e eenter of the dap, then

prioe to drxving the flan
The: Jater operstions s performed in the die ehown in
re: yadd holile the Wank agninet the deaw punel
a diecushion-s H!mr d Dlenihedder grips the metal in the flange ares,

Hzn renrn fanging of the three borizontal wnd t veri
the eameantion die shawn in Fiz, 1938, The catn 101y sttached 19 1h' uppar ehi:
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DIEE ¥R AUTOMATIO WASHER TOP 12-47

Lo Forily caed
Fooi, 32309, Die s demiing Soange wrenndl cmtsr opesing,  (Densoed Blotric oy
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pulls the slide (92) (to which is attached the form block) outward to a dwell position,
This action also raises the form block for the backsplasher to position. During the
dielt period of the form-block slide, another surface on the eam engages the fanging
slide (D3), foreing it inward to form the flanges, This arrangement is typical for the
three horizontal flanges on the top and two additional enms aetuate slides to form the
vertical flanges on the backsplasher.

DR =

a |
RSN
f
(B)

T't6. 1241, Dies for serving tray: (A4) Start of draw. (B) Mid-point of draw,

A flange nround the eenter opening is drawn in the dic shown in Fig. 12:3.’!. The
workpieee is placed over the locating ring (I)1) fastened to the lower spring-loaded
pressurc pad, The closing of the die grips the part by the upper pressure pnd 2
against the draw ring (D3), while the punch (D4) draws the metal into the die. The
next operation: forms a cur! on this flange as shown jn Fig. 12-40. These dies are run

simultaneously in the same press.



DIES FOR SERVING TRAYS 12-49

Dies for Forming Serving Trays. The dies for forming, curling, and flattening the
curl around the edge of a serving tray are shown in Fig, 12-41. A developed blank is
et to shape in « blanking dic and placed in the die as shown at view 4 for forming and

4

s

v

7

B S .

. )
F16, 1241 (Continued). () Cloged position for form and curl of tray, Seoti ]
flange fiattening die. (Ducey Products Co., Ine.) our oftray. (1 Seoion theeugh

«:!xrliqg. The seetion of the die at view B js at the mid-point of the closing position
showing dij flange T{grmed. View € shows the dic ecompletely closed to form the
yeecss and Hange. » seotion at view D is taken through the fattening die whe '
flange is folded in 2nd flattened. vt e Bt e whorethe



SLCTION 13

RUBBER-PAD AND HYDRAULIC-ACTION DIES*

The use of rubber in conjunction with press tools takes advantage of a property it
possesses in common with fuids, viz., its abilily to flow. 11 & quantity of rubber is
placed in o eylinder and pressure is brought to hesr upon it by applying & foree to 2
ram, any such foree must set up a resultant reaction on every surface with which the
rubber comes in contact.

Rubber also possesses the property of cohesion, o resistance to flow, not uxhibited by
2 fluid, which plays 2 vital part in the working of materials. The cohesive property
of rubber bas its limits, and great cere must be taken in the design of tools not to
expect, too much of the material; also, every assistance should be given to the rubber
ta eaable it to maintain its form unhroken and so preserve its life,

The several rubbes-die processes posscss the common characteristic that only the
male portion or punch is made. This lowers the tool cost considerably. The rubber
pad i3 attached to the rom of the press and, 28 it is lowered, the rubber is made to flow
around the form blagk, forming the blank to the shape of the form block.

GUERIN PROCESS

The Guerin process employs a rubber pad on the ram of the press and a form black
to e plzced on the Jower platen.  This process is the oldest and most widely wsed but

S ':;Tié\&\\\\\ Upper, o  plate \

// ”””,”,f’,,’é"?,"f” 7

-gl " ™ Rubber slabs i

[ Lower plafen ]

Bed plate

T, 13-1. Arrangement of rubber-pad die in press.bf

is limited to the forming of relatively shallow parts in light materinls, normally not
exceeding 134 to 134 in. deep. Purts with straight Aanges, streteh flanges, and
beaded parts formed from developed blanks are most suitable for this process.

Rubber Pressure Pads.  These ave held in e stecl or cast-iron container with walls
of sufficient cross section to withstand the pressure excrted upon it by the rubber,
The thickness of the pad may very from 640 12in.  The pads may be a solid type or
e Reviewoed by Bernard Anscher, Snles Manager, Hydropress, Inc,, and J, A. Whittingham, Super-
intendent, Sheet Metal Department, North Americnn Aviation, Ing,

1 Superior numbers relate to References at the end of this section,

13-1



13-2 RUBBER-PAD AND HYDRAULIC-ACTION DIES

a lnminated type.  The solid type is produced in two ways: (1) by curing as a homo-
geneous mass, or (2) by curing in sheets or slabs, usually 1in. thick, then curing these
sheets together in a single slab of the required
thickness, 'The laminated type inchudes all pads
made up of individual sheets placed one on top of
the other in the press, but not cured into a golid
mass, Laminated pads have the advantage that
the working surface can be restored when worn
by merely reversing the top layer or exchanging
it with one of the others. Most users favor o
pad Lardness of 55 or 65 durometer hardness for
forming work, When shearing or blanking is
done with a rubber pad, a throw sheet with a 90 durometer hardness is sometimes
placed over the blanks or cemented directly on the face of the pad. Figure 13-]
shows the arrangement of the rubber die and lower platen in the press.

A way to hold the solid pad in place is to make it larger than the container in whiel
itis to beused, The pad is then forced into the box by placing it on the bolster of the
press and closing the press.  One per cent minimum oversize on the length and width
has been used suceessfully.

A framework whose sides are Z-shaped (Fig. 13-2) retains the rubber slabs without
being cemented together.  The retaining strip may be part of the framework or a

Rubber  Parf  Formblock Trap

T16. 13-2. Z-shuped frame for rub-
ber retainer.

LS

(4) Regular hydropress

(B) Trap for increasing rubber

rubber forming pressure agains the flange
Caver;p/a/e Wedge
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(E) Hinged wiping plate

(F)  Drowring

Fic. 13-3. Auxiliary rubber-forming tools.®
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nsions of the lower platen should
n it and the inide of the rbber

The di
de het

separate strip fastened on with eap sere
provide g ta Yi-in, clearapce por &
retainer.

Form Blocks. The form block (Figs. 13-3 and 13-4) s the primary tool used in
riubber forming. Tt i a eontoured fiat pw of sufficient height to accommadate the
part. A minimum of 1o ping are placed in the form hlock tg Joeate the blaok in the
praper position.  The height of these shobd be kept at a minimum to prevent
dumaging the rubher pad. Most of the parts are formed on a one-pic e Wlock i one
operation, The more complex shapes require more than one plece to the form block
or 1more than one gperation, € or 7 flanges on parts wenally fall in this eategory,

Cross seetions of form Hocks for rabher forming are shown in Fig, 13-4, View 4
Wustrates how the hlock iz undereut to allow for gpring-hack in the flan Atrapas
chown in 2 is 2 means of direeting an inereased amount of prezsure against the flange,

! Lefeorer
plate
]
s I
o | o bl i
[y :
[ H
[ |
P H
;oo i
f 1 i
{ 1 i
1o ;oo ;
1
/ 1 !
I 1
o |
{
o/ 1o ik,
\ I
J L i
o = 7

Y3, 124, Form bloek for straight flange part.”

A roll, wedge, or hinged x\iping plate as shown in views €, D, and E, rspretively,
increases the pressure against the flange and helps to elimingte w rm]/lm The eover
plate shown elamps the blunk on the form block i prevent its slipping and reduces the
distortion of the web, A wiping plate which extends over 2 pr-nphzrral segment of
more than 180° and thercfore may be left, floating iz called a draw ring (Fig, 13-37),

Forra blocks are made from a wide range of materdale,  Masonite die stock or
impregnated fiber will suceessfully stand the pressures and is relatively inexpensive,
Masonite will break down rapidly if the block is made with sharp corners or has an
averhanging seetion, In either of thess two cases or o Lxr;;r‘ number of parts, the
block should be made. of cas steel,  Kirksite, magnesiura, and alumaimn are
aleo popular form-block materials, When hnt-fnrmm;, magnesium blanks, Kirksite
has o tendency to flow ut temperatures of over 450°F,  Magnesinm form hlocks
rasy 1o mashine, light to handle, and have the sume cosffieient of expansion as the
material being fm-mrd

Tainerense the life of the nibber, form blocks should be kept as low as possible, and
all corniers that the rubber raust flow down over should be rounded off a3 much as the
part permits,  When determining the height of the form binek, consideration must he
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given to the fact that rubber will not form itself into sharp internal recesses or corners,
For example, it wiil not form itsel{ inlo the 90° corner between the side of the form
hlock and the platen on which the block rests but will form a natural radius hotween

TABLE 12-1, MINIMUM FLANGE WI1DTH FOR RUBBER FORMING?!
Material Minimum Flange Width, In,
50 . Mo +2.57
M 4T
{e +4.57
K

the two surfaces.  Additional height must he added to the form block so that the
bhottom edge of the formed flange will be higher than the tangency point of this
natural radivs formed by the rubber. This distance is usually a minimum of 1§ to
3{¢ in. higher than the greatest height of the part.

Bend radii, spring-back, and bend
allowances for rubber forming are the
same s for die forming (see See. §).
The minimum flange widths for differont
metals and thicknesses 7' are shown in
Table 13-1.  These limits apply to simple
rubber forming, but auxiliary deviees
may be used to form narrower flanges,

The simplest of all rubber forming is
the forming of a straight flange by means
of a single bend over a form block.
TFigure 13-4 illustrates a form block for
forming a straight flange along one side
of the blank. This form block is de-
signed to flange o right- and left-hand
part and uses 8 cover plate to reduce the
distortion in the web.

The second-operation block for forming;
flanges in the opposite dircction in the
part in Fig. 13-4 1s shown in Fig. 135
The parts are placed on the form block,
and o cover plate (not shown) is used
L, 3 to prevent the rubber from damaging
N _ the flange already formed. Flanges are
Fi. 13-5. s""’““d'“PC”‘m’? block r‘")’“‘ formed along one side and an end of this
verse flanges on part shown in Fig. 1344.% part. The cnter portion of the form
hlock is also removable to facilitate removing the finished part from the form hlock.

RUBBER-FORMED STRETCH FLANGES

Parts with streteh flanges are well suited for rubber forming, Often such parts can
he produced more economically and more accurately by this process than by die
forming. Stretch flanges may cither be along concavely contoured portions of fhe
part edges or around holes, There is no difference in forming requirements between
the two types. The length of the outer flange is usually limited to & segment which
s usually not lurger than 180°, while hole flanges extend over the entire periphery of
the hole.

Stretch flanges are obtained by being bent over o form block in the ssme manner 85
straight flanges. The width of the flange and the radius of the contour affeet tl_nc
bending of a stretch flange.  Such 2 flange, having a Jarge radius, ean be fogmul in
soft materials quite readily, but forming of sharply contoured flanges requires the
use of pressure-increasing deviees. .

Alaminum afloys in either the annealed or as-quenched state are strotch-flanged in
thicknesses up to 14 in.  Austenitic stainless steels up to 0.050 in. thickness in the
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annealed condition, and quarter-hard stainless-stecl parts brisween (),f)lﬁ and 0,030 in,
thick, can he streteh-flanged. The very thin quarteriard ﬂtmn]r:.‘;?-str:nI parte
develop an frregular wavy flange edge. A severely Htrrztnhcq flange of thick and hard
material docs not toueh the hlock at ali or pogsibly eontacts it qnly at the flange r:dt;f:'.
The forming Jimits of streteh-flanging differant materials are disousted in more detnil
in 8ec. 2.

———

Development biank: Type 202, annealed, 0.030"thick
707

Section A-A Section BE

I—-»-n
Y2
Loy

Form block and cover plate

Stee! over plofe

Zing-alley
Section C-C

Fra. 13-6. Stainlessatee! part with stroteh fange.t

A part with a streteh flange of type 202 annealed (,030-n.thick stainless ste] is
shown in Fig, 136, The base of the form Mock is zine alloy. A steel enver plate fs
required to avoid distortion of the web, and a steef trap was wsed to obtain sufficient
pressure for forming the stretch flange, The joggle was partially formed on this
block hut required a hand operation to finish-form.

Rubber forming of various types of lightening-hole flanges is shown in Fig. 13-7,
These: flanges are usually formed fros prepunched blunks without the aid of pressure-
increasing dei

The J flange is another type of stiffencr around & lightening hole, This flange is
formed in two operations.  The first uses regular rubber forming which provides
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cnough impression to locate an insert (Fig. 13-8).  In the second operation, this insert
acenmulates the rebber pressure exerted on the whole area of the top surface of the
insert and bridges it over so that this total pressure forces the flange into it finyl
position.

LNt SN

{720% /{ 221 /2 g :\SM$\§
/ ////%///M Form Hm;\\< \Im‘ernal \\\\;\

External
37 Plain flanges d
3 Afmospheric radivs LA
i / 6 9
i
7 /AN
' »
External 2R FR Internal
Beaded flanges

Fig, 13-7. Rubber-formed lightening-hole flanges,?

720N\
o

F1c. 13-8, Forming J fanges.!

RUBBER-FORMED SHRINK FLANGES

MMany rubber-formed parts contain shrink fianges; nowever, they ean be securaicly
produced only within narrow limits, A shrink flange on a part that was rubber
formed without any auxiliary mechanieal device will tend to exhibit wrinkles. The
extent of this wrinkling depends upon the intended shrink which inerenses with increas-
ing flange width, increasing bend angle, decreasing contour radius and, up to a certain
limit, increasing flange length. These wrinkles, if in soft metal znd not too decp, can
be worked out by hand.

To climinate excessive shrinking at corners, o corner eutout entircly removes the
otherwise severely shrunk flange corner,  Flutes are often used as a menns of con-
trolling the wrinkles. Figure 13-0 shows & part which has flutes and its form Dlock.

A part with a shrink flange having a large contoured radius is shown in Fig. 13-10,
“This part has o streteh flange which is formed in the first operation. The part is then
placed on the second-operation form block with the cover plate to proteet the atready
formed flange. The positioning of the two blocks on its base plate provides a trap
which inereases the pressure the rubber exerts on the hlank, and gids in forming the
short return hend on the shrink flange,

Parts that contin both streteh flanges and shriuk fianges can be acearately formed
by a spezial tvo-operation procedure termed “glip” forming, A part with both types
of flanges and an extended shallow recess is shown in Fig, 13-11.  To avoid distortion
{0 the weh, the recesses are formed first in the flat, Recesses near the streteh flanges
were placed very close to these to allow some draw-in of the metal from the periphery.
Recesses close to the shrink flanges arc prevented from drawing motal from the
periphery by a suitably shaped pressure pad. The flanges are turned over it the
usual manner by a second form block, The cdges of the blank in the ares of the shrink
flange are notched to aid in the shrinking.
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Frei, 129, Purt, withy fluted ghrink fange and ity form block,

Cover plote

i 3

i

Steel plate T

g A — ]
0% M /‘-7'

1 -~
& \ond aperafion SGE[ it |
2 7|_serotion f

L b =St plate
— 7' — ]

End view of form bloch,

Enlorged end views
of finiched port

FsG. 1816, A largoeradine sheink-flange part,
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L 24—

Blank, 0.040 thickness

First operation part
AN

# Ha
d Lo
T loswssr O O

8
Section B-B 8]
Section 4 -4
Form block Pressure pad Second form block

First operation tools
T1a, 13-11, An emhossed part with shrink flanges and streteh flanges.

Cover plafes
Fressure Formblock.
pod Z 7
"
{\ g Z

T16. 13-12, Die to form shrink flange.!
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hown in Fig, 13-12. Theblank is
ta placed over the

¢ pad acts as o foating drev fng 25 the rubher

placed on th
blank. The cover plate ox the p
die dewends,

HMasonite-

()

7%:'(— Steel

”

R—+ Y
Firksife—~"

orming to0’s @ 05 b {iet eperatien, o second eperaticn

F10, 1313, Combination die to form shrink znd siraicht fanges,

oaded mals pressire pad is shown in

As the ram descends,

i flange without wrinkling. The

in the dis with the aid of the trap.

ks a bole in the web.  The second-operation form block
s the Internal beads.




13-10 RUBBER-PAD AND HYDRAULIC-ACTION DIES

DRAWING OF SHALLOW PARTS

‘The rubber-die process may also be used to draw shallow recessed parts.  To pre.
vent the flanges from wrinkling, the metal must be held firmly yet be allowed to move
in the same manner as drawing in o mechanical press.  The flange portion of the metal
can he lubricated with paraffin or pressure-relieved by means of an undercut protecting
block.

Frofecting block
cut of corners

NN
Form block
T1c. 13-14, Design of form block to relieve pressure on wide flanges.?

The part shown ia Fig, 13-14 is & typical draw by the rubber-pad method.  Without
a lubricant or pressurc-relieving block, the rubber locked the metal o the form block,
causing the metal to erack almost continnously in the radius on all four sides of the
pan. This was beeause the amount of metel required to fill the radius was greater
than the nmount of materia} allowed to flow, plus the elongation of the material, The
undereut-protecting block allows the material to flow without wrinkling. Careful
design of this block is essential.  When the base is inereased at the expense of the
undercut, the rubber exerts more pressure to Lold the protecting block firmly against
the form block, and less pressure to hold the protecting block firmly against the flange
of the blank. When the undercut is in-
ereased st the expense of the base, the oppo-
site Is true and more pressure is exerted
against the flange of the blank. The height
of the undercut s also important and should
be 0.003 to 0.006 in. greater than the thick-

. ness of the metal blank.

(A Geod procice When designing tools for rubber forming,
it should be remembered that parts can be
formed by external pressure that cannot be
formed satisfactorify by internal pressure;
1.¢,, forming should take place over  projec-
tion rather than into a recess. Ior exam-
() Poor practice ple, in Fig. 13-15 where a shape is to bend
through a 90° bend, if external pressure is
applied with a form block as shown at 4,
relatively Jittle pressure would be required,
beeause of the even distribution of the load, and a close fit will be obtained at ihe apex,
irrespective of how large or small the radius may be at that point. It may not be
possible to obtain o sharp corner at B with the internal form, because of the localized
pressure and the locking of the metal to the flat surfaee of the form block by the rubber.

TG, 13-15. Bending with external pres-
sure vs. internal pressure.

BLANKING WITH A RUBBER DIE
Blanking in rubber produces an edge that is better than obtained by band sawing
and almost as good as that obtained by routing. Since blanking requires higher pres-
sures than forming, the thickness of stock possible to blank depends upon the unit
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stress exerted by the rubber die.  The rubher die is capable of blanking up to 0,032-in.
180 zluminum without diffculty, and in some cases up to 0.040-in. st Long
curves and straight sides are easily blanked: aleo cutouts and reverse curv not too

small, can bemade. The minimum hole dizmeter or width of cutout possible is shout
2in.

The wsual amount of metal wasted in rubbee-die blanking is greater than for con-
ventional steel blanking dies. A minimum edge distance of about 114 in. js required
hetween the edge of the cutout and the

tdge of the part or sheet.  When cutting Bfonk—, Lock ring
soveral blanks from a large sheet, the  Armpint CommZ——omm? -
hlocks should be spaced about 3 in. apert Y e r
to ensure a good hianked edge.

To shear @ blank or to trim 2 part. the
form block iz provided with sharp cutting

edges. The sharp cutting edge required Formed
czn he machined onto most of the metal /‘?ﬂbber_\

" rt
form hlocks, but the nonmetallic blocks X s
require steel inserts at the cutting edge.
Fizure 13-16 fllustrates the use of a bead ;

s 2 locking ring around the blanking die
to create a recess and to localize the pres-
sure of the mibber at the cutting edge.
T lock ring alen preventeslippageof the ¥y, 1316, Shearing {trimming) 2 rubber-
workpicee hefore it is cut. The upper  formed pare? -
view shows the bank in plece on the
block, and the Jower view shows the shape of the stock hefore the frarture oeenrs.
When blanking the heavier-gage metals with 2 rubber die, 2n edge radius up to the
thickness of material can be obtzined. A prip plate shown in Fig. 13-17 provides two
places to grip the material: on the grip plate znd on the die. Between these two
points is an unsupported section which is subject to the pressure of the rubber.  Before
the stock has had time to rupture at the cutting edge, the material has heen drawn
down over the cutting edge, giving the large radius peculiar to rubber-die blanking of
thick 3

Serep Elant
Grio : Die
pote / [e—
VL = orm ok~
s 2

F16. 1%-17. Rubber blanking #ith T16. 13-1S. Combination blanking and
prip plate. forming die. i

The relationship of the height of the die to the grip plate has little effect on the edge
radius but may have some effcet on the pressure required to fracture the material,
The grip plate should be about 15 in. wide and 1¢ in. thick. It is not necessary {o
follow the intrieate details of the contour of the die block. Pins for locating the blank
on the die block should be used if possible. The die block may be positioned on the
hase plate by looszly fitting dowel pin 20 that other blocks may be used with the same
base plate.  Fastening the die block 1o the base plate is not necessary. )

_ Combination Rubber-pad Dies. Combination rubber-pad blanking and forming
dirs are frequently used for lightening holes (Fig. 13-18). A preshaped blznk is placed
on \hf: form bloek, which has a cutting edge for the cutouts, and is positioned by locat-
ing ping,  As the mibber die dese he eenter portion of the lightening hole is cut

out, and the bead around the hole is formed at the same time as the flanges on the out-
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side contour,  Cover plates should be used where necessary to avoid distortion of the
web.

Combination dies are frequently used on parts similar to the ene shown in Fig, 1311
for cutting the inside contour to avoid handling flimsy blanks,

DEEP DRAWING WITH RUBBER-PAD PROCESS

Methods have been developed for deep-drawing shells using the inexpensive tools
possible with the rubber-pad process.  The parts produeed are comparable in quality
with those produeed in all-metal dies. ’

‘The Marform process and the Hidraw process employ & deep rubber pad on the ran
of the press with a stationary punch on the bed of the press. A blankholder plate
actuated by a specially controlled die cushion controls the pressure on the blank asit is
drawn around the punch.

The descending platen automatically slows down as the pad contacts the blunk to
prevent: deforming the work. As the platen continues to descend, pressure is pener-
ated in the rubber pad, which grips the blank between its face and the blankholder
plate,  The rubber acts as o fluid pressure, forcing the blark over the puach so that it

[ Rubber pad  Back-up plafe I
\ £

Rubber pad holder—

Formed parf—_

Blank holder p/a/f\
Blant holder plafe ring
Stationary punch
Punch holder—____

Fia, 13-19. Schematic view of deep drawing by the rubber-pad process.?

conforms to the contour of the puneh. Pressure exerted by the cushion controls the
forming pressire developed in the rubber pad and is adjustable to a preset stroke pat-
tern as required by the form of the part being drawn and the tensile strength of the
metal,

The components of these two processes are shown schematically in Fig, 13-19, The
puneh is fixed, and the upper platen containing the rubber pad moves downward to
meet the blank.  Constant control of pressure on the hiankholder provides smooth
forming and eliminates wrinkles. The pressures used range from 5,000 to 15,000 psi.
The blankholder plate has about ¥{g-in. clearance between it and the rubber-pad
helder to prevent the rubber from squeezing out of the holder,

The rubher-pad process of deep drawing usually allows a greater reduction pereent-
age than by conventional drawing dies. It is apparent that, when one side of the
material is gripped by the rubber and the other side by the steel blankholder, work
hardening does not take place so rapidly as when the material is gripped and drmwn
between the two hard surfaces of  stecl die, Thus the material will flow more readily,
permitting the use of a Jarger blank. The variable draw radii in o rubber pad permit
the material to draw mote easily than the fixed radii of a stecl dic.

The maximum blenk size for aluminum and steet cups drawn by the rubber-pad
process may be found by multiplying the punch diameter by 2.34.

In the forming of square or rectangular-shaped boxes, it is not necessary to ust 4
developed pattern; in fact, some tests have shown that best results are obtained by
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forming tools consist of a punch machined to the required shape, and a pressure pad
with a hole which closely matches the shape of the punch. The pressure pad is built
up and is clamped on the bolster which is fastened to the press bed, The puneh is
fastened to s hydraulic-cylinder assembly located under the bed of the press. The
top of the punch in the lowered position is flush with the top of the pressure pad,

The ram is lowered to elamp the metal blank between the rubber pad on the ram and
the pressure pad.  Hydraulic pressare is then exerted agninst the dinphragm to pre-
vent wrinkling of the metal during the forming operation.  The punch maves upward

’—@/j_‘ Ram cavily

Stationary
| rubber
digphragm

Pressure pad

- Clamp

Supporting pins
for irregular
punches

Fte. 13-21, The Cincinnati Hydroform process.¢

cansing the metal to flow around it and, as forming progresses, the compression of the
fluid in the dome cavity causes higher fortming pressures to develop against the top,
radius ares, and side walls of the formed part. The deep-drawing operations are
enrried out under pressures ranging from 5,000 to 15,000 psi.

When deep drawing with the hydraulic-action processes, the rubber diapt lns
0 tendency to clamp the part ns it is formed to the punch surfaces, thus preventing
further stretehing or straining of these formed arcas, and at the same time causing the
metal to flow in around the punch, Hydraulic-action forming also has & vnrm}llv
draw radius, and the high local strains introduced in the initial phase of the forming
operation are minimized by the ability of the rubber pad to change its radius to suit
the forming cycle.  With the lower pressures at the beginning of the cycle, the dre®
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13-16 RUBBER-PAD AND HYDRAULIC-ACTION DIES

blank, thus forming it to the desired shape. ~ Air-vent holes are provided in the cavity
of the die to permit the air to escape from the dic cavity as the part is formed, Pgrly
of tapered or conical shapes can be drawn in one operation by this method, wherens
two or three operations are necessary by the conventional die methods.
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ho ehange in metal thickness may require only moderate pressures; this is classified as
a type of coining.

4. Ertruding operations compress and force metal to flow plastically through a die

orifiee, generally into s continuous length of uniform cross scetion,
=100
90
-80
70
E60
£50
Approximale basis for _ -40
press selection P=4xs
300,000 150 =30
i Swaging steel (limiled orea) E
i Sizing forgings and E
200000 ~£100 4 12 e abte cast jon F2000 20
H80\ |{using size blocks for E E
150000 £70 \\acaracy) £1000 E18
E80\ \Gorermment coinage,  F100 3
100,000 50 \ sitverand copper ‘288 :—(1;0
80000 40  \Sizing stecl (free flowy,  F300 £4
70000 = large limils) £ E7
60,000 30 F200 E6
Press forging steel E E
50000 (higher valyes for__—Ly00————"""""F°
40000 £20 thin forgings large 80 F4
3 flash or low heat E60 3
30000 15| holding capacifies)  Egq F3
kS F30
20,000 < :(I;O Press forging brass F20 E2
8 E 3
15000 25 Lo 15
10000 +3 6
Lbs/sq.in. Tons/sq.in. Sg
', compressive siress E
~2
Press capacity,
P, tons E
-04
Plan area
{including flash of forgings}
A sq.inches

F16. 14-1. Nomograph for determining compressien die prossures.!*

Sizing. Surfaces of hosses, for example, on castings and forgings arc 5‘1“0“'7'0‘! fos
dimensionad tolerance o5 close as plus o minus 0001 inj%*  The restltiag finish s
comparsble to a milled surface; excessive squeezing reduces surface quality.

Figure 14-2 shows 2 typical operation in which a easting or forging is compressed fo
size. The thickness to which the part is compressed is controlled by the depth of the
die eavity or stop blocks placed in the die.

* Superior numbers relate to References at the and of this section.
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Blanked parts such as the one shovwn in Fig, 143 are placed in cnmyrr;-:-:irm dies to
fiatten certain areas to size, Steps machined in the syrface of the die produced the
01.004-in, oficete in the surfacs of the part. . .

Swaging. A gear-swaging dic ¢ shown in Fig. 14-4 "«'li‘h the part, pmdu(:ed in the
die. The flange integral with the gear is trimmed to gize in a Jater die. 'Tn produce
this part, the blank is placed over the locating pin, and the p tripped.  The

T

WA
o

%
. \ N
RARRCORNN

ARRIRTRI R
F16. 14-2, Typical sizing die operationt
(2004"——7;4-

. —00s6"

Size 0 004"
in chated /'
aregs:

L

Fia. 14-7. A gear segrient vith portions of the surface flattoned and sized in 2 die,  (National
Cash Regivter (o)

prunch or swaging block fore
the die.  The ejector blo
cavity and to sueh o height as

e metal to fiow znd fill the cavities or tooth gpaces in
wfully machined to eonform to the outline of the die
equited by the thickness of the gear,  The press

set 50 that the puneh hottoms hard against the die to produce uniform parts.  The

sizes of the blank in this case
dues the part, sinee the e
gurplus metal. A post
method of positive dels

al a3 long as it containg cufficient metal to pro-
is large enough to allow free flow of all
ont Ix huilt into this die, although any
d-netion ejestion may be nred,




144 COMPRESSION DIES

Die for Swaging Type Segment. A dic for swaging the bevel and two welding pro-
jections on & printing group-type segment reinforcing plate is shown in Fig. 145,
The preblanked segment is placed in the dic and, ns the slide deseends, the bevel and
welding projections are swaged into the part. For case of manufacture, the dic i

Part
T T
oy i
¥ {
!
i |
i B
LEJ Punch
5 |
Locuting pin > ‘ Ejector

l | 1' Die

)
|
]

A N
t
NIE e

Fro. 14-4. Die to swage o geur with integral flange.?

made in sections. The impression is machined into the insert (D1)* which s sct into
the main dic block (D2), This block is stepped 1o serve s & part locator,  End stops
(D3) are also fastened to the main die block. The hand-operated ejecting lever (D4)
lifts the pin (D3) to eject the segment from the die cavity.

* D indicates detsil number on deawing,
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146 COMPRESSION DIES

Part Swaged from Screw-machine Blank. A part which has been swaged on bath
sides is shown in Fig. 146, The blank at view A was prepared in a lathe or serew
machine. The outline produced by the first swage operation is shown at view J,
The plastic flow of the metal deformed the OD of the blank to some extent,  The part
was next semiturned in an automatic lathe to prepare a blank to be fnish-swaged as
ghown at view €. This operation formed the gear teeth to shape, with the exeess
material flowing out into a scalloped outline as shown.  To cusure integrally complete

—

O

(4) Blank

O

(B) First swage (D) Finished part turned

Fia, 14-6. A mild-steel part produeed from a serew-machine blank in two swaging opera-
tions, {(Pitney-Bowes, Inc.)

teeth on the gear, the blank was made with a rim on the outer edge higher than in the
center, as shown by the sketeh of the blank. ~ After the final swage operation, the part
was returned to the nutomatic Inthe for finish turning and facing of the gear as shown
at D,

Cam-operated Swaging Die. A cam-operated swaging die for o phonograph needle
isshown in Fig, 14-7. A needle which has been cut to length and pointed is placed fn
this die to swage the flat area. The necdle is held in the die by the spring-loaded hold-
down {D1), while the eam (D2) forces the sliding swaging dies (D3) to close.

Universal Swaging Die. A universal dic for swaging both sides of 2 blank in one
operation is shown in Fig. 14-8. The die holders (D1) are identical so that the dic
inserts (D7) and (D8) may be interchanged between the upper and Jower positions.
The die-insert shedders (D2 and D3) arc actuated by positive knockouts to ensure
positive ejeetion, The blank is positioned in the die by the spring-loaded pin (4)
which is retracted by the fixed pin (D5) as the die closes.
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COMPRESSION DIES
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148
Timing of part ejection from {he lower Jie con e adjpsted 0 suit the part thickness i
DpY in the upper ghoe. pebti
o of 0.128- 0F 0.250-in-tidk dudo blades ¥ ki i
Sidh o

by the threaded adapters

gwage Die for Dado ade. The swaping ©

ncunmp\is\wd in the die shown iR g, 140 A 0.125-1&1.-\\\30}.; spacer (s yemoved
0.250-in ~hick iade. The shding otk (2) is et

from the i when swaging the O
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Fio. 148 Uriversal avaging die. (Pitney-Bowes:

ated by the et (D3t (hebladein thovertical position- 0

plungers (4 and DB) position the binde endwist and hold it down i thc’dle.

e blo an 1 the swEing punc! gy during Ithc opere
1 ani i ¢ i roocesd

tion, These Wocks are TCees in

into thelower dieshoo, Snfoty stops prevent o el of thedie
ot and lower Sho%S s m d by two guide posts cngaging 1006 houkdered
quide hushings- The part s turnc end for end for swaging tho sosond

surfnce.
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Swaging and Colning Type Bar.  The single-pi
madc infive f/pf‘”fvon. T'nﬂ blank pmdur
PO ;

025"

RGP (WA —.

i

i

1

[ Ep— 1
”

N

Q\\\\\Q = %\\\\ AN \\\

AN
% %j Pe.part

v\ outling

Oufline before swage
Outline offer svoge

AR

'\"‘i\\ Kz o\
@\\ 1\2\ X

\

\\\ » \'\\‘
kY N
G925 n-thick dado Ylades, (Harig My, Corp.)

70 in. think, 20 the sweged surfeee upon whish the 0.621-n. ~hizh
trimmed to 0,124 in, wide,

is performed in & split die nsing « springdozded wedge cam (o antnate
block shawn in Fig. 14-108,



14-10 COMPRESSION DIES

In order to obtain sharp charaeters of uniform contour, the first operation coing the
characters with an included angle of 67° and a height of 0.031 in., and the sccond eoin.
ing operation produces characters with an included angle of 82° and 0.021 in, high,
This required a st of readily interchangeable punehrs.  The type bars are also made
with several different character combinations requiring interchangeable punches.

Ol SR Qe QD

e rmnamienoy
TRW R ST
{o~vwamapraol
(4)
A=< Sliding die  Stop pin

Removable
dre block

P —
N

N

h%.em\ V/

20 D
:

NN

Locating.

(8)

F1o. 14-10. Swage and coin die for single-piece type bar.  (Monroe Caleulating Machine Cs)

Swaging Die for 2 Cup, The operations required to produce o eup are showa in
Tig. 14-11,A, The swaging dic for making the flared cup from a flat blank isshownin
Fig. 14-11,B. The washer-type blenk is placed over the spring-londed pilot ().
The punch (D2) is used to size the center hole while the die (D3) is swaging the flange
to shape and thickness around the punch (D4), The knockout slecye (5) bottoms
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in the upper die at the end of the doznstroke to flatten the hutiem of the enp. The
ironing of Lie £ide vall of this part s deseribed in fee. 17 and the colning of the bottan

fater i this ssetion,
Dies for Producing Generator Pole Shoe.  The group of dies ghown in Fig. 14-12

produces the part as ghown, Tt s first hent, from a flat blank. I the hending of the

. ) 2 E 2«052 d “ 2.044 -
24005 17 ‘-25004{‘ s gj
i

A i 0055»{ i Wk Tous”

d

8

Blonk ond Sviage Iron vaall  Coin bottom
plerce (4) flat

[

i

i*\\\ N,
R
SO

Fin, 1411 Part dewelopment and ewaging die for thin-waled part. (Cainez, Inc)

part, deprezsions swere produced at the junction of the wings and body by eonrentrated

pressnres,

']hn fins d operatio eres (1} pnh'nd the bank (riew A3 42) plerer and eounter-

3 v hiode; (3) swnge the wings surrounding the body of the part,
3 (4) eoin (}wrntlr weetion fo thicksess (view C); and 159 drill and tap the

pie rrm} hiole,




1412 COMPRESSION DIES

Undlistfurbed
body of shoe

Meterial —>i
worked |
[

|

|

|

!

t

/

(8) (©) _
F16. 14-12, Dics for producing generator pole shoo: (4) preform blunk; (B) swage wink's
(C) coin center section to thickness, (Delco-Remy Division, General Mators Corp.)
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14-14 COMPRESSION DIES

Dic to Coin Serrations.  The coining of serrations on hoth sides of a 0.060-in.thick
part is shown in Fig. 1414, The serrating dies ate incerted in hardened-steel plates,
A nest on the lower die locates the part accurately while it is being serrated, The
depth of the serrations is controlled by two safety stop blocks, To assist in the
removal of the part after the operations, a small pick-off slot is machined in the lower

- B

/P/Ifk—a ¥ stof

—

7 &;Na Y ég’

1%
RAINHTIIINY
Section A-A

Fig. 14-14. Die to coin serrations on hoth sides of  part, (National Cash Regieler Cod
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14-16 COMPRESSION DIES

7
\w
<

Blonk before forming §'™ ]

/A

i

\

Part
Fi0. 14-1G, Dic lor coining part for s pipe union, (Worcester Preased Stect €0
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dnn during the operation and pro-

el 10 the upper shioe, preventing its
g1 outeofAnleranice g
Die for Caining an Ezp

n Digk.  The part shown in Vig, 1417, view A, prior
{ s o prsenmtrhine part, 64, very high

th comsiderahie diffienlty
ation is 4 eonoamtionsl entabination blenking eud draving operation,

st and

Pt
The fir:
The i op 11, rezhinpes the fange and psts o anaf ehamfer sronnd

the ot s bl prozsozaat 2 fin Srom forming in she followiag operstion,  Opera-
tina % enine the part to G1 ont, the eorner and 1o produes the initiz] Geper o the fuside
of the fange, The die for this oparation bz shown in view B, Phe forming punch
(1) i e it the loewer die shoe,
The Jorming risg (12) coing the metal
ity the eontrate of the pnek, and the
Tt (18 botbars af the end of the

in the upper shoe to form the top of the

(- Blory ond drov ;lmn ipiper sl 10 faste the top of £
I the finad enindng die ¢
{operation 4y, the
well 2 coining

s af view (!

o slowe in the enfitied
) ity B e i G i the orepy-
chomfer. tar part (D4) aeting nlen a8 an ejector,

%= Domge flonge

3~ Coin flange

r—>

4~ Finish coin

1487

I — (45"
J 080"
a/&;l "

i

|
TR
»< 0070 [
| e

DAL

5~ Finizh trim

7
()

$ ot peodsid n e of Fig, 14178y oiw 00, sl raning die,

o

-y

e
: rreteed i
Thes prast is nnsbe of 1.055 /1145

in thix dic v eosues w fully formed poart, and thic
trismming die,
<A, hik enldesnlted gteel annealed ty Ravlonel) 170,



14-18 COMPRESSION DIES

Embossing. .An embossing die forms raised letters, areas, or destgns in reliel o the
wurface of sheet-metal parts.  Embossing differs from forming in that the designs are
comparatively small or shallow, and usually in the nature of reliefl work upon 5
surface,

Fmbossing differs from coining in that the latter usoally has different designg on
each side of the part.  An cmbossment has the same design on both sides, one beiug
the reverse of the other; i.c., ane side has the depressed design and the other side the
raised design.

There is a Jocal stretching and compressing of the metal in al embossing operations;
the atount depends upon the design and how much it extends above ot below the
surface,

Dies to Emboss Bowl of a Cofieepot. The forming of four small rectavgular, ane
larger rectangular, und one eircular embossment in the bottom of a shell is done in the
diein Fig. 14-18. The open end of this coffeepot bowl is smaller in diameter than the
diatetral position of the four small rectangular embossments, thus requiring that their

N

(8
Tig, 14-171. View B.

embossing punches be retractable so that the shell may be placed in working posil}nu.
These embossing punches (1) are pivoted and expanded into position by the spring-
Ionded center portion of the dic (D2).  Beeause of their size and shape, the bottons of
the die cavitios for these embossments are inserts (D3). The cmbossing punches
(D4 and D5) for the other two embossments are also inserts in the upper portion of the
die.  The position of the embossments and the relative location of the seetion through
the dic are shown in the hottom view of the part. X

A die for embossing another ares in the eoffeepot, howl is shawn in Fig, 14-19. This
aperation embosses water-level marks in the side of the coffeepot while it s supported
on a horn.  The embossing and stamping punches are inserted into the punL‘h-lwldCY
plate and retained by setserews.
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A
- I
AL .
[ L T Machine contour
of horn so that the
bow! will ship on and
of f easily
L a1
ook’ N
0020 R

Section A-A

.
Fia. 14-19. Emhossing water-Jevel marks on & coffcepot lower bowl,  (Knapp-Monareh (o))
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16, 14-20. Embossing die for a circular boad in the bottom of an upper howl of a coffeepat.
(Knapp-Monareh Co.)
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14-22 COMPRESSION DIES

Teductions up to 85 per cent of eross-sectional area by extrusion on eold steel billets
in one operation have been successfully made,  Under normal conditions, it is gond
practice to limit the first reduetion fo approximately 60 per cent, and subsequent
operations to shout 40 per cent, The average hardness of stecls hefore extrusion
shauld not be over Rockwell 60,

TABLE 14-1, EXTRUSION PRESSURES FOR COMMON METALS!

ressure,
Material Tous, Pai
Pure sluminum “extrusion grade” e 40,70

30.50
25.70
50,165
.. 60.200

Brass (saft)..
Copper (sof
Steet C1010 "extrusion grade
Steel C1020 {spheroidized) . ..

The pressure required in extrusion work depends upon the yield point of the mate-
rinl before and after extrusion, and the varying amounts of friction or resistance to
flow depending upon the size and contour of the die. Higher operating speeds create
additional loading on the tools. When there is little restriction to flow, and speed is
low, the press load can be based on the yield point after work hardening, The pure
metals can be worked at fower pressures than the alloys. Table 14-1 lists extrusion
pressures for common metals,  The pressures listed cover a considerable range depend-
ing upon the alloy, its microstructure, the restrictions to flow, and the severity of
work hardening.

The pressures required for extrusion also depend upon the pereentage of reduction
inarca. When the percentage of reduction of areq, for parts made of various aluni-

QO

Good Not good
Good Not good Good Not good
A
Standard Ideal Good Good
flot bottom bottom design design

F16, 14-22, Design considerations which affect the extruding of metals.f

num alloys, is known, the required pressure may be taken from Fig. 1423, Although
the alloys mentioned are usually extruded at room temperature, a reduction in press
pressure can be achieved by extruding at elovated temperatures, Closely related t0,
snd a factor in cstablishing, reduction of ares is part wall thickness. The inereasitie
cﬂ'cht on punch pressure required as the wall becomes thinner is ilustrated i Fig.
14-24,



Panch load, tona per aq.in,

s
=)

™~
=)

N
=3

2

Exteunion prassura, kipa porinah™

00.04 00z

o

~
~

S
b

™~
ra

-




14-24 COMPRESSION DIES

Correct lubrication in extrusion work considerably lowers the pressures required,
Ordinary dic lubricants break down beeause of the high pressures and exeessive surface
heat attending extruding operations, A bonded stecl-to-phosphate Inyer overlaig
with o bonded phosphate-to-lubricant conting is satisfactory for the heat and pressares
encountered, The phosphate lnyer serves as a parting layer to reduce metal-to-metg]
welding or pickup, and as a carrier for the fubricant.

Tool Design, The magnitude of the forces in extruding are very large, since the
workpicee is stressed to its elastic mit in compression, resulting in lateral pressure op
the die walls, which is additional to the pressure caused by the actual plastic deformg.
tion. Under these high pressures there is danger of local collapse and plastic deformg.
tion of the too! surfnces. To provent this, the surface herdness must be approxi.
mately Rockwell CG0.

Resistance to bursting is frequently achieved by shrinking the tool-steel die ring into
a massive die shoe so that the ring is normally in compression. These compressive
forces must be overcome before the die ring is stressed in tension.

Various tool steels arc suitable for extrusion dies, the choice depending partly upon
the required dic life. A steel which, in heat treating, acquires o hard wear-resisting
ease supported by & softer but strong and tough core is useful for eold-extrusion dics,
Sinee there is a possibility of extruded parts leaving the die at  temperaturc of nearly
550°F, the steel should resist softening due to tempering if heated.

Careful heat treating of the die elements is necessaxy hecause high working stresses
areencountered,  Proper grinding wheels and procedures must be used to avoid grind-
ing checks and surface cracks that will become more prominent when the part is
stressed in use, Die steels that are especially sensitive to grinding eraeks and checks
should not, be used.

The length of » hackward-extrusion punch is governed by the punch diameter and
the yield strength of the workpiece material. The practical limit of the length of the
punch for extruding stect should be about three times its diameter, four times the
punch diameter for 758 aluminum, and six times for 618 aluminum, These propor-
tions may be increased by using guide bushings.  The die cavity should be 24 to 34 in,
longer than the desired part, since the extrusion does not come out with uniform
length and may require trimming or sizing. It i3 not necessary that the blank closely

fit the dic cavity; it should be of such »
ZZZTS 777
A
]
=N R
Zn

the finished part.

A typical backward-extrusion dic is
shown in Fig. 14-26, in which the metal
flows in the opposite direction to punch
movement. The carbide insert and its
ring are tapered in the holder which is
built up of two members shrunk together.
The taper should be about 1° per side.
The holder ring requires an adequale
number of holddown screws to prestress
the carbide ring in order to minimize its
expansion and fatigue failure. The ear-
bide insert and its ring are supported by
toughened steel plates to distribute the
high local loads, The extruding pun.dl
(D1) is guided by a spring-loaded guide
plate (D2) which is positioned by pl!ot—
ing in a ring {D3) an the lowcrdic.‘ Tjee-
tion of the part from the die is by 8
Lt delayed-action stripper wlu'u_h lifts the
T16. 14-26, A typical hackwnrd-extrusion  bottom portion of the die eavity.
die with a carbide insert.?

777 7T shape as to meake it impossible fo place it
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off center and thus lose concentricity in
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EXTRUDING DIES 1425

4 hackwatd-extrusion die with the extrusion die ring extended to sorve as & guide
foA the punch is shovn in Fig. 1427, The punch has a tapered shank an ined
in the upper shoe by 2 bu hin a threaded nut. ‘This design farilitates inter-
d reduees 2
retainer ring or forged steel is shrunk on the OD of & hardened
2 598 COTm ) non theinsert.  The hardened insert iz ground to 2
ide on the 1D o nding to the taper on the OD of the die ring.
The retainer 2ssembly i pul[&d uzhtl over the die ring by means of clamps or cap
srrews to eompress the g eEsion prdca s the dir ring &0 that it can
better withstand the forces tending t Lrpand znd ererk: the die.
Inl'ludrd in the fllustration are enler, f the extrusion die and punch Thﬂ
g or worcing end of the punch iz arconewithza =vd° an,_le\ of a to 7
i

inzert to provi
110 2% tzper

and the pun(-h is d zbovea Chort thng tn assh

The radius at the outer edge of a punch should be &
large radius tends to 2 wedging action. The inside corner radiug fon parts
requiring 2 large outside radiusj may be reduced by using an angudar fillet of 2 height
equzl to the radius on the outside hottom of the shell and at an engls of 15” from the
bottom.

> 22 taper Chuck faper.
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) -DE clearance W

Dy =D5- (0004 fo GO0E)

§ =5 fa 1" for steel

8 = 1I°t0 2°For aluminum Lot
. Ti6. 3427, Backward-extrusion die for forming 2 cup.?




14-26 COMPRESSION DIES

Aforwnrd-extrusion die, in which the metal flows in the same direction as the punch
travel but at a faster rate beeause of the change in cros: onal area of the part, is
illusteated in Tig, 14-28, The stroke of the press is of suflicient lengih to allow o pre-
formed slug to he inserted in the nest (D1) above the die ring (1)") This nest alsn
serves ns & gnide for the puneh during the opera(inn The die uug and & secondary
;,uulu riug (13), added to help praduce n straight part, are encased in o pair of (n]mrml
tings (IM).  These rings are rotained and clamped to the lower shoe by an outer ring
{15} so that only the inner ring is hearing on the Jower shoe.  This mounting ensures
that the die and guide rings will abways be held in o sheaokeinstate. The taper of the
mandrel is ealewlated to suit the elongation and the desired taper on the inner wall of
the extrusion.

The forward-extrusion-die insert in Fig. 14-20 is placed in a retainer assembly similar
1o the one shown in Fig, 1427, The punch can be attached to n {aper shank with a
through bolt so that a similar upper shoe may be used. The punch shown is made of
a lower portion and an upper portion; the lower postion is subject to wear, The
dinmeter Dy of the dic insert is such that it properly positions the preformed cup or
slug,  The bearing diameter D produces the desived OI of the extruded seetion,
Below this bearing, the dic is relieverd to reduce {rictional resistance, and a guide js
placed on the lower ¢nd to maintain straightness as the extruded scetion flows out
ahead of the punch.

90°-126°

-0005 |

e
! D002 '
Rl’ -
—D+0020
D400 i gn e 0004
74 P 0,008
I<D+0005—>‘ R ’f 3" Punch
=5 to
Die 3
EZ 3i
¥, 14-20, Extrugion-die insert and punch clements for a forward-extrusion die,
N/ 3

IR

N 7’ N
(4) (B) ()
Ta, 14-30. Shoulder designs for forwnrd-extrusion dies: (4) stepped die, not recommended;
{B) long upproach, not recammended; (€) short approach, good design.
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The radius By should be fairly large to aid metal flow and carry Inbrication zround
this point. The inchuded angle of the shoulder should be hetween 90 and 1267
Although the wider die angles inerense tounag: some extent, they are of great
advantage in reducing radial forces and in maintaining lubrication at the work areus,
The die angle also influences the amount of work hardening imparted to the work; the
wider the included angle, the Jarger the zmeunt of work hardening.  The radius R. is
very small. The bearing is short and has 2 slight back rake to provide clearance for
the extruded metal

The stepped
impozs limitations on the amount of eold work
bearing of a stepped die cannot be relieved with back rake hecanse of the compressive
forees imposed by the approach ta the serond step; the metal would tend to upzet into
the refief area, making stripping irmpossible.  The principles of good design are shown
in view O, .

Twa methods of obtaining stepped diatneters on a part hy forward extrusion are
shown in Fig. 1431, At view A is a shug with a diameter of Dy, It is placed in 2 die
and it is forward-extruded to diameter [, The workpic hen placed in another
die using the same punch and it is then extruded to diameter Ds. In view B o glug is
#sized” to the diameter Ds in a coining die, and is then placed in an extruding die to
form the diameter Dy The final operation upsets the head to diameter,

W

dy

n Fig. 14-204 and the die with small included angle in viev B
practical in one aperation.  The top

4,/5, g

(8)

Fr6. 14-31. Two methadx of phtaining stepped dismeters by forvard extrusion.?

Extruding Die for a Generator Frame. The die in Fig. 14-32 forward-extrudes 2
portion of an automotive generator frame.  The blank for the frame has a tongue and
slot for locking purposes.  After extrusion, the seam does not open, thus eliminating 4
conventional welding aperation.  Affer the %-in.-thiek stock is grit-blasted to remove
seate and provide pockets to hold lubricant, the eylindrical blank is produeed in five
operations on a transfer press, The operations are: cutoff, noteh, form to an oxbow
shape, V-form, and finish form.

This die is eonstructed with a floating arbor swhich allows it to move forward with
the flow of the metal, which may be faster than the speed of the press stroke, The
punch in this die surronnds the arbor and forces the metal to fow throngh the carbide
extrusion ring. - Since the punch is attached to the stripper assembly, it acts to strip
the part from the arbor, 2nd a knockout attached to the die cushion t from the
die cavity.

Impact Extrusion of Magnesium. The process for producing magnesium impact
extrusions is hasically the same us for other metals, except for the temperature of the
metal during the operation, Depending on the alloy, this temperature may vary
from 330 to T0°F.

The suceess of impact extruding of magnesinm depends largely on 2 uniform thick-
ness of a lubricant film on the blank. If the film is uneven or is left off part of the
blank, & produet with uneven wall thickness will result beeause of nonuniforra fow of
wetal. Tumbling or epraging of heuted magnesium slugs with eolloidal graphite has
been sueeessful, but dipping of the hugs has never attained a thin, even lubricant film,
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F16. 14-32. Dic to extrude generator frame.t  (Deleo-Remy Division, General Motors Corp)

In addition to heating the blanks for forming, the dics must be heated to approsi-
mately the ssme temperature.  The dies may be heated electrically or by gas heaters,
Die cavities must be made oversize {o compensate for part shrinkage upon cooling.
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SECTION 15

PROGRESSIVE DIES*

twoor
e

fundamental sheet-metal operations &
ihe sirip

‘
¢

in order to dovelop 2 workpieos s th

of die 15 somnetimes called “entend-carry,”
Ying station performaz one or more distinet die
strip rnst move from the firzt throngh cach sucoending station to
One or more idle stations may be incorporated in the die,
12l biut to loeate the strip, to facilitate interstation strip
mplify their eonstruction.
roke i5 exlied the “progression,”
enuel to the interstation distancs,
¢ strip ere cut out 25 it advanes through the die, and one
3 t comnected to each pertisliy completed part to carry it
through the stations of the die, Sometimes parts are made from individuzt blanks,
neither 2 part of, nor eonnected {0 2 stip; in such cases, mechaniced fingers or other
o are employed for the stetinn-to-station movement of the workpl

The npesetions perforied in 2 progressive dis could be done In individual dies a¢
reparate operations bt would require individusd feeding 2nd positioning.  In 2 pro-
v die, the purt remzing eonnected to the stock strip which iz fed through the die
with autumatic feeds and pozitioned by pilots with epeed end econrary.

SELECTION OF PROGRESSIVE DIES

The tion of any mmultinperation teof, snch 2z 2 progre dir, iz justified by the
prineiple that the number of operatio: ieved with one hendling of the stock and
produced part i3 more economica] then productfon by a series of single-operation dies
and & mitober of handlings for cach single die,

Whers total produetion Tequirmnents are high, partienlarly if produstion 1ates are
fnrge, Wotal hendling eosts faan-hours) saved Ly progressive fzbrication enmpared
th & series of single oprrations are frequently greater than the costs of the progress
dis.

Thr febrication of part
tion ennd) i

1. 8toak

raor: glatl
storl 167
“Hotlow,”

oparations, but the
proditee 2 eomp)

(g

“gdvanee,” or ¥pt
The unwented pe
o more rihe

with & progees
further indicated when
izl iz 1ot g thin that it eannot be piloted or 90 thick that there are

ve div under the shove-mentioned produc-

functions of part size and strip length) is ot too large for

required iz available,

arformed in 2 progressive die are often relatively gimple, hut
o0z, the 1003 practien) and economieat strip

peration of the die often bresmes diffienlt to d
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16-2 PROGRESSIVE DIES

The sequence of operations on a strip and {he details of cach operation must he
carcfully developed to assist in the design of » dic to produce good parts,
A tentative sequence of operations should he established aad the following ftems
considered sy the final sequence of operations is developed:
1. Pieree piloting holes and piloting notehes in the first station.  Otler loles may
be pierced that will not be affeeted by subsequent noneutting operations.
2, Develop blank for drawing or forming operations for free movement of mety],
3. Distribute picrced arens over several stations if they are close together or nee
close to the edye of dic opening.
4. Analyze the shape of blanked areas in the strip for division into simple shapes
so that punches of simple conteurs may partially ewd out an area at one station and

i o]
Sta.2 Stad Sta.2  Stal
Cutoff Slot Cutoff Pierce
POOR PRACTICE &slot
o ol o]
0a0 000 i
Pl 019 |
Sta.3 Sta? Stal Sta3 Sta.2 Sta!
Cufoff  tdle  Slot Cutoff Pierce Slot

(00D PRACTICE
(A) ®)
F16, 15-1, Use of three-stage die to avoid weak dic blocks: (4) pierced hole close to edgo of
port; (B) pierced holes elose together,

cut ont remaining areas in later stations, ‘This may suggest the use of commereially
available punch shapes.
5. Use idle stations to strengthen die bloeks, stripper plates, and punch retainers
and to facilitate strip movement.
6. Determine if strip grain direction will adversely affeet or facilitate an operation,
7. Plan the forming or drawing operations either in an upward or a downward
direction, whichever wil] assure the hest dic design and strip movement.
8. The shape of the finished part may dictate that the entoff operation should pre-
vede the last noncutting operation.
9. Design ndequate carrier strips or tabs.
10. Check strip layout for minimum serap; use 2 multiple layout if feasible.
11. Locate cutting and forming areas to provide uniform loading of the press dlide,
12, Design the strip so that serap and part can be ejeeted without interference.
Tigure 15-1 illustrates the usc of n three-station die to avoid wenk die block.s. At
4 the piereed hole is near the edge of the part where it is cut off, thereby weakening the
die black at. this point. If an idle station is added so that the piereing operation is
moved nhead one station, the die block is stronger and there s less ehance 9[ crucking
in operation or {abrication, At B, the pierced holes are eentored on the strip !)u} close:
together. In this ease the holes should be picrced in tivo stations to m'oh'l thin sec-
tions in the die hlock between the holes. The adding of stations alse provides bhetter
support for the picreing punches,
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Fii, 152, Sieip development for 2 flanged channol, (€01 Cory)

777777755
o

%7/‘7 ZE

/ =

Fi6. 158, Channed forming progresive die, (€L R, Coryy

7,




164 PROGRESSIVE DIES

The Jayout of the strip for a flanged channel shown in Fig, 15-2 fllustrates severn] of
the points in preliminary lnyouts of progressive dics. A hole is picrced in station
which can be used in any succeeding stations ag a pifot hole.  Notehing the strip with
two punches in the first station and trimming the rounded edge of the part in the
second station will avoid the use of a delieate J-shaped punch.  The first forming
aperation is done in station 5, with two idle stations on each side to allow the strip to
drop helow the level of the other stations to form the fanges upward.  Final forming

is done at station 8 and a shear cutoff is

.‘ achieved at station 9. The earrier strip
\% is through the center of the strip devel-
opment.

The strip development for a channel-
shaped part, and a scetion through the
die, is shown in Fig, 15-3,  Slots are eut

§ in station 1 of sufficient length to aljow

J the flanges of two adjoining parts to he

Wide run formed at onc time In station 3, The

strip is lanced and one flange partially

' formed in station 2. The part is cut

. S CD ‘] from the two side carrier strips in station

- 4. This part could belaid out to progress

through the dic lengthwise instead of

A crosswise if the grain of the material
would allow the lengthwise hending.

The layouts of Fig. 15-4, using wide
and narrow stock widths, illustrate the
use of commercinl punches and special
heeled punches. Commercially avail-
able piercing punches shouid be used
where possible to eliminate special heeled
punches. Figure 15-44 shows a part
made from 2 wide stork strip vsing b
special heeled punches and the same part
made {rom a narrow strip using an oval
punch that can be purchased. In both
cages o shear-type cutofl punch is used,
Figure 15-4B shows a wide strip using
two heeled reetangular notching punches
Nerrow run and o slug-type trim and cutoff punch.
(8) The narrow strip devclopment for the
same part uses a square piercing punch,
heeled trimming punches, and a shear-
typecutoff punch. Costsof variousstock
widths may outweigh economies sceured by punches commereially available.

The strip development for shallow and deep drawing in progressive dies must allow
for snovement of the metal withont affecting the positioning of the part in each sue-
cessive station,  Figure 15-5 shows various types of cutouts and typical distortions to
the carrier strips ns the cup-shaped parts are formed and then blanked out of the strip.
Picreing and lancing of the strip around the poriphery of the part as shown at 4, leav-
ing one or {wo tabs connected 1o the carrier strip, is a commonly used method.  The
semicireular lancing as shown at B is used for shallow draws, The use of this type of
relief for decper draws places an extra strain on the metal in the tab and causes it 0
tear, The carrier strip is distorted to provide stock for the draw, A popular cutaut
for fairly decp draws is shown at €. This double Janced relicf suspends the blank on
narrow ribbons, and no distortion takes place in the carrier sirips.  Two sets of x-'lnglf’
rounded lanced reliefs of slightly different diameters are placed diametrically opposit®
each other to produce the ribbon suspension. The hourglass eutout in J) is an reo-

Nerrow run

Tra,15-4. Strip layouts for using commereinl
punches: (A) oval punelt; (B} square punch.
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TRIP DEVELOPMENT FOR PROGRESSIVE DIES
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PROGRESSIVE DIES
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Tnm Form s+re’rch flange Pierce
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Fic. 15-6. Strip development and part drawing for sctuator bracket. (The Emerson Elec
tric Mfg. Co,)
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nomical method of making the blznk for shallow drazs, The connestion to the
carrier strips is wide, and z deep drav would cansz considereble distortion.  An haur-
cutout for deep draws iz shown in E, which provides 2 narrow tab connesting the
carrier strip 10 the blank. The cupping operztions narrow the width of the strip as
the metal is drawn into the cup shape. .

The hourglass eutout may be made in tiwo stations hy piercing two separa‘.nd‘ tri-
auguler-sheped entouts znd lancing or nowching the material hetween them in 2

8

4
|
o}

Lo stos
nf o
%
Section A-A
35" R This hole cit
:-4- / s T in another die,
¢ k\: /
<
i %
Finished por%-0.032" %H brass
F16. 15-7. Strip devel with a push-back blenk. (White-Rodgere Electric Co.)

soeond station.  The cutouts shown 2t F and G provide sn expansion-type carrier
ribbon that tonds to straighten out when the draw is performed. Thes
made in tiwo stations to allow for stronger die construction. Satis:
layouts may be mned using most of the reliefs hy using a longitudinal lance or
slittin i ivide the wide strip into narrower strips as the stock advances.
The I-shaped relief cutout in K is 2 modified hourglass cutout usad for relatively wide
strips from which rectangular or oblong shepes are produced.

Straight slots or lances crosswize of the stock are sometimes used on very shallow
draws or where the formi in the central portion of the blas On the deeper
dravws, this trpe of relie tends to tear out the carrier strips or cause excessive distor-
tion in the hlank and is not {00 satisfactony to use.

Multioperation Layout. A layout of the sequence of operations employing 2 variety
of operations for producing an actuntor bracket is shown in Fig. 15-6. At the frst
position a center hole is pierced.  The hole is used to pilot the strip for each suecessi
operation. At the second position a circuler stretch flangs ¢
to part print dimensions, and the strip is notched to the outline of part of the left leg.
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F16. 15-8. Strip development for 1 die to pierce, form, and trim = diaphragm plate. (Argut
Cameras, Ine,)

At the third position similar notching for the right lcg and cutting of three slots inthe

left leg oceur. At position 4, similar slots are cut in the right leg and in the central
portion, as well as the completcd outline of the left leg.  Theright leg’s outlineis cnm\t
plclol\ eutt out and the central portion is trimmed to length at position 5. The bu?gi'
in the sides are formed wp and tabs on the center section are formed down in the mfﬂ\
position. In position 7 the part is severcd from the strip, the carrier 1abs on the I#
stde are cut off, and the legs are formed downward.



GENERAL DIE DESIGN 16-9

The dic for this part ismade of high-carbon high-chrome stcel with hardened backup
plates for the punches and die blocks. Air-operated lifters elevate the strip for
advancing to the next station, An air-operated ejector removes the par‘b.ﬁom the
form block. The die operates at & speed of 75 strokes per minute producing about
150,000 parts per grind. )

Push-back of Blank into Strip. The nature of the forming or the size or shape of 2
part sometimes requires that the blank be completely severed from the strip before
forming, The hlank is then pushed back into the strip so that it can bF advnncc'd
properly to the succceding stations. A strip development of this type is sho\\:n n
Tig. 15-7. The strip is pierced and notehed in the first two stations and in station 3
the blank is severed from the strip; then, by the action of a spring-loaded pressure pad,
it is pushed back into the strip. In station 4, the blank is spanked to flatten and
secure it into the strip. The first forming is done at station 5, and finish forming and
removal from the strip are achicved atstation7. Station 6isidletoadd strength to the
die. In addition to the piloting hole, 2 noteh is cut along the edge to engage a locator
operating a limit switch. The switeh is conneeted to the clectrical cireuit controlling
the press cluteh to prevent press operation if the strip is improperly positioned.

The strip development and part drawing for a camera disphragm plate ere shown
in Tig, 15-8. Stock is 0.020-in.-thick by 1%4-in.-wide 618T6 alumimm. The strip
development allows the periphery of the part to be trimmed in several steps tosimplify
punch shapes and also to prevent concentration of stresses which would tend towarp
the workpicce. This arrangement facilitates fabrication of the sectionalized die
blocks. The dies for the triangular-shaped cutouts are round inserts made in two
pieces for ease and accuraey of grinding.

GENERAL DIE DESIGN

A progressive die should he heavily construeted to withstand the repeated shock and
continuous runs to which it is subjected. Precision or antifriction guide posts and
bushings should e used to maintain accuracy, The stripper plates (if spring-loaded
and movable), when also serving as guides
for the punches, should enpage guide ping &

before eontacling the strip stock. Lifters
should be provided in die cavities to Lt up
or eject the formed parts, and carrier rails

or pins should he provided to support and \
puide the strip when it is heing moved to

the next station. A positive ejector should =3rd-sfe-znd-ste st )
RN

be provided at the last station. Where 2

practical, punches should contain shedder 7o

or oil-seal-breaker pins to aid in the disposal =

of the slug. Adequate piloting should be 3 L

provided {o ensure proper location of the \_—

strip as it advances through the die. For

more die-design considerations, see Sec. 3, )
Scrapless Die. An elementary pierce, &

pilot, and cutoff die is shown in Fig{)IE-Qj \\\\ \\ J

A hole is pierced in the strip stock at the AN >

first station by the punch (D1).* Thestrip  F1o. 15-0. Pieree, pilot, and cutoff die,

is_accurately located in station 2 by the (0 & Cora)

pilot (D2) and the finished blank is cut off

from the stock strip in station 3 by the cutoff punch (123) shearing the metal against

the edge of the die (D4), The part slides off the die along the inclined surface. The

use of a shear-type cutolf die snves stock since there is no serap.  The parts, however,

are not 50 aceurate in width as those from a blanking dic since the width of the nri;;

stock vari.os. This inaceuracy could be remedied by adding trimming punches to
trim the sides of the stock strip, . .

* D indicates datail numbors on drawing,

!




16-10 PROGRESSIVE DIES

Forming Dies. Parts with steaight edges may be formed in a shear-type cutoff dip
as shown in Fig. 15-10. - The strip is pierced in station 1, then moved against the stop
(D1), sheared by the cutoff punch (D2}, und formed over the inverted Vshaped
panch (D3). A spring-loaded pressure pad prevents the steip from moving while the
part is eut off and acts as a stripper for the piercing puneh.
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Fra. 1510, Progressive forming die with shear-type entoff,?
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Section A=A
Fig. 15-11. Progressive forming die with slug-type cutoff.?

When the edges of the blank are not straight, & slug cutoff dic as shown in Fig, 16-11
may be used. The shearing forces in 2 slag-type cutoffl punch are baleneed sinet
metal is cut by both edges. "This type of dic uses a little more stoek but the serap
falls through the dic out of the way. In this die, the strip is pierced in station !
and moved against the stop (1) to he cut off by the punch (D2) and formed by
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16-12 PROGRESSIVE DIES

forms a flange of over 90°. A hinged forming punch (D1) engages a 45° cam sutface
at the lower part of the stroke, which forces it agzainst the right-angle flange to set it to
110°, The amount of forming of this flange and the offset are controlled by adjustable
tapered wedges (D2 and D3). The strip is pierced and trimmed to width in station 1,
positioned in station 2 by a pilot (D4), and en the upstroke of the press the steip js

Form crown  Formoffset ldle  Trim&plerce

& flange
Q @

@

ES

|
1 1
o

RS SSRNI

Section A=A
T1a, 15-14. Cam-sction forming die. (Harig Mg, Corn.)

lifted above the surface of the offset forming bloek (D5) by the spring-loaded lifter
(D6). The part is cut from the strip in station 3 by 4 slug-type eutoff puncl just prior
t6 the last two forming operations in station 4, The small spring-londed pressure pad
(D7) holds the part while it is being cut off and formed. The part is cjected from the
dic by the slanting spring-loaded cjector (D§). .
Progressive Die to Pierce and Forma Lens Retainer. The dic in Fig, 15153 trims,
forms, picrees, and blanks a lens retainer of 0.010-in. spring-temper brass strip 13{5 in.
wide, A center and two side piloting boles arc pierced in the first station and the ares
around the tabs is trimmed in the nest three stations by six rectangudar-staped
punches, Station 4 shears the end of the tabs from the strip and partialty forms them,
and the following operation sets them to shape. The 0.654-in.-dinmeter center hole is
pierced in station 6, and in station 7 the part is blanked from the strip and dml’f
through the die.  The unnumbered idle stations are provided to increase dic strength;



PIERCE AND FORM DIES 15-13

actually the first part is completed on the eleventh press stroke. The strip is piloted
in the forming stations by the center holes, and in the cutting stations by the side
piloting holes. Spring-loaded stock lifters clevate the stock to avoid interference of
the formed tabs with the die. The punches and dic inserts arc held in position by
flats machined on the ingerts to fit recesses in the retainers. Recesses are machined
deep enough behind all cutting clements to allow them to be resharpened and spacers
to he placed hehind them to bring them hack to height. The punches are guided by
the spring stripper which is in turn guided by leader pins,
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TF16. 16-154. Strip development and part druwing for lens retainer, (Argua Cameras, Inc.)

Forming and Bmbossing after Cutoff, The strip in Yig, 15-16 is notched, piereed,
and cut off before being pushed inte the forming and embossing station, The blank
is confined by a tunnel-type stock guide and stripper.  The advance of the strip stock
pushes the blank against solid end gages and under the forming and embossing punch.
The section of the dic shown is through the last station with the stroke partially down
and the U shape formed in the part, The remaining portion of the downward stroke
embosses the part over the pin (D1) and into the recess in the punch (D2). On the
upstroke of the press the part is cjected from the dic by the cjector (D3) and stripped
f_rom the punch by (D4). The stock is fed from front to back, and the inclined posi-
tion of the press enables the part to fall out the hack.

Cupped Washer Made in Progressive Die. The small part of Fig, 15-17 is carried
on a side web through the die.  The contour of the first perforating punch allows the
subsequent forming of the flange with ts sharp corner.  Then the notching punch
trims the metal around the two adjacent tabs, Cutting of this outline using two
punches in two operations simplifies punch design by climinating the sharp corners
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JALL-PARTS FABRICATION 16-15
The:

rerguised on ot punch for singe-operation cttin: r.mru‘mg of the (L,175-1n.-
c prneh (24 pilots, en
3 pun! ch by two "‘p'lnﬂ.npfrat'd
A errap entter {05y i
»m:; aﬂ prnches in the puneh pad or retzin
§ low-melting-point alloy,

ie Fabrication of Small Brass Connecting Links, The bra:
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PROGRESSIVE DIES

Strip development
Mail. 0.015" thick soft brass coil
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16-18 PROGRESSIVE DIES

is shown in Fig, 1520, The stock, 1-gage hot-rolled steel, is confined in o closeq
stock guide and stripper, A 0.460-in.-digmeter hole is pierced in the first slation,
and the strip is piloted, cut off, and formed in station 2. Instend of having 2 separate
pilativg station, the semicireular pilot (D1) is inserted adjneent to the combination

©0© @ = © 00

Finished part
0.0056" 302 stoin-
less steel full hard

NN N / AR
N

77
_
S
4

YV I Z R
SN 3
AR I N
Z ’ 7
Section A=4
Fre. 15-19. Pr sive die for atain teel port,  (Wh ite-Rodgere Elecirie Co.)

cutoff and form punch (D2). The pilot is stepped beneath the cutofl and for'nl P““";"
to enable its full dizmeter to position the meta) correetly before it is ut off. The strip
.is firmly gripped between the cutoff punch and the pressure pad (D3) during the cntaff
and form operation. The part is flattencd between the form block (P4) and the posi-
tive knockout pad (D5) at the end of the forming strokes. Tjection from the (mr.!i
block is done by the pressure pad and from the punch by the positive knockout. Tlu.:
die can be fed by hand or by an automatic feeder. The forming punch heet Hlock
(DG) forms a positive stop for the strip. ) !
Progressive Die with a Cam-operated Final Forming Station. The blank for t I?
part shown in Fig. 1521 is cut off from the strip by a slug-type eutofl and pushe
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16-20 PROGRESSIVE DIES
4 3 2 { 0

Cutoff ond form  Emboss Pierce  Trim ond pierce

1 |
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Strip stock, 0020 2 beryllium copper
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Tra. 15-22. Hinged eam to overform part in a progressive die. (Harig Mjg. Cerp)

progressively along the top of the dic to the forming stations by the advancing stork
strip.  The drawing shows a seetion through the last forming station, The forming
punch (D1) is mounted on a spring-loaded pad and forms the open U of the part. The
part i further formed as the continued downward motion of the ram closes the dis
(D2) which are spring-returned by cams (D3),  Finished parts are pushed off the dir
by the blanks moving to the left. ’
Overforming by a Hinged Cam. A small beryllium copper part has its center pilot-
ing hole pierced in the first station of the dic of Fig, 15-22. In the same station the



ADJUSTABLE CAMS FOR CONTROL OF BENDING
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Tro. 15-23. Adjustable cams control bending: (4) strip development; (B} blank; (€} fin-

isked part: (D) end forming shide; (£} side forming slides.



16-22 PROGRESSIVE DIES

part is {rimmed to width and the ends cut to & partially rounded outline, leaving oo
neeting tabs. A small hole in the left-hand end of the workpicee is pierced i siation
2; an embossment. in the opposite end is formed in station 3, In station 4 the part i
cut off by a slug-type eutofl punch prior to forming around the form punch (.
The hinged member (1)2) is actuated by a descending cam (D3), backed up by o heel
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¥16, 15:24, Strip development ond section through forming station to produce fead-wire
anchor staple.  (Harig Mfg. Corp.)

Y

\\\\\ \! /
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block (54). The finished part is stripped from the forming punch by sUripper ping
(D5) actuated by a positive knockout har,

Adjustable Cams Control Bending. The 0.036-in.-thick half-hard hrass part shows

- in Fig, 15-23 is made in seven stations in o progressive die,  Cams thrended into the

upper shoe und seeured with locknuts provide & means of adjusting the travel of the



DIE FOR PRODUCING ANCHOR STAPLES 15-23

forming £lides to control spring-hack due to different hardnesses, tensile strengths, und
thickneszes of material. . . » y

T, the first station, the six holes in the patt are plerced in addition to two strip pilot-
ing holes,  Two glots 0.050 fn, wide are lanked in station 2; statio il to provide
space for stronger die constraetion. Stations 4, 5, and 6 progressively trim thn'nullmn
of the hlank. Jug-type cutoffl punch cuts off the Ma?k and trims the partial con-
tour on the rear tab in station 7. The forming of five right-angle bends to eomplete

Finolform forem flanges Notch Emboss
4

A
N

\
Ny,

\\\b\“\\\\ N \

Fra. 15-25. Progressive die for draver saddle.  (General Metal Products (n.)

the part is also accomplished in this station. Three slides nctnated hy camg bond the
two side hugs and the tongue.  Two elides, onc on cach gide of the blank (Fig. 15-23E)
bend the two Iugs while an end glide (soe Fig, 15-231) forees the tongue against the
upper punch for its first right-angle hend.  This is done at the same time that the
forming punch is pushing the blank into the die cavity, beading the rear projection at
a 907 angle,  As the forming punch reaches its final depth, the recess in the punch
forees the tongue into a eneond 99° hend over the end forming slide.  An air cushion
applies pressure to o pad under the punch to keep the part flat and eject the finished
part fm the die cavity.

Die for Leadwire Anchor Staple. A small part made of 0.010-in-thick brass is
blanked and formed in a three-working-station progressive die (Fig, 15-24),  The first
station trims the stock to width and pierees a piloting hole,  $tation 2 blanks the
contour of one. side of two ndjacent parts.  Station 3 blanks the part from the carrier
strip and furis it to shape,  Abthis station the carrier strips are et into slugs and fall
through the die.  Small shedder pins are incorporated in theee punches to ensure the




PROGRESSIVE DIES
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SPRING BRONZE PROGRESSIVELY PIERCED :X¥D FORMED 1525
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16-26 PROGRESSIVE DIES

Progressive Fabrication of n Triangular-shaped Flanged Pnrt_. A progressi
produce a {riangular-shaped fanged bracket in thiee stations is shown in Fg,
The operations in station | are: pierce pilot hole, which Inter hecomes a bolhale,

dirta

slot, and noteh out metal on ane side of the fianges and cars,  Station 2; emboss the

a86z],

S
I

SR f
pr.z

N

v

A

2
Z

Section B-B

¥16. 15-284. Die to pierte, emboss, and form lock part.  (Sargent & Co.)

hialf-spherical indentations and hend cars, Tn station 3 the bracket is cut off, the
flanges formed, and the tab bent up.

Die to Pierce, Emboss, and Form a Lock Part. I the die show in Fig, 15-284, the
part is completely formed before it is cut off from the earrier strip.  In station 1,10
rectangular slots arc cut as well as one square hole, A finger stop is I“’O}'”k‘d tastort
& new strip in station 1. Station 2 is a piloting station using the previously pierted
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16-30 PROGRESSIVE DIES

Progressive Curling of a Hinge, Stainless-steel strip can be manually or nuto.
matically fed into the die of Fig. 15-31, Three rivet holes and two holes for piloting
holes are cut at the first station by quilled punches (D1), as well ns an edge noteh fuseg
by the automatic stop). The central M-shaped hole is also cut. at the first station,
Forming punches (D3, D4, D3) and forming dies (DG, D7, D8}, respectively, first.
form, second-form, and finish a cylindrieal curl in the part.  Four pilots (not shown)

Q006 I"phesphor bronze
] ! ]
l |

T
3 2

(7

4 1
Trim roundend  Trim fab end Pierceinner  Plierce outerseckr  Pierce 0.375"
of blank of blank sector and pilot hole

SectionD<D  Section £-C Section B-8  Section AA
Trim loose and  Bend tabs and2nd, st preform of  Rib conloctfingers
finish form preformefouter  oufer contoct  and add center

contact finger finger contact points

T1a. 15-304. Strip development for the part in Fig. 15-30.

are used for positioning the part at the second and third stations; at the last ﬁlutiun
the part is bowed to 0 334 5-in. radius and eut off from the serap skeleton,  Production
in 50-ton OBI press is 900 parts per hour (manual feeding) and 1,200 parts per hour
with an automatic feed.  Ejection of part and serap is by air jet.

Progressive Production of a Brass Bracket. Four perforating punches (D10) ‘nml
four notching punches (D4, D5) cut the holes and the outline of the part in the die of
Fig. 15-32. Six pilots (D3) and a pressure pad (DY) align and clamp the patt (@
bracket) ns the Jegs are bent down and around a form block (D). Two punthes DY
slide inwardly in holders (D1) actuated by cam blocks (D7) to form the part. Acut-



PROGRESSIVE CURLING OF HINGES 16-31

O 4

o ) © O
F1a, 16-30B. Tayont of dic in Fig, 1530 nt the cutting stations 3, 4, and 5,
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Fra, 1531, Progressive euling of o hinge,  (Knapp Monareh )



16-32 PROGRESSIVE DIES
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Half plan of die and punch Section A=A
Fre. 15-32, Strip devel and die for progressively producing a brass bracket. (The

Emerson Electric Mfg. Co.)

off punch (DB) severs the part from the strip.  Stock (2134 in. wide) is slide-fed into
this dic of 10-in, shut height, which is used in 2 press having & 3-in. stroke, )

Progressive Die for Cover. A U-shaped cover of 0.036-in. cold-rolled steel is
pierced, notched, trimmed, flanged, and formed in three progressive stations as shown
in Fig. 15-33. Hecled trimming punches in station 1 trim the strip to the rcqurd
uuthine and notehes are cut, forming the earrier tab and frecing the metal for {langing
in the next station. Station 1 also contains piercing punches for the piloting hole in
the earrier tab and punches for the two 0.072-in.-diameter holes, These punches are
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16-34 PROGRESSIVE DIES




DIE FOR PRODUCING SPROCKET CHAIN 16-35

Dic to Produce a Sprocket Chain, Scetionn hardened-tool-steel pun(ahpﬂ and die
clements progressively seore, lnnce, noteh, fnfm, curl, and nxﬂcmblq 1 sericd of con-
necter links for o sprocket ehnin from 0.062-n, eold-roffed-stee! strip.  The strip is
conventionally fed until it renches the culoff station.  Tn order to move the ehain to
the next station which assembles the links, & sprocket (not r}huwn) aelunied by the
press slide pulls the chain into the curling or aysebling station (g, 16-34),

/st stroke

AR La Ay o R
pEae NN 11

) HLt I
Sl ofleaio” Lojop” e 500 _
0178" ~—— Dirgolion of food ——

Strip development

View I View D
Tra, 16-35. Progressive die with entofl control,  (National Blank Book (n.)

Dic with Variable-length Cutoff. This die wos designed to produce fwo memo-
hook-back binders in lengths contnining an even number of vings from 6 to 18, The
strip iy 0.025-fw-thiek, 194-inwide cold-rolled sleel,  The strip development,
tiong through the forming stations, and the eutoff control are shown in Fig, i
The contro} (Fig. 16-358) is offected by ratchets (D1) with different numbers of teeth
and o eam (D2) with two or four lobes, wlich contact the top of the cutofl punel,
Ratehet rotation is necomplished by contnet of the lever arm (D3) with the stud (D4)
at the top of the press stroke,  The number of tecth pieked up on each stroke can be
varied by moving a stop stud (D) sny one of four positions, The cam shown has
four labes, being made in two pieoss with two lohes each, By removing n dowel pin
and sotating one cam $0°, o eam with only two Johes is obtained, The veratility of
the entofl eontrol is such that, by nsing a 36-tooth ralchet and e twa-lobe cam, and by
placing the stop etud in position 3, gkipping {hree teath on the ratehot, a hindar with
12 rings is sat off, Uring the same position of the stop stud, in conjunction with &
four-lobe enm, & G-ring hinder will be cut off by the die.  Figure 16-350 shows the first




PROGRESSIVE DIES
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16-38 PROGRESSIVE DIES
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F1o. 15-38. Progressive louvering die: (4) plan view of piercing stations: (B) seetion through
louvering station; (C) part,  {Buick Division, General Motors Corp.}
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PROGRESSIVE DIES
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Finished part - 0.050" cold rolled steel
F16. 15-40. Dic to draw, picree, finnge, and blank out a steel plate, (White-Rodgers Flec
tric (o)



LOUVERING DIE 16-41

station 5 the trim operation for the exeess stork, and siation 6 the cutofl and find
draw operation, Spring-loaded strippers remove the part from the punch, allowing
it to drap through the die,

Progressive Die for a Lock Part, 'This four-station die (Fig. 15-37) notches, pierces,
embosses, forms, and shears off a part of 0.065-in.-thisk cold-rolled steel.  Thestripper
is a fixed type attached to the die Wock and containg Sour spring-loaded stops for

F

\

1
o

3
Nofch Fierce 7 slots Restrite Drov
plerce center form veelding
pierce 12 holes projections

7 6 5
Seporate Form 12 flanges Idle Trim
4)
Pin. 1541 Progrossive die for praducing an nutomobile generator fan: (A) strip

development.

hand-feeding strips into the dic in order o ot as many pieces as possible from short
tengths of stock,

Prog'rcssive Louvering Die. Seetional dies are uzed in the two piercing stations
shown in the plan view of the progressive die in Fig, 15-984. The strip is positioned
by the pilats (D2, Fig. 15-388) and guided by epringloaded guide pins (D2), The
putneht and 'du: scctipns (D3) are et away to facilitate strip movement in and out of
(!}e' louvering station which contains six sets of mating forming members (D3),
This station incorporates spring-londed lifter pins (1), The completed past iy
h!nnk;s'd out and drops through the last station (not shown). The part is shown in
view €.

Nmetcen-station. Die for Brass Terminal. This progressive die (Fig. 15-39) to
ke 2 brses elestriend terminal of 0.040-in, brass has 18 stations plus o notehing sta-
tion whinh ln' 5 the edge of the strip and therely ereates 2 noteh for locating pur-
poses. A spring-londed stripper plate upwardly strips the part from the drawing
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Fra, 1541 (Continued), (BY Purt deawings (C) flanging station. (Cheeralet Dizixion, Gen=
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DIES FOR AUTOMOBILE PARTS

monnted in the lower paneh retainer plate.  The stripper plate rai
trip above the eads of the draving e 0 provide unimpeded sto
Khedder pins (12, %) pu”n the part down and out of the die cav
o (D). A epringloaded pressare pad sud djestor (D4
he part in the finel aitafl and fanging station,
1 of the cup allows fereed in air
at station 12, A blast of air through the punch 2
hromgh she din instesd of linging 40 the punch,
1ion, the ﬁtrip is mmmrfl end 2 fangeformed. At
the Just station, the pert ix cut off and an additional

ange formed with the aid of 2 spring pressure pad
chieh 2len ejents the part from the die,

Die to Draw, Pierce, and Flange a Plats

ithont die support
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tout in tbn tnp a4
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—dmmvtff partion
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depth and diam
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part iz hiznk d
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A previmms but net sat
dured the 114440 diameter cup o sy
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operations, The bottom of the cun Y777 K‘Zd Z
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Progressive Pmdudmn of an Automobile Gener-
pment in Fig 15414
div. operations thet pro-
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Fi6. 1542, Gaeolinetank-filler
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i, Gerecal Matarn Cornly

in vie

. he 12 blades tln"'nwzrdn;{ainsiax'ormingring (D3 Ejeetor pins
iy g up and off the ring on the ypstroke. A hold-down ring (02)

zetnated by 2 po-itive knockont rod (D35 strips the pert from the punch,
Progressive Die to Produce a Tank Flange. A progre: drawn, pierced,
and trimmed gasoline-tank-fller neck flange, produeed in 2 10station die
is shown in Fig, 1502, The strip dev flrmr own in Fig
trip remaing horizontal during the operatio Becauss: the tubu-
n mprf from hark tofront, a cam-operated pune o
cup prior 1 the tubesizing np"ﬂlmn
¢ carried throgh the diz on &
in. ty enzble the mips
or E.rmr'rl:z

, w
aded strip carriv
v eavities, The firs
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draw s perormed in station 2 producing 2 half
fnn theaugh station 5, the eecand drawing oper-
,wh Ti% L.‘pr'“ (hf‘ rnp Thr blenkhalder (DY) and the die (D2) are composed

wetions in carh station, o good practien from the standpoint of mzinte-
henge in design, The punch 103) in 2t forming stations is made

nanee and pos
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BPARK-PLUG SEAT GASKET DIE 1645

trr bye: ehasnged in ¢
i in all forting it
15, the eup out of the die eavity,  The tabular ¢ i nrther shaped, the bottam
Sattened, and the bead formed in the third dewy usion 4 (Fig, 15-420),

Fhe battom J piereed out of the cup with the inclined cam-apersted punck shovn
in Fig, 15-420. Stations 7 and % gtoad b ubsbir ortion Lo ize,
The furaing puneh (D shown fn Fig sunurited in o diding boldes, 1 he:
Aonunrd woyernent, of the vaa moves the efiding holder along the i st
1),k epring-loaded Blankholder (D7) holds the gtrip finmly dusing the deseent of

Station 4, 2rd.drow Station 6gieren

Fins, 15420, Sertion throngh thisd-denor operntion on neck flange, and = pisccing station.

thiee rarn anid serips b prrt fram the punels on the st The piercing operation gt
siation 6 wees the eanme diding toolholder zemugeent,  The spring-donded die (13
it on dte Jongitudinal center Jine and rerazing apen while the ram s up g that the
o vertiealy, The cam (1) attarhed t the gunch holder [neke the
forming operatinns, Voo Yinedismeter holig are plared in the
flange in wbation 9, A4 avation 1) the flange B blanked $0 shape and the part, drogs
throughi the die and bolvter plate,  This die = monnted in s heavy eastenllog-iron die
h four guide g The general eometonetion of the die s heavy, veing grod
snd herdened prrts v vithstand the bigh production requirenents,
w for Fabricating a Spark-plug Seat Gasket,  Thiz progresdve dis producs five
Aroke, The etrip war of thren wnr
trips of 00200in «thick ide, The
an through the di i, 17-4%,
i aned thees i
5 the die for heavy
4 for szl tab on
on 3 fornsy 2 bead
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1546 PROGRESSIVE DIES

5. The curling operation is done in station 6. The part is closed tightly in statjoy
7, and the part is blanked and dropped through the dic in station 8, All the punehes
and the dic inserts are hacked up by @ J-in.-thick hardened and ground steel plate,
Spring-loaded lifters push the part out of the dic cavities and spring-londed stock
carriers hold the strip up while advancing to the next station.  Limit switches stop
the press in eage of misfecding,

Die for Producing o Typewriter Part. This die (Fig. 15-44) produees a typewriter
part with elose toleranees at high production rates. The part is made of 0.040-n.-
thick cold-rolled stecl ¢ in. wide. The first five stations of the dic are for marking,
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F16, 15421, Straightening and restriking the tubular portion of neck flange.

|

notehing, and piloting the strip. Station 6 curls the tabs on the end of the Dlank.
The next station pierces and extrudes the hole in the same area. The small pointed
extruding punch is mounted in a quill (D1) and guided by 2 bushing in the stripper
plate. In the snme station another operation performed on the blank is the bending
of one tab up and another down (section C-C),  In this operation the hlank is held by
the hold-down (D2) while the punch (D3) bends & tab downward. At the sme timea
tab on the other side of the blank is bent upward by the punch (D4) actuated by the
racker assembly (D5). In the final operation in station § the part is eut off and
formed down on two sides, and one of these sides is hent under to form the finaf closed
rectanguinr shape, ‘The cutoff and form are accomplished by the punch (D6, section
A-A) over the cam-actuated retractable mandrel (D7) shown in S(‘c(.inns A-d and
B-B. The forming of the final shape is accomplished by the pir-eylinder-nctunted
punch (D8) which wraps the metal under the mandrel (D7) On the upstroke of the
press the mandrel and punch retract, allowing the part to fall through the die.
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Plan

Section A4
Fi6. 15-44. Blanking and forming a small typewriter part.
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PRODUCTION OF TYPEWRITER PART
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COINING AND BHAVING 16-51

Progressively Drawing an Aluminum Cup. The progressive die ﬁhIan'ill Fig. 15-45
draws o eup of 1.005-in.-Uhick aluminum ally, Tn station 1 a pilot hole i perforuted,
T station 2 the stock is piloted sgainat o stock lifter which, along with the spring.
Ioaded stripper, raises the slock approximately 14 in, to nllznw the stock o progress as
the various cups are drawn in subsequent stations.  Station 3 hlanks out u typieal
hourglass cutout.  Stations 4 through 10 progressively fengthen the depth of draw,
Tn station 11 the part is blanked completely, seven radial lines nre stamped, and &
cirenlar flange s drawn. In the final station the purt is shedded by o mechanieal
knockout bur with  lever operating from the center of the die, ’J‘hq purt s stripped
by pressuse ping from the bottom,  One of the hetter features of this ddie is that the
eups are formed upside down, so that spring-loaded strippers return the strip Lo its
nnrmal operating plane on each stroke of the press and allow it to advanee over o
smooth sbripper surface,

% 107

Fro., 1540, Progressive die 1 produee n oined Yrazs purt,  (Jrarig Mfy, Corp)

Progressive Die to Produce a Coined Brass Part,  The die design (Fig, 15-46) shows
conventions] picreing in station 1 for the 0,125-in.-thick brass strip,  In station 3
o punch eoing o swall counterhore araund the center hale, A hardened-steel bush-
ing surrounds the puneh to keep the top surface of the blank flab, In station 5
the opposite side of this same hole is chamfered and the top surface of the blenk
ia eoined 1o 8 1587-in, diameter and to 2 0.010-in. depth,  Before the evining opera-
tion this station blanks the part 1o a 1.68%-in. diameter,  On the upatroke of the press
the blank is returned Lo the strip.  The strip then advances to station 7 where the
patl, is pushed through the boltom of the die, Slations 2, 4, and 6 are idle stations,

Progressive Die to Pierce, Blank, and Shave, Distortion of parts as they move
from station to station i8 minimized by picreing an expansion slol, in the sirip at the
first station (Fig. 15-47).  Pilot liales are ulso piereed on eaeh side of the strip to
ensre aceuracy atd a good finish in the blank and shave stations,  The hole is pierced
and the complete outline, with 0.005-n. shave wllowanes per side, is blanked 1o the
fracture point in the next station; then the blank is returned to the strip by spring
pressure. - At the shaving station two seta of pilots, one on either side of the station,
securntely position the Blank, and the hole and outline are shaved simuliancously,
The part i air-cjocted out the hack of the die, Strip stoek is 0.04%-5n-thick hard
cold-solfed gteed,

Progressive Die to Produce a Release Cam, The: progressive pioree, shuve, form,
and blunk dit:shown in Fig, 15484 produces n 0.035-in ~thick stainless-stent releage cam
in nine operations. The strip is partishly blanked in such & manner that enly four
small tabs remain to be gheared to release the cam from the atrip, The sheving operu-




16-52 PROGRESSIVE DIES

tion in station 3 shaves the entire periphery of the previowsly blanked hole to hatance
the cut.

Section A-4 shows the construction of the piercing punelies for the cireular seg.
ments in stations 2and 3. Section B-B is a section through the final forming station §
and nlso shows the construetion of the stripper-plate guide posts.  There are two eaely
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Fra. 15-47. Progressive die to pierce, blank, nnd shave. (National Cash Register Cod

of the long and short guide pins in the die. The dic set contains four antifriction
guide posts and bushings. The high-carbon, high-chrome hardencd-steel die blocks
are fitted into a groove in the lower shoe, and their endwise location is held by keys
in addition to the serews and dowels in each seetion.

Progressive Die with Carbide Inserts. The use of carbide for the forming elements
as well a3 cutting clements is shown in Fig, 15-49. The part is  teack tic for o toy
electric train made of 0.022-in ~thick by 1.312-in.~wide strip steel, The strip develop-
ment in view A shows the steps through which the strip progressed. View B shows
the sectionalizing of the die block making the three H-shaped cutouts, and the noteh-
ing of the strip. The punches were made of eolid carbide rectangular har stock
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16-74 PROGRESSIVE DIES

machined to shape. The punch-holder plates corresponding to view  are nlso .
tionalized for easy and ncewrate machining.  Individual carbide punches and g dip
made of four carbide seetions are used to form the flanges, The punch is in the Jower
shoe and the die in the upper shoe (view €). A spring-loaded stripper fits around (e
punch £o that, on the upstroke, the projections or flanges in the strip are formed
upward, making it easy to advance the stock.  The carbide punch snd die nsed to cur)
the edges of the track tic are shown in view D, A spring-loaded conbination hod.
down nnd cjector is fitted between the two punches, and four spring-loaded lifter pins
carry the part out of the forming die.  View E shows the pilot pin and n fixed stripper
for the cutoff punch.  View F shows the stripper and stoek guide heyond the eutoff
punch, The die block is inserted in a groove machined in the lower shoe os shown in

t‘i o&ow O 7 O © pz] 0 U’—g%‘zf’ﬂfg- ]
S35 We)Eo) oo oton(o) o
DRI

T Blank Form&  Form  Pierce Pierceone, Fierce Piercetwo Pierce  Piorce
strike  fwo one shewe(005 fwo Geoin  two  thee
9 8 7 [ 5 4 3 2 1

Strip development

T16, 15488, Strip development for part in Fig. 15-184,

view D. Tour antifriction guide bushings arc inverted in the die shor to puide the
punch holder which has the leader pins atiached to it.

Progressively Forming Wire Springs. The die shown in Fig. 15-50 uses a rotating
punch to form small spring rings from 0.078-in.-diameter wire,

A Vhend is formed in the wire in station 1 by the forming punch (D1).  Thewirels
then moved against a stock stop in station 2 and is held by the spring-loaded rotating
punch (12) while it is eut off by the punch (D3).  The lower end of the rotating punch
is grooved to fit over the wire. The bushing (D4) in the upper die contains two dog-
poiut setserews (D5) which projeet into helical grooves in the rotating punch so that,
a8 the bushing deseends, the punch is foreed to rotate,

Also contained in the upper die are two cams (D6) which, on their descent, move the
sliding wiper blocks (D7) foward the punch to confine the wire while it is being formed.

The die member (D8) dircetly under the rotating punch also rotates, because the
wire stock keys the members together while the press slide is down. The lower dic
member does not return to its starting pasition after cach stroke but is held in a posi-
tion 180° from its starting position by a spring-loaded ball nesting in n indentation in
the side of the dic member. Two indentations are located directly opposite each
other to cnsure correct alignment of the die with the punch, On the upstroke the
pitnel rotates hack to the original position and rises away from the die, leaving space
for the completed work to be blown out of the die.

LAMINATION DIES

A great varicty of sizes and shapes of Jaminations ate made on progressive dies,
Many of these dies are made with carbide cutting elements, The added cost of
carbide is justified by the high production requirements and by the fact that the
laminations are usually made of highly abrasive steels. 5

The design of a carhide dic does not differ basically from that of an aH~sl/’vl.dur
except that the guide pins and the die set are made heavier to ensure pccurate align-
ment and prevent deflection,  The tolerances on the carbide sections are usually held
closer than those of a steel die.
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16-56 PROGRESSIVE DIES

Fabricating E and I Leminations Progressively. A simple dic and strip develop-
ment for E and T funinations is shown in Fig, 15-51. This is a threesstation die iy
which the first station pierces all the holes and trims the strip to width; station ¢
blanks ot the I laminations and the third station shears the I3 laminations from the
strip,  View B, a seetion through the second station, shows the blunking of the 1
lsminations and & spring-loaded tension deviee to keep the stock against the stoek
guide,  View € shows the parting of the E lnminations in which one falls through the
die and the other passes off the end of the die,  This is an all-steel die,

Part

\ °0 J

Fia, 15-50, Progrossive dic incorporating a rotating puneh for forming wire spring rings.t

Rotor-laminntion Die. A progressive die to picree and blank a rotor lamination
14 in. in diamoter is shown in Fig, 16-52, The 0.190-in.-diamcter conter hole is
pierced in the first station and the 0,0226- by 0.058-in. winding slots are cut in the
third station. The stock is 0.014-in-thick nickel alloy clectrical steel. All the
cutting clements are carbide. The picreing dic for the winding slots is of segmental
construction. There are 25 segments (D1) fitted into the retaining ring (D2).  The
center sleeve (D3) is a bushing for a pilot, A hardencd-steel backup block is made in
two pirces (D4 and 1)3) to facilitate machining slots for shug disposal.  The slot piere-
ing punches are held in position by a retaining ring and plug. These slender punches
are also guided by the stripper plate. The next cutting station blanks the part
and returns it to the strip for push-out two press strokes later, In the first station,
s slerve under the head of the earhide piereing punch is used to adjust the punch to
height after resharpening. The first spring-loaded piloting punch bns & (:1}""_'"“
groove around the top, In case of n misfeed, this pilot strikes solid metal, catsiug
it ta retract, moving & rod to actuate g limit switch, thereby opening an eleetrie circuit
and thus stopping the press.
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PROGRESSIVE DIES
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F16.15-52. Progressive earbide lamination dic shown is o section through dic: enlarged view
of die soptnent; and enlarged view of punch.  (Eglinton Carbide Products, Inc)
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15-62 PROGRESSIVE DIES

i

The finger (D7) is an egg-shaped strip Gipper, designed to Kt the strip high enongh
o that it docs not eateh in the die eavity.
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SECTIOXN 16

COMPOUND AND COMBINATION DIES*

The terms “compound” and “combination ™ have frequently been interchangeably
used to define any one-station die, the elements of which are designed around 2 com-
mon center line (usually vertical}, and in which two or more operations are completed
The dies deseribed in thiz section are classified as follows:
alz in which only eutting operations ate done, usually

1. Compound Dies.
blznking and piercing

2. Combinalion Dies.  Press tools in which 2 cutting operation (usually blanking) is
combined with 2 sheping or deforming operation (bending, forming, drawing, coining,
ete,)

COMPOUND DIES

A common charaeteristic of compound-die design is the inverted construction, with
the blznking die on the upper die shoe and the blanking punch on the lower die shoe.
This construction commonly calls for the pierced slugs to pass through the lower die
shoe,

Blank-and-pierce Dies. Compound dies are particularly useful for producing
pierced blanks to close dimensional and flatness toleran Generally the sheet
materiz] is lifted off the blanking punch by a spring-actuated stripper, which may be
provided with guides o feed the matericl and 2 stop to pesition he material for the
next stroke, The blank tends to remain in the die, from which it is removed by 2
spring stripper or by 2 positive knockout. A positive knockout is most satisfactory
when blanking relatively bard or heavy materials that tend to remain flat without
the usz of 2 holddown or pressure pad. A combination spring-astuated blankholder
and krockout is used for blanking thin and springy materials when fiatness and aceu-
racy are required. It also iz used when the press has no positive-knockout attach-
ment, or when the physical size of the blenk is too large to eject properly. Ejection
of the blank from the die by spring or positive knockouts makes angular die clearance
unnecessary, assuring constant blank size through the entire life of the die.

A typical example of 2 compound (hlznking and piercing) die is shown in Fig. 16-1.
During the cutting cycle, the stock is held flat between the faces of the stock stripper
2nd the blanking die. The blanking die makes contact with the stock slightly before
the piercing punch, which pierees 2 hole in the eenter of the picce after it is blanked
out of the strip. As the piree s blanked out, the strip is earried below the cutting
edge of the blanking punch (Fig. 16-1B) and afterward is hrought back slightly above
the punch level by the lower stripper, -

A compound die for blanking and piercing 2 eluteh disk is shown in Fig. 16-24.
The cluteh disk (Fig. 16-2B) i= made of (.0724n. half-hard cold-rolled sheet steck
The blank ic produced from 2 10-n.-wide strip and & 614-in~diameter hole is
_pirrcod in the center. Subsequent operations in other dies pierce 12 small holes
in the and bend up the ears on the five tongues.  In this twp-section compound
die, the blznk is cut {rom the surip and forced downward into the dis by the punch,

* Beviewed by E. C, Cliflord. Superintendent, £

16-1

Tool & Mig, Co,



16-2 COMPOUND AND COMBINATION DIES
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Fig. 16-2. {4) Compound die that Dlanks out cluteh disk and pierees conter hole in one

operation. (B) Finished clutch disk. (L. L. Locke.)

)
4

The piercing punch (D1)1 is a solid block and fits  counterbore in the die shoe, T}H'
hlanking dic (D2) also s fitted in a counterbore in the die shoe, A pressure pad (l}i)y
located between the die sections, is supported and operated by four pressure pins.
Two stripper plates are operated in connection with the punch, one (D4) being 10(_'“‘”]
on the outgide of the outer cutting edge, and the other (15) on the inside of the fnner
cutting edge. Helical springs furnish stripping pressure for the plntrs.. Tl}c con-
struction of this compound tool is substantially the reverse of that shown in Fig. 164
beeause the blanking die and piercing puneh are supported by the lower die shoe,

* Superior numbers relate to Reflerences at the end of this section,
t D indicates detail number on denwing,
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164 COMPOUND AND COMBINATION DIES

Plan of die
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Tro. 16-4, Compound die with sectionalized blanking die. (The Natinnal Cash Register (o)



WASHER DIES 16-5

the outside punch, This die cuts cardboard washers from 1{¢- and Jé-in. stock but
also could cut thin metal. A progressive die could be used to make these washers and
automatically sort them. )

‘Blank, Pierce, and Notch Die. In the compound die shown in Fig. 16-6, for pro-
ducing gray fiber spool heads, the ¥o-in. sheet fiber stock is fed by hand and is
located by a finger stop.  This is an jnverted die with the bianking punch mounted on
the lower shoe,  To simplify machining the contour of the cavity in the blanking die
(D1}, the projections into the cavity to cut the notches on the periphel:y of the b]a_nk
are inserts in the die. These inserts (D2) are keyhole-shaped, the circular portion
having a tapped hole to use in securing it to the die plate. The knockout (D3) is made
in two picces to facilitate the construction of slots to guide the four slender piercing

Washers produced
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F1. 16-5. Compound blank-and-pierce die makes three concentric washers at each stroke
of the press.?

punches {(4).  The piercing panch for the eenter hole is also guided by the knockout,
hushing. The round aud tectangular punches are secured in the dic by the same
retainer (D3). The knockout is actuated by 2 positive-knoekout bar in the press
through shedder pins.

The blanking punch (D6} is made in two sections. The outer profile of the outer
section has the same shape as the blank,  The inner profile of this seetion is circular,
with notches or keyways the size of the small perforations. The inner section is
cireular, with flats to serve as the inner edge of the die for the piercing punehes. A
spring stripper contains the stock guides and strips the blanking punch.

Trim-and-plerce Dies. Most drawn shells must be trimmed. I the trimming isto
be performed in a regular single-action press instead of a special fat-edge trimming
press, and if other cutting operations are required after the draw, it ugually is eco-
nomical to combine these with the trimming operation.  Often shells must he pierced,
and the trimming and piercing are readily performed by & compound trim-and-pierce
die, two examples of which are shown in Fig. 16-7. A die that pierces holes in a shell
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Fiq, 16-6. Compound dic for blanking, piercing, and notching fiber spool head. ({fariy
Mfg. Corp.)
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Fra, 16-8. Compound die for shaving and picreing a key,  (The National (arh Regirter (o)
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-10 COMBINATION DIES

toach, Cutoff, and Pieree Die.  Abroack, pivree, and cutofl die (Fig, 16-101 ju o}
saduee 1 notehed bar from cold-rolledssteel stark 3{5 in, thivk and 14 in. wide,
i Iye in, i dismeter are foeated near each end of the part, and thete are thne
~hra long one edge, The notehes sre 0,123 o, wide by 040832 in, deep and muu
o square rdges sl around with & good finish. A groove marhins) fu the strippet
e necommodates the stork and guides it through the die.  Base blocks support the
& duting the hrosching operation and alve aet as guides for the theee broaches,  {
choattached to the upper shoe cuts off the stoek to length, A elearanee hole in the
eh blocks and eutofl puneh permits removal of the broacl-adjustment shaft whry
tirs are needed on the broach assembly,
Vhen the die is in operation, the broaches engage the work almost immediately st
start of the press downstroke,  When the broaches have completed two-thieds of
r stroke, the cutoff punch contacts the stoek and cuts it to leagth. The part i
held seenrely in place by the broaches, locating the part accurately, so that the
cing punehies, coming into contact with the work immedistely after it is eut off,
e the two holes in correct relation to the hroached notehes,  After the pross bas
ipleted its eyele, the stock is hand-fed against the ontboard stop.

Section AA

Fiereing punches

77T

Stripper

. pafed o
: j: Nt

i A

¥1o. 16-10. Compound broach, cutoff, and pierce dio.!

COMBINATION DIES

‘hr range of types of combination dics is much greater than in the case of mun]wﬂ{ﬂvl
Two or more operations such as forming, drawing, extruding, and embising
* be combined with cach other or with the various cutting eperations such s+
king, piereing, trimming, bronching, and cutoff.  Much of the suecess of el
depends on the provisions for stripping and ¢jecting finished parts.
utoff-and-form Dies. The die illustrated in Fig, 16-11 was designid to for
¢ from hoterolled low-carbon sheet steel which nre tsed as clamps in e et
wire product, A design roquirement is that the sides contaet cach other 8t the
1ed eenter section with a speeified pressure, .
wo punches are attached to the upper shos, one for eutting off the .~‘tn}‘,"","I e
farming the clip,  Strip steck is fed through a grooved guide lv[uvl.: qnnl it rede
sastop. Asthe rum deseends, the strip is cut to length just before ity cuptact

il
fy



CUTOFF-AND-FORM DIES

7 the forming punch. A pilot pin in the forming punch enters 2 prepie
h ta Joeate it aceurately, The two forming bloeks pivot 2round pi
ings in 2 die block with 2
de vertieally, but if is restrained by 2 spring uniil the forming punch descends,
he sworkpie the forming punch bends it hetween the
i e forming blo This temporery bend is removed es the
4 ped groove in the center of the die block.  This die block
 restreined irom sliding downward by e spring until the center of the workpiece is
‘oreed tn the bottom of the groove. Continued desnent of the press ram forces the die
Jock dowenward untl the lower ends of the forming blocks contact the bottom of the
This causes the forming blocks to pivot toward each other, forcing the work-
sieee inta 2 rectangular opening in the forming punch, as ssen in Fig, 16-11B. .

On the upward stroke of the p he forming blocks return to their original posi-
jons, This permits the formed clip to be cerried upward until it is removed from the
yunch by the stripper. A blast of 2ir then blows the clip cleer of the die, Speed of
yperation for this die is 200 strokes per miaute.

i

Cut-oiF Chip,

punch \
Sty stock ’ﬁe"}
| +U-Form ”
die
o CTEZE

Spring—m——=2E

) (8)
tting off znd forming spring clip: (4} relative positions of die members

Fr. 14-11. Die for 4
cration; (B) positions of die members at completion of forming operzation,

at beginning of g

The combioution die shown in Fig. 16-12 forms six hends in one press stroke to

produce cer elip from SAE 1020 sirip steed, No. 4 temper, 1{¢ in. thick and 14 in.
wide, Average production is 5,000 pieces par hour, with the punch press operating at

or minute.  The clips are used 25 spacers on tubular framework 2nd zre
spot-welded to the tubes at assembly,

In operation, stock is fed through 2 die block and guided by pinsto e stop.  As the
m hegins to descend, 2 cutoff punch enters the die block and shears the strip,
s under pressure from the descending ram foree 2 forming block to mate with 2
iorming die and form the center depression in the clip. As the ram continues to
leseend, slight excess materizl is cut off by a sharp corner on one edge of the forming
Dlock, which shears the piece against the die block, At this stage, the lower ends of
he forming block form right-angle bends near the ends of the piese over the corners of
v sliding blocks (Fig. 16-13C).  As the ram confinues ite descent, these two bloe
lide o the rear to provide clearance so that the inward projections of the forming
dlock cam band the piece over the edges of the forming dic and thus complete the
nart (Fiz. 16-13D).

The sliding blocks are operated by 2 bell-crank lever. The longer arm of the hell-
rank fever is attached to the bloeks by means of 2 pin.  The shorter arm of the hell




16-12 COMPOUND AND COMBINATION DIES
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1'ta. 16-12, Combination cutoff and forming die for spacer clip: (4 and B die with parts
shown in position for beginning of operation,
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16-14 COMPOUND AND COMBINATION DIES

rank i nttaehed to 2 pin that pueses throngh o <Iotin o bar bolted o the e, A«
ez deeends, the hefl e remaine stationary until the upper end of the
centaets the pin, - Further deseent of the ram canses the belf erank to pivot abput jts
fulerumn and withdraw the gliding blocks from underneath the forming Ulack, A« the
nds, the bell-erank fever i not pivoted until the lower end of the slot in the
n contact with the pin, At this point, the forming block and punch bave

biar com
been entirely withdrawn, thas allowing the sliding blocks to advaner to their original
position and ejeet the finiched part.

The comhination die shown in Fig, 16-14 is for laneing and forming louvers in n sile
paned of & eabinet.  This die was designed for use in o press hrake.  Two Jouvers 6 in,
lang are formed at caeh press stroke,  The spacing of the louvers is controlled by twa
pina (D1) in the epring pressure pad (D2). The sheet is held by the spring pressure
pad and the upper die (D3) while being lanced and formed.

Die to Produce & Radiator Fin. Two longitudinal beads and three rows of fianged
slots sire formed at one stroke of the press in the die shown in Fig. 16-15,  There are
fots spaced at 0,373 in, in cach of the three rows.  The stoek used to make this
radiator fin is 0.001-in.~thick hy 2.760-in.-wide copper strip.  On the downstroke, the
stripper plate (D1) is depressed, earrying the stock aver the shear-form punches (1,
The eoncave-shaped puneh Ianees the stork and extrudes it upward into the die {3,
The punches are 0086 in, wide by 0.766 in. Jong and beld in the die by the keys (1),
Shedder pins (25) netuated hy the spring pad (D6) eject the mdintor fin fram the
die,  Four guide pins assure proper alignment of the upper and fower seetions ur-
ing the operntion,

Forming Lanerng
Lug [ insert inser!

s

i

e | e

i1, 16-16. Die for forming three luge simultancously neound s shell. Only one die sertinaic

rhonn, suee the other two lug-forming sections are eimilar, (5. L. Soltnerd



LANCE-AND-FORM DIE 16-15

for simulteneously forming Ings equally
muzst be the roccdmz f3pe
s are formed.  An example
lugs are formed equidistznt
ntzred on the pilot end of the
holdcr As th° Tam dD cends, tha cars foress 2 slide radially inward, bringing {wo die
aring member for l2neing 2nd the other 2 forming member that forms
the lug, into position against the chell, At the same time, the upper end of the shell
is ceutered by a spring pad, Cpon continued deseent of the ram, the pointed end of
the actnating plug foress three pivoted punches redielis outvard and into the wallz of
the shell. Thus the punches lanee znd form the fugs in the inserrs.

Lance-and-form Die. Tn designing dics
szf:r;d zround chn outside of 2 shell, the forming mem
rmaveq xmm 7hv dl" after the I

<

Frockouf~—— J—‘* /1 Blanking punch
: t

A

L
it
Freczure po- * \Frimping punch

¥16. 16-17, Blank, draw, and pinch-trim dis for produing shells.?

The lower rad of the cam, zeting through en adjustzble link, forees 2 punch-control

ring downward, allowing the pum‘hrﬁ to move outward, As the ram returns, the
spring at the botwom raises the cam znd control ring, causing the forming punches to
reeede from the lugs and zllowing the slide to move away from the shell, thus permit-
ting removal of the finished shell.
e phig £oats o0 that muzl pressire is transmitted to all three punches, The plug
ted from turuing by & trizngular section, which Is 2 free £t in 2 hole in the
enured {0 Lhc pmch block. Plug thrust is tzken by o spherieal
shoulder, which normellv is held against its seat by 2 coil spring.

Blank, Dra7, and Pinch-trim Die. High production is 2chieved in the die shown
in Fig. 16-17 by 'nhmm'r blanking from a strip with drawing and trimming opsra-
tions. 4 hizn nell over the plug, znd the ehell is
thep pinch-trimmed by 2 punch member, A knockout ejects the shell af
the top of the siroke, snd 2 rpring stripper removes the strip from the blznking punch.




1616 COMPOUND AND COMBINATION DIES

The preaeure pad sopplies presauze for drawing and strips the serap ring from the
trimming mncl.

Blank, Draw, Form, and Pierce Die. & epice-hox cover which is part of a two-pives
cover asembly is made on the combination die shown in Fig. 16-18,  Material for
biogh the cover and “slide’” which is used to elose the openings in the cover is Sib tin
plate 0.010 in. thick  Roth pacts are praduced on 28-ton double-action itelinabi
presses equipped with aie-blast aid cjection  Metal strips are fed into the dies by
automatic vactum-feed attachments. Speed of operation (for the cover) f 135
strokes per minute

At each stroke of the press the stoek is fed in, blunked, drawn, and formed, ehame.
ters stamped, spoon entry hole piereed, Slug returned to the bank, and the finihed
cover ejected, Near the hottom of the stroke, the guides for the slide are formed, and
the spoon entry hole is pierced and stamped with the letters " Puneh 1. The sybibier

/,

i

7,

Bottom die

Upper die

Assembled dieset
1o, §6-18, Combination blank, draw, form, and pierce die for making spice-box cover,
Die components sre arranged in sections for adjustment after sharpening.t

pad in the upper die eliminates the necessity for minute coordination hetween the
piercing and stamping dies and the forming punches, This rubber pad also provides
the pressure for returning the shug to the blank. A positive knockout ejects the part
from the die.

Pierce, Blank, Lence, and Emboss Die,  Production of the slide for the spice-hox
cover {die shown in Fig, 16-18) is at the rate of 150 strokes per minute (four picees per
stroke) on the die shown in Fig, 16-19.  This die also is seetional, and the four units
nre arrunged to distribute pressure evenly over the die face, 14 s ejected by n positive
knockent.

On the finished cover assembly, after the slide has been assembled to (l[r' coset
plate, 1r svement of the slide is perforned by hooking a small U-shaped projection with
a spoon ot fingernail,  The lancing punch used to form this projection is sharp en the
sides bt has rounded ends,  Thus it slits the tsvo sides and drasws out the projection
without breaking the ends, .,

The die completes the picee in six virtunlly simultaneous steps: feed in, pleres small
Boles, blank slide, laner projection, emboss, tjeet,  The hols are pivreed with Q.07




COMBINATION DIES 16-17

in.diameter, 134-in.dong high-speed-stecl punches held in place with sockebhead
seiscress,

Cutoff, Form, 2nd Curl Die. A valve for an zir-ontrol device iz completed by com-
bining three operations in one die (Fig. 16-20;. Two of the operations (cutoff and
form) ere periormed during the downstroke and the third operation {curling} per-
formed during the upstroke. Steel 0.018 in. thick is used, and the paris renge in
length from 5 %0 14 in.

As the punch plate descends, the materiz! s held in place by the presswre pad. A
catoff 1 sheass the stack against the eutofi die 25 the ram continues downward,
ned point, the pinch plete contacts four pins in the hottom die, which
he upward pressure of the forming end
ial down to the necessary depth, where
o ing 2nd curling dies.

As the forming punches risz with the upstroke of the press, the pressure pad con-
tinues to hold the part while the two eurling dies zre foreed up by the die cushion,
curling the {wo edges into the fnished diameter.

Botom die Upper die

ing slide, which iz bled o spice-box cover.”

Combination Blank, Forz, and Pierce Die. The die shown in Fig. 16-21 blanks,
forms, znd pierces the pronged collet in one press stroke, This die is designed for use
on 2 double-action press.  The blank is cut by the punch (D1} and die (D2} on the
outer press sfide. QOn the inner slide, the spring-Inaded drewing punch (D3) forms
the bleak into 2 shellow cup.  Contimied descent of the inner slide causes the draw
punch to act as 2 blankholder, while the nail-point-shaped punch (D4) pierces the
cup znd forees the four prongs into the ring (D5). The ejectar (D6) is actuated by
the die cushion and lifts the part up to be blown out through the opening in the
blanking die.

Cutof, Form, and Pierce Die. Figure 16-22 shows 2 punch 2nd die used to cut of;,
form, 2nd pierce the part Mlustrated. In opemation, strip stock is fed through the
die until it contacts the end stop.  After the press is tripped, the ram descends and
2 pressure pad comes dossn oato the strip stock to hold it securely.  After the stock
is cut to length, the swing punch contacts the material, earrying and forming it to
suit the form in the die. Since the swing punch is free ¢0 swing on its ceater, it fol-
fows the die contour as it forms the bend in the part. Die eonstruction is such that
the left-hand angle-form operztion is completed at the same time as the right-hend
fus forming. Just prior to completion of the form operations, the punches pierce

mall holes in the part.
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Forming
purnckes

116, 16:20, Combination die for cutting, Sorming, sud curing operations on & valse for nit-
rantral devie
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Pronged
collef

%
Nl
5

Anchor block Swing form

Gul-oll punch

Angle form punch—

Strip shock
4

~ firizhod
parf

/£ . 7 A

. AN
Ferce c//ﬂj Formdie Cut-off die
Form die

Fro, 16-22, Combinntion dis weed 1o cut off, form, and pieres o part in one operation.?



16-20 COMPOUND AND COMUINATION DIES

Blank, Draw, Form, Trim, and Pierce Die. A die that combines the five wperation
of blankiag, drmswing, ferming, trimning, and piereing s formile is shown in Fig, 16.23
At the Jeft of the verticad eenter line, the virions parts of the tool ure shown s« thy
appest nt the top of the prews strokes while the right-hamd partion of the deayjng
rhowe relative positions of the parts at the bottom of the stroke. The ferrule i g
ol .U Athick eold-rolled steel, and the work is done in a single-action press,

Part

\\\\\\\\\ S
N\
D
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\\\\\\@
Dl
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Nz
==

>

N

Fia. 16-23, Combination die to Blank, deaw, formn, trim, and pieece o ferrle. Drawing
vhows refative positions of die components at hoth ends of stroke,

The banking puneh (11} is serewed into a ring, above which is heavy cofl ypring
(12, s desined ws to deliver nmple pressure upon the punch to blank ont the stock
yet to allow it to recede as the prexs continues its downward movement.  Blanking
die D3 has abont 1 g-in, shear, which reduces cutting pressure required try about
A per cont,

The banking die is held in place by & stripper, whieh s seenred to the die shae (20
by serews,  The combined drawing die and trimming punch (D3) i sneared to the
punels hiolder by a lnrge serew (D6) passing through the shank of the holer, Ihave




THIN-SINCK DIES 1621

ing ring D7 fnside the blanking di zde in two pio on plun;:vr- hy
iich 1 ri 0 & washer ahr;.hamt g g ring 1

ma 4 down by
whi] h thn Top wprm« smerhi

In aperation, the irip of meteriel iz fod through the i from the mht As the
ram desmends, & blank jz eut 2nd gripped betzern the phnch feor end drawing ving in
the die. As durnwerd wovement rantimges, the Wank i drawn over punch D8 Ty

or dig 5h
Upper ol chos—

F1o, 1724, Die combining ceater gherding with hla
sk nked 204 desom Lo shape befare the oant

riking and drzwing of thin ¢dock, The
cr prseh ks by avaid distortion of the

die D5, After th

: blanking punch motion
fange of the forenle,

£ tnovemend nears the end of the etroke,
ng of the stock, znd the
([ of the draving por
¥ the drewing rimy end §

tpped, thedurning motion of the drave

: gip of the: troly pre-
i pierced out by the
in the upsteoke of the press

rried ot of $he g

t!f'mnr/ die hardnf' 7, anrl
tiz o die for conter plercing, eom-
s, the: plercitg punch shend not ont
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ping has been draesn to it fuld depthy Thivis epecially trae whey

quently does not geip o sufficient aren of stoek to prevent entargement of the kol
The center piereing prisedion this die hasa springdonded dhedder pin to etenre djection
of the ug.

LCenter forming
punch

7 T
//"/,/ -
/|

)
== /////
% 2 Ue /
), //\,\\,é 7
> NN
f\\ks//@ N

i TR NAT 7

Blantotir ]

o J \Ffer:/ng

( A) punch

(3)
116, 16-25. Combination Hank, farm, and pieree die: (A) tonl in apen positian: () cloeod
position,  (F.W, Curtin}

Thee ushing, whicl is the center Wanking die, should be provided with shims shivh
may be removed and built up under the bushing to suise it when it is shortened by
sharpening.  The bushing is given a 16° taper and hardened,  The center poeriid
puneh, however, is semibard and foreed through the bushiug to avoid clrarsnee amt
ensure & elenn eut of thin metal,
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16-24 COMPOUND AND COMBINATION DIES

have thear ground en thu, ent the blades ta shape, then rm a 907 bewmd on the b
eud of each blade, These punches gre individust and monnted on the Tower shipe,
Shedder pine aetiated by the positive knockout remove the part from the die and s
stripper plite removes the part from the punebes,

Pierce-and-form Die.  Center picree and tab-forming operations sre performed on
o ball-bearing retainer by the combination die illusteated in Fig, 1620, This is n

\ N2 NN

wuu%
<L

//////////
[» T
4 p ‘E o]
qd <
9 ha = o
q L o
« b o]
«

N2

Combinntion blank, draw, and picree die for making nickelilver geae.

Al
¥

serondury operation, und the preformed part is foeated by a portion of o flesdieped
Ineatar (D1), The taps are formed hetweon the forming punch (92 o} forming
die (h3), The forming punchuis supported by the die euslion and moves dm\m::.'}nl
te allaw the retainer to be piereed by the punel (24) and die (5}, The prritive
Ennekont (6) vieets the serap from e die and aetiates the shedder pine (073 0
remove the retainer frony the form die,  The spring stripper (18) fits the part from
the forming and piercing punches.
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Vi, 1629, Combinstion piereeand-fort die for hall-bearing retainer,
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T16. 1630. Combination die to redrasw, pinch-trim, and pierce two holes in steel cover.

(Wkite-Rodgers Elcctric (o)
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el of 12-g2ze (010460, stadk,

F, 142, Oy “ion die prodnes
(Darey Produty, Insg

The Tool Engrineer, Juse, 1949,
L Am, Marhinist, Ot 95,

in, 1. Bz o 20 Chose Tri Dies for Drawn Shelle, Am. Mackinit, Oct, 40,

Mackinery & Steel Wonld, Mareh, 1934,
“Toof Engineers Hamdbook,” Ml

o Hill

Ari. Markinid, June 9, 1952,
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17-2 MISCELLANEOUS DIES

ate stlo used as the buleing medinm, - Bulging punches of segmental desipn normally
teave slight flats on the finished et which might be objectionable, .

A bulging operation i limited by the amount of cold working the workpieee mge
rial will withutand before fracturing, Anoeating the metal between cold-working
aperations increases the amount of cold working the material will withstand,

Bulging Die for Pot Cover.  The die in Fig. 17-1 forms a bead eround & 0.081-in.
thick steel shell. The finished part is a cover for n covking utensil; sinee the cover
fits fnsfule the utensil, the bead sets as s shoulder to hold the cover in place,

A ring of rubber (DD is used s the hulging medium in this die,  The plate b2,
marhined to fit the inside contontr of the drawn shell, forces the rubber to be displaced

P16, 172, Diee for expanding flanges on cover shapes: {(4) open-flange tool; (BY el
fange tonl.t 4

outwardly, The size and loeation of the hulge are determined by the loention st
cantaur of the recess farmed hy the two rings (D3 and ).

Other esamples of dies for expanding cover shapes are shown in Fig. 17-2. View 4
shows n die for producing a bead similar to the example in Fig. 17-1, The open edge
of the shell is foreed down (o assist the rubber in bulging the mefal,  View M shoniss
die for produring a closed flange around the cover.  The operation is based on con-
trolting the fuilure of o hand of skirt metal, which is made to collapse outward st i«
then fiattened. I this type of fool, the metal in the upper part of the cover snd the
fower part of the skint is more or less confined.  To make n uniform flange, the rol-
Ipee should take place along a plaue parallel to the open odge of the shell and about
in the center of the band, & small groove is sometines rolled in the ekirt to control
the loeation of the collapsing band.

Die to Bulge a Rectangular Cover.  The hulging of a head in s rr'rt11!!1:‘111!!';""‘{““‘
eover i illustrated in the die shown in Fig. 17-3, In this dic the straight sides aze
bulged by confining the upper and lower purts, but the corners nre formed by slidling
wedges (D1, which are heveled on one end and formed to the contour of the bulged
corner on the other end. A beveledd edge on the stationary leel plate (02) forers the

* Iy indieates detal aumber on drawing,
} Superinr pubers relate tn Refecenees al the exd of this soction,



e e

Y

!
¥

1ee




17-4 MISCELLANEOUS BIES

Closed Open

>
’)
t‘:

o

Fra, 17+ Bulging die for brass tubing.  (Harip Mfp. Corp.)

odah f;!—"a 93" oz’
L% 0218
| oY

-
(B

(A

Fru. 17-5. Beading die for nntomotive distritutor ineert.?

(c)
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176 MISCELLANEOUS DIFS

I and tateling deviee ganet e quick and casy to opersto sod hold tight enough
that the inteeand pressure will not force the halves apsrt and wark the shell. The
aneh should fit elowdy within the neek of the shell and enter at leact half its dinmetor
ot expaneon begine,

Bulging Die with Interchangeable Cavities.  The die shown in Fig, 17-8 hus inter-
changenhle parts to gecarnmodate twa differont shells. The predeawa shelt i plaeed

Lower bow! Air escope 7 .
wel Qe

) N

7

WA

N [//{//’//

v/ 7

. g
Pressure inled, g pipe @
T, 158, Hydrostatie die with interelangesble parts for bubging the npper and lower
bowle of a coffee muker,  (Knapp-Monarch Co.y

in 0 inverted position over the locating plug (D1) and the leather cup (D21, As the
ram deseends, surfaees of the cam (D3] on the upper die engage segments 2 on the
lower die, moving these segments radislly in aronnd the work and sealing the munth
of thedrnwn shell.  The segments are od ontward by springs to permit Joading nad
vnloading of the die,  After the die is closed, the fhuid i pumped into the shell to
expand it to the shape of the eavity.  Air vents are provided in the dir cavity t
allow the air to escape during the bulging operation.  Any wir trapped in the die
exvity outside of the shell may collapse the shell when the futerns] presare is rl'lw:t“‘"].
Tn order o position cach predrawn shell properly, the leeating plug in the Jover div
i interchangeable as well sy the die cavity of the upper die.
This die performs the bulging operation on the coffee maker ¢

hown in Figs. 1418,
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[T

Fta, 17-11, Tuho necking die and the progressive shiapes tn which the
((Hdematile Division, Gruernl Motors Carp.)

6543 "] 0367

b fo foreeds



REDUGCING AND NECKING DIES 17-9

flutes which are machined in the punch are formed in the reflectors as the pressure is
applied by closing the die halves together.
REDGCING AND KECKING DIES

These dies are commonly used for operations subsequent to drewing-die operations.
Shells are placed in these dies ta reduee the cross-sectional dimensions for part of their
length. The reducing operation may be performed on either the apen or closed end.
Reducing is often referred to as work performed on the closed end of the shell, 2nd
necking as work performed on the open end.

Reducing Die for Doorknobs. The development of the part, and a die for reducing
the shank end of 2 doorknob from & drawn eup, 2re shown in Fig. 17-10.  The dies for
the reducing operations 2, 3, 4, and 5 are designed to be placed in a universal die shoe
for mounting info a press. The first opera-
tion uses a combination blank-and-draw die (A)
to produce the cup for the dootknob. Dies
progressively reduce the shepk to size in
three steps. Decorative and functionel
steps are embossed, in addition to reducing
the shank to its final diameter, in the die
shown in view A. The shank isironed toa
uniform thickness and the steps embossed in
the previous die are sharpered by coining
by the die shown in view B. Following
operations on this part include piereing the
Dottom and closing in the top to a semi-
spherical shape.

) Dle,ior Necking Steel T“I?mg'_ ;[‘he neck- Fie. 1742, Necking dies for cartridge
ing of SAE 4140 steel tubing is ilustrated  casesr (4) first operstion. form tapers
in Fig. 17-11. Before being placed inthedie  (B) cecond operation, complete neck
for forming, the tubes are cut to 7.564 in.  shape.t

length, centerless ground to 2.014 in. diame-

ter, and bored to 1.630 in. diameter for a distance of 2.50 in. The section of the die
shown is one station of & nine-station indexing die. The die has one unloading, two
loading, 2nd six working stations.

In operation the tube is placed in the nest (D1) at ene of the loading stations and
the indexing plate moves the part through each successive die. The tube is forced
into the die (D2), containing a carbide insert for the eavity, by the punch (D3) and the
face plate {(D4). Lubrieating oil is injected into each die by the tube (D5). After the
forming operation, the parts are lifted out of the die cavity by the ejector rod (D)
operated by a lifter plate which isfastened to the pressram.  In the unloading station,
the tube is pushed down through the die shoe and slide, out the front of the press,
passing {o a conveyor which tekes the parts to a degreaser to prepare them for subse-
quent operations,

Necking Dies for Cartridge Ceses. Dies similar to those shown in Fig, 17-12 are
often used to taper and reshape a neck on the end of a cartridge case. A plain taper
is formed asat 4 by the first die; the neck is compieted by the second die asat view B.

IRONING

Troning is & method of redrawing a tubular shell to reduce the wall thickness and
assure & smooth uniform wall surface.

There are two purposes for ironing the side walls of a shell.  One is to counteract or
correct the natural thickening of the wall. This may be accomplished in the final
redrawing operation by making the clearance per side between the punch and die
equal to the original stock thickmess. The sccond purpose for ironing a shell is to
reduce its well thickness considerably. This is done by making the cleerance perside
between the punch and dic less than the thickness of the shell wall so that the metal is
thinned and the length of the shell is increased 25 it is pulled through the die by the
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pranel (Fig, 17-13Y Unless the materind bring iroted s especially duetile, reductions
it steed should be limited to 10 to 12 per eent of the thickness of thie shell wall in e
aperation. For the most duetile 0 (nnnealed) aluminune alloys, a< muck ax 40 por
ot reductions et e made in 8 single iraning operation.  For Jess duetile alloys, the
prereentage of redurtion in thickness pee operation must be reduced in praportion ta
the dustility, It i< often advisahle to anueal the cup hetween operations, therehy
seeuring larger permissible reduetions,  Fhe bottom of the
shll is not afferted by ironing operations, and retaine the
originuf metal thickness

The jroning of & shell is applied on o targe seale in the
production of steel and brags eartridge cases,

An ironing operation s usually nade withont the wee
of o blankholder, sinee the reductions in dinmeter sre nit
with the punel fitted elogely to the 11 of the past. The
cautour of the die used for ironing determines o 5 great
oxtent the amount of draw foree required for the aporg.
i, 15-12. Troning op-  tion. Most used are hellmouthed dies with an ineludvd
ceation pactially com-  angle of 10 to 5%
pheted.t The foree needed to iron a shell inereases ns the entrance

angle of the die is decreased, thus inereasing the length of
contnet of the metal with the die,  The length of the straight or working fnee in the
die slightly increases the foree, in proportion to its length,  The foree P for ironing
mny be approxitunted by

P = adis {7

where d = mean working dinmeter, in,
i e peduetion of wall thickness
& = vield point of the metal, p
Some authorities recommend inereaging the value of I by ahout 20 per cont to com-
pensate for frietion hetween the workpicce and the dic,
“The original drawn heiht # of n shell ta he Raished by ironing may be approximated
by the cquation

due to ironing, in.

I = # @
where t = ironed thickness, in,
T == original thickness of metal, in,
h = ironed height, in,

Figure 17-14 mny be wsed to approximate the pressure required for ironing, 4
20 per eent allswanee for friction is included in addition to the work of ironing, This
figauee is empirical and presupposes well-polished dies and suitable lubrication, 1 a
reduction operation aceompanies the ironing, then the drawing pressure should be
added to the value determined by this chart or Eq. (1) The nomograph s need ue
follows: .

Given: A 4-in -0 steel shell of $0,000 psi compressive resistance is to be froned with
a displacement of 0.010 in. of its thickness, Lo

Solution: . Conneet point 4 on d seale to point 0.010 on 7 scale with a line {line 1.
At it intersection with the middle (ummarked) seale draw o line to 50,000 on the

S reale,
4. The projection of this line (line 2) interseets the P seale at 3.8 tons, the resquired
ironing presaire.

The puneh for ironing may be either steaight or tapered. A tapered punch producrs
« shefl with o wall thinner at (he top than at the bottom, and with steaight, :*m'"'”‘
ontside walls. - The- puncli-nose radins may he us siall as one-hulf the stock thirkes.
When the operation is principatly walt reduetion, the punel shonld be slightly stunller
than the 1D of the shell to allow for casy insertion of the shelf nnd yet prevent eons
finement of the tebricant.
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17-12 MISCELLANEOUS DIES

tines the wall thickness, and div spacings of 1y sod 3 mes the workpieee dismeter,
1 verond redactinn of S and 75 per eeng, respeet of e first reduetion is posible,

1§ & very loug, thin part must be made by droning, the shell i first drawn ang
redrawn in the conventional manner, without intentionally reducing the wall thict
s, undil the dinmeter i safficiently smaldl to permit heavy rednetion in walt thivkne
tn combination with winimum reductions in diameter.

A die to reshape nnd ron the side walls of the cop in Fig, 14-10 is shown in Bie,
1716, This die hax an entranee angle of
13" per side with a radins blending it into
the straight or bearing =urface in the die
cavity. The besring surface is 1 in,
wide, and the remainder of the die s re-
fioved with o 147 nngle perside.  The part
i pushed through the die and is stripped
from the punch by three equally spaced
spring-loaded  steipping  fingers. The
punch and die are polished smooth and
free from all grind matks, climinating
tiny pockets on the punch surfuce in the
areas comtacted by the part,

/
'Spring wire
retainer

17-15. A typival two-step Punch—
ironing die.s

LOW-PRODUCTION DIES
The need to produce shorl-run stamp-

inps of frregularly «haped blanks at o jow \\\
too} cost, and to maintain uniformity and - ZLower

of the paris, requires it tovls Shoo\ //
h|

e designed and made by methods not
applieable in making first-class tools. R J
"Fhis type of tooling is required when: § \\ \\\\}

W

L, T'arts eannot be produced econom- NN
ieally by any other method than by o ‘
puneh and die,

2. Purly mny require  engineering-
design changes which might render the
tooling ohsolete,

3. Inexpensive tooling will permit immediate production.

The materials used for low-produetion dies are not so durable s those used in more
permanent and longer-lived dies,  Kirksite, backed up with steel plates, may e uerd
for both the punel and the die for blanking soft metals such as sluminum up to
0.072in. thick.  Strips of rubber eemented around the punch and in the die cutent e
ueed 1o strip the puach and die,  Carbon steel with a hordened edge produred by
flane haedening or carburization ean also be used as o puncl with o Kirksite dir.
Somewhat more durable tools may be made by nsing ground gage stock.

T
Fra. 17-16. Die to iron wall of rug to thicke
ness.  (Cotner, Inc)




LOW-PRODUCTION DIES 17-13

Floating-punch Die. An inexpensive method of diemaking produces the punch
the die from the seme piece of tool steel. 4 die of this construction iz shown in
7 with the punch (D1), puanch-positioning plate (D2), spacers (D3}, end die
Thiz die iz i qiipped with & die set having hardened and
The minimum shut height of
unch die.
ihe punch is located fn the positioning
hen shid in between the two surfaces of

Dig fayout——= |
lirz 27k
7 ;ﬂ -
Pria':fz:n/'g;' & drill
La Pl

rove

T}F\" Mayoof line
~ m.l' for punch
punch die vsing the Frg, 17-18, Method of sawing punch-2nd-

(The Dol Cnj die block from zame piece of steel.f

Fi6. 17-17, Fl
Conltinenta! method.

The method of making the punch and die from ne picce of tool steel is illustrated
in Tig. 17-18. The outline of the finished part is 12id out on both sides of the plate.
The qatline is then sawed out by tilting the blade 2t such an angle that it cuts on the
inside of the layont on the top side 2nd outside the layout on the lower side.  The die
block 2nd punch zre then fimished by fling to the outline perpendicular to their
faess.  The cold-rolled-steel punch-positioning plate is fzstened to the die
th spacers betwreen to provide 2 tunnel stnek gide.  Data pertinent to propar
oning for this method of dismzking are listed in Teble 17-1.
e~type Blanking Die. A blznking-die srrangement in which the punch and die
ively thin plates that can be readily attached to a universal die
19, Dowel pins permanently pr into the die choes position
the mounting plates in which coordinating holes are drilled and reamed,  Pieces of
rubber ar enrk may be cemented around the punch and in the die cavity to function as
) d stock guides and stops are permanently fastened to the mounting plate
od 10 the lower shoe.

€.

2 ing die 2 rmenently attached to the press is
shown in Fiz 17-20. In.th}s ¢ 2 positiveknockout arrangrment strips the stock
strip from the punch, and ejection pins operated by & die cushion remove the blank

from the die.
The lower sho (D1} has been drilled in & multiple patter and is equipped with
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EXSIONAL DATA FOR IIEMAXING TECHNIQUE SHOWX IN FIG 1318

TABLE T-1. DI}

Distaner

Iistanee ) Mot of
row die . . At of
Pie Angleolom Anelefor frum die \h\‘m‘l‘l‘w, Dismeter Width ol straigly
thisle | atarting samcate layouthine center of of dnll, atarting Kidea by
Bt o, hole, dex g r;n(}'r}d. Sortias | W v e e
o berl i S e, in,
. | i
[ B R RS H
G boom ;on ) B 4
oypoos A fa eH 31
[ S TR | i 5 I
e poaro % & 1y
1, o 8 iy e e
2 l [ e 4a My
3 ! [ [ M M 1w
4 B %3 [ B
5 FE 3 *e 4 2y
[ - i Ale b 2
| i |
Stee! dowe! pins

focated onsame

Hi’;ﬁ'a, holes to

,{ dio. mall shop clear mafl sfap

Tie-down bollsina
“ spof face-ground
of die FHush with face of
plate

Index dowe! pin holes
Bolf holes
Assembled blonk din

1o, 17-190, Plate-typo hlnaking die for low production,  (Emereon Elerteie Mg, (2



TOW-PRODUCPTON {91 115

gt ejestinn pin (), Phae Jwer phten (125 b Do Ariled wilds e o
pusbiorn st e ghuter efeelion s (DAY e nserted ne vegnived by the die. e
dis phutee (6] s held i plaes with the eecentein ping (08) eondsie it ot
Wlowks (175, Dulanre npped i thet lower pliden so tistd tie sogspporl Dl iny b
plneel in Toesbionss Lo gt thie veldt of the varfune i |;Iu,lm<,’ )

Phes et (D8 i Tuelened Lo glithe (08) which b »Invt'u:dn’/l it Ve wpper o
(N0, e slicle e lriblenl with a venlbiple pudbers of holes shtels roedve eng e

1y

ol for
Prets hid [
Do twdifon
N I | I | 1

Fun, 17200, Crapssewotion jey of neeowdy of poneli-gves holder with plibeety pn ey il
it §n blanldng position,  (Cewernt Blestrle (.

.
fap setnin fhe gangede and ehedde ping (011 sty the gnelt, Phese o ore nefi
sted by o peositivesdnaboud, seenldy (1(2),

Fhe fivsd eust of thi die b smore (i e ane greviomdy deses e, it it doss ol
retite o repainte sioutsting e for eneb ndditionsl gt and dis onde,

At ursssgresisent sbustinr fo 4 for plenetng oo I paotss i feser i o e, B,

Puncl and Die to Round OF Plate Corners,  Aw incapentive puneh b die for
rousieing off e entners of plites i shown tn Ky, 170 T b il dfe, pronnd
It v s dillead el senteal Sor Ahe eapined sndime Then n 08 nolely v
Lnne info thee plute, Pl Lael sie of e plate v il or o dow (o
sebsont lf the opiginmd 19l o ne d lenye phionlilens o position the o nil go
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that the point of the work wonld rest back of the noteh, A punel of the came dinoe
orer ao thee hude originally drilled fo the plate pished the stocd dovny and tritutned ff

Law-cost Piercing Dies. The economieal piercing of holex in o st quantity ol
parts e mecnmplished hy ueing p nesting templet to position s part. The el of the
punebtis plaved b the Bole of the templet und the press is tripped, piereing the hule,
1§ holes of various sizes are required in 2
part, readily interchnngeshle punehes
amd dies are used, or speeinl machines
are nvailuble with the units wountrd in
turrets which are easily indexed into
position,

Punehing untits whirh can be canven-
iently mounted to templets, or meunted
on specint die sots with 7 slots and pasis
tioned from templets, are deseribed in
Sec, 18, Punching units for press hrakes
are glsa shown,

The cost of huilding blaokingand.
picreing dies may he reduced by using «
Tow-melting-point metal alloy as a punch
retainer rather than jig-horing and jig-grinding the punel-holder plate,  Using this
ronstrietinn, the die plute is jig-hored and ground, then used to position the punehesin
the punehdiolder plute in which the holes have been hored overs

General-purpose Cutoff Die.  The cutoff dic shown in Fig. 17-22 may be used in
shops where production does not justify the purchase of & shearing macline,  The die
ie designedl to utilize the four entting edges on each cutoff blade hefore bring removed

- Puech

Stece,

I're, 172210 funeh sod die to round off
cotners of plates?

Cy

i
——

for resharpening, To sharpen the die it is necossary to grind the fae of e Pades
otity and, on replacing in the die, to add shims to compensate for the stack groun off.
These shitne may be plaeed hehind one or hoth of the blades,  Shirms ean al Tar e
to adjuet the elearanee for shearing thick or thin materigls,  Spring-loaded pre -3
pards under each hlade grip the stoek and assure neleandy cut blank. An el
wljusted stop ix provided for gaging the length of blanks, Thi= die i mannted it 8
font-post die set 10 maintain the desired eleazanes betwoen the two blades,
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Low-cost Forming Die. The meking of 2 low—cost punch and die for an irregular-
heped is shown in Tig. 1723, The puneh s machined or cast to shape, depsnd-
] punch 2 die iz producsd by poaring 2

und the puneh eontour. Clearanee between the punch
ing & hydraulic press and thinner stoek gradually formed to
gradually increzsed thickness being used uniil the

!
Forming punch Bravm piece
Dre. Funch

eorrect stock thickness s attelned. A smell 2mount of kerd fitting may be required
before the die is ready for production. To complete the die, the punch iz 2ssembled
t0 2 mounting plate and 2 spring-loaded pressure pad surrounding the punch.
Kourling on 2 Punch Press.  The knurling of 2l or pzrt of 2 pin may be doneon a
purch press with the die shown in Fig. 17-24, where the die &= chown partially closed.
As the punch descends, the piece is rolled hetween the knurl dies and fnally drops
g Twospring-loaded
pins permit th fonly onepartat A, 2required Pipe plug
a time. For bes this dieshould 27 o, et .
b= operaied in an inclined press, “ d”,z'm\'\w
Flzstic Dies for Low Production. Ex- 55?//_#' {\ g/ " “\\\‘;"/Pwrﬁ
perimental and low-productionstampings PPN B _\\_‘;j holder
Y

con be produced at low cost by using  Jprofer - N 17 5

lightweight, easily mede plastic dies, 76605 n {[ Knurl dies
2 defactup

3 block

es can be used to draw or form
v olf grades of sheet stecl 2nd g,
m which sheet-metal parts

Cif
asie design of a plastie draw die
is the same as for o conventiopal draw

The draw die shown in Fig. 17-25 has 2 metal container
0 support the plastic components. The metal containers ean be made of cast iron,
steel weldments, or cast Kirksite, The working faces are solid east plastic or are
built up o rs of plastic-impremnated glass eloth.  The working surface is backed
up by 2 plastic core or other filer material,

The cross section of 2 fanging die with plastic wor
 member (D1 of the diz has 4 cast epo-
a stecd base plate. The ing punch (D2y u o5 0 cast-iron base for the cast epoxy

e, The steel backing required, because the present plestics have a comprc«.:-

e strength of approzimetely 11,000 psi and an approvimate fensile strength of
5,00 p C -
Dies of this tpe cxn be built by using 2 conventional die model with & developed
binder line to make 2 plaster splach mold for the punch. The die model dots not need

king faces iz shown in Fig. 17-26.
riace with a polyester core on
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e i il

e L R

i
SN
Oufer rir:/ ﬁ:; A /Bronze wear

|
— plote
OO LSt weor plafe
7

~Punch riser
(to suif)

i

Press bed RN ]

<
|
|

Fre. 17-25., Dens die with plastie working surfaves for Jow-production parte.?

Cost Epoxy Steel frame for
surface Flonging punch
BN IN ON N NN
\TT, Cos? Epoxy
4 surface

[~Cast-iron
base for
flonge ring

Y10, 17226, Cross vection of n fanging die with plastie working sarfaees, (Kieh Indurtries)

t b cvanpetisated for shrinkage; the plastie muterial shrinks ao indgnificant st
it wost eases, A plaster maded of the hinder ring s developed fo the draw lin
on the die medel. Draw beads, if eonsidesed necescary, may be worked into thr ff\l""
of the moded e that they may be esst into the binder ring from the plaster spleh moll.
The edge of the drmw beads should be about 194 in_ from the die eqvity to previat ”‘"‘
erdge from breaking away during the operation,  Stee] awd bronze wear platrs shovid
Biee fustened to the punch snd bindvr ring to prevent weyr on the plastie surfures
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The finished hinder ring and punch are assembled to use as the model for the die
cavity. The surfaces of the punch and binder ring are built up, equal to stock thick-
negs, by using either patternmaker’s wax or a spray-paint bu'lld-up From this
model, a plaster mold for the die is made, from which the die itzelf is finally cast. The
curing of the material in the plastic die depends upon the plasticitself. Some plastics
are self-curing; others require heating in an oven at a controlled temperature for a
period of time. . .

The die construction in Fig, 17-27 ilustrates the use of a zine alloy container which
was cast to the rough outline of the product and with flanges for attaching to the press.

Sprue

Lugs for mechonical
holes

locking purposes

N
Plostic

Y16, 1727, Typical cross section of a plastic-faced die on a zine alloy base. (Rickard
Brothers Division, Altied Products Corp.)

Because of its nonshrinking characteristies, the thickness of the plastic does not need
fo be held constanf. The simplicity of the shape of the finished part allows the
use of a partially-open-die construction where the punch and die mate only at the
areas of gevere forming. Holes were drilled at angles in the sand mold for the
zine alloy casting to provide lugs to anchor the plastic face. The hinder-ring faces
and beads are made of plastic in this die. An alternate type of die construetion may
nse a more uniform thickness of plastic and the zine alloy for the beads and binder-ring
surfaces,  Cast iron may be used in place of the zine alloy where the foundry facilities
are available.
STRETCH FORMING

The basie stretch-forming process consists of gripping a metal sheet, an extruded
shape, or a brake or roll-formed gection at each end with a pair of jaws, then stretehing
or wrapping it over a dic of {he desired contonr,

The design of stretch dies need not include spring-back allowance. The reason why
no spring-back occurs after forming is illustrated in Fig. 17-28,  The upper part of the
dingram shows the eficet of bending a shect of metal.  This eross section shows that
the fibers in the upper portion are stretehed, while the fibers in the lower portion are
compressed.  The Jower part of the diagram represents a sheet formed by 2 stretch
die. Al the fibess have been stretehed beyond the yield point and put in tension.
The neutral axis, or the pivot point ahout which spring-back oceurs, has been moved
out of the plane of the metal so that all the locked-in forees are in the same dircetion,

Parts may not he streteh-formed to shapes that have a reentrant curvature, The
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gt beeo divigned that s string, pulled by the jaws aeross the Wock, wit] Tollaw
the ble-k from end to end without leaving the surfnen,

The typieal chopes to vhich shapes may be readily fanmed sre shown in Fig, 170,
Ao indieated by the arrows, the dirertine of streteh shonld be at right angles o the
rasddit of eurvatnre,

I o=t eaers, stretehing work-hardens the materis] to a bigher strength uniform)y
X . theoughout the part. This work Laedege
<’” 7 ECelash g s dome with o minitmum redyetion of

recovery & stneiched .

stock thickness and dacs not exist oy the
surfaee of the sheet only, 08 is found in

Y Tibess
;. r—tptar any roll-formed parts,
\l Whiciness  The primary eause of part failure js (o
ingg st the point of maximum wetal elongq.
tion. A sheet with a Targe curvature wit
-1/ Wiy ususlly fail by tearing between the jaw sod
e “Direckg efetssliy form Mock, A sharp eurvature i
r“""c’f“""//(-’i) recovoryof ureat the crown or about halfw

Y —Kestal
fi 7 aris

(v

Comprezcion cempressed fikes the jaws, The point of fuilure in saddie
Oirechizn of gt~ back-shaped parts is at the edge of the
elatie . ™, sheets where the maximum stretely
ressvery / {/”{;ﬂ‘:; Jocated, Smoul}l or polished rdges o
dewlers v - sheels wil) permit greater elongation of the
ard' . \\ purts than when the sheet has hewred
ianes fiters o . edges.

N The blank shects should be of uniferin
Heatral axis width in arder to distribute the stresces yni-
risred calof  (B) formly throughout the sheet, Cutonts
phate of mretal and holes required in the finished port

1725, Eflert of forming on moal Mt be made after formiog, to prevent
a: () by bending: (B) by strote,  (istortion of the holes and to aveid ruptur-
forming.tt {Reynolde Metals Co,) ing at the ero tional aren of least

strenpth, Because of the severity of forn-
ing, blanks with imperfections will not streteh-form suceessfully; fracture will vevur
fiefore the operation is comploted,

Wrinkling or puckering of the sheet rarely oceurs, exeept in the eaxe of doubles
enryature parts, heeause stretely forming holds the sheet under tension during the
operation.  Streteh forming requires an extra length of material between the die and
jaw to minitmize the stress fn the sheet caused by changing from a curve to w straight

Single contour Double contour Double contour
(Saddia back por

P16, 17-20. Typieal shupes to whieh shects may be roadily stretel-forued ¢

fine, Raddieback parts have o tendency to slide toward the eenter of the die and
thereby eanse wrinkles running lengthwise hetween the juws.  Inereasing the shet
width snd extesiding it aver the edges of the die lielps to prevent the shory Intru
sliding,  Inerensing the stock thickness or using a material oz alloy of greater tensile
steength may deeresse srinkling,
STRETCH-FORM MACHINES

“There are theee Tisie types of steeteh-forming muehinee (Fig, 17800

1. Muring-ram type. These muchines are of two designs: (1) moving di,
(2) moving jaw,

sud
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The moving-die machine has stationery jaws, trunni nted, to grip the stock
while the die, mounted on a ram, is pushed into the sheet, The moving-jaw machine
has a stationary die, the jaws being on trunnion-mounted hydraulie eylinders to
stretch the sheet over the die.

2. Ratary-table type. ‘This machine has the die fastened to 2 rotary table. One
end of the material is gripped in & jaw on the table; the other end is gripped in 2 jaw
on the machine framework. As the die is rotated, the part is stretched 2nd vrapped
to the die contour.

-Blonk
Hyd eyl / o

i 7

SRRSO e

Moving jawr machine

Woving die machine

(4)

Die (bokted fa rofating fable)

Hydroulic cylinder javr
Hydroulic cylinder

/ﬁa/ahhg fable (rofating dockwise)

(B)
#yd g f%,; ‘“ 0'/
b
W Y w )
-:Ql- = _,?:j A ' )
\Sonk oy Work [;derappéd Increased tension
. around die vhile i i i
Part is put under tension unclue,;i fer,\s:";nl ¢ ﬂ;fil;i:ﬁmg
(¢)

Fi6. 17-30. The three 'bw'u types of stretch-forming machines: (4) moving-ram machine;
(B) rotary-table machine; (C) rotary-arm machine. i

3. {1arar1/—ann {ype. On ﬂ}e rotary-arm machine, the jaws are fastened to the
rotary arms and the die Ls_:ata(mnar}'. The stock is gripped by the jaws tangent to the
die contour and the rotation of the arms wraps the material to the die contour.

METALS THAT MAY BE STRETCH-FORMED

Most metals may be streteh-formed: they need only v i
: 7 be stre ; they y to have a definite workable
rsxégc between the ¥ield point and the ultimate strength of the material.

”tﬁeL The low-carbon stegl:s (SAE 1010, 1020) are readily formed and will give
ju;: enlt m_sults: The aus}emgm staij}less steels give excellent resulis in the annealed
;"zr;:ﬁ ie I%ﬂ:;l[ll;ﬁ gecorfung mcreas'mgly difficudt as the hardness of the materia}
cnndit‘ic;;s . ull-hard stainless steel is nearly impossible to form except under jdeal

Aluminum. These materials are widely us i

i . 5 ar elv used for streteh forming, and most of the
alloys are readily formed. Forming is done eold and may be aCCOﬂ’lpHShEd by using
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heattreated stock in many eass, When this is possible, the subsequent heat treat.
ment, distortion, sl restretely muy be eliminated, Fhe T38T gluminom alioy i
ditficult o farm; TE8O 1 readily formed.

Mapnesium.  Magnesium should he fornied at o tempernture of approvisatedy
$00°F in heated dies. Beeanse masnesiun has higher physical propertios when eol)
than when heated, the faws which grip the material shonld be cold, sinee this elps to
proveat part breaknge at the jaws,

STRETCH-DIE MATERIALS

The dies may be made of various materials, depending upon the production requires
ments,  Cominon materials used are cast jron, wood, zine alloys, Masonite, cloth-
tinsed phenolie resin-bonded materials, rnd enst plastie. I the dies overhang the
machine platen, sufficient strength must be huilt into them to prevent distortion
under the heavy stretehing load.  If a die blork is allowed to deflect to o cangiderahie

oxtent during the stretehing operation,
Steel | bears Foam Phenofic the sheet will be formed to the shape of
{weld to base), core, the deflected block,

The type of workpicee material, its
anncaled condition, and its thicknes
have great influence on the seleetion of
material from which the forming blovks
are to be made. The thickness of the
material, together with the basie material

7 sperification, determines the load which
24 Cost Phenolic will be exerted upon the form block dur-
Steel warking surface ing the stretehing operation,
base Stretch dies made of well-seasaned

¥

streteh-form die,

231, Cross sertion of u typical plastic wood ure satisfactory for o limited pro-
duction.  White pine, straight-grained
birch, and mahogany have been used
with excellent resufts,  Where there are sharp edges or shapes fo he formed that
result in points of very high pressure, the wood will wear excessively, At these points
it is good practicr to use zine alloy, cast iron, or plastic inserts,  Wooden dies shonld
be o minimum of {in. thick; on very large dies it may be necessary to reinforee the
lork with a subbase made of structural-stee! members.

‘The zine-based allays will give longer service than wood, provided there nre no
points of extreme pressure.  The inherently grensy nature of these alloys is most desir
shile sinee it makes necessary only limited lubrication of the die surface. If dies
became ohsolete, this material may be reclzimed and reused.  Potterns must be made
for zine-hased alloys, and special foundry practice exercised 1o produce the castings.
Depending somewhst upon the surface finish of the pattern and models, these castings
must be finished and polished by hand.  The dies must be well supported to prevent
any possible distortion in use,

Gray east fron is good from the standpoint of inherent strength of the die blacks
themselyes,  Beeause of the relntively high strength of cast fron, the die blocks may
be cared out undernenth the solid top to eonserve weight.  Considernble Iabor might
be required to finish the working surface of a cast-iron die, but the loug die life would
jutify the eost,

Plastie dies nre lightweight and present virtually no problems in casting, becanse no
shrinkage allowanre is necessary, This material gives good results from the » uu_l-
point of wear resistance, workability, and stability of contour regardloss of change< in
temperature and bumidity, The glaselike surface that may be obtained dimingte-
practically all the galling or other die marks that frequently appear on the parts mnt!v
with metal stretel dies. The die in Fig, 17-81 is a typiea] eross section of a plustic
streteh die with a foam phenolic eore and n solid phenolic working surfuee. “The dis
hs g ateel haeking plate with T beams welded to it for rigidity,  Unlesy the plastie
forn blocks are supparted throughout theie underside by a rigid struetuze, the tower
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edges will tend to chip offl.  The use of expanded meal lath in the compressive flange
of the block has an excellent retarding artion on the chipping induced by the load of
operation on the lower susface of the bluck, It iz alen advantagens to strengthen
lacks by plasing reinforcing bars on the tension dde, and to rely on the
strength of the material to carry the bending load on the oppo side of

the block
Masonite should be uzed only for the more siraple shapes, with no hammer work an
t while it is being stretehed, as Masonite tends to disintegrate under jmpact

FORIING EXTRUSIONS AND ROLLED SHAPES

In forming extrusions and rofl or brakedormed sections, distortion and epring-hack
are sainimized by initial strefehing of th

Steel and Masnnite are the most widely u
goctions.  Laminated dies are normally ng
section to he formed. A erosssection of 2
Taminatzd die for forming 2 :
shown in Fig. 1732 The die plate (D1 is
made to the contour of the finished part, The
spacer plate (D2} provides clearancs hetw
die plate and pressure plate (03) 3 i
work to form without distortion and etil prevent
binding, This plate varies in thickne f Wllllm
a clearance of 0.2 in. for thin pa Fi6. 17-32. Crovs seetion of 2 typi-
erzl thousandths of an inch for thicker seetions,  eal dreteh-form die for & Z-shaped
The flexible geetion (D4) prevents the eollepsing  exetion.
of the lower leg while forming. 1t iz made of &
variety of materials, depending upon the part to be formed and the geverity of the
finished contour. Materials commonly used are wond, Masonite, gments,
Kirksite, and other low-melting-point allyys, Rigidi given to the die by the
hase plate (13). Removable aceessories such s drill jigs and seribe blocks to Jocate
cutontz and end of part cen be fastened to the die.

4 diz: materials for stretel-forming such
, and the design will vary aconrding to the

EYELET-MACHINE TOOLS*

The eonventional eyelet maching has independently actuated plungers permitting
flexibility in zetting the stroke and shut height of each giation. There are two
methods of stroke control, The smaller machines are camedriven; the heavier
machines are driven by an ercantrie crank mechzani

Th
With the development of large machines, metal up to 0.060 in, thick and sh
deep can be fabricated,

elet muchine was orginglly designed to make small metal eyelets for shoes,

Iz % in.

The egelet machine combines such operations as blanking, drawing, piercing, trim-
ming and forming, light coining, and ¢ i
The principal advantages of an ey

thread rolfing and ¢
achine over a progr
e h it can be produced, 1.
is involved, heeauss each ghedl rried fres after the rough blan
stock, There ue 0 the necessity

with prog The oz
would be epproximately half the eost
same purt.

gL,

die Tie in the

dvantage is that eyelet marhines operste somewhat more howly than

Norme! output in medinm-z et Thachine Ay;;Jrﬂxi;nate]\'

i whous,  1f speed-control units ne, the rmlp\;t
ean be jnereased t0 7,500 per houy,

Tong-run jobz, and especially ning on sz

erd ¢hells, can be completed with 2,

e $tamping Ca,
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somitmnm of down time hy using earbide insertein the draw and redraw stations, I
i eoeen sintrred carbide B used for piereing and trimming sleo,

Lyelet machines muge from 6 to 11 individuat stations. Normnal setup time tor .
<tating job wonld be appsoximately 6 hr. - New jobs require considerably more
srtup time breause earpying fingers must be fitted to cach individun station, and t
drav raelins on dies must be developed to eliminate wrinkles and dic marks,

Same parts made on e machines ean, with Sight modifications, be made on eye.
tet mavhines (Fig, 17-33),

Excess materials
” when mode from

Sheet metal ~ Serew
port mochine
part

F1a. 17-33. Typical erew-machine parts and a kimilar part produced on the eyelet muchiner
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Pra, 17-34, Steps need in producing a necked and flanged shell on an eyelet mancline.
(Brightan Divisian, Advance Stamping Co.}

The steps used in producing a brass shell from 0.015-in.-thick strip stock are hwn
in Fig. 17-81. The round blank is mado in the finst station and carried to the second
position for cupping.  The enp is redrwwn in the third and fourth stations nnd pineh-
trimmed to Lefght in the fifth station,  The shell dismeter is reduced in the #ixth x\.nd
seventh stations, leaving o short part near the bottom the full diameter to provide
minterial for the fange around the bottom,  The flange is Aattened in the cighth RS
tion end the necking of the top is started,  Further redustion of the neck dinmetetis
done in station 9, and the part is finished to diameter in station 10, .

A small brass part and the tools used to produce the parts are shown in Fig. 1735
The operations include blank, draw, flange, coin, and pieree,  The firt operstion
Binaks n 1.228-in.-diameter blank {rom o hraes strip 0.020 in, thick and 1752 10 wiie
The blanking punch (D1) places the blank into the earrier pad (52) to be (mnv{vr{l-rl
ta the second station where it is cupped,  The hold-down (13) in the sreand “tatin
grips the Blank shile it is drawn by the puneli (D4) into the earbide die (D). Stativs
3 squares the top edge in preparation for pinch trismming in station 4. The px{{rh-lmu
puneh (5) hav s roplacenble hurdened-stedd tip held in plaee by the pilet (D61 The
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1t >ating 3 nte s evlindrien] shape. Station 4 restrikes the bottom of the guide to
fores g Vb, ineide radie, and a 006 4dn.diameter hole i« piereed in the hottor,
ta ststinn 3 the eraalt dege are bent downward and the exlindeical body i« tedped,
Forming, an Aluminum Guide. The 0.020in.-thick aluminum guide shown iy Vg,
V47, view [, is made in eight «tations en aneyeletinaching,  The L98%in ~disngeter
tlank ¢ praduced in the first station from 1 §o-in-wide steipstoek, The firt forming
apresting on the recess s performed in the second station by the tools shown in view g1,
The dewwn reces appears to have tapered walls beenuse aof o 'aein. draw endive and o
3, g-in. punchenose rading, - The flange has o 207 taper for a dismeter of about 3;in,,

(0./29"/? '
0375/ emprzgen]
Blank Form radius Form flonges
Sta. 1 Sta. 2 Sta,3
02067
Inia|
T 0.042° RS
25"
3z
|
L= Y.
1 /
Restrike,pierce Final form
Sta. 4 Sta. 5

T36. Development of a guide made from 0.042-4in. cold-rolled steel on an eyelet
we.  (Hrighton Divisian, Adranee Stamping Co.)

el

and the remainder is allowed 1o wrinkle slightly to facilitate forming the grooves in
Atation 3, This forming punel has an insert to square and set to depth the reees
started in station 2. The assembly of the punch and die for station 3 i« shown in
view (',

At station 4, & 0.166-i-dinmeter hole is piereed in the bottom of the eup, and
flange is formed around this hole in station 5 by the tools shown in view B, The
triniming of the periphery is accompished in station 6, and the forming of the tabe s
done in station 7. In station 8, the grooves gre restruck, while the lower edge of the
flanged hole is coined to height and to the 45° hovel,

Tools for Multiple-slide Presses, With these muchines, nod properly designed
tools and dies, parts can be produced that would present considerable difficulty ot
standard-type presses, Yarrel, box, elliptical, and intrieate shapes, swhether notehed,
piereed, formed, or drwn, can he fabrieated sinec thore are two separate and distioet
positions on the machine at whick work i« done in eompleting o fuished past.

Atypieal partand the operations required to produce it on e sutltipleslide pres ane
<hown in Fig, 1738,

The part is eylindrical, with notehed ends, two circumferentia) beads, ond t

W
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©

I~ Blank 2~ Draw 3-Form grooves 4 - Pierce 5- Extrude

N A

R }
0098"
[ 098"—>| L—
Section A-A

6-Trim 7- Form tabs

o

.:ﬂ
ey

@/. N
T e J

View B View D
Sta.2 Sta.5

T16. 1737, Eyclet machine fabrication of an aluimnum part: view 4, part development;
views B, C, D dic detafls. (Brighton Dirision, Adrance Stamping Co.)
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Sprirg leaded “Reae swivel fon!
! e D'ac/ualra'by rear Spring D
l\ Additional shide cam looded
ﬁ"}x \ movermert
e by kicker Rt stide, ST
21‘ car Fatmid tomace
L # slid, o 7 toated
camoctuated \ ¢ ,/ ///, Stotionary

" post ?
) Fronf fool 2+ Front tootin,RH.E

Cot-ofr!

com atluoled LH.approaching

Nole; RH angle bend was formed
on sto. posf
RH toof ahead of LH foal

o L
T Wy

4-Swivel reor tool enters,upper
portion of spring loaded LH.

{-Front doo! and cut-off
touching slock

3-Front, RHELH tool returned by rear faol 5-Rear toof returns
tool in Upper portion of R.H.1ool returns & RH.foo! comes
by cam action, lower spring in 4o hit tab

loaded portion staysin

e

6~ RH.tool returns, Kicker cam 7- RHELH returns.Rear
octuates upper portion of LH, fool comes in toset
too! to kick over lock seam lock seam

M o
H

Form

o et iy

Trim

Fro, 1735, Torming o part with o lock resm with tooling on & multiple-Jide prevs. (L8
Toud o, Inc.)
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longitudinal beads. The part is held in the cylindrical shepe with 2 lock szam pro-
duced by the tools in the press.

The compler radio-tube plates (Fig. 17-20] are quickly notched and formed on the
multiple-slide machines. Tab shapes and locations are produced accurately in the
notrhing die which precedes forming the plate. The sectinnel construction of the
punch facilitates grinding the tab forms to dlos» tolerances, and an extra long quide
pin and bushing are in constant engagement to meintain close alignment, After

~E 03161,
/ a4
1o (WA
04i7°Lp. 020710,
tases

Part

Form dies
Fi6. 1739, Tools for producing radio-tube plates on 2 multiple=tide prosst

loeating the notehed sestion of the strip on the forming arbor, a aisto blade party the
strip; then elosely timed slides operate to form the part and loek it together with stakes
engaged in cutouts. .

ASSEMBLING DIES*

Assembling dies fasten parts together by either of two methods: (1) fastening them
together by means of 2 third part, euch 28 2 rivet, which fs ple - deformed by the
die, the parts being subjected 1o little or no deformatin ) joindng them by .pL’lS—
t'xc.:ﬂl - deforming mating areas in cither or both parts in operations of ijking, f'r)lding,
crimping, curling, seaming, or pressfitting.  Conventions! rivets may have one end

ed by A. 3. Pangburn, Manazer, Too! Enzinrering, Depertorent 531,

1 Businmy




T30 MIRCELLANEOUS DIES

Cut away
For rivefs

7

Section A-A
i, 1740, Multiple riveting die,  (Jarig Mfy. Corp)

S YTV 797 T JUNE NSS————
®
S
P

upset i o die to fasten parts together; or pins, rods, bushings, or projections of the
et jteelf snay b need instead of a rivet.
RIVETING DIES

Ratu-vvin dimpling is an assembly operation involving a type of rivetisg; prertineat
data are found in Sec. § [Fige. &5, 86 and Eq. (8)]. . I

Riveting Die. A riveting-die design (Fig, 17-40) incorporates a dide (123) ""';'
pulled out by the operator for loading stator Jaminations.  Four piluts ‘(l)l? nnt "
pot (D) enter pilot holes and the armature hole, respectively, a3 the ]!}lll{xln‘(l"!'; et
sarked on them and on four coppree rivels,  Ontward slide movement 5 Jimited by 8
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Hofw;
Lhook :amp/::‘/‘s//
for amount of chew

|

-

Stock hoightz equal 7 fravel

-
lengthz of complefed__ @ ‘t
Jominated rofor ! &
ascembly - / l@ f
174 I\IL
f Y S
T %‘ } @ f
J = s,
’%L"\" i s ’i{avc}/ :
R - D)

= &t Ax = &R (e

F1a, 1941, Rivting and skewing die,  (Hariy Mfy, Corp)
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naded stop pin (DR); joward movement and positioning of the dide are cop.
by n spring-loxded detent ball (D3, Four riveting punches (D1) upeet the
Fopper rivets ta a rivet leagth of 1300, A shedder pin (D2) i mnounted in the punel
rtainer plate between each pair of riveting punehes,

Riveting and Skewing Die.  Motor rotor lsminations are stacked on n center pilnt
(Fiz. 1741, D) nud 1 eopper pins are fnserted vertieally in holes eircubarly spaced in
the faminations to pmjm into underent holes similarly spaced in an upper flogting
prmeh plate (D7) and in 8 lower rotating puneh plate (D18).  The hales contain 19
upper and 10 Tower riveting punches (D12) which hear lightly against the ends of the

@ Trip bor

i; ﬂz.%%) ///{

77,

Bross plug @//ook bor

Y, 17-81 (Continued), Lntehing fixture for lumninations, (Harig Mfg. Corp)

capper ping,  The aperator depresses a foot lever {D1) until the floating punch plate
i held down by & hook or lateh (13) to the hook bar (D9), which is adjustable for
lieight by means of a pressure plug (D10) and o socket-head serew (D11). The latehs
engaees one of the thren eircular grooves in the hook bar eorresponding to the desined
resrmbly of three different heiglits of stacked laminations. The operator then pulls
the skewing lever (DS) to the right, which rotates the lower punch plr ¢and tilts the
copper pins held in the underent holes, This angular change of t* gin from the
vertieal corresponds to n setting of an antomatic indexing stop (V o Its position,
selected by an adjustient of n serew (DG), determines the amot \N\ ina stark
of laminations, Three notches in the indexing ring (113} eng O
corresponding to three lengths of rotor assemblies and controt jamount of 91'\'1"."
deaired in n completed assembly,  The press is tripped after tl, ., drwing operation,
allowing 38 riveting punches to travel 3¢ in. and upset both enc jof the copper pit
tn complete the assembly of 8 rotor. On the downstrake a trip bat-(Di6) is depre-< il

to relense the hook bar from its Intehing position.  The indexing stop, PI‘O‘"“: ot

ita pin (I)I:) is rised ahove the indesing ring during the last 14 in, of the upstroke by
at

u pickup pin (D14) contaeting the edge of o flat on a post (D15). Up.\:ml mov
of the stop allows the spring-losded skewing lever to return to it starting p
against ita stop pin,
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L of lzminations iz placed between sta-

iretis eto Laminations, A sta k
Riveting Magne ' wung to the right

tionarr and movzble nest plates (Fig. 1742, 7, D4; the Jatt
;::Jr;ahx:' :;arzinr's handle (%6} t zlizn and clamp the stack as the tos of the handle

. st 2 clamping post (D8}, Three riveting pun (D1} held insa punch
i pressed by zn insert (D3 shaped to
cantour of the leminations, On the upstroke the handle is swung to the Jeft, and 2
knockout (D) s actusted through the linkage shown 2od returned by 2 epring (DY),

©

Fig. 17-42. Riveting magneto laminations.  (Foirbanke, Morse & Co.y

Staking Dies. The hub of a gear (Fig. 17434, D1}, splined in a previous oparation,
is ned o 2 wheel (D2) by 2 ing punch (D3). The four splines (D4), forced

outward and against the washer by the four chise] edges of the staking punch, provide
rigidity in the bly. In B, = stripping fork (not shown) prevents the staking
assembly from ing to the punch /Dij and its pilot (D2). The punch forees metal

from the hub into the cham!

in the plate. In view C, two segmented staking rings
/1) inwardly foree metal of e} (D3} pgninst the serrated portion of 2 shaft (D2),
A Me-in-dizmeter bell is staked into 2 3¢-in.-diameter shaft as shown in view D,
The zmount of taper on the punch provides enough metal displacement to hold the
ball secusely.
Steking-puach Design. Date for the desizn of four-bladed punches for steking
hubs, tubes, and similar parts are given in Fig, 1744,
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ks “. N . ‘j
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STAKING DIES 17-35

K3 T
Z1Z[c i/ .’CL

ST RN SZNY IR
034] 2 (0480] | | ~F :

[ L R R NN
- ;

Stock

(B) Hes detail (7)

" A" Dia.=Max. hub 0.0+ 0.001
“B" Dim.="C"dim.* 0,188 + stock allowance
“C" Dim.=Min.hub length minus 0.031

(C) Nest design data

4
Heavy fube ol

Fi6. 17-45. Hvdraulie compensating staking die; {(4) assembly; (B) nest, detail 7; (C) nest
design data; (D) typical nest dimensions. {National Cagh Register Co.)

Hydrautic Compensating Staking Die. A nest (Fig. 17-43, D7) positions aluminum
hubs which are staked into holes in aluminum sheet stock. The hub is placed tenon
side up in the nest which is holied to the die top (D4) by cap screws (D5).  Enough oil
is contained in the well to maintain the 0.188-in. dimension between the die top and
the cylinder (D) as shown. O rings (D2, D3] seal the oil in the well in the hase (D1).
A Denison I-ton hydraulic press forces the hub and eylinder down, Oil pressure
forees the top up to clamp the stock between it and a rubber pressure pad on the ram.
Further pressure comp: e rubber pad to allow the staking punch to enter the
hole in the stock and stake it to the hub. This design compensates for hub-length

i oy fhread_,(r“=
,

o=

Brooch through 7y I
for 81 hex.wrench —%ﬂ’ hae o
4 7 T
+ U, ILsoor
0.020 4“ 4 [_ 00
Al B +.00/
0.260 0500 B I<on
037710367 .
n +0005
0497 T po00
(4) (8)

Fra. 1746, Hydraulie compensating staking die details; {4} circular staking tips; (B)
gtaking-tip holder,
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P, 1747, Commereial assembling dien:
(A} Metalnee type (Crockett Engineering
B) elinch-nnt type (Rickard Brothers
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MISCELLANEOUS DIES
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ASSEMBLY DIES 17-39

(€} Secticn AAef (D) Fingleurling
wiew A ond pincking
ogerotion

F16. 17-51. Die {or wire-ti-eyelet se-nmbly: (4) aswembly; (B) lower die; () soction 4-4
of view 4; (D) finat curling 20d pinching operatinn.

edges. Inward travel of the slide is limited by a stop pin D5, 4 spring strippar (D3]
alzo functions ax 2 pressare pad to bold the pans In digoment.

Die for Wire-to-eyelet Assembly, A metal exelet or gratamet iz placed around the
eentrel post of the lower die (Figz, 17-51, D1), and the hared end of an electrical wire is
plared i the front noteh (6, bent around the past and down in the bottom of the
rear noteh (D7) &s shown in + B. A noteh (D45 in the v g slenve (D3}
strarldles the wire on the downstroke, vraps it around the post, and euts it off as shown
in view €. The clockwize revolution of the sleeve is actuated by ram pressure on the
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PRESS FITIING 1141
A cm'lh}é punch 'Db) within the slesve curls the
D,

hf4 it

of relativel qmplﬁ
of

s -.L" pre;;—ﬁk fores somevrhat cumber-

me; the chary (Fig. 17-3

i1t abub f0D of 2010}

i interzection of 0.5 enrve,
iz point 1 1000, shefi-dismeter ¢
ward to interseet with 16-in. huable
o WA, eoefieient-of-friction carve,

a of press-fit foree to find foree of 230 tons,

gwnwzrd o eb:

Then 5 hub bore iz uneven or the shafting is rough, use values for the encficient of
friction of 0,18 0 0.25. To prevent overloading of the press, the chari may be
entered af the press capacity and the prosess reversed {0 find the other varisbles,
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SECTION 18

DIE SETS AND COMPONENTS*

A punch-and-die set is an assembly consisting of an upper member or shoe. 2 lower
member or shoe. and guide or leader pins for holding the members in slignment.

TWQ-POST, BACK-POST, AKD DIAGONAL-POST SETS

Two-post commercist die sats are avallable in many styles and sizes. The sizes,
dimensions, end tolerances for hack-post and round-series diagonal-post die sets listed
in Tables 181 to 187, inclusive. are exeerpied or adepted from Ameriean Standard
ASA B5.25-1050, “Punch snd Die Sets.”

TABLE 18-). DIMESSIONS OF ROUSD DILGOBSAL-POST DIE SETS

Thickness

Trey are
acd detzimenzal
rture a8

snd bave zood mae
¢ mminus 14 i, dusing s

* Reviewed by R. J, Fischer, Presicent, De;

Die fet Corp.

18-1
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TARLE 18-2, DIMENSIONS OF BACK-POST DIE SETS
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.
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All dimensiung ace given i nebey,
Matenal srd tlerances: same pa for Table 18-1.



]

it

NG

3,

ST BTE

TIDE-POS

G

% B R ® s 8
8 SR &H & ¥R
i . "m - ‘l. ~ -
" o = K . -
w ¥ BN E B b RS XX
@ X HX X R ) R £ #
il . S
m : ® aw 2 R
=] N o R = R s
m N . R - =) =
o = - - .
5o & s
= B o [ RN et
K Ee BN cee ok ob

ipe
SIDZ

3, PEGULAR-SEZRIES STEEL GUID:

Lo =
N EER 8
= ] -
3 ISh A oalataiinielnin e
& Pk QEE RRRS g
N SREE NN BREs R
& iRaE dAE SRRk R

R Sematit LSO N~
MR I NN Mg
HER SRS ¥EEE oo 8 &9

Typelregtar

L2L

B X L

i = o o




184 DIF, SETS AND COMPONENTS
1 ""’L”““Ul O
E &
3

TABLE 18-4. DIMENSIONS OF GUIDE POSTS—REGULAR SERIES

Thiam, '
y

i
Nominal . A R WA
o | G Lapped, | inctinied
e - .
i ; i o
Mav v Min | Mar Min
—— | :
Y 0.5M2 0.5002 | 0.5000
b 00262 | 0.6202 | 0.6250
3 0.7515 { 0.7:02 | 0.7500
b 0.5765 | 08152 | 0.8760
1 Loy | 1.0002 1,000
14 LIS | 11252 L0
13 L2600 | 12507 U 1,250
15 15020 [ L0 . 1000
135 13520 1502 LAse
2 2,000 { 2.0003 | 2,0000
25 20502 | 20003 2000
a3 : 3.0025 i 3.0003 3.0000
i !

Al it asione nre piven in incher,

Material: This standard does not speeify the material for guide posta,  They sire geneeally made from
N 1314 steel or eqnivalent, beat-trented Rockwell CG2 to 05,

Nore: Langer lengthnof puide posts than thees tabulated in this stavdard are nvnilable,  Oil groove
i the guide post iy be optiunal with the supplicr.

TABLE 18-5, DIMENSIONS OF REMOVABLE PUNCH-HOLDER SHANKS

sernw
~Imu| lhrr'\d

nlmlxl

l)mn, iu agth | Longth of
1 1

Al dimenniany are piven in inches,
Matenal: This standand does not specify mutenint for removable puneh-boldee shiaoke, They ate
eeneeatly made from 1112 ateel or equivnlent,
Tele

ure on shnnk deeter +.000, ~0.002 v,
eratires ont fractional ditarneiona are £ 0010 0, unless athernise e
reew theeadd ehall be Anetican standsed foe-theend porwa; 2N
NF2 bl b opteonal fur 2, 24, and 8 dimueter shanka,

Al batra shall L permoved,

12 NEL e el
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18-6 DIE SET® AND COMPONENTS

NONSTANDARDIZED COMMERCIAL DIE SETS

Other typical desipns of die eets commereially avnilable, n yet unstandardind, ape
shown in Fig. 181, Theso are available in an almost infinite sumber of combinatione
of post dintneters and lengths, shoe thicknesses, and varistions in the Iottersd
ditmensions.

O a'i

9

(4) Diagonal-post precision die set (€) Back-post precision die set

(B} Center-post precision die set (D) Faur-post precision die set
Fi1a, 18-1. Typiral commercially tvnilable die sots,
Sizes of four commonly used by a large manofacturer are listed in Table 18-8,
TABLE 18-8. DIMENSIONS OF COMMONLY USED FOUR-POST DIE SETS'®

Thickness of plates J and K2 1, 19, 18 1, B0 106 130, 334, 2 200 204, 233, 338, 34,4,
443, 5,514, 6,01

RN 0~ 0wz 0 =241

|
W1 28 L0 30|40 45| A0 185 | 0D 65 | TO| RO} 60§ M

23S I P R IR
7

(OYSIRCPY I A R T S ]
mynhinininingu
melw|wlnlelele
1w sy

178,17y
10 f1ds f st [

21, HERIN IR RN
RN ERT AR
26 2o onlog
a0 a0 s | so
. 35 ia5]as
! . 40 40
! I
1 |
i .
1 Noclain s, (1) Shoe Tengths (D) shoe width; (317 post ernters, tizht to Ml; i) ;;:‘_
AR centers, (ront to backs (F) width of ehisin ot (£) il of ahioe ta chain s
RN (41 foner shoe thiehnms; (K) upper slioe thicknesy; (0) guide-rat diaires

Fed i,

* Saprting pimbees relate to elerenicrs at the end of this srction.
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DIE SETIS WITE INTERCEANGEAELE ELEMENTS
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18-8 DIE SETS AND COMPONENTS

Seffwnntained praching units of various sizes and shapes of commereial deaden
1o b belted 1o templete on the upper and Yower shines or dieestly Yo the shoes nee sdey

ngeable strippers, punehes, and button dies of various size< snd shapes,
mounted fn magnetic retainers, are incorporated in commerelol equipment,

DIE DIMENSIONS

Determining the size of die sets i< usually based upon practical expeeience, aetunily
a matter of “rale of thumb,” Rume empirical rulest state that die plates eun be
provisionally geloeted as 0,03, 0,06, or 0,085 in. thick for every ton per squnre inch of

TABLE 18-9. FACTORS FOR TADLE 18-10. MINIMUM CRITICAL AREA
CUTTING EDGES EXCEEDING V5. IMPACT PRESSURE!
2 INCIIES® Crosssechonal Aeea of a Ihe
Cuttiny Pesmeter, Erpanion Tripact Pressure, betueen the Colting Bdge and
In. Tony In.
-1 20
- 6 X
612 T
12220 g

srquited shear pressure for stacks, respectively, 0.1, 0.2, and 0.3 in, thick. In addi-
tion, the data siate that the minimum distance between the eutting edge of a die sl
its outside border, for smull dies, ghiowld be from 1.5 to 2 times die thickness; for
Inrger dies, from 2 to 3 times die thickness,
)‘ Such ratios apply to dies having cutting per-
Py uniform  imeters up to 2 in,; for longer perimeters, die
Y foad  thickness should be multiplied by the applicable
factor listed in Table 18-9.
Further, the critieal cross-sectional aren of a dic
e hetween the cutting edgge and outside barder of 1
die st net be bess thawe the valaes listed in

i p,min. ‘Fable 18-10. 1f the pressures are excerded, din
e 4 thirkness must be incrensed aecordingly,

P e ] These data apply to heat-treated tool-steel dies
e :px% adequately supported.
»
L}
1bs (4
— e AN
Po (:nc/z Y 2 Fy(ﬁ') >,

Edge to edgz loading Circular looding
(4)

Fra. 184, Steees considerations in dies: (4] stre-s distributions for cirealar aud elgeto
edpe loading: (B} mazimuym and miningm vortieal stress componente?



DESIGN OF LARGE DIE SET3 18-9

Design of Large Die Sets. Recent studies? of stress distributions in dies weighing
more than 100 tons have been made to determine their optimum thicknesses and
width. Nearly all the vertical stress components are contained in the stress houndary
diagrammatically shown in Fig. 184, at 4. The stress studies were made for both
edge-to-edge and circular loading. For assumed uniformly applied loads at the top of
a die, the vertical component P, at the bottom is 2 maximum at the center (z = 0)
and 2 minimum where z = /2, as shown in Fig. 184, at B.

e
Eg:fgi;  Lomputed for cirewlor_,
r ioading‘ I looding |
1000 50000
0 f ~ I ! ,
i
Q900 £5000 : T
— 1N i
%3600 )
0800 48000 2
2 E ‘ \\0
470013 35000
S

&2 05004 £ 29000
/‘(\

2 Zniuie hiniehie At el

L 355 — =

0500 225000 h ] Y T
? 3 £ !1 /r'/iﬂ {
¢ \ b e i
jo) '
Q400 20000 /

| _F9099 Z s tay 1y
0300 1500072 <
3 _(cj')’u' a

E———dg.ol 1577

0001 10000

i
1
et i i
R ,50'60
T(inches) {c=3")
0 033 0 ! 0cs 1290 1612 1B1934 2258
ogeo T
¢
F16. 18-5. Graph for determining optimum die proportions.?

Optimum dimensions of a large die can be determined with the use of Fig. 185,
Examples involving edge-to-edge and cireutar loading are as follows:

Ezample 1 (circuler loading): Given the cireular loading on an area of 40 in. diameter
(¢ = 20in.), load P, = 50,000 psi. Find the size of the dic, 50 that the maximum stress
transmitted to the press bed shall not exceed 30,000 psi.

Solution: 1. Compute ratio P,/P, = 30,000/50,000 =
Fig. 18-5.

2. Follow zlong horizantal line from point P,/P, = 0.600 to interssct with curve P,
(max}.

3. Extend vertical line down to intersect with curve P, {mint. The paint of intersection
corresponds to s value of r/c = 1.3l arr = L5l ¢, r = 1.51 % 20 = 0.2 in., and

d=2r =604 in.
This is the required diameter or width of the die.

,600 and locate on ordinate in



1810 DIE SETS AND COMPONLENTS

3. To deternine the thisdness nl the die cel, extend thie vortiead lne fartlor ta intereseg
shees Tles Thic potat o foteraccion engresporils n T oeo» 1708 ne

Ao o LTS e A0,

Tt

of the die,

This i the tetierd thi
hearve Py {ming e borizontally the ordinste value

S Yot interseeting wi

PP, =032

ne By e Py fmind v 0324 % Py e 16,200 pis Thisis equal to the mintnum stress at the
eden ol the die bejar trananitted to the press bed.

Erampde 2 {edpesto-odge fonding): Given the loading ot rectungulas area of 2 ¥ L ne
an in g I8, intendty of lond Py o 50,000 psi, Axaume the thicknew of die i
fimited to 8 velue of Te = 0.800 and ¢ = 81 in,  Hequired to find the width of the die ¢,
and the maximum stress I, trsmenitted to the platen below the die for thewe ennditions,

Bputinn: 1, Ratio T/e « 05800, Locate this peint on abeelva of Fig. 185,

2. Estend vertiral line from this peint upward ta interseet curve Py (mind. This paint
curpespondsto nvalue of x/e = 1700, Hencer = 1700c, ar v = 22¢ » 34 ¢ = 105410,
Thix i« the required width of the die.

4. Extend vertieal line 7'/¢ = DRA0 farther to inferseet curve Iy (nnx),

4, Read horizontadly on arditate I, /P = value equal to 0,872, or

Iyo= Py (max) « D72 X P, = 43,600 pui,

Thie ia the maximum steess transmitted to the platen for the specified loading condition,
The tmaxitmum stre-yix ot the eenter of the die at the plane of contact with the peess platon,

PUNCH DIMENSIONING

The determinntion of puneh dimensions has been generally based on practical
mperienree,

When the dinmeter of @ piereed round hole equals stoek thickness, the it com-
precsve stress on the punch i four times the unit ghear stregs on the ent prea of the
wtaek, from the formuln

'.__(:1 n

whepe 8¢ = quit eompressive stress on the punch, psi
K, = unit shear stress on the stork, psi
= stock thicknesy, in,
d o dismeter of punched hole, in.
The diameters of most boles are greater than stock thickness; a vatue for the rtio
At of L1 i rerommended,
The wasimum allowable length of a punel: ean be ealeulated from the formla

L 12
R N
ahere d, = 1,1 or igher

E = modulus of elusticity

This i not to say that liotes having disteters less than stoek thivkne cannnt b
sueeessfilly punehied. The punching of sach hoes enn be faeilitated by:

1. Puneh stecls of high ompressive strengths
2, Greater than average clearmnees
Optimam punch alignment, finivh, and rigidiy
wear on punehes or dies or hath

[
A& Preventinn of stork slippage
G Optimim tripper design



PUNCH DIMENSIONS 18-11

Design of Small Piercing Punches. Punches made of drill rod are satisfactory for
perforating light-gage steel, brass, and aluminum. The punch heads are peened over
and backed up by a hardened backing plate and the punches can be guided by stripper
plates and held in alignment by quills.

A shoulder punch made of a good grade of tool steel, hardened and ground, is the
most efficient type for cutiing holes from 3{s to 34 in. diameter in both low~ and high-
speed die operations.

Recommended dimensions for heavy- and light-duty punches and corresponding
punch holders are given in Fig, 18-6 and Table 18-11.

TABLE 18-11, PUNCH DIMENSIONS?
For dimension diagram, see Fig. 18-6

Punches for Piercing Metal up to 342 Thickness®

' 7

Dian, 4 Dism. B Diam. ¢ i Diam. D
+ 0.005
+0.005
<+ 0.005
+ 0.005
+0.005
+ 0.005
+0.005

Heavy-duty Punches for Piercing Metal over 3¢5 Thicknese}

=3
g
B
&

Diam. 4 Diam, ¢ Disw, D
£.437-0.005 0.2305 + 0.0003
0.562-0.005 0.3755 +0.0003
0.750-0.005 0.5005 + 0.0003
1.000-0.003 Y Q.7303 4 0.0003
I 1.250-0.003 [ 1.0005 4 0.0003

in, min; F = yg in. min; R = )4, in, min.
4 10, min; F = 134 in. min; B = Y in. min.

Methods of Mounting and Securing Punches, Matrix metal (alloys of low melting
temperatures) helps to anchor sectional punches for producing rotor laminations (Fig,
18-74) and also serves as a shock absorber.  Setscrews bear against two closely spaced
punches at B, or against a single punch at C, and expedite punch removal, A flat on
the punch shoulder, at D, bears on a slot in the punch retainer to prevent punch rota-
tion; a pin, or “dutchman,” extending through the
punch shoulder, at E, accomplishes the same purpose. M4
The prevention of punch rotation and the easy replace- E— 5 Brle
ment of both the punch and the die button are features Y
of the design shown at F. The punches and dies. /

held in their respective retainers by spring-loaded
bails, are commereially available for the plercing of

round and irregular holes of many sizes, I y
(—>ille B
Piercing”] Y
punches Tosult
X
D ik

Fie. 18-6. Punch dimensions.?

= To swit shut bt




18-12 DI SETS AND COMPONENTS

(~Ground halsroyrd
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18-14 DIE SETS AND COMPONENTS

F‘Inmnr or Gar Punches, A eutoff Blade tFip, 1810, DY) is hebd up i the nee
u iy aspritg (02) but funetions when a dever (013 s swung clockwive
lir " IH) insw 'mil\ tn the (vpv rmm: pm\(mn L)m\\ n

s similar design with

EEs mun!nfn hdu mdpumhu \!m]ﬂl‘ tosnt upmxmru Tolis fn vations eom.
Hinatinme of size snd oeation, s aduptable for short muns, A sinpler aermugement, s
H, for prinehing light stock, incorporates setsernws w hiel nre backed off to render the
peatich inopesative,

W //'//

»%“ ..w,;_,i_w.,f,/.,/c/./ W
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Fia, 18-10, Flonting eutoff punch.  (Hariy Mfp. Co.)
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Fra. 18-11. Contral of flonting ptinches.®



GAG PUNCHES 1815

An operztor-controlied mﬁumatlc crlinder movesa g ber having rzck testh zlong
a6 side o engaze the teeth of 2 rotary-face cam shown in Fig. 1812, 4. A punchi=
moupted in the rtary cam which mates with 2 fived-face cam, at B, Theroters cam
2nd the punch raove 24 in. up or down in 807 of rotation when the mtary cam s actu-

ated by the toothed zaﬂ bar i can be made opere-
tive or nonopereiive in
mounted on the lower shoe

One face muct - 1
beon Qﬁ' / L~

gear fosith

H>

(B)

Fi6. 1812, Gag-punch cam design: H, L de-ignate high and low fares

Piloted Punches. Removable pilots facilitate the grinding of punrhr~ A spring-
loaded pﬂoh centrelly losated inside 2 punch, is suitable for cnmmn" thin stock, I
egular in outline, 2 pin or thin dowel can be pressed through

of The pi rzagzinat 2 fiat ground on the pilot, allowing it to
move xr«h in 2 vartizal direction, but preventing it from turning,
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Flangirg-punch Design.  Combination punch design is shown in Fig, 180585 5
103 Blauks and drans the outside of the eup. Snother punel (D1Y aid iy
2 the eup and i forming the fange around the ol A stepped ponck
2 ent previosdy piereed hobe (0276 in, dinmeter) to form the finge to «
nowninal disweter of 0371 in, A dower stripper (09 b aetusted by springs fuot

st throwgh pins ()5,

Q057" 00008

" raom'

-
$ YN

Losszss] S

100 9

=004 Neckel cup
produced

0090‘{*

-

Fra, 1513, Combination flanging-puneh desipn,



DESIGN FOR SELF-TAPPING SCREWS 18-17

Automotive-body Punches. A lance-and-hend punch commonly ‘{sed in the anto-
motive industry for producing anchoring tabs in autemobile hodies is shown in Fig.

18-14.

7 —_—
bR i
15| 1 !
75°dig \ ‘\‘ 7 -
g N\ 005"R
‘\\\\\\\\ 'I 0

0500 Side views
‘ az30'p ’

— (440"

AN A Y

End view
{enlarged)

¥i6. 18-14. Lance-and-hend punch.?  (Ford Motor Co.)

Punch-and-die Design for Producing Holes for Self-tapping Serews. Punch-and-
die button design (press-fit type) for producing holes in mild-stecl shests to he fastened
to another sheet with seli-tapping serews is shown in Fig. 18-15.  These elements are
also made in the hall-lock type.

The hole in the Jower sheet is punched with a radial slit, and the surrounding metal
is formed into & spiral cone conforming to the pitch of the serew thread, Optional
hole sizes for a given range of stock thicknesses are listed in Table 18413, For maxi-
mum rigidity, use the smaller hole sizes in combination with the heavier stock thick-
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Deviloprent of the pivrerd hole 10w eperified formedohole diameter jay

y of Bottoming precars and stoek thickness, For materialy other than mid
L ddatn probably must be pevieed.
-0t tabnlar data for the elements shown in Fig, 1815 ave lsted in Talbes
1812 to J8-14. “Thie forming punches, pirreing punches, and die buttons ar made
aof tool steod, bardened and gromnd. The forming prnches and die buttons are fints
treated ta Rackwell G50 to C61; the piercing punches to Rockwell €63 to Cod,

Tl proper seloetion of serew sizes for various stock thickhesses and lole sires jo
fisted i Table 1813,

Do tEes ,L

Cutting edge
agsp"* D0y ttllind ) R
00507200 (§5'only) ¥

Die set type
(A) Forming punch

5002
" %
[ e "
0éf ~ = <—_éx45’cﬁamfpr
I‘j riid Gearance
T 7@‘/_13’_ M| {hole -+ 00d0"
A A _pfi—
NN
-L_[u///ng VAT
wW
2
0050”200 (Nad-NoHind)
00G0"L00(Yyp only) o e
Die set type "’/' X | f
(B) Die buiton / ‘
o= =
|
A 15010, = ‘
b ] &°
(€) Piercing punch N (D) Self-tapping ccrew
assembly

Fro, 1505, Punehenndedio deeign for sgirut slottad dnles 0 (Grneral Motora (0°p)
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TABLE 38.13. SELF-TAPPING SCREW SELECTION!

Yor domension dingratg, ree Ple 18150

ISR
Nz

Ir.
B85/ 025 Now.
o6 0 Now
DAY 08 N 6
O3] N, §
DT New S10, 1082, 1210
AL 01T No< 1I0-12, 1211, 1430
0000055 New P11, 1410, 8y ¢0
D060, No, HAD, 3fge9

{
0091 0081 | 0,007
0107-0.098 | 0,054
0,000
0,053
el
| a1
{ n1an

* leavine pages tequite special tools.
1 Conmdyen diameter, Disnensian 4 1y be varied by wee of aprcial taots,

TABLE 18-14. PIERCING-PUNCI] SIZES®
For dinyenmon dingeam sre Pig, $8:15¢°,
Serew Punek tham,, In,
et

-]

i} @
(4)
Fus, 1816, Slepved  types, commercinl

punehes; (0 Dursble Puneh and Die Co7;
(5 Pivot Punch nnd Die Corp,

:\'n, 18
No, &5

No. H-12

No. 12:11 0.125

No. 110 0. 1625-0. 1615
Ned 0.1605-01. 1785

Commercial Sleeved Punches, A
punch commercinlly available (Fig. 1816,
4} incorporates two intermesling seg-
mented sleeves inserted, respeetively, in
the punch and stripper plates, providing
excellent  alignment  and  proventing
buckling of the punch,

Another design, at B, i straight gronnd and incorporates a die-cast deeve of goft
metal to reduer puneh vibration, u common cayse of punch breakage,  Both typesare
availuble in many point sizes and conlours,

STOCK GUIDES QR GAGES

Stock may be solidly guided by suitable slots in o stripper, by stock rails or, a0
shown i Fig. 18-17, by pins, buttons, or angle iran,  Sofid guides may or nay 1ot
require spring guides or spring pushers for optimum stock guiding,  Thes may b of
the preliminary type (Fig. 18-18, 4) to he uged before o running gage i< used, or of the
typieal ndjustable-spring type, shown at B, Rollers may be used ingtead of pineor
buttons to position the stock

Stoek guides are not always mounted to the die shoo; the types shown in Fig. 1519,
views . and B, are mounted on the stripper plate and can he eadled stock purier
althongh they do guide the stock, The guide pins (13, view €) projert throtsch the
prevsure plate (92 which balds the stoek as it iz gevored by the cutofl punely (D1,
Aliding plate (D2, view D) pushes mnd guides the stock hetween its edge and o "!“,‘” m
the strippes plate w5 actuated by a cam (1) monnted on e upper shoe, st
niljustment is varied by o seteerew (1) mounted in o plate (U3) yoeured to the uppes
o,




STOCE GAGE DESIGN 18-21

g -1§ soc. hd. screw

Angledron gege

Drilf rod of goging
point oufside die
cutiing area

Fin fypz fer
7
i & a’owel/ remote goging
u s ’

Fre. 18-17. $olid gave desiznt  (Foed Motor Co

"
z dawelsj..o © r\
- .y
- o
S0 @il
- 0 i
po 2720 soe-T
’; ;J'_o' 25 min. hd screw ﬁ_ Lj

1
. Fl:gg 2 /é’hf}‘. hd, setscrev
4 L) i 13 0

(W i)
s 0 1]

| ; n_v}
1
S

Pign
(8 (3

Tra. 1818, Spring stock gages?  {Ford Motor Co.)
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W AT e et P S
o

Pusherd &
Section A:A

(A)

AL
7 minimum
clearance
olf aroind s

Clearance holes for gage
ping should have minimum

of { clearonce en a side

P
Section A~A  =Die block
)
116, 1810, Stock guidess (4, B) pusher typesst (€ pin type? (Ford Motar (') (D
lever-artunted pusher type.’

A spring-oaded disappearing guide or gge (Fig, 18-20) is entirely depressed sfter
the die operation is completed, avoiding any interferenee with o stripper plate or ether
upprer moving die components. The slot in the hellow stop clears the straight portion
of the eyeleted rod shich supports the spring,

1y

i

Section 44 \n/

Fra. 1890, Disappearing guide,t  (Fard Motor C'o.)

Movable s shown in Fin, 1621 hotd the Diank fevel for 8 square catofl, The
prneh forees the Wand: into the stackor and the projecting lips of the gages prevent e
blank: from vmerging from the stacker opraing,



STOCK GUIDES OR GAGES 18-23

L Movable gages hold blank feve! for a

square cul and prevent blanks from
backing up when stacked
]

7z

Lufolf punch

B Stop Stripper. End view of punch -

N
|4

N Movable”  Section B-B
Stacker gage

T16. 18-21, Movable gages position and stack blanks. (Stanley Works.)

A light constant pressurc s maintained on pusher stides (D1, Fig. 18-22); this com-
pact design is practical for Jarge stock arcas in progressive and cutoff dies,

This dimension fo suif cuf-off
Steel entrance plos 026" ~—~___ |

L& X metal
thickness

7
>~z

@3

7

T 1€. G0 avsbond on,

i A
pia 7 29

o N\ N
7N\
A BANARN

171127 NN
NI Mﬂ N
- i

\% %4 TT1SN

L ’ Spring fo suit

Open position

N



18-24 DIE SETS AND COMPONENTS

STOPS

Solid Stops,  Foelid blocks are eommonly nsed with final blanking and eatoff opers.
tione Lo position the ead of the stoek or workpieer, A design for asolid stop, came
roonly nearporated in the finyd cutoff station of a prog die, gages one end of 5

seted part swhich remuine attached to the ndvanciny n. The purt, braring
againet the stop, iz eonfined in the station for aeenrate s nee to the desired dimien.
wians wlong the cutofl line by a sheartype cutoff punch, The fivished part draps
throgh the die,

A A=Typical,
f r—/-’—ﬂ 8 #10fes
L
]

Section A-A
Adjustable stop for perting die.  {Chieago Chap, &, A8TES

Fa. 1




’ 2
Loteh stop &5

L/

A
\ /
AR -

\j,\}
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Druble trimming «ops are shown in Vg, 18:25; stop D1 i starting stop axwell g
» tnming <top 14 bears agaiti the trimtoed wlge cat by the first notebing or trim.
ity punch 1, The serond panels (081 trims the stoek to width and provides 5
et stoek edge for the second stop 121 to ensure proper stock positinaing for severing
the ward.piove fram tae serap skeleton,

o
o=

G]

© o}
@Q’o@ \@

F1a, 18-25, Tritn «top.??

Cutoff |,

Starting Stops, A sturting stop, nsed {o position stock as it is initinily fod {0 n die,
ixshown in Fig, 1826, view A, Mounted on the stripper plate, it incorporates o latrl
which is pushed inward by the operator until its shoulder {(D1) contacts the stripper
plate.  The Inteh is held in to engage the edge of the incoming stock; the first die
oprration is completed, and the lateh is rleneed,  The stop will not be used agnin
until s new #trip is fed to the die,

The starting stop shown at view #, mounted between the die shoe and die block,
upseandly netuates o stop plunger to position ineoming stock initinlly, Compresson
spritigs returt the manually operated lever after the fiest die operation i completed,

Fra. 1S-26. Suwrting stop



STOPS FOR DOUBLE RUNS 18-97

Stops for Double Runs. The staps shown in Fig, 18-27 were designed for double
runs in the same direction, “The stock iz turned over for the second run. A conven-
tional automatie trigger stop (D3 functions continuously after the starting stop (D2)
{or the first run iz pushed in to engage the notch in the strip.  The rough starting
stop (D4) for the second run and the sceurate stop (D5) are actuated by handle DLior
the cutting of the first blank of the second run; the automatic trigger stop then fune-
tions for the remainder of the run,

@ Rough starting stop @ Accurcte stop for IsF
for second run blank, second run.

Position of materic!
for second run \ \

\
@o\

i

i

I

|

L |

e f

./ Jg[j !

Pfﬁ‘] ’1\;:\‘1!0' |

N NN\ {
t N oY [
N |
H \\\\." ' !

! : NN l‘

NN H

N N J |
.A.ﬂJ %\\ l_.LJJOi %ln s g g
WAVASAVANAY B
T § (-
Snl -
S I Ao
© Hk - 004
[ — = e/

N

= @ Starting stop
@ - // For Ist run
Tripper 4,

sto é__:: Defen? provides #ravel
P 4, pick up rough starting

stop. Further fravel engages @

accurate stop

Fig, 18-27. Double-run stops.  (General Electric o)

A}nother #top design for double runs in the satae direction is shown in Fig, 1828, in
which flzt spring-returned pin stops (D1} are zctuated by a rod terminating in handle
D2 whieh is swung to sither of the Uv pasitions for corrsponding stack runs,
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i,

Flat

it

3

Section A=A r
Fartiol sections
F16. 18-28, Two-position stap, {(General Electric Cn.)

Trigger Stops.  Trigger stops incorpornting pivoted Iatches (D1, Fig, 18-24, views
A, By at the ram's descent are moved out of the hlanked-out stock ares by actuatio:
pitey (12), On the neeent of the rm, springs D3 control the Iateral movement of the
latels (pqual to the side relief) whieh rides on the surface of the sdvaneing stock nnd
rops into the banked nren to rest agninst the et edge of eutout area,

STRIPPERS

Strippers ate of two hasic types, fixed or spring-operated,  The primary function of
cither type g to strip the workpicee from & cntting, bending, forming, xAlr:mm:n or
eoining punch or die, Coining inelides extrusion, swaging, or any squisitg of €
presing netion thit eauses metd flow in e workpiees, A stripper that fore-i s p
it of o die may also be ealted & knockout, sn inside stripper, or any ejector. i




STNPS; STRIPPERS 18-29

Strippers. A common t¥pe ineorparates a slot in the stripper
. gnides but does not hold the incoming stock.

vpical sprin rippers which also hold the
shownin F° 1830, Af 4,1 urround the stripper bolts; at
in the upnnr <ho and wtrmpfr plate. A guided

Side re//ef‘ d_\’D
C D

i

fi
'
1
:

i &Pﬂﬂi

(B)

Fie. 1828, Trigger <tope: () g =tock engagement; (B) bottom stock engagement.®

T
J-L_-Ei' VA

e Trovel

Punch
refoiner

us
L3 Sfripper e pir
J—‘ -] plate o eF/r’ﬁ_ :

A+ 7 /’,\%ck RN

! 4
- XDk iﬁﬁé t

Fro. 18-30. Typical springoperated strippers.22nt
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Interchangeable Punch and Stripper Design. Ball-lock punches and rtaine,
31, 5, DS, DA, D0} in varlous sires are used with matehing wtripy
sveablios, permitting quick ehanges of the asemblies theough the nee of spiring
tnaded Jocking devices for hoth stripper inserts (D14, D13, D16) and pum')\(*,\i T
fueilitate puneh removal without having to remove e stripper plate, n hole may }
drifted in the stripper plate, < indiested in lower view of F 31, for incortin

releasing tool, This avsembly is ueed with the die set shown in Fig, 512, The finye
sions of the camponent parts of the nsselly are sted in Table 1815,
A
o
06 e
* s l
o ‘.
Ll ~.
. S - .
I \ N \\\\ ’;
BOO— |
N A !
|
D00 7/ £
<<—£ﬂ——> ! }!
g NIRRT
CLOON = :
—

NN\ 1#
dia TN A5 ]l
re—F di

,—gr ia. hole for
Fpunch removal

¥
1'16, 1831, Interchangrable Meipper and punch desizn,  (General Floctrie (3]



STRIPPERS 1831

TABLE 18-15. PART DIMETNSIONS FOR ASSEMBLY OF FIg, 12-31

Part N, DPart X,
2 4 4 D

3 i 33

28 12

25 0 2

Dizz., in,
Pert Mo, 0 - g

4 D E 7
14 ¥ 7
15 L Fed
if 4

Double Stripper Design.  An upper stripper (Fig. 1832, D1} funetions a2 2 pressure
ped on the downstiroke to hold the work in the di= bleck (D3); on the upsiroke it strips
the work from the forming punch (D4).  The lower stripper (D2} strips or ejects the
work from the die t ing 2 plug ‘D5 up, The die block ot machined
arrozz the bottom to aellow for the erosshar of the stripper (D2} which supporis the
phug (D5;.
Strippers Using Latches. Springloaded fatehes are depressed as the part is formed
in the die opening (Fig. 1833, view A). After they clear the part, they snap up
wzzinet the bottom of the loceior block to strip the pert fram the eseending forming
punch.

@Sfr/:np.r /A 5\1 iw LSfr/pper@
> N/ —1ock(3)
RN A TLLA R Inzert
B S i
B Tece LNy 5 NN/ Guide
D™ NGO e
Ty L SN

ZL

N Die shee
¥15. 18-32. Doukle stripper decizn,
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SN
(A4) ARG “lofeh
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Formpuﬂa/l—-‘»‘\\\\: 27
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Fro. 18-43, Strippers neing Intehed 3
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¢ b aned; g stop eoltar should be azed in SR0 CUTRME pres e may
fiedd by the upper or main knorkaut bar it is set too Jow,  Spidershupe ]
at plates are used in Jurge dies; & reeess s end-mitled in the puneh halder 10

ko
pevommndate the spider,

(B)

Fic, 18-85, Knockout desigus (4) for inverted compound dies; () knorkout plater "
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Ay i pulled up by Jift bolte
i stripped from the
£, oF to slide off

Liftout Plates. A lifrout plate (102, Fig, 15086, <low

acked 10 the uppe 5 the upatioke the fi2
form die 113 to alk 10 he bl

v 15 inelined,

Preseure~pad Liftouts. A pressure pad ()2, Fig. 136, view By winated by fone

springs (1% alze fun st Trom the combingtion eatoJ-4rim-form die

4}y The i tion fush #ith the top of the die and then blown of

2

Ypper prezzure

Sestien BB
(closed]

goge Fian of die 3 g Sectivn A=A ®

q Iiftous

Fro, Yol Lot doigng (4, it plater (B peee
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PILOTS
Sinew pilot breakage can resultin the production of inseenrate parts and jammitg op
breaking of div elements, pilats should be made of good tao} stesd, heat-teeated fap
it oughness aod to hardness of Rockwell C57 to 60,

Polish offer r

hardening
N i
G
[A J \i

175
Polish Fogees
after {4y chamter
lhardening

b,

r h] r 5—’;'; 45°chamfer
g
" i
IR J N

N
&)

Fra, 18-37. Prow-fit pilots; (1) georn type; (B) tattensl-paing (ypes.tt

TABLE 18-16. DESIGN DIMENSIONS FOR DRILL-ROD PRESS-FIT PLOTS

Tor dimension dineram, see P 18-37, ciews 4 aml 2

.\uu‘;innl n ¢ » P

e Y in,, o stork thaekniess, shichever i preatee,
e a1 1t itickia



PILOTS 18-37

Press-fit Pilots. Press-fit pilots (Fig. 18-38, view €), which may drop out of the
punch holder, are not recommended for high-speed dies hut are often used in low-
speed dies. Recommended dimensions for press-fit pilots are listed in Tables 18-18 for
acorn types and flattened-point types. An alternate method of establizshing the
dimensions of pilots is to make the radius B equal to the pilot diameter 4. The
spherical nose radius € of the acorn type may be made to 0,254, approximately.
Length € of a flattened-point-type pilot may be about 0.54.

Pilots may be retained by methods shown in Fig, 18-38. A threaded shank, shown
at view A, is recommended for high-speed dies; thread length X and counterbore ¥
must be sufficient to allow for punch sharpening. For holes 24 in. in diameter or
larger, the pilot may be held by a socket-head screw, shown at B; recommended
dimensions X and Y given for threaded-shank pilots also apply. A typical press-fit
typeisshown at €. Pilots of less than }£ in. diameter may be headed and secured by
a socket setscrew, as shown at D.

¥

X [ T

T = I
' 7

S |

Socket-head
Screw
(4} (B)

Socket sefserew-

ANSN

we (] A

i

1

v

© (D)

16, 1838, Methods of retaining pilots: (4) threaded shank; (B) screw-retained; (C)
press-fit; (D), socket setscrew.xt
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Indireet Pilots.  Desigres of pilots which enter holes i the serap skeleton nre ¢low
in Fre 1830 A hoaded desipn, 8t A, ie satisfuctory for piloting i hales from 2y,
ta ¥ dn. in dismeter, A quilled design, at B, i« audtable for pilots up to 3 in. i
dimneter or Jess,

Spring-losded pilots shenld e wsed for stork exeeeding Noy 16 gage, A buski!
shonldered design is shown at € of Fig, 1830, A dlender pilot of drill rod shown &
I is locked in n bushed quill which is countersunk to fit the peened head of the Pl

Tepered sug-clearancs holes throngh the die and Jower shoe shonld be provided,
since indireet pilots generlly pivree the strip during a misfeed.

Sockel selscrow

N

7
Guids bushing
Y 777
N AN

N
’/A

E
Cl

11 I A A | I

7 7
Sockef

/ / sefserei

Huide bushing uide bushing

77737772 7
NN I\/\‘J
7 v

() ) ‘

A9, Indirert pilota; (4) hended; () quilled; (€) spring-hacked; (1) apringlondef

SPRINGS

Springs for steippers, pressure pads, and other spring-operated div companeats €%
bewelected frony thie ratings (pounds per 3y-in, deflection) of standard springe I!‘}”! 1
manufactirers’ extulogues,  Total pressure requirements will be the sum of the in
stid working deffertinns plus any deflection for the grinding of r wrat of any dier
ponent. A\ grneral rule for allaseable spring deflection, for high-speed dies,
both mediom- yod high-presstiee eprings to one-fourth of thefr totsh free Jengths
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19-2 FLEDING AND UNLOADING EQUIPMENT

while » separate eylinder or mechanically setuated deviee is lifting the workpdeo: o
an elevnted paition whees gripping fingers can enggage the stxmped part and noioy,-
itimis the press, Parts may also he ejected by mean<of sir Blast, pisliers, or graviny,
Limit switehes ure often ineorporated in the die to trip the press after gaged have
praperly pasitioned the blank in the die,

ez for sevotd operations, sueh as on preformed panels, can be so designed that the
praned will pest iteelf in the proper position,

When an automstic Joader s used, extrn-long stop gages may be necesany to
prevent the part from overshooting the deaw die and falling out of the prese or from
being imprapery positioned in the die when the part is engaged by the Blankbolder,

Lifting Devices. Lifting dvvices incorporated within a die greatly facilitnte the
sutomatic handling of the parts,  Blanks or predrawn parts are fed onto the lifters,
then Jowered into the nest or hetween the gages in the die,  After the operatien i
perfortned on the blank, the lifters raise the part to an elevated position so that it
ean be removed by ore of the various ejection methods.

These deviees muy be spring-, air-, mechanically or hydraulically setuated, either
directly or indirectly through linkages,  They muy be actuated direetly hy the press
ram through eams or linkages or indireetly actuated by limit switehes interloeked with
the press controls,

When the surfnee finish on the panels must be protected, pads or rolfers on the
lifters contacting the panefs are made of brass, leather, plastic, or wood.

Feeding Small Parts into Gap Frame Presses.  These presses are wsunlly inclinnble,
and parts ean be fed by employing geavity or slides,  The press frame may be inehued,
or # chute may be installed at such sn angle that the part ean slide into position.
Gravity, employed alone or assisted by an air blast, can be used to ejeet the part it
a container or conveyor loeated at the rear of the press,  Feeding enn also be dene by
placing the part in the nest of a slide and then pushing it into the working ares.

Feeding of Large Parts,  Farge parts, upon which operations are usually perfarmel
in fixed-position steaight-side presses, ean be positioned in the die manunlly or by
pusher- or kicker-type meehnnical deviers or by a gravity-type loader,  The finiched
parts may be ejected from the die by mechanieaf or air-operated kivkers, or they ean
be pulled from the die by mechanical or air-actunted gripping fingees. Smonth- of
soft-faced rollers ean be attached to the dic or lifting deviee to prevend drageing and
seratehing the panel as it is fed into or removed from the dic,

Scrap Handling. The scrap accumulated from piereing, blanking, or trimming
operations in automated press lines can give mueh trouble if provision i not made for
prompt and effective remo; rap must be autematically removed from the dic
area by dropping or pushing it off the dic and bolster plate into containers or holes it
the floor,  When o large volume of serap is involved, a conveyor systen i prifered
over contniners,  Serap cutters should be strategienlly located for eutting the serap
into small pieces so that it will slide down chutes or throtgh holes in the dic and
bolator plate.

TEEDING DEVICES

Manual Feeding. Tow production dors not warrant the expense of automatic
feeds. With no setup time for an automntic feed, an experieneed operator can, o3
short run, outproduce a mechanically fed press. Hand feeding, from the standpaint
of operator efficicney and safety, is fneilitated by the uge of o hand-held freding toal
stich 46 those shown in Fig. 22-12, These tools may also be uwed for removing the
finished part from the die if it is not ejected by other means, .

The munual feeding of parts into s die can be accomplished hy the wer ‘jf“ R
elte. The parts are pushed forward in the chute agrinst o suitable stop in po-itic
for the stamping operation.  The press can he inclined s that the fonmed parts ¢35
Iall out the back of the press or 5 jot of nir can cjoct the fuiehed parts, This &
shanld be provided with a barrier cuelosure for complete protection of the o i

Hand-operated Slide Feed, The pusher in Fig, 19-1 can be ] tor fosd "’ h:\.‘.:.
under the puneh and withdras it aftor the opeeation i« perforined, The pades e




FEEDING DEVICES 193

Feed parfs here
(shaped fo suit piece)

locating holes in pusher

Hole in bottom plofe of slice
through which finished piece
folls on refurn of pusher

Fi6. 19-1. Hand-operated slide for loading and unloading die-*

have a nest machined in it to fit the shape of the part. Locating pins in the punch are
used to position the pusher and blank in the die properly. If the part does not drop
through the die or is not ejected by other means, it can be withdrawn by the pusher
and allowed to drop through a hole provided in the bottom plate of the slide.

Magazines for Push Feeds. Manually operated push feeds may be supplied with
parts from inexpensive magazines which can be attached to the slide rails. For best
results, blanks must be flab and free from burrs. These push feeds should be inter-
locked with the press-tripping mechanism to ensure that the blanks are in proper posi-
tion to prevent damage to the dic and press,

Gravity-chute Feeding., Maintenance of a gravity-chute feed is usually required
only if an escapement is incorporated. This type of feed is commonly used with press
operations on shells. In a chute-feed die (Fig. 19-2, A), the shell isfed by gravity into
o locating nest. This cup is redrawn and pushed through the die. In case the shell
sticks on the punch, a small reeess is machined beneath the draw ring to strip the
punch. At B, the design utilizes vacuum cups to pull the workpiece up and out of
the die, and a knockout rod releases it from the cups. At C, an inclined chute on a
flat die feeds flat blanks into & bending die. A spring pad is incorporated in the die to
lift the part out of the cavity to be ejected by an air jet. When the press can be
inclined, a straight chute can be used to load the die.

* Supetior numbers relate to References ot the end of this section.
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Chute

Sprirg iz
rins=/ (g ahop pins

Rails fo prevent cuztion en el parts

Inelined chute en fizf press

End ef chote comple'es

rest by providing hack shep F | S RPN R
N 0
4
k=
<&
[~ e
Fart. S e
Spring pad=so
parts can s
ejected by air —— g
S,

()

Ura, 192, Gravity-chute feeds: {A) for redrawing cups® (B) for stumpingsst (€3 for
Blankat

Seminutomatic Gravity Feeding, A siagle-picee feeder for n gravity-feeding devies
B illustrated fn Fig, 1943, The illustration shows the txip arm at the top of 1!15' e
stroke with the blank in the nest,  As the pres< dide moves downward, the ln[) filgs)
free the lever o the end of the feed dft, This allows the counterseight to tip the
fevder s that the pieee held by the upper Jeg is relensed nnd moves down to et agsins
the loweer lgz, A the dlide eontinues dowmward, the part is formed and cjected, A
the press slide appronches top contos on its upward stroke, the trip srm attacked
the slide contarte the fver on the end of the forder shaft, tips the feeder to s jo
whesehy e picer i releerd Dy the lower log and, t the sane time, the upper fe of
the feeder eatehes and Tolds Tark the oyt piees.
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0120 0N
Spet e o, o (12) =,
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(rotated 90°)
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Section (- L‘
(Hopper rot thown)

Fra, 10-5, Air and gravity feed.  (Harig Mfg. Cocp)
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EOLL FEEDS

Yo, 1946, Single-roll feed. (B, W, Blins ()




198 FEEDING AND UNLOADING EQUIPMENT

AUTOMATIC MECHANICAL FEEDS

Autamntic nee 1 fueds ean inere pre<e-apertion rate up o ten tes
et with mar e, Volnme praduction usunlly waerants their ivitisd e,
T st weed types of feeds inelude roll feedss slide, grip, or hiteh feeds; hoppr,
chutes, amd magurines,

Roll Feeds.  Barieally this type of ferd consists of two rolle, nne above the other,
driven: through o friction or ratehet eluteh,  The former provides au infinite tumbnee
of stoek feed lengths white the tatter provides definitely set amonnts of feed lengths
that rannot be fractionally sltered.  Backwaed movement of the ralls during the
nonferding exele is prevented by a brake,

Roll feeds may incorporate either a single pair of rolls (Fig, 10-6) whieh pull or
pashstoek aeross the dic, or two pairs of synchronized rolls with one pair pushing nad
the other pair pulling the stock arross the die,

Pilots or stops are commonly used to prevent inaceurate feeding eaused by dimen.
sional varistions, rough edges, and kinks in coil stock.  Roll relesse devices are fre
quently used; the stock is momentarily disengaged at the time the pilot enters the
piloting notehes or holes, Spred of feeding varies from 400 to 300 ipm for the average
commereial feed, up to 2400 ipm for o precision type with timed power brakes,

Hydraulic Roil Feeds,  Adapted for Jong feed lengths of wide stock (sueh s strip
for automotive doors and fenders), this type of single-roll feed is driven by & hydeulie
motor for constaut deceleration and acecleration.  Fage of feed-length ndjustment
and of the control of the motor by limit ches i inherent in this feed design,

Hitch Feeds. A hitel feed co ntially of @ reciproeating head careying n
gripper unit and n similar stationary unit. On the downstroke of the press, n eam
attached to the press slide contaets the eam rolier on the reciprocating head.  The
continued downward motion of the pr de pushes the reeiproeating head ontward,
compressing n spring. During the downward press stroke, the gripper plate on the
stationary head prevents the stock from moving backward.  On the upward stroke of
the press, the stoek is held by the gripper plate a5 the head moves inward propelled by
the eompressed spring. The amount of feed advance is set by a feed-length adjust-
ment not,

Grip Feeds. A grip feed, similar in principle to a hiteh feed, incorparates s recip-
roeating head and grip shoes instead of gripper plates.  The pivoted shoes swing down
to grip the stock and feed it to the die, but shide over the stack when the head reverses
is direetion,

i, 197, Sehematic disgram of the operating priveiplos of the cylinder-type prip feed
(H, K, Diekreman Mfg. Lo

A exlitder-type rip feed may be driven from the press crankehalt hy an adfustable
throw Dlovk and lover, or by eam (Fig, 197, D1) actuated by the pressslite, Onthe
uptroke, the evlinders (D2 at the left grip snd move the stock a fred 1"”){”‘ dotrte
mined by sdjustment nuts (03), Movement of the eylinders, carrivd ong slidde 1!)!),
i controlled by a spring (D3). On the downstroke, the stationary "."lf"“""‘ i at
ke right prevent baekward movement of the stock,  Both sets of eylinders of
on the prineiple of the overriding elutch.




SLIDE FEEDS 19-9

Slide Feeds. Driven by an adjustable eccentric, this {ype of feed (Fig. 19-8)
incorporates 2 reciprocating feed block and a herdened blade which engages and
moves the stock. Positive stops ensure extreme zccuracy of feed. A stock drag or
check unit prevents stock movement as the feed blade returns to reengage the stock.

9
e

Bolster _(
plate _}

-

e

Fic. 198, Slide feed.  (U".S. Tool (')
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Stide Feed for Blanks.  The slide ferd shown in Fi, 199 i designied o feed preeut
Blanks inte & pecondoperntion die, The blanks sre otiented S the mngazine elmte
¢t before biing prushied fnto the die by the feeding lide (21, On the downsgrole
of the press, the liskage levers (D2, D3, and D) move the feeding stide outwand,
placing ite st heneath the magnzine chute to recedve a new Bank,  The upstroke of
the press raneex the linkage to move the feed dide into the die ares and deposit the
new blank in the die. By changing the shape of the magazine chute and the nest iy
the fred slide, thi< deviee ean be adapted to varions shapes of parts,

Uprights of loading clml;.

@ fFoe a’/ng/ Magazine chufe

" slid, approx. Plan Shape tol
thickness of port fit part
Borgeor  Anpro Chute Weld Braces for
spring —5Ty chute &! x 21
strelch é' : Press slide
& /E /?/ | IFstide sticks,
Guerd, ﬁ: ; N § extension spring § -
\1 P s j & & will prevenf [ 4 Shide
b _{' } . S wrecking
t\l - i \@ I/ i
i 4 3 —
l ] 2 Ram up, feeding
i = s lide in
T B & s N, ¥
Wc/d)yi 5 %‘“ﬁ‘
kel pproc 24— Stop 29 our W

Stationary
Length of stroke

Shawn in closed position
Fra, 10-9. Slide feed for Blanks,  (Flogd Tilton, ASTE)
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Slide Feed for Inserting Balls, A clide feed (Fig. 19-10) built in a progressive die
to insert halls into a radio-socket contact operates with the atr and gravity feed shown
in Fig. 10-5. The Jatter feed directs two balls through a tube (Fig. 19-10, D2} to the
proper position in the die. On the downstroke, a cam (D3} contacts 2 roller (D4)
fastened to a pivoted 2rm (D5). The arm pushes the ball slide (DG) to insert the
halls; on the upstroke the hall slide is retracted by a zpring (D1 g0 that, the strip may
advance for erimping 2ad to allow {wo more halls to fall into the die.
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¥1i. 19-10, Slide feed for inserting bells, (Harig Mfp. Corp.)
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Pawl Feed.  Thir type af feed vees pawle (Fig 100, DU DD to engage mud prdy
the weripivee ta notehed stript tn the die,

oothed Bateliss or hooks s tead nf 14,
e engage notehes or Blanked-out openings world ¢l

The drive mechanian aetuntes the slide (03) by i
Adjustment i provided by eoteerews (D3},

Die-sfide Attachments.  Presses equipped with die slides can e wsed for sl
any prees operition, The attaelment slides the die in and out sutomatieafly i
wenchronization with the presssteoke,  When it is necessary for the operator to plan
parts in the die and remove the stamping from the die by the hand, the die »lide is an
exerlent safrty deviee,

3 the desdign av o hoel,
~of netuating hars {D1y,

I
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o TR
feed e [2)
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[
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Ve, 19-11. L'awl feed.  (National Blank: ftook Cn.)

©ne type of die-slide attachunent, made by Waterbury Fasrell Poundry & Marline
Co,, is mechunically operated by s follow eam on the erankshaft, Tts motion it poa-
tive in both direetions and, when in its inner position with the die aligned with the
prneh, is brought up againgt a stop serew and held i this position during the work iy
stroke by twa pilots which enter taolsteel hushings i the slide, A cammetisted
Lnockout is provided in the lower portion of the slide, pad  positive knuekont i1
the upper portion, . .

The feed tabile hasan opening benesth which i« o guide plate made to evit the wats,
The eperatar slides the work from the table and locates it by the Fm*[" plate v ”‘) :
whon e slidding di 38 smdernestls the plate, the lank will deop into the die and
exrrivd bopeath the puneh, . o

Annthes well-knnwn die sile i< the prewmatic reciproeating typ e b ¥
Bl o, The slide to whivh the die is fastened fnctuated by a pursnatic ¢
atid t timnedd i suel 0 snner o to remin sl while the e i ennene ll‘
piree iy the die,
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The contrals are £0 arranged that deprezzing the foot treadle operates a lever which
in turn operates an air valve direoting sir into the end of the air cylinder, foreing the
die-slide plate under the punch,  After the dlide is properly located, a gafety jatch is
released allowing the operating treadle to he further de d, thereby tripping the
clutch and alloving the press to make 2 complete revolution, At the top of the stroke,
a valve reverses the flow of the air and forees the die slide from under the punch into
the Joading position.

Dial Feeds, Dial fueds, or circular conveyors carrying workpieces to dies, are used
{or primary or secondary operations.  When many operations are to be performed at
one time, it i necessary to have a well-supported and guided press elide, sine
operations will be located at a considerable distance from the slide’s eenter line.
Multiple operations require positive-punch stripping <o that the parts are corractly
oned in the dial plate to he conveyed to the next station,  Two or tmore operators
may load parts to a dial feed for assembly operations, The use of auxiliary feeds
{such as chute, magazine, and hopper ferds) with dial feeds, often in conjunction with
£orting devices, Tesults in high production rates,

The revolving member of a dial feeding mechanism generally rotates around a
vertieal axis actuated by the press ram or an air eylinder,  An indexing and locking
pav] mechanism, driven by an air eylinder (D4, Fig, 19-12), rotates a dial (03), which
circularly positions a die (not shown) under a punch. The control valves for the air
eylinder are actuated by solenoids which are controfted by limit switch
vith ram travel,  Other limit switches (D1 and D2j prevent the p
ripped if registration and indezing e ineorreet,

L5-3 is contact on
press drum svitch

Safety svifches on die

Stop odjustment
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A prenmatically opernted dinl fred may be controlied throngl s enmslaft rotating
ot speed detrzmitied by the work eyele of the dial. The duration of the wotk eyed
i wm'-l tn one revolution of the camshait. The dial indexing frequeney i the sum
totul of the time fin secands) for the dowest operation, plus total operational time
not seting duting this period, phus indexing time, and plus dwell time,

‘Tl nir-contro] system should provide o synehronired sir blast for injeetion, nxwefl
as cantrolled nir power for operations in separate presses, ot of which must be con.
stdered in ealenlating tine requiresents and in designing eams,

Arack (Fig, 19-13, 1) on the press slide rotates two top gears {D2) of & gear train
to move the lower rack (D) back nud forth.  The pawl (D3) engazes notehes in
the dial (D3) to move it through an arc of 60° on cach press stroke,  This feed 15 11smd
with a cam die to pieree 1,080 holes, shown in Fig. 511,

2
b

SN

N

@ Indexed fo position
shown, sira'fe up///

J /
ffafprcs,l‘l {60

L)
ond die \/5

. \
Pavl in position fo start indexing.~”

Posifion of pawl, sfroke a’ov.'n///

]

Yo, 19-13, Rack-driven dint feed,  (Maytag o)
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cam (Fig. 10-14, D4) reciprocatss o
12 gtations. A face cam with a elob
g cam,  The puwl dlide i provided
is for gwaging.

Cam-driven Dial Feed, A chain-driven edge
pavd lide (1) 19 revolve the dial, which carr
enclosing the saller eauld be veed ingtond of ¢
with a tension gpring (D2).  The station (13

@—— Crankshof!
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Ié/fha/ﬂ drive
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[ ) // 7 [
:\/\/// \CD @5 é} Pavi|
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Paw| advances  Face cam
F16. 19-14, Cam-driven dial foed,?

Underdrive Dial Feed.  Another driving method, using an eccentric arm from the
prezg crankshaft, is shown in Fig, 19-15, The indexing dial is underncath the viork
dia! which can be casily replaced allowing other staropings operations with the kame
foed.

~—Position “down;
roe up

\ﬂr/w'ﬂg dizk

Fro, 19-15. Underdrive diad feod. (P, J, Littd Macking (.}
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Drum Feeds The drim ford of Fie, 106 wae desigied For s die that pane);
eight <z areund the eireumfrmnes of 8 bN etrtrainer, Ttineorporates an "‘d'“‘h
ratehiet provided with Joenting pine ot shawny whivh engage the bottam hole: g
loeate the strminer o the horn, - A thind pin i preseed nte the eenter of the raveber,
with it~ opposite end inte the tner raer of @ ball hearing for rotation of the adapiter
gid mteliet, The togede clamp prevents axial movement of the part,

Siagle-bar Feeds. A single-bar feed, eommonly weeld with inelingble Presere,
incarparates s eamenctunted har shic reciprocates over the die to neevive 8 parg
which it then transders to the next die station, Various efectors and knockout pins
funstion during thr press evele to that the part enn be stripped from g puneli and
ejeetet] from o die snd into the path of the moving har,

Double-bar Feed. A double-bur feed has o slowble bor which moves fram right 1
1eft or vire versa, and also moves front to back or viee v, Fingers are attached ta
the bars for gripping and moving the part progressively,  This feed type is generally
wed with straight-side presses.

For either type, an 'mmnv\(lr' positive safety slop it necessary
breakage,

Transfer Feeds. Progressive-die produetion may be impraetical beeause of the
operations involved together with the shape of the stamped part. The work material
may be strip stoek, or o blank, or 1 cup fed to the first station of a die st whivh i«
‘wially 2 convendional progressive die, exeept that interstation transfer of the part
is not deme hy o moving strip skeleton or web but by a series of gripping fingers.
These fingers, shaped to fit part contours at eaeh ®tation, grip the part at one stating,
earey it to a suceeeding station, and then reverse their movements hefore repeating
their initis] movements on a following part.  Finger movements are ean-netuated
through ram travel,

to avoid jams and die

Rafcher Cunch
Spring Bearing \ gl Striper
|

Strainerfpart
R [ S
\ N[ icShoe
sfroke Taggle
2N EO
Bmdef Stroiper
Fra19-16, Drum feed.t




HOPPER FEEDS 19-17
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Ei6. 117 Boll feedar for {eeding large 27T ) (E.C. erfield.)
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Rotary-ceaterboard Hopa.;. The hopper with the motary centerboard in Fig.
I8, B, picks up split iveis 2 hzped parts. then feeds themonto o tr’ck
chi) Tee blade (D1} iz shapd as shownznd 2 correct thickness
form o i the part. 1t isindexed intermittentiy in the direction showa by 2 ganr:va
cam or 2 similar mechaniem.
Tt s zre pieked p 52

fel it

1wtk

e in feeding parts chich have = ten
0 interinck and berorme o hopper of this
ch the barel (D1}, having van 1 east th or fzstened to the




1918 FEEDING AND UNLOADING EQUIPMENT

sarfure, tetates eontingally,  The sxnes pieh up amd to s certain extent prevzient the
jeaete amd eatry thern upsrd until they drog into the guide or ehate (083 which e
them e the preses Carelul attention shoutd be piven the bearings on which the byred
rotates »o that them i ne eontamination of the blanks by the lubrieant ye Senld
bzl bearings o7 porous bronze brarings with an sdequate ol reservoir will give eveel.
lent verviee to rotary hoppers,

Rotary Hopper,  Pravtival for & wide variety of parts, the hopper shown in by,
1018, D, consists of anangularly mounted dram (D1) with o radially groaved revolying

Vitrator

Drive

pu//(y'/ |

Support rolls ViewAA
) © )

1'16, 1918, Various hoppers: (A} oweilleting conterboard (J. 8, Paguind; (B) rotaey coater
bourds (0 barred hopper® and (D) rotury hoppor?

base plate (D2), Parts are carried upward in the grooves and slide down into the
tenck (D3), which is mounted on o stationary bracket, A stationury haflle (24 e
vents parte from folling back into the drum hefore they puss the track opening; il the
track 18 loaded, the parts return to the drum.

Drum-and-belt Feeder.  Parts that tend to tangle or have wires attached can lg‘
fed and wrieated o the position shown at D1 (Fig. 1910, 4} The part shenn 1
either Jined up on, or pushed off, the moving belt by guides (02, D3). The photore!l
beatn i interntpted only by the ferrule of the part,  The time of belt tomyel hetween
the beam and the sofenoid plunger equals the time seeured by & condepserope it
delay eireuit,  The rolenoid plunger can only knock incorrectly positinprd elips frons
the belt. When the drum and belt are properly proportioned, o rain of parts drope
from the angle hrackets to the belt; the output of parts is high, even if o vnall yese
erntage are oented ot the belt hetween the dram end the bear,
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19 00 FLEDING AND UNLOADING DQUIPMENT

Turntable Hopper.  Tdentiend parts, not toa thin, which will ety cnter s pooed
Lede, vate b dbefiverend only do groups of fve s shown i Fre 13, €0 8 raleanid,
ed dropping gate i setunted undy whvn adl ive dimdt saitehes (01 dows, Parre
whivh may be prrtintly seated s the holes are pulled ont of the boot and remmeed by
the feriee, '

Snuirrel-cage Hopper.  Purts chameterized by reclience nold ligh enefliciont of
fretion s easily frd and sorted fn the hopper shown in Fig, 1998 B The river-
shaped parts which fall, shusk down, betwren the wedges are kept in the slots by the
inner guard so tlat they are diseharged at top ceter,

Inclined Rotary Hopper.  The commercisd hopper shown in Fig, 1919, D, has boey
wlhypted to & variety of symmetrieally shaped parts,  The wedge-shaped Blarh
frtened to the rotating ring are spaced so a4 to permit the part 1o fall between thom
when they pass under the supply stored inside the cover,  The baflle plate fnside the
rotuting ring is stationary, heing attached to the fixed centeal shaft which also sp-
ports the diseharge track, This baflle plate keeps the d0-catiber buflet cores from
falling inwnrd untit they are carried up to the end of the track, The seleetor guanl
attached to the baflie plate atlows those bullet cores whieh nre oriented point first to
pas< into the traek but rejects those having their bunt end down,  This hopper is
weually driven by a constant-speed motor, o [eed-limiting deviee or eseapement being
werd to regulate the discharge,  Feeds aghigh ns 300 parts per minute ean be obtained,
but Hight plastic or sheet-metal objeets must be discharged at o inueh lower rate,

Vibratory-bowl Feeder, The feeder shown in Fig, 19-19, K, has o bowl placed above
 vibrator and ghaken at 60 eycles by an a-¢ enlenoid,  Vibration drives the parts to
the prriphery of the bowl, where s spieal track guides them up to the rim of the b,
The base contuining the vibrator is a standard unit, hut the shape of the howl wnd
track are determined by the objeets to be handted.  Rute of feed is eontrofled by s
rheostat which varies the amplitude of vibration: it is not normally neressary to vary
the frequeney,  Multiple streams of parts ean be discharged by making the helicsl
track of multiple piteh ike a serew thread,  Gates, fences, air blasts, or variations in
the shape of the track st one point can digehurge picees whiels are improperly orient],
With proper desicn and reguiation, the diselinrge ean be hocked swaiting fhe neals
af the nesocinted equipment, or the vibrator can be turned on and off hy counting
deviees,

MAGAZINE FEEDS

Thee typieal magazine lacks o meehanism for sorting and arranging, and the parts
must therefore e stavked in position either by hand or by some automatic means,
Magazines may be arranged vertivally or horizontadly, In a vertieal magazine the
Dlanks are stacked one an top of the other and fed singly from the bottom by @ recipe
roecating stide.  Parts are sumclimes fed by pravity, ually more satiafartury
to employ o positive transfor motion or a pneumatie feed meelianism coordinated with
the mavement of the press dide.  Magazine feeding is gencrally confined to flat
binnks,  Ttis comparatively casy to feed thick blanks: thin material cequires o mote
carcfully fitted poshing shor,  Steed disks and rings as thin s 0.025 in. have e fed
secesTully {tom mugazines, 1t is possible to feed proviously fosmed workpive < fovm
tngazines incorporsting suitable escapetnent mechanisms,

UNLOADING DEVICES
The unfosding of @ Gnished past from a die can often be nehieved by gravity by
atlowing the part 1o fall throngh the die or dide off an inclined surfuee in the div, "
by dnelining the prisand die. The larger parts which would be damaged ar pequice
being plueed i & specific Joention for subsequent operationg must be romoed byl
o meehanieal deviees,
Air-bast Ejection,

4 short blast of air is efiective in the removal of unull h':f'.';
et Wt thee pieee< je pear the top of its steoke,  blast of air blows the rt ‘“”:"
U die. The airblist control valve ran be actusted by w vam o the er l"':h”
This cam is deeggied to emit o short blast of sir just hefore the top of the stmee?
it before e prees staps in the enee of intennittent aperation,
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SHEDDER BARS 19-23

Oscillating arms operated by the cloging of the die or synchronized mechanical
means are used to remove parts from dies. The arm shown in Fig, 19-22 utilizes a
cam to swing it inward to receive the finished partasthe die opens, and outward to
discharge the part as the die closes.

The shape of the arm is designed to receive the part as it is ejected from the upper
die by a positive knockout. The arm ig supported by a combination radial and thrust
hearing which also acts as the pivot. The rotation of the arm is achieved by a square-
shaped cam which is twisted to give ahout 60° of rotation.

Die Shedder Bars. Dies that carry the part up with the punch (or can be made to
carry it up) can he untoaded with die shedder hars (Fig. 18-23). These are bars which
fold out of the way as the die closes, and move underneath the part when the die
opens. At top of stroke, 2 positive knockout drops the panel on the shedder arms
and the part glides out of the die. These armg are helpful on hlank-and-pierce dies for
long parts.

The placing of shedder hars within the die can also be accomplished by separate
floor-mounted devices, either air- or motor-driven. These mechanisms thrust the
bars within the die arez at the proper instant and are timed cntirely with the press
cycle,

Fositive knockout
drops part on bar ﬂj" Press

Bar in closed-
die pasition _,;

Fia. 19-23. Die shedder bars. (K. C. Butlerfield.)
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Air Kickers,  Parts made in small dies are often too heavy for practies] niz-lisa
vad, Inosel ety onae form of wn air-operated Kieker i practieal, particutarly
e prese panant b nelined,  An i eydioder insialled on front of the die s («;ui;.pv-.'l
eith some Jorm of kicking mechanism, An elomentary type i the dirertnction
Geker {Fig, 124 An air exlinder is equipped with a Kicking bead mude of gl
tubing,  If the head isecidentally in the die at the thae of dosing, it will coltape,
sod no damage will be done to the die,

Part kicked
into stock  Suitatle
fz/ﬁ——/ dickirg  dir cylinder

’W’d_‘\ I Bratlet

support

(K. e

Air-operated Tilting Ejector. The nir-operated ejector shown in Fig, 1095 f
attached 1o the blanking dic so that the blanked parts nre tilted and slide hy iy
aver Linlls and rollers, automatieally stacking on g pallet placed on the discharge side
of the press,  After nhout 1 dozen bianks are produced, the operntor removes the
serap eut sway from these blanks und throws it into the boxes provided for this
purpase,

For dischnrging the blanked parts, the ejector arrangement has transfer bafls (1))
and cloth rollers (02) to avoid seratehing the Manks.  When the ejector s tilted by
the nir evlinder (D3} inside the die, the blank is inelined to an angle of ahout 11° snd
moves by gravity down over the balls and rollers.  The linkage is areanged so that
the right-hand end of the tilting table containing the sheet stops tilts to a greater sngle
than the sheet,

Meelmnical deviees for unloading presses are in use in wany pressrooms,  These
devices ure actunted by sir or hydmalic eylinders and synehronized with the peesc
stroke,  These deviees have o swinging or & horizontal reciproenting motion to lift
¢ the parts from the dies, The finished parts are raised up out of the die
by lifter units bailt into the die.  From this position jaws grip the parts and
carry them from the press onto a conveyor or trunsfer fixture for feeding n press fur o
Tellowing operation,  The parts may also be deposited on a skid or truck for trans-
porting to another location,

Mechanieal Arms and Jaws, The “Iron Hand" unloading device shown in Fig.
10:26 s mounted on the press frame above the die space, Tt is operated by twe ir
evlindery, otic for §ifting the arm and the other for opening and closing the jows. The
jowws are apened and closed by s enm #o that they will not open ap ander losd and also
may be elosed on any stork thickn thin the range of the jaw without sdjustment.
The eylinders are controlled by colennid-operated valves which are aetunted by limit
switelies placed on the press frame in sueh o position that they ean be tripped by the
pri-a slide, The deviee hag replacesble jaws which ean be designed to suit the part
being moved, .

The dr~izn nnd adapting of mechanical press-unlonding deviers may be applied not
muly to mues production but also to medium and even low produetion, The dirs
shinnahl be deigned to prrmit the eotry of the gripping jaws and should be free from
projeetions which might hinder the free renoval of the part. )

The transfer fictures for feeding subsequent presses are sometimes required fo tars
the part over or rotate it in 1 horizontal plane, Thuse positions are determinedt by
the nuture nnd part-position requirements of the next operation. The turieoves oF
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potary actiond s well e pusher o sdvancing motions mny be netusted by air o
hydeantic exlinders whick have limit-switeh-controlled solenoid-operated valves.

Angglar ajustmend
/ of jaw

Jaw long'hond
radial adfstment

e
~a

Cylinder o’

Fia, 19:26. The Iron Hand swinging-arm pres--unlonding devive,  (Saklin Engineering (o)

s 13-
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PIL SETTING AND MAINTENANCE

5, form hlocks, ejectors, or other adjustable vlements; nndliaey eqniptient
aneh s prect oushions awt feeding and wnloading mechariome il g change die
# it prerdures,

Settung n progeessive die involves manal press operation and feeding e stogd, by
Land through sueecssive stations, with secompanying adjustments of the mu, fred
tength, ard the pilote and other elements at eael station,

The uniforsn distribution of biankholder pressure may be undesdeble jn the case of
forming or deawing dies for Inrge snd /or irvegular statupings; the die setter wersdime
or adjists the blankholder dlide (in some presees) to diceet different pressune to the
ddesired arens,

DIE FAILURES AND THEIR CORRECTION

Faitures of Dic Steels.  The use of stecls with internal defeets sueh as inelusione,
pipe, and excessive segregations is uneonmon, beeause of the extensive use of uliea-
sonic inspeetion,

Failures Due to Faulty Die Design. In
nddition to an incorrect steel specifieation

- for a die component, the design may in-

TO0L RECORD TAG clude incorrect clerances, dismensions, eou-
2 .|  tours, and grain dircetionality eonducive to

tocwne o jrere fragility or other innumerable engineering

errors that ean result only

inunsaticfactory

ERETS Tou [T § .
service or failure of the die set,

ey TNt 40 Die Design Unsuitable for Heat Treating.
Die clements having adjacent thin and

N thick seetions, sharp corners, and reentrant

ernck during heat treat
rerviee, because of stress

angles eun ea
ment, or later i

TOSLACTTER  BATEIN [TDOLIETTER  OATEOUT

FRECCouT | PF APRRGVIL it concentrations in sucl portions of the die
element.  Recommendations for die drsicn
FLPA ARG w0 | FORCHAN BARPROVAL, T DATE to lessen the possibility of such eracks ane

given in See. 24,
Failures Due to Improper Heat Treat-

SIPLIALS B EC | CIL NCPAIR HPS | TOOL NGON nAs

" F1f3 Fonen ment,  The greatest steain in stee] oceurs

o orr during the quenching period.  Cracking
neasons ron svorpinG mun | results from failure to temper immediately
IFILL 1 COOT HUEER 48 INOICATED O CHARTY after quenching, from quenching from too
[ ! high a hardening temperature, from too long

| i quenching time, or from nonuniform chill

T ingof thestel, Softapotsinwater-harden.
ing earbon toel steel will eventually erark
if the quench solution rontains nir or ather
contaminants, ¢ insufficient in quantity,
or i inndequately agitated.  Throe erachs
may not appear until the toolsure L'munl«l,
The heat treating of die materials is dis
cusserd in Seg, 24,

Failures Due to Improper Grinding.
Grinding chreks and eracks are due to hizh
surfaee stresses cauerd by too rapid e
moval of e medal; by the use of 8 wheel which is loaded, dull, ar of  too fine g,
or atherwive unsuited to the metal; or by the ineffective uee of a ruo!z«.nf. Optimizy
reinding techniques will not prevent the appearance of grinding eracks if the die ln.-’
teen itmproperly heat-treated,  The deteetion of checks and cracks is freilitated by
inegeeting with fluoteccont practrants of magnetie particles, L

Failures Due to Improper Inspection and Maintenance, Schedults of ,vufwwlwl
inegwetion nml maintenanee are o use in well-run plants, Such s, et

Tranaiuet 2a0 GeTY

Fro. 201 Die record tagt  (Weeting-
houpe Bleetrie Corp.t




DIE FAILGRES AXD THEIR CORRECTIION

20-3

TABLE 20-1. CODIFICATIOLN OF DIE FAILURES?

ol Conditios znd reasan Cede Condition 2nd rezson

1.0 | Eranomiea! die run complets d, et too dee

1.1 { Eecozomicel die run eomplete (die not 8 e, poor punch-holder it
ground) Een: i broken, fragil

1.2t E ie2t die on eomylere {die ground] failyre

2.0 | Failure 1o make ezonomiczl die run Cnmp':d. gricding strains
(other than die failure) . en, improper beat treatment

211 Ecdof order

2.2t Productiva srhedule request to chanze B

jobs
Materizl out of stock
Mzterial over o under gase
Poar or substitute mave;
Die faile to make eronomicel run
Ezcessive busr beceuse of dull die
Dull die terauen of
w2 of inferder cutting lubricant

0 W eN
¥ D B i S0

o

Sheared punch or die
Press misaliznment
Die misaliznment
Pins or bushin
Poor setup
Pnnmg elugs

wing
icant ezusing blanks to stick
buer {rom previous operation

O e O O O e e i e e R
N CRI S R

lubricant

3 Poor stripping

6§ Underize or wroag shape pilote
5.71 Poor material giding
5.8 Prss ratripged
5.9 Pulling shuge
5.0 § Slopged die
6.1 Chipged puneh
6,2 Not enouzh taper in die
6.2 e of die t00 7o)
6. ¢  Lack of lubrieant
6.5 Imaproper elug clearaper in bolster of
7.0 { Puli;
7.11 Ezeemive break clearanee
7.2, Snt demaznetized
8.0 i Pu
81§ uuma grinding strains
8.2 5 Chipped or broken, impraper heat treate
8.3 Chipped 2. jam up
8.4 Chvad 02 brok -t
8.5 ratment
.64 % of lubricznt oz infedor

:

¢ Jubrieans oz

ie beczuse of wrong die stect or

SESESE88conocnn o mme
O T I B R R A ]

[

12.0

12.4

13.0

Beared, improper beat treztment
Seored, lack of lubricant
Sprezd, posr Bt in die kolder
Loase, poor §it in die holder
Stripper
Eent or broken, jem up
Bent or tizolen, hroken punch
Bent or broken, brokea bolt
Bentor hmken, broken springs
Bent or broken, too thin
Knocker fﬂu Z3
plate, made of wronz steel
plate, too thin
7 plate, of cxater
Bent knocker pins, wronz steel
Bent ke pins, too weak
Bent p: ockont, mede of wrong steel
Worn guide pins znd bushings
Worn or stnred, made of wrong meterial
Worn or seored, poor lubrication
Worn or stored, impropet fits
Vo or scored, press or die mizalign-
ment
Die shoes
Bent or broken, made of wrong materiel
Bent or broken. wmade too wesk
Bent or broken, improper setting
Epriges
Braken, fatizue
Weal, fatigue
Weak, wrong spring
Pilote
Bent or hroken, miseuts
Bent or en. poor fecding
Scored, wrong stee] or heat treatment
Part pot to drawing
Dirazpsionz! tolerznce in question
Sizinz die required
Return to toolreom
Die damaced in transportation or storaze
diffeulties
Tee preseiailure card and report on
record e -dm:;‘"
. etacker diffieulties
Repart on dw-rer'u'd tag

Westinghouse Electric Corp.

cleaning, lubrir'ation, adjustment for weer, sharpening of cutting areas, and the
replacing of die components, are commonly besed upon the kind of stempings pro-
duced and their production rates. Periodic inspection of finished stampings for burr
characteristics, particularly on long runs, will establish a praetical frequnucv for
regrinding.  Obviously, delayed resharpening, or dilatory replacement of wear plates

can result in di" Tailures and high serap rate.
o of such press aceessories as feeds end cushions

Periodic inspection, adjustment, and

<, as well 2g press main-
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traanee and dosction to include autof-paralled condition of tam and bed faree
e a0 pres averioads, wee intepmd with erganieed scdodules for optivim smping
{adiieatinn,
Collection and Analysis of the Causes of Die Failures.  Div fuiluers and their e
are eoddodd by a large manufacturer ns shown in Table 260, Uneconomical div rune
dur to other faetars are also dited. A record tag (g, 2041) i attached to o din at
the start of every mun and under *Reasons for Stopping Die Run" code pumbare
applicable to its malfunctioning are listed. - For example, 5 migeut caused hy midend.
ing, with a broken punch, n damaged dic button, and a bent stripper plate indicste the
entey of code numbers 5.1, 8.4, 0.4, and 10.2,

TABLE 20.2. CAUSES OF DIE FAILURES, MORTHLY TOTAL!

Monthly Monthty
O v
Sl contion and mmn | 250095 | pe | Mo Ape, M sane ] 20T
year
1.0 | Eronomieal die rut complete
1,1 | Eronomieal die run complete (die
pat proundi . . . o0 000 | 34| 31 F 20} 3 M
1.2 1 Leonomieal die run complete (dir
ground)... 17 Wi n 8 i 14

Tatal.,..

2.0 | Failure to make cronomiend die run
(other than die failure)

2.1 {hadetordre .
2,2 Mroduction achedule request to

j rhanee joba L 1 8 4 3 [} 1 .5
2.1 4 3 3 1 2 1 0 23
2.4 | Ma Frge,. 9 100121 8 2 6.8
2.5 | Poor o subititute material, § G B[ 71 @ 1?2 A&
Tatalooosveereines 47 45 043 [ A1 {3 ) W[t e
3.0 Dir fuils to make economieal run
3.1 | Exeenvive burr Leeayae of dull die it 203w n 6 4 "
3.2 { Dult dir beenuse of tack of Tt}
PARL ... aeeieseeol ol 5 K 2 0 1 0 i 1
3.3 | Dull die bersuee of wrong die ateel
or heat treatment, . . 9 LN LI A LI AV OO0 .
Total...ovven s ] wMipaupale L o
4.0 | Sheared punrh or dir
4.1 | Press misnlignment . b 1 13 7 ) 61 8 60
4.2 1 Dir nideatienment o 8 7 8 b ] 3 2 an
4.3 | Piny or bushings worn, . . 15 2 8 6 0 1 4 B
4.4 | Porrsetap 3 t 3 2 0 4 1 20
4.5 | Pulting s, . 6 7 8110 i 4 b 3.0
A6 | Miseuts, . . 1 1l 9 7 6 2 k0
Total. .- ERN R R IR R I D A

A monthly coded record of dic failures and their enuses, inchuding ceonomieal i
skown in Table 20-2 (through code 4.6 only) is tabulated for annlysis and correetive
action,  1f, for example, this record shows dies with sheared punehies or die Ixu('!"?t‘
(eevle number 4.0, Table 20-1), corresponding corrections for coded failures are fndie
cated in Table 20-3. o

Mizutd i the #tock may occur during or previous to n punch or die faiturr by
abwating (Tabln 20-4),  Shearing it defined as the dulling or reoring of punch of i
edge by contact of their cutting edges,  Miscuts may mixalign the punch mu!‘nhv‘, (24
chip or break thesr slements, A beot stripper plate, knoskont, or epread dis 2
sesult from mixeutting, in addition to producing a defective stamping.
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Broken or chipped punches (Teble 20-5) ey reault in 2 mejor die or press repair; 2
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SECTION 21

PRESSWORKING LUBRICANTS*

The fanctionzl requirements of lubrizents for pressworking are rauch more sy
$han for mo )rmrnzl Iubrication. The proper lubrication of shafts and bearin
under average conditions, termed “fuid” “thick-flm,” “visous” or “hydro-
i zm!'" Iub'l(&v'fﬂ, depends primarily upan the viseosity of the jubricant.  High
I ez, and elozed design of the maching ele-
ick: film resulting in low bearing pressures
with p ecsworking pressures ranging up to
s of friction of not more than a fewr

veral bundred thousand
rhonsandihs. e N .

CoeSicients of frictinns for various combinetions of metels (Teble 21-1) can he
forereqd by uitable pressworking lubricants, but they are seldom reduced to less than
0.0L

TABLE 21-1. COEFFICIENT OF FEICTION FOR V!—P.IOUS MATERIZLSHY

pressures
‘}:zn fmﬂ

prf«“ﬁm of minimize h%u dur to friztion br,meen vorl -
s end dissipete keat due to internal frietion resulting
it ’ph‘ siczd cooling).  Such thin-film lubrica-
in the range of “boundary Iubrication”” The cocfficient
tioa of thin ﬁ!:r“ under sncalied boundary lubriestion is independent of hubri-
2 spesd. Thin-ilm Iubricants are of 4o basie types:
1. Polar Ldricantz. 4 Ybrieant or constitnent of 2 Inbrieant capeble of it
sl or chemisal adsorption on 2 0lid surfzre to form a thin Slm which resisis
removal by mechanical znd provides Jubrication under high unit loading. A
thin-fm lubricant, 0 & t"f‘nfd iz defined 22 & polar lubricant
2, Ertreme-prezsure L'ﬁmmw‘ Lubricants capable of reacting chemically with
salid surfaees under rubbing conditions, tv prevent welding end provide Inbricant
products na risen. Extr s pertnit high unit load-




PRESSWORKING LUBRUCANTS

eonstitipnts
TYPES OF DRAWING COMPOUNDS

Oxide Lubricants.  Oxide fitm anay to formed by exposure to sir or by allaline
washes or othet methads to o thickness and adherence desired for proper fulmieatiog
undder high it pressares Suchos film i<nleo an extremespresenee labreant,

Inorganic Fillers.  Theer fitlers function ns rolid lobricants,  The noseleavage type
estries particles of such wateriale as chalk, lithopone, ar white lead tin n snitable
wrhiele), which are pulverized o< the punch starts to move, The weak-cleavage type
incorporate< particles of materinke sueh ay graphite, tale, or mica which slide nver eael
other with Httle friction,  Other substances sometimes mlded to the vehiele {oil-bywy
ste rine oxide, elay, flour, yeast, and/or bran tale,  Flowers of sulfur s also gied ne g
filler,

Low-melting; Solid Lubricants, Dried contings af high-titer (tatlow) sods soape
and dried contings of wax are used as lubricants,

High-melting Solid Lubsicants, Phosphate, sulfide, or oxide deposits, generslly
with a liguid polar librieant, are used in drawing operations,

Metal Lubricants. Ferrous metals may have o conting (hot-dipped or clectro.
plated) of o dissimilar soft metal, sueh as copper, lead, zine, or tin, which acts ax 5
tubricant.  Powdercd aluminun, copper, brass, or lead are used as Gllers in witer- or
ail-hase Jubricants,

Soap-nnd-water Dispersions. Dispersed insofuble powders of avid soaps in wate
are wirely gsed as drawing enmpounds; any soap may be used if maximsm hyidrely
is attained by low concentrations withont the formation of gel.

Soap Dispersions, Fatty Acids, and Fatty Oils.  Dispersions of this type are ueed,
untl provide good tubrication.

Soap Pastes with Fatty Materials. The paste is mixed with water to form an
eambeion.  Tree fatty acid may be ndded; stearic rather than aleie aeild s often
recamiuended.

Soap, Mineral Oil, and Water. This cmulsion is used mninly as n conlant.

Sonp, Mineral Oil, Fatty Acids, and Water. Some of these lubricants equal in
perforinance erlsions containing only emulsified fatty iaterial.

SELECTION OF DRAWING COMPOUNDS

Chasacteristics of Metals as Selection Factors. Somr faetors in selecting n com-
ponnd relate to the composition and condition of the stoek and die metals, we well o
the eeverity of the die operation,  Other [netors are properties of the metal

1L Yield strength

2. Rate of worl: hurdening

& Coefficient of friction

4. Rate of chenieal reaction with u lubrieant

5. Tendeney Lo form a surfaee film

General Chasacteristics of the Lubricant s Selection Factors. The lubrieant u-d
shonld br epeeified with regard to the following considerations:

. Handling, mixing, application, and removal
2. Clomiral stability

. Wetting properties

Toxieity and odor

Noneorredve or nonstaining propertics

b Pronomy

4
4

CLASSIFICATION OF PRESSWORKING LUBRICANTS
vondes tiptive trarde snmes, and the oumbee and ehemiedd camplexity
seate iy pre- ceorking Jubricante make it diflicult torl:w.-ify(Iwnnm"m\l*[’




CLASSIFICATION OF PRESSWORKING LUBRICANTS  21-3

uged, but 2 proper Jubricant is either of a type listed under Types of Drawing Com-
pmm(lc or elge 18 2 compound of the ingredients ligted as follow

Mineral oils are derived from petrolenm. Ezamples arc neutral engine oil, hright
stock, and straw paraffin ofl.

Fats and fatty oils are obtained from cither animal or vegetable matter.  Examples
are talloss, dégras, lard oil, sperm oil, fish oile, palm oif, cottongeed ofl, raprgecd oil,
castor oit, and b :

Fatty acids are derivatives of the fats and can be included in the preceding lass.
Iixemples are stearie acid aud oleje acid.

Chlorinated oile may be paraffin wax or fatty oilt treated and chemically combined
with chlorine compounds.

Sulfurized oils are mineral or fatty oile which have heen treafed with sulfur at
elevated temperature to yield an unstable organic compound of sulfur,

Sulfonated oils are obtained by treating eortain organic componnds with sulfurie
acid, followed by nentralization with an alkali, An example is sulfonated eastor oil.

Soluble oils are mineral oils to which an agent, uma]]y the sodinm suifonates of
pe tm]r*um has been added to make the ofl emulsifiable in wator,
ps are compounds of fatty acids with a base, usually metallic.  Examples are
pot um oleate and sodinm stearate, Some metallic 20aps are ingolubls: in water,
Lixamples of thege are aluminim stoarate, zine stearatre, and lead oleate,

Pigments are fine particles of wolids which are insoluble in water, oil, and fat,
Izamples are whiting, tale, lithopone, white lead, and china clay. Graphite may also
e inclided in this class

Lubricants for pressworking pirposes may be generally classified a5 follows:

Extreme- pressure Lubricants, These are typically sulfurized or chlorinated fatty
oils or paraffin wazes in coneentrated form or diluted with mincral oil. - Compounds,
giich as Jead naphthenate, may also belong to this type.

Pigment-type Drawing Lubricants, Thesn are of thres subfypes:

1. Emulsion enmponnds, which eonsist of paste enmposed of fats or fatty oils
{cometimes mineral oi}), pigment, emulsifier leg., soap), and water, They are nsed
asionally as supplied but are usually diluted with water and sometimes with
mineral ofl for efficient applieation.

2. 0i) componnds, which are pastes of pigments dispursed in fatty oils and/or
minsal oils, which may be sulfurized o otherwise treated.  They are used straight or
diluted with mincral ofl,

% Dried-on lubricant and pigment coatings, which are widely used in tube drawing
mld orcasionally also jn sheet fakrication,

Hon-pigment-type Lubricants. These may be divided into four subtypes:

1, Emulsion drawing compounds, eh are paste r't)mpnhr'd of fats and fatty oils
and their fatty (sometimes alko free mineral oil), various emulsifiers, and water,
They are ugnally used diluted with water,

2. Tats, fatty oils, and fafty a whicl are soroetimes used straight but usually
are mized with mineral ofls for us :

3. Minerdd oils and gr b may be used straight.

Solubie oils, which ate generally difuted with water,
Soap-type Lubricants. These are of the foflowing fanr subiypes:
1. Dey powders, which are sadinm- or ather metallie-type soaps; they are ned as

furnished in powder form, largely for wire drawing and by some manufacturors for
tuhe drawing,

ed-film componnds, which are usnally solub

fllr'r" (e.9., bhoras, or sometimes econtaining sas
ale. The parts to be drawn are dipped or sprayed with

solution and dricd prior 4o the forming operation,

% Bar goap, which i sometimes used us such for spinning and drawing,

hich are: sodinm or potassivm sonps, diluted from 14 to 10 per

oaps, often mixed with solnble
ng agents, and other chem-
ahont 1 10 ta 20 per cent hot

4. Soluble sonp
cont with water for




244 PRESSWORKING LURRICANTS

DRAWINRG.COMPOULD RECOMMENDATIONS FOR SPECIFIC METALS

A iy oy hebeleant sedection 3 the severd
et adations define noeadd operation typieally ax noshadlon des on Toweearhoy
5r e aperation s doep drase on Ioweearhon stees and g s opetstiog
srirideecn e dmw or acnveumlesstube draw,

of the operation,  The follasing

Deawing of Steelt

Mild Opecatime:

1 Mizeral ofl of medinmdieavy to heavy viseoity

2. Seap sofutions 1.03 to 20 per eent, high-titer soap)

3. Fat, Intty-oil, or fat d mineral-oil emuleinns in soup-buse cintilvions

4. Lardenif or other fatty-oil Dlends (50 o 30 per vent fatty oih

Mediy

1. Fat or ail in roap-hase ensubfons enntaining finely divided fillers suelons vhiting
or fithopane

2. Fat or ofl in soap-buse emulsions eontaining sulfurired oils

3. Fat or ail in soap-hase emulsions with fillers and sulfurized ofls

4. Dissimilar metads depocited on steed plas emul<ion lnbricsnt or soup solution

5. Rust or phesphiate deposits plus emulsion lubrieants or soap zolution

6, Dried soap film

Severe Operalions:

1. Diried #oap or film, with light rust, phosphate, or dissimilar metal coatings,

2, Sulfide or phosphate coatings plus emulsions with finely divided fllers anid some-
times wullurized oits

3. Franlsions ar lubricants containing sulfur as combination filler aud subfide former

4. Oil-buee sullurized bleads eontaining finely divided fillers

n Opecations:

Drawing of Stainless Steel!

Mild Operatinns:

1. Corn it or enstor oil

2. Castor oil plus emulsified soap

3. Waved or oiled paper

Mesdinm Operations:

1. Powdered graphite suspension dried on work before eperation (to e rrinnsed
before sunesling)

2. Filler braring enlsion Inbricant at heavy concentration
A, Solid wax filns
ste (Qpreations:
L Lithopone and Twiled Tirseed oil
2. White Toad s linseed oil to n heavy consisteney

Drawing of Brass!
Mild Oprrafions:
1. Raap rolution (0,03 to 2 per vent high-titer soap)
2, Fat or ofl etoubdions with soap erlsitier

3. Lardwor] blends (10 ta 20 por eent Tand oil in misweral oil)
Medinm Operations:

1. Soap solution,  Roap should be high titer (3040 12 per centy, fatty i anud fore
g

athnti <ol T fess than 007 por eont. Solution shonld b Jow eonrentestion
LU per centy, hut Jubricant shonld eantaet work gt least 80 s, Addition o
1 per eent welted tallow and 0.25 per cont stearie acid to 1 to 2 per eent xosp bt
3+ desirabide for medinm to revere draws, .

2, Farely tiek fatty-oil comulgons with soap esmnleifivrs. Free futty neid in the graste
Fewr eyt b et bt 2 per cont,
. Lardeil Wlends 125t 50 per cent lard oif i mineral ail), Free
et of the Wend shontd be 1.5 ta & por cent,

rot




LUBRICANTS FOR STRETCH PURMING OF ALUMINUM 21-5

Sewerq Operaliong:

1. Soap golution of | 0 2 per cent, containing 1 to 2 per eent, tallow wnd /or 0,25 per
cont, stearie aeid.  Lubricant. and work should be in confact fonger than with Jegs
gevore drawe,

2, Riel Jard-oil blends (50 to 100 per cent).

3, Drind goap properly applied.

In most instances, brass recarsmendations apply to copper, although copper vields
more rapidly and requires more effivient, lubrication than hrags,

Drawing of Aluminum!
Mild Operations;
1, Miners} oif, inereasing in vieensity as severity of operadion inereases
2. Fatty-oil Wlends in minerat ol (10 to 20 per cent fatly oil) or petroleum jelly
Medium Operations:
1, Tallow and paraffin
2. Bulfurized fatty-ofl blends (10 to 1§ por cont), prefernbly enriched with 10 per
cent, fatty oil .
Severs Operations:
[, Dried goap film or wax films
2. Mineral-il or fatiy-oil blends or sulfurized-oil blends, pius finely divided fillerg
3. Faub emlgions in sonp water phis finely divided fillers

Drawing of Magnesium!

Mild Operations:

1, Graphite (usually colloidal) in mineral-oit difuent,

2, Beogwax or paraffin and tallow

Madivm Operations.  Flake or eolloirdal graphite in a volatile sulvent sueh ag carbon
tetrachloride, naphtha, or aleokol spread on the work and solvent-evaporated,  Add
20 per cent graphite in tallow on the die,

Drawing of Zinc?
1. Neutral soap salutions
2. Boap contings
4. Low free fatty-acid componnds
4. Light neutral oilg

Draving of Titanium and Zirconium.* Zine phorphate coating plus a film of dried
raap, way, or nolybdenum disulfide,

Drawing of Tantalum and Columbium.? Sulphonated tallow,
LUBRICANTS FOR STRETCH FORMING OF ALUMINUNM®

Lither enbsion- or oil-type draving lbricants are suitable for oold streteh, forming
of shiminum, The emuleion types are usuelly sande up from pigmented driwing
compounds in order to geenre the enshioning effects of the golid fillers, They may
congist of tale, elay, carhonates, mica, chalk, ete,

Ordinary calcium-hage geauses, hard yellow naphiha soapy, and compounded beavy
eylinder stock oils are alko uged for stretel forming abuminum over stec) dics,  Where
the work metal Iy heated, sny ghove 400°F, to facititate forming, relatively inert
Iubrieants must br. uged to hubricate and to provent forming resinons gummy deporite
on the work purfaen,  Althongh hard yellow goup hus beon wsed for this PUTpOR,
praphite surpensions sre more suitable for bigh-tomperature forming deapite the elan-
ing problem,

Wiers: nonsmetallie dies, meh w plastic dies, are veed for cold-forming alurinn
no lubriant is needed because of the Jow friction charaeteriatios etween the two
materials,

Sornetitnes o rubber pad betweon die and vork i ged in etreteh forming aluninm,
The rublier pad stretches und moves with hoth metal siefaces 1o provide rraquirnd
cushioning and prevent metal-to-metal eontact,




26 PRESSWORKING LUBRICANTS

LUBRICANTS FOR RUBBER-PAD FORMIW
padeforming worh, oneh as Marforming, the v of s oot nented o
Ay apphied 1o the sk Bhak, has been {oied efieetive ae et
g e ngplicd By predip in s hat myeans solution snd deying, o by henek
appleation, 1 wdvquatedy neutral, neither too aeid nor too allali, the
ceap wal] b ao detrinental offects on Ui rubber pad, A blend of Bt sinrad oif
sl pentral lued el hae ol proved satisfuetory for Marlorming of both v} sod
stumminu ot smbient temperatures,

LUBRICANTS FOR COLD EXTRUDING*

Bath carbon ad alloy steels ean b coldeesteuded, although by the effeets of cald
warking on the metal, even bowenlloy steels show vematkalbe physieal propertiess hey
colduestrpded,

Lobrication enpeists eoentinlly of two stepss Fiest, a0 phosphate costing i
sppdied to the sl or Willet by the wouat methode for such processing. Thit cotiste
of wpray ar dip applieation in g hot (180 to 200°F) aeid phasphatizing solution after
the pieers have been degronsed, pickled, and rinsed to secure s cenw surfeee, The
solii] plosphate conting nets to prevent metal-to-metal contaet during extrusion and
sl rerves pe o base for the suberquently applied fubricant.

Seeond, o nauenus, fatty-acklype coup emulsion is vsed for the aetual extrusion
{nbrirant,  Various substances have been tried in the conrse of deselopment of the
peoves-, including sulfonnted tallow, Iard, chlorinsted wies, sodinn stearate, and
fattyeueid soaps. Application is by immersion in 4 dilute, ot (150°F) rolution ned
drying to seenre a thin, uniforn, rdherent conting ndsorbed on the phosphnte unders
coat,  This combination hns proved quite sucecessfal in commereial applieation.

As s dubrieant on ahiunimm, sucl substunees as tallow, bnolin, sad combination
of waves, fatty aeids, snd soaps have been used sueeessfully, - Copprr and hracs are
extrtded with deied-on sonp coatings, soap-fat compounds, heeswax, other wax romn.
Dinatione, tallow, and vimilar pelar-type Jubricants.  Tin and lead are suecesfully
axtrided with hydrogenated eottonseed ofl, zine stearate, wases, and wax-fatty-neid
cambinations,

Applieation of lubricants to the metal dugs is made by either tumbling the sugs
and 0 quantity of lubrieant in o drim, or by dip application i the heated fid fubrie
eant and then air drying. The important aspeet in the appliestion of theve fubrieants
i to geenre o thin uniform conting over the entire surface of the Mug.

DRY-PROCESSED COATINGS

Thesr contings sre eoming rapidly into use beeattse of their casy and ceonotie
application, freedom from messy canditions at the press, nnd eaxy handling and
elegning,

For dry roap filme, stock or purte should be eleaned in degreacing eofution, at atoat
1F, rined 5t phont 160 to 180°F, und the water-soluble zoap solution apphied at
setnperatutes in the order of 180 10 200°F. For low production, dip coating may be
st ceannmie,  For high produetion, toller coating i proferred for sheet and enil
atoel,

Was vr war-fatly contings for light 10 medinm drawing, espeeially of nonferpoe
“tork, iy b sppliod by hot dipping 5t 12010 130°F, by spraying the materist tint, 01
by eal spplieation in a solvent vehicle,  Tn the lastaunmed wethod, the vehick neds
to e flashied off, under cadety preesutions, leaving a dry eonting, .

Plasphatr eantinge aoe propedy elemical immersion eoatings feee Dubrieents for
Cold Fatnuding',

Grphatr ennting- gre useful wnder higlhetemperature and heayy
framilde 1o u-e water-bgee, oil-base, or other sofid uhricants, ’}wx 8
e of diffieult removad and is consequently wed for Arawing euly

neee ey, .
Trcesthe s namoephens or fneansditlabe form, graphits may be geed dey o ita v

initefond eandit

Liste



DRY-PEOCESRED COATINGS
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SECTION 22

SAFETY IN PRESSWORKING*

SLFETY OF DIES

il e
Tormed aemray
ope
o enatints Az 707 the e

Thaze. are o prohes oa the lever D3

fvznre and 1o check whether or not the




SAFETY IN PRESSWORKING

The 'y'n‘n 1008 elieston whether or pat
The two mu)w ot lever 117
al strip sl v hother the Blank b doopgeat ont of
o hxvh the probe 26 teonttached 5o jointed and feveoat the
the binit wwateh will remvin elosed when the probe iv reting on the
sdver sbug Shauhd the slver stug be mising, the end of the prabe wonld acmme 5
Pvave po-ition, therehy apening the limit switeh,

Ancevanple of Bimitswitehes od toaletect misfeed jeshown in Fig, 22-2. Fhe lever
E s el by the tenston spring (D) azainst the limit switeh kl)'l\ nntil the stood,
i Bl fsr enuteh tnopen the ssiteh, A Toag as thicswitedielommd, the pees et
mabe wnntivr evele, i ease the stoek i< overfed, the arm apens o Yunit witeh (1),
whivh o prevents the press from operating st the overfeed i correete]

in l‘n ul {ig e

i

ey g
d
3o

OFF

HORMALLY

Fro, 202 Ve af fimit awiteles to indirate misfoed of ~tock,



SAFETY OF DIES 22-3

Figure 22-3 shows znother application of a Jimit switch to detest misfend, In
ardinary operation the pin (D1) acts a5 a pilot for the strip, In case of 2 misfred or a
broken punch, the pilot will not be able to enter the hole in the strip; therefore it will
ascend and the tapered head will force the lateh 102} to elide outward, drpressing the
Yimit switch. The limit switeh is wired into the control circuit of the machine and
the opening of the switeh stops the machine.

Fro. 22-3. Pilot pin operating a limit switch to detect misfeed. (Eglinton Carbide Products
Inc)

A limit ewitch or a safety stop shown in Fig. 22-4, depending upon the type of con-
trols, can be used to stop tripping the pres ul until 2 slide feed or a sliding die is in
proper position. The bell crank (D1} remains under the collar (D2} on the trip rod

until the pusher (D3) pivots the bell erank to enable the trip rod to travel downward,
To make this safety stop operative, it is neccszary to have a press equipped with an
apti-repeat eluteh control.
Borrier guard i Trip rod,
musf prevent Collor st
hand's from ollot, fasren
reaching ove ‘ f\\ { on Frip rod,
under or K © \ I L=stroke afl
thry the 3 P { Frip rod #1
guard/ 5 (VAN P
]
i !
i

I
i

Fra., 224, Pusher-operated mtnrlwlnd puneh-peess feed.?
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fr }n'n'“ 4 pm'»vt{n:\ when iy a did

athl be LT oy
A m EEEE: i b operati] £ fro the prees sbadt by

Ll the il stespe, o ping dr\» et s hole iy :l s tled plae,

REN fl‘nr ongng oo ', this ]vu deope into position, sl the

Vo ¢ oo s prves,

At ta epe r\ o I or any te o Hw sl dies not pueating pmw-rh, the

ot tep of e di plate, ploing o bever to the path of the clutdiretiae ting,
H'u.\< the chutel dog Tram the flywheel, and e press staps befone the
seibe the dinl plate. Every precantion shoald br taken to enenge that the
ehntebdog beowithdeswn at te top of the troke onlg, breate the brake o a mhan.
irad elateds peess fe soddons e enough to stop the ram when the erank s pot on o]
center, M the ernnk constec o down, the cluteh may reengage and the s tuny
attempt ta complete its eyele, When the faults are corrected and the dinl i tovid
ta the praper loeuting, e pres i perdy to continne operations. 1 digle are wsed to
et parts, ping cut be lovated to cheek for proper pasitioning of component parts
to eliminate the possibility that the machime mey continue to produce vofinished
gesemblies, 10 work B being done on g shell, the pins ean determine if e right snd i
up, The ineorteetly positioned part could be ejected or the press could be stopped
for remaval,

Ram Blocks.  On all furge prewers where div-mgintenanee operations nre necessary
with the die in position on the press, bloeks shonld be provided to e plaeed between
the ram and bed of the press, sinee the possibilities of damage to dies and employee
areidents are greal,  Blacks suel as those shown in Fig. 22-5 map he (ymwlv-\l for
pleeement between the slide and bed of the press to proteet & man working in that
area setting up or repairing dies. The hardwood wedges are plaead on the ram Blarks
to madntain o space of 4 to 5 in, between the Tottam of the slide and the tep of the
ram blork, When need on friction-drive machines, an eleetrieal plug, which must he
in its reeeptacle to complete the electrical contral cireuit, ean be fastened to the block
with & short picee of ehisin, The reeeptacle shoukl be plaeed far enough from the
prees opening o that the Mock must be moved to a speeinl location in order to inwrert
the safety plig,

Instead of the above-mentioned plug, some plants insert n mnshronm-head stap
bhutton in the top of the ram bloek,  This stop hutten is the same type s instalied in

ni
T { 1]
Fntt-{ x45° chomber
bottom Use hole fo hany
salely block oaupright of
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SATEFY IN PRESSWORKING

e o p T the operator's Sandv ot of the danger nres anthe
i cat b oy mn;»m‘v by noarsn pvoted o varp
ot in Pl Annd B Another type o swerp
phate tepe, This guaed oo o iorzoatst hisged
g nrlu o the foll witth of the pro-copening. As the rany deceende, @ finlage
mnement attached to the rim mises the plate fnto the vertieal position,
voobjeet out af this dunger area and st the ssme time gaaeding the frog
The sweep guand provides protection in e of meeideatal deeent

«ur that the tripping mechauiam of the pres. brings s baeriey
dnwain front of the diebefore the ehutel can be tripped. To Fige 2228 the gate guand
N i pdled fnte position by the teeadle rod (02, The tripping angle sam (131
enpages the ndjustable stop nate (D1) threaded to the chuted trip rod (53, Should
el eperatar's hated or 2ome ather abject bre on the balster plate and the gate guard be
bl to pach the lowere d position, the press will mot be tripped, The gate goard
Sheven Bonetuened to posi by 1'mmlrr\\r1;,h(~ {16), tt mechnnical, hydemulie, or
air deviers ean be weed, < device offers no protection to the operator in ense of
e~ fuilure, Thix geard can adso be adjusted o net ns o stationary barrier for
primary operations,

T, 928, Carsbinntion gate rud bargior puard.?



BATHTY OF OPERATORS 27

The pull-out guerd (Fig, 22-0) netanlly pulls the hands of the operator ot of {le
dunger aren. The enbles ave nifnehied to the rum of the prow, mpning over i suitahle
frameworle nnd o geries of pulleys to wyistlele which are alinehed o the opersdor's
swrista, The goard i proparly adjusted {o fit the opertor, the die, and e plroko of
the press. As ihe ram deseends, the operator's hands nro palled from the dangor area,
This deviee tlso provides protection in ense of neeidental deseont, of the mm.

Cablen conngelod

o rod
) 7
) -
.

oty

</t connnalied
7o prozs sfidp

> - 3
Ve 9
) U
Cabfe connocked fo wrist T
T, 2240, Powon's yuard appliod Lo the prams,  (9he Positine Safety Mfg, Co.)

Barrer goards ean be divided into thres groups: (1) figed-basrier, (2) adjuntable
Darrier, and (3) interlocked-Duyvior,

The fived-arrier guards ne designed to b pormunently atlached o o die, Thoy
mny be construeted of rods, sletled molul, or o trangparent maderint momded {o o
suitable framework, 1T canstrusted of slotded metal, the openings shoald be vertleal
slofs, 574 in, wide, 1o ierense visibility and reduce opernlor's eyestenin, A maxinsem
of 44in. clearnnce shonld e pllowed hetwvesn the fixed barrier and the movahle parts,
To use grards of this ypo, it s necossary to provide nn opening for feeding, steipping,
sl on doviees,

Tigura 22-10, A, shows a fixed=barrier ganrd fastened (o the die show and extending
up Lo guard the punels holder whieh i the seme lengdls ws e ram, - When the die shoe
i shorter than the ram and punel holder, v offset Iievier gard may be constraeted
ns shown in Fig, 22-10, B, 10 the peneh helder pid die shor are Ui sune tength, hut.
sharter tan Uho rum, U geurd nay he conntraoted in two perts as shown i g,
22-10, (/. One seetion i fastened to the die dhos and the other to the puneh holder,
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NSOV A
avd 1o D e

i feout ey

it

CORIRE T I

At eantenl i I8 from the
sorted faees ahonabd e seed Btwenn the heaebets {1y
Lot tighd Joint,
foeo dmigmed and Lot that, swhes the bartier i open, the

v it eefred wetipa that requine the

rurd 9 Heve s jam or to repair a breabdown, Pins ean begeed 1o
T trip ead ar n finat ssciteh to opet the electeiead cireuit of the
218 whows an inteedocked breries cloeed mnd the pressuade ready
the pinan the clateh teip rod. Before the Dasrier can be swung
- paa-ition, the pin -l zetmoved, diseongeeting the eluteh trip o,

A

IR OE:

T, 22280 Interdoehed-barrier smnrd, (Tunkin Sufety A pplinnee o, Ined

Spring for Punch Entlosure. A eonienl spring for enclosing o piercing panch
By Tentien of the stroke of the press, i withdrawn fram the stripper nttached to
P14, The rpring tebesropes and reguines lessspaer in the

vl
the die i showr in 1
eloond pasition than a straight spring. To nvoill pinching fogers, the spaee hetween

(N

the enifs i the open position chaulll be o maximm of % in,
Photoelectric Deviees, A photocleetric or selenium safety doviee Jer s sorer of
: iver, snd other eleetronie contral rquipment,  The leght reys
teed to surronnd thee danger aren, When the aperstor’s Jund oz any gort
by - dn the danger ares, inderrapting the dizht heam, the po mnt _\N
i the fand of any part of i hodg futerrupts the light hram kil the o 1o
5, the precs will he ctapped ammeditely,  Tlese devie should 1ot be
veacluteh peess s where the tun continues for o complete stede sfter
sing af the e,
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Fi6. 22-14. Conical spring enclosure for  Fio, 22-15, Twohand tripping  deviee,
plercing punci.? (Benjumin Electric Mfy. Co.)

Two-hand Devices. Two-hand tripping devices are 20 designed to require the
simultaneons use of hoth hands to irip the pr uld be designed go
that, should one of the buttons be locked in | position, t| will not oprrate,
The device should he located in such a position or guarded in guch a manner that the
operator cannot, trip the press with his arm or sther objert while his hand js in the
dunger area.  On friction-cluteh-operated p controls should be interlocked
5 that, should one of the huttons be released, the deseent of the ram wotld bie stopped
instantly. When two or more operators are employed on a press, separate two-hand
controls should be provided for each operator. Two-hand tripping devices are avail-
able commercially opesated by air, hydraulic, electrical, or mechanical means.  Figure
22-15 shows a two-hand trip device. Two-hand tripping devices akeo apply to some
types of foot-prezs operations,

Treadle Guards. Treadle guards should be instalied on all foot-operated power
pri to prevent accidental tripping of the presses, The guerd, except on presses
;m ing long treadle hars, should have an opening not more than twice the width of the
0ot,

Peed Mechanisms. The safety feature of 2 ferding deviee is to provide a means
of moving the part into the nest by gravity or mechznical motion go that ther
neeessity for the operator to place his hands in the danger zone, High-speed presses
equipped with automatic feeds operate at such speeds that it would be impractical as
well as hazardous for an operator to attempt to feed the stock into the die.  Semi-
sutomatic foeds can be simple deviees attached to evisting dies or incorporated into
the design of new dies for the safety of the operator,  Small dies may be mounted an &
pivat or slide so that they can be moved out from under the punch for nesting and
vemoval of parts.  See Sec. 19 for practical designs of feeding and unloading devices
in common uge,

. Limited Stroke. On kick and font presses it is often possible to minimize finger
injuries by adjusting the stroke 5o o to allow %-in. foaximum) opening hetween the
punch and stripper or die in the “up” position.
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Fra, 2236, Punel-press fivacheed guard, individual deive,t

Ring Guards. A ring gunrd can be attached to o hand or font presy to cneirede the
punch, It shoudd be inatalled co that the ning deseends abead of the punels, s if 2
meete an olstruction, the downsand motion of the raum will be stopped.

A ring gnard srel ax one shown in Fig, 2217 muy be costrueted, Under ondis
operating eomlitions, the lever (D11 is held down by o lip on the slide (025, sl the
earn 103y i under tie potel in the dide, Should an alistruetion be wader the riop
giried {104 during the dewsent of the rans, e eam would pivet to the pasition doe
by o light downward moversent of the rn and no movement of the geanl asel i
sapport which i begeath the ean,  This pivoting action moves the dide ot v

cwving the Jever,  As the Jover b releaced, o tension spring, fastened to the baee
nens it pivot pint aimd to the pad (034, pudls te pas into contact with the ratele!
05, stopping the motion of the press, i the operating position this pae L bt
up ff the rtehet by o pin pressd into the paved and riding in the ot os e e !
of the dover, This devier must be peet o the Ltehed position to vuadde fustde
oprration of the pres, .

Sheet Separators. A ~hielded-hanedle knife or a maguetie et ot s it
of an operator in removing large blanke or cherts from sootart,

mngnetie shet fonter ehown i Fig, 22218 e ten of tunzs fromantd y’ “:"
RIS

tha oy
T

et Trdetion emtees s fowe of the top steed sheete i o omme the ey

el o the magnets snd, ns arenlt, the appasitedy sagnetized Geets g t

it e gnmte ennngh to fneditats their removal,

b
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Sanplestnte or gontepest sy
nt nndd vone
{9

sivd to trobe, shoold the opentor's foe
bt Jime 20-Bbehowa the devi-ein Inteked poitine, ay
-+ the treadle at the end of the trip ol LD, which palls the o3 b
tdownnand and teips the elutels A the ranceaehe s the batteg
the catn (14 contaets the follower (25 whiel relemees the Itedy frgeey
o of the trip rod (D60, Another strobe cannot be started wnty] the
e, allowing the dide 520 to neeomd and the ) i ;i

Fra, 2220, Singleestzobe deviee for frnt-treadlnngerated shyteh 3
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Hand Tools, The wuge of hand-oading toofs ie reoommended for Jouding and
unloading & die wher it i necezmry b0 seaeh into the dic apening bo poition the purts
to he proezzed proprrty,  Shown in Fig, 9291 are some types of commerrisl and
tools available, A eoft-wood dowel is ugnful bn pushing parts and serap around in o
die. Many of thegs hand lools ure made from soft alwainum go thal, if the operator
aeidentally leaves them in the die when the pres i tripped, the die s not Jikely 1o
bee damaged,

1

AATC Y
= ] \Q __’J,_._—Lﬂ
= (7}
15, 22:21. Hand toole: (4) vaemnn lifter; (B) special pliers; (€ magnetic pickag (1) sic-

Yine vacturn piekup; (5) adiustablenone pliorsy® (F5 siraetuated jane,
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wnheel cedl Lasge Priveee
ev Qb e mprachieal B neselesabe g
at high epende Peprnedent wpon the tangyee
thof totrake, spenbe pnrally mnpe from S

nare aaibibde which have nepeed np ta S0

the frnves ioningles or multiplegeared, cnerzy van be tananitted 1o the
it Laft i one er te o pesrcon eacl finft, - They are reepestively ealind sinst- s
tuin adrive prcws, 2econding to the we of ane or two pairs of gears v eacl dhade
tratemit the spesgy i 20 B oand O The twinadrive arcangement fs g o

Fipiteh ity Fyiwke] =~

T 51

(A) Mongearedor flywhoeldrive () Single reduclion. Single geardrivg

Fypihea. Flpwheo)

 —

] I

(C) Single reduction,Twin gear drive (D) Mutiple redustion gear drive

I'ta. 23-1, Types of mechanien? press drives,

reddiiee the torsionnl steain on the shaft sinee ot upplics power to both sddes of the poin?
of redistnes,  Crank presses of low tonnage capacitivs, short atroke, pud a narmon
cpn of the main shaft from bearing to hearing are generndly not twinadriven,  The
shaft on these presses is not subjected to w0 great n torsional strest go the shaft 1
prsses with o greater span, - It is advieable to twin-drive Jongestroke preses, shitlos
or ant they have nshort or Jong span hetween the bearing housings, )
Mot presse aro of the tap-drive type in whirh the driving meelonim ivlorated in
the crown and pushes the slide down to perform the operation,  The underdrive tge
Yar the meelaniom under the bed with connecting inkage in the prights to pull the
slide downward,  The wechanisms of the Jarge anderdrive prosses nee helos the o
lovel, thus requiriig & minimum of headronm sbove the production Bonr, but eithes
bement or trenelitype pit is required to serviee then,  Machine tepair doe
sl i obtrietion of the produetion foor. .
Hydrautic.  Water or ofl preesure in o eylinder with o elo-ed end roating o
o oves tho elide in this type of power sanree, A prmgs supplivs the pee
s e eylimder,  Hydeaulie mechnnisms aze enpable of mointaining cnfatant peei
st g throughont the entire steke or af exerting masioum presare st woy des
withimn the limits of slide trnvel and press enpacity,
The tmadern rlfcontained Dydeaglie precees v their own puasp, tote?,
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Nos proug b o dur the wtopape nf ey D therelin )

‘!‘ t the enitabers by dhe prenp snd motor whieh st e by
e e pobof ol b quiettts of the ee 1 The adrae pavd
i propartiens] o e wee nf the wotor and pempe The tos
it upan the eroootionnl areof the pivton or pictons and 1~
3 ddeveloped by the posg,

e s s sy e etes ey s to spply the eesey, Sueh eyt
te engdsle of capptving o lstge valnne of !m("mhv Buidd 0t o relntavely
avrven nonhord e, Thiv e of system reguines amsller vohaoe ("\])u i g
thunt ditvetecninected syvatems sinee the pumpsenn recheerge the secumulator dagmge
i fdbe poerivad of the peecceveles Thoe tine segquined for Tading aml anfondiig die §
determined by the necargingtime requirements,

METHOD OF ACTUATIOX OF SLIDES

T alt power pre-es the work s performied by the slide or slides thuph prtijie.
ating swtion to snd frote the press bed or boletir, I mechunical presses, shide
wation originates from:

1. Cranbshinfte tneorporating erankpins or eceentries

’.‘ Feetntries cast or welded integrally with ar bolted to rotating wain gears

A pair of knuekles folded and strightened ont by o pitinsn-ernukpin mechunian

L Oeillating rocker shufts and togeles

Main Shafts,  Main shaft b single-aetion pros-es of the nongeased tepe e af cone
ventional erak, seneecontric, or Dnllseceenteie design, The sumber of thuwy or
cerentrics on the shaft i« determined by the number of points of suspension of the
stide, Pointeof suspension are the number of places whene pressure is transmitted by
rontections to the side,  Presz connections, exllsd conteeting rods or pitmans, see
usnadly adjustabite iy fength o that the shut height of the press ean be varied,

The single-point suspension isweed in presses with relatively narmw widthe hetueen
the uprights or with neerow slidea,  Two-point-suspension preses have cantectinne
o esch end of the stide,  The slides are wide eight to loft but shallow frant to baek to
necommotdate Jaug but relstively narrow dies.

Fensespinatesstepension s have eaneetione on enel corter of e e sdids,
These presses ean secommodate work in wide tright to 0 and deep (Front tn baeks
dies, espeeinlly when Inads are distributed unsemmetrieslly,  The recommended Jrul
on nny one corner i5 not more than 30 per eont uf the rated tonnsge of the e

Eccentric Gear,  Ferentric-genr presses ineorporate o slide netuated by an eeventric
cart o welded integeally with, or keyed and bolted to, the main gears, The pear
recentric is mounted on either n rotating or ponrotating shuft shich (s sometimes e
ax 1 power take-0ff for aoxiliary equipment. Torsional stresses are qot prsent i
shaits of veeentrivally driven pressesas they are i those of erankehaftadriven poe e

Knuckle Joint, Presses employing kaekle joints develop tremenstons presvies
near the battom of the stroke. They are often ueed for compresdan apeerations
tequiring, Ligh pressures during s short portion of the stroke, Fhe foree i applic
through o ersuk or eccentrie to the joint eonneeting two fevers of cqual lengthe, The
fevens are netusted through & senadjistable conneetion from the shaft in the bt o
the press frame,  The slide motion is nelieved through the straightening vf e dso
hipeead fevers which suspends the side from the erown.

Toggles. A erank o eerentric netiatee o eories of levers linked i tandes i s
repeiee of movements through two or wore dewdeeonter positions or dxwxvm g
pste, Fhes age spaecd at elosely related intervals ta necomplivh sn of £ ctive sheel
of e hnlt!irm embwr, In the tagele mechanism the foree fonbinys evorted
cnve et of n eeries of fevers bt showdd not e confused with the Lpuckleuiat gt
caeting iswidely yeed i doble-aetion pres<es to obtait the proges 2o
tics for thee hlanbhobder,  Frine 202 show that the tevipresstion - ©
alriven stk o fontor e and dwells Janger than the vnudalrises o
0f thes L i the o

At

cimatant pre .

Tuye

Jejoint action shasee o shorter dogree of duedl thea
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s A trplonetia press gaeneporatie theeesfides havig thne mato
siehured for e Tt gedenwing, and fotming, Ty o) o,
Wabder v ginne r e lides sre doented abaor, wnl g b 55 1
Fhe inner slidde sdevelopeon smdl nmonnt of deefl 2
Provanal it tkes The blanbhiolder shide nenally hacodehtly more daad] thag ta
fad on 6 enmprratde donldeasetion prec, Tise Jower shide s wanlly actiated by
at eerentie ar s emnb, The Jower slide mechanian jteolf nen role deselape 5 bty
statie, but anty duritg Qi very top portion of the strokie is foree tranemittnd s 1o
Prver <fide, Fhis o sevamplished by anting the mation of the pro-une pin plate ned
the tiaveling of the haver stide down feone the pin plate proper, Preventduy practio
i to wynehronize the lnser ofide motion mechanically with the upper <ide matioge,
althongh 2eprately driven Jower motione, electrieally intedocked ta the uppes
motions, are eften yeed,
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PRESS FRAMES

Pover piress framis ean b brosdly elnesified inte twvo geners] types, gap Ine o
€ frame and straight side.

Gap Frame, s zeen from the side, the housiugs of o gap-lrame press aee ent bae,
below the gibsto form the shape of s letter €, This peemits feeding of wie strip ton
the yide, or farge sheets, Gap-frame prewses bnve asolid haek or an open bark ta
permit feeding from frnt to baek or the cjection of finished part< ont the bael,
Openchark frame presses have frates that wre i a fived vertiend position of i a fived
inclined pasition or ¢ frame that ean Tweinelined. The inclined pocitions permit
fini-hed pasts do Tall ont by gravity or to be blown ont by airat the rear of the machine,
Open-hack frame presses have the flywheel and gearing, if ang, ot eithee the right o7
feft sl of the press. The flywheel and geuring ot a solid-back press are availsble on
either the side or the back of the press,

Straight Side. This type of press incorpurntes a slide which truvels downyard
tietween two straight sides or housngs. The frame construetion eoneicts of 1 bues,
berd, liowsings, and erown, The frame may be cast or welded inone picee or the
mdividunl parts may be joined by stee] tie rodv, These presses are geed for hesvy
work it the size of the work i< limited by the left-to-nght distaner betaren the
hewsings nnd the work must be fed fato the die from front to back,  Sidetoeide fud.
i niny e achieved 0 there are openings in the onsings,

PRESS CLUTCHES AND BRAKES

Clutches. “Thming aud control of the intermittent reciprovating movement of the
olide in o mechanical power press are provided by a elutel,  The elatel is ineerted
Yetween the flewhee! nnd the drive mechanism,  The flywheel rotstes sontingon 1y,
atnd engngetent of the elutel eanees the drive shaft to rotate ard start the slide ou it
working stroke,  Ax konn a8 the stroke i completed, the elutel o stomatieally di--
engaged sl the hinke applied unle-a he press is set for continuons operstion.

Pypea of press chitehes and their applivation nee listed in Table 222, They st
divided into theee mujor groups:

1, Positive elutehes, in which the driven aod driving members of the dutel xee
interioeked in enpagemont

2. Trietion elutehes

8, Deldyrureent elutelies, in which the driven member s eaoped o fulls the

ving member by the attraction of teo induesd sngartic fielde .

The slisle of p prreas having 2 positive eluted s weandly stopped at f’\'UllI}“-' predtien.
Foves nimg; dinching or haeking up (ifting of the lde duzing the dic setting e b
it by taening the fiywhiee] or taain gear by haod, chain Bosk, or s band Ir peeed
theeurds e eve of the erankebsft, My flywherltype pree s fongessd !'W;
bar Bdes prosartedd in thie rin of the fiyscheed it which an fohing b oy bephe !
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ez zilow the slides to he g rm:)«j,
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Modern zir-friction clutehes ars us;
A well-desimed air-rimion clutch iz 2
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TABLE 22-2. CLASSIFICATION OF PRESS CLUICEES:

S

Less of

W OO

C""MV czn qprrztn under verying degrens of sip sesulting in glow draw and fast
7 motinas of the s

cither alide or rotate
., B brz‘_'e iz required to stop thr- the: cluteh has been
in the presses with positive clutehes ere placed on the outer
e, £S & nﬂ" 2 rmtmuoi -
with
chitehes are single- or multipled P, LIE mtrvlnr-l rd with the

I n the clafohes are disengaved. Eddv-ourrent-typs
mis hreking within the clutch unit proper. A euppleme
kolding Drake is required to hald the press fu position when the rotztion hes been
Tosfentive brake or ¢huieh 2etion (in headded presss, nommelly single-
v:ed) such as an areiderdz] “repeat” can be hazardous to diss, press equipment,
4Rt aperatsr,

DIE CUSEIONS

uzed for drawing operations, the menner in which

nkholder £ pontrot the §o% of the metel blank iz fmpor-
5% {0 2 hlagkholder iz ane of the features of & double-

a feirly m ant pressure thronghout the

feature eud therelore require supplementary

Himes b 1ift with e blankholder using eor
ﬂw bolding p’h" fon m'mga
7 small increzes in
: r:r;uirr.d. On shallow
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Preumatic Die Cushion.  This type of die vushion is recomendid when sir pres
sitre of not more than 10 psi i< reguired, A pneumatic-div-cuslim design normelly
uees one piston sud exlinder. However, two or more eushions may bre plaerd op top
of ane snother should 1 higheeapeity cushion be M;mrul in o fimited bred ana sl
vertienl spuce is avnilable, A multiple die cushion is often prefecable o« hplo-
pnl wmatie die cushion heeause of the spoed restrietions of the Intter,

A seliematic arrangement of & preumgtic die cushion is shown in Fig, 231 Tid
1!Iu «tration ghiws an inverted- -y pe ctslion in which the downward movement of Hw
blankholder, through presare pins, forees the eplinder agaivst 2 eushion of wir in-bfe
the exlinder, and moves the air back dnto the surge tank,  On the upsdroke, the air iu
the surge tank returns the evlinder,  Other desigs funetion without suzge tashe

Die cusions e often ured in doublesetion presars o keep the bottanm ol g
ing flat or to hold it t shugpe or to provent distortion and slippage s hile deav it
e alen need (o netinte Siftout rods or plates to push the finishesl drvrn part ot
of the div envity,

“Fhie temoval of semp througls the holster an preses u|nimw«l

vk Dy feing the specint armmgements Sown in Fig, 2325, Vi
ool Tiiehs tay bee installed ot top of the ewshion to nllow the -ius’~ to full et fe
o the pee o The sl tube shown i view 8 ollons salbr pieees ) b
it througl the preos,

H"dmpnrurmhc Die Cushions. Thi~e dir cushinns see sevommends.
el oquieed 14 grenter than ean be obtrdned ssith 100 pd air g g on

N

T'ta. 23-4, Rchemativ dingram of o prenmatie div cusditon.?

e

ith die Ceb
o A hie o
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I o 'Iu oif v are ng e Jaegrer aney of e g
o spperating valve, A Dong i the e proton sastne e
e s aeed s e, e Bid b u“\l)l it i maintaited snder constant poeune by
the thratthng o ton of theoperntiong tadves the nuddittenst il rephecd by the pige

vaufve 1o the saepe tenl,,

b baen campleted, and the dosnvard foree on the cudidon petiey
o et (lm prv. arrof Qe flnid beseath the piston frmediately i bmeened, whi
soduera the gir preere s the air pistan e hich then cloves the opezating vajve, Pl
frem the eaege tank sader poesare frons the i bedidad ¢ pecses uprard thromgd the
eheel snbve nnd rafess the enshion piston to top stroke,

The wee vf h\'rimpmmm(x/‘ enchions i< fimited o slow operating sperds, Whern
tagg mebion strokes are peguited, dlow operating speeds mnst be ared, Convegnely,
freter opernting speeds can b used only with very short strokes, I the ru~h|m\ 1
oprated athigh speed, theoperating vilve will he foreed open too sapidly, cansing the

air pivtan to utrike the end of its travel Pl piston will hengee back ad witl qeciltate
np?dlv with  series of extremely hord hammer blows, This will resylt in mstio«
furtory opeeation snd damage to the operating valve,

The follwwing, equations wuy be weed for determining the amount af nie preire
required to obtain n eertain eushion eapueity,  These equations do ot take into s
sidertinn feivtion or {oss of air pressure dae to the fength of piping,

For preumatie cushions and aripping pressure on hydropnenmntie eusdiane,

{ehpaneh d

For hydropneumsatic enshions,

where poae nir pressure, pi
P e cnsbian eapreity, Ih
Ay aren ensfiion piston, in
Ay e aren, operating air piston, in.
Ay roaren, operating valve stem faee, in,

Locking Devices for Die Cushions. .\ lncking deviee i a hvdrmilic unit which eone
trols and delays the stripping aetion of pneomatic and hydropnemsntic die enshions
by debaying the upstroke of the cuxhinn with respeet to the upstroke of the pree s
The et resnlt prevents the damaging of o dravu shell which othersise might oreus i
the custiion werr permitted to exert pressure on the shell duritg the uptrabe of the
prees,

A lspu sab installation of & by drnplwunmhr cuahiort with a hydradie Incking desic
ated eontrol i shown in Fig, 237, The nstallntion and cantrol of the locking unit to s
preuttiatic cushion are very similar, The locking eylinder is attached to the foace
el of the die cyshion and the piston tod is estended to reeeive the loeking rytler
pistan, The downward motion of the die cushion forees the floid ont of the foz e
porting of the lorking eylinder into the upper porting,  The sieae tusted operating
rslindir retaine this flaid until the proper time for the die cushion to retuen to it &
pestinn, Tining of the eyele of the Jocking deviee i necomplished by the g
tary lintit switeh which aetuates g solenoideoperatsd threnay ai salor
desized gint in the press evede, The it s sl bt &

tefy i sdjusted Lo dnck the casdivs 5
the very Battam of the prews stroke and releaes it at any desiped point, T
salee allp s the enching to follaw the elide at 2 cale distanre nnd sped.
sy be made inogerstive by opeaing the saatel in the conteol eirmit.

Slide Connterbntance.  This deviee iv eend om the ides of Iargee sl vnall gz
soefiten sabirating oo to sesist the Brake and elnted in funetioning poopedy, fotn
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PRESS SELECTION

The aperationsl eharacteristies of s press should be convidered inselation to tle
roguiretnents of definite elaes of work to he done. There sre five geoeed ela it
tinne eommanty used to ilentify the cold presavorking of metals,  Thew are cutting,

st fopming, deavio, and compresing, Some of thew ure opr
tanirally operated presces noad othens are most efficiently dane on

“Fhis elacsifieation ineludes Blanking or shearing mets! mm the prope -
HESCHN wapent op inna and piercing or perforating holex in the pheets or bl
Thet m\}n' it of thee wardc in this elasifieation niny be done on »Imr(-mrfﬂ“xmrh’»u
et o with 1 fivache] or nongeared drive, The frame stele ey Tue th .
ddieor the gap frame sithy either sddid or apensbaek desien. Thoope 1
¥ bre the (n.«l\.n af, fived fnetined, or inelinahle Yoz
roke liaekegeared pr
fere m;z n! 2 :xl Imh - .\Inn;( e ety of Togsg sherts can be it
e enttnererlly neaelable punebiand-die units,
Tl soehudes the bending or Sanging of varions bergth pret




TRESS SELECTION 23-13

Straight-side, gap-frame, or inelined single-etion pregses with a sbroke to suit the
operation are suitable for hending operations. Hydraulic presses and press brakes
are also suitable,

Forming,  Forming of parts not more than 3 or 4 in. in depth i, in most cases, o
mechanical-press operation, Iorning with the assistance of die cushions is mare
ageurate on & mechanical than on 4 hydraulic press, ag the depth of form i regulated
by the throw of the erank, Bubber-pad forming i performed on hydraulie presses,
Hydraulic presses having preset, prossures increase the fife of the rubber pad,

Drawing, Drawing can be done on the same types of presses used for blanking
operations if the stroke s suitable and the press is equipped with 2 die cushion,  How-
ever, faster operating preases are uged for blanking operations than drawing oprrations,

Deep-drawing, redrawing, and ironing operations require a, press rated ab fewer
strokes per minute to deliver 2 mid-stroke slide velocity well within the drawing speed
limits of the material heing worked. TFor this reason Jong-stroke hydraulic or gear-
driven mechanieal presses are recommended.  Single-action presses equipped with die
eushiong or double-action presses supply the required pressures for blsnkholding pur-
poses,  The mid-stroke veloeities in feet per minute for presses of varions lengths of
gtroke and strokes per minute are given in Table 23-3. 1t should be remembered that
the glide velocity deereases as the glide passes mid-stroke.

TABLE 23-3. MID-STROKE SLIDE VELOCITIES, FEET PER MINUTE

Stroken per win

Lengthl
of
O IR TR IR VN T PR IR TR I TR VR IS U B S N
) )
G {7a| 63|65 47|40 |20 |2|2]n
8 . . 84173 63 5 op oAl B8 1 42 ] 28
o] by e e ar | a8 | s
V0 N IR R I VR I R PR TR R I TR 1
VR I I N N A AR AR AR AR R R
10 e o . . . . 831 75| 07 54 A4 & o
[0 DU EUVR R HUR R B DV Y I R R R ST T
L U A I B U IO T R S 'R R R TR R ]
P70 RS VRS ROV U DU ROV VI U RO IR I (R I BT TR A
[/ R I TUOEN SV R U VI SO IR Y B O I
pin . . e . . . .. .Y . . &2 ] 69\ BH | 43 25
[ 30 NN DR IUP IV I R I A N R A AR AR ]
30 . o .. . . o . o o . o | 6% ] 48 | B

Press tonnage ratings are ealeulated with the glide position close to the hottom of its
slroke,  Sinee most drawing operations are initiated at some distance above this pogi-
tion, allowances in the press tonnuge required oust be made accordingly.  Approxi-
mate press tonnages at any point on the press stroke can be determined from the
nomograph of Tig. 23-0, The curve is plotted for a rated tonnage &) ¥ in. above
dead center,

The example shown on the nomograph employs a 500-ton press having a 32-n,
stroke,  The capacity of the press with the slide 3 in. up from the bottom-of the stroke
is determined as follows,  From point. 3 on the 2-in.-stroke ordinate a line is extended
to the right until it interseets the eurve,  From this point « vertical line drawn down-
ward interscets the tonnage constant seale (for 32-in. siroke) at 0,44, Multiplying
thiis constant, (0.44) by the rated press tonnage (B00)  capacity of 220 tong is obtained
for the specified slide position.

This tonnage-capacity eurve is based wpon a connection length which i twice the
stroke of the press, A pregs with a conneetion Jonger than this will have slightiy more
cupacity; & press with o shorter connection will have slightly less eapacity.

Compression Operations, These operations compress metal to flow plastically to
confotse of the die such ag eoining, sizing, embossing, swaging, aml eold extruding,
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Tonnage constants
1. Nomograp for pre s tantgs ad any point an press steoke,  {Charing Mackine

Fabricating Operations Perdormed Progressively.  The produrtion of yarts pro-
greesively can b gebieved in sevird types of pres Thee conventionsd prozeraive
ddie, in which the qnp enters the die and w portion nf it is ntilized to carey the
thrarh the die, i veundly operated in o high-xpecd straighteide prestor o di
mgrhine

Highe ;xm[ straighit-side prewes are of heavy copctruetion with openings i the
uprighte for ferding of the strip and removal of the cerap,  Sinee muny progreeive
s rerpaine that «hugs ;m reed out by the punehies drop through the hed, theoe pres
ste despnied wath openings umber the el for g resoval.
tuednt i of the dicing maehine, exerpt the upper erosbd and the
argafly Teated v the bed, The punels i pulled dows on the die in
wd dosn e i consentional preees. Unolistrageted epace shave ¢!
center of geavity adupt the diving, mnchine o the highegerd prodectin e

frerte,
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JIC STANDARD PRESS DIMENSIONS 23-17

of holes are dimensioned from the center lines and ave held within & tolerance of
+0.015 in. This spacing places rows of holes extending front to back between the
T-dlots. Light-tonnage, straight-side, and gap-frame presses have holes drilled at
3-in. centers with the same dimensional tolerances.

Open-back Inclinable Presses. The JIC standard dimensions for the open-back
inclinable (gap-frame) presses are shown in Fig. 23-10. The dimensions are given
according to the established tonnage capacity of the press.

The layout of the ram or slide face Front
is shown in Fig. 23-11, and correspond-

ing tabular data are given in Table R Vz 37 E00m0 .
23-4, Included in these data is the &EEF% 535/0 © dia.
size of the slide, location of the die- -——-——\—ij{’ -r—
anchorage holes and the T-slots, if [ SIeT | oo
any. The size and depth of the punch ! offo toio |
or upper shoe stem hole are given in 3 1 i
Fig. 23-10. The T-slotsand anchorage _‘_ZY it %‘z L J,TA-E
Toles are dimensioned from the center : it g (¥ W3 [4 }'[
line 80d held within the 0,015 in. 7 4 o f
tolerance, 7 oftelt Mitodl /0 |
M Lc,<~_p—->< '}
| F=—F -~ | Bolster plate
e
ashEstd.
T-slofs

Ti6. 23-11. Layout of slide for open-back in-
clinable presses.

TABLE 23-4, DIMENSIONS OF THE SLIDE FOR AN OPEN-BACK INCLINABLE PRESS
{See Fig. 23-11)

T B T .

A ‘ 1
Tounage | 4 B ,Ct+ Db E F G ' H Hole pattern| No. T-slots
e i
2 R TS T/ RO SO S R g L 0
2 FE T N R | A 1 o
40,18 ] M el T3 16 JL 0
[ TR T A ' 9 3 1 ¢ JLo 0
oM |18, 6| .0 6 734 JL o1 2
xlo:zs=21\n‘,lgi12[7% [ J-M 2
B0, 302 06 129 3 ]9 LM 4
200 ;3% 2816 12,9 & |09 | 12 TELY 4
¢ ! i i ! : 3 :

TABLE 23-5. MEASUREMENT OF MAXIMUM RATED TONNAGE FOR QPEK-BACK
INCLINABLE P RESSES

Above bottom of stroke, in.

Tonnage

Geared type

Air or friction clutch
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TABLE 23-6, DIMERSIONS OF TIIE BOLSTER PLATE FOR OPLN.BACK INCLINABLE
PRESSES (See Fig 23-12§
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JIC STANDARD PRESS DIMENSIONS 23-23

TABLE 23-10, SINGLE-ACTIOT IULTIPLE-POINT PRESS BOLSTER-PLATE THICERESS
ARD ROWS OF PRESSURE PINEOLES FRONT TO BACK IN RELATION TO
PEESS CAPACITY AND DEPTH

E
b
far |V
4
'3
4
4
6
i
4
6
4
G
4
%
8
2 7 43,51 6
291 7 59 £
20) Y 66 3
3% 7% 72 1
41 7% 5,69 s
490 A & g
4% g @ %
£ H 75 10
m g R
0 H bogg
30 9% 1172
500 ol 7 78,84 1
50 9 1 0 1
b 1335 5 1
50 1% 102, 103 1
] 85 7] 5
693 855 05
2] W ]
bl 11 P78, 8t 1
&7 19 59 1
690 12 ] 1
] 12 1072, 308 1
7 4 5
80 4 i
£) 103 2
£ 105 h, 84 i
1054 @y 1
&1 12 45 1
£l i2 102, 193 1"
L) 1 b %
1.9 i %, 84 10
109 Con .oy 12
Loh iz ] 13
1,00 iz 102, 1% i
1.250 1 7
1,25 Lo 75, 63 16
1,20 12 9, 45 12
1,29 iz 102, 19% In
L 12 83,60 10
1.6 12 o5, 102 12
1,65 12 17 . 1
2,09 12 99 1
2.7 12 43, 102 2
2,00 12 105 i

& Applien 10 72 by 42 2od 83 by 42 press sizes,
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Shown on the boleter-plate Iayout i« the method of jdentifying and merking
the rows of pressuee pinholes. The even numbers identify the presare pindioles
to the right of the frant-to-hack conter fine and odd numbers are wod to identify
theee to the ot af the eenter fine,  The lotter A and sbternute letters are peed to
flentify the rowe of holes baek of the right-to-lelt conter Yine,  The btter # and
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JIC STANDARD PREZS DIMENSIONS 23-25

TABLE 23-12. TOOLING DIMENSIONS FOR DOUBLE-ACTION SUIGLE- AND
MTLTIPLE-POINT PRESSES
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SECTION 24

FERROUS DIE MATERIALS*

SELECTION AKD CHARACTERISTICS OF DIE STEELS
iztedd in Tzhle 24-1 will, and do, perform ov
stamping opearztions rauired. The jist containg 2(}
applied 2nd madily avatishle from sl
\\l W2, 01 42, D2 D-! \12 l and §

of the metel
are widdy

]u
usage fi tamping or forming opcratirm

The etecls ere jdentified by letter and numaber eymbole,  The Jsttor is sigmificant in
representing the group of ¢ i n in the footnote to Table 24-1,
The number symbal iz not significant except to indicate 2 separation of one grade or
tzpe from another.

Al the steels in the li ¢ those in the Sand H groupes can be heat:
hardnrss greater than Ror €62 and, aceordingly, are hard, strong, wear-
i Rome, such ag T15, arn e Aahlr of heat trsatm(nt toz hardnr»
Rackyell COT. Fremuently hardnes
s trite, beeanse the wear resistane
{ent, and partienlarly the carbon content, inc
the other hand, is in 4 prr;pomam’l to the hardm
the alloy nds hon content is lowered,

, and Table 245 the hardening and temper-
A careful study of these character-
tion of the proper grade,  For each
ste: m2jor impartance, depend-
and the requirements for economy,
ign, which may affect the heat-treating charac-

26 the
of the ete
2 markedly a¢

as follow
oth readily available and of

2 wmvnt of thnmv tz of the dsffcrrnt;zmup
W Watcr-hardeumg Tool Steels. W1 and W2
Tow l'rﬁ V2 eontuing vanadium and iz mors unifrmn in rezponse to heat treatment,
and of 2 finer grain size with a higher toughn Both ar: shallow-herdening, and
when hard ith & herd ud & gofter internal core, the 2 have high
tonghes are. quenched in water or brine and should be applied where
in hardening is not important.
0, O-hardening Tool Steels.  Stecls 01 2nd (32 hawe, for many ye

cen the work

gzness oi-hardening
hick ean be hardened in
el and arr: of equal toughness
d thmurzhnut Steed O7 §s 2 tungsten
ar resistanee breause of its higher cerbon and tungsten

< movement than the
ardening &t
-] of grester v

ail-hardenin

* Reviened by G,
Pers

Ca, atd E. Yoz Hambaeh,




PEREOUS DIE MATERLAGS
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teeotning ineresingly populsr srd hae only the disadvantage of a higher thas notead
hardening temperature,  Steels A4y A5, and AG are newer dovelapments of mungss
smizdinlening steels which ean be hnrdined from lowee trmperatures but which ks
b recistanee,  The availabilty of A2 is exeeflent,

D, High~carbon High-chromium Die Steels. The principal sterde of wh
tean far nngern dies e steels in this group, D2, eontaining 1,50 per eont ear
of maderati tanghnesy and intermediste wenr redetanee, wherens stoele 103, DY and
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0 FERIEOUS DIE MATERIALS
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wear resitanee to n stee] sueh gs DL These stoels gre diffiendt 1o maehine and grod
suil nee of Hwited applieation nod seailability when considering the entire fiehl,

L, Low-nlloy Tool Steels.  Of the many Jow oy sterls to stand ont us effretive di
materinle, steed L3 i< n chromivme-vanadium steel somewhat sinilar to the famifor
SAL G20, I large sizew it i9 waterquenched und hav o hard case and oenft eony
with sn nttendant Bigh overadl toughnee, I snnd] sizes it may be oilapuenclid
Steel L piekelcheomium-molybdenuin dic steelwith ofl-hardening propestios th
e drespently wosd fop nunilinry parts woan sedjunet to dies and toals, T hss le-rae
anve sd <lightly higher toughnes s than the popular oil-hardening die stecd 01,
i of Lmited soailabitity bt of ressonable enst,

¥, Finiching Stee Btee] F2 i of very lumml wee n this fiedd but iece
applinlvhes evge mvl,\' high wear reaistanee i nowter-hardening, skadloshanlengs

ety




SURFACE COATING OF DIE STEELS %5

stenl is dest lt i mOF‘nmLc 0] hlgh in enst and diffcult {o grind aiter heat treat-

ment.

S;mplﬁed Theors of H&dhmng Steel. Irop has two distinet and dificrent aiomic
’ng 2t room temperature fend 2gzin near the melting point),
1 Without thiz phenomenon it wonld be
55 by heat trestment,

treztment of die steels can be 2P nied graph-
‘tzr‘mv in the annealed mechinable condition 2t A, the steel iz
rrite and earbide.  Upon heating sbove
cture of ferrd chzngm 00IRS austen-
Tm~ zustentte, 13

v, what happens in the heat
ieally by Fxg 241
s0ft, consisting internally of an aggregats of §
the critieal temperature to B the ervsial str
ite, and di s 2 L’i"zn winn of the carbide,
always 2 prerequisite for h.‘memnv B:

(B)

L1400~ Tronstormatis
|

170077

g 5F

3

% Heof

2 Quench
&

Roem

Fig. 24-1. Simplified chart nf hardening of steel.™*

2 rmin=d in ~olution, and the structure known es martens
ctructure in sieels. It is initielly highly
ome volumetric expansion
heeted to an intermediat

s internal stresses and streins

temperature—the carhon &
ite (C} results. Th
=trcw~°d for the tre

apainst the natural stiff
temperature (D) to soften it dlightly and relieve the
which unduly embrittle the stesl,

If quenching is not rapid enough, the austenite reverts 1o ferrite and carbide (E),
and high bardness is not obtamed. The rate at which quenching is required to pro-
duce martensite depends primarily on the alloy content. As we have seen shove,
low-alloy material s water- or ofl-hardening, while highlx alloyed sterl usually can ba
hardened in air—quenched 2t 2 much slower rete.  The high slloys make the reactions
more sluggish.

Throughout all these heat-treating reactions most di
solved carhides, which take no direct part in the herdening.  The high-carbon high-
chromium stecks, for example, have large quentities of e ron-chromium carhide,
which give them in lerge measure the high degres of abrasion resistance
this class of stesk.

The 4 per cent vanadium stee] (M4} owes its even greater sbrasion resistance to the
presence of vanadiym carbide, Vanedium carbide is excendingly hard, having
higher hardness than tungsten carbide, and even higher than the silicon carbide in
wrinding wheels,

Influence of Heat Treatment on Die Life. Fipure 241 presents simply the basic
hardening of steels.  Each type of die steel must be handled slightly differently from

ar relate to Refemnoes at the end of 12k anetion,
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Surface Control In Hrat Treatment, Anather extromely fmportant fortor in the
Feat tsentinent of dies to et maximutn die life i that of surface conteol. This
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DIE DESIGN FOR SUCCESSFUL HEAT TREATMENT 247

but also the box and packing material. Considerable time is also expended in proper
packing, but on the other hand hasty work results in poor protection and spoiled dics.

More modern surface protection is provided by the use of special muffle furnaces,
swherein the dies are proteeted from contact with the combustion gases and are sur-
rounded by specially generated neutral atmospheres.  Many atmosphere generators
are used comsmercially today, mest of them partially burning and reacting fuel gases
1o balance their composition to a neutral one between carburizing and decarburizing.
‘Their use, when properly controtled, results in dies with unaffected surface chemistry.

Salt baths, when correctly used, work out well for die steels. Very careful eontrol
is required. The highly alloyed air-hardening die steels, for example, must he held
at the hardening temperature much longer than either high-speed steel or the low-
alloy die steels, to atlow sufficient solution of the sluggish iron-chromium carbide in
the austenite.

One practice frequently used on stamping or other forming dies subjected to
repeated high stresses is to remove the dies from operation after a stated number of
pieces are made, and subject them to a redraw,  Very often, such a redraw, carried
out 8t a temperature low enough to avoid undue softening (approximately 25°F lower
than the original draw), will markedly improve the life of the die by increasing its
resistance to failure by fatigue.

Kitriding. This treatment produces a surface hardness on hardened high-specd-
steel tools that is substantially greater than that obiained by the usual hardening
methods. Tiquid nitriding consists simply of immersing the tools in & hath of special
molten salts from 12 to 40 min at 4 temperature of 1025 to 1050°F. Sealed retort
furnaces are used in the gaseous nitriding method, with exposure times of up to 72 hr
at o temperature of 920 to 980°F.

Subzero Treatment. Chilling in the range of —30 to —120°F, most efiective on
air-hardening steels, transforms most of the austenite into martensite, resulting in
higher hardness and some inerease in dimensions, but usually with some Joes in tough-
ness,  Chilling is done as quenched or after tempering; then the steel is warmed to
room temperature. Subzero treating is much less effective when low-temperature
tempering operations precede chilling. ¢

DIE DESIGN FOR SUCCESSFUL HEAT TREATMENT

To prevent soft spots, distortion, or breakage of costly dies, the following rules are
offered as the practice in one large company:
1. Order stock large enough to allow for machining to remove decarburized sur-
faces (see Table 244),
2, Do not drill screw holes eloser than 1{ in. from edges of die blocks where
possible,
3. Avoid blind holes if possible.
4. All tools should be designed with round corners and fillets wherever possible,
5. Use air-hardening or high-chrome high-carbon {oil- and air-hardening) tool
steel on unbalanced and intricately shaped dies.
6. Add extra holes if possible on heavy unbalanced sections to allow for faster and
more uniform eooling when quenched.
7. Do not machine knife blades to & sharp cutting edge before hardening,
8. Avoid all peening on dies.
0. Avoid decp scratches and toolmarks,
10. On long delicate parallels, shafts, ete., rough out and have pieces annealed to
remove steains hefore finish machining.
11, Always use the brand of steel most suitable for the work that the tool or die has
1o perform. Speciel consideration should be given as to whether the die or part can
or must be ground after hardening.®

romim tool stenl, and heat-treat for

Dw frl!mg/ur tittle ta no gnndma Use (1) high-earhon hi;
2ére 2) uee o0 air-hardening tool mies], such as th

Vreviung experionc
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Specific Design Details, In the heat-treating of steels, greatest strain oconrs during
the quenching period.  FThese straing are developed by the difference in enoling rates
hetwean varions geetions of & pieee; henen eareful design will maderially help fo reduer
quenching etraing,  The following rules are of general and useful spplication (een
Figs, 24-3 1o 24-9):

o 7 Sharp
@ [L__—ﬂ
SEA8 =
4 n
Fig.3

474@@7

B c
Fig.5
4 B A B )
Fig.7 Fig.8 Fig.9

Frog, 24-3 to 2429, Derign for hnat treatinent; views A show poor design; views B und € are
preferred designs!

1. Balanee the areas of mass (Fig, 24-%;. Heat, will not dissipate g0 fast, from
centraf area of die af 4 a¢ from the ends.  Dsilling holes as at 1) helps balanes the
areas,

2. Avoid gharp or reentrant angles (Fig. 24-43,  Such angl
warpage and soft spots.  To avold, make assembly from two pie
a8 ot € can be uged hut ghould be ¥ in. in radin

3. Avoid sharp ang ren heavy and thin gectiong (Figg, 24 With 2 gharp
angle as at A, heat iz dissipated too elowly from ¢ vier goetion. A emooth
rading as at B i an improvement,  When 2 thread or prees {6, ag at € can be nged, it
is preferred eonstruction,

4. Avoid single key (Fig. 244}, Single
are poor design, - Cracking is apt to oeenr st the sharp comers at the keyvay bottom,
and the ring is aimo ain to take an oval shupe when quenched,  Fqually spaced
keywaye, us at /i, oppogite and af 907 40 cach other and with filleted cornre, are pre-
ferred construction,

5. Do not have seres hales in rhrmr.lmh with die blank epening (Fig, 247}, Set~
ferew holes in direet fine with the f the blunking eection, as at A, are
likely to canss a erank,  The rem el holes

6. Avoid a :-}mp corner at bottom of drawing or piereing die up/rmn;, (hp 24-8),
Spalting or faking, ro likely {0 he prm]uml at the sharp cornerz of emalt openings ag at
/1, avnided by use of 2 rading

7. Avoid single be s or gpline:
1o warp in quenching.  The shaft at B, with tw
stay more nearly straight,

, agat A, e a ponsee of
ergagatl J A filleg
cept for emallest work,

intermal keyways in eleever, an at 4,

naft at A will tend
ays or gplines, will

The
o upposite b
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HARD FACLNG
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Hards ’u(x"{ Rods.  These iy o standand inductry specifentio for Bardifore,
st therptothe vesee of nee five penerad gronps have baevolied b
rations of sack propertion ne hardness, timghness and shoeob e 2
(hm shont 20 per cont of slloying

Lt Ysphneo noe phadndbte th.

i b Trendaee elloys containing
Lethients
Gramp 2 Tromdese provp eontaining mare than 20 per cont alloying conwtivg nt
e b Foeludes nonferrons slloys of eabalt, ehrominm, tungsten, wnl athey
loments
Gerevgp 3 Joehwedes the carbidecof tungsten, tantalnm, e pare or st metalli-
cattitgents
Geroup 5. Inclndes erashied tungsten enshides of varions corven soes

TABLY 24.5, RELATIVE MERITS OF HARD-FACIRG MATERIAL?

Chaea et ol depouted Landfacing pitenst firep No.

D el et et

! ' .
I e T | T T R
A temperatuge [ S T
Ne=ivtaeien ter fun 1 U T
txnier to eatraion [ T
Brrathness of drpoit R [
Aldity to ke hish Gnlh a N 1 1 M
A e b K R 2 1
Thinnes of degenited Liyer wolding [ S B A

* Group tinndera ¢nreeapens to these i preeeding teat.

CHROMIUM PLATING

Chreminmplated forming and deawing dies combine lsrdness with o low coeflicient
f fricting sith o nongalling chararterictio. For optimum reculte, the plate shohd b
depiosited ona smoothly huraished surfaee to n thickness of (005 to (101 in, Soone
evported esperienee fndicates that ehromion plating does not stand up satifactodly
i the stampitg of stainless steels and similar tough materinls,

CAST IRONS

l‘h-‘ln"hmmpn~-m~~lrn niths (Tadle 20-6) and rase of encting of the g \'mn“ an
utitized i barge forming and drawing dies for parts sneh e antamobile el i
crstor exhinets, hathths, and othee large actiel, Conventional sarthed< of e m(" .
inge et i comparativaly little distortion, There i risk of seoring and e
weing exsteiray dies for drawing snel mnteriale ac dnindess steel,

Allying elutuents wee added to control graplatization, to jimprove mechunived prop:
extien, or o develop nospeial chaseteriste,
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SECTION 25

NONFERROUS AND NONMETALLIC DIE MATERIALS

SHiTERED CAPRIDES®

any different grades of gintered cusbides are avedlable from the varfous suppliors,
The grades differ in thelr property ranges, sreording ta the partiobar ageregation of
the carbides of fungsten, titanium, tamtalum, and cobsmbing, with metallic cobalf 25
nder,
here B2 25 7ot o stendardization of carbide gredes, Tebly 250 may b
followed for 2 general n oof gradez. by comgpesition, for verio 2 of servivs.
The ende designations are thes in general aze in the Buick Motor Division, Thinre
may he others not listed 7k snitable for partinilar applications,  The earhides
sappliers ehould be consulted for b ifinatinn,

TEBLE 25-1. COMYONLY AVATLAELE GRADES OF SINTEEED CAREIDES FOR DIES
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JONFERPQUS WROUGHT DIE MATERIALS

. Auminom, Dural (durelumin, aluminum 173 shos
Blomha, Vs comperition fz: enpper, 4.0 pr bent; matizen

uerd 22 4 faning over form
0.5 prer eent; sz gtiesiunm,

* Resivnrd by 5, Miler, Foundey Bupeninsendens,

25-1
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TAPLE 28-2 COMPOSITIONS AND MELTING TEMPERATURES OF SOME
LOW-HELTING DISMUTIE ALLOYS)®
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Zinc-bare Aloys,  Zinc-bnee wlloys nre quirkly east into punch-sad-diediges st
low roet, The production of experunentsl parts with such dies can prove oot the
steipn of futh the part and the die before permatent tooling for eostlier bugein
tarted, Compressive strengths between 60,000 and 75,0079 po perist
& bl ne 15000 parts of light matesad of siiple contours to e produesd,

Trgren 2 papdens prlate to Befersnres at the ennd of this sestiug,
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NONMETALLIC DIE MATERIALS 26-3

Lead-base Alloys. Irad punch
cent impurities. 2nd the rﬂmaind
Cast Ber"lhum Copper Alloys

<n used with Kiksite dic.
of heryllium, eobalt, and copper have
v bron

point alloys (Ta'nks, 2}—‘2 and 23-’%)

TABLE 25-2. MECHABICAL PROPERTIES OF SEVERAL WIDELY USED BISMUTH ALLOYS:

i;! '
Ela:m.mn 2 2 i, {show
lozd), % .
Brinell Eardo
Coe

l‘f)()-lﬂ 209 20
14 10.2; 22 2

. . ]
Rel, Ko.t... tp2 o2 LI SR U] jts 1
i
o
? t
L !
! |
25| 162, 7i 20 255 981 302
5,490 1,(:0«)& 499 8,090 8,000
b |
1
|
\

1.2 1075, L5 K 107409 ¥ 10

16, OI)S (/Y) 1509 { 15,000

{10, 000 4’}4')/7 9,060 9,500
”fJ' l')fJ 2] 50

P
Max load (3 mm), it
afe sustained foad,

* Relezencs numberz commeepund 10 these in Table 25-2.
{ Approximate Talies,

KONMETALLIC DIE MATERIALS
Hardboard. Sheeis composed of compressed wood fiber are used as punch-and-die
imaterigl in drawing and forming operations, as form blocks in rubber forming, and in
streteh dies. Die =tock processed for higher tensile strength and the thxd- ness, is
availeble (Tzbles 25-4 and 25-5).

TABLE 25-4. AVERAGE PROPERTIES OF HARDBOARD PRODUCTS!

:
Nomizal Tensile | lodulus of | Water ebrorption,
‘u";:"f‘r strengti, pai ] Tugture, pai § 24 br, % by weight
Steorard Herdboard

{ | B
v ogm o onm o som | 1
¥, |} 101 .62 3,200 ¢ 12
5 FIEC RV B T B 1
G, ] oamo, oner !l 3¢ [
: : | i
X 67 | 10,500 13
e 110 | 10,5m 7
b 142 .60 [
P L16 2.0 5
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TALUY 2 avirAGE PROPIFUES OF HARDROARD IE SToCK
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fois ol are mapregated with o phetolie seein wftes whio,
Wbty B eomipressed to abont 30 per cent of the asinal thiskye .

TANLE 23.¢. AVIHAGE PROPERTIES OF A TYPICAL GRADE OF DENSIFIED Woom

Coragrigue etren /e pn® % ey
sleat st g a4
Mokl of el 1, dik0, DR
40,0

e 1w

t) . 1o

SITAl T LI O I TE ST %

& Paealirl a the prun and tiinations

Ponxilied sond jattedios nend dies sre veed fn forniing and drawing diess fo the batr,
senring of the part i« joframent beearce of the low coeflicient of {riction of deneitid
ot whea properly finishid,

Hardwood. Ilardwood eun b wed for forim blocks, Tut Juninsted fmprognated
wood, hardbiesed, and plastiec buve largely replserd it Strengths nod propertie, of
the ton: important hardsands nre listed in Table 25.8,

Rubber.  Moldederubber femnle tdies and rabber-eavered pruchies sre wsed - dighie
enft formitig operations, ok as the forming of deeply Buted Helting refioctare.
Speefentions for rubbers so ueed, i the conventionsl Guerin, Marforn, nnd
Hydmlorm procesces, are confined generally to performanee needed for ponger
fabirieation of u pressed muterigl,

Forming prds are sapplied by one matnfaeturer under thele own speeif
CTuble 20:7),

Other rubbers, including senthictic rablier, ean be furnished to give good serviee for
o piven presvorking operation inchiding the ot forming of magnesium,

athiny

TADLE 26.7, FORMING PADS ATND TIIROW SHEETS*

i i ¢
Faterenan modub, 1y

Tenite

e e e e e tertith, 7’ “‘"”:“ o
e e Y

FLTI 1i4] O R50

1 o Son TSk i
i Han £ 1 100 tin
n o Tn 1000 M0 o
! T en LA LS 18 T pan e

P A P
1oz under elemt, snd frn ol o beosned
creeny v w0 At




XOXMETALLIC DIE MATERIALS 25-5
Cork. Soft. medium, znd hard cork: lay et formn, are some-
times used with. or in place of rubber pads,  Cork deforie sfightly in any direc-

tjon other than that of the

applied lozd. while nibher Sows

all direetions.

T4BLE 25-8. STEENGTH AND RELATED PROPERTIES AT 12 PEP. CERT MOISTURE
CONTENRT OF SOME IMPORIART COMMERCIAL W0ODS GROWN I THE

GHITED STATES®

2 bending

B ]a{_/‘
frsodty

,«,,),‘,x B

z 9. -&n- mer:m'

max

6.60  BEW 154 LII0, 176 L TAI0 [ 14100 1320, L05%
DoaT 559 £T6 LW | T2 4000 [ 400 416 10
qass s st 1 | | 1A 1% { 1,26, 2,010
02 T} 1. 206 | 208 | 8170 | 1100 | L2 | 155
Coersy, Vedk......0 052 | S.00(12.09) 1,48 | 114 | 7,100 | &0 0] 170
Cattanmond, portem | ] : i / )
bk § 035§ 5,0mt B Sy { 30 400 1
L a.om! 14000 ARNCRRE A ER IR
O AL 04 s | &0 =0l Law
| 8001450 2| 7050 1A L3 160
9 8,100 11,99} 5,50 | 85
L1071, 26,29 . faamt .
| ,'rfuu Amy " p |
9,501 1 5 B3|
A w 510 20 | ?
82175 15,205 |7 - 1,zw; 2,000
V6 8,20 75 ) 500 w0439 Lh
Lo 146 1A T 70 11,250 LAt L 1270

Plastics.

Molded or mzchined forma, draw, and streteh dies of thermnsetiing plastic

i

are rapidly eoming into suginented use.  One girerait menufacturer reports an e
mated 60 per cent decreass in fabricating tirs by molding phennlic resin diz elements,
as mpmd sith metal tonls.

Data from Douglas Atrersft Co.. Ine.. for four phenolic rasting resing, indicates the
fnﬂn wing renges of valu

Aged £5 br
at 18°F

Propestice Arnet

0.001 60051
0. 04512-43,.013%

0. 00795-40. 12
36

G, 70-10,830

10,236-12,570

7.010-11,%10
2.850-15,740
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SECTIOX 26

FERROUS STAMPING MATERIALS*

CARBOY STEEL

Sheets for stamping are claszed as carbon-steel sheets (1) when no minimum content
is specified or required for alumi boron, chromium, cobalt, columbium, molyb-
deoum, nickel, titapium, tungsten, vanadium, or zirconium, or any other element
added to obtain a desired alloying effect: (2) when the specified minimum content for
copper does not exceed 0.40 per cent; or (3) when the maximum content specified for
any of the following elements does not exceed the percentages noted: manganese,
1.68; copper, 0.60; silicon, 0.60.

Physieal properties of carbon steels are listed in Table 26-1.

TABLE 26-1. AVERAGE MECHANICAL PROPERTIES OF CARBOK STEELS
Based on 14, round bars. Properties do not form & patt or requirement of any specification
without specific spproval of soutce of supply

Tensile strength, | Yield strenath, Eloneation Reduction Brinell
- 1,000 psi 1.000 psi n2in. % in sres, & hardness
No. y 7

HR* | CD} | HR* ] CDt | HR* | CD} | HR* | CD} ] HR* | €Dt

! ! : i | : i
I R
wH, 8o, s 11 .20 8 43 8% | 9
JUIEY S BT S 413 M ;o 3 0143 6 95
ooy & f o3 4 28 20 30 0 % | 105
TSI IR a1 on 18 50 o | |
el s o6l o B 23 18 30 0 || ot
JUTE I I 29 FLIN ] 18 50 0 | ws | s
msf 5§ 6 32 54 % 15 50 0 1 6 | 1%
w19 30 | 6 325 | 35 5 1 50 w §oue o
ol 5 | 61 30 51 % 15 50 0 | w1
wel s ) o0 ; 58 23 15 £ 4 | 7
i) 214l 60 20 2 42 3 | Mo | 163
0538 ] 64 32 5¢ 25 15 50 40 | 16 | 1%
09 v ) s34 0 18 12 10 33 0 W) 18
wot s L ov6 | 3 | o6t 20 12 4 ECR TR 1
1093y T2 1 so | 89.3 | 67 18 12 10 EER AT IR
sl 70 | 78 18 12 40 3 | M3 |
ws| T2 s 18 121 3| M e
0] 8 | e 16 LI ] 3 | 163 1 oasr
W) 7 | o8 18 12 10 35 | M9 ;1
wel 7o s 16 LI | | 156 | 170
. B : : ! 1

* Rexiewed by W. L. Davis, Chief Enginver, and H. J. Towell, Superintendent, Armament Depart-
ment, The Emerson Eleetric Manulacturing Co., and J. R. Zsnetti, Assistont Chiel Metallurgist, Great
Lades Steel Cozp.
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LOW-CARBON-8TEEL SHEETS 26-3

HOT-ROLLED LOW-CARBOMN.STEEL SHEETS

Commercial Quality, Cormeseial-puality shweds are nrdinarily produced i Sow-
carbun grades (nof, execeding 0.5 per cent) aad are suitable for many purposes vhers
the pregence of nzide and nonnal surface defecte sre it ohijcetionsble,

Drawing Quality. Dravingequality gliets ure produced for wee in manufaeturing
identified parts too difficult, for the fabricating propertien of commercial qualit; 3
joeanee of cxecssive die georing, the ozide on boterolled wnd hoterolled )
gheets should be remaved by pickling prior (o denwing,  Thit quality uf whett, i
not eommonly specified 40 ehemiesl compogition but is left to the d on of
the producer,  When chemistry is speeified it shoald he congistent, with the drawing
requirerents,

Physicat Quality, Physieal-quality shests ams produced to g
ment gueh as hardnees, tentile slrength, or other comrmonly
other than the hend tests of commerchd quality, When
drawing is required, it should be ¢

iy o besh, reaire.
pted mechsnical
mistry i spocifi
stant, with the mechanion! property eprifie

TABLE 26-2, HOT-ROLLED AND HOT-ROLLED-AKREALED CARBON-STEEL
SHERT S14E5

Witk Thdekriers

ows T thag 00875 o, (7

. wn IH2604 in. 12

hagt 02500 12 0014 §, &3 2010 page)
o Jaes than 00567 in, (7 gayey
Tazes, thsen 01244 dn, (21 gagey
. Lows than 00265 iu. 124 gaze)

Ovir 22 40 45 in,, el
Over 12 10 2290, i
Qe ot 12 i,
Qver 834 L9 6 in,, o
Uptod¥gin........ .

COLD-ROLLED LOW-CAREON STEEL SHEETS

Commerciel Quality, Cotamerciak-quality eheets aee urdinacily prodneed in love
carhon grades of glec) not ¢ ng 0,45 per cent, cachon smdess gpecified, and gre it
ahile for expored parte requiring & good surfaer,  They have o dull enrface teortare
intended for the applieation of organie fivishes hut not eleetroplating, and are free
from mirface disturhan inn utt Hufmu or eiretehir gtraining during fabirieation,
provided that the shee d immediately before fabrication,

Draving, Quality, Dr;w.m;;-mm]ity dn nre produesd to Subricate identified
parts 1o diffieult, for the drawing propertics of shents of any other quality, snd where
the sirface before and after drawing i of prise fmportanee,  They arn furnighed with
a dull surface texture suitable for the application of organie finidies but no elostso-
plating, and are free from surface distnrbanees tnown s Suting or streteber strmining
dunring fabrication provided that, the « are properly voflerJeveded innedintely
befors: fabrication, Sherts of thix quality are not eotamonly supplied 4o ehrmien]
scomyiozition, which is Jedt, o the 4 fon of the producer,

Physical Quality. Physieal-yuality sheots e produend o sadisfy one tost requiee.
et grieh ne hardnegs, tonsie mfnuh urut Hmmmunl
other than the bend st of oo y
drawing g rerquired, i ghould he cons

TABLE 262, COLD-ROLLED CAPROK.STEEL SHERT S17RS

Ideknisn

Dyve 42 p,
Tiver 94 44

. At thich e

e wihiest iy il ey, fiiehy,

hects wre produced fo the
iteeons couting under proper
o ¢ theew fur eolderofled sheets,
lueed: eomaaneeind quality und

Porcelain-enameling Sheets, Pore
fabrioating and enuraeling requirements of arti
conditions,  Manmfae tvmm_ toleranerss are the
T qualiti of pareel fing sheots are §
drzwing quality,




s PEREOUS STAMPING MATERIALS

p el
JEREE

[RCAR TRt

o cmaninz of hlentl

oelt fur thie fabtieating p'n;v E eormrrreind qualey. They nee
;un‘r“\ - ta i etrfue distarbanees Lanvn s fotisge or cdnetele e adnmine peo.

sifedebat e Sreron properly redlerdevsded wmmedistely before fshneation

CARBON-STEEL STRIP

b as earbon steed nnder the extne definition s otatn)
shents,

[T EXION

RITHENE
pavviely for eatbngated]

Hoterolled Carhonanteel Steip.  Hoterolled steed is gennrally ehwesitivd s trip whey
it Sl ithin the thivkoeooand width listed in Tuble 26-4,

TM‘H‘ !lwl HOT-ROLLED CARBON-ROLLED STRIP

ielrrer
e !\'H;n el . Lo T O25N o B 200 0, (21 e G rase)
Oyves 305 40 fan joe] cries BUNIECTO O 20D n, (20 0 G pae)
Cyer fita 12 i ane] oo 00568 10 0 S 1, (17 ta T pared

Hotsralbed eaghousteel steip is nvailable in theee qualitien: eommereial quality,

gz quiality, snd phyvsical quality.

seialgualing hoterolled earbon-stee] strip is ondinarily pmdurr‘d in n Jow.
exehon grade of #teel not execeding 0.15 per cont when not speeificd, and fesitable for

many purpeers where the presenesof ovide and normal surface defeets ane nnt

olijectinnahle,

Driring=guatity hot-rolled earhonetee] strip is customuarity pnuhu-nd for we in
{abrieating identified parts too difliendt for the fabrienting propertics of commereisl
quality, and whese the surface before and after draseing is of secondary inportance,
Bevauer of exeessive die seoring, the oxide should be removed by piekling prior to
drwwing,  Thix product is eommonly furnished from steel of carbon content ot
exereding 0,10 per cent,  When higher earhon is required, the deawing requireinents
should be cansistent with the ehwmistey sperified,

Phyieabquatity hot-rolled earbon-stecl steip is produeed when meehnnieal proper-
ties nre speeified or required other than the bend test of commereint quality, or uni-
(ozmity of temper is requited, Mechanieal properties specified shonld be comistent
swith noy drawing requitetuents,

Cold-rolted Carbon-strip Steel.  Cold-ralled enrbon-strip steel ix genorally pro-
dueed {rom enrbon steok under 25 per cent carbon and i< svailable i different tetapers
with variots edges snd surlaee finishes. Standaed available finiches are:

TABLE 265, MECHAKICAL PROPERTIES OF COLD-ROLLED CARDON-STEFL STRIM

Handures, Cathor:

Tempes Horkaeel] 11 enntent,

treyperd seitabds for Bat Manbing only, pot {00 min paes under 0000 Leen thon, 130
3 B4 win page over 00650
Lol temper) intraded for benling 40P wrenes
T0-85 Lot than 624
S fortesbanl trmper) for ahallor doaning ar
A Fatat e for bemding B perees, and

wpth the gy 615 Itk 00
N dnet e ey for faldly deep drawing scliere
AR P I 65 x e a6

2] ot Hedlt draxing, wheee
L s ol 55 tune Loy thar 010




CARBON-STEEL STRIP 265

No. 1 dull frisk) iz 2 lnsteriess fir
tinn. zud reduces contact friction in drawin

X5.2 {regulnr brigh! finiah,

or lzequer or paint zpplica-

5 mné generaliy applicabls to

,v’n, '3 fhert Fright finik, i & highd
ssitable for dlectroplzting.

e highest obizingble partinaleriy

TABLE 2%-6. TEICZNESS TOLEPANCIS FOZ COLD-ROLLED CABBON-STEEL STRIPH

&l lpmrs szs

over, iz

507 0.3 G0 060 0
G 6 00z L0 aun or/
[onm 0.0 ;o.rfz. fous
Lonn |
tour one

rm:&arm,
60015 1 00015
o} 6mt
668 | 0,00

6.5
6.9015
G
X

for |
wi !

L6051

TABLE 25-7. WIDTE TOLIRANCES FOR SPECIAL EDGES OX
COLD-ROLLED-STEEL STE.IP

2 2re plus o7 szinur

| Telermene, fo.

005
0,005

3o 10 0.9
VL2V

FRrT.

i
: i
g |
: i
K ;
H |
H oo
H L0
2 T
5 i A
3 | 3
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o258 FEREODS 2TAMPING MATERIALS

Cheer 1y v 2L [

fhoee T4 T
thet 2 tadh TS
hee fta g5, Ty
Oser fh1 7 . f
fheee ? FITAI PR Y

TAULE 2019, WIDTH TOLYRANCES FOR SLIT EDG

B4 branees are gL or mines

COLDLROLLED-STERL STRIM

W) b, ranze, in et

Spese K i {
Cer 5 Ovee | Oy | Dreriz | Over
bowh Wi a2 L md ey,
: i
{ ) ] R
| ! | i
Chyer 0 3Fe) o G240 s Lonuts 0 ax ; oot 0 oo
[N [ARFRTINI B [ RERE) o.u6 sma §ooom “ @
Oues st e 1 ams ¢ uth [URI31E) 0.0 1 6
Ehee 0016 10 0tk L b e oo | oo ] g0 o
Eptagor A RTY j o {0 l o6 | 0
. i !

TADLE 2¢.12, WIDTIl TOLERAN

TABLE 26-13. WIDTH TOLERANCES,

'
COLD-ROLLED SHEETS! HOT-ROLLED SUEETS
Coils nr ent Irnothn, sheets not requared Elieets nith thieated ot shit edge, ot reuguared;
Pluy Telerante, In, coilr and eut lengthy, imeluding picked ghesty
Bgweifo L WAL, In, (Nene Minug) Mus Teleeree, Ir.
Tgs e 8, e : Spreifed Widihe, In, (None Minyst
Over 20 1002 ined ... i Up to 15 . 4
Over 32t ds, ol e o Y Qver 1510 20, mrl 119
Cres §8 43 80, inel. ... fye Over 2010 30, inel... 1,
Over 80.ue uininns i Over 30 to 80, incl I
Over 50 to 80, incl. g
Over $0 i

TARLE 26-14. WIDTH TOLERANCES, HOT-ROLLED STRIP
AN taleranees are phys or mings

Width ranzes, in

e prifi i ., N
Spevited fhirkoe s oo | Overa | Overs l“\"r 1
Cpto2d S, wio, | otz
el el | el el
| —
Ml eder pnd pquate dlpe, all thiskness | bgy e He | M
ot edper t
Tofudte, inet L RN . [ XL I (R TN TR
Fhoes {1 J00 o 4 Dlf 0.016 0.6 004

STAKDARD ALLOY STEELS

Bueed i elgefied e un alloy steel when the pnximen of the enge given for the cone
tratof allagitg elements exeerds one or more of the following limits: amogane-r, LA
"' cet; vilienn and copper, 460 per cent; or in which o definite mnge or "”'“'"”“’

¥ of aay of the follosing elements iy sperified or required within the Jimit- of
e tesenized field of constraction nlloy steels; ahsminum, boron, chitomium sp to




ALLOY-STEEL SIRIP

5 ohtein & 4

vzed alioy e

TABLE 2626, WIDTE TQLIRAN
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zerent b
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TARLY 30T AVIRAGY MECHANICAL PROPYPIIFS OF VARIOUS
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MANTFACTURERS' STANDARD GAGE FOR STEEL SHEFTS 2613

% MARGFACTURERS’ STANDARD GAGE FOR STEEL SEEETS

of wrought o
the incon-

an stesl. Beew

en ot 480 1b per eu f. which is 2 pas cent {ig 3
neies encountered in {he U.S. Standard Gage Toble in conver
{hickness, steel producers have adopted the Manufaerrers” Standard Gage

Sheets, having 2 definfte thickness equivalent for each gege number, bzsed on the
weight of steel.




% 1 PERBOPS STANMPING MATERIALS

AMERICAN STANDARD PRECERRED THICKNESSES
FOR UNCOATED THIN FLAT METALS (UNDER 0200 15
b gy i adand provide noamplified syt foe dey,,
X ol atemtod, thin, el and allnye by decimal paste of
1 vfw :': J\y'. l‘u o z’w«n'\ et J h\‘ l.n‘ \:a!i(\:x\ g

:mmlwr .

," !‘ ERHEAES 10 e thaty Hny\'*" s lhlrr.w e murv ll\ qm n!lv lh\'v o are e
mited by il ongiaeenng dessn or 1~mrm(»\\m\'\w ennnbirations
b o e, b decimal thickie exof mitale cantingent on applieatiog, sl e
o b meopstzed s commereind and inno way be cotrtried ne ot

Howrwrr, for genersboparpe e spplications o whers tequiremenits permiy sogqe b,
it dn the wobvtion of thicknes (he simplified pn-l'l'rrul thicknesd piven iy g
tabte will facthtate interchangeabidlity of different metads in destan, reduee jnae oty
sned depace the wvalahibty in warchouse stoeks of thicknesss commonly pquied {,‘
rnepalparpoee spplications,

The thickue: o in Table 26:21 are applicable to uncoated, thin, fat metals and
shuys. Fach thicknes s {o approvimately the same pereentaee grester thay e e
sondler one, Based wpun the 30 <eries of Ameriean Standued Preferned Namler
they provide 5 eoverane cquivalent to previons systems, and should meet most of ¢l
greneradepuepase teeds of idustry,

i intermediate thicknesses pre required, seleetions <lndl be made for olf metals pnd
affox~ by the nee of thichnes wes hased on the 86 xeries of American Standard Profeen 1
Nupmbaera 121701000,

TABLE 20-21, PREFERRED THICKNESSES FOR UNCOATED METALS ARD altovs
(ASA B12.3-1932)

[
Bt i oot oo oo 1 080 oo
t NS ) 0080 | D03 ‘ von | |
01 0 05Y Gome {000
0Nz 030 0,053 l oo {
(1 zine 0.1 0,050 poneee 1 [ ‘
o | oo | oms i ! [
01800 | g 000% | 0.085 I oo % !
%] oo | o002 ! .
naens | ogosns | o.os0e Voo oo
010 0075 0.03€ 1 :
auer | ooe Lo | omse | ooome !

ooy oM 1 6my

Al tlttetot e bre g
* Indisated thacksis

e .n aotien piftGlers

ELECTRICAL STEEL

Platerolled electrieal stee] comprises the specially manufuetured steels containgas
wpe G per eent silivon, in et Jengths or in roils, which are processed to develop deluge
rmnetie and physiend properties which suit them for wse in transformer cone, rotee
snd stators of rofating cleetrien] cquipsment, pole pieces, and relays.

Manufacturers' Standard Electrical Stect Gage Table.  As u result of studies rore
:im(ul by e steo] and electrieal industries & Munulaeturers' Standard Stecl G

Tahi (I.>:~( 3 (Table 26-22) wens established,  Beeauee the maxinum copedo-z vk«
et eotnrt naly for g definite thichness, sad sinee the setual density of the sted s -
sithtype, ‘1"ﬂnlu[.w~l i produced only to the dcrunnlHmlnvrwhn.\xnu thetsl -



ELECTRICAL STEELS 26-15

TABLE 26-22. MANUFACTURERS' STARDARD ELECTRICAL STEEL GAGE!

Electricel steel | Thickness, | Electrical sted | Thickness,
sare pumber | 1 gere number | im.
{
!
32 20 ;
£ 1 i
29 18
25 iy i
7 b ]
25 15 i
25 4
4 13
3 12
27 1
2

TABLE 26-33. THICKNESS TOLERANCES FOR FLAT-ROLLED ELECTRICAL STEEL
Al tolerances are plus or minus

Electrical steel

)
{ Equivalent thickness, Tolerance, in.
gage namber i i : e

.
Rto26 it | 0000100085, il | 0.002
251022, in: 0.0220 80 0.0310, incl. | 0.003
0.0340 0 0..03; 0.004

9.0435 to 0. ‘ 0.005

0.0360 to 0. {00

1t ; 0.0750 boo0.007

3 ; 0,040 ] 0.008

i

Note: Thickness is measured 2t any point oo the steel not Jess than 7 in. in from 82 edge.

TABLE 26-2¢. WIDTH TOLERANCES FOR FLAT-ROLLED ELECTRICAL STEEL
Not resquared
Width, In. Tolerance, In.
To 6 inel. Minus Y plus 2oy
QOrer 6 to cl. Misue 47 plus J32
Over 15 {0 20 ine] Minus @ plus o
QOver 20 to 30 inc Minos ¢ plus
Over 30 to 48 incl fious §  plus 3

The standard treatmente for flat-rolled electrical steel are: .

1. Deoridized Surface.  Accomplished by use of a reducing gas which. by chemical
reduetion, substantially lessens the amount of hot mill oxide and minimizes develop-
meant of annezling oxide.

2, Pickling. For certain applications, used to remove surface oxide.

3. Oiting. Treatment to reterd rusting in storage or in transit, particularly advis-
able when electrical steel is pickled or deoxidized in final processing. Accumulated
condensed or other moisture must be guarded againgt. since oiling is 2 temporary
protection,

STAINLESS AND HEAT-RESISTING STEELS*

These stecls cover 3 very wide range of properties,  With careful selection they
can. with few exceptions, be used for all applications for which the carbon and lower-
ailoy steels are used and where, in addition. corrosion or heat resistance is 2n essential
requirement.

* Reviesed by Robest Sargeson, Chief Metalluraical Eogincer, Rotary Eleetric Steel Co.
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TAYIE A4S CLAORCATION Y MIUF, RTADRIEEL AND HFAT FYMCTANT STI s

Seeirdeoand Jaaten et

ealdugn i che tr

Bed snmod Lan bl
b addt e baatedy

Le-1)

Heternllid <trip i not manufurtured 1o 1 surfuer spoeifiestiom other Qhan that gives
by it ot lling, sonealing, und pirllixu:

Codderalied strip i produced jo two finishess No, 1, cold-rofled, saneated, i
pickled; No, 2, colderolled, snaealed, pickled, and reradled.

TABLE 2¢-26, THICKENESS TOLERANCES FOR HOT- AND COLD-ROLLED
STAINLESS-STEEL SHEET!

All tolerstiers mee plus or mione

Kpeeifad Thuelnets, In, FPermissitle Variations, In,

O,

0.00% 10 0 7, nel. .y
0.015 tn B 116, inel, 0002
0817 ta 0,00, inrl. (X114
[QUARUERH RN 001
Q04 10 0 1%, forl, O 003
A5 O 52, inel, [NV
0073 ta 6,087, inel, n.ow
14081 10 0,008, inel, 0,008
0o 3134, inel, .o
6185 10 0,370, jacl, 010

nl, 0.012
n ) in. 6.014

01 ts B 14
0140t fe

TANLE 26-27, THICKYESS TOLERANCES FOR HOT-ROLLED STAINLESS-STEEL STRIS
Al toferuares ate phis s minte

Width ranges, in.

i T

Sremifed thoboee, in.
Ou- 10, up tn
. inel,

fin,
atd under

fohie) b ot

O, 0.0t 0,099 pom | e

o L AT, 0005 l 0.007 0.007 (78}

T TR oond | o007 0.003 00
i | :




STATNLESS AND HEAT-RESISTING STEELS 2617

TATLE 2592, TEICZNESS TOLTRANCES FOR COLD-POLLZD STAIFLESS-STEEL STRIP:
2 250 48 P

w0 F

G058 6.6
[
COEE 0.0
&, L0
0453
(X753

G.005
.60
G604
11058

60025
9.052

G0 AT

O.008 66T 0.0515

Widih tnferaz
oot resryuared

48 in, and o7

TABLE 2525, WIDTE

To fves

2 510

e ¥oou
e He Ha b
B ¥ W

F0R COLD-BOLLED STAINLESS-STEEL STRIP,
OL 5Q. § EDG:
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SECTION 27

NONFERROUS STAMPING MATERIALS

WROUGHT ALUMINUM ALLOYS*

These alloys are essentially of two distinet classes: (1) non-heat-treatable, in which
the harder tempers are produced by cold working, and (2) heat-treatable, in which the
properties of strength and hardgess are inereased by thermal treatments.

Wrought Alloy Designations. Most vrought alloys are designated by 2 number
followed by the letter S. The principal alloying element determines the numerical
range in which various wrought alloys are placed. Some wrought alloys have desig-
nations assigned by the producers which do not eonform to the ahove system. The
Reynolds R300 serjes and the Kaiser K100 series are examples.

New alloys have heen developed, and in the absence of standard affoy designations,
a pumber of unrelated alloy-designation systems were created. Their use has heen
generally unsatisfactory and has led to frequent confusion and misunderstanding.

The Aluminum Association developed and put into use on October 1, 1954, & new
alloy-designation system using a four-digit index system, The first digit indicates
the alloy group. The second digit indicates modifications of the original alley or
impurity limits, The last two digits indicate the zluminum purity in the Luxx group,
In the 2:xx through the 8xxx afloy groups, the last two of the four digits have no
special significance hut serve only to identify the different alloys in the group. Gener-
ally, these digits are the same as those formerly wsed to designate the same alloy.
Thus, 2084 was formerly 145, and 3003 was 35, For new alloys, these last two digits
are assigned conzecutively beginning with 5201 Table 27-1 lists the designations for
aluminum alloy groups by hoth the commercial designation and the Aluminum
Association system.

THBLE 27-1. DESIGHATIONS FOR WROUGHT ALUMINUM ALLOY GROUPS

o4 7oL :
commercial | New A2 Major alloying lemsnt
desimation
i
¥

desigation

+ Aluzizutn, 59.005¢ win s grester
| Mancanes:

s Copyrer

F Silicon

| Magmesi

sivin
nesinm and siliea”

2
B
=3

Temper Designations. The {emper designation follows the alloy designation as a
SUfiix, g, 2480. The temper is indieated by o fetter which may lase a suffix of one

* Resiewtd by R, B, Smith, Director, Enginesring Stsndards & Data, Produnts sd Application
Departizeat, Reynelds Metals Co.

27-1
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The Aluminum Assovistion temper designations are the same as i the ald com.
mereial diigrations, nnd are sepurated from the alloy designation by o dash, thue:

11801112,

TABLE 27.3, STAKDARD TEMPERS OF ALUMINUM SHERT

Feandard tempers®

Aoy T . Alloy

1
1t ehieet | Coited shire

Stamland
tempere®

Heattreatnble Allay Not-heat-terstable Alioy

1000w Mely] 148 ] ; 0 0

2 i 282U andy
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¢ Aelad 35 DTG (3 hard)
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Alef 48 Lo T .
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3 f
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;
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WEROUGHT ALUMINTM ALLOYS 213

TABLE 374, TYPICAL MECHANICAL PROPERTIES OF ALUMINUYM SHEET ALLOTS

o By 55 5 L 40
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TITANITY AND ITS ALLOYS

Sheet and strip fribbon] mlled zine of eommereial quelity contal
iron, znd cadmium of less then 2 per cent.  Aveilable commereisl 5

Teble 2718,

TABLE 27-18, AVAILABLE SIZES, TEICEZIESSES, AND TOLERLNCES, ZINC SHEET
ATD STRIP

LRor ok

.008 224 0060573

Letwess b

Commereiel titznium sheet i formable by bending. drewing, sod similer operations,
teing comperable with quarter- to half-herd 188 stainless ¢

Commercially pure zonezled iznium {eontzining no more than (.03 per cent each
of oxygen, nitrogen, and carbonj as supplied in the soneeled state has en ultimate
tensile strength in the renge of 70,000 fo 90,000 psi, & yvield streagth of 55,000 to
£0,5%) ps, end elongztes (ta 2 in.j from 20 0 30 per cent.  Availzble annealed tita-
ninm zlloys cxhibit ultimate tensilestrength ranges of 100,000 to 175,000 psi and
vieldstrength ranges of 75,09 to 160,000 ps. The principal 2lloying elements,
chromium, mengenese, molybdenum and iron (including guantities of ozygen, carbon,
and nitrozen over 0,03 per eant) reducs ductility, sinee the elongation range in Zin.iz
0t 25 nt.

TABLE 27-19. DIMEXNSIONS AND TOLERANCES POR TEE COMMERCIALLY PURE

AND ALLOY GRADES OF HOT-ROLLED AND COLD-ROLLED
TITANIDY, SEEETS
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THE PRECIOUS METALS 2715

TEE PRECIOUS METALS
Gold, silver, platinum, and palladium and their alloxs are evailable in sheets as well
These metals are o longer used only for jewelry. dental alloys, laboratory
s and alloys have been found which are readily formable; compos-

25
equipment: new

ite sheets clad with these metals are available.

HEAT TREATMENT OF NONFERROUS MATERIALS

TABLE 27-24. ANNFEALING TEMPERATURES FOR THE PRECIOUS METALS ARD
TBEIR ALLOYS

1
. 1470-20

TABLE 27-22. ARNEALING TEMPERATURES AND HARDNESS VALUES FOR COPPER
AND ITS ALLOYS®

- 3 Full-hard | Annealed
Name ; Anslysis | Fultsmneal | go,d 7 {Rockwel
I
Copper. . 4 B30 Fa0
Bi0 F33
- B F50
Cartridee b’m B2 F64
Muntz metal. B F80

65% copper. 35 zine © §00-13 BSO 64
170% copper, 28 zine, 0.05% | S00-100°F| BSO B2%
arcenic, 15 tin
607 copper, 39.25¢ zine, 0555 | S00-LOOF|  BSO B30
tin
Navel Brast.oveeraiaannns 60 copper, 30.25% zinc. 075 | S00-1160°F|  B9O B
Hﬂ

Yellow bras:
Admiralty bronze.

Roman bronze....

3¢ copper, 30.2¢¢ zinc, 1.0% | 800-1100°F| B0 BGS
iron, 0.03% maneanese, 15 tin
> copper, 5 tin 900-1230°Ff  BST ¥i3

Maurenese broze......... .

Phosphor bronze, 5% (A)..

Nickel silver, 187 {A). .0¢; copper, 187 nickel, 17,0 | 1100-1500°F | BST FS$5
zine

Nickel silver, 18 (B)...... .} 35 copper, 18¢ nickel, 27¢ | 1100-1500°F{ BO1 Fo0
zine

Cupromickel, 30¢. 70, copper, 30 nickel 1200~1500°F|  BS3 B0

. 1 98¢ copper, 1.3 silivon, 0.25¢¢ BIY Fep

manmnes2 {

Aluminum bronze, 3. 937 eopper, §% aluminum W2FES  BSS B0

Alaminuta-silicen bronz:

814 copper, ¥ sluminum, 2 | 900-1200°F1 B&2 BT3
i sitican H

TABLE 27-23, ANNEALING TEMPERATURES FOR STAINLESS-CLAD COPPER!

Max furnsee .+ Thick
temp, den ? win | in.
we L !oegrs
w50 | 8 | 0.0
7500 77 0050
w0 6! 0.0%

Angesling of stainless-clad eopper, when stx
tion anpealing is not recommended.

lief is needed, shoutd follow this schedule, Induc-

References
Stocker, W. M, Jr.: How to Work Clad Materials, 4m. Machinist, Feb. 6, 1950.
American Society of Tool Engineers: *“Tool Engineers Handbook,” McGras-Hill Book
Company, Inc., New York, 1949,
3. American Soclety for Metals: “Metals Handbook,” Cleveland. Ohio, 1048,
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