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FORMING BY DROP HAMMER

EQUIPMENT, PRACTICE, AND DESIGN

DROP-HAMMER EQUIFMENT

1. Use of Drop Hammer.—he intricate shapes of com-
pound curvature, as required for many aireraft parts, n i
tate the use of three machines, namely, the drop hammer, the
stretehing press, and the hvilro-press,  As the stretching press
15 lmited in its application, the bulk of forming is done in
L]w drop hammer and the |i'v.'|l1n—||1LbL-. The present tendency

i parts for forming in the double-actiom hydro-press,
but the drop hammer still handles the greater production.
While there are certain parts that can be produced either by
the double-action pr or by the hammer, each machine has
its own definite applications.  Many times a part can he started
ont 4 press and finish-struck on a hammer. As a general rule.
the double-action press, both because of its cost and the more
expensive dies required, should be used only for those parts to
e mannfactured in great quantities or for those actually requir-
ing its services, such as when S0 matertal must be shronk *

nd O per cent. S0, as is explained in another paniphlet
of this series, s the desipnation given to wrought alominmm-
alloy in its soit-temper

The drop hammer, however, is well adapted to short prie-
duction runs on parts where high precsion is not required,
and is cspecially suitable for handling large parts and for
forming severe shapes. 11 furnishes a flexilile means for experi-
mental work and can be wilized in forming a e variety of
ditferent materials.  The parts so formed are fairly consistent
mel aceurate, and to some extent are interchangeable,  Furtlier-

*Throgghout this |'|-|'|.I'|'|rl'|I]L| antd other pamphlete of this series, some
form of the word “shrink” is used to describe the proces r
the metal at certain when  forming  parts of  alumitnom-alloy
sheets, as this term s in ral wse In the aireralt industry,
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more, As it is impracticable at present to freeze airplane design,
use of the drop hammer fuctlitates such changes becanse of
the low cost and simplicity of the tooling,

2. Types of Drop Hammers—In the aircralt industry,
three types of drop hammers are used: the rope-operated, the
pneumatic, and the hydraulic. The rope-operated hammer 15
the oldest type, hut in some shops it is being replaced by pnen-
nmtie, or atr-operated, hanumers. Hydraulic hammers are wsed
Lo tnneh less extent than cither rope hanumers or air naehines,

Most of the rope hammers in use in aireraft plants have
been designed and buill by the aireralt manufacturers them-
selves, since no hanmmer equipment readily convertible (o such
work was available. The hammers vary in size from 1 @ 3
tons, the weight indicating roughly the largest punch that
can be used.  The sice of the bed, however, more closely indi-
vates the size of the part that can be formed. The heds vary
from 30 by 36 inches on the 1-ton hanmer to 60 Ly 66 inches
in the 5-ton hanomner,

3. Essentially, a rope hanmumer, an example of which is
shown in Fig. 1, consists of a heavy base, or anvil, @ on whicl is
mennted the die. Side vertical colomms carey the haommer head-
wavs, The head & on which the punch is mounted travels ver
tically in these ways and is operated either by a single rope or
by a pair of ropes that make several turns around a revalving
water-conled drum ¢, which is mounted on a superstructure over
the machine. The other ends of the ropes are fastened 1o the
head,  Both ropes may be handled by the aperator, or they may
be connected below the drum to a single pull rope, \When the
iree ends of the ropes are given a downward pull, the ropes smuh
fast on the drum and cause it to wind up the other ends, thus
raising the head, To drop the head, the tension an the ropes is
released. Some type of safety lateh is required ra lock the head
i its raised position. Also desirable is a photoelectric cell
arrangement to prevent premature [all of the hammer,

When continuous operation is desired, such as for forming
cowl sheets and fuselage frames in [eeder dies, the head can be
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operated antomatically by attacling one cud of 3 coil spring
to the head ad the other end o the ropes, Then, as the heacl
falls, the ropes are polled dewnward e enongh (o radse the
Lead for the nest blow. By adjusting the positinon of the spiing,
the height of drop can be varied to give the required force of
Tl

4. Since the ropes slip on the revolving deum, there is a
certain amount of wear on them,  To reduce the friction between
the rope amnd the dram and make the ropes st longer, o vegetalile
orease shoutld be used  mineral greases must be avoided s they
are detrimental to the lije of the vope. The ropes cenerally dail
in the sections wreapped around the deom where frictiom ocenrs,
Tar facilitnte replacement, Tong topes are used with the gnmsed
part wound on a reel, such as o, Fig. 1, or in the original enil
at the sile of the hammer,  When o rope fails. the section
attnched to the head s cut off behind the had spot, and good
rope s '|'J1!l|t'11 froon the cotl, wound around the demm, aned
fastened to the hewd.

5. Air-operated hammers, as represented by Cecostamps,
are more fexible than rope hammers with regard to the kind
of blow struck. The inherent design of the rope hammer
requires that 1he operator have consideralile skill, since the foree
af the blow is determined entirely by the weight oi the head aml
poach, aned the hetght frome which they drop, To determime the
proper foree Tor each Dlow oo production progression aml to
follow the progression with o rope hamer s diffienle. Anoair
lamer, however, can be so controlled as o steike o single Blow
of desred force. a predetermined sequence of varied Dlows, or
repeated Dlows of the requived Torce and rapidice,  The metal
cart b gently squeceel inte the dic for the prelininary forming
or it can be strack light or heavy Llows.  With an air hammer,
more lows per minute can be struck than with 2 rope hammer,
since the air pressure on the piston imparts a faster down stroke
than can gravity acting alone, the head is Hited faster by air than
by mechanical means, and the strokes can be made shorrer
hecause of the greater speed and power of the hammer head,
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6. Squeczing or prelorming the material into (he die
heiore a heavy blow is struck provides a certain amount of
drawing action, and also shows the operator where wrinkles are
liable (o form. [t also permits him to hammer out with a maller
those wrinkles already [ormed that would probably lap aver,
This squeezing action on the air hammer shown in Fig, 2, which
is =el up for formong a Aller-well doubler @, is obtained by 1Jl'illg-l
ing the head down slowly to the work by o slow movement o
the control lever & and then moving the lever down as far as it
will go.  The pressure so oblained with an air pressure of
approximately 100 pounds per square inch in the evlinder o
viries from about 1 ton on the small machine to over 40 tons
on the largest one. T'o set the material, a heavy blow may then
be struck by moving the lever down rapidly when the head s
in its raised position.  The head of an air hammer can also e
operated automatically by means of a curved cam bar which
ivrms one leg of a bell-crank that presses against a plate atached

TABLE I
SIZES OF AIR HAMMERS

Dhanenzion= of Head
- | T Stroke | Minimum Ram | resaor Caparity
Between Guides | Front tu Buck Tnches Die Area Cubic Fret of Free
Ticihis Taches Inzhes Air per Minute
13 12| @ 2
M) 24 34 Al
4 3 42 34 ox: 253 142
48 44 42 . Hox 3 175
fify 36 48 463 = 254 183
i 44 45 40k = 34 L |
0 el 45 40F x 424 275
i 45 44 08 x 34 389
Uty &l 4 68 x 424 478
6 il 45 08 = 08 e
120 48 45 85 = 34 478
120 ] 44 35 x 421 and
120 063 44 | 85 x¢&8 778
120 120 45 5 x 85 HE0
156 60 al 110 = 423 790
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to the head. The movement of the head canses the bell-crank to

swing arcund its pivot and to operate the air valve,

7. Capacities of Air Hammers.—Air hammers are made
in a wide varicty of sizes, as shown in Table 1, in order to cover
the metal-forming requirements of the aircraft industry, The
sizes needed depend on the variety of production, and on the
stze of parts to be formed by the hammer, In selecting a hammer
to be used for any particular part, the size of the princh st e
considered.  For each machine there is a minimum punch, or
die, area, as given in the fourth column of the table. 1§ 2 smaller
tlie set is used, the hammer head is lable 10 break, When it
hecomes necessary to use a die set smaller than s recommended,
a holster, or shoe, of adequate arca should be used Letween the
punch amd the ram,

8. The selection of the hammer depends also on the com-
pressor capacity required, as indicated in the last columm of
Table 1. These air requirements represent those needed for the
Lasic number of strokes per Lhour, that is, for the niniber of nse-
ful blows generally experienced per hour, As the work varies
i size and character, so will the basic strokes vary, diminishing
i number as the work requires longer perinds of time hetween
blows for handling, inspection, and hand working, Since the
lurger haminers operate more slowly than do small hammers,
maore rapid production can be maintained with the latter, and
they should be utilized whenever possible.

9. Drop-Hammer Foundations.—Various tvpes of drop-
hammer foundations are used to absorb the shock caused by the
hammer blow. The rope hammer requires a more effective
foundation than does the air hammer, since the latter has its
side members connected to the base and yoke by holts and ten-
sion springs, one of which is shown at the left of the lever in
Fig. 2, in order to reduce the shock, and no such springs are
employed on rope hammers. The most common foundation con-
sists of a heavy inertia block of reinforced concrete, of about
twice the weight of the hammer, The Lase of the hammer is
bolted to this block, which is mounted on heavy coil springs in a
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concrete-lined pit. This construction permits the shock to be
absorbed by the inertin block and transterred to the pround
through the coll springs. In some cases, cork 15 used instead of

springs,

DROP-HAMMER PRACTICE

10. Forming in Drop Hammer.—The {orming of sheet metal
in 2 drop hammer 15 2 drawing process involving the siretching
of the metal in one direction, and compressing it in a direction
al right angles to the streteh, The metal is taken slightly past
its yield point in progressive stages until the depth of draw is
reached,  For the ordinary die, where such actiom ocenrs, the
metal 15 spoken of, i terms wseid in the aireraft shop, as béing
shrunk into the die,  Simple parts may be formed in one-hit
dies in which the metal is shaped in a single hit, which term s
used in aircralt shop parlanee (o deseribe a Dlow of the hammer,
The shock of the hit also upsets and stabilizes the metal, thus
reducing warpage during heal treatment.  On intricate shapes,
however, slow, sradual working is required until the lasy stage,
when the fAnal shock upsets the metal,

11. Hammer drawing is lmited, not by stretching the
metal o the tearing point, but by the formation of wrinkles
aromid the edge of the picce. When a sheet s [ree over its
entire surface and is not held on a partcular spot on the die, as
by a pressure pad or by rubhber, it will be drawn by the panch
intoy the die where shrinking will oecur, Tt is this shrinkage of
the dural or Alelad sheet that causes the difficulty in hanmer
forming, since neither material shrinks readily but rather tends
to wrinkle, especially when no support is given to the flanges
of the material. 1t is therefore necessary 1o remove the wrinkles
by hand work, Tt is also comimon practice inomany operation
sequences to iron out the wrinkles by a power planishing hammer
after the piece has been practically formed,

12, In Fig. 3 is shown an example of wrinkling of alum-
inum-alloy sheet under the hammer, This particular part, a
door panel stiffener made of 24500 Alclad, is o rectangular pan-
shaped object. Around the corners, as at e, the wrinkles must
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Le hand-hammered between hits so that the metal will ot dald
over and form laps.  An example of how a part may be ruined
by the formation of a lap in the metal is shown in Fig, 4. In

this case, the lap e was formed beeause the hlank was not field
securely enongh on the edge b, so that the material was drawn
it the die too quickly and Jolded over.

13. Properties of Materials Formed in Drop Hammers.
Aluminum, dural, and Adelad sheets of all types may be formed
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in drop hammers, bul the common alloys so formed are 350,
ISEH, 2450, 2450 Alclad, 5250 and 3253H. Soft tempers
are required in order to afford a yield point sufficiently low that
shrinking instead of buckling will cecur, Thus 350 has much
Letter shrinking characteristics than has 351H, Where extreme
stretch and shrink are required on unstressed parts, 350 may
be replaced by 2500 which has an elongation of from 35 o 40
per cent,  Allavs in the Alelad condition, such as 2450 Alelad,
can be worked even better than the plain aluminum alloy, as the
Alelad coating seems to act as a labricant, thereby making the
forming less severe.  ard stocks, 2457 and 2457 Alelad, are
rarely used in drop-hammer drawing, because of spring-back
and work-hardening difficulties.

Marts made from annealed stock having heat-treatable char-
acteristics are heat-treated to the desired strength alter forming.
Then, befure the metal can age and develop its full hardness,
these parts are generally restruck to correct any warpage (hat
miay have taken place in them, amd lo msare their conforming Lo
the contour of the die.

The most practical gage for drop-hammer forming is 03]
inch.  Sheets of less than 025-inch page cannot be formed
satisfactorily without excessive wrinkling, whereas those of a
gage over 064 dnch work-harden too rapidly  for eficien
[arming,

14. Work-Hardening of Aluminum Alloys.—[n working
aluminum alloys, it is important to realize that the cold working
increases the hardness and the compressive vield point ol the
material,  All alloys do not worls-harden to the same degree
thus 250 and 350 work-harden only slightly, whereas 2150,
3250), and 5251H work-harden readily, Therefore, during the
wrming process, an almnimum alloy that work-hardens con-
siderably requires annealing hetween the drawing operations,
In making many parts, it is necessary, hefore the parts are com-
pleted, to anneal the material several times, either i a furnace
in the heat-treating department, or in a lead pot located near
the hammer. In the latter method, commonly ealled the quick
anneal, the hanmer operator immerses the part for a moment
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in molten lead held at a temperature of irom 640° to G307 F,
Local arcas of a pieee can also be annealed by heating with a gas
torch, but this method gives non-uniform results ol 15 there-
fure not reconmended,

15. Hand hanunering the metal to remove wrinkles also
caunses  work-hardening  and  tends to make the huckling
worse,  When the material is struck again in the dr :-]1—11511:'.111{-1:.
i greater foree s requited to shrink it into the next stage, and
the material is more likely to tear at the drawing radins. There-
fore, as [ar as possible, the wrinkles are concentrated in the
outer ange which is trimmed off the finished part y a hand or
circular saw, shears, shaper, or other convenient means,  In
some cases, depressions may be cast in the die itsell, as shown
at g, Fig. 5, to take up the excess flange metal.  Some parts may
also be trinumed after partial forming in order to reduce the
wiitkling effect,

Fie 5

16. Die Materials.—The former practice in the aircraf
industry was to use a lead punch and a zine die,  However,
where the draws were deep or the metal fairly heavy, or where
many stampings were required, the zine die had a short lie
Repeated blows of the hammer stretched, eracked, or battersd
the die out of shape. Therefore, zine has been replaced hy
Kirksite, an alloy of zine, aluminum, copper, and magnesiym.
Kirksite has several times the impact strength of zine and is
lighter, harder, and stronger,



12 FORMING BY DROP HAMMER

I-J_l\ul'“" '|I'|_]!|I;,'.I'| 'ih _L:I."I!I."I':‘IJI:\.' ]'I:h'!lllf'. |H. ]{'ﬂ(] '.'.EHI irill]] Ly fton 1""‘ i.lli"l'
cent of antimeny added for hardness.  For those cases, however,
where the punch s (o undergo exceplionally scvere service, the
punch also may be made of Kirksite, On the general mn of
worl, o lead punch will Jast approximately from one-ifth o
ome-third as long as the Kirksite die.

Another alloy that is being used to some extent as a die mate
rial = known to the trade as Terromatrix, This alloy has a Tow
melling pomt {230% I}, and has practically no shrinkage when
cast,

(Mher die materials also used are dural, cast iron, and cast
sleel, ot they are nsed to a much less extent than are leawd and
Kirksite, and then only for exceptionally large production Tuns
of heavy-mape metal, or for stainless steel. For severe service,
cither east iron or east steel s satisfoctory, being much stronger
and harder than lead or Kirksite, However, such dies cannol
Lie readily worked to shape with hand tools, require extreme
care i casting, and are not casily modificd to meet design
changes,  Plastic materials are also being tried for hammer dies,
but, at present, their vuse is in the experimental stage.

17. Die Lubricant. —MWhen aluminum alloy sheet is drawn
over the suriace of a die, its slipping is facilitated by the use of a
abiricant, preferably a vegetable oil or a lard oil,  Besides aiding
the drawing action, the oil to some extent protects the surface of
the material from scratches.  Scratching of the material may
also be prevented hy placing a sheet of cellophane an top of the
die. A film of polyvinyl aleohol on the die may he used for the
same purpose, but this practice is not generally followed,

18. Mounting Dies in Hammers—The punch of a die se
is fastencd to the hammer head by means of studs, which may
L cast direetly into the punch or screwed into threaded inserls
cast in the punch.  With the latter method, the studs can Le
removed from the punch and the die set can more readily be
stored.  Good practice s to provide a minimum of two I-inch
nserts, and at least one insert for each sruare foot of top area
of the punch or for eaclt cubic foot of volume, depending on
whichever is greater.

-
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19,  In making the set-up, the punel aned die are placed on
the anvil together anid locatesd so that the sturs o the pooeh line
g with the mating holes in the hammer head, The head is then
lowered and checked for facing against the top of the punch,
as i1 should rest evenly over the entire sirface, High spots
should be dressed off, and any low spots built ap by adding
milten lead.  The punch is then halted to the head, leaving 1he

dlie in approximately its corvect position, A fat die with prac-
tically no side throst can be Tastened to the andl by clamps
Learing on shoulders which are cast on the base of the die,
However, when there is a definite side thrust on the die, and
also generally when rubber is used, the dic must be so retained
that there can be no sidewise movement under the force of
the Blows,  In this method of fastening the die, taper pins or
bolts are set mto holes in the hammer anvil, and a laver of
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miolten lead is poured aronnd the die base and the pins or Tolts,
As the base of the die has a taper of about 5 degrees, the lead
together with the pins or holts holds the die firmly in its proper
place on the anvil, and prevents it from heing raised with the
head.

EE = SRR S p E

s Y Y

Fio, ¥

20. Progressive Dies.—Durts thut have deep draws, fairly
sharp corners, o a deep reverse curvature are often made in a
series of dies, known as progressive dies, The complete set may
consist of one starting and one finishing die, hur generally one
oromore intermediate dies are required.  In Fig, 6 is shown the
principle of progressive dies; the die in view (a) is the starter

li'fJi{h-lIPs\;\I(V%W%grr]s orﬁgﬁ _H;‘"s MMER 15
i which the part a is drawn between the punch b and the die ¢
it a conical hat shape.  In the next step, as shown in view (5],
the part is drawn to its finished shape, The finishing die must
e given a draft of from 1 to 3 degrees along its sides, such as d,
so that the drawn part can be removed from the depression ; the
punch is given an equal dralt,

a

Znd Stage

Fic, B

2l. The picees in Fig, 7 illusirate the process of forming
in progressive dies. The blank e is cat from 064 inch 350
stock. In the first, or starter, die, the piece is drawn tn a shape b,
with wrinkles forming around its flange and fnside its depression,
Then, in the second, or intermediate, die, the part is drawn to the
shape ¢, At this stage, the lengthwise flow of the metal is indi-
cated Ly the fact that the S50 designation lines are no longer



13 FORMING BY DROP ILAMAMER

straight amed parallel, but are curved and are farther apart at
the hottom of the depression, The draw sidewise is chown
by the drawing in of the sides at 4. In the finish die, the part
¢ 35 ostrock o shape with the wreinldes concentrated m the Hange,
which 15 to be cut off,

22. Two-Stage Propressive Die.—A\ typical example of a
twi-stage progressive die is illustrated in Fig, 8. The finished
piece ¢ is a tail-pipe shroud.  With the starter punch i and the
die ¢, the sheet stock is drawn to the shape . Then, o the
sceond stage, with the punch ¢ and die f, the shrowd is finsh
drawn, as illusteated at ¢ The bead B arowmwd the die T serves
to restrain the metal from shrinking into the die and 20 con-
centrates the wrinldes in the border. The bead and Lorder on
the finished part are triomned off.

23. Imtegral Progressive Die.—['rogressive dies may also
Te bt inteoral, that s, with both the starter and fnisher in one
die,  The punch for such o set for o stiffener s shown in Fig 9,
and the die in Fie, 10, With thiz die, two stiffeners are stamped
at cach hit of the hammer, Two blanks, sueh az that shown al
a, are placed in the starter dies on the left-hand part of the die
Locating pins arce used o hold the blanks in their proper posi-
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tions. Then, after the first hit, the partly Iormed stifeners are
placed an the fsh dies, as at &, and new blanks on the starte
dies,  With 1w =econd hit, two stiffeners ¢ oare Anished. Fo
stall parta of this character, the starter awd finisher dies are

wenerally Dudlt fntegral, both to nerease the rate of prodoction
aned to keep the die cost as low as possible,

24, Advantages of Progressive Dies—TPoll separiate aml
integral progressive dics are inexpensive, since no definite size
ur shape is needed o the preliminary dies enploved o the pro-
gression, Aoy approsimite contour that brings  the blank
closer to the finished shape is acceptable as long as excessive
wrinkling 1s avortded,  Another advantage of progressive form-
ing s that the use of preforming dies prolongs the Tlie of 1he
Lnishing die.  Ilowever, the tine required to change the dies
mitst be constdered inestimating the cost of production, as the
usc of starter dies necessitates additional set-up  operations,
When relatively few parts are to he formed, the set-up time may
be i major item,

According io one aireralt company, studies made on the drop
fmmer indicated that the average set-up and tear-down allow-
ance is 277 minutes for die sets ranging from 650 to 7 300
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pounds,  For dies under 1,000 pounds, the allowance i= 18.7
mwinutes ; for dies from 1K o 4,000 pounds, 238 minutes ;
aned for dics over 4000 pounds, 32,1 minutes,

25. Draw-Ring Forming.—Ssvmmetrical parts involving a
deep draw may also he formed in stages, by using plywood draw
rings nstead of progressive dies. The blank, as shown in dotied
outline at ¢, Fig, 11, is laid on the die, and a steel ring &

and a number of plywood rings ¢ of approximately the shape oi
the finished flange are placed on top of the blank.  Then, as the
hamimer head drops, the base of the punch strikes the stack
of plvwnidd rings and the punch enters the die only a small
amount, an inch or less. The mupact of the punch on the ply-
word rings applies a hold-down pressure o the stee]l ving &
but thiz pressure will not support the flange of the material suffi-
ciently to prevent all hockling and wrinkling,  Such progressive
forming, however, correctly starts the flow of metal into the die
so that wrinkles and overlapping folds are ehminated to a large
extent.  After each blow of the punch, ene or more rings are
removed, thus permitting the punch to enter the die farther and
farther until 1 bottoams on the hnal deop, at which time the
piece is struck to the finished shape. Between blows, the wrinkles
must usually be worked out by hand hammering, At these
intermediate stages, the complicated areas especially are hand-
worked to direct or correct the flow of the metal into these
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arcas, so that the metal 1s not overstressed and cracked.  An
inspection of the first part formed will show where the metal has
not drawn properly, and on subsequent pieces, the mwetal around
such areas can be preformed by handwork.,  Also, rubber blocks
can be wsed in conjunction with plywood rings to draw out
particular areas,

26. Examples of Draw-Ring Forming.—A typical part
formed Dy using progressive dies and draw rings on the starter
is the 350 drop-tank [airing, a number of which are shown in
Fig. 12, Making this part nvolves a fairly deep draw, and, in

Fis 13
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addition, a still deeper draw must be made at ¢ to form a sur-
face [or mounting a fitting for attaching the fuel line.  To form
a depression of this type, the metal must be drawn from the
adjacent material,  Therefore, it 15 necessary, before placing
the steel ring . Fig. 13, on the Dlank, to lubricate the materizl
for about three-Tourths its lengtln No lobrcatiom should e
apphicd to the Dlank at the point opposite the deep-drawn arei !,
in oreler thit the pressure-plate action will be greater at this

Fio 1o

poitit. The metal will slip under the draw rings, even with 1o
lubrication, but the pressure on it will e great enough 10 pre
vent wrinkles, as the metal is pressed or “shrunk™ mnto the die,
The arca & 15 also prestretched by hand Because of the sharp
donlde curvature involved,  With the steel ring i place, o
straight peen hammer s held against the sheer at this point,
anid struck by a soft hammer antil the desired indentation s
chtained,  Plywood rings ¢, Fig, T oare next placed on top of
the steel ring and the fairing s gradually deawn to shape, as
the rings are vemoved hetween hits, A salety suction-cugp device
15 recommended for removing the rings, The deep-drawn area
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arown] the pont of the depression will wrinkle, as shown at o,
Fig. 15, and require hand work to avoid laps or tears.  The
material at this stage 15 not fully formed, but some stretehing
lias taken place and the sheet has slipped over the die, as indi-
cated by the somewhat deformed outline at o0 Two final blows,
one on the steel ring and the last direcily on the fairing, as shown
i Fig, 16, bring the part accurately to shape,

Frw, 19

27, Another typical plywood draw-ring operation is the
frming of the calin-door frame a, Fig, 17, "This part has heen
drawn in the starter die, and is to be transferred to a finish die
o eomplete the forming operation,  The wrinkling and buckling
that have resulted from the preliminary forming in the starter
dic will be greatly eliminated in the finish die. A eonvenient
meatts of handling the steel and the plvwood rings, when the
finished piece is to be removed and a new piece inserted, 1= to
attach a chain & at cach end of the hammer head to the eye-bolts ¢
in the steel ring o, and then to lift the rings from the work by
raising the hammer head,

28. When draws are to be made that would wrinkle too
much for one-hit, or single blow, dies, but do not require a great
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e pressure, plywoed rings iy De wsed withone asteel g,
In Fiye. 1% 15 shown the sl for o shiffenier section thal 11y
B ddeawtr im this manner.  The '||J:."ﬂ.'f|ur.] |'i1'.g4 TN |~!.‘|y1't]
directly on the Blank, and the material is deawn to the form
shown in Fig, 1% Then, before making any Tarther hits, (e
wrinkles at b nust be hand-worked down so that laps do not

foron This hand work is repeated beiore the lnst it Renwow-
ing these wrinkles by mallet canses the matertal to buckle hadly,
as shown in Fig. 200 but the final hit correces this ackling effect,

29. Rubber-Pad Forming. ‘Whenever the finished [orm is
to be of such a shape that there is danger of the metal tearing
ot fll]f][I'lg_{, hath goft and hard rubber can be ased to aRgist 13
preforming, that is, to “coax” the metal into the difficull corners,
Another reazon for the use of rubber is that it equalizes the blow
of the punch, so that the ram travels straight in it ways, Where
to use the rubber and how much to use depend an the shape of
the part, and must be determined by trial,
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In Fig. 21, so-called hard-rubber blocks are used to replace
plywood draw rings for progressive drawing, A rubber Llanket
a is placed directly over the material to help shrink it into the
iie depression, and stacks of roliber hlocks & are laid along the
lange of the part. These blocks have the same pressure-pad
action as do plywood rings, and are removed between hits as
the drawing progresses until the final hit is made directly on
the metal part,  The term hard-rubber is used to describe the
lardest form of flexible rubler emploved in connection with
drop-hammer forming, and is not mtended to imply that the
rubber is actually hard or rigid,

30. The filler-well doubler, shown tozether with the dic
set-up in Figs 2 and 22, is a gond example of a part that may he
formed by the use of a rubber pad. The corrugations a will
iorm without trouble, as the material is simply stretched into
the die depressions and then sct when the punch hottoms.  The
well &, however, must be drawn into its depression; with slow,
careful, working, this drawing may be made with no rubber, hut
using a square rubber pad over the material at the center area
facilitates the shrinkage of the metal. The rubber not only has
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a draw-ring action around the flange of the well, but also helps
to draw the metal into the corners of the die depression and to
hottom the stock, Sinee the sides of the well are not designed to
be perpendicular w the surface of the sheet, the face of the die
mmst be slanted to make the sides of the well parallel to the
direction of motion of the head.

31. Drawing With Retaining Collar—Anuother means of
drawing metal by restraining the edge of the picce to prevent
the formation of wrinkles, is by using a retaining collar, or
pressure pad,  This collar is made of steel and holds the blanl
against the die.  As the punch descends, the meal is drawn

Fig. 24

from under the pad and into the die depression. Enough pres
sure is exerted by the collar to prevent wrinkling.  This type i
die iz used generally enly for symmetrical pan-shaped parts.
The collar may be either clamped or bolted to the iop surface
of the die. An arrangement whereby the collar can be quickly
removed for insertinn of the blank consists of U-shapod, wedge-
like clips that slip under the head of each Tult, With the elips
removed, the collar can be Nifted off the die without unscrewing
the holes
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32. Feeder Dies.—It is not always practicable or economi-
cal to provide progressive dies or to nse draw rings for forming
parts that cannot be formed by a single blow. In such cases,
it may he possible to form the part in a feeder, or [eed-in, die.
This type of die is used for double-curvature parts, such as for
leading-edge capstrips, and for nacelle fairing. an example of
which s shown at o, Fig, 230 The material {for the nacelle 1=

feel gradually over the die as a series of relatively ight hits form
it to shape, At the entering edge at the front of the machine,
the die forms the part with a slight carvatore, Then, as the
material is passed thirough the die, the curvaiure is increased 1o
the fnal shape at the back edge of the die. The double curvature

of the plece s attained by making the die Tow a the center, aned
curving the edees from the front to the back.  After such parts
are formed i feeder dies and then heat-treated, they may be
crown-rolled o give them the correct curvature,

33, Another feeder die 15 shown in Fig, 24, Tn the first
operation, three blunks of 2450 metal are partially formed.
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Rubber pads a are laid on the blanks over the raised part of
the die, =n that the blanks will be held along this ridge and bent
to the approximate shape of the die depression, as shown by the
single part in Fig. 25, The operator then feeds the part into the
die and so forces it to follow the curvature of the die. Since the
material must be forced both upward and to one side while the
hammer head strikes a series of Blows, considerable pressure is
required ; this pressure is applied, as shown in Fig. 26, by a
wooden block b held against the end of the part by the operatar.
As the part iz fed into the die, the inner leading carner ¢, Fig, 27,
wrinkles to some extent, and to prevent those wrinkles from
extending into the finished part, the corner area is trimmed
off as soon as they [orm,

34. Bending in Drop Hammer.—Many operations that
invalve bending rather than drawing, as in the case of long,
tapering, channel sections, may be done in a tlrop hamimer,
rather than on a press Lrake, when the tolerance is less than .\,
mch, which 1= the minimum tolerance generally obtainable on the

FORMING BY DROP HAMMER 31
press brake, In Fig, 28, the formed part a i3 a hinge channel
for a wheel door, It has a broader crown at one end than at
the other and, consequently, the sides at the broad end are
lower than at the narrow end. The punch, as well as the die,
1s made of Kirksite, because of its small wedge-shaped section,
its close tolerance of 008 inch, and the heavy material to he
formed, the stock being 091 puge 2450, For such severe
service, a lead punch would not retain its shape, or give the
required tolerance to the worle, To form the plece, a rectungular
strip of stock 1= laid on the die and positoned by pins & Because
of the sharp bend, three hammer operations are reguired, Adter

the first hit, the stock 15 annealed o overcome work-hardening ;
it 1s then hit again, and heat-treated ; after which the piece is
returned Lo the hammer for a final hit to remove any distortion
that may have occurred during the heat treating,

35. Drop-Hammer Shearing.—The drop hammer may e
used for shearing as well as for forming, but it is an uncommon
operation,  The method is the same as that usel on the single-
action hvdro-press. The punch a first forms the stock & on
the die ¢, as shown in Fig. 20 (@), The outer cdge of the piece
is then to be trimmed off, leaving the Onished central part.
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Rubber blocks d are placed on the formed part, as shown in view
(83, and over the annolar shearing cavity ¢, As the shearing
Blow is made, as in view (¢), the raubber forees the metal over
the shearing edge, To provide for the sharpening o the edge
the center section of the die is made about {4 inch larger in
diameter than the finished part, and it is brought to size when
the inner edge is grround,

DESIGN FOR DROP-HAMMER FORMING

36. Design Considerations.—The present practice i the
uireraft industry is not 1o design a part specifically to be formed
it 2 drop hammer, bt eather to adapt the part for drop-hammer
Fortning if it cannot be done economically on any other machine.
For example, when a certain part is to have sharp bends, which
canmot be formed on a hydro-press, the entire part should e
formed on a hammer, because experience has shown that pleces
which will fracture on the hydro-press can be worked success-
fully on the hammer, However, since drop-hammier work involves
a drawing action, sharp radii must be avoided as much as pos-
sible hecause of the excessive work-hardening of the metal
and the liability that the part will erack.  Sharp radii also cause
excessive die wear. In all cases, the largest possible radius
should he used consistent with the design requirements,  Also
the tolerance on the curvature should not be specified too closely.
since requiring the shop to hald closely to preseribed curvature
will result in excessive production casts.  Generally, the mini-
mur radius on any part formed by the drop hammer should be
equal to at least twice the minimum hend radius for the par-
ticular metal being used.  The chart, Fig. 30, gives the relative
minimum size of radii required and that recommended, as gov-
erned by the size of the finished part,

37. In the sketch shown in the lower right-hand corner
of the chart, Fig. 30, 4 and B represent the inside dimensions
of the formed part, and &, R, and B, represent the radii of
the turved portions, expressed in inches, Three pairs of curves
appear on the chart, each pair showing 1he minimum and aver-
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