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SHEET-METAL FORMING DIE MEANS 

Clifton P. McGregor, North Hollywood, Calif., assignor 
to Lockheed‘ Aircraft Corporation, Burbank, Calif. 

Application May 20, 1954, Serial No. 431,090 

5 Claims.- (Cl. 113—46) 

Thisv invention relates to the shaping or forming of 
sheet material such as sheet metal, and the’ like,'and re-' 
lates- more'particularly to dies for drawing or forming 
such materials. 

In the aircraft industry and related industries, many’ 
sheet material parts are shaped or formed by die sets. 
A'great many of- such parts have heretofore been formed 
in dies used in expensive, complicated double‘ action 
draw presses, the double action presses'ebeing necessary. 
to prevent or reduce the development of wrinkles in the 
marginal or ?ange regions of the blank-or’part as well asv 
in-the major regions thereof. Although attempts have 
been made to control the flow or “draw” of the material 
into the cavity ‘of conventional drop hammer dies by 
stacking'rubber strips on the ?ange or marginal areas of 
the blank between the die and punch, or in the die cavity, 
such attempts have not proven effective and wrinkles de-' 
veloped in the part during the forming-operation. These 
wrinkles must be ' subsequently removed’ by expensive,‘ 
time consuming operations. This undesirable develop 
ment of wrinkles in the blankor part resulting‘frorn im 
properly controlled ?ow'of the metal during the'drawing 
or forming operation has prevented widespread use of 
the simpler, less costly drop. hammer dies and drop' 
hammers in carrying out-many-of the sheet material form 
ing operations. 

It is a general object of the ‘present invention to pro 
vide low cost sheet material forming diesadapted to be 
used in drop hammers to form sheet'material parts of 
the classes or types that have heretofore been, as a gen 
eral rule, formed in the more expensive draw dies which’ 
required the use of complicated, double action draw‘ 
presses. 

Another object of the invention is to provide‘drop 
hammer die means of the character referred to that effec 
tively control the ?ow of metal of the blank or part‘dur 
ing the drawing or forming operation or operations'to 
prevent the development of wrinkles in the part. In 
accordance with the invention, distributed, equal or con 
trolled pressure is exerted on the marginal areas, which 
may or may not be of substantial extent, of the blank or 
part during the forming action and ‘this controlled pres 
sure governs the ?ow of the metal into the die cavity to 
prevent the development of wrinkles in the part. 

Another object of the invention is to provide die means ‘ 
of this kind thatcan be designed and constructed to 
form parts ‘of different sizes, con?gurations and depth of 
draw. 

It is another object of the invention to provide drop" 
hammer dies of the character referred to that may be ' 
inexpensively produced from inexpensive readily avail 
able materials. 

It is a further object of the invention to provide drop 
hammer die means that may, if desired, incorporate‘ trim 
ming or blanking means to effectively trim the part while 
being securely clamped against displacement. 

Other objectives and features of the invention‘ willtbé 
come apparent from the following detailed description of ~ 

States Patent‘ 

10 

20 

25 

30 

35 

40 

50 

55 

60 

65 

70 

2,771,851 
Patented Nov. 27, 1956 C6 

2 r 
typical preferred ‘embodiments thereof throughout'lwhich 
descriptionreference‘is made to the accompanying draw 
ings' in which': 

Figure 1 is a perspective view of a'female die of the 
invention; 

Figure 2 is a fragmentary vertical sectional view of a 
die set of the invention'prior to the initial forming stage; 

Figure 3 is a view similar to Fig. 2 showing the punch 
and associated parts in the position assumed at the end ' 
of the ?rst forming ‘stage; 

Figure 4 is a" similar view showing the parts prior to 
the second stage forming operation; 

Figure 5 is a similar vertical sectional view showing‘ 
the parts in the positions ‘assumed at the end of the sec 
ond stage forming operation; 
Figured is-a vertical sectional: view" illustrating the‘ 

punch and’associated-pa-rts inr-‘the'positions assumedv at 
the end of the ?nal forming stage; 

Figure-6Aiis a pe'rspective'view of‘a pair-of the‘rubber 
pads; and 

Figure 7v is a vertical sectional view of another form 
of die set'of the" invention incorporating blanking or‘ 
trimming means. 
The die apparatus‘or die set‘of the invention illustrated‘ 

in Figures 1 to‘6A inclusive of the drawings'includes'a 
die '10,*a-punch'11 carried by the ‘drop hammer head 'H,‘ 
a clamping ring‘1‘2' ass'ociated'with the punch, and: yield; 
ing pad means 13*arran'ged'between the head H and the 
ring'12.' ' 

The'die '10’is the relatively stationary member or ele 
ment of the die set‘and is secured on the bed of the drop 
hammer, not shown.‘ It‘ha‘s been found‘most practical 
to construct the die "10 of Kirksite‘ although the die may 
be formed’ of any selected or ‘suitable material. The 
upper oractive- face‘14of the die 10 may be of any shape,‘ 
depending up’onvthe ‘intended con?guration to be given‘ 
the part-'P.’ In the 'dr‘awings'the die face '14 is curvedv 
or concave and has'a’cavity' 15'into which the part}? is 
to be drawn'or formed.‘ Theparticular die 10 illus 
trated' has‘an‘upstanding rim'ld'around its face 14‘and 
the winner surface 17 of this-rimslopes or ?ares outwardly‘ 
and upwardly. 
The punch 11 is secured to 'the underside of the drop‘ 

hammer head H to move or travel therewith and its lower 
portion‘is‘desi‘gned to'conform 'with' the die cavity 15. 
As illustratéd'in‘ the drawings, the'side walls of the cavity 
15‘?are orslope upwardly‘andoutwardly and the side 
surfaces of‘ the punch" 11 are correspondingly inclined; 
In most cases'it may‘ be preferred to construct the punch 
11"of Kirksite," or‘the‘ like‘; although other suitable mate 
rials ‘may be ‘used for this‘ purpose. In'this connection 
it ‘may be" notedthat the ‘die 10‘ and punch 11 are ‘con 
structed' ‘of substantially“unyielding materials. The lower 
face and lower portion of they punch 11 are shaped to mate 
withithe' die ‘10' and more particularly with the cavity 15 
with ’ suitable clearance, provision being' made for the 
thickness of ithe‘bl‘ank or part P which is to be formed 
between them. The sides 18 of the punch 11 preferably 
slope'upwardly‘and outwardly for the purpose which will 
la'ter‘become apparent. I 

_The clamping: ring 12 vis provided to ‘exert a suf?cient 
downward pressureon the ?ange or marginal portion 19 
of the blank or part P to prevent the formation or ‘develop 
m'ent'of wrinkles in the part as it is‘push‘ed ‘or drawn intov 
the cavity 15' by the punch 11. The ring 12 is preferably 
a'one-pie'ce member ‘completely surrounding the periph 
ery‘of the'punch 11. The'upper end'of the ring '12 is" 
preferably‘ ?at'to be parallel with the'lower face of the 
hammer head H. The ‘lower face ‘.20 of the ring 12 isv 
shaped to mate withytherface ‘14‘ofthe‘die 1t} and-in the 
case illustrated, islcurved'orf‘convex to be substantially ' 
concentric‘withithe‘upper-die-face." The‘ lower end of'th'e'; 
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ring 12 has a reentry or groove 21 for receiving the rim 
16 of the die 10, this groove being shaped to conform with 
the rim with working clearance. The inner surface 22 
of the ring 12 ?ares or slopes upwardly and outwardly at 
substantially the same angle as the side 18 of the punch 
11 so that when the punch moves downwardly these sur 
faces 18 and 22 cooperate to centralize the ring with re 
spect to the punch. The ring 12 is arranged to have rela 
tive vertical movement with respect to the punch 11. 
Means is provided for limiting this relative movement, 
this means including two or more spaced pins 23 project 
ing horizontally inward from the ring and received in ver 
tical slots 24 in the punch 11. The pins 23 and slots 24 
are related so that the ring 12 is raised with the punch 
when the hammer head 11 is raised, the ring assuming a 
position such as shown in Figure 2 and when the punch 
11 is moved downwardly the ring 12 is adapted to move 
down to ?rst engage the ?ange 19 of the blank or part P 
to be thereby held against further downward movement 
while the punch continues downwardly to draw the blank 
or part into the die cavity 15. 

In accordance with the invention, the clamping ring 12 
is formed of a material that is yielding or compressible. 
I have found it most practical to construct the clamping 
ring 12 of a thermo plastic, such as cellulose acetate, cel 
lulose butyrate, or combinations or blends thereof. The 
clamping ring 12 preferably has a Shore hardness on the 
A scale of between 80 and 100. When the ring 12 is to 
be constructed of a thermo plastic such as above de 
scribed, it may be expeditiously and inexpensively pro 
duced by being cast directly to the punch 11, it being de 
sirable to arrange a sheet of metal, plastic, or the like, 
around the punch prior to the pouring of the plastic and 
to employ a parting agent such as a high temperature wax. 
The ring 12, when constructed of cellulose acetate, cellu 
lose butyrate, or blends thereof is found to be self-lubri 
cating and to act or press on the ?ange 19 of the part P 
to control the metal ?ow without binding or galling. In 
many cases it may be found desirable to provide the low~ 
er face 20 of the ring 12 with a holding ridge or head 25 
and the top face 14 of the die 10 with a companion or 
mating groove 26, the bead and groove cooperating to 
assist in gripping or anchoring the ?ange 19 adjacent its 
outer margin during the drawing or forming operations. 
It will be observed that the ring 12 is somewhat shorter 
in the vertical direction than the punch 11, to leave a space 
above the ring to receive the yielding pads 13. 
The pads 13 are arranged between the underside of the 

hammer head H and theupper end of the ring 12 to 
transmit downward movement and force from the head 
to the ring. While the pads 13 may be constructed of 
any selected yielding or compressible material, I have 
found it practical to construct them of rubber. The pads 
13 preferably have a Shore hardness of from 50 to 60 on 
the A scale. It is preferred to employ sectional pads 13 
to facilitate their installation and removal. Thus, as 
shown in Figure 6A there may be two substantially C 
shaped pads 13 arranged in end to end relation to form an 
assembly capable of surrounding the upper portion of 
the punch 11. The thickness of the yielding pads 13 is 
determined by the nature of the forming or drawing op 
eration to be performed and pads of dilferent thicknesses. 
will often be used during successive phases of the form 
ing operations. Thus it will be noted that the pads 13 em 
ployed during the ?rst or initial forming operation are 
thicker than the pads 13‘1 shown in Figure 4 and used 
during the second or successive stage of the operations. 
It will be observed in Figures 2 and 4 that the pads 13 
and 138' are proportioned so that their inner and outer 
margins or peripheries are spaced from the adjacent 
peripheries of the clamping ring 12, thus leaving ample 
space for the yielding rings to ?ow or distort laterally. 

In performing certain drawing or forming operations it 
may be desirable to face the active lower portion of the 
punch 11 with a hard, or relatively hard material‘ such as 
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a steel or hard plastic to assist the drawing action. Fur 
thermore, in carrying out certain forming operations 
where the ?nished part is to have a special or peculiar 
con?guration, metal shims may be installed either above 
or below the pads 13 or 13s1 in certain regions of the as 
sembly or the pads 13 may vary in initial thickness. How 
ever, as it is usually unnecessary to resort to either the 
hard facing of the punch, the use of shims or pads of un 
equal thickness, such details have been omitted from the 
present disclosure. 

In employing the die means of the invention the punch 
11, clamping ring 12 and pads 13 are assembled under 
the hammer head H as shown in Figure 2 of the drawings, 
and the blank or part P is arranged in position on the 
upper face 14 of the die 10. The drop hammer head H is 
then lowered or dropped to cause the punch 11 and die 
10 to cooperate in forming the part P. During the sud 
den downward movement of the punch 11 the clamping 
ring 12 is the ?rst to engage the ?ange or marginal region 
19 of the part P to clamp the same against the top face 
14 of the die 10. The pads 13 are compressed at this 
time to exert or transmit the required clamping pressure 
through the ring 12 to the marginal area of the part P. 
The punch 11 of course engages and pushes the interme 
diate portion of the part P into the die cavity 15 to draw 
or form the same. The ring 12, being formed of a yield 
ing material, is vertically compressible during the draw 
ing or forming operation to allow and control the radial 
slippage or ?ow of the ?ange area 19 of the part P. Being 
constructed of a yielding material the clamping ring 12 
exerts a uniform or equal pressure resembling an hydrau 
lic pressure throughout the extent of the ?ange area 19 
of the part P to prevent the initiation or forming of 
wrinkles in either this ?ange area or the axially drawn 
portion of the part P. In this connection, it may be noted 
that where the con?guration of the ?nished part P is such 
that an increased or varied clamping pressure be exerted 
or transmitted by the clamping ring 12, either the pads 13 
may be of increased thickness at a given region or given 
regions and/ or metal shims may be installed either above 
or below the pads at such regions. Even in such instances 
the yielding material clamping ring 12 pressed downward 
ly against the ?ange area 19 of the part P by the head H 
through the medium of the yielding pads 13, applies or 
exerts a distributed clamping pressure that has been found 
to prevent the initiation of wrinkles in the part P. It is 
believed that this action of the yielding material clamp 
ing ring 12 results, at least in part, from the yielding ac 
tion of the ring in controlling the radial flow of the metal 
of the part P. 
In a typical forming operation the initial phase or 

stage described above will only partially form the part 
P to the die cavity 15. If this is true, the hammer head 
H is raised and the ?rst yielding pads 13 are removed 
to be replaced by the somewhat thinner pads 13“. For 
example, in a given job the thickness of the ?rst pads 
13 may be substantially the same as the depth of the 
die cavity 15 while the thickness of the second pads 
13*‘ may be equal to, say, one-half or one-third of the 
depth of the die cavity 15. With the second pads 13 in 
place the hammer H is again lowered to carry out the 
second phase of the forming. Here, again, the clamp 
ing ring 12 is the ?rst element to contact the blank or 
part P and the ring exerts a somewhat yielding clamping 
pressure on the ?ange to control the draw or forming.v 
of the metal when the punch 11 contacts the same to 
push or draw it into the die cavity 15. This clamping 
action inhibits or prevents-the formation of wrinkles in 
the part P. A second or third forming operation, such 
as just described, may suf?ce to completely form the 
part P. Figure 6 of the drawings illustrates the parts 
in the position assumed during a ?nal forming. phase 
in which the yielding pads 13 and 138- have been 
omitted so that the head H directly transmits'the down 

75 ward force to the yielding clamping ring 12. As shown 
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in Figure 6, the punch‘ll has ?ritiHyz-formed-the part 
P to the die cavity 15. 

Figure 7 illustrates a blanking or trimming die means 
incorporating’ the features of the-‘invention? In"-‘~ this 
case there is'a die 30'of Kirksite,‘ or‘ithe likeyhaving 
a cavity 35 andanupper face 39‘? surroundedvby" an 
upstanding‘rim'36. In’ this embodiment of the/‘inven 
tion- the mating-punch'mayv be formedéof two ‘g-se'c'ti'ons 
40‘and 41, separated by a trimming'collar or bladé‘42. 
Although this blade 42 may not-be'lannulareore‘con 
tinuous, it will be assumed that'it is ofjsuch a con?gura 
tion. The lower faces of the punch" sections 40 and 41 
are shaped to mate with the cavity 35-~and face 39- of 
the die 30 to cooperate therewith in shaping orlforming 
the blank B. The punch sections ‘40"ar‘1‘d 41"‘are'“pfef 
erably formed of a relatively yielding or compressible 
material such as cellulose acetate, cellulose butyrate, 
or a blend of the same. 
A second or outer blanking or trimming blade 44 

surrounds the outer punch section 41. The two spaced 
trimming blades 42 and 44 are secured to a plate 45 
of steel, or the like, secured to the underside of the 
hammer head H. The lower ends or edges of the blades 
42 and 44 have broad beveled or tapered faces and 
protrude beyond the lower face of the punch 40—-41 
to cooperate with abrupt vertical shoulders 46 and 47 
respectively of the die 30. Inclined faces 60 extend 
from the lower ends of the shoulders 46 and 47. The 
trimming blades 42 and 44 may be formed of mild steel, 
or the like, and their active lower ends may be faced 
with layers 48 and 49 respectively of a hard material 
such as a ?berglas fabric laminated with a hard epoxy 
resin binder. When the hammer head H is lowered or 
dropped these hard-faced blades 42 and 44 cooperate 
with the shoulders 46 and 47 of the die 30 to shear 
or cut through the blank B and thus trim the same. 
The die assembly of Figure 7 further includes a 

clamping ring 32 around the outer trimming blade 44, 
the lower end of this ring 32 is shaped to mate with 
the face 39 and rim 36 of the die 30 so as to clamp the 
?ange or marginal area of the formed blank B against 
the die. The clamping ring 32 is formed of a yielding 
or somewhat compressible material such as cellulose 
acetate or cellulose butyrate so as -to exert a substan 
tially uniform or distributed clamping pressure on the 
blank B. The punch sections 40 and 41 and the clamp 
ing ring 32 may be formed of a thermo plastic such as 
just described having a Shore hardness of from 80 to 
100 on the A scale. One or more pads or layers 51 of 
yieldable compressible material, such as perforated rub 
ber, are arranged between the mounting plate 45 and 
the upper ends of the punch sections 40 and 41 and 
the clamping ring 32. These pads 51 preferably have 
a Shore hardness of from 50 to 60 on the A scale and 
yield or compress to a considerable extent in transmitting 
the downward forces from the plate 45 to the punch and 
clamping ring. 

It has been found that in the operation of the trim 
ming die means shown in Figure 7 the yielding mate 
rial clamp ring 32 exerts a distributed controlled clamp 
ing pressure on the marginal or ?ange portion of the 
blank or part B during operation. In Figure 7, the 
yieldable punch sections 40 and 41 and ring 32 being 
formed of yieldable material and being backed up by 
the pads 51 serve to clamp against the blank B and hold 
it tightly against the die at both sides of each trimming 
blade 42 and 44. Further, the extensive or broad 
tapered faces 60 adjacent the abrupt shoulders 47 and 
the tapered ends of the blades 42 and 44 serve to assist 
in holding the part or blank against movement during 
the trimming operation. 

It is to be understood that the particular forming 
die means illustrated in the accompanying drawings are 
typical of the invention and are capable of considerable 
variation and modi?cation to adapt them for the draw 
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6 
ingiortforming of blanks or- parts ;of different materials» 
and of special or different con?gurations;v While I 
have» described the die means employed in a drop ham 
mer,» it ‘may be used in a double action press-Yin which 

,. case the pads=13 and 133L and the pins 23 are preferably 
omitted. 

Having-described only typical preferred embodiments 
of'the'invention 'I do not wish to be limited ‘to the 
speci?c details herein set forth,» but wish tov reserve to 
myselfrany variations‘or-modi?cations that vmay appear 
to those skilled in the art and fall within the‘vscope‘ of 
the ‘following claims. 

I claim: 
1. Dietmeansrfor forming ‘sheet material comprising, 

in- combination; a» die‘having a' cavity and a‘ surface‘ 
aroundvv the‘cavity adapted-to,- support a sheet material 
part, an actuating hammer movable >toward ‘the die“, a 
punch on the hammer movable against ‘the part‘ to 
draw the same into the cavity, a ring of compressible 
material around the punch and engageable with the 
portion of the part resting on said surface, the material 
of the ring having a Shore hardness of between 80 and 
100 on the A scale, and yieldable means engaged be 
tween the hammer and the ring transmitting said move 
ment of the hammer :to the ring to cause the ring to 
clamp said portion against said surface prior to and 
during the engagement of the punch with the part to 
control said drawing of the part. 

2. Die means for forming sheet material comprising, 
in combination, a die having a cavity and a surface around 
the cavity adapted to support a sheet material part, an 
actuating hammer movable toward the die, a punch on 
the hammer movable against the part to draw the same 
into the cavity, a ring around the punch engageable with 
the portion of the part resting on said surface and con 
structed of a thermo plastic having a Shore hardness of 
between 80 and 100 on the A scale, means connecting the 
ring with the punch for limited axial movement with re 
spect thereto, and yieldable pad means engaged between 
the hammer and ring transmitting said movement of the 
hammer to the ring to cause the ring to clamp said portion 
against said surface prior to and during the engagement of 
the punch with the part to prevent wrinkling of said 
portion. 

3. Die means for forming sheet material comprising, in 
combination, a die having a cavity and a surface around 
the cavity adapted to support a sheet material part, an 
actuating hammer movable toward the die, a punch on 
the hammer movable against the part to draw the same 
into the cavity, a ring around the punch engageable with 
the portion of the part resting on said surface and con 
structed of a cellulose acetate having a Shore hardness 
of between 80 and 100 on the A scale,.means connect 
ing the ring with the punch for limited axial movement 
with respect thereto, and yieldable pad means engaged 
between the hammer and ring transmitting said move 
ment of the hammer to the ring to cause the ring to clamp 
said portion against said surface prior to and during the 
engagement of the punch with the part to prevent wrin 
kling of said portion. 

4. Die means for forming sheet material comprising, 
in combination, a die having a cavity and a surface around 
the cavity adapted to support a sheet material part, an 
actuating hammer movable toward the die, a punch on 
the hammer movable against the part to draw the same 
into the cavity, a ring around the punch engageable with 
the portion of the part resting on said surface and con 
structed of a cellulose butyrate having a Shore hardness 
of between 80 and 100 on the A scale, means connecting 
the ring with the punch for limited axial movement with 
respect thereto, and yieldable pad means engaged be 
tween the hammer and ring transmitting said movement of 
the hammer to the ring to cause the ring to clamp said 
portion against said surface prior to and during the en 
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gagement of the punch with the part to prevent wrinkling 
of said portion. 

5. Die means for forming sheet material comprising, in 
combination a die having a cavity and a surface around 
the cavity adapted to support a sheet material part, an 
actuating hammer movable toward the die, a punch on the 
hammer movable against the part to draw the same into 
the cavity, a ring around the punch engageable with the 
portion of the part resting on said surface and constructed 
of a cellulose acetate having a Shore hardness of between 
80 and 100 on the A scale, means connecting the ring with 
the punch for limited axial movement with respect there 
to, and yieldable rubber pad means engaged between the 
hammer and ring transmitting said movement of the 
hammer to the ring to cause the ring to clamp said portion 
against said surface prior to and during the engagement 
of the punch with the part to prevent wrinkling of said 
portion. 
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