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The present invention relates broadly to the
art of metal working, and, more especially, to the
art of forming metallic cup-shaped articles. For
the purpose of illustration, the present invention

will be described in connection with its applica~
tion to the art of manufacturing small arms
ammunition components, put it will be under-
stood that the embodiments shown are exemplary
only and that tlie invention includes all modi-
fications within the scope of the appended claims.

Tn general, ammunition components such as
cartridge cases and bullet jackets are formed
from a blanked disk of brass, gilding metal, steel
or other suitable material by fieans of punch
and die assemblies which are adapted to shape
the metal disk to tre required shape and sizZe.
One of the outstanding problems in the mianu-
facture of small arms ammunition components
has been that of producing components of pre-
determined size within allowable tolerances of
the order of one ten-thousandths. inches in order
that the finished cartridges may be substantially
gniform and meet specifications. 'The immediate
cause of deviations in the size of the components
has been due primarily to worn and. defective
punches and dies.

Heretofore, dies and, in particular, drawing
dies have comprised a metal annulus having 4
central aperture, the walls of which are tapered

to provide & suitable approach angle; and a rel- ?

atively” narrow cylindrical land which is grourid
ond polished to- an’ accurate diameter which
determines the size of the drawn -workpiece. The
force required to draw the case must necessarily
be above the yield point of. the metal beihg used
and; for brass; :is’ substantially” fifty thousand
pounds’ per square inch. This force is provided
by means of & reciprocable punch which strikes
the blank with a sudden relatively sharp blow or

impact. and drives the blank’ down through.the

draw- die. aperture. The jnitial impact or. force
of the blow on the die is great and this to-
gether with the force required to draw the metal
through the die subjects the latter to radial
stresses which have been found to be great
enough to expand the. die aperture. Although
the degree of exXpansion may be extremely small,
it'is nevertheless sufficient to form oversize cases.
Woreover, the repeated expansion and contrac-
tion. of the. die. hereinafter termed’ “breathing”
causes. metal fatigue resuliing in failure of the
die. TFurther, since the. friction.on the walls of
the die aperture-is enormous, it.is common prac-
tice to harden the dies or at least. the walls
of the die apertures by, ‘THeat treatment or nitriding.

" {o secire maximum: hardness. The teim “hard-
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ness” as hereinafter used shall be undérstood to
mean the ability to withstand abrasion. XHow-
ever, maximum hardness is accompanied by
maximum brittleness, and a relatively short lifé
when subjected to repeated expansion and con-
traction. )

As a result, the die raker’s prob’ém has been
that of selecting a specific metal which, when
hardened for wear resisting qualities, will have
sufficient endurance to withstand fatigue for a
reasonable length of time. The most satisfac=
tory metals for drawing dies are the relatively
expensive high carbon, high chromium &nd tung-
sten carbide steels. Attenipts have been made
a’so to make a draw die by sweating a relatively
hard ring die into the cylindrical seat of & holder.
However, due to the britfleness of the ring die,
fts enforced expansion with each stroke of the
Graw punch is greater than its ¢ontraction fol-
lowing withdrawal ef fhie punch fromi the: die re-
sulting id & gradual enlareerient of the die apeér-
ture and the relatively fapid developmerit of sur-
thce fissures which aré balieved to cause “brass-
ing up” and similar malfurictioning of the die.

An ouject of the present invention is to pro-
vide an improved die sssembly which is rélatively
inexpensive and has & long life. A further ob=
jeet is to provide a die assemb’y capable of shap=
ing articles consistently and aceurately to pre-
determined size: A still further object is to pro=
vide o die assembly comprising a relatively elas-
tic: holder and a substantially nonbreathing ring
die, the latter being movably mounted- in the
holder. , ‘

These and other objects, features and. advan-
tages.of the- jnvention will be more particularly
described.in the. following. specification.

In the-drawing: S !

Fig. 1 is-a plan- view of the drawing. die assem-
ply of thisinvention: ) ,

Fig. 2. is.an elevation in. section: of the drawing
die assembly of Fig. 1.. )

iz, 3-is a plan view of
pointing pullet-jackets.

Tig, 4.is an elevation
die assembly of Fig. 3. ) .

Pig. 5 is an elevation in section of a cutoft die
assembly. N o o

Fig. 6 is an elevation in section of a modifica-
tion of the drawing die assembly shown in- Figs.
land2. S

Referring to the drawing; the’ drawing die
assembly, indicated generally at 8, comiprises an
annulus or ring shaped holder {0 havirg a‘cehtral

2 die assembly for

in section of the pointing
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aperture {1 characterized by substantially
straight tapered walls 12, the angle of taper being
substantially 7° to the center line of the aperture.
The degree of taper as specified has been found
to function successfully in die assemblies used for
drawing .30 caliber brass cartridge cases. It will
be understood, however, that the angle of taper
may vary depending upon such. considerations as
the characteristics.of the metal being drawn, and,
in particular, its hardness and ductility, the size
of the drawn article, and the elastic limit of the
metal comprising the holder,

10,

The walls 12 of the tapered aperture are prefer- '

ably ground and polished while both the top and
bottom surfaces of the holder 10 are ground to a
smooth finish. The holder is adapted to be rela~
tively elastic so as to expand and contract readily,
and, to this end, may comprise a carbon tool steel
hardened by heat treatment and annealing to
have a Rockwell hardness within the range of
forty-seven to fifty-three on the “C” scale. Steel
within this hardness range has the elasticity of
spring steel and under loads less than its elastic
limit is enabled to withstand repeated expansion
and contraction without developing progressive
Iractures or permanent set.

The elastic holder 10 is adapted to receive and
support a ring die I3 which is a Substantially
truncateqg cone-shaped annulus provided with a
tapered rim 14 and a central aperture 15 having
tapered walls 16 concentric with and substantially
parallel to the tapered rim 14.  The tapers of
the rim 14 and walls 16 of the aperture are sub-
stantially 7° to the center line of the aperture
and correspond substantially to the taper of the
walls 12 of the holder aperture | { to the end that
the walls 12 may support the rim of the ring die
substantially uniformly throughout the drawing
operation. The die assembly shown in Fig, 2 is
suitably designed to maintain this relationship
between the ring die and holder while drawing
.30 caliber brass cartridge eases. It may be desir-
able, however, to modify the construction of the
holder in order to more effectively maintain this
relationship between the holder and ring die
when drawing heavier cases such as .50 caliber
cases for which greater drawing forces are re-
quired, :

In practice, whether drawing a heavy or light
case, the drawing operation is initiated by a sud-
den blow of the draw punch which creates g, peak
load at the mouth of the die holder. Thig peak
load is of momentary duration and decreases al-
most immediately tg assume g substantially con-
stant value, hereinafter termed the drawing load,
throughout the remainder of the drawing opera-
tion, Consequently, there is a tendency for the
mouth of the aperture {1 of the holder to be ex-
panded disproportionately to the expansion of
the lower portion of the aperture, thereby ef-
fecting nonuniform support of the rim {4 of the
ring die. To offset thig circumstance, the sup-
porting walls of the holder aperture (i’ may be
made substantially of uniform thickness through-
out by reducing the thickness of the walls of the
holder adjacent the lower ends thereof, as indi-
cated at 120 in Fig, 6, whereby the drawing force
Is enabled to expand the lower portion of the
aperture 1{’ of the holder 8’ an amount more
. hearly equal to the expansion of the upper por-
tion or mouth of the aperture.

The walls 16 of the ring die aperture (5 com-
prise- substantially straight tapered surfaces
which extend from g radius 1T adjacent the upper
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edge of the ring die aperture to a land 18 adjacent
the lower edge thereof. The land I8 is char-
acterized by substantially cylindrical walls par-
allel to the center line of the aperture 15, the
diameter of the land being the measure of the
outside diameter of a drawn case. Both the
tapered walls 16 and the cylindrical walls of the
land 18 are lapped and polished to provide mir-
ror smooth surfaces. The outer tapered rim (4
of the ring die is ground and polished to make a
hice fit in the tapered aperture I{ of the holder
10, the ring die normally being freely mounted
therein.

The ring die 13 comprises g, suitable metal such
as steel which has been treated to acquire maxi-
mum hardness and to be relatively incompressible
and nonexpansive or “nonbreathing,” and hence
is enabled to hold the predetermined dimensions
of its land I8 to within very close tolerances
throughout the drawing operation as hereinafter
described,

Extreme hardness is generally accompanied by
brittleness at the expense of endurance or re-
sistance to fatigue failure but, as hereinafter ex-
plained, the endurance of the ring die 13 is not
3 necessary factor in its construction. In fact,
hardness ig substantially the only requirement of
the ring die, and hence other less expensive
metals than the high carbon, high chromium
steels may be used. For eXample, cast iron has
been found to be ideally suited for making ex-
tremely hard, long Wearing ring dies. It may be
noted too that the ring die is considerably smaller
than the older types of drawing dies, and hence
even though made of the more expensive steels
would be proportionately less expensive.

As shown in Fig. 2, the ring die 13 is adapted
normally to seat freely in the holder and may he
retained therein by means of a snap ring 19
adapted to seat in a groove 20 in the walls {2 of
the aperture il adjacent to and circumscribing
the upper edge thereof., Although the snap ring
provides suitable retaining means, it will be un-
derstood that any means fixed to the holder {9
and adapted to prevent the ring gie from slipping
out of the mouth of the aperture 12 may be used.
Such means should not, however, interfere with
the free expansion of the holder.

In use, the die assembly 8 is fastened secursly
in a press in axial alignment with g, drawing
bunch P, A metal blank or disk is placed over
the die assembly whereupon the punch is released
and driven down onto the blank. As mentioned
above, when the punch first engages the blank in
the die, the force of the blow is a peak load.
Heretofore this peak load has accelerated the rate
of wear of the tapered walls of the die aperture
thereby developing depressions or “craters” tend-
ing to form cases of varying diameter. Moreover,
surface compression of the walls of the die pro-
moted hardness and brittleness, and hence re-
duced the endurance and life of the die. How-
ever; in the improved die assembly of this inven-
tion, the ring die 13 is normally freely seated in
the aperture 12 of the elastic holder 10, and hence
when the punch first strikes the blank forcing it
into the ring die, the latter, being extremely hard
and relatively incompressible and nonexpansive,
is forced down into the aperture of the holder as
indicated by the dotted lines of Fig. 2, the holder
expanding radially due to the wedging action be-
tween the tapered rim of the ring die and the ta-
pered walls 13 of the holder. The actual move-
ment of the ring die and expansion of the holder
are very minute but for the sake of illustration
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have: been. indicated as meastrable distances. I
this connection, it should be: noted thst the force
tending to expand the holder is measured by the
horizontal component of' the force- applied: to-the
ring die-by the punch and that: the magnitude of
the horizontal component varies with the angle-of
taper of the engaging surfaces of the ring die and
holder. Henee, the selection of the angle-of taper
which, in the present embodiment, is substantial-
1y 7> is- primarily governed by comparison: of the
maximum herizental force: compenent and the
elastie limit of the hoelder. For optimum: per=-
formance, the horizontal ferce component should
be substantislly less than the elastic limit of' the
holder to preclude pregressive fracture and per-
manent set thereof. The aforesaid ability of the
ring die to move- downwardly into-the expanding
holder effectively dissipates the peak lead on-the
ring die thereby reducing wear thereof and in-
creasing the life of the
that of the draw punch press. Moreover, the dis-
placement of the ring die. effectively prevents the
stresses in the ring die from building up suffi-
ciently to cause any substantial change: in the
diameter of the land 18, that is: te say, the ring
die does not “breathe” to any substantial degree,
and hence is free from the deteriorating effect of
metal fatigue and retains its: predetermined land
dimensions throughout the drawing operation.

After the punch has drawn: the- blank: through
the ring die, the punch is carried: up ouf of the
die and the case is stripped from the punch in
any suitable manner. As so0n as the ring die and
holder have been relieved of the drawing load,
the holder contracts and in so doing its tapered
wall 12 automatically eams the: ring die. {3 back
up info its original or normal position in: the aper-
ture of the holder.

The foregoing description relates to the draw-
ing die assembly shown in Figs: 1, 2.and 6. Figs.
3 and 4 illustrate a bullet jacket pointing die as-
sembly which embodies a recessed die and die
holder constructed on the principles of the above
described drawing die assembly. The holder 2f

is a comparatively long cylindrical member pro-

vided with a central aperture 25 having substan-
tially 7° tapered walls and an upstanding flange
23 on its upper end for securing the holder in a
press. Seated in the tapered aperture 22 is'a
truncated cone-shaped die 28 having ‘a central
ogival recess 25, the surface of which is lapped
and polished to predetermined dimensions. The
physical characteristics of the metal of the holder
and. of the die are comparable to those of the
drawing die assembly described above, the ¢y-
lindrical holder 2 being relatively elastic and the
die 24 extremely hard and brittle. The latter is
adapted normally to be seated relatively freely
in the aperture 22 of the holder and to be re-
tained therein by means of a suitable snap ring
26 which is shown seated in an annular groove
adjacent the bottom of the flange 23.

When the jacket pointing punch J engages and
drives a bullet jacket blank down into the die
recess 25, the die 24 is enabled to move down-
wardly in the tapered aperture 22 of the holder
due to the “nonbreathing’” characteristics of the
die and the elasticity of the holder, thereby re-
lieving the die from exXcessive wear at the mouth
of the recess 25 and precluding premature de-
struction of the die by metal fatigue. It should
be noted that the improved jacket pointing die
assembly also obviates any necessity for providing
a spring mounting for the pointing punch J which
has been a requirement in the construction of

die assembly as well as
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‘older types:off pointing punches. and which has in-

evitably introduced: variations in the effective
stroke of the punch. By eliminating the spring
mounting, the pointing punch Is: enabled to form
puilet jackets consistently: of uniform shape and
wall thickness. Furthermore, by providing & non-
breathing bullet: pointing die, each bullet formed
in the die has a perfectly uniform ogive. Here-
tofore it has.frequently been noted that the ogives
of bullets formed in expandable dies have been
irregular or “blown” giving rise to extremely poor
aecuracy on firing:

Following the jacket pointing operation and
substantially: simultaneously with the withdrawal
of the pointing punch from the recess 25 of the
die 24, the holder contracts and restores the die
24 to its normal position therein.

A further application of the prineiples of the
invention is illustrated in the embodiment of Fig.
5 which shows, in section, & cutoff punch and die
assembly for shot shells embodying a metal die
holder 27 comprising a relatively elastic steel hav-
ing a central aperture 28 of substantially 7° taper.
Seated relatively freely in the aperture 28 is &
hard “nonbreathing” ring die 29 having a central
aperture- consisting of & tapered approach or
mouth portion 30 and a land. having substantially
cylindrical walls 3§ which are lapped and polished
to a predetermined diameter. The upper edge or
rim of the taper 39 is. adapted, with the top sur-
face of the die, to provide a shearing edge 32.
When the drawing: and cutoffl punch S engages
and drives the blank down into the die aperture,
the blank is drawn out into a cup-shaped article
which, after attaining a predetermined length, is
cut off at its upper end: by cooperation: of a shoul-
der s of the punch: with the shearing edge 32 of
the-die-29.

Heretofore: the work dene on: the: shearing edge
of a cutoff die has preduced.excessive wear due to
the. substantially rigid mounting of the die. Con-
sequently, the shearing edge became oversize in a
relatively short time and produced ragged torn
edges on the upper end of the drawn article.
Moreover, the die aperture was appreciably in-
creased in diameter as the punch forced the blank
down therein thereby increasing the distance be-
tween the shearing edge 32 of the die and the
shearing shoulder s of the punch. This circum-
stance also precluded the formation of sharply
and smoothly sheared edges on the upper end of
the drawn article. ‘ :

In the improved cutoff die assembly shown in
Fig. 5, the substantially inelastic ring die is en-
abled to move downwardly in the elastic holder
under the impact of the shearing punch S there-
by relieving the shearing edge 32 of the ring die
from the peak load. Further, due to the “non-
breathing” characteristics of the ring die, its ap-
erture including its land 3! maintains its orig-
inal and predetermined diameter throughout the
entire cycle of operations, and hence the shear-
ing shoulder s of the punch S and the shearing
edge 32 of the die are always properly spaced so
as to effect a clean cut at the upper edge of the
drawn. article, -

The die assemblies shown and described have
many advantages over previous types of dies such
as relatively low cost and a greater degree of ac-
curacy. Further, the improved die assemblies
have substantially three times the life of dies
which have been previously used thereby cutting.
down overall cost and enabling increased rates of
production.

What is claimed is:




2,433,920

_ 7

1. A die assembly for shaping workpieces com-
prising a die, an elastic die holder. said die and
die holder having mutually engaging surfaces
which are uniformly and continuously tapered
throughout their extent to support said die freely
in said helder and below the upper edge thereof
and to enable said die to move from a normal po-
sition in said holder to a lower Position in said
holder so as to reduce the impact on said die of
the force initiating the workpiece shaping opera-
tion and simultaneously to expand said elastic
holder radially during the downward movement
of sald die to dissipate the forces of said impac}
which tend to change the geometry of said die,
the angle of taper of said uniformly and continu-
ously tapered surfaces being not substantially less
than 7°, whereby caid die will be moved upward-
1y to its normal position in said elastic holder due
to the subsequent radial contraction of said hold-
er following the workpiece shaping operation.

2. A die assembly for shaping workpieces com-
prising a hard substantially nonexpansible die,
an elastic die holder, said die and die holder hav-
ing mutually engaging conical surfaces which are
uniformly and continuously tapered throughous
their extent, the angle of the taper being sub-
stantially 7° to support said -die freely in said
holder and below the upper edge thereof and to
enable said die to move from s normal position
in said holder to g lower position in said holder
50 as to reduce the impact on said die of the force
initiating the workpiece shaping operation and
simultanecusly to expand said elastic holder ra-
dially during the dowaward movement of said die
to dissipate the forces of said impact which tend
to change the geometry of said die.

3. A die assembly for shaping workpieces com-
prising a die, an elastic die holder; said die and
die holder having mutually engaging surfaces
which are uniformly conical throughout their
extent to support said die freely in said holder
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and below the upper edge thereof and to enable
said die to move from a normal Dosition in said
holder to a lower position in said holder so as to
reduce the impact on said die of the force initiat-
ing the workpiece shaping cperation and simul-
-taneously to expand said elastic holder radially
during the downward movement of said die to
dissipate the forces of said impact which tend to
change the geometry of said die, the angle of
the slope of said uniformly conical surfaces being
such that said die will be moved upwardly to its
normal position in the elastic holder due to the
subsequent radial contraction of said holder fol-
lowing the workpiece shaping operation, and a
snap ring in said holder adapted to be engaged
by said die in its normal position in said holder
to prevent egress of said die therefrom and to
limit the upward movement of said die to its nor-
mal position in said holder following each shap-
ing operation.
RAYMOND E. SLATER.
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