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3,405,546
METHOD AND APPARATUS FOR PRODUCING
BULGED SHAPES
Bernard L. Hoffman, Trenton, and Lincoln C. Reed,
Finesvilie, N.J., assignors to Frederick A. Krause Asso-
ciates, Inc., Frenchtown, N.J., a corporation of New
Jersey )
Filed Sept. 27, 1965, Ser. No. 490,222
9. Claims. (Cl. 72—348)

ABSTRACT OF THE DISCLOSURE

Press “arrangements for producing bulged container
shaped objects wherein a retractable forming ring first
forms the container shaped object by passing over a cen-
tral mandrel, and is then retracted to define an annular
bulging region at a given location.

A —————

This invention relates to the forming of sheet metal
and more particularly it concerns the production of
bulged drawn objects.

Drawing and stamping of sheet metal to produce
various shaped objects is well known. There are many
advantages to such processes; and of late they have come
into quite extensive use.

One drawback of krnown drawing and stamping tech-
niques is that they do not lend themselves well to the
production of bulged shapes. In the past, in order to form
objects having a bulged configuration, the object had to
be fully processed or at least finished by spinning as on
a lathe type tool. Conventional stamping or drawing proc-
esses, while suitable for converting flat sheet metal into
container shapes with straight (parallel) sides or outward-
ly flared sides, were incapable of converting flat metal
workpieces into container shapes which had reverse tapers
or which had internal cross sectional dimensions larger
than ‘the cross section of the mouth or top opening of
the object being formed.

The reason why bulged shapes could not be produced
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in conventional stamping operations is that the mating die -

elements moved only along a single path (usually verti-
cally) toward and away from each other. The formation
of a bulged object, however, requires the movement of
metal in two. orthogonal directions i.e. vertically and
laterally. Known dies which move only in a vertical direc-
tion cannot move metal laterally to form bulges; and even
if they could, there would be a problem of extracting the
_expanded or laterally moved die out through the smaller
‘opening at the mouth of the object after its formation.

The present invention makes possible the production
of bulged shapes in drawn sheet metal objects in a single
drawing operation. The present invention requires no
specially complex die elements, nor does it require any
intricate devices for obtaining lateral deformation of the
metal.

According to the present invention, bulges are provided
in sheet metal by providing the metal with complete
lateral support on one side, and lateral support on the op-
posite side over all but the region of the bulge. The metal
thus laterally supported is then subjected to compressive
stresses in the plane of its extension. These stresses con-
centrate in the unsupported region where the bulge is to
occur, with a consequent straining and bulging of the
metal in this region.

As illustratively embodied, the present invention makes
use of upper and lower die assemblies each having a plu-
rality of extendible die elements. These die assemblies
are first brought together so that their respective die ele-
ments form a sheet metal workpiece into a general con-
tainer shape. This bringing together of the die elements
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on the upper and. lower die. assemblies simultaneously
serves to provide lateral support all along the inner and
outer surfaces of the sides of the container shaped work-
piece. One of the die elements is then retracted to re-
move lateral support from the region of the workpiece
which is to be bulged. Thereafter the die assemblies con-
tinue to move toward each other with one pushing against
the extreme edge of the workpiece to provide compres-
sion in its plane of extension. As a result, the workpiece
will become bulged into the unsupported region vacated
by the retracted die element.

The present invention, as will ‘be described more fully
hereinafter, in certain aspects makes special use of novel
hydraulically retractible die elements and speciaily shaped
die elements which apply compressive forces in a' proper
direction for controlled bulging.

The present invention in other aspects makes use of
semi-fluid materials in a novel manner in the supporting
region opposite the region to be bulged and causes this
material to flow laterally to induce the bulging of the
workpiece material in a more controlled manner.

There has thus been outlined rather broadly the more
important features of the invention in order that the
detailed description thereof that follows may be better
understood, and in order that the present contribution to
the art may be better appreciated. There are, of course,
additional features of the invention that will be described
hereinafter and which will form the subject of the claims
appended hereto. Those skilled in the art will appreciate
that the conception upon which this disclosure is based
may readily be utilized as a basis for the designing of
other structures for carrying out the several purposes of
the invention. Tt is important, therefore, that the claims
be regarded as including such equivalent construction as
do not depart from the spirit and scope of the invention.

Specific embodiments of the invention have been chosen
for purposes of illustration and description, and are
shown in the accompanying drawings, forming a part of
the specification, wherein:

FIG. 1 is a fragmentary section view taken in elevation,
along with a schematic hydraulic diagram illustrating an
apparatus embodying the present invention as it appears
at the beginning of its operation;

FIG. 1A is a perspective view showing a workpiece
prior to entry into the apparatus of FIG. 1;

FIG. 2 is a fragmentary section view similar to FIG. 1
but showing only one-half of the apparatus of FIG. 1
as it appears after a first portion of its operation;

FIG. 2A is a perspective view of the workpiece of
FIG. 1 as it appears at the stage of operation illustrated
in FIG. 2;

FIG. 3 is a view, similar to FIG. 2, of the apparatus
as it appears after a further portion of its operation;

FIG. 4 is a view, similar to FIG. 2, of the apparatus
as it appears after a still further portion of its operation;

FIG. 4A is a perspective view of the workpiece of
FIG. 1 as it appears at the stage of operation illustrated
in FIG. 4;

FIG. 5 is a view, similar to FIG. 2, of the apparatus
as it appears after its final stage of operation; and

FIGS. 6-9 are views similar to FIGS. 24 showing a
modified version of the apparatus in various stages of its
operation.

As shown in FIG. 1, there is provided a novel die as-
sembly, indicated generally at 10, and comprising upper
and lower die shoes 12 and 14, arranged in a press (not
shown) so as to be moved toward and away from each
other in a vertical direction.

The die shoes 12 and 14 have mounted on their mu-
tually facing surfaces various fixed and movable die ele-
ments; and these die elements act upon a sheet metal



3

.workpiece 16 positioned therebetween-to pérfbtm Yarious-+ . pose-a humber of bulging ri

drawing and bulging operations to be described.
" The various die elements are of circular configuration.
Thus for purposes of detail, all central portions of the
die assembly have been cut away in the illustrative dra}w-
ings. : : :

The various die elements on the upper di¢ ‘shoe 12 are
‘arrangéd- in concentric relationship; and beginning at the
outside they include an upper shear ring element 18 fixed
to the die shoe, a retractable die element 20 movable on
the upper die shoe, an upper hold down ring 22, movable
on the die shoe, and an upper stop member 24 fixed cen-
trally of the die shoe. ' : .

An annularly shaped retraction piston 26 is mounted
for vertical reciprocal movemient in a similarly shaped
hydraulic passageway 28 in the upper die shoe 12. This
piston is formed with a rod 30 which extends out through
the bottom of the upper die shoe 12 and connects with

the retractable die element 20 to control the movements

of this element on the upper die shoe.

There is also provided an annularly shaped hold down
ring actuating piston 32 arranged in a similarly shaped
hydraulic passageway 34 in the upper die shoe 12; and
this piston is connected to control the movements of the
upper hold down ring 22 with respect to the upper die
shoe 12.

The hydraulic passageway 34 for the hold down ring
actuating piston 32 is connected at the upper end thereof
through a first hydraulic channel 36 and a first hydraulic
supply line 38 to a pressurized hydraulic supply unit, in-
dicated schematically at 40. This unit may be of the type
described in a copending application entitled Pressurized
Fluid Supply System, Ser. No. 340,439, filed Jan. 27, 1964,
Its essential purpose is to maintain sufficient fluid in the
hydraulic channel 36 and the passageway 34 to force the
hold down ring actuating piston 32 downwardly during
an initial portion of the closing of the die shoes; and
when the resistance against the upper hold down ring 22
reaches a certain value, for example, sufficient to raise
the hydraulic pressure above 4500 p.s.i., then the hydrau-
lic supply unit 40 will admit the fluid displaced by the re-
tracting piston 32 while maintaining the 4500 p.s.i. pres-
sure.

The other hydraulic passageway 28 for the retraction
piston 26 is connected at its upper and lower ends respec-
tively through second and third hydraulic channels 42
and 44 and associated hydraulic supply lines 46 and 48
and a double action control valve 50 to the hydraulic
supply unit 40. Initially the valve 50 is set as shown in
FIG. 1 so that high pressure is directed through the sec-
ond hydraulic channel 42 to the top of the retraction pis-
ton 26 causing it to force down the retractable die ele-
ment 20. Thereafter, the valve 50 is switched so that high
pressure is applied to the under side of the retraction
piston 26 causing it to rise and retract the retractable die
element 20,

It will be noted from the drawings that the upper
shear ring element 18 and the upper stop member 24,
both of which are fixed to the upper die shoe 12, are
each provided with overhanging lips 52 and 54 which
are engaged respectively by flanges 56 and 58 on the
upper hold down ring 22 and the retractable die element
20 to restrict their movements with respect to the upper
die shoe 12.

The die elements on the lower die shoe 14 are also
arranged in concentric relationship and are coaxially
aligned with their counterparts on the upper die shoe 12
for intermeshing therewith as the shoes are brought to-
gether. These lower shoe die elements, beginning at the
outside, include a lower shear ring element 60, a bulging
ring element 62 and a central forming mandrel 64. The
lower shear ring element 60 and the central forming man-
drel 64 are both fixed to the upper face of the lower
die shoe 14, while the bulging ring element 62 is recipro-
cally movable thereon. There are provided for this pur-
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ing support rods 66 which-ex-
tend from the bottom of the bulging die element 62 to a

" 'yoke 68 which is moved by a common bulging die piston
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70. Hydraulic means, as described above in connection
with the upper die shoe 12, are provided to actuate the
bulging dic piston 70.

As stated, above, the various die elements are.dimen-
sioned and arranged to fit into intermeshing relationship
as. the die shoes. 12. and 14 are moved together..Thus,
the.retractable die element 20. on-the upper.shoe.-12 is
dimensioned:to-fit over the central forming mandrel 64 on
the lower die shoe 14, but with sufficient clearance to
allow a partially formed workpiece to extend therebe-
tween. Also, the upper and lower shear ring elements 18
and 60 are provided with closely mating shear corners 72
which cooperate to trim the workpiece 16 prior to form-
ing. Further, the bulging die element 62°is provided with
a step-corner cutout about its upper inside corner to con-
-trol the bulging operation as hereinafter described:

During operation of the device, the upper and lower
dieshoes 12 and 14 are closed or brought together about
the workpiece 16. The cross sectional area of the bulging
die piston 70 is smaller than the area of the retraction
piston 26. Thus, during the initial portion of the die shoe
closure- movement, the bulging die element 62 yields to
the force of the upper shear ring element 18 and the re-
tractable die element 20 as these two elements descend
into the annular region between the central forming man-
drel 64 and the lower shear ring element 60.

The workpiece 16, which initially may be of rectan-
gular configuration as shown in FIG. 1A, is sheared by
the shear corners 72 of the shear ring element 60. As the
die shoes continue to come together, as illustrated in
FIG. 2, the bulging die element 62 cooperates with the
upper shear ring element 18 and the retractable die ¢le-
ment 20 to squeeze the workpiece between it and them
as it-is forced down by them: This serves to maintain
the workpiece ‘material ‘flat' as it is being worked over
the central forming mandrel 64 into an inverted cup
shaped member as indicated at 76 in FIG. 2A. This
serves to prevent wrinkling and thus ensures a uniform
smooth surfaced end product.

At this point in the operation of the device, the die
shoes 12 and 14 are brought together to their fullest
extent. The coritrol valve 50 is then operated to reverse
the - application of hydraulic pressure from the second
hydraulic channel 42 to the -third channel 44. This re-
versal in application of hydraulic pressure to the re-
traction piston 26 acts to force it upward along with
the retractable die element 20 as shown in FIG. 3. The
retraction of the retractable die element 20 leaves a void
78, for the bulging die element 62 continues to be held
down by the upper shear ring element 18.

The bulging operation takes place upon opening of
the die shoes 12 and 14. During this opening, as illustrated
in FIG. 4, the upper shear ring element 18, which is
fixed to the upper die shoe 12, is raised along with the
upper die shoe. This allows the bulging die element 62
to move upwardly with it. The corner cutout 74 of the
bulging die element eventually engages the lower edge of
the inverted cup shaped member 76 formed from the
workpiece 16. The upward movement of the bulging die
element thus exerts a compressive stress on the wall of
the cup shaped member 76 in its plane of extension. This
compressive stress is maintained on top of the cup shaped
member 76 even while the die shoes are being opened due
to the continuous hydraulic pressure in the first hydraulic
channel operating through the hold down ring actuating
piston 32 to force the upper hold down ring 22 against
the upper surface of the member 76. An outer flange 80
on'the hold down ring engages the retractable die ele-
ment 20 causing its lower edge to remain flush with the
lower edge of the hold down ring 22 so that the config-
uration of the void 78 remains the same during the
opening of the die shoes.
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It will be noted that at this point, the entire inner
surface of the cup shaped member 76 is laterally sup-
ported by the central forming mandrel 64. Also, the
upper regions of the member 76 are supported by the
hold down ring 22 and the retractable die element 20;
and the lower region of the outside surface of the cup
shaped member is supported by the step corner cutout
74 of the bulging die element. Thus, the only laterally
unsupported region of the cup shaped member is at
the void 78 into which a bulge is to be formed.

As the die shoes continue to open and compressive
stress continues to be applied through the upward move-
ment of the bulging die element 62 acting upon the lower
edge of the inverted cup shaped member 76, the mem-
ber begins to bulge out into the void 78 as shown in
FIG. 4 so that it attains the bulged configuration shown
in FIG. 4A.

Once the die shoes 12 and 14 have completely opened,
the finished bulged product or cup shaped member 76
is wedged within the upper shear ring 18 as shown by
the dotted lines of FIG. 5. The finished product can:be
ejected from the machine simply by operating the con-
trol valve 50 to cause the retractable die element to move
down upon the top of the finished element as shown in
solid outline in FIG. 5. The apparatus is then in condi-
tion to receive another workpiece.

FIGS. 6-9 show a modified version of the apparatus in
its various stages of operation corresponding, in general,
to those stages of operation as illustrated in FIGS. 2-5.
According to this modified version, there is provided on
the lower die shoe 14 in place of the central forming
mandrel 64, a two-piece forming mandrel assembly 82.
This assembly comprises a fixed ring shaped member §4
and a movable central member 86. The central movable
member includes a flange 88 which extends out above
the top of the fixed ring shaped member 84. The space
between the flange 88 and the top of the fixed ring shaped
member 84 is filled with an elastomeric material 90.
Such materials are solid but resiliently flowable; and
they are of constant volume. Thus, as the flange 88 of
the central movable member 86 is pressed down upon
the fixed ring shaped member 84, the elastomeric mate-
rial 90 will flow laterally out from between them.

There is also provided a fourth hydraulic channel 92
in the lower die shoe 14 in communication with a piston
94 which acts upwardly upon the central movable mem-
ber 86.

During the closing movement of the die shoes 12 and
14, the piston 94 is subjected to high hydraulic pressure
to maintain the central movable member 86 up from
the fixed ring shaped member 84. Operation of the ap-
paratus, as illustrated in FIGS. 6 and 7, is identical with
the earlier described version as illustrated in FIGS. 2 and
3. Thus, as shown in FIG. 6, the die shoes 12 and 14 are
brought together with the retractable element 20 and
the upper shear ring 18 together forcing down the bulg-
ing die element 62 while forming a flat sheet metal work-
piece into an inverted cup shaped member 76. Thereafter,
as shown in FIG. 7, the retractable die element 20 is re-
tracted to leave a void 78 into which the cup shaped
member 76 is to be bulged. Thereafter, the die shoes are

opened as shown in FIG. 8 so that the bulging die ele- -

ment begins to raise as aforedescribed.

At this point in operation, and while the die shoes are
still opening, an hydraulic control valve (not shown) is
actuated to reduce the pressure in the fourth hydraulic
channel 92. This allows the piston 94 to yield to the
downward force of the upper hold down ring 22. As a
result, the flange 88 of the central movable member 86 is
pressed down upon the fixed ring shaped member 84
causing the elastomeric material 90 to be squeezed out
behind the workpiece material to enhance the bulging
effect and to ensure that the bulged portion of the work-
piece material will fully follow the contours of the void
78. After the die shoes are fully opened, of course, the
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central movable member 86 will rise to its normal posi-
tion and the elastomeric material 90 will return to the
region between the flange 88 and the top of the fixed ring
shaped member 84. . :

Having thus described our invention with particular ref-
erence to the preferred forms thereof, it will be obvious
to those skilled in the art to which the invention pertains,
after understanding our invention, that various changes
and modifications may be made therein without depart-
ing from the spirit and scope of our invention, as defined
by the claims appended thereto.

What is claimed as new and desired to be secured by
Letters Patent is:

1. Apparatus for producing bulged container shaped
objects from sheet material, said apparatus comprising, an
inner die member having outer end and side surfaces for
providing substantially complete support for the interior
surfaces of a container shaped object to be formed, a hold
down member mounted to press against said sheet mate-
rial and hold it down against the end of said inner die
member, a retractable forming ring dimensioned to ex-
tend closely about said inner die member, means arranged
to drive said retractable ring down fully over. sheet ma-
terial held by said hold down member and to draw said
sheet material into a container shaped about and lying
flatly against said inner die member, said driving means
being arranged to retract said forming ring subsequent to
its drawing operation while said hold down member con-
tinues to press against said sheet material so as to define
a giving bulging cavity, a ring shaped bulging element
closely embracing said inner die member and having an
outwardly extending edge which engages the top edge of
the container shaped material on said inner die member
and means for urging said bulging element up toward said
hold down member by an amount sufficient to bulge said
sheet material into the configuration of said cavity.

2. Apparatus for producing bulged container shaped
objects from sheet material, said apparatus comprising,
first and second die shoes mounted for relative movement
along a given path toward and away from each other, an
inner die member fixedly mounted on one of said shoes
and extending out toward the other, said inner die mem-
ber having outer end and side surfaces for substantially
completely supporting the internal surfaces of a con-
tainer shaped object formed thereover, a hold down mem-
ber yieldably biased to extend outwardly from the other
shoe toward the outer end of said inner die member for
clamping sheet material therebetween as said die shoes
are brought together, a retractable ring dimensioned to fit
over said inner die member with sufficient clearance to
draw sheet material down over and closely against said
inner die member, means mounting said retractable ring
to move with said other shoe to come down over sheet
material and draw same to a container shape over and
fully against said inner die member upon closure of said
die shoes and thereafter to retract said ring off from said
inner die member while said shoes remain closed, a ring
shaped bulging member dimensioned to fit closely about
said inner die member and formed with an inner cir-
cumferential step for engaging the edge of a container
shaped object drawn over said inner die member, said
bulging member further including a lateral surface ex-
tending up from said step to provide lateral support over
a portion of the outer side surface of the container shaped
object, means yieldably biasing said bulging member to
extend outwardly from said one shoe toward said retract-
able ring, and a bulging member hold down element ex-
tending from said other die shoe and dimensioned to en-
gage and depress said bulging member upon closure of
said die shoes, whereby, when said die shoes are closed,
said retractable ring forms sheet material into a container
configuration over said inner die member while said bulg-
ing member hold down element depresses said bulging
member, and thereafter, following retention of the retract-
able ring, when said die shoes are opened, said hold down
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member continues to force said container configuration
onto said inner die member while said bulging element
moves upwardly to engage the edge of said container con-
figuration for producing bulging of same.

3. Apparatus for bulging container shaped objects said
apparatus comprising, upper and lower die shoes mount-
ed for reciprocal movement along a given path toward
and away from each other, an inner die member mounted
to- extend from one of said shoes and having outer end
and lateral surfaces which fit inside and provide substan-
tially compete support for the inner bottom and side sur-
faces, respectively, of a container shaped object, hold
down means mounted to extend from the other shoe and
to engage the outer bottom of said container shaped ob-
ject to hold it down over said inner shaped member, said
hold -down means comprising an extensible die element
and yieldably biased mounting means urging said element
toward an extended position toward inner die member,
Ting means arranged to provide lateral support circum-
ferentially about and part way along the outer side sur-
face of said container shaped object, means controlling
the longitudinal position of said ring means so that it
will define the upper limit of a bulge to be formed about
said object, a ring shaped bulging element closely embrac-
ing said inner die member and having an outwardly ex-
tending edge which engages the top edge of said container
shaped object, further yieldably biased mounting means
arranged to urge said bulging element toward said other
shoe, and secondary hold down means separate from
said ring means and fixedly mounted on said other shoe
in a position to engage and depress said bulging element
upon closure of said shoes while allowing reverse move-
ment of said bulging element upon opening of said shoes
while said hold down means extends to maintain said
container shaped object in position over said inner die
member.

4. Apparatus for bulging sheet metal objects, compris-
ing, upper and lower die shoes, a central forming man-
drel extending from one of said die shoes, an upper hold
down mandrel extending from the other of said die shoes
and aligned with said inner forming mandrel, a retractable
die element dimensioned to fit around said inner forming
mandrel for drawing sheet material thereover, said re-
tractable die element being mounted for longltudmal re-
ciprocal movement on said other die shoe and enclosing
said hold down member, means associated with said other
die shoe for controlling retraction and protraction of said
retractable die element, and a bulging element on said one
die shoe immediately surrounding and embracing said
inner forming mandrel, said bulging die element having a
first surface which engages the edge of a container shaped
object drawn over said inner forming mandrel and fur-
ther having a lateral surface extending longitudinally
from said edge catching surface in a dlI‘CCthn parallel to
the Jateral edges of said inner forming mandrel to provide
lateral support to a portion of the outer edges of an ob-
ject drawn over said inner forming mandrel, and means
for causing longitudinal movement of said bulging die
element along said forming mandrel after retraction from
said retractable die element.

5. Apparatus for forming bulged container shaped ob-
jects comprising means for drawing a container shaped
object from sheet metal including an inner mandrel and
an outer forming ring, said forming ring being dimen-
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sioned and arranged to draw sheet material closely over
said mandrel to lie against the end and sides of the man-
drel means for holding said container shaped object onto
said mandre] following such forming ring retraction, and
a bulging element comprising a bulging ring closely fitted
about said mandrel and movable therealong to engage
the edge of said container shaped object and.apply com-
pressive stress to the-sides of said object for. causing an
outward bulging thereof into the region voided by the re-
traction of said outer forming ring.

6. Apparatus as in claim § wherein said bu]gmg rmg
has a first radially extending surface for engaging the edge
of said container shaped object and a longitudinal surface
extending out from said radially extending surface in
parallel relationship with the sides of said inner mandrel
to define a narrow slot into which the edge region of
the container. shaped object extends.

7. A method for producing from flat sheet material, a
container shaped object having:an annular bulge, said
method comprising the steps of drawing said sheet ma-
terial tightly over a central mandrel. by means of a close
fitting ring while holding the central portion of said ma-
terial against the end of said mandrel, and, while main-
taining the central portion of said material against the
end of said mandrel, withdrawing said ring to form a
bulging cavity and forcing the drawn edge of said material
back along the surface of said mandrel to bulge said
material into said cavity so as to causs the bulged ma-
terial to assume the shape of said cavity.

8. In apparatus for forming from flat sheet materlal
a container shaped object having an annular bulge, the
combination of a composite central forming mandrel over
which a container shaped object may be drawn and a bulg-
ing ring which fits closely about the mandrel to engage
the edges of the container shaped object so drawn to
push them back along the side surfaces of the mandrel to
produce a bulging of the object, said composite central
forming mandrel comprising a central member and an
outer ring shaped member arranged coaxially for sep-
arately controlled longitudinal movement, said central
member having an outer flange like formation which ex-
tends over the end of the ring shaped member to define
between the two a compressible annular cavity, and an
elastomeric substance filling said cavity.

9. Apparatus as in claim 8 further including a form-
ing ring for initially drawing a container shaped object
from flat sheet material down over said mandrel and
means for maintaining said central member and said outer
ring shaped member in a fixed axial displacement during
movement of said forming ring. .
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