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METHOD AND APPARATUS FOR FORMING
WOREPIECES

Earl Landon Christian, San Diege, and Donald Gerard

De Viieg, La Mesa, Calif.,, assignors to General Dy~

namics Corporation, San Diego, Calif., a corporation

of Delaware : :

Fifed Oct, 9,°1961, Ser. No. 143,844
3 Claims. - (ClL 72—56)

This invention relates generally to-the formation of
workpieces, such. as sheet metal blanks, and particulariy
to.formation by. the application of pressure, and is di-
rected to .a novel forming method to be carried out by
a novel forming apparatus.

Heretofore, the formation: of metal workpieces “has
been . accomplished 'by- the. utilization . of “conventional
metallic dies and hydraulic presses. Several disadvan-
tages ‘are inherent in such-formation: practice. -~ Forma-
tion of large workpieces requires the provision of heavy,
costly forming apparatus, ‘In such cases, the dies used
must be very thick and strong with large attendant weight
to withstand - the pressures to- which they are subjected.
For example, a one-piece die casting used to form. alu-
minum: -domes for radar reflector  antennas - measures
seventy-eight inches in diameter with a ‘twenty-two inch
contour depth, and weighs twenty tons. - Fabrication of
a“die of thissize -usually requires approximately two
to three weeks of time. Furthermore, very: heavy han-
dling equipment must: be used to . position the die for
forming workpieces.. Owing to these and other factors
it is readily -apparent that- the provision of apparatus
necessary to ‘form objects heretofore involved great ini-
tial expenditures of money and costly subsequent main-
tenance and. handling expenses.

The present invention resides in apparatus and method
for formation of ‘materials to assure the precise con-
figuration of the forming surface of a die as a result
of the pressure applied thereto by the application of
shock waves generated by an ignited explosive change
within a pressure fransmitted medium.

In contrast the present invention provides distinct ad-

" vantages over the prior formation practices.  One ad-
vantage is that Iess costly. dies can be used, providing
savings from sixty-five to-eighty-five percent of the cost
of conventional steel: dies.- Another .advantage ‘is: that
the weight of equipment utilized is considerably reduced.
For example, the hereinbéfore mentioned conventional
steel die ‘weighing twenty tons could be replaced by a

die wall ‘weighing only two hundred and fifty pounds. :

Where it took two' or three weeks to provide conven-
tional’ dies in previous forming - practices; the present
invention utilizes forming members which can be avail-
able in two or three days.. With the much lighter ap-
paratus . used; handling of ‘parts can be accomplished
mostly by hand, requiring little’ use ‘of heavy:handling
equipment such as cranes.

Accordingly, it is an object of this invention to provide
novel apparatus and method for forming workpieces. to
desired shapes.

Another object of -the present invention resides in
the provision of novel apparatus and method capable
of forming workpieces -to desired shapes :simply and
economically.

Still. another object. of the present invention is the
provision ‘'of novel apparatus and ‘method to form ‘mate-
rials by utilizing pressure.

A further object of the invention is to provide for
the forming of materials by the use of light weight form-
ing parts which are readily-available and easy to handle.

‘An object of the present invention is to provide novel
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forming apparatus incorporating mnovel - die . forming
means.

These and other objects and advantages of the inven-
tion will be more readily apparent to those skilled. in
the art from the following description of specific appara-
tus embodying and utilizing the novel method.

In the drawings:

The single-figure is a partial cross-sectional view taken
through the apparatus. of the present invention.

Referring now -to the single figure of the drawings,
the apparatus associated with ‘the present. invention .is
generally designated by the numeral 1¢ and comprises
a die arrangement 12, a workpiece. 14, a body of pres-
sure transmitting medium 16, and shock wave generating
apparatus 18.

The die arrangement 12 generally includes a metallic
container 20, a thin die wall° 22, 'a draw ring 24, and
a. plurality of clamps. 26. - The container 2@ .is shown
as being open-ended and includes an upright cylindrical
wall 28 and a circular bottom: wall 38, but could be of
any .predetermined - height, size- or -contour. - Adjacent
the open end of the container there is provided acir-
cumferential flange- 32 which carries an annular resilient
seal element 34 positioned as by bonding in an appropri-
ate circular groove.

The die wall 22 is illustrated as being shaped to form
a hemispherical cavity 36, but could be-any- désirable
shape -depending on the contour desired to -be imparted
to the :workpiece 14 to. be formed. The. die wall is
provided ' with-a flat annular flange portion 38-and can
be of any size as long as it is capable of being. positioned
with the flange porticn 38 overlying the seal element 34 in
the container flange 32, as shown, to provide an enclosed
space 48. The die wail is preferably of laminated glass
cloth, or: the like. The die -wall could be of ‘molded
plastic. material or thin sheet metal.

A control valve 42 controls the flow of non-compres-
sible fluid 44 from a source (not shown): through a
suitable fluid line to the enclosed space 40 to back up
the die wall 22, as shown. The fluid is preferably water
or. the like.

An air relief valve 46 connects to a passage 48 in
the ‘wall 28 of the container and serves as a means to
exhaust air from the space 40 as the fluid 42 is admitted
thereto. through the valve 42 to ensuré complete evacu-
ation. of ‘air, as will hereinafter be more fully-disclosed.

A length ‘of flexible tubing 58, preferably of rubber,
or the like, is suitably connected to the lowermost point
in the cavity 36 and a control valve 52 positioned on
the container outwardly of the space 48. The flexible
tubing 59 can: be of any desired length; as long as'it has
sufficient ‘length to facilitate connection’ of .the die wall
22 thereto prior to positioning of the die wall onthe
container in preparation for forming. The control valve
52 is adapted to be connectéd by a suitable fluid line
to apparatus capable of exhausting air from the cavity
36, such-as a vacuum pump (not shown).

The ‘shock wave generating apparatus 18 consists of
an explosive change or squib:54. The squib can com-
prise: any well known explosive substance such as dyna-
mite, trinitrotoluene, or. the like, suitably enclosed as in
a plastic casing, or the like. A pair of electrical conduit
wires 56 and 58 extend upwardly to a detonation gen-
erator (not shown), which is capable of generating elec-
tric current to actuate a detonator in the squib to. de-
teriorate . the explosive  therein. A wire 69, suitably
attached to the squib and support:means (not showny,
serves to position the squib in the. pressure transmitting
medium 16 at a predetermiined distance from 'the die
arrangement. g

In the practice of the invention, a thin, light weight
die wall 22 is prepared with a cavity having the: desired i
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contour. 'The die wall is then attached to the tubing 50
and placed over the open end of the container 20 with
its flange portion 38 upon the container flange 32. The
workpiece 14, to be formed, is placed upon the die wall
22 to cover the cavity 36. The draw ring 24 is then
positioned upon the workpiece and the clamps 26 slipped
over the -edges of the parts and tightened by means of
screws 62.  When the clamps are adequately tightened,
pressure sealing is effected between the die wall flange
38 and the container flange 32 by means of the seal ele-
ment 34. The die wall flange 38 and the workpiece
14 achieve their own sealing between adjacent contact
surfaces due to the tightening force of the clamps 26,
and. a restraining force is applied to the workpiece, as
will be hereinafter more clearly apparent. Next, with
both valves 42 and 46 opened, water from the source
(not shown) is allowed to flow through the valve 42
into the space 40 until the space is completely filled with
the water to back the die wall 22, and all air has been evac-
uated from the space through passage 48 and the valve
46. This condition will be achieved when it is observed
- that water flows from the space 48, through the passage
48, and out the valve 46. Immediately, upon observa-
tion of water flow from the valve 46, both valves 42 and
46 are closed. Air is then evacuated from the cavity
36 through the tubing 58 and valve 52 by means of the
vacuum pump (not shown). The valve 52 is then closed
and the assembled die apparatus is lowered into the
pressure transmitting medium 26 in any desirable man-
ner, The squib 54 is next located in the pressure trans-
mitting medium in proper relations to the workpiece
by means of the wire 60. The detonation generator
(not shown), is then actuated, thereby detonating the
squib 54. When the squib 54 is detonated, shock waves
are produced through the medium 16.
waves contact the workpiece 14, there is an extremely
rapid, downward movement of that portion of the work-
piece 14 above the cavity 36 into the cavity, thus form-
ing the workpiece. . As this forming takes place the re-
st1am1ng force of the draw ring 24 upon the workpiece
is adequate to permit the dragging of the workpiece
into the cavity, but will prevent any tendency of the
workpiece to wrinkle during the forming action. Also,
during this forming action, since the die wall 22 is
backed by the incompressible medium 44, any tendency
of the die wall to move or distort as the workpiece is
urged into the cavity 36 is adequately prevented, thus
assuring perfect formation of the workpiece..

As described, the present invention is characterized
as being simple, rapid, and economical in the formation
of materials into desired shapes wherein a workpiece is
caused to assume the shape of a thin die wall backed
by an incompressible fluid by means of explosive energy

produced in a pressure fransmitting medium wherein the

workpiece and die wall are.submerged.
‘Although only the preferred embodiment of the inven-
tion has been disclosed, it is to be understood that the

As the shock
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invention is not limited thereto, as many variations and
modifications will be apparent to those skilled in the

art, and the invention is to be given the broadest possible -

interpretation within the scope and terms of the follow-
ing claims.

What we claim is:

1. A method of forming comprising placing a thin
inflexible die wall over an opening in a container, plac-
ing a workpiece over one side of said die wall to define
an air space therebetween, securing the edges of said
die wall and workpiece to said container to effect sealing
therebetween, completely filling said container with an
incompressible fluid to 1mmovab1y back the other side of
said die wall, evacuating air from said air space, im-
mersing said die wall, container, and workpiece in a
liquid adjacent an explosive charge, and igniting said
explosive charge to produce shock waves. in said liquid
forcing said workpiece against said die wall.

2. Forming apparatus comprising a container having
an openmg, a thin inflexible die wall positioned over
said ‘opening, means for securing the edges of said die
wall and a workpiece to said container to effect sealing
therebetween, said die wall and workpiece defining an
air space therebetween, an incompressible fluid com-
pletely #illing said container to immovably back said
die wall, means for evacuating air from the space be-
tween said die wall and workpiece, a body of liguid,
an explosive charge in said liquid, said die wall, con-
tainer, and workpiece being immersed in said liquid
adjacent said explosive charge, and means for igniting
said explosive charge to preduce shock waves in said
liquid forcing said workpiece against said die wall.

3. A forming die comprising a container having an
opening, a thin inflexible die wall positioned over said
opening, means for securing the edges of said die wall
and a workpiece positioned over said die wall to said
container to effect sealing therebetween, an incompres-
sible fluid completely filling said container to 1mmovably
back said die wall, and means for evacuating air from
the space between said die wall and workpiece.
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