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ABSTRACT OF THE DISCLOSURE 
Apparatus for forming metallic workpieces with pulsed 

magnetic fields produced by work coils including a me 
chanically stable member and member of high electrical 
conductivity in juxtaposition to the work coil and an in 
compressible fluid medium between the stable member 
and the workpiece, thereby producing by the coil mag 
netic field a shock wave through the two members and 
fluid medium to exert forming pressure upon the work 
piece. 

This application is a continuation of Ser. No. 462,280, 
filed June 8, 1965 and now abandoned. 
My invention relates to methods and means for the di 

rect forming of metallic workpieces with the aid of 
pulsed magnetic fields. This method, often called “Mag 
neform' method, involves discharging capacitors through 
a work coil within extremely short periods of time, for 
example microseconds, to produce high-intensity mag 
netic fields which subject the workpiece to forming pres 
sure. The attainable degree or formation for a given ener 
gy of the shock-current capacitors depends upon the elec 
trical conductivity of the workpiece and upon the dis 
tance of the workpiece from the coil. 
With a poor electrical conductivity of the workpiece, 

it has been heretofore necessary to place between coil 
and workpiece a driver sheet of copper or aluminum 
which transmits the resulting mechanical pressure upon 
the workpiece. 

These known methods, however, have the disadvantage 
that the spacing between work coil and driver sheet varies, 
So that a reduction in pressure occurs as a consequence 
of an increase in spacing prior to attainment of the maxi 
mal discharge current from the capacitors. 
Also known is a method which utilizes pressure waves 

for the forming of workpieces, the pressure waves issuing 
from an arc ignited in water which transmits them to the 
workpiece (Hydrospark process). If the shape of the work 
to be produced is not accurately rotationally symmetrical, 
it is generally necessary to employ an arc-igniting wire 
between the art electrodes. For some purposes, particu 
larly for deep-draining of a workpiece, the ignition wire 
must be given the shape of a planar spiral. Due to the 
necessity of mounting the ignition wires between the 
electrodes to be submerged in water, the required setting 
up periods are undesirably long with this type of forming 
method. 

It is an object of my invention to provide a method of 
forming metallic workpieces with the aid of high-intensity 
pulsed magnetic fields which largely eliminates the above 
mentioned shortcomings or disadvantages. 

Another, more specific object of my invention is to pro 
vide a method of forming metallic workpieces with pulsed 
magnetic fields using a driver member between work coil 
and workpiece, which avoids the occurrence of an ap 
preciable, if any, increase in spacing prior to attainment 
of the capacitor maximal discharge current. 

O 

5 

20 

2 
Another object of the invention is to afford the shap 

ing or otherwise forming of workpieces whose electrical 
conductivity is relatively low, without necessitating the 
use of driver sheets of the type heretofore employed for 
such purposes. 

Still another object of the invention is to permit the 
forming of workpieces having greatly different external 
dimensions without the necessity of using field concen 
tratOrS. 

It is also among the objects of my invention to improve 
the pulsed magnetic-forming method by providing for 
better uniformity with respect to the distribution of the 
pressure exerted upon the workpiece and/or by increas 
ing the efficiency of the process. 

According to my invention, a mechanically stable solid 
medium of high electrical conductivity is placed in juxta 
position to the work coil, and an incompressible fluid me 
dium is placed between the solid medium and the work 
piece. Then a shock wave is produced by the coil mag 
netic field and through the solid medium and the fluid 
medium to impose the forming pressure upon the work 
piece. The term “high electrical conductivity is herein 
understood to refer to an electrical conductivity at least 
equal to that of electrolyte copper. 
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According to another feature of the invention, the meth 
od is preferably performed by employing, as the me 
chanically stable solid medium, a sheet structure com 
posed of inter-bonded layers or strata which consist of 
the high-conductivity metal and of reinforcing metal re 
spectively, the former metal being preferably electrolyte 
copper and the reinforcement metal being preferably 
Steel. 

For example, the mechanically stable medium of high 
electrical conductivity may consist substantially of a 
tube formed of electrolyte copper which is internally re 
inforced by a tube of steel, or the reinforcing tube of 
steel may be located on the outer surface of the copper 
tube. The mechanically stable medium may also consist of 
a Substantially planar bimetallic sheet analogously com 
posed of electrolyte copper and steel, for example. The 
incompressible fluid medium is preferably water, although 
other liquids such as mineral oil are likewise applicable. 
The steel-reinforced sheet or tube of electrolyte cop 

per is located directly adjacent to the work coil. On ac 
count of the high electrical conductivity, the pressure ex 
erted upon the copper is relatively high and so is the 
energy of the resulting shock wave. The distance between 
the work coil and the copper member remains substan 
tially constant, in contrast to the known “Magneform.” 
process. Consequently no pressure reduction occurs be 
cause of any increase in spacing before the maximal dis 
charge current is attained. 
The invention will be further described with reference 

to embodiments illustrated by way of example on the ac 
companying drawings in which: 

FIG. 1 shows schematically a method and device ac 
cording to the invention for comprising a tubular work 
piece, and FIG. 2 shows the same device more in detail. 

FIG. 3 shows schematically and in section the essential 
parts of a device according to the invention for widening 
the tubular workpiece; and FIG. 4 shows in section the 
same device more in detail. 

FIG. 5 shows schematically and in section the essential 
parts of a device for deep drawing a planar workpiece 
according to the invention; and FIG. 6 shows in section 
the same device more in detail. 

Denoted by 11 in FIGS. 1 and 2 is a work coil, in this 
case a compression coil, to be energized by electric shock 
discharges from a battery of capacitors. The interior sur 
face of the hollow-cylindrical coil is lined with a cylinder 
or tube 12 of electrolyte copper which is reinforced by a 
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tube 13 of steel. The inner diameter of the bimetal mem 
ber 12, 13 is considerably larger than the diameter of the 
tubular workpiece 15 to be formed so that when the work 
piece is coaxially positioned, there remains an enclosed 
interspace 14 of annular shape which is completely filled 
with incompressible fluid medium, preferably water. Each 
field pulse subjects the internally steel-reinforced tube 12 
of copper, being in immediate proximity to the work coil 
11, to an extremely high pressure which is propagated 
through the water as a shock wave onto the workpiece 15 
where it causes the free deformation of the workpiece by 
compression. 

In the example shown in FIG. 2, the interspace 14 is 
tightly enclosed with the aid of rubber seals 16a and 16b 
and is provided with inlet and outlet nipples 17a, 17b 
through which the water is supplied into the space or sub 
sequently discharged therefrom. The workpiece 15 is 
seated on a subdivided mandrel 18 which, in this particu 
lar example, is shown to have a number of recesses 19a 
distributed over its periphery, in accordance with the par 
ticular shape to be imparted to the workpiece 15. The re 
cesses 19a communicate with a bore 19b terminating in a 
nipple 19c for connection to a vacuum pump. Prior to 
passing a capacitor discharge through the compression 
coil 11, the recesses 19a are evacuated. The current is 
Supplied to the respective ends of the coil through termi 
nal straps 20a and 20b. 
When the compression coil 11 is energized by the shock 

current, the resulting pressure wave deforms the work 
piece 15 by forcing it into the depressions or recesses 
19a of the mandrel 18. By virtue of the subdivision of the 
mandrel 18, it can thereafter be separated into individual 
parts and thus be removed from the interior of the work 
p1ece. 

FIG. 3 indicates how the method according to the in 
vention may be applied for widening a tubular workpiece 
of steel. Denoted by 21 is the work coil (expansion coil). 
The coil is closely and tightly surrounded by a tube 22 of 
electrolyte copper which in turn is surrounded by, and 
bonded with a tube 23 of steel. The space 24 around the 
steel tube is filled with incompressible medium such as 
water. The water space is peripherally limited by the tub 
ular workpiece 25 of steel to be widened. The magnetic 
field of the expansion coil 21 exerts pressure upon the ex 
ternally steel-reinforced tube 22 of copper. The pressure 
is propagated through the enclosed quantity of water as a 
shock wave and acts upon the tubular workpiece 25. 

In the embodiment shown more specifically in FIG. 4, 
the interspace 24 is shown connected with nipples 27a 
and 27b for the supply and discharge of water. The tubu 
lar workpiece 25 rests against the inner periphery of a die 
structure composed of separable parts 28a, 28b. The 
above-described pressure wave causes the workpiece 25 to 
be widened so that its material is forced into recesses 29a 
of the die. These recesses communicate with a manifold 
channel 29b which communicates with a nipple 29c for 
connection to a vacuum pump. The terminal straps of the 
expansion coil 21 are denoted by 30a and 30b respec 
tively. The annular interspace is sealed by means of a rub 
ber disc 26a and a gasket ring 26b. 

FIG. 5 illustrates how the invention may be applied for 
deep drawing of a workpiece. Denoted by 31 is the work 
coil which in this case is a flat coil of the spiral or pancake 
type. Closely adjacent to the coil 31 is a circular sheet of 
electrolyte copper reinforced on top by a sheet 33 of steel. 
Denoted by 34 is the interspace filled with incompressible 
fluid medium such as water. The workpiece 35, consti 
tuted by a circular disc of sheet material, is located ad 
jacent to a shaped metal structure 36 which has recesses 
37, for example of semi-circular cross section. The part 
36 consists of a part that is to become bonded with the 
workpiece material 35 to form an integral article or com 
ponent therewith. The magnetic field of the flat coil 31 
imposes upon the steel-reinforced sheet 32 of electrolyte 
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4 
gated through the water onto the workpiece 35, for ex 
ample of steel. As a result, material of the workpiece 35 
is forced into the recesses of the body 36 to remain at 
tached thereto. It will be understood that the same method 
is applicable if the workpiece 35 is tubular, in which case 
the components 31, 32, 33 and 36 are likewise tubular in 
the manner apparent from FIGS. 1 and 2. 

In the more detailed illustration of a device embody 
ing the essential components of FIG. 5, the recesses 37 
are shown connected with a nipple 38 for connection to 
a vacuum pump, and the confined space 34 for the pres 
sure transmitting liquid is in communication with nipples 
39 and 40 for supplying and draining the liquid. The ter 
minal straps of the flat coil 31 are denoted by 40 and 41. 
The device is mounted on a support 42 with the aid of two 
columns 44 and 45 and a pressure bar linked to column 
44 and engaged by a nut 46 which is in threaded engage 
ment with the column 45. This mounting permits firmly 
clamping the magnetic forming device proper against the 
Support 42. 

It will be recognized from the above-described embodi 
ments that the distance between the sheet member of 
electrolyte copper and the workpiece, once adjusted and 
fixed, remains constant. This prevents the occurrence of 
a pressure reduction prior to the moment where the coil 
current reaches its maximum value. 
A further advantage of the method and devices accord 

ing to the invention is the fact that workpieces of relative 
ly low electrical conductivity can be shaped and other 
wise formed without the use of displaceable driver sheets. 
Furthermore, no field concentrators are necessary for 
workpieces having different external dimensions, because 
the width of the space for confining the incompressible 
medium is not critical. Consequently workpieces of differ 
ent diameters can be subjected to magnetic forming with 
the aid of one and the same work coil. 
By virtue of the invention, there is further achieved 

a uniform distribution of pressure exerted by the deep 
drawing coil upon the workpiece, whereas with the known 
methods there occurs a pressure minimum in the center 
of the work coil. 
The invention also affords applying repeated capacitor 

discharges for the progressive forming of a workpiece 
without the necessity of providing a new driver member 
or a new field concentrator prior to each repetition. The 
novel method further permits achieving a considerably 
higher efficiency than the known methods and, as shown, 
is applicable for free forming as well as for the bonded 
forming of workpieces. 
To those skilled in the art it will be obvious upon a 

study of this disclosure that various modifications may be 
made with respect to arrangement, materials and opera 
tion and hence that the invention may be given embodi 
ments other than particularly illustrated and described 
herein, without departing from the essential features of 
the invention and within the scope of the claims annexed 
hereto. 

I claim: 
1. Device for forming metallic workpieces with pulsed 

magnetic fields comprising a work coil energizable by pas 
sage of current discharges therethrough for producing 
a pulsed magnetic field, said work coil having a surface 
adapted to face a workpiece, a mechanically stable mem 
ber and a member consisting of material having high 
electrical conductivity connected to one another at mu 
tually engaging surfaces thereof, said members having 
another surface respectively, the other surface of said 
member of high electrical conductivity being in close en 
gagement with the workpiece-facing surface of said work 
coil, the other surface of said mechanically stable mem 
ber being so disposed as to be in spaced relationship 
to the workpiece, and an incompressible fluid medium 
completely filling the interspace between the other surface 
of said mechanically stable member and the workpiece 

copper a pressure which causes a shock wave to be propa- 75 for coupling said members to the workpiece and exerting 
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upon the workpiece a forming pressure due to shock waves 
produced by the coil magnetic field. 

2. Device according to claim 1, wherein said member 
of high electrical conductivity is a tube of electrolyte cop 
per, and said mechanically stable member is a steel tube 
disposed coaxially to said copper tube, the inner surface 
of said copper tube being firmly bonded to the outer sur 
face of said steel tube. 

3. Device according to claim 1, wherein said member 
of high electrical conductivity is a tube of electrolyte cop 
per, and said mechanically stable member is a steel tube 
disposed coaxially to said copper tube, the outer surface 
of said copper tube being firmly bonded to the inner sur 
face of said steel tube. 

4. Device according to claim 1, wherein said member 
of high electrical conductivity is a plate of electrolyte cop 
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per, and said mechanically stable member is a steel plate, 
said mutually engaging surface thereof being firmly 
bonded to one another. 
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