
March 12, 1968 H. schENK ETAL 
DEWICE FOR FORMING METALLIC WORKPIECES 

BY PULSED MAGNETEC FIELDS . 
Filed July 2, 1965 

1N N N N N N N NZ 
SSS2S NQSONNONN6NgN 2 

2n 
M 2 

2 4S-20 2 

26 

22 23 

36 

37 

E. 2 ( SA 

2 

3,372,566 

6% Fig. 4 N2% 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

    

    

  



United States Patent Office 3,372,566 
Patented Mar. 12, 1968 

3,372,566 
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ABSTRACT OF THE DISCLOSURE 
Device for deep-drawing metallic workpieces by pulsed 

magnetic fields includes a plurality of coaxially disposed 
rings of relatively good electrically conductive materials, 
said rings being radially slotted and being electrically in 
Sulated from one another, a magnetic coil winding dis 
posed beneath the rings and electrically insulated there 
from, the rings having an upper surface corresponding 
to the geometric shape of a workpiece to be deep-drawn. 

Our invention relates to the direct-forming of metallic 
Workpieces with the aid of pulsed magnetic fields. Ac 
cording to this method, often called “Magneform” 
method, capacitors are discharged through a work coil 
within extremely short intervals in time, for example 
micro-seconds, to produce high-intensity magnetic fields 
which subject the workpiece to forming pressure. This 
method and suitable devices for performing it are known, 
for example, from U.S. Patent 2,976,907. 
The work coils employed for magnetic-pulse forming 

of metals are of the compression type, expansion type 
or flat (pancake) type. Compression coils are cylindrical 
and Surround the workpiece for subjecting it to inwardly 
directed compressive forces due to the high-intensity field 
pulses. Expansion coils are designed to be located inside 
a tubular workpiece for subjecting it to radially outward 
magnetic forces so as to widen the workpiece, usually 
at singular localities. Flat-type or pancake coils have a flat 
surface which, during operation, is located adjacent to a 
Workpiece, such as a sheet-metal member, and are usually 
employed for deep-drawing purposes. Compression coils 
have been equipped with field shapers designed as annular 
pole structure between the cylindrical work coil and the 
Workpiece for receiving the current-produced forces of 
the working coil and concentrating the magnetic pressure 
forces upon particular localities of the interiorly located 
Workpiece. Metal forming with expansion coils and deep 
drawing (pancake) coils, however, has been effected 
without field shapers and without concentrating the field 
forces in any similar manner, because the desired localiza 
tion of the forming effect at the workpiece can and has 
been obtained with the aid of dies which, with such work 
coils, are readily applicable since the workpiece remains 
freely accessible for dies or abutments from the outside. 

It is an object of our invention to provide a device 
for forming metallic workpieces by pulsed magnetic field 
with deep-draw (pancake) coils and expansion coils, that 
afford performing workpiece widening and deep-drawing 
processes by a multiple of the amount of energy hereto 
fore permissible or applicable with such devices under 
otherwise the same or comparable conditions. 

According to the invention, we provide one or more 
field concentrator structures between the workpiece and 
the deep-drawing or expansion coil. According to an 
other feature of the invention, it is preferable to provide 
the field concentrator structure with grooves, similar to 
the slots of electrical machines, in which the turns of the 
working coil are accommodated. According to another 
feature, the geometric shape of the field concentrator 
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structure at its side directly adjacent to the workpiece is 
largely adapted to the pre-shaped profile or contour of 
the Workpiece being subjected to the forming process. 
The invention will be further described with reference 

to the drawing showing schematically various embodi 
ments of magnetic forming devices according to the 
invention by way of example. 

FIG. 1 shows in section a flat pancake coil with a field 
COncentrator. 

FIG. 1a is a partial perspective view onto the work 
coil according to FIG. 1. 

FIG. 2 illustrates diagrammatically and in section a 
flat coil with a field concentrator according to the inven 
tion in conjunction with a representation of a workpiece 
forming process. 

FIG. 3 shows schematically and in section a device 
similar to the one according to FIG. 2, except that a sec 
ond field concentrator according to the invention is 
added. 

FIG. 4 shows in perspective and partly in section an 
expansion coil with a field concentrator according to the 
invention. 
The device illustrated in FIGS. 1 and 1a is suitable 

particularly for deep drawing. It comprises a field con 
centrator structure composed of individual slitted and 
mutually insulated ring portions 11 mounted within each 
other and forming downwardly open slots which supple 
ment each other to a single spiral. Located in the spiral 
slot is the coil winding 12. The individual rings are in 
sulated by means of interposed members 13 of insulating 
material, and the entire group of rings is rigidly held 
together by an outer ring i4 of steel. The ends of the 
coil 12 are electrically connected to terminal straps 15 
and 15'. The subdividing slits in the rings of the field 
concentrator are denoted by 16. The central opening 17 
of the field concentrator and the interior of the device 
are filled with insulating material 3'. The terminal strap 
15 is electrically connected with the outer end of the 
coil 12 through a conducting plate 20' and through the 
housing structure 20 of metal. 
The rings of the field concentrator consist of a 

metal alloy having high electrical conductance and high 
mechanical hardness, for example copper-beryllium. The 
grooves 18 for receiving the spiral winding 12 are ma 
chimed into the concentrator rings and the winding turns 
are insulated relative to the concentrator rings ii. The 
insulating material 13 and 13" may consist of an epoxide 
resin, for example. The terminal straps 15 and 15' are 
insulated from each other by an insulating plate is and 
serve to supply the coil with the above-mentioned current 
surges from a battery of capacitors (not illustrated). The 
plate 19 may be integral with the insulation 13' as shown. 

FIG. 2 shows schematically how a pancake coil with 
a field concentrator according to the invention is en 
ployed for forming a metallic workpiece. Dencted by 
21 is the field concentrator and by 22, its spiral winding 
in the slots 23 of the concentrator. The center bore 24 
of the field concentrator corresponds to the opening i7 
in FIG. 1. The metallic workpiece 25 to be formed con 
sists of sheet metal. Placed against the workpiece is a 
die consisting, for example, of steel or brass. Shown in 
the left portion of FIG. 2 is the condition of the work 
piece 25 prior to the forming process. Shown at the right 
is the shape of the same workpiece after performance 
of the process. The sheet-metal workpiece is thus drawn 
to the shape of a pan. 

FIG. 3 shows schematically a subsequent magnetic 
forming process to which a workpiece, pre-shaped in 
accordance with FIG. 2, may be subjected. Employed is 
a pancake coil with an additional field concentrator. The 
coil is equipped with a concentrator 31 corresponding to 
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those denoted by 11 and 21 in FIGS. 1 and 2. The spiral 
shaped winding 32 of the coil is located in slots 33 of a 
field concentrator 31, whose central opening is denoted 
by 34. The metallic workpiece 35 is constituted by the 
pre-formed workpiece resulting from the process de 
scribed above with reference to FIG. 2. Placed adjacent 
to the workpiece is a frusto conical die 36 consisting for 
example of steel or brass. An additional field concen 
trator 37 is placed between the concentrator 31 and the 
die 36. The die 36 has recesses 38. 

In analogy to FIG. 2, the left-hand portion of FIG. 
3 shows the condition of the workpiece 35 prior to the 
forming process, whereas the right-hand portion of the 
same illustration shows the workpiece upon the per 
formance of the process. The additional field concentra 
tor 37 may consist of copper-beryllium, for example. 
The expansion coil with field concentrator shown in 

FIG. 4 comprises a cylindrical field concentrator struc 
ture 31 with internal grooves 42 in which the helical 
turns 33 of the work coil are located. Denoted by 44 
are insulating materials and by 45 the terminal straps 
for supplying current surges to the work coil. In this case, 
too, the concentrator is made of a metal alloy having a 
high electrical conductivity and high mechanical hard 
ness, copper-beryllium alloy being suitable for this pur 
pose. The illustrated slit 46 in the field concentrator 
may have a width of about 1 mm. The winding 43 in 
the grooves 42 is insulated relative to the field concen 
trator. The insulating materials 44 consist of epoxide 
resin, for example. 
The illustrated expansion coil 33 shown in FIG. 4 may 

consist of 7 to 30 turns of copper wire having a cross 
section of 3 x 3 to 3 x 5 mm.. The inductivity of the 
coil in approximately 1 uh. For performing the process, 
the coil is supplied with discharge current from a capaci 
tor having a capacitance of 200 uR. and applying to 
the coil a voltage of 8 kV. for a short interval of time. 
A tubular workpiece placed about the cylindrical Sur 

face of the illustrated expansion-coil device is thus sub 
jected to the effect of a force resulting from the magnetic 
field of the coil and the eddy currents induced in the 
workpiece, and these forces have the effect of widening 
the tubular workpiece. 

It will be understood that the above-mentioned numeri 
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cal data are given by way of example only, and that they 
may be modified in accordance with any particular re 
quirements or desiderata. 
The advantages of devices according to the invention 

reside particularly in the fact that by virtue of the use 
of field concentrators, the flat-type and expansion coils 
become capable of absorbing a higher amount of form 
ing energy because the field concentrator renders them 
more stable than self-supporting coils of this type. Fur 
thermore, the spacing between workpiece and working 
coil in devices according to the invention is reduced to 
a few tenths of one millimeter, because it is only neces 
sary to provide insulation for step-down transformed volt 
age. This affords imposing an increased mechanical pres 
Sure upon the workpieces. 
By virtue of the additional field concentrator placed 

upon a deep-drawing or pancake coil as exemplified in 
FIG. 3, the invention permits the application of forming 
operations subsequent to pre-forming of a workpiece. 
As a result, two or more forming processes become ap 
plicable so that high degrees of deformation and com 
plicated profiles can be imparted to the workpieces. 
We claim: 
1. Device for deep-drawing metallic workpieces by 

pulsed magnetic fields comprising a plurality of coaxially 
disposed rings of relatively good electrically conductive 
material, said rings being radially slotted and being elec 
trically insulated from one another, a magnetic coil wind 
ing disposed beneath said rings and electrically insulated 
therefrom, said rings having an upper surface corre 
sponding to the geometric shape of a workpiece to be 
deep-drawn. 

2. Device according to claim 1, wherein said individual 
rings are formed with grooves in the underside thereof 
for accommodating said coil winding therein. 
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