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METHOD OF MANUFACTURING AN ELECTRIC
CONDUCTOR OF METAL STRIPS

BACKGROUND OF THE INVENTION

The present invention relates to an electric conduc-
tor comprised of metal sheets or bars, and particularly
relates to such a conductor used for a thermal-
expansion compensator or for a cooled bus bar. The in-
vention also relates to a method of manufacturing such
a conductor. '

In one application for the invention, in order to com-
pensate for the thermal expansion of a rigid electric
conductor, such as a bus bar or pipe cable, a longitudi-
nally self adjustable intermediate member must be in-
stalled. This is comprised, for instance, of a flexible
cable or of a package of bent metal sheets.

In another use or a supplemental use for the inven-
tion, to provide for the cooling of a multilayer or mul-
tistrip electric conductor, the strips lying on the outside
of a bundle of strips are bent laterally outwardly to cre-
ate air-passage ducts between the outside and inside
strips and the strips are welded together where they
meet.

In a conductor comprised of a package of sheet-
metal strips, aluminum or copper sheets of 0.3 — 1.5
mm. in thickness and about 40-150 mm. in width are
used. The sheets are connected, usually by welding, at
both ends to solid metal plates that are of the same
width as the sheets and are of the same matcrial. Such
welding is very difficult, particularly in the case of alu-
minum, and in some cases can be effected only in the
presence of an inert gas. However, even with proper
welding, breaks in the sheets at the junction points fre-
quently occur in operation.

Another known method for connection of the metal
sheets to each other is based on the use of continuous
metal sheets which are connected together at their end
portions by means of rivets. This method has the disad-
vantage that the rivet connection between the individ-
ual sheets may fail to give a dependable electrical con-
nection because of oxidation.

Similar problems arise in the production of flat con-
ductors or bus bars which are subdivided for cooling.

BRIEF DESCRIPTION OF THE INVENTION

The present invention avoids the above discussed dis-
advantages by creating a longitudinally expansible con-
ductor formed from a plurality of metal sheets or bars
that are joined at at least two locations by explosion
welding.

It is the primary object of the present invention to
provide a plural conductive strip electric conductor.

It is another object of the invention to provide such
a conductor adaptable for thermal or the like ambient
condition compensation.

It is another object of the invention to provide a
method for producing such a conductor.

It is a further object of the invention to provide such
a method incorporating an expansion welding tech-
nique.

The invention is now described by reference to the
accompanying drawings, in which:

FIG. 1 is a schematic side view of a thermal compen-
sator having a bundle of sheet-metal strips and plates
welded to its two ends in accordance with the prior art;
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FIG. 2 is a schematic side view of a bundle of sheet-
metal strips with interspersed spacer inserts before ex-
plosion welding in accordance with the invention;

FIG. 3 is a schematic side view of a sheet-metal strip
bundle with explosion-welded ends, in the form of a
thermal-expansion compensator;

FIG. 4 is a schematic top view of the bundle of sheet
metal strips shown in FIG. 3;

FIG. 5 is a schematic side view of a bus bar in which
cooling ducts have been produced and which was
formed by the method of the invention; and

FIG. 6 is a schematic side view of an arrangement of
metal sheets which are to be connected together by ex-
plosion welding and which are located in a pressing
tool.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a thermal compensator for a conductor,
as known in the prior art. This compensator is com-
prised of a bundle of sheet-metal strips 1. At the ends
of the bundle, plates 3 and 4 are welded at weld seams
6 and 7. The bundle of sheet-metal strips 1 have com-
pensation fold 9 in the region of their center in order
to permit thermal expansion.

Thermal-expansion compensators or subdivided bus
bars made from bundles of sheet-metal strips use alumi-
num, copper or some other relatively inexpensive metal
which is a good electric conductor. The thickness of
the metal sheets for compensators is preferably 0.3 to
1.5 mm. and for subdivided bus bars, cooling bodies,
and the like, the thickness is preferably 1 to 10 mm. For
a finished compensator, the sheet width is normally
within the range of 40 to 150 mm., or more, and the
sheet length varies within the range of 100 to 700 mm.
or even longer for subdivided bus bars. The sheets for
the compensators are normally cut from larger, flat
sheet-metal panels of a length, for instance, of 2 m. and
of a width for instance, of 50 cm.

The method for producing a thermal compensator
according to the invention is now described. :

In FIG. 2, sheet metal strips 14, also referred to as
conductive sheets, are stacked in a bundle 12. This is
advantageously effected in an apparatus which is pro-
vided with stops.

Between neighboring strips 14 there is inserted ¢
shorter length and width intermediate layer or space:
sheet 16 made, for instance, of steel or plastic. Spacer:
16 do not extend out to the ends of strips 14 but are ar-
ranged in the central region of the strips. Thus, strip:
14 extend beyond the spacers 16 at both ends.

In order to assure a gradual local transition from the
tool body to the strips, the spacers are of unequa
length and their lengths increase toward one side of the
bundle or, for a symmetrical development, they in
crease from the top and bottom of the bundle towar«
the center. Conductive sheets 14 should extend paralle
to each other at their free ends, or at least they shoul(
not contact each other over their entire free or unsup
ported portions. It is necessary to have uniform spacin;
of the sheet-metal strips 14 upon the subsequent explo
sion welding. To assure this spacing, the ends of th:
strips are separated by spacers 15, a plurality of whicl
together form a comb. A comb may be made of stee
so that it might be reused, or it may be made of inex
pensive and disposable material, for instance plastic.

With metal spacers, there is the danger of shearing ¢
the separated strips, particularly the outermost sheet
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metal strips, at the ends of the spacers. This can be
avoided by producing a damping by means of plastic or
rubber bars serving as the spacers.

Bundle 12 of metal strips, which has been prepared
in the above manner, is introduced into a suitable
pressing tool, for instance, the bipartite tool, 41, 51 in-
dicated in dashed lines. Herein, a compensation fold,
like the fold shown in FIG. 3, is produced and main-
tained.

To assure a smooth transition between the strips
where they are combined to form a substantially homo-
geneous explosion welded body and the individual
strips extending out of the body, more resilient inter-
mediate inserts, made for instance of plastic, rubber or
the like, are inserted between the strips in the region of
points 20.

In a third operation, the ends of the bundle of sheet-
metal strips are converted by explosion welding by ex-
plosive charges 44, indicated in dashed line in FIG. 2,
into compact plates, 26, 27 as shown in FIG. 3. Com-
pensator 22 of FIG. 3 is formed of sheet-metal strips
24. The ends of the strips are welded together by explo-
sion welding to form plates 26 and 27. The explosion
welding can be effected at each end of a compensator
individually, or by the application and detonation of an
explosive charge 44 on only one side of strips 24, or by
explosion on both sides of the bundle of strips 24.

Although formation of a compensation fold prior to
welding has been disclosed, it is also possible to first ex-
plosion weld the bundle of sheet-metal strips 12 and to
then force out a compensation fold in the central re-
gion of the bundle after the explosion.

It should be emphasized that detonation of all of the
explosive charges 44, which may be two or four in num-
ber, must occur simultaneously. Detonation can be ef-
fected via a fuse leading to detonator caps. The corre-
sponding pressing tool, which holds the strips prior to
welding, protects them from damage in the explosion.
However, if the bundle of sheet metal strips does not
have a compensation fold at the time of the explosion,
such protection by a pressing tool is not always neces-
sary.

In a subsequent operation, spacers 16, which have
been inserted between the individual sheet-metal strips,
are removed. The compensator is then squeezed in a
press to even out the welded together parts. At the
same time, corresponding undesirable edge parts can
be cut off and/or fastening holes or the like can be pro-
duced in the strips (FIG. 4). For the pressing of larger
pieces, the press jaws preferably have fine transverse
grooves. The grooves emboss the surfaces of the explo-
sion welded body and assure good transmission of cur-
rent after mounting.

Next, the compensator is bulged outwardly or is com-
pressed in its longitudinal direction to obtain the de-
sired length, for instance, a particular length at a prede-
termined temperature. During explosion-welding, to
prevent the assembled strip ends from arching because
the pressure produced by the explosion encounters less
resistance at the peripheral edge lateral walls than in
the centers of the strips, edge bodies 30 of metal or
plastic and having a rectangular profile are pushed
-against the side edge surfaces of the sheet metal strips
in the bundle, as shown in dashed line in FIG. 4. The
edge bodies must be of approximately the same thick-
ness as the bundle of sheet-metal strips after the explo-
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sion welding. The edge bodies are thrown off by the
welding explosion.

When welding is caused by detonation of only one
explosive charge above one surface of an end of the
sheet metal bundle, rather than by two charges above
both of two opposite surfaces of the bundle as shown
in FIG. 2, there is a danger that the unexploded side
will weld to the tool at individual points. One remedy
is to coat the tool at the endangered places with a sepa-
rating layer, like an oil, for instance a silicone oil. An-
other remedy is to place a separating layer of plastic,
rubber or paper between the tool and the lowermost
metal strip. In similar manner, a separating layer, such
as a sheet of metal, plastic or rubber should be inserted
between the uppermost strip and the explosive. Other-
wise, an unattractive surface will be obtained, particu-
larly with aluminum strips.

FIG. 5 shows a cooled tripartite. or three layer con-
ductor bar 33 having two cooling ducts 35 and 36 be-
tween the individual layers 38, 39 and 40 of bar 33. The
individual layers are connected on both sides of the
cooling ducts 35 and 36 by explosion welding, accord-
ing to the process described above.

FIG. 6 shows means for forming a plurality of stacked
metal panels into a plurality of compensators. The bot-
tom of a pressing too! is shown. It is developed from a
solid steel piece. Its length and width correspond to the
length and width of the sheet metal panels to be welded
together, for instance 500 X 200 mm?2. On element 41
is placed plastic plate 46, which protrudes beyond both
sides of the pressing tool. On the bottom side of the tool
along both sides of bottom part 41 are arranged explo-

sive charges 44. These extend over the entire length of
plastic plate 46, for instance, 2 m.

On plastic plate 46 lies a first sheet metal panel 48,
made, for instance, of aluminum, which protrudes on
both sides beyond pressing tool part 41 by the same dis-
tance as plastic plate 46. Metal panel 48 is followed by
plastic plate spacer 49 corresponding in width to tool
part 41. On plate 49 rests another aluminum panel 48
of the same width as the first. In this way, up to 50
sheet-metal panels are stacked alternatingly with plas-
tic plates 49. The uppermost sheet metal panel 48 is
followed by a plastic plate 46, corresponding to lower-
most plate 46. Above upper plate 46 are two explosive
charges 44 similar to the two bottom explosive charges
44. As a termination, a top tool part 51 made from steel
is applied. Bottom part 41 and top part 51, which to-
gether form the tool, are forced together, by means of
tie rods (not shown) located, for instance, at the four
corners of the bottom and top parts 41, 51.

In order to maintain the continuous spacing between
the individual sheet-metal panels 48, even in their out-
ermost marginal regions, it is advantageous to insert
spacer pieces or sheets 52, formed, for example, of
pieces of spring steel between panels 48. These inserts
extend along the entire length of panels 48 and are lo-
cated along approximately the central longitudinal axes
of the upper and lower explosive charges 44. Sheet-
metal spacer sheets 52 are replaced just before the det-
onation of charges 44 by a quick-setting frangible com-
position, for instance plaster of paris, which is applied
between the sheet-metal panels to form fastening
bridge S4. After the application of fastening bridge 54,
sheet metal spacer sheets 52 are removed. Then the
charges 44 are detonated. Welding of the aluminum
sheets 48 occurs in the region between the opposing
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upper and lower explosive charges 44. 'l'he'“pléé‘ter
bridge flies off upon the explosion. o

The tie rods of the pressing tool 41, 51 are now loos-
ened, and the unitary ‘block comprised of aluminum
sheets 48 ‘and plastic spacer plates 49, is lifted out of
pressing tool 41, 51. The block is then divided into a
plurality of thin, strip like arrangements by means of a
plurality of circular or band saws moving through one
pass. The saws are spaced a distance corresponding to
the desired width for the compensators. In this way, for
instance, 20 to 40 finished compensators of a width of
100 mm. to 50 mm. are obtained.

Depending on the desired shape for each compensa-
tor, the compensation fold is now shaped or pressed in
a bipartite pressing tool. At the same time, the two
welded ends are provided correspondingly with trans-
verse grooves in order to make the contact surfaces
more adherent. In addition to forming the grooves, it is
also possible during the pressing to punch correspond-
ing openings or holes in the ends of the compensator.

As the final operation, plastic spacer plates 49 are re-
moved through the open side edges of the completed
compensator. )

The method which has been described in connection
with FIG. 6 for the production of compensators is sim-
ple and economical, because very little sheet-metal
waste is produced, and the construction of the welding
device becomes extremely simple. Due to the relatively
large starting dimensions, the handling is also much less
time-consuming, since in a short time, a large number
of such compensators can be produced by means of
one explosion. Due to the possibility of welding such
large sheets together, intermediate storing of the explo-
sion-welded but as yet uncut panels is possible. The
panels can later be cut as required into compensators
of desired width.

Although the present invention has been described in
connection with a number of embodiments thereof,
many variations and modifications will now become ap-
parent to those skilled in the art. It is preferred, there-
fore, that the present invention be limited not by the
specific disclosure herein, but only by the appended
claims.

I claim:

1. Method for producing an electric conductor, com-
prising:

providing a plurality of conductive metal strips;

disposing the strips one above the other to form a

multilayer bundle;

placing an explosive charge at two spaced locations

on the bundle of strips between the ends of the
strips;

inserting spacers between the strips under the loca-

tions of the charges to maintain spacing of the.

strips; after the spacers are inserted under the loca-
tions of the charges, placing a spacing bridge at the
ends of the strips to hold them separated at the lo-
cations and them removing the previously inserted
spacers that had been inserted between the strips
under the locations;

detonating the charges, exploding out the spacing
bridge upon the detonation and explosion welding
the strips in the bundle at the locations, thereby
forming the strips into a solid plate where the deto-
nated- charges were located.
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2. The method for producing an electric conductor
of claim 1, wherein the spacing bridge is formed of a
quick setting, frangible composition.

3. The method for producing an electric conductor
of claim 1, wherein the explosive charges are placed at
each end of the bundle of strips.

4. The method for producing an electric conductor
of claim 1, further comprising pressing against the top
and bottom of the bundle of strips, thereby squeezing
them together and deéfining transverse grooves in the
strip bundle top and bottom by the pressing.

5. The method for producing an electric conductor
of claim 1, wherein the spacers are comprised of one
of the group of materials consisting of metal sheets and
plastic sheets.

6. The method for producing an electric conductor
of claim 1, further comprising subsequent to the deto-
nating, dividing the welded strip bundle across both lo-
cations and forming a plurality of separated, welded
conductors. .

7. The method for producing an electric conductor
of claim 6, wherein the dividing comprises a plurality
of sawing operations simultaneously performed on the
bundle.

8. The method for producing an electric conductor
of claim 1, wherein each explosive charge is placed on
at least one of the sides of the bundle at one of the re-
spective locations therefor; and the explosive charges
being all detonated simultaneously.

9. The method for producing an electric conductor
of claim 8, wherein there is an explosive charge on only
one side of the bundle at each respective location
therefor; providing a mold resting surface against
which a first surface on one side of the bundle of strips
is rested, and placing the explosive charge against a
second surface on the opposite side of the bundle of
strips. ‘

10. The method for producing an electric conductor
of claim 9, further comprising interposing a separating
layer between the first surface of the bundle and the
mold resting surface to prevent attachment of the bun-
dle to the mold resting surface upon the detonation.

11. The method for producing an electric conductor
of claim 9, further comprising interposing a protective
separating layer between the second surface of the bun-
dle and the explosive charge.

12. The method for producing an electric conductor
of claim 8, wherein an explosive charge is placed on
both opposite sides of the bundle at each location.

13. The method for producing an electric conductor
of claim 1, further comprising bending the bundle of
strips between the locations to define an expansion-
contraction compensation fold.

14. The method for producing an electric conductor
of claim 13, wherein the bending of the bundle com-
prises forming a bulge between the locations.

15. The method for producing an electric conductor
of claim 13, wherein the bending of the bundle is per-
formed by pressing the bundle to form a fold there-
along.

16. The method for producing an electric conductor
of claim 13, wherein the bending is performed after the
detonation.

17. The method for producing an electric conductor
of claim 16, further comprising subsequent to the deto-
nating, dividing the welded strip bundie across both lo-



3,911,567

7

cations and forming a plurality of separated, welded
conductors.

18. The method for producing an electric conductor
of claim 13, wherein the bending is performed before
the detonation.

19. The method for producing an electric conductor
of claim 1, wherein before detonation, spacers are in-
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serted between the neighboring metal strips in the cen-
tral region of the bundle between the locations.

20. The method for producing an electric conductor
of claim 19, further comprising bending the bundle of
strips between the locations to define an expanswn-

contraction compensation fold.
* * * & *
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