
A -             .  A ELECTRICAL RESISTANCE SEAM WELDING METHOD AND
APPARATUS This invention relates to a method and apparatus for carrying out
electrical resistance seam welding with the use 5 of a continuous wire
electrode which passes successively over a first electrode reel and then
over a second electrode reel, confronting the first reel, via a plurality
of guide and de- flection rollers, the wire electrode portions travelling
over the reels being pressed at a predetermined welding pressure by lo the
reels being pressed together so that overlapping ends of a workpiece
disposed between the wire portions may be welded together while an electric
current is applied so as to pass from one of the reels through the wire
electrode and work- piece ends to the other reel. The wire electrode is
motor- 15 driven for forwardly advancing the workpiece ends. A welding
apparatus of this general type is disclosed in Swiss Patent 436,513. During
operation of this known appara- tus, the cross-section of the electrode
wire is reduced during 20 its travel over the first electrdde reel while
under the in- fluence of a welding force and of the temperature prevailing
at the welding area, while at the same time the initial length of the
electrode wire is caused to increase. In order to pre- vent the elongated
portion of the electrode wire from speeding 25 up while passing over the
second electrode reel, as compared to the speed of travel of the
unelongated portion of the wire travelling over the first electrode reel,
means are provided for forming and receiving a wire loop between the two
reels, as well as for taking up this loop when there is no pressure 30
applied to the reels. Another known apparatus for carrying out electric
resistan- ce seam welding is disclosed in Swiss patent 519,961 in which a
wire electrode having an initially round cross-section is 35 pressed into a
flattened cross-sectional shape prior to its    



2 - -2- travel over the first electrode reel by means of a driven pair of
press rollers. During this rolling process, the wire elec- trode assumes a
higher strength and a correspondingly smaller elongation so that there is
no further elongation of the wire 5 at the welding area, thus eliminating
the need for a loop- takeup device. Hence, the wire electrode used in this
appa- ratus is a "hard wire". This concept relating to use of such a "hard
wire" is 10 discussed in more detail in Swiss patent 536,163 which des-
cribes a round wire, for example a copper wire, as being finish-rolled
until it reaches a 50 % higher tensile strength at the elastic limit, for
example 13 kg-f/mm2, and preferably a 100 % higher tensile strength at the
elastic limit, for 15 example 18 kg-f/[err], than prior to the
finish-rolling operation. In principle, when using a hard wire as a wire
electrode for electrical resistance seam welding, elongation of the 20
electrode wire during its first travel through the welding area can be
substantially avoided. However, the hard wire does not conform well to the
workpieces to be welded under the influence of the welding pressure,
relatively large deflection forces are required for appropriately passing
the hard wire over the 25 electrode reels and deflection rollers, and the
hard wire is more brittle which increases the danger of operational
breakdowns. 30      It is therefore an object of the present invention to
provide an electrical resistance seam welding method and appa- ratus which
avoids the need for a hard wire electrode, while at the same time avoids
the need for a loop-takeup device between the first and second reels
without affecting the 35 quality of the resulting welding seam.    -3- 



Another object of this invention is to provide such a method and apparatus
of the general type described above in which the wire electrode comprises a
copper wire  which, when entering the apparatus,  has a tensile strength at
the elastic 2 5 limit of between 11 and 13 kg-f/mm and has a percentage
elongation at break in the range of 26 to 17 %, the reels being pressed
together by a force of 60 to 70 kg, and the copper wire being subject to a
tensile stress of less than 10 kg-f/mm2 while passing over and between the
reels. The wire undergoes 10 a maximum elongation of 6 % when passing over
the first reel and a maximum further elongation of 6 % when passing over
the second reel as the reels are maintained at an operating tem- perature
of 10 to [err]. is      A further object of this invention is to provide
such a method and apparatus wherein, the wire, when entering the apparatus,
has a tensile strength at the elastic limit of 2 approximately 12 kg-f/mm,
and a percentage elongation at break of approximately 21 %. 20 A still
further object of this invention is to proved such a method and apparatus
wherein the wire, while passing over and between the reels, is under a
tensile stress of 2 to 6 kg-f/mm2. 25 A still further object of the present
invention is to provide the second reel as being motor driven for driving
the wire about the reels which effects a rotation of the first reel and a
forward advancing of the interposed work- 30 piece ends, the wire being
subject to a maximum tensile stress of 6 kg-f/[err]before the wire reaches
the first reel. A still further object of this invention is to provide such
a method and apparatus wherein the copper wire is pulled 35 away from the
second reel for imparting thereto a tensile stress of 10 kg-f/[err]
maximum.  



-4- A still further object of the invention is to provide such a method and
apparatus wherein the copper wire initially has a round cross-section and a
tensile strength at the elastic limit of less than 11 kg-f/[err] and a
percentage elongation 5 at break of more than 30 %, the wire being reshaped
into a substantially rectangular cross-section by passing the wire of round
cross-section through the nip of a pair of press rollers to thereby reduce
the cross-sectional area of the wire by 10 % maximum. 10 A still further
object of the invention is to provide such a method and apparatus wherein a
weight-or spring-loaded dancing roller is applied to the wire between the
pair of press rollers and the first reel for maintaining a tensile 15
stress in the wire at a substantially constant value in the range of 3 to 6
kg-f/mm2 between the press rollers and the first reel. An embodiment of the
invention will now be described, 20 by way of example only,. with reference
to the accompanying diagrammatic drawings, in which: 25      Figure 1 is a
schematic representation of an electric seam resistance welding apparatus,
in side elevation, using a continuous wire electrode according to the
invention; Figure 2 is an enlarged vertical sectional view taken through
the welding area of the Figure 1 apparatus at the 30 first and second
electrode reels; and Figure 3 is a graph illustrating the stress-strain
properties of copper. 35      The welding apparatus shown in Figure 1
includes a machine frame 10 having a welding support arm IA on which a
first and    bottom electrode reel 11 is mounted for rotation on an axle 



12. A second and upper electrode reel 13 lies opposed to and in the same
vertical plane with the first electrode reel. The second reel is secured to
its axle shaft 14 which is 5 mounted for rotation on a pair of axle support
bars 15 inter- connected by an upper plate 16 with a rod 17 thereon
telesco- ping into a sleeve 18 mounted on frame 10..The sleeve has the
collar 19 thereon, and a spring 21 surrounds rod 17 and sleeve 18 and
extens between collar 19 and plate 16 for pressing 10 bars 15, and thereby
reel 13, downwardly toward first electrode reel 11. Shaft 14 is operatively
connected with a drive motor 22 for rotating second electrode reel 13 in
the direction of its 15 arrow. Reel 13 and its shaft 14 are electrically
insulated from the machine in any suitable manner. And, a low-voltage
winding 23 of an electrical welding transformer 24 is connec- ted
electroconductively, on one side, with machine frame 10 and, on the other
side, with shaft 14 and thereby also with 20 reel 13. A source of
alternating current (not shown) is connectable to a high-voltage winding 25
of  transformer 24 to produce a seam weld. Reel 11 is electroconductively
connec- ted withframe 10 via its axle 12. 25      It can be seen in Figure
2 that both reels 11 and 13 are. provided along their circumferences with
guide grooves 26 and 27 for receiving and guiding a continuous wire
electrode 28. The wire electrode is of copper and has a substantially
rectangular cross-section which is formed by flat-rolling 30 the wire of
initially round cross-section in a manner which will now be described with
reference to Figure 1. A pair of suitably mounted press rollers 29, 31
slightly spaced apart, and lying in the same vertical plane, have on 35
their confronting edges circumferential grooves similar to    -6- guide
grooves 26, 27. One of the press rollers 29 is operative- ly connected with
a drive motor 32 for rotating this upper 



roller which in turn rotates bottom roller 31 as the round wire passes
therethrough. A copper wire 28A having a round 5 cross-section is fed
through the gap between the press rollers, this gap being adjusted such
that the copper wire during its. passage through rollers 29, 31 is rolled
into a substantially rectangular cross-sectional shape as seen in Figure 2.
After leaving rollers 29, 31, the wire electrode travels under a lo tension
or dancing roller 33 having its axle 34 mounted on a movable bearing member
35 which is resiliently urged down- wardly by a spring 36 anchored in some
manner at its lower end. Otherwise, a weight (not shown) could be suspended
from bearing member 35 to effect the same purpose of imparting a 15
specific tensile stress to the wire, as will be discussed in more detail
hereinafter. The copper wire then passes over guide and deflection rollers
37, 38, 39, 41 which are suitably mounted for rotation about 20 their
respective axes. The electrode wire then passes about approximately
two-thirds the circumference of bottom electrode reel 11, and passes over
guide and deflection rollers 42, 43, 44 mounted on the machine frame for
rotation about their respective axes. The electrode wire then passes in the
direc- 25 tion of its arrow over approximately two-thirds circumference of
upper electrode reel 13, after which the wire travels over another guide
and deflection roller 45 to a device 46 provided for pulling away the
electrode wire from the upper reel as will be described in more detail
hereinafter. 30 Workspiece edges 47 and 48 of a pair of workpieces or of a
tubular workpiece to be seam welded together, are overlapped as shown in
Figure 2 and are passed together between electrode reels 11 and 13.
However, edges 47 and 48 do not directly con- 35 tact the reels but only
portions of electrode wire 28 which pass about the reels. Therefore, when
welding together work-    -7- 



piece edges of a tin plate or plates, the tin which melts from the surfaces
while fusing the workpiece edges during welding will not adhere to reels 11
and 13 but only to copper wire 28, and is carried off with the wire from
the welding 5 area. The device 46 for pulling away the copper wire after it
leaves the upper electrode reel includes a pair of drums 49 and 51 which
are spaced apart in side-by-side relationship 10 with parallel axes, only
one drum 51 being operatively connected with a drive motor 52 for rotating
the drum in the direction of its arrow. The copper wire is wound, as shown,
several times around part of the circumferences of both drums. An endless
belt 53, guided over three deflection rollers 54, 15 55, 56 presses against
the circumference of drum 51. Axle 57 of roller 56 is secured to an
anchored spring 58 for tensio- ning belt 53 about drum 51 and for effecting
movement of the belt during rotation of the drum. After passing from device
46, copper wire 28 is pushed  through a guide tube 59 which 20 guides the
wire into a chopper 61 which cuts the copper wire into short pieces for
reuse of the material. In operation, second electrode reel 13 is rotated in
the direction of its arrow by motor 22. This causes copper wire 25 28 to be
frictionally driven in the direction of its arrow so that reel 11 is also
rotated in the direction of its arrow, and the interposed overlapping ends
47 and 48 of the work- piece or workpieces to be seam welded together are
advanced in the direction of the arrow thereof upon frictional engage- 30
ment therewith. Spring 21 is designed to effect a welding force in the
range of 60 to 70 kg, which thereby imparts to the copper wire bearing
against workpiece ends 47 and 48 a 2 compressive stress in the range of 8
to 10 kg-f/[err]. Welding transformer 24 generates an alternating welding
current of an 35 intensity ranging from 4,000 to 5,000 amps which flows
through workpiece ends 47 and 48 for seam welding them together. And,   



-8 - electrode reels 11 and 13 are cooled by a cooling medium 62 which is
fed and discharged through cavities of axle 12 and shaft 14, for example,
so that the temperature of the electrode reels and of the copper wire
winding around them is maintained 5 in the range of 10 to [err]. As
described above, copper wire 28 serving as a wire electrode is delivered by
press rollers 29, 31 and is rolled into the desired rectangular
cross-sectional shape. Wire 28, lo to which tin adheres during the welding
of workpiece ends of a tin plate or plates, is pulled away from reel 13 by
device 46 after it travels around roller 45. Details of copper wire 28 used
in accordance with the 15 invention will now be described. A copper wire
28A having a round cross-section serves as a starting material, and its
breaking strength [err](Fig. 3) lies in the range of 22 and 23 kg-f/[err].
The Figure 3 graph shows that for such a copper wire'the tensile strength
[err] at the elastic limit, i.e. with 20 a maximum elongation most commonly
taken as 0.2 %, is 10 to 11 kg-f/[err], whereas the percentage elongation
[err] at break lies between 30 and 40 %. A copper wire with these
mechanical properties is usually referred to as "soft wire". If the work-
piece ends 47 and 48 are of a sheet metal with a thickness of 25 0.10 to
0.40 mm, copper wire 28A serving as a starting material for the wire
electrode will preferably have a diameter of 2 1.37 mm, which results in a
cross-sectional area of 1.5 mm Copper wire 28a is reshaped between pressure
rolls 29, 31 30 so that the rolled copper wire 28 is given a substantially
rectangular cross-sectional shape having dimensions of 2.0 x 0.7 mm. During
the rolling process, the cross-sectional area of the wire is reduced by 10
% maximum, for example from 1.5 mm2 to approximately 1.4 mm2, whereby the
breaking strength 35 [err] increases to a range of 23.5 to 25 kg-f/[err],
the percentage elongation [err] at break is reduced to a value in the range
of  



-9- 26 to 17%, and the tensile strength [err] at the elastic limit
increases to 11 up to 13 kg-f/mm2. A copper wire having these mechanical
properties is still classified as 2 "soft wire". And, it should be noted
that motor 32 provided for driving 5 rollers 29, 31 preferably has an
output of approximately 1.2 kW. Dancing roller 33 maintains the tensile
stress in wire electrode 28 at substantially constant values during its 10
travel to electrode reel 11. In the wire section between rol- lers 37 and
38, the wire tensile stress is preferably 3 to 4 kg-f/[err], and in the
wire section between rollers 29 and 41, the wire tensile stress is
preferably 5 to 6 [err]-f/mm . And, because a portion of the copper wire
winding around electrode 15 reel 11 during the welding operation is driven
not only by the tension produced by the driven upper electrode reel, but
also by the overlapping workpiece ends which are also fric- tionally
driven, the tensile stress in the copper wire decreases during its travel
around bottom electrode reel 11. For example, 20 in the wire section
between reel.11 and roller 42, the tensile 2 stress is 2 to 3 kg-f/mm..
During its further travel to upper electrode reel 13, copper wire 28
experiences during the passage of any one of rollers 42, 43, 44, an
increase in ten- sile stress. Thus, for example, the tensile stress in the
25 wire section between rollers 43 and 44 attains a value in the range of 4
to 5 kg-f/mm2, and in the wire section between roller 44 and reel 13 the
wire section attains a value in the range of 5 to 6 kg-f/mm2. Moreover,
motor 22 for driving the upper electrode reel preferably delivers power of
about 30 0.375 kW to shaft 14. Wire pullaway device 46 produces in the wire
section between roller 45 and drums 49, 51 a tensile stress preferably in
the range of 8 to 10 kg-   mm  so that a snug fit of copper 35 wire 28
around reel 13 is assured. Motor 52, which drives 



drum 51, has an output of about 1.0 kW.    It can be seen that the tensile
stresses in the various wire sections of copper wire 28 lie clearly below
the permissable tensile strength ds at the elastic limit so that, due to
the prevailing tensile stresses in the copper wire, permanent 5 elongation
of the wire is avoided. By contrast, a certain elongation of copper wire 28
occurs each time it passes through the welding area between electrodes 11
and 13, because there a rolling of the copper wire takes place under the
influence of the welding force effected by spring 21. Elongation of the 10
wire occuring during travel of wire 28 around second electrode 13 is taken
up by wire-pullaway device 46 and therefore has no effect whatsoever on the
welding. Elongation of the copper wire 28 during its travel around the
bottom electrode reel 11 is, however, another matter. 15 It has been shown
that with the above-indicated values for the welding force, for the
temperature of the elctrode reels and for the tensile stress in the wire
sections between the bottom and top electrode reels, copper wire 28 on its
travel 20 around bottom electrode reel 11 during the welding experiences an
elongation of approximately 5 %. The copper wire experiences an additional
elongation of approximately the same magnitude during its travel around top
electrode reel 13. Consequently, the feed rates of the two portions of the
copper wire that come 25 into contact with workpiece ends 47 and 48 differ
by about 10 %. The two workpiece ends 47 and 48 assume a feed rate which
equals the arithmetic mean value of the feed rates of the lower and upper
wire portions at the welding area. This causes a slip of approximately 5 %
between the wire portion travelling around 30 bottom electrode reel 11 and
the lower workpiece end 47, while at the same time a slip likewise of
approximately 5 % occurs in the opposite direction between the wire
portions travelling around top electrode 13 and the upper workpiece end 48.
How- 



ever, this slip was unexpectedly found to have no adverse in- 35 fluence on
the quality of the resulting seam weld. In practice, the slip is even
permitted to increase to [err]6 % which corresponds    - 11 - to an
elongation of 12 % of the copper wire serving as the wire electrode. Since,
contrary to the view prevailing heretofore as to 5 the indispensibility of
the use of a hard wire as a wire electrode, that is to say, copper wire
with such increased strength at the elastic limit that no additional
elongation takes place during its first passage through the welding area,
according to the teachings of the invention a copper 10 wire with an
allowable tensile strength of only 11 to 2 13 kg-f/mm at the elastic limit
can be used as a wire electrode. Such a copper wire, which is nevertheless
classi- find as a "soft wire", is less rigid and less brittle than a hard
wire, so that it can be handled with greater ease and 15 it can also be
guided over the various rollers of the welding machine with smaller
deflection forces required, thereby allowing a reduction in the tensile
stresses in the wire. Another advantage of the use of a "soft" copper wire
over a hard wire is that the "soft" wire conforms more easily to 20 the
surfaces of the workpiece ends to be welded together and leads to an
improvement in the quality of the resulting seam. Finally, use of the"soft
wire" is less likely to cause service problems because it is less brittle
than hard wire. 25      Obviously, many modifications and variations of the
present invention are made possible in the light of the above teachings. It
is therefore to be understood that within the scope of the appended claims
the invention may be practiced otherwise than as specifically described. 30



- 12 - CLAIMS 1. An electrical resistance seam welding method in which a
continuous wire electrode is passed successively over a 5 first electrode
reel and over a second electrode reel, via a plurality of guide and
deflection rollers, said wire electrode passing over said reels in
confronting relationship and being pressed together by said reels, by a
predeterminded welding force, against interposed workpieces to be seam
welded together, an electric current being applied which passes from one of
said reels to the other of said reels through said wire elec- trode and
said interposed workpieces, said wire electrode being motor driven for
feeding the workpieces through said reels, the improvement comprising
utilizing a copper wire as 15 said wire electrode having a tensile strength
at the elastic 2 limit of between 11 and 13 kg-f/mm  and having a
percentage elongation at break in the range of 26 and 17 %, pressing said
reels together by a force of 60 to 70 kg, said copper wire being subject to
a tensile stress of less than 10 kg-f/mm2 20 while passing over and between
said reels, and maintaining said reels at an operating temperature of 10 to
[err], so that a maximum elongation of said wire of 6 % when passing over
said first reel, and a maximum further elongation of said wire of 6 % when
passing over said second reel, is obtained. 25 2. The method according to
claim 1, further comprising utilizing said copper wire having the tensile
strength at the 2 elastic limit of approximately 12 kg-f/mm , and the
percen- tage elongation at break of approximately 21 %. 30 3. The method
according to claim 1, further comprising imparting to said copper wire a
tensile stress of 2 to 6 2 



kg-f/mm  while passing over and between said reels. I   111111 ll    4. The
method according to claim 1, further comprising a motor driving said second
reel for driving said copper wire about said reels which effects a rotation
of said first reel and a forward advancing of said interposed workpieces,
and 5 imparting to said copper wire a maximum tensile stress of 2 6 kg-f/mm
before said wire reaches said first reel. 5. The method according to claim
1, further comprising pulling said copper wire away from said second reel
for im- 2 10 parting thereto a tensile stress of 10 kg-f/mm  maximum. 6.
The method according to claim 1, further comprising selecting. said copper
wire as initially having a round cross- *  section and a tensile strength
at the elastic limit of less 15 than 11 kg-f/mm  and a percentage
elongation at break of more than 30 %, and thereafter reshaping said copper
wire into a substantially rectangular cross-sectional shape, the reshaping
being carried out.by passing the wire of round cross-section through the
nip of a pair of press rollers to thereby reduce 20 the cross-sectional
area of the wire by 10 % maximum. 7. The method according to claim 6,
further comprising applying to said copper wire a weight- or spring-loaded
dancing roller between said pair of press rollers and said first 25 reel
for maintaining a tensile stress in said wire at a sub- stantially constant
valve in the range of 3 to 6 kg-f/[err] between said press rollers and said
first reel. 8. An electric resistance seam welding apparatus inclu- 30 ding
a frame having edge confronting first and second electrode reels and as
well as guide and deflection rollers rotatably mounted thereon, a
continuous wire electrode arranged for successively passing over said first
reel and then over said second reel via said guide and deflection rollers,
means for 



35 driving one of said reels, means for pressing said reels to- gether by a
welding force of 60 to 70 kg for applying said    14 - force against
overlapping workpiece ends disposed between portions of said wire which
pass over said reels, means for applying an electric current which passes
from one of said reels to the other of said reels through said wire
electrode 5 and the interposed workpiece ends for seaming them together,
means for cooling said reels to an operating temperature in 0 the range of
10 to 30  C, said wire electrode -comprising a copper wire having a tensile
strength at the elastic limit 2 of 11 to 13. kg-f/mm  and a percentage
elongation at break 10 in the range of 26 to 17 %, before passing over said
first reel, said driving means rotating said second reel which, by means of
said copper wire, rotates said first reel, whereby said copper wire between
said reels is subject to a tensile stress of less than 10 kg-f/mm2. 15 9.
The apparatus according to claim 8, wherein the tensile strengthof said
wire at the elastic limit is about 12 2 kg-f/mm and the percentage
elongation at break of said wire is about 21 %. 20 10. The apparatus
according to claim 8, wherein said tensile stress of said wire is 6
kg-f/mm2 maximum between said reels. 25      11. The apparatus according to
claim 8, further comprising means for pulling said copper wire away from
said second reel 2 so as to effect a wire tensile stress of 10 kg-f/mm
maximum. 12. The apparatus according to claim 8, wherein said 



30 copper wire initially has a round cross-section, a tensile strength at
the elastic limit of less than 11 kg-f/mm2 and a percentage elongation at
break of more than 30 %, a motor- driven pair of press rollers being
provided for pressing the copper wire into a shape substantially
rectangular in 35 cross-section while reducing the cross-sectional area of
said wire by 10 % maximum.    - 15- 13. The apparatus according to claim
12, further comprising a weight- or spring-loaded dancing roller located
between said press rollers and said first reel for effecting a wire tensile
stress of 3 to 6 kg-f/[err] before passing over said 5 first reel. 14. An
electrical resistance seam welding method sub- stantially as herein
described with reference to the accompanying drawings. 10 15. An apparatus
for electrical resistance seam welding substantially as herein described
with reference to the accompanying drawings. 15    


