A - . A ELECTRI CAL RESI STANCE SEAM WELDI NG METHOD AND
APPARATUS This invention relates to a nethod and apparatus for carrying out
electrical resistance seamwelding with the use 5 of a continauous wre

el ectrode whi ch passes successively over a first electrode reel and then

over a e(c\ond el ectrode reel, confronting the first reel A viaa? p‘flf]1[a|lty
of gui d de- flection roIIers the wire el ectrode portions travelling s
over t 2el s being pressed at a predeterm ned wel ding pressure by lo the

reel s being pressed together so that overlapping €nds of a workpiece

di sposed between the wire portions yyay be wel ded together while an electric
current is applied so as to pass fromone’ of the reels through the wire

el ectrode and wor k- pi'e%I@C@WtﬁstIﬁWﬂﬁmr%PmGrﬁéTWDre electrode is -

notor- 15 driven for fowd-l—y—%@v—é%é—he—wmﬁrete—eﬂds A wel di ng
apparatus of 11 5, dCNQRt: b B8 aleds $ooF ARG aqd%gggﬁaaa £ 436, 513. During

operation of thi's t he el ectrode

wire is redut®gVHtE Py eiﬁ‘pﬁe'llggt fﬁ?/jeﬁtaﬁ?fefe?’hé'e?"?’r%twjeﬁ %?er 488 reel while

under the PFref f| ¢REERIYS HIReIFCHEP IOV RIENPRFSEF ?“I‘f&e"tsé?fﬁje‘? Yt e prevailing

at the wel dinginsteglesiirode rael tanéd wneovarne sesend ste¢tarde @vgtn of the .
el ectrode wicafrentdngsibd tirstnmmetasda & rploralditytef puisle gmhdet he el ongat ed
portion of tiiecel®Cténdesnithe Wirenispediengortiony thbndlgimassemg over the
second el eCt{{adged18€heindSpre8RAeh tp?e&é\:‘érﬁﬁé&dwélﬁ;ﬁé reiseb Byhe | ' )
unel ongat of BAIELAY 9& %%\%é@ tt,%@eﬁ@wgonsan&/%oe;ﬂ;sp def $lafhectrode reel, .
means are provi de or.m | recelvin r%i rgaygop Qﬁ yeen the two N

0

reels, as we "°r is Wil ‘E'f S OOB Q ere | ressure 30
appl i ed 1ot deePong Shla it A0p L ?rg: Ut el ectrid
resi stan- cefToBatRaRF dibRgraeds drheereds &ae wirsAlestypde =961 in which a
Wi re el ect r oefeechaandagtaathe ithemiresl « %ﬁd’iﬁ(ﬁ@c%ﬁ’eﬁme@QS pressed into a
fl att ened 1srosyes dori tnraardyagtyapeing the wptkpiece 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 unelbngated 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 assunes a
hi gher strength and a correspondingly smaller elongation so that there is.
ne further "elongation of the wire 5 at the.welding area, thus elim: I
the need for a | oop- takeup device. Hence, the wire el ectrode us '
appa- ratus is a "hard wire". This concept relating to use of syt
wire" is 10 discussed in nore detail in Sw.ss patent 536, 163 whi
cribes a round wire, for exanple a copper wire, as being finish-rolled
until it reaches a 50 % higher tensile strength at the elastic limt, for
exanpl e 13 kg-f/m2, and preferably a 10Q % hi gher tensile strength at the
elastic limt, for 15 exanple 18 kg-f/[err], than prior to the
finish-rolling operation. In pripnciple, when usj a hard wire as a.wre
el ectrode for el ect FiR¢&t °W8§i§?aﬂfégsegﬁﬁﬁﬁgf cﬁeﬁg&e%ﬁ?ﬁaﬁ (fi‘n‘gx_b"f"e'tl Hé+20
el ectrode wire durifgPress FeYerst PapE HHSoiYH PR @TORIEr N cat®d i be
substantial | y avoi dttbde Hasenes a highen stuengith candoe Fopersperinghmshelliert o t he
wo[ kpi eces t o0 be wetlbedatindeso thet ithédeudmae Dirthér elwigditiap pf edsurige
relatively |arge ¢eit ertivendimr aam, atmsr €quitsadng che ajped ofdri atleby- passi ng
the hard wire over tdieugcfi&st narde, roel wirdanshedefdarchdeanid ahl £agpa-and the
hasd wire is nore bpidtl £ Wighyiickeases the danger of. operati onal
br eakdowns. 30 It is therefore an object of the present invention to
provi de an el ectrical. rgsistance seamwel din t hod and appa- ,ratus which
-avords the need for a hﬁfitf §\ﬁ"‘r"§p*éIréil‘??‘gﬁef;o \?\%’T e A t‘shtra11911 At 11 kS avoi ds
the need for a | d8pdissRessd UoVPEe IBEtiiedh Shes PRFIYE 2300190 eBH Aot s
wi t hout affecting t¢rib8s aueurnd; yingf, fdrcexample ts peprst|virag ascbging - 3-

finish-rolled until it reaches a 50 % higher tensile strength

at the elastic limit, for example 13 kg-f/mmz, and .preferably

a 100 % higher tensile strength at the elastic limit, for

15 example 18 kg-f/mm®, 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 approphiafely 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.

v

- _ 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 & 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 seanm. '



"~ Anot her object of this i nvention is to prow de such a-nethod and appa‘rat us

of the general

coppe
t he

el ongat’i
t-ogett

r

by a force of 60 to 70 kg,
.tensile stress of

type descri bed. above in which the wire el ectrode conprises. a

e which, .when entering t he apparatus, has a t'ensi l'e strength at
ic 25 I|mt of between 11 and 13 kg- f/mﬂand has a percent age
n at break in the range of 26 to 17 % the reels bei ng pressed

and.the copper w re being subject to
l ess than 10 kg-f/nm2 whil e passing over and between

reels. The wire undergoes 10 .a maxi mum el ongation of 6 % when passing over

the first

t he second reel

reel and a maximum further elongation of 6 % when passi ng over

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 nethod and apparatus wherein,?

the wiré, when entering the apparatus,

has a tensile strength at the el astic¢ limt of 2 approxi mately 12 kg-f/mm
and a per cent aginoghemhghdgcdnoaithby dakendtomdsr b PRaErsush @5 20 A still

further objmghodfant hipparatuwendti die igenemalptypectessutiedaarmwehiod and appar at us

- wher ei n t heshaich esheWhireCe R@sAddRcaipeiseang dopbeveetird hensckglwheni s under a = |
‘tensile stragsrify 2nd Qpfark®od, HEL o 2onshu&lsthdnghrdthese eiagt of the present

inventiongigahe &ngﬂwggnqlqea@qu “EREP a3 pgg 3% gmg,ogaﬁgrl ven for driving

the wire abu els ects n
f orwar d advan(r:’F;;gon h awn% § ‘”aage °fa26r %ﬁ tg i e

subj ect to RFeA#

|rst

i BLeP8HTE S (& re bei ng
Ffﬁﬁﬁtf‘@’ﬁﬁyl 2 f§?‘?‘°e§§ %’f\otﬁ g kEF'/ pa¢ r‘T‘Be‘P@P% #H%® wi re reaches

reel-

and a =

L~

the first rkaipg subgeqy ko faytendie gtiress °§fleﬁh|f§1a¥ln1ﬁehs'rfdﬁm| s to provide sS‘Cfe
a met hod arwhidpmasatngsovdrersd BetwrencUpperelsi rei winguiddede®s away from' he

second r eel a maxidupelohgaictoh hed 61% whed @assing steretis: 0irsktOrdeg-f/[err]

maxi mum
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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 30° C.

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
approximately 12: kg-f/mmz; and a percentage elongation at
break of approximately 21 %.

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/mm . '

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-
piece ends, the wire being subject tona maximum tensile stress
of 6 kg-:t‘/mm-2 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
away from the second reel for imparting thereto a tensile
stress of 10 kg-f/mm2 maximum,



-4 A still further object of the invention is to provide such a nethod and
appar atus wherein the copper wire initially has a round cross-section and a
tensile strength at ‘the elastic linmt of |ess than 11 kg-f/[err] and a
percentage elongation 5 at break of nore than 30 % the wire being reshaped
- into a substantially rectangul ar cross-section by passing the wgeyof. round
crgss-section through the nip of a pair of press rollers to t'h reduce
the~Cross-sectional area of the-wire by 10 % maxi num 10 A stil rt her
obj ect of the invention is to provide such a nethod and apparatus wherein a
wei ght-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 €anstant value in the range of 3 to 6
kg-f/ m®2 between the press rollers and the first reel.. An enbodi nment- of the
invention will now be,dgse] iflether26b ¥t WY it 1AVRTPGE 10NV provilid Rubef er ence
to the acconpanyi Q’%e%%%h&? +4L PGS tﬁencé@egmir%Sinit'a 1&' e 1is a
schematic representation o el eCt I C . Seam I esl st anc d}lﬁ g, appar at us,
Tn side ol evation® NPRGTASTART TR 9 BES LIS EtTBHE ALCHFATIRITtD t he
" invention: Fi guret¥iftoh fess Ehatydd Kesi g apnds 8 RETEPRNRES | HRPEEHEM t hr ough
the wel di ng ar &a &% bragk pEgiere thappiPakatths wiretbringgrephaned i@ 3econd
el.ectrode reel s; asstatjelly Ie¢cwmngulpragtvsstiastiomby mysting She @ strain
properties of coppeiroumb cross-sddt@onahebury Bppaimpolsa PAOMILI prebsgure 1
i ncl udes a machi ngoifieadMolfhedady PedkeBled bRtk sS HEURQERa125F8l b GRe WIkED @
fivsf and bott ggl gLiadg.reel 11 is mounted for rotation on an axle
: 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'thé 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-£/mm> between theé press rollers and the -
first reel. o '

An embodiment of the invention will now be described,
20 by way of example only, with reference to the'accompanyingi
diagrammatic drawings, in which: o

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
PO 30 first and second electrode reels; and _ :
Figure 3 is. a graph illustrating the stress-strain
properties of copper. -~ .. = - .

o)

35. - The welding apparatus shown in Figure 1 includes a machine
~ frame 10 having a welding support arm 10A on which a first and



120 A second and "upper el ectrode reel 13 lies opposed to and in'thé_ sane
vertical plane with the first electrode reel. ‘The second reel is secured. to:
its axl e shaft 14 which is 5.nounted for rotation on a pair of axle support

bars BN nt er- connected by an upper plate 16 with a rod 17 thereon.
teles ping i-nto a sleeve 18 nounted on frane 10..The sleeve has the
colla t hereon, and a spring 21 'surrounds rod 17 and sl eeve 18 and-

ext ens bét ween coI lar. 19 and plate 16 for pressing 10 bars 15, and thereb?f
- reel 13, dovvnvvardly toward fi rst el ectrode reel 11. Shaft 14 is operatively
connected With a drive nmotor 225f0r rotati ng second el ectrode reel. 13 in

~.the direction of its 15 arrow. Reel 13"and its shaft 14 are electrically

i nsul at ed bpbtent Eectrestel neeli i1 dsynswitedfbe nedation. on\ad axde| ow-vol tage —
wi ndi ng 231ef A Be@n@cdnd agjerweleditrmgiet rasi Drles opdoded toRNEC- ted -

el ect r oconduCireVednt, vart1041€ pSiriCwith the TS4Y BEeJthad® rdfl.and, on the ot her
side, W thqogbafebodd 84 1k 'Beercﬁpéﬁ b S@sWihl dRrcer) widn A source of '
alternati ngome{ie%tr mtti%h Eaf‘r Q’Qngfiﬁt %gfg% A I:;ljglll;,tgpl tage wi nding 25

of transforrre roduce. a _seam ectroconductlvely
connec- ted Wt ?d b?fea'fl)ap Ta late ?é )éﬁ be seen in Figure

n
" 2 that bot I‘?"?%éf‘§° P154ifye 11§ ﬁ?“g’ eﬁ;&f?@a W-othf f‘ﬁ%ﬁ"? *(‘ﬁ S &firf erences with
gui de gr oo¥eklersl%itherepns And, & BFI&G! MVETYHRRI TG W EBhtIASUs wire

el ectrode 28.amfthextghnp.dedvean poderitd opd pdppeit et Presstpasubstantial |y
rect anguloabacs d55-ape cthievabymreeh 155 dognwardlptovdmit £imst] edegtBidet he wire of
initially resmnd4cross-section in a manner which will now be described w t‘hJ
reference to Figure 1. A pair of suitably mounted press rollers 29, 31

slightly Space‘éhéﬂagk 152 zJa¥NL‘i | by ﬁeﬁ%ﬁh@h&«k&@}nop&a% have on 35
their confrontl @%] ges ¢ unfe ent | %@) es..siLm -6- guide
&

e rod _
gr ooves 26 F 8ot °°ﬁe ec SS°F gi°F 'S ‘9per at ve fy connected with

S
a drive %FBF°”@2R‘Te&r 13 (?f‘%tiltr%g qh Flectrman 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-volfage winding 25 of transformer 24

to produce a seam weld. Reel 11. is electroconductlvely 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 o : " L
will now be described with reference to Figure 1. ' '

A pair of suitably meunted press rollers 29,'31 slightly
spaced apart, and lying in the same vertical plane, have on. o
35 their confronting edges circumferential grooves similar to



roJIer mhich in turn rotates bottontroller 31 as the round wre passes-'

t heret hrough. A ‘copper w re 28A having a round 5 cross-section. is fed

t hrough -t he gap between the press rollers, this gap being adjusted such
that the copper wire during its. passage through rollers 29, 31 is folled
i'nto a substantially rectangul ar cross-sectional shape as seen in Fj e 2.
After | eaving rollers 29, 31, the wire electrode travel's under a | _sion
orxdancrng rol lL.er 33 havrng its-.axl e 34 nounted on a novabl e bearilng nber
35 which is resiliently urged down- war él y by a spring 36 anchored Tn some
manner at its |lower end. Otherw se, a weight (not shown) coul d be suspended
from bearing menbes; 3o hOorbf &Gt 2 hens FFeIRUERASCr O e+4TRET {d Bferdtive-
specific tensile S.L Eihebfhal DL [ty 8ot b2 DibrOb Gl H]e £ detail

herei nafter. The C en Pagses |on rollers
37, 38, 39 41 vhitohig [ il sn, dien RE30EER dtion B0 31 ad Bhe Soppall |
respective axes. TH&E® étaéé‘fsr GH%‘"e\F%‘r’%‘gPhe“nc‘ﬁR%eé'e”éir&b%ﬁft h%t’r}ﬁFcﬂ(Fﬁ‘éﬁ el y |
two-thirds the & raepteeehion bf fpdtthoenehl e garideresn e Peafg RI488S over
gui de and defl ect i ts rezb| evigg A2 judi@d d@uthnthatt tee orprelewirachimes fitame for
roetati on about thalassdgespieeigl aodkas. 29,N81 dlseediledeintb re stiaanfiadses i n t he
direc- 25 tion of delBarPul MWcOY-saRbRxl BRIR! ¥s taeln iR Figare i, cArdeer ence of
upper el ectrode retet,vﬂr%sr@ﬁfe@r 2001 g bhe wWid elécr@x@é TraNes Rk her oui de
arid defl ection rol on o;:[‘ %aratci%%vrl-o ‘ier%Bp{\ ingg.e Caxlﬁpéh Imd nr&egwqy the

electrode wire rom?jh edin dét aj |
heei nafter. 30 WHK&Hi %"&H@é?“‘ﬁef' Andbagh 4 %esf)?ajﬁntb‘f “\ﬁé?‘t( f"’gbes or of a
t ubul ar wor kpi ece %egd bgeﬁaﬁi’vﬁé‘lgdéﬁj apehprefidn, sefleeMyPeF | adppet La¥ershown i n
Figure 2 and are padsdthenijeeher veiehhic@testhown} cdeld be|suspdndgd ofrps.
However, edges 47 wadiniBmeldendds tio refcedty thoman8purpmse ¢heémpadliss but only
portions of el ggt r@deiwcreenzﬁlarw%mﬁ&kspas&habﬁué tadewingebs diddesef ane, when
wel d' ng tOQGt her Viﬂarrlé detail %ereinafter

The copper wire then passes over gutde-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 twofthirds 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

o]

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-

*



_piece edges of a tin plate or plates, the tin which melts fromthe surfaces

i ~whil e fusing the workpiece edges during wel ding will not adhere to reels 11.

~and 13 but only to copper wire 28, and is carried off with the wire from -
~ the wejding 5 area. The device 46 for pulling away the copper wire after it
| eavey ‘m upper el ectrode reel includes a pair of drums 49 and 51 whi‘ch
Hd ‘apart in side-by-side relationship 10 with paral l'el axes, only

51 being operatively connected with a drive notor 52 for rotatmﬁ@f
the drumin the direction of its arrow. The copper wire is wound, as shown,
several tines around part of the circunferences of both druns. An endless
bel t. 53,  gui ded over three deflectfion rollers 54, 15 55, 56 presses agai nst
~the circunference of drum51. Axle 57 of roller 56 is secured to an -
anchor ed sprtieng eBges of 4 ehsipdateiongpladks, 5Be dbouhide el and for effect| ng
novenent ofsroBetheetirrdeys ﬁlj}:.]feofﬁihgntmfwdri!tﬁiéi:reumgeé\fdt&ﬁ.ng)asSI ng from device
46, copper v)@l&ﬁxgzﬁﬂlsn@&l%bﬁ‘&e Ehruph 18 i dﬁbhﬂml;%gtovm@laﬂo gui des the

wre tnto duchoRReindls MALEIbaCHES viBE HORASE b GnbNdaBllort pieces fof

Teuse of %he mat éri a I'n operation, second trode reel 13 is rotated in
the directi®Bh%of its arrow by motor 22. This causes copper wire 25 28 to be®
frictionally driven in the di rection of .its arrow so that reel 11 is al so.
rotated in the Terdguirefbofon palldpg ey JHe t9p@eT Wies f6&¥% i8ver | appi ng ends
47 and 48 dfearém thprippemicdectrode werk fheludesta pbir 9atmumel'ded t oget her are R
advanced i rantith® e@hiehCairorpadedt garar trowiddrdyesifie upaationisictp onal engage- 30"
ment t hef@Wikth. paPRIlelJaxsk, | sn1desiednRsh 50 veidLoberatydigi ng force in the

range of GCLokﬂeJthmthvmgM BetDys 'fgparrottﬁtfn% medmp@@rmw re bearing -
agai nst . wor gl@gn gts araqp ,ﬁ? ?T%peg 41 LessLy dstresg in the range of 8

E

to 10 kg-f/ ran ner a an g?"fnérnatl ng wel di ng-

current of Hiesn rP§ﬁ§ ﬂ:gﬂfer SiFH gfﬁ?”fﬁs atp®3whi ch fl ows
t hr ough worfeprelese gt £7, a%ﬁdﬂ% oM BT "%‘E%ﬂrfiﬁﬂeﬁtﬁﬁ‘ F?\’éfﬁ"? et her. And,

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 guldes 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 wvire
25 28 to be frictionally driven in the direction of its arrow so g“f

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- 7
30 ment therewith. Spring 21 is designed to effect a weldlng

force in the range of 60 to 70 kg, which thereby imparts to

the copper wire bearing against workpiece ends 47 and 48 a

compressive stress in the range of 8 to 10 kg-f/mm2 Weldlng'

transformer 24 generates an alternating weldlng 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 di scharged through cavities of axle 12 and shaft 14, for exanple,
so that the tenperature of the electrode reels and of ‘the copper wre

wi ndi ng around themis naintained 5 in the range of 10 to [err]/Z R
descri bed above, copper wire 28 serving as a wire electrode i
press rollers 29, 31 and is rolled into the desired rectangula V.
cross-sectional shape. Wre-28,-10 to which tin adheres during The wel ding
of workpiece ends of a tin plate or plates, is pulled away fromreel 13 by
device 46 after it travels around roller g4b. Details of .copper wire 28 used
in accordance with the 15 invention”w I'l 'now be described. A copper wire
28A having a rounclEfHsae SRels QN SR YSSar@Scad18d ¥yt & REolBpChdddlm cand its
breaki ng strength Jngek licFbdt ad) aks&mgéa ttnﬁourgﬁrwﬂe;ﬁf aRtk 43 kg-f/[err].
The Figure 3 grapygbous, 1R3! offiy SUSD Raf WICTenfl Skl et GRSLLG 84S €91 N
[err] at the elast]c,limt th 20 a XI M € tron nost comonly

taken as 0.2 % is 10001 i‘(’h‘?]bf’v%ee rIl,reV\Wé'Eg afﬂ‘épdpgk?eg“ghf Ittt at ion

i vered by

[err] at break I3 e bt weegs 30 18ntP 28 K- A copper wire with these

méchani cal properties is usually referred to as "soft wire". If the work-
piece ends 47 and 48 asedeferibeshebivenetombemivihe 28t srrekmess ofviss 0.10 to
0,40 mMm copper welec@2B®Ae siay yeligensl By Jrass irbIlarBtZY,i 3 sharist helleir e

el ectrode will prefes ableyddsayes deciaARRIR ci¥fss2sebtBohalBnapb] Gird €YUl ts in a

rfoss- ti | withc e | ke : c .
3 ggngolfgz%z }aﬁiﬁ BAR LoD REELIY &R _%égui'é.% $LAAReLDELILER PY Siih

e raolled c e r s _gl a
rectangul ar “cross-,seclion 1 oéﬁéage?a\glpl%ﬁij(‘ﬁgnﬁﬁﬁ he 5?‘9129[83?' %‘?"f“’ﬁm Duri ng
the rolling process,? kit &55%"-“’28&’?8%‘ oLte¥a*yf the wire i s reduced by 10
% maxi mum for exanple from1.5 nmmR to approxi mately 1.4 mm2, whereby the
breaki ng strength 35 [Retailsi pf ceprarswing 28 ugrddnoficpBddnceowitb #g-f/[err],
t he percent age B dmyention viadi rowabe Besaiibeds nedhpper wite 28N alauend 8 t he rang
of - ' o round cross-section serves as a starting material, and its
breaking strength o (Fig. 3) lies in the range of 22 and ,
23 kg-f/mm?. The Figure 3 graph shows.that for such a copper
wire 'the tensile strength<6s at the elastic limit, i.e. with
20 a maximum elongation most commonly taken as 0.2 %, is 10 to
11 kg-f/mma, whereas the percentage elongation EB at brealk
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 _
1.37 mm, which results in a cross-sectional area of 1.5 mm2.

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
' o: the wire is reduced by 10 % maximum, for example from 1.5
mm2 to approximately 1.4 mm2. whereby the breaking strength
35 éB increases to a range of 23.5 to-25-kg-f/mm2, the percentage
elongation.EB at break is reduced to a value in the range of
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,-9 26 to 17% and the. ten5|le strength [err] at the.elastic

I ncreases to 11 up to 13:kg-f/ m2. A copper- mnre havi ng t hese mechani cal
is still classified as 2 "soft wire". ‘And, it should be not ed
32 provided for driving5 rollers 29 31 preferably has an’

_properties
t hat not
out put
stress |
‘travel t

proxi mately 1.2 kW -Dancing-roller 33 nmaintains t
re el ectrode 28 at substantially constant val ues

electrode reel 11.. In the wire secti on between rol -

38, the wire tensile stress is preferably 3 to 4 kg-f/ferr],

wire section between rollers 29 and 41,

I|mt

he tensile

during its
| ers: 37 an

and in the

the wire tensile stress is

preferably 5 to 6 [err]-f/mm. Aasdp beCaus‘é_a portion of the copper wre

- winding ar@gnb al7eg! badland Scengfle diradgtn 8

e

dhensehding pi@kation is driven

not only b)inEPé‘asE@“&' WuBrﬁij%% BYani€n dob é%“wi%oﬁ‘évi‘ﬁ eglekode reel, but .

al so by the,

QMSIic r“é@éé‘%e 1£M48s 4P & %rE oL 30 i fdiC-

d the t WTe csea sdurlngltstravel
a; l)\ljﬁg bot ?Aé’ﬁ? 31?°r“§é Pe E%Teg %Lha%F'B?t%g T%Vidﬁ‘g ﬁrﬁ ‘f’ﬁg MB re section o
bet ween' redl°t ?‘saﬁ?i' P?)IHréfeI?f?lyt*ﬁé FeALTRYE of epproxdngtely (o 3 kg-f/ m.

Durlng its

dr¥her- travel to upper electrode reel 13, copper

~experiences during-the passage of any. one- of rollers 42, 43, .
i ncrease in t emansidgeraliee 33. nditaind ohe @xnsikestrebe ihediﬁ.“rie| e stress in the
25 Wi re’ sectibotrobet26eet sibilaftfa143 @Rdtdd *ial Wréng/akyie in the range of -4,

to 5 kg id %ela@g él@c‘ﬁzlaﬁewleref ﬁeciﬂ e Qﬁrg\%gt{o%l éb
Wre SeCtICi §t3t7a£rQiS3 \éﬁeuﬁre e]terg e o pre
ec

not or 22 f
about 30 0

section bet%é’ﬁrFo’fﬂné?l%St”a%?d 1f GRefereblys 3

S FRE

lonaIIy

wre 28
44, an

reel 13 the
Mor eover,

Ferlgg?y deI i vers povver of

vidg ree
IJ1{\7{?‘t’oa§ 4" WF%“&&‘PI"&M “dg RALEES 48 #ollices in the wire

t he range dEc@®iseoa FOTRipn of (Hhe apppehaire windigefanound edepirede 35 wire 28
around reelregB isduysaribd. welding op&ratibn dh diniveresiot only by

20

the tension produced by the driven upper electrode reel, but
also by the overlapping workpiece ends which sse also fric-

tionally driven, the tensile stress in the copper wire decreases
during its travel around bottom electrode reel 11. For example,

in the wire section between reel 11 and roller 42, the tensile

- stress is 2 to 3 kg-f/mm During its further travel to upper

25

30

35

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
wire section between rollers 43 and 44 attains a value in the
range of 4 to 5 kg-f/mmz, 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 '
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-f/mm2 so that a snug fit of copper
wire 28 around reel 13 is assured. Motor 52, which drives
drum 51, has an output of about 1.0 kW.

P st mm st%s preferably in

a
-
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~drum 51, has an out put of about 1. 0 kW It can be seen that the tensile .
stresses i-n the various wire sections of copper wire 28 lie clearly bel ow

t he permssable tensile strength ds at the el astic limt so that due to:
the prevailing tensile stresses in the copper wire, pernmangny 5 eI ongatlon
~of the wire is avoided. By contrast, a certain el ongatlonj opper wre 28
-occurs- each time it passes t hrough the wel di ng area betwedd ¢f ectrodes 11 -

"~ and-13, because there a roll.ing- of the copper wire takes place under the

i nfluence of the welding force effected by spring 21.. Elongation of the 10
wire occuring during travel of wire 28 arg nd second. el ectrode 13 is taken
up by wire-pullaway device 46 and there‘fo has no effect whatsoever on the
wel di ng. El ongation of _the copper wire 28 during its travel around the
bottom el ectrode reel 1% P8 PehgRf Ehat HoArtilRetirasses ip the WAEi¥¥en shown
that with the abovelrengRetaprsdoffoaser wire EAcligetifianly Petwe the peryigsable
tenperature of thetwistle sleensdelcy ahdhtcrlastie Lowdi se thev.edegeitn thee wire
sections between thevaDlingmensilld epredlsestinotie cefled, wirepprimariene 28 on its
travel 20 arounds beidngmmiehesd kRdlaireals dvbidall.i BY doherade| di Bg-wXREr i ences an
el*ongation of appr%Eﬂl@hyoﬁcc/ﬁpeIhﬁr@%)%Echr EachX Pffel 9@%@§séntﬁ%géﬁ' onal

el ongati on of appr ngd% g b%@ﬂ?en”@ﬂe A % _g1ur | ‘?gl | tb%caus%"%!xe around top
el ectrode reel 13. Q%g‘%u %e g gn ons of the
copper wire that cdfg oy ﬁamﬂjp‘tcéc‘énd@ﬁd?% féLHEF‘CEB differ
by about 10 ‘% The°% %Bemﬁmgewcemrsfewdahﬂ spBings 3LmElepgestan pAt®ewhi ch
equal s the arit¥evire egsaning Huringf trtalel fodedinea?& srafndt sesohd\wdectamde upper

W re portions at tif inetatengpabe airdpuslaayskyice 46igndothedppsrexhdmtely 5 %
between the wire pey teicsdttt iraMebdvedJornkRs N1 Bgh GlibRRAELE Wer Bitte chmRk 11 and
the lower workpi ecgs gnsh ﬂZrin\éhi'J:se tAlvel NEroRAETBNE | TR ton ShLArbak GULS ] OFf

appr oxi mat el y 5%9c P ‘direction between the wre -
portions travel]d nggayévﬁeh' topgﬂ’lgggnt?ar%g e 13- and the upper wor kpi ece end 48.

How-

It has been shown that with the above~indicated values
for the weldiné”force,ffor 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 fwo'porfions 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 ted which corresponds



ever, this slip was unexpectedly found to have® no- adverse in- 35 fluence on -
t he quallty of the resulting seamweld. In practice, the sllp is even :

permtted to increase to [err]6 % whi ch corresponds .- - 11 - to an S
el on atyon of 12 % of the copper wire serving.as the wirte el ectrode. Since,
cont to the view prevailing heretofore as to 5 the |nd|spen5| b|||ty of

t he of 'a hard wire as a wire electrode, that is-to say, copper wre

W th such i ncreased strength at the elastic limt. that no additional "

el ongation takes place during its:first passage through the welding area,
according to the teachings of the |nvent| on a copper 10 wire with an

al l owabl e tensil-e strength of onI)} T1to 2 13 kg-f/mmat the elastic linit
can _he..used-as a wire el ectrode. Such a copper wire, which is neverthel ess
classi- fitademelenvagiim ofiit2e® of ghe ceepar| Wine asryire<s Wi ttle than a hard.

W re, so twia¢ dlecoadebe handled wth greater ease and 15 it can al so be

gui ded over the various rollers of the welding machine with snaller
deflection forgigse  eaniraed tol BRY ehs ahdAM IE Bere@druilel &N thn the tensil e
stressess 'tﬂetﬁﬁi%Jnglbﬁn QQrt&dM@toég@hQI‘d twlﬂ?e l!ée Qlflr@‘ "soft” copper wire _

over a hareg Jofe ! sc}g;palt s%ﬁ er%{r% Q%f QLB 1 LIy, 5| ly to 20 the ¥
¢ s h%%a?&

o ovener TR 38%% Did Pasus o aa “use of i

wire" is |%@§es plpeq “T%’ch‘ifséi“sfé’T%%égT)rtﬁﬁ?"éﬁsﬂlfeﬁ%ﬁ%ég| t is less brittle
t han har d aneee acogrding toCkhe demrhyngarafythapitivention @reopeend vari ati ons of the
presentld nieatwith @ ellvwdblepoasiibe estirengtheod oght 10ftat he above teachings.
is theref o|r3ek§.q:/bﬁ2 4B OsieSé@Yid haki Vchhive &dwe s€@peixef the appended claims
the inventdepeiay. BckAesiged e ainitra sl idRrie18RR el ldgal |y described. 30
fick as & "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 \_df
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 practlced otherwise than
as’ specifically- described.
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12 - "CLAIM5 1. An electrical resistance.seamwelding nethod in which a
Contlnuous wre-electrode is passed successively over a 5 first el ectrode
reel and over a second electrode reel, via a pIurallty of guide and

deflection rollers, said wire el ectrode passi ng over said reel
confronting rel atlonshl p-and being pressed t oget her by said- @ by a-
pr-edet er mi nded wel di ng force, against interposed workpi eces e seam

wel-déd together, an electrie current being applied which passes from one of
said reels to the other of said reels through said wire elec- trode and
"sai d interposed workpi eces, said wire el ectrode being notor driven for
feedi ng the workpi eces through said"reels, the inprovenent conprising -
utilizing a copper wire-as 15 said wire eF%ctrode having a tensile strength
at the elastic 2 limt of between 11 and 13 kg-f/nm -and having a .
percentage el ongation at break in the range of 26 and 17 % pressing said
reel s -together by a force of 60 to 70 kgecLsmisd .copper wire bei-ng subject to
a tensile stress of less than 10 kg-f/nm2. 20 whil e passing over -and between

said reels, and maint ai.nkn@18&irdcitebsitbna s0RLWald1RE deRARE AL, Of 10 tO

[err], so that a nRsbeMiALElORERL bmt%aé@s%\éfs&ﬁs@éce@s%e MPERepaSSi ng over

said first reel, saded x%}x'énrfeez[t 8" vk %g{s;l %$t§§i ya.r e of 6 % when
ere g St B

assi ng over said IS a o& accofding to
EI ai m % further gg_ﬁré)ﬂ g ?’% {‘1&" Lop  BRET S F%i%HH%§1T%€°‘Eeengl l e

S
Sjngth at the 2p§ng’s“tg 8"‘1 ﬁ‘i“ld BTelé GRpiFepeing nelakionshigmand fiedng he
per€en- tage el ongaPFERd mgeﬁheavey(ﬁaiamﬂebm Mtaelpye®1=e%in@@d ¥eldimg net hod
according to clai Lf%ce’f sgdinet indermoissd ngripieaed itache sesniveldzappetidr, e a
t.ensil e st esys “ay ¢Xecirik 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 fhrough said -
_reels, the improvement comprising utilizing a copper wire es.
;S'said wire electrode having a tensile strength at the elastic
limit of between 11 and 13 kg—f/mm2 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 30° C, so that
a maximum elongation of said wire of 6 % when passing over
\\d/. , _ seid first reel, and a maximum further elongation of said
/ . wire of 6 % when passing over said second reel, is obtained.
25 o o _ -

2. The method according.to'cléim 1, further compriéing
utilizing said copper wire having the tensile strength at the
elastic limit of approximately 12 kgéf/mmz, and the percen-
tage elongation at breek of approximately 21‘%.

P S

' " 3. The method according to claim 1, further comprising
imparting to said copper wire a tensile stress of 2 to 6
kg-f/mm~ while passing over and between said reels.

_
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kg- f/mm while passi-ng over “and between said reeIs | . 111111 11 4. .The .
met ho CCOI’dI ng to claim1, further corrpr|S| ng a notor driving said second
ydriving said copper wire about said reels which effects a rotation
Aiirst reel and a forvvard"alcﬁla'nm ng of sai d i-nterposed workpi eces, _
and 5 |rrpart|ng to said copper wire a maxi rrumten5|le stress of 2 6 kg- f/nm

~ before sai S |ng to claim—
-1, further£E ré%éigﬁlgg%u I g saéd COp} 5' Eﬁgﬁt‘h%gwgﬁ%& €ocond reel -
- for i mooten %awmg salq csecond wesl rdégeri@rg E@idg copper wdxienrum 6.
The ngb&gd Qﬁﬁli)lrz@'ééws tmfélﬁlé!rﬁec'ﬁslrd Wtamra@i j[o?' %i@'ﬁ‘if[s'tng'eleia'? copltOﬁr g
wire as.initia r cr PS section.and a enS|esreng
2t heRe| st vt fug B8 el iearpasat wotiplechs, .

el oﬁgﬁhpmthhgbt@adra!_cdlcnppenlm&résm Mhaschmpnt !‘wris_a.ﬂleerstn:ﬁslsapftrnﬂ sal dhcoppe_r _
wire _ 1V, : - : ape, e reshaping
bei ngsgégrfé‘@%ﬁé‘g‘éf%a%%ﬁy%’ﬂ%%@é‘% %ﬁ?yﬁg?‘*& ¢tion through the .
nip of a pair of press rollers to thereby reduce 20 the cross-secti onal '

area of the wye g t}i‘ﬁ‘@é@d&lﬁ@at} A ot h‘lﬁr%%?v’ g'oﬂxgrﬁ.glﬁga' m 6,

- further_conprising applying t copper. i r'e ri ng- | oaded
danci PLF1E eFaish (GRRNLR WiF ¢ AwaYo L m@%ﬁeepgd%ﬁeeaaierf Lhst 25 teel

f og onpart g tieretens i tensille Ftrds S I 10 kg-F/m“sSwaxiat@it i al |y constant
valve in the range of 3 to 6 kg-f/[err] between said-press rollers and said -

~first reel. 8. An electri¢ resistance seam wel di ng apparatus inclu--30 ding
a frame havi @edmthnﬂnfa:anundiglg itostclaith dgc dodtthleec comgeisdngs and as  \J/

ont S AL AL AR LA Y AU Kl i%igépﬁée%‘sﬁgsa. d first
reel wimmnd/ea tenai e ovimenatdl ak Ltheniedagiliige 1imd tdeffl desson rol | ers,
rreigswi&i 11 kg-f/mm2 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-sect:.onal area of the wire by 10 % maximum.

a

7. The method acc'ordi'ng_to claini_ 6, -fur'ther' 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/mm
between said press rollers and said first reel. '

A

8. An electric resistance seam welding apparatus inclu- : .

.30 ding a frame having edge confronting first and second electrode '

reels and as well as gu:.de 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 epplying said

R




- fromone .of Said reels to the other of said reels through said w

- 35 drirving one of said reels, neans for pressing said reels to- gether by a-

- welding force of -60 to 70 kg for applying said = 14 - force against . '
~overl appi ng wor kpi ece ends di sposed .bet ween portions of said wire smR)ch-
pass over said reels, means for: applying an .electric current whigq

‘el ectrode 5 and the interposed workpi ece ends for seam ng themtogether, .
meeins for cooling said reels to an operating tenperature in-0 the range of
10 to 30 C, said wire electrode -conprising a copper wire having a tensile"
strength at .the elastic limt 2 of 11 to 13. kg-f/mm and a percentage
el ongation at break 10 in the rangé of 26 {40_17 % before passing over said
first reel, said driving nmeans rotating said second reel whiech, by nmeans of
“said copper wire, rotates said first reel, whereby said copper wre between
said reels is subjfeRa® Epinst SeTIapping wackripcq 8%%2'/9?1%9‘?33‘6 RYPme. 15 9.
The appar at us acc®puliings tof 83idi W wiyiserrass e fadfsT9edssmearytABf sai d
wire at the el ast iapplyiing tani glegbois chreRt kipith passasd frdme ope ol esrtidge
el ongation at breakexsf t6aind swnef drSsaifaobéeld ltlougd) sl wike eappabad us
according -to cl ai ghd tndhefelgbse@ivdrifiRek | a5 #0@SSeaBling ahéh Wokdinks, 6
kg f/ e maxd UM RELYCES: Sk Rl réeds to an blerabifis MMAALUS 8£COTdiNg to
glaims8, further compilel B 8050 %, BHld LG S8ld-60PREIALLE gvay from
-sai d second reel SO as. to effect . a'wre tensjle ress o ?f,ﬁg-f/nﬂ1
ki mum 12, The SPRREFaYE BAVIBE G fEftios AUEP, o alAedy Hecs |
\\’/ _ 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/mmz.-
15 : _ :
9. The apparatus according to claim 8, wherein the tensile
strength of said wire at the elastic limit is about 12
kg-f/mm2 and the percentage elongation at break of said wire
- is about 21 %. : '

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
so as to effect a wire tensile stress of 10 kg—f/mm2 maximum.

g

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/mm> 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 wvire by 10 % maximum. '

O 0 0



.30 copper wire initially has a round cross- section, a tensrle strength at ;]r[

- the elgstic limt of less than 11 kg-f/m® and a percentage el ongation at -

 br eak /6f, \ore t han 30 % a Mot or - . driven pair of .press rollers being L
provi or pressing the copper wire into a shape substantially :
recta ar in 35 cross-section while reducing the cross-sectional area of

said wire by 10 % maxi mum ~15- 13. The apparatus according to.claim =
12, further conprising a meight~.or spring-1 oaded dancing roller |ocated el
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

el ectrical resistance seam wel di ng ¥ethdd sub- stantially as herein
~described wi'th reference to the acconpanying drawi ngs. 10 15. An apparatus
for electrical resishangsarkedinasehdiing toubsiand, abinthas cb@gfrﬁls[hgjescrl bed

Wi th ref erenggel ghi g AGFOPANCAHE MY Pefier Hocated between
said press rollers and said first reel for effecting a wire
tensile stress of 3 to 6 kg—f/mm2 before passing .over said

5 first reel. _ - _ o _ ' : i

14._An electrlcal reSLStance seam welding method sub-'
stantially as hereln descrlbed with reference to the

accompanying drawings. o o _ o . - '
10 - ' ' N ' o
15. An apparatus'for electrical resistance seam'weldinq
substantially as herein described with reference to the '
accompanying drawings. o
15
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