4 1,074, 793 tor to be
di scharged through the | eads 175, weaken the organic bond between the sub-

the electrodes 77 and-the work A pulse of _strate and the plating;, while

gaps which are wel di ng current passes fromone of the weld- too small
result in a joint which is nechanic- ing electrodes 77 to the other
through the ally weak, due to inconplete fusion. Different 5 parallel
branches or conductive paths formed applications will require different
gap settings, 70 b CN | e 185 e _conductive por- and the
accurate control ofpﬁiggﬁﬁy é]?ﬁCfFIta (AlﬁblOlN | ding tab 189 of the
pri n";fd Ci rcwt of knob 4DrawiNdssaasaogEpt ed conponents board. As
expl ayyned hpes=ngfter, the peak constitutes an i @Pire of

t hi g9 % of the pul se voltage is accurateryQanen?i on. 10
contPel e \Ratedf &pplidationgnd fiiag Eeoiplete Spefifidetian: Adgr i2n{fé4.t he pedal 109
is pqi t dVee322&8d a preestablished level. This is an to

ret upNa ( P [t Gpplic@ion mide indnitqyStgiet df America (No. 3031pioentAgnt4, fxat ure of this
invegi AS SPowed dutof Nb.B0743922) The spring 149 then be

des G bR et CA | OrComplécrSpedificBion ddiished: pydarads., t her eby returning
cylinder W 13 7.4 @ Zrown Copyright 1967. initial
posi tion and causi ng the piston_rod 15 Because, with voltage control of

t he Id|n 17 t a 2 ( [ i ncluding 80 pul se,
ther'\é\f ?f#fa{%832 gﬁb&r f"aé‘ﬁ’ Ré’%ﬁ‘é‘é?@odes to their elevated
posilpi @hs—-&%y//GO'J'f acr oss the two parallel paths, 185 and 189, fromthe
work. In the process, fl uwaeMpPLEMS SPECIFIdaaIpRWer di ssipation in each path is

an back through the line 1 | nder i nverse function of its
resistance. The nost 125. ev%em&gwﬁg*’g%h‘és above, it will be apparent 20
signifi [NSTRUNENTS h{NGORp %%Dr onéﬁ e eelfrgqd vigrhefcertaiepasieal ed pi st on
13 and @%‘a‘ e, 403 WETR T 55 paledlfly dusRRAGLOT To De

const | té’l&ﬁox@m% il el ta HERAS-operating\@ ia@{ a recgs function
of i tis ¢fr bs Stagee aft Deiawardwaim Sme& at i vallg. ﬁuvatﬂnhrgphsxﬂfsdevelm obfn whi ch and

any s Ciéerﬂerhg @’edeFlhf:tﬂP?em‘fe@é’Ps%né@"@?e anf tif SUBROEt RAFY Dpigg B®Whected to the
el ect I‘O S andp f@ﬂ#ﬁf glrﬁGTg%sVM elcnoqotgke?eo%uﬂu;e 7-CAl rier means
to noveped veb in | & BIGCEL ast r ophi ¢ | ure as swoul d be the
casel0 ag:amshe fbllmmgmakment'Fhe ot her pddG. § hreadontO@w of a per of deceonst ant
current gbisr ipentiei ?tasseda coxitdoT)foa strofles SROWR s cRFing PPPifd P FRR™Br arm 161

The wel ¥l arg U§§dt weq@fégeare % 2 WoA:Chw B PULidESaad] ust abl e
react | oﬁmﬁ'}w ds of mytomyn ﬁﬁ,ﬁﬁf Wir6lfed) sﬁﬁwntheb:gfgga@nﬁgtzo nbe. Spring 163)

a-n

t o des efndl i€ Lk & e{ee&hmﬂtﬂe Soidns of plmaa 1dink ﬁ@t,l on of the el ectrodes. The
hi gh teitedpiressibweedsat t he instant @ ﬁe;%}“dlfs "‘1*3“"01"!?’%{1 f)‘r‘ i}ductlwty of
t hese eﬂ'bcbwesutexsvennonAs prpef—\midr Belste ”gé?&an irr

(whi ch aaPeec oy egésl@g & ﬂp GJ i ﬁ§a cﬁmnt m@gra mmmng 060 t he

V\Bl dh(flgm we eﬁjﬁtm €s a €

iece, said Tc nthF Fleg g&eﬁmlﬁmﬁfé& f . 81 /ﬂﬁ* ihe el ectrode

functi Odﬂﬁlpﬁsﬁlgpirﬂ‘d.bdgen drl Ml@piﬁﬁgél’ “[’fcelfcg?;‘gr dgm s, heat si nk

ef f ect 4suberef§ o btnatary G%!Eﬂnt ﬂheﬂ*“/veie n@k@&tﬂrs fofl wGlEiin by q-regul ation of
it eI| g;g g?gl :‘%;1 Pr ct node R sl—~?ahlee~bmcalemrthyul<>§e65t hrough t he
WOr K SR B haid

Eagé s@dﬁb‘&f"d a wel di ng
cycl e wis Ipfoperdanaioe mm&roédaxd mrxoom;’;’;f,i,%"é‘l i E‘%ﬁfﬁg C%m%ge\&l@djg ed surface.

connectﬁ’l?fﬁ afl toppays| IERonsiye) 1o pRil fEia-‘mcge%aisrdf 173 drawmgc Ince switch 173 is

act uat € gfa"éf;ﬁ; "mﬁﬁi‘&ifﬁ , \Befleumelnemrmd@smwaﬂarte l?ﬁomﬁ’
sel esd tcalﬂfsﬁta&blérﬁf; n&hg&een ttlgi(‘a1 ef’ect} I afssms r@taﬁgmtggm i | ead 185

whi ch i s EfnBodafents of the invention will now be mg platform 3 fc—r supporting work to be
described, by way of example, with reference welded. On the base 1 is a housing 5, open
to the accompanying drawings, in which:— at the front, as shown at 7. On the base 75
FIG. 1 is a diagrammatic side elevation 1 is a bracket 9 which supports a movable
35 of certain mechanical elements of the inven~ hydraulic cylinder 11. Support is effected
tion, parts being broken away and shown by a sliding fit between a hole 10 in the
in section; bracket 9 and a downward cylindrical exten-
FIG. 2 is a vertical section taken on line sion 12 of the cylinder 11. 80
2—2 of FIG. 1; In the cylinder 11 is a movable piston 13
40 FIG. 3 is a horizontal section taken on which is sealed during movements by a
line 3—3 of FIG. 1; flexible diaphragm 15 marginally held by

[Price 4s. 6d.)




and the workpiece, a high uniformty of welds welded to the tab or surface
189. The flexible 40 my be attained. Acceptable welds joining |eads 181
are shown interconnected to the 105 SCN networks to printed circuitry
have been electrodes 77. These supply power from made over a total
pressure range from 1.5 a capacitor-discharge type power supply

to 3.5 pounds. By total pressure is neant consisting of a wel ding
transfornmer 201 having the sum of the pressure exerted by the a
primary w nding 205 and a secondary w nd ? el ectrode tips. This w de
ing 203 a.regul aLFﬂH’—" ®si st ance 207

range of acceptable awelding. 110,
pressures i's p0§1§ En@er %eonttng j‘g\ﬁl ksSa sayl 2%%&1&‘@8' ﬁlt&eadao? QJJyx ned
herei nafter, pistod €8 M2d atpmermrf B 1R Ieet r ing MHGhR@I 79 the b&mUEH Riigh

control of firi mgensw bfcthe1c7131)i¢r 11. At herpewt hbg imedeedfex@ulatmde@tenhln any SpeCI f i C
applica- and 531

limits inposed G, Cé E,g‘eggi Tﬁ% Lgtvfré?auy SEM ity | BRI Y %ﬁ;m&ma)s LA wﬁjt? oy

chargi ng 50 pr e&sdoGedivea ks laihdipg e aiddies filgds barDEL odeﬂralhﬁl’SB (Fl‘Gsr
exanple a 110 Vmodmen troasr T!edﬁost 25 is affxefifto cilept 6 taod 5) edk FGwh is lalwfwaccee

oxi dat i on squF et dificard gyi e Dried Aok e %“}gs‘“‘r:é‘sf;“h Spfder po
network | ead CTiR Shich el O, ha§ 16X Pgli SERNIBbeRly BT dafifve 1§9@§iia§lﬁ s "o
tab, and (2) thms:dpremuxgeenmn&tb doe At ﬁ&&pﬁsehanage B85 \I@kited ﬁlg&nsi CBoit ssahbled

i npedance in thend lower gndsa¢fyes |?har9\d9ﬂa t em%awak@rﬁtlmm‘f%ﬁmndmg one

or more transissEHEESs EoRdECL ‘“’“@nﬁ? ¥ Q?ﬁ B@%le%ﬁ@ é“ Pl whe

e f
Sub- i N Series e S B9 SEOGe (ENimkifd DakealrkSh 2@ wedging ShéAbi 89 of
with primry WI lﬂtslua o &fh rod 33 is a slethre35eWelih r dole-glyaphipe és‘threedid dmo tal@pening
hori zont al %*%%Fleﬁvﬁﬂk insylaiime gl sB¢ mgém é*t of the finggy paraflce
bet ween t he %t lf é?s PR 1P iBPOst e 2y T2 1§9§ ﬁ,h‘f Sf)ggﬂ 1‘;3 dhee 5
illustrated a&hg @s}eﬁdtﬂrdas)mel $ib Spofiloh t |a§3 widgd heBh lnlfb b ®htice i t

i nterconnects thg mda b;rack oneﬂncb ﬁ@tabbbmh mm@mp@d TYumomingl 79.0ftrwid. The
roprlate éﬁﬁ}é

I

fnOB1. 90

el ectrode wit hc a'bIn ] € us0 or lam ba] e electm

controls the gga%‘g eslﬁe m}éﬁ sﬁﬂs‘f‘% C(ﬁl%a mxo 1n exﬁspec%&fl

firing swtch 1iﬁ?ob is a cali tldnhl& Kdthnig) att}xt:llfeﬂent Uckv&eendloaéage @am hams
(FFFTS’( §e8 P@r%t’ll'he ﬁPmFdI arge

energi zati on of e#eag 3 %?@h 3p r(fuﬂh’er to rbesg‘v - electro

nhuggets. turn 43 | 1nQhas2dot o0 57 € je? B 5‘ g It
ener gi es requspr %ijn§ @p a’f‘ & arl €L ro¥te P IpeY nﬂu@e hisdedd Al Ene clffob‘
this 65 nuggetpﬁchlsmm c'axh;emhos& dTlsxeznﬂ chertt heean@bmamd the @R @déstdne to didcoaig h
resi stance 207, thg EYB‘?? he piy(#3 is turned, the wear. At its upper end each electrode carries
1,074, 793 nuts 3 will recede or approach relative to

C ang

205 and shunt;szl;&lch'lf
pul se t hrough vmamjcmag

an extenorly hreaded s e
er, depending upon the direction in the receptxon of a ja @%ﬁﬁ ﬂ%é?l\émédl ng
knob U7 Nis Ohﬁacﬁe QUV@{: W 8eadlwide NO1. SE‘HB‘]‘RCR m) 1d in 100
di@)ép and dowru foéne chck out SANGEC BB a teap 393, nreadtro vt dodseal se

back to echAdaryelwoHiarn 'lrz aﬁg:sg%? et 7o 1de purpest of redBerilval ue.
It will be appréel By Uy i t;,”'; R NTEDE Calhopyiban. @aalng%iar@cr 0ss
regul ating regi $0shicRQxterdiokwsd l;!ﬂiomZﬂe?veﬁiBﬂ}y comprising ammd(mseeeewwzh 05

anpl i tude of stmovmeemwmeﬁ Eecmem dée pnet \mr'flikd at feer pedal pigP pedal 109r om
an, t

5t0 .75 v., fdfeckait? ”é‘r gé?“a’ f& g %E%’* %m, RN IT‘%HW%%%)E?& @Eer

wi ndi ng 205) S opposite is controlled by an adjusting scre

acr oss shunt 4313round the cent:BﬁGfaﬁS%uiﬂha)db
sequence of operthkat welding fods fie bEHeribd) may have770

with the contr gl 8 e L Paiehe Serbn Al ey lf%hxf’;ém
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ments of the arms 59 (with the sleeves 35
from which they extend) so that compensa-
tions can be effected in the contact planes of
said welding rods.

The amount that the sleeves 35 of the arms
59 may move up and down on their pins
33 is determined by the clearances shown
at 61 (FIGS. 1 and 2).

Extending up from the bracket 41 is a lug
63 forming a bearing for one end of a rocker
pin 65. The other end of this pin is borne in
a hole 67 in the rib 29 of carrier 23. Rotat-
able on pin 65 is a compensating beam or
lever 69 which has a rounded head 71 at
each end. Each head 71 is located in an
opening 73 of one of the arms 59. Insulating
bushings 75 in the openings 73 surround the

ct it
flexi xg utlvg ltelﬁows

cylinder 125 The plunger
121 and bellows form a piston in the cylinder
125, operable by the piston rod 119 when
the pedal 109 is rotated clockwise. By adjust-
ing the slider 113 on the bracket 111, the
position of pivot 117 relative to the pedal
109 is changed and by this means the stroke
of the plunger may be changed, as desired.
The cylinder 125 has a rigid extension 127
pivoted at 129 to a bell crank 131. The
bell crank is pivoted at 133 to an appropriate
support 135 on the base 105 and engages a
plunger 137, backed by an overload spring
139. The purpose of the plunger 137 and
spring 139 is to provide a release of the
bell crank 131 when hydraulic pressure in a
cylinder 125 approaches that corresponding
to a selected safe limit. The motion of the

Bpeddami\medbet Woefe e glider Hdes a pistod 110
act

115

120

125

130



10 workpiece is considerably higher than the is deenergized, and the

novabl e contact there- 75 resi stance of the workpiece between

el-ee nt 212 77, and
since the latter is quite low, for causing this capacitor to be charged.
Actuation exanple, 2 mlliohns, the capacitor-discharge of firing
swtch 173 energizes relay 209, there- power supply is essentially a

constant-cur- by noving the contact thereof to interconnect 15 rent
source for small changes in the re®kg®3ance capacitor 211 with rasistor
207.7Thi' S :)ro- Of "The WOT Kpl ece. Becauseé of Thrs, the heat vi des
a di sch Hls° fimgited by %‘%talﬁfaetmmrappawm“ peidiowt ed _dur | ng, the wel ding
cycle ( " di 0 v AL qHEED s Caqual or

y okl i 8, 205 eg'm R 22 el ded tsspin 43 €0

pr opor t ifpRathe t QlinkEe 175] &) thy ABAdE BTVt Feith 8 Lpaﬁr@u RSswinge teesul ting

pul se3t gylinder 11t(FH3S ds3 sitda¥)c €lho§ whdne cmuexk SemmetelArmbunmehe ealdeéﬁ,r dfes 77

causi ng % ﬂrWdﬂF%&t‘f"o‘ﬁ"SWé?e F38 5t Hybess @é‘§§ & P& | ess able to
pul a¢ t«f&iij FoPEIE ch R e CRET cosed he
have hi ghe N7, Bedket ﬂne@scarﬁu fFets el lnf therran diovtlst age com

moni t or EhiBsPride bY’e 2¢HM @ Piston gt 4 during a
el oy st s g e i S et TR, L Mg
a 2-m| Ré@HNkials OXETRESIS]I andBeaE®mt abclel tséﬁadtrlxewd nod SonZdot théieadkkywoul d have a
r esi s¥arepeofothe Bousing b cerripssa motiant Teqnm nbmlpm 13 rtstmds %mvmlgowwﬁrdlyr éPerence 90

and t he T 90, 1oh QAEYE beppeeny b e mr’%ﬂess T éli“yPg’.’ﬁligS‘ RSe conponent s
Provi de rning a dirbhd&l JeRIAT ph£ Q53 VEn HRULE JaPwi, .mﬁ,gntrol si gnal
t o shuntpost whti 169 whiieli is@rtitdlle movableprof atid 23, rmeamﬂlzlmn Tilasei ditecdow@r over CONMes

resul 10i n?nedrthm with e rRefifrre ofr fluld thessltndgeneNait,l fon. prdémre onpadaétleﬂ roRRS ic At i nuousl y

t he 20np@%a?19e posth 15 aie treméds t Ae emtee@hthf—'gwﬁﬂﬁ [eoves do *PFa@EFt 8robl em by
e oo s T e LTS D R e o
Ci I CUI t riMalnfehk (TG, 0G5 st O ERHRCLo GO bt san whieth geener gi zed by

the Ii ftldvElg 169 hrough 6 Utesivg @rm@llds ngrags scdiosm\nlm ﬂ&avemsﬁ nainaa p% fingees of the weld

el ectBod 65 81 wEldige rode 7 §ef9 anyemiegi e, and
nence {ENE dfhgﬁ{ng? zﬁgéz B %’in :r;g? N
therethrogumnd&sadeaar\i abouR GRd Ehnie T 60 ec scaa,pasCI tor 211
vmthe%oum of the cyfirdecHit efﬂlellsrhewlkosaﬁa Iseomlm FIGnZtlIft$e dembdeol’? edke 212; and t he

cycl lete@agﬁa*éfs wi %ﬁ%ﬁyﬁ el"@éﬂmr"é‘té’ Rfe Sﬁ_ $n  The
syst em gl Bl ’?‘éﬁ‘é‘i é[é;ﬁ dhey wﬁf‘ﬁmﬁi d1:h8 héss Vol ume
because htnhin sagr &aaketn y;yltmmﬁ Lﬁalﬁe skovh G NG .o BeLaRr al s sets

t he vol tcagateklekneﬂr lémlanr!ssim& fadjustip sheaslntthre CaSB@p‘f ébfenzht dgldb;@armesiiondl ng parts.

I n adti telewgon of ﬂWe‘I“’d aa rgaoc%'h tops as the parts sc}end fuxt'lthqr,o 18he shunt

o2 ST, S B R e e s S0 s &l s
weld i ngAtamtnreIalasvssireﬁhoaa%exhlagﬁtmgma lfekdnd teRitde 229 14Gill adrppgafehier 219, the

i nput oﬂeadehwh;tth msendcmbus bgﬂﬁ’é’/’c?@wdl rthgtt the elrﬂvrllfut!fiésr g&ﬂmcnn 35 thleflt Pr 5 mary 105

OC. S

neCt e@ @ a%prﬁcurre tqga s i th ??]@%| % Saly g actgon nglgv ;gag %OnnECt ed

across 'bhs Bhrs 177 ¢ §x ﬁl u%m n: 43 as re-

transi entnt StHpPR eﬁmumg—dmh@zée t@B]poaad @r@enar any eveﬂI wdmﬂ 051166!&(81(:3101 are

connecté pifj fdevsti ht‘é)ﬂnag%] C‘EGECted F'iZI %’fevset} Iti“fl ’i t he wel d

el ect PodiEsr e 20 &8 v ltiEARE AT e E’j ST 3£ §‘°’cs ‘iﬁ’g 3%air of

transi stOAssnd%& abORY KRl Rdng abPirfiud & asec WK thaRth @gat thE Eof nsaa and 237

i nter conmecrtvadmm s adwtemtndngngtherlube beam téﬁetopthesmm whmhremdel om thshi ch

i ncr egsde i thedeads of b;g';ﬁlﬁ@ 1 o%stg? f;;revﬁg € npter)s inplgdp hances
h d 15
the sTgrga ,ﬁeé’;?Qﬁ’ié éi:ﬁ mé°f°“ RS i a8y Ralas %ﬁ‘%é’éf B &%ndPhet vor k
conpri Sithgthe conduedhd Cpoipni v plaingl ofd 18. doive Sihs huadh&e Grnthel’lﬁﬁ:ll stors 241

and 243. pﬂ?ﬂht@ lb{)aﬂg:; ggldsscgbmg thite 4@ ﬁmtlnqs C'Bmtumn ghss CYll@drr 1}11 iPul se wel d
anpl i £ epP=f ISEI‘“&’BP it o %19 is a d.c.
coup|géd dui?tb%:gthls 0 Q&Q’e& @;ﬁf& BT orh az@q E’f ?idS

havi ng ascgmmmqio mmnlorrm‘bel 'Bheteo shfd. onT Sworlt mhﬁharnedzﬁ tend t he

negat | vere @ £IG§1‘3 and 9, 4 Brts 9% osmfﬁ? epdiefl pul se a 12
‘3 g g m%%ﬁﬁ%m PRI Gl 5 v i

f rom 3 tRe plaBfy PP pRiGled R chirt haghinst sgesaaadmﬁstoag@f the sp gV The out put
of anpl |bbarét(m@<1a9:d|asl {pl shevah atoimérhii 5166,1 C. lifier functions as an emtter
9, and the nonconductmg substrate thereof Ulumately e lug 171 causes firing switch
xs mdlcated at nurmeral 191, 173 to close. As explained hereinafter, this

65  Operation of the mechanical portion of the actuates a relay which in tum causes a capaci- 130



55 to one input of a voltage conparator of
| npedance output to 120 differenti al
the input of the voltage conparator.

follower to provide a | ow
anplifier 221, the other input of
whi ch receives a reference voltage

from a The vol t age conparator 221 consists of a reference voltage
generator 223. An output pair of interconnected transistors 245 and of
conparat or 221 occurs when the input 247 formng a differential anplifier
circuit. 60 from anplifier 219 exceeds the reference The base of

transi stor 245 constitutes one 125 m),ljg ge supplied by generator 223,
wth the I_rﬁ)ut tao the voltage conpar at B+ PRt or connected

the output being @ foUlChaRR miich e B85 Q% PWeat@f feh

HicChon® Wt | BE supphi | €
of the differenredhebdee gnaddd
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pressures is possible because the weld s
formed between the electrodes instead of
beneath the electrodes. In any specific applica-
tion, the only limits imposed on the electrode
pressure are (1) the total pressure must be
sufficient to break down surface oxidation
between the network lead and the welding
tab, and (2) this pressure must be less than
a value which would tend to weaken the
bond between the welding tab and the sub-
strate.

The electrode gap (defined as the horizontal
distance between the interfaces of the two
electrodes tips) is a critical parameter in
obtaining optimum weld joints. The electrode
gap controls the mass of fusion nugget formed
by the welding current pulse, large gaps
resulting in the formation of large nuggets.
The higher energies required to form large
nuggets burn the board beneath the tab and

ing 203, a regulating resistance 207, a welding
relay 209 {which, as explained hereinafter,
is under the control of firing switch 173),
and a capacitor 211. The latter is selectively
connected by relay 209 to a source of charging
current, for example a 110 V dc. power
supply connected at point 212. A shunt 213,
which, as explained hereinafter, consists of
a variable and controlled impedance in the
form of one or more transistors is connected
in series with resistor 207, and in para]lel
with primary winding 205.

In the quiescent state, the movable contact
of relay 209 is in the position illustrated
wherein it interconnects the d.c. power supply
with capacitor 211, charging the latter to the
110 v. level. Actuation of firing switch 173
causes energization of relay 209 which in
turn connects capacitor 211 to resistor 207
thereby providing a discharge path for this
capacitor through resistance 207, dnd through
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25 It should be noted that while shunt 213 is and the coil of relay
209. The weld firing 90 illustrated as conprising a single transistor
SwWHt ' a plurality of

transi stors having com contact interconnected Wit h power supply

nonly connected bases could be enployed 273, one pole being connected to

the coil of to reduce individual collector currents, relay 209 and
the other pole connected to a 30 ﬂﬁ@ dition to t he dynan1c contyol of
the wvalue-holding.relay 275 '[hp /A con- weld pulse ich
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60 from amplifier 219 exceeds the reference The base of transistor 245 constitutes one 125
voltage supplied by generator 223, with the input to the voltage comparator interconnected
amplitude of the outpur being a function with the output of the d.c. amplifier, while
of the difference between the two inputs. The the base of transistor 247 is connected to the
output of comparator 221 (when one occurs) rotor or tap of a potentiometer 249 which

63 is fed to an error amplifier 225 which in constitutes the reference voltage generator 13Q
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relay 275. However, i f proper r 88714Pance characteristics are not  if
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components provide identical functions in this electrodes into contact with the workpiece.
FIG. 12 system. In addition to these, the Upon a predetermined pressure between the
FIG. 12 system includes a test current genera-  electrodes and the workpiece the weld firing
60 tor 261 which operates at a relatively high switch 173 is actuated as explained above. 125 .
frequency, for example, 25 kc. The output A weld cycle is thereby initiated, and as
of this generator is connected across the explained above in connection with F'IG 10,
weld tips 77, for example by connection to the feedback -ciecuit consisting of pulse weld
the bus bars 177 (see FIGS. 1 and 2). The amplifier 219, the voltage comparator 221
65 leads 101, in addition to being interconnected and error amphﬁer 225 function to flatten our 130

L);r_‘

(I A

be



283. This energizes the latter, closes valve generators 269 or 270. In
addition to pro- 281 and thereby locks the weld el ectrodes 77 viding a
me wer position.

respective threshold levels set in by generators The gap resi stance,
I.e. the resistance across 269 and 270, this neter provides a reading 45
t he workpi ece, increases appreciably upon of the resistance exhibited by
t he wor kpi ece 110 wel di ng, f?h zéanple to a value which is et ween t he
weld tips 77, both during the (¥ le the pre-weld gap resistance. The
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(1) whether this increase in resistance has
occurred, and (2) whether the post-weld
resistance is still below a preselected value,
indicating a satisfactory weld. Unless both
conditions (1) and (2) are satisfied, solenoid
283 remains energized, indicating an un-
satisfactory weld.

To determine whether condition (1) is
satisfied, trigger circuit 267 is again brought
into play. I the resistance after the weld
exceeds the level set in by reference voltage
generator 269, trigger circuit 267 will, as
before, energize relay 271 and actuate con-
tacts 271a to open one of the conductive paths
between point 279 and the movable contact
of relay 275. (If the post-weld resistance is
above a level established by the setting of

described are that it provides a parallel-gap
welder which facilitates the application and
interconnection of microminiature electronic
circuit components to printed circuit boards;
welding apparatus having improved mechani-
cal and electrical characteristics which make
possible the welding of very fine conductive
leads or wires to thin conductive portions
on a nonconducting subsirate of glass, ceramic,
epoxy, or the like, without damaging the
leads, said conducting surface portions, or
the substrate; welding apparatus of the class
described wherein the welding current through
the workpiece being welded is accurately
controlled during a welding cycle; welding
apparatus wherein a pre-resistance test on the
workpiece is employed to determine whether

115
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pre-established 50 15 trodes to coplanar or non-copl anar surfaces;
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