|} ~e3e{xx$v26$Txtz ~ a c r 7?2002 METHOD AND APPARATUS FOR ELECﬂ@g@gﬁ?ﬁ
VELDI NG The present invention relates to the art of electric arc wel W%g

and nore particularly to a 5 method and apparatus for electric arc wel ding
which is particularly applicable to use in pipe welding, especially during
the root pass in an open root joint. | NCORPORATI ON BY REFERENCE An el ectric

arc wel der of the short circuit type is known in the field as an(u Nmmm‘ l“‘
sold 10 15 by The Lincoln Electric Co an\é of Cl evel and, Chio an
described in the background MEEHQRANDAPPARATURIEOR patent is *166166

i ncorporated herein to illust r RIEGERICIARGWERDISGT wel der and certain
features which are to be used in practicing the present invention. The

i avention usegig sﬂ?&&m {RANEN FlatSIMoltE R G f BRYEHK 2SURBdIhe a‘h"d%&re%gméu&?ly to a

inverter. Various Inverter based welders can be used; however,

r epbesentsthode and lapearatus foii sle¢tois e weldBigawkizhsihipprion28y ,apgheabiector yeriat gipe
herein as an inverter wel der. BACKGROUND OF | NVENTI ON The STT electric arc
wel der sdleiiing gqspscipilyduring thedeotnass eemeaeRy ot jottevel and, Chi o has 2a 25

been used for pipe wel ding M&mmﬁgw ﬁ?’[l&Féﬁﬁwéﬁl advanci ng wel di ng

wire is deposited into a we e I'n an open root joint between two

j uxt aposi t i onga &edisc aic weliacTiie dhoRRirBEIEtyipe iSknoWieinkefield @9tn ST Rielddx beldds
around the pipes in a circular path, which path may vary sonmewhat by axi al

devi at i ohg Thahéngobi E\lte?tllietﬁmmln?blﬁ@lesidl@nd,@h@ mﬁ@wﬁb&%ﬁihﬁdm&ﬁ@hd@rmd@
. . . . . | Tefi
sodll aci S et BReEs froolire4 RERESE hbmaRiadRt s Tl elng e

Sect i ons cerbin RaAk&Swhith afedb b ubddis gra@ii§ﬁ$ﬁ%%re%@ntf‘iﬂ&‘en%ﬁ.d?ﬁe A%ettlonRis094s BRRES
around the open root encounters a gap wth a variety of spacings. As

di scl osefrequensy awitching @byw82 Supplyh ereddrablyeh deverten sV ari@v i acter baskd eeldetsaag fbe
whi ch t‘he advancing wire passes so the welding current can_be directed

t hr ough B$d: hewews, ¢ wprasentauvaweldeis disclosedia Blamensiig &30 hd 7hbrcoparaizd kerein

puddl e f he ends of the pipe sections. This puddl e bridges
t he gap ?%ﬁf%rv?nﬁ%r‘r’]\gag%%t bead of the pipe welding operation. The STT wel der

uses a high frequency sw t chiBRCKGROUNDPOIINVEXTEHANe a di stinct short
circuit current wave shape. This frequency relates to the operatin

frequency of TheSTT electric arg weldep gndd by Shekingelp pllsetridompanytad Qlﬁ@landgab@d@y
o o, L B PES T B RO 5 Al B RN i B T
the gap hek dlef af Bfen bt iR bBvRELEyd jakiaBskitlired BiRls AEABERAL pipd RELHGRCTMONS
vary, the puddle fornmed by the first pass.of the electric arc welding in a
pi pe wel opangooijemaxtendsanemgdhbe pinegin a citbilar retamiichmaticmay varg skmowhat hycixiad s
| "8 pi pgev\{\a%ogg.nﬂxe%i%(tzgeshswéen pipe sections is formed by converging walls terminating in generally
parallel walls spaced from each other to define a separating gap, known as an open root. The gap
between the ends of the pipe sections, or plates, is not a fixed distance so the welder as it progresses
around the open root encounters a gap with a variety of spacings. As disclosed in Stava 5,001,326,
the STT welder has a contact holder though which the advancing wire passes so the welding current
25 can be directed through the holder to the advancing wire and then into the molten weld puddle
formed between the ends of the pipe sections. This puddle bridges the gap to form the root bead of
the pipe welding operation. The STT welder uses a high frequency switching power supply to create

a distinct short circuit current wave shape. This frequency relates to the operating frequency of the

L
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As di sclosed in Stava 5,001, 326, the objective of the high fre&ﬁéﬂquﬂ
swi tching power supply known as the STT electric arc welder is to nalgtain
a uniformvolume in the nolten netal ball on the end of the el ectrode as
the wire advances toward the nolten puddle. This prior patent discloses how
the control systemof the STT can be used to detect and neasure the actual
wattage formng the 10 nolten netal ball on the end of the el ectrode. This
wattage is set for an extension and is maintained fromone welding cycle to
t he next powsr supplsaridaiot buthe dfequingy ef the webdiproctsandbe eleetrrslevsbickl pngorcaxtansion in s
adjusted to [.ntgj n, a const ant tta based ,upon a.presef. reference

el t age. GH HETOE o ot A Enes DEPHS P ARG BUTR AR oIS VRIS PR rmidhe g2P
const ant ysd [ I ' I L}G: : j t

STT ol ccPiieR Pds oF LR FARLERH I SAECont Bird sfioR e, pUBERAI Tbea's) e
conpensaffiestipass cfthedlentgesciweldihginalpimtweading epératis dhanges sispe cKhisthange peesents

shorting frequency wll change. This changing frequency is not the
swi Pchi n§neyVa pretiems bt a pips WdEE PEGPSS| y, but is the weld shorting

frequency. As th | ect rode i gn (stij.ck t): 4 . he I f
ol ton matal i SHEOSALSE A ORETT R obBliE il e Feb Y FhEpRer by
sl i ght1yxhedHes the FIT Slcb@RUEE Wellet 19 té BRINAIAQ v@ffoinh QoliRletif PhdTbREN Malal ball on
causes the tinme between short circuits in the welding operation to be

r educed. thEhind dftier dedwede ahthe Xrestipartcentywardtha erdtyn peddlel eThkis prioepatbyt didedoses
nunmber of shorts rounit _ti Conversely, if the electrode extension q
sti ck ouborghy selewiem b R Tcan b b0 fondétent med Pepira tho Pl aipbiage TrPIERs o
15100 CUb{stiah ok 3H TR e %tﬁ@él&%d&frﬂﬁmaﬁge REor Bt dRidH U mdefifained
advancing wre increases. This action slight Increases the arc Tength to
i ncr ease fibheord weldbet oyekerto Shomdxt.CAs theistiek but afeler dedwde bikarghgthe wgldingouenty

of the welder. The freguency change during use of the STT for pipe meldigg
has not Bewhpsied tgamantaia aconplarlratiage brsphimrana presehigfobnee attageqbtaingd 4l ithsest

vel di ng 68\l W TBRAL o MR InaAfRSRELLALLOf AN ofigh duiLe cbien DHARI S
however, "1 does "ROPEBT Ve T he pr&%len1exper|ence W varrations | e

wi dt h of Wit @ig thé STT 8leblric afc Weriér, Was wetdihgurkdneisiriot Sharpeado cOmpehsR LB
root joint. Stava 5, 001, 326 does teach a procedure for neasuring the stick

out 5 dur i algpngesinthe glecBvde axdbriéon drotickiow, the sherting Aicquengy wilhchangebdhis chinging
Wil e the el ectr.od | di ire is short circuited, th | d

acr oss. 1 TETLGY (o0 dBar oRe fredimi ol g Paner ks HeGe thendslq SheRgfrehgty.
vel di ng aukKEabetiode 8RRAGLA AL ofith igergd@ua,i tRE v IR of R8s HetiTeR the advancin% ‘%all

Consequently, the sensed or neasured voltage is directly proportional
t he sti cls redicedanésiteemslengthas slightly veehckdn had reductiBhirsthesias of 8 meltermmetehball

voltage i s averaged over several .cycles and then, stored in nory, sucgh
as a cap&%iSF%Feh.e t?fﬁe bewveep shoyt B‘é"c“é‘ﬁ¥’} thFﬁYegd%‘gBP%ra“%i%P& TP “%81 tﬁ"bﬁ ‘i“gr&a%‘};?%i%e
pe cur : (o i : Eh : J

it pi 1 Sping Bty oL B aR) ey teR, O PR EH e AR ikl R Pl fode
Cal cul at egtengibh agetidkSottiomeebabdd, tieMRiting Gltb eléfirais igincrpsel. tIOtheraisdhol ciirrent

referred to as a "reference wattage." This reference wattage is obtained at
t he startdjpstntand the valums phmekessmeakenithgsod obheadyasingdvise ingkeaseg. . This action

h f h f i d f i.s0m Wi th th .
! net ant afiebty e esg M R o R e Pl sPbuF R ihab H B S brortaS dhehonive
wat t age &Eciﬁelﬁgy befhE R, TR fréfiBncy tRbufeelddtial usTieS TSP BiR welding REVMb ben

Stava 5,001,326, is used to maintain a fixed volunme of nolten netal on the
end5 of t heedwisremessuiing parafiteadvanci ng t oward puddl e during the short
circuit conditjo jrrespective of changes in the stick out .or exiension.
There is no té.he%iTﬂJg‘S(B‘Fecﬁﬁéﬁ&er’r&?‘glﬁé%%}?%’kn@%éGB‘PtF‘hQ%BeWaHP%Qnﬁ‘%&Qt %o
control | dj r . i i NQ:.of,. £hangi

gener at ol it eflelé, RUBEERE sl Bebrb e R ERARL o EARRO LT M U Hhe gop
wWre is used to maintain a constant wattage during the wire nelting portion
of the welding cycle. 20 The use of a high frequency sw tching power supply
such as the STT electric arc welder for .pipe welding is well known.

However, when laying the root bead during the first pass in the open . root
joint between the pipe sections, the power supply can not automatically
conpensate for changes in the gap between the pipe sections. Wen the gap
is wide, the puddle falls through the gap. Wen the gap is narrow, the
puddl e does not penetrate the gap. Thus, manual intervention is required
with 25 the resulting variations. There is a need for controlling the
wel di ng operation during the initial bead in the open root joint of the
type encountered in pipe welding or other heavy plate welding. -3



z ~~lar zooz The STT welder sold by The Lincoln Electric kﬁ&bhmy;is a
short circuit arc welder which is operated by a high frequency sw tching
network to create a current curve as shown in FIGURE 4 of Stava 5,001, 326.
This welder is comercially successful; however, it does not have the sane
capabilities of a constant voltage wel der wherein the weld puddl e
tenperature can be controlled by 5 nerely changing the wire stick out or

el ectrode extension. This is a limtation of a welder for creating the STT
current whendayiGgribefitstbead in pudgee redd jpiat.atStave, 5,01 ,33fpdeasanachi s ppricpdure for

wel ding, is adjusted when usin n | der by. i nterventiaqn or presettjng
OF 1 ho WEICASERE B Ak OBVBRIE oL STT PAEr B ,lnwtﬁwgvaeglambqllél@uﬁ\meor

to a congt t whi r c [ u Q .
e e AR SR SRLES, COBY B AL e Bonh Lo s
appar at ugeafifedBindoftchrded.| @yé RAntchef fthd SteldigactuiienBis @ERAtiAIBOixk®i dutin®fthR
pl ate wel di ng process, such as in ai pe wel ding. This nethod and appar at us

used a hingasureraeiiefeysequantlytthm senseserrmenspistl yyoltameds diresBy prapeetioFito west stiek out

from The Lincoln El.ectri.c Conp ._The i.nvention wll. be described wth

par {1 cul SreASPIPT L Yo Par I presiied engiol vplthas indverase ystsiye! pupfes
the root yeddy ktBrddliP § mBld, REch 4V &Y&ditor | BRthé St‘é@ﬁ]%)ét@[ﬁ, fhs SEDvALORARMNiFR
may be used wth other electric arc welders used fox open root pass such as
the fi rshy tiegmabetmers valub @dusng substqienb weldatyesesaddierésaltenfdlss ofultyplisetion is a

sections. The invention can, al so be used during_ supsequent passes in the
open r oofeprerpent phths wads dumngeeagh Wk&maecyﬁ?eemulat WaAEE IS St?rﬁi IHNERER; $Uchy ¢
wi | gler Lcal . " € Gy, b i G '
ot o ek ot ERTRERIOLES wErcrl WEHAOT I el I ARAS Bineddl B
pat ent i figiop tHeal €lding proceéLhRed epditdreddjustehitisk pat. ETHercife ltRsRferomte wittgge is
frequency welder sold as the STT welder, together with a-teaching of a
circuit 4 fasxeonmanson Mathstheciastigntanesusy wettags) & aentidl rofiyigrs Ripa#e haldsdibag

process.. The il t [ e | ck ' h [ is
not used n{aﬁlg%so a!gt:% i aglqﬁékllaﬁgreh%t W#stagt? S egﬁ% r%gt# L l(3,\(;1{|grr°_tclef‘s gl}érlr\%éd %5 Eg%)‘gllrl ?}Iggfa%%f
the presgobi,336] RUREI kP haintMard BkédRolumet dFambitdh R¥RAEbHhINE A WheRk Wiy b8i@ it he
initial root bead in a pipe welding

15 advancing toward puddle during the short circuit condition, irrespective of changes in the stick out

or extension. There is no teaching of changing the stick out during a welding process to control the
welding process. There is no teaching of changing the heat generated during a single pass. Stick out
or extension of the advancing wire is used to maintain a constant wattage during the wire melting
portion of the welding cycle.

20 The use of a high frequency switching power supply such as the STT electric arc welder for
pipe welding is well known. However, when laying the root bead during the first pass in the open
root joint between the pipe sections, the power supply can not automatically compensate for changes
in the gap between the pipe sections. When the gap is wide, the puddle falls through the gap. When
the gap is narrow, the puddle does not penetrate the gap. Thus, manual intervention is required with

25 the resulting variations. There is a need for controlling the welding operation during the initial bead

in the open root joint of the type encountered in pipe welding or other heavy plate welding.



process can be determ ned by the instantaneous stick out. Wen wel ding an
open root joint having a gap that varies in width, the nolten et (1T Bpddl e
sags through the gap when the gap is wide. This -4 ~"i Ol;1 7?00~

physi cal phenonmenon results in an increase in wire stick out. Such stick
out can be detected by the circuitry illustrated in the Stava patent. O
course, several circuits can be used with different high frequency power
supplies to neasure instantaneous stick out. If the gap is too narrow, the
initial root BEedSTwsldaotoldendhe dirsolmElecttih€ogmpny ettt atcuivatc welder which
decreased. This redyced_stick out i,s sensed by 5 circuitry such as, | n
the Stavd pRAralst BR, SFHHFRE EVEFRIRG neﬁwrozs‘aiotéyri%%e%@nt? g as @M@Q@W
i avention | ptr af i 161 st i

ot or i et VRIS SELFRE 1R  ARATL LR ARIROLERBRNT Wbk Rithalelhg sammg
nmeasur emeapabileried loffk BEEst G Ao18Re Witk Qheteth thh Wema;dﬂhl% teRpkratulb s bd datrvBddbhng
current is increased when the gap is narrow and decreased when the gap is
wi d@. 10 nByrelys¢hagginigehs titskstisktoutea slecodmextension. i Thiens # dimitatinn o€ avwadder tfor
profile the weldi in the weld joint, If serpenti ne,wel ding proce IS
being usGEFRITREEST T Sutsnh . s et iy PRE b ds japrettn PRE e Lgne, I

during t Q@%‘éﬁh%}ﬁg ﬁgxﬁgﬁgﬁfr@%@ﬂﬂr Balgrlt%gél}tiotn*b? RS‘JS?‘E% o ﬁle%l?ﬁtaljéé,}ﬁs. Vi&feh SRS

the wire approaches vergi ng orm e’jolnt.

measur emghis linfitatién, the STT wplderisdegerion food combtantivoitggarveld mdudhheegpsixtdssine pdddiche
wel d head as it noves the electrode transversely 15 in the open root

wel di ng ﬁP@fcess. A nore generic definition of the invention is the use of

theiomeasured stick out duri ngstlll\ ﬂﬁlﬁfﬁf'@)ﬁﬂ@ﬁﬁ‘lbﬁ controlling

paranmeters of the wel ding process. Paraneters being controlled are weld

current or welThehr@entiny@tiohds dirt@edRMRird MPapphfatisRing $@dithod oY BfirgoRe fisst bead
particul arly applicable for pipe welding wherein the nmeasurenent of the

st iOI /c k ouE]n Pt erandeet jpint @ﬁa?ﬂatﬁ owlcfing mmg,esycl? #s inpipegegiding. This meghod aaéepnarﬁgf
t i.tion 20 of. t i t t '

oot ) of Atesareet betefo hshRrg bR aleter s tE AT BefarEh Shalipdnplacktt”

through Cogn@p. MHeAntdifioh ReilldR @schibid Wit Bartitingr férf,&'ﬁﬁdbﬁl tol tﬁ?ég'g]%é ONc18QE S GkcS

t he begi nning of this event by sensing an increase inh the e rode stick
outls Thi svelders aalgsd fatthaloobhgadiis pips exctlding; heweros, thdvimvhetan iefnuch broadérding oyl e
This is_done by decreasi the b

paak cur e it GagnsTactiohpeliorniseT of ARABY P AARICH & D ApLPaE BrE P ine ends

reduced. ofBLsy plates and the ends of pipe sections. The invention can also be used during subsequent
passes in the open root joint.

In accordance with the present invention, the electric arc welder automatically compensates

20 for changes in the gap spacing. This adjustment does not maintain a constant wattage, as disclosed

in the Stava patent incorporated by reference herein. This patent discloses one high frequency welder

sold as the STT welder, together with a teaching of a circuit for measuring the stick out of the

welding wire during the welding process. The ability to measure the st‘ick out during the welding

process is not used on the commercial STT, but is used in the preferred embodiment of the present

25 invention. Variation in the gap experienced when laying the initial root bead in a pipe welding

process can be determined by the instantaneous stick out. When welding an open root joint having

a gap that varies in width, the molten metal puddle sags through the gap when the gap is wide. This

4.



25 causes solidification of the nolten nmetal in the bead to prRévHit)jghe
nmetal fromfalling through the gap. Wien the root gap is reduced, the
sensed el ectrode stick out is also reduced because the nolten netal does
not pass through the gap. The nolten puddl e accunul ates on the top of the
gap. Thus, -5 ~ 0 Cr ?00T when a decrease in the stick out is sensed,
the current is increased to increase the heat in the nolten netal puddle in
the joint. The hotter puddl e penetrates into the narrow gap to cause proper
f usi on ophysieal phenomeneniresalisongn invecasoinaviregipkoubfSuch etigaput can be detetted by dhe

' has b . ai t  of tick out. b f :
Packi ng S HKAsTEaR A L AV ERTo T QuPRecvERY EREIT AGRAE RO k4O GG g
acki ng 8" afick , VB PR 7 _
and 1 ort RelFREY BBl alm R R el e TS e PR D S Ry L R 6

decr easebédd ddeenéleadtrasmtetie gasi Dt stivlhen i§ texrovetd] Thaedured sticktout iswensed by
outside portion of the joint, the stick out is small. As the electrode is

noved acPisastiry sushjasshpwn e Stase prigefevisrtvsingi thtsharl ¢iropipyogens. | Biigt themresant
t he shortest,. at. e of .0i, nt rode reaches ,one side

) h i A he j ) h '
orC 1o e hn Rt is IntoBeeRb Db TS handaRe iR o B Bl PR BAE Beage s

stick ouplawihi th%iwreﬂin% ﬂ&k@s@.s §heBEKIREMe ARFIRAB feterflifes e hngE nédde@kn Helpuddle
i nformation controls e wel d head nechani sm by signaling when the

t r ansver bat.nbhetrtwading berait ésahereated whemitle gap esathrmoardd doreastdoplpectha gap is
reversed. , This action generates the serpentine pattern of the weld head
during t Wilene! di ng operation and allows joint tracking. 15 By utilizing

R R M S

profi |l esweldjaigkdi {f ®Rerpentitoavedinpopictesoris befngt ixedeivelelm e waldhg waBsmevese
direction with respect to the sloping or divergent side walls of the joint
are det eEansyerpely agropsdhe andwingdhe weldimg prosesspleigdhe gas the dectrotp axtengiqp varies

Sopar ol WAL SRp AR L, RSB 10015104, ot 0N

2 oSS OSBRGSO R sk syl ol st Nl S ey,

betdween intbe eper reasdeclding process. A more generic definition of the invention is the use of the

measured stick out during the welding process for controlling pafameters of the welding process.
Parameters being controlled are weld current or weld head direction, to name two.

The present invention is particularly applicable for pipe welding wherein the measurement

of the stick out provides information on changes in the gap of the root opening and/or the position

20 of the electrode relative to the center line of the root joint. As the root opening increases, the weld

puddle tends to fall through the gap into the inside of the pipe. The present invention detects the

beginning of this event by sensing an increase in the electrode stick out. This increased stick out is

used to reduce the heat of the weld puddle by reducing the weld current. This is done by decreasing

the background or peak current, or both currents. Thus, the weld puddle temperature is reduced. This

25 causes solidification of the molten metal in the bead to prevent the metal from falling through the

gap. When the root gap is reduced, the sensed electrode stick out is also reduced because the molten

metal does not pass through the gap. The molten puddle accumulates on the top of the gap. Thus,



1 holder and the nolten nmetal of the weld puddle. The present invention'is
used in both sem -automatic or automatic wel di ng operati ons. Theyvgeée{d,i H]ﬁ
power or heat can be changed by using the invention. By changi ng the /
el ectrode extension 25 during travel of the weld head along a joint, heat
can be changed at selected lLocations in the joint. For exanple, while
welding a joint by a robotic welder, if the geonetry of the part is such
that nore or less heat is required at a certain |location, the el ectrode
ext ensi owhers a dbaeaye ih the st ws s secheedthaturcdnt isGncreased & incfepsethd he@i(# thewmolten
wel di ng oper. atiﬁn., Thi s, use qf the jnpvention _doe% ngt necessarily require
changi ng™ekd paddle inthegain.| Thsdoger puddlcpsnelsates mfruthe SEFOW FEP 1R RS DFORER ISRt

t he desi i,ck i h ed for control purposes. In accordance
wi th ano ﬁgF_%Ejaéeee%q%%?{lgtgrgLgs?%lnq%p@n@@%ﬁ%gh, stick out is used for seam
tracking duri Agepihe r¥& ipdsstAs BechQainahéhshieAdni TR Rk oh@caﬂl%te"&@éd for géuAt fradidingd

§8
by the path of the joint. S Tehe path traversed by the weld head in one pass
al ohg t hia gcodpndandesvigt orotivtr aspectmxftireyinvestitis eturesetisadestick patsisfgmefion freised bytliec
wel di ng equi prent dupl | cat t at i zed during the_first pass.
Thus, " Suiednent moxotbe Sl hed el BN SUF OheoRtaraaopat eareigRest b
bead. A BB ¥ ARRREL ilind G1ERUEBRsida Pk BIP voft HAE niByesH"RIB IR okl
stick out or electrode extension during the welding operation In an dpen
root wel offthgjqimtpthe dtickeout Thwenadl iAskhoelectrodk isamd¥daonts thk oinf)the@lectredd extensiong

the plasma portion of the welding operation by either controlling the,
maxi mum Wik Yawin lengih withcte plnutsst af theouiside of thegpingr As the @ertrodp rerees ong-side of

cylfe CatBuRlilntptiaaS Fio RSl oty PhESEIRBRS e Pudliglishlrete "
el ect r 0@ e He6BRIe0 "Fhel tbe B sﬂc%dﬁﬁféﬁﬁati&n%n%isgke Qéld FRATHERARRASHFRYnAng0

be sensed by the shorting frequency of the welder. By neasuring the

shor t i ngwheretha énaosyeisa nzave@ERt of Shandotiodgompweld beai shaukl prstdpped pné sevstsetdi Tbisof
the el ectrode stick out is created._ Thus, another ect,.of the.inventjon
o roas ARG EREEACR ToRETHREHILRL 97 BF 'S R e Felut mar Tl b
and changifigrtliggar ¢ wel ding current to maintain a nearly uniformshorting
frequency. In ac%ordance with the present invention, an electric arc

weldi ng apparByustilizing stvk cdad ififormatemoshe iehgtic and wweldensifathef preserdninvention
advancing welding wire into a weld puddle in an, open roof 20 befween {wo

j uxt aposAferastgllp peseschangrs dnths gan Wat @ fayse umirélrsﬁbzad@roiﬁr%spgl a&iton ﬂgtﬁward
whi ch i r : A i oy | Qi i

wel di ng TSR Pr R EIERoE BB RLEARR ARG e Tiing O dlva BBl il
par al | el ofwhd josntSpadetebtdédfod efrédiidnae@adal &lthé pRpEOSIsitivh. (Thesd thiodeparbheefunetichsng
apparatus includes a contact holder with a wire outlet. A swtching power
suppl y dire pradicated ppprimsgsusing thestick ait.(Stisk gptracaguremeat qan be apregpdished g ¢irrait

S G e BRI BBl o) D U S bR o

i nvent i 05901, BEs, atp?i’ﬁsigi%tegézii’@[t i5 dRBloYed for anSturinEihdetickh aui F@waeeheelbardlle as

di sclosed in Stava 6. The advancing wire defines an el ectrode stick
out bet vieddertand timomokhent metal of the weld puddPD, | hol der and the wel d puddle. In

accordance wth the inventiqn, the |length of the stick put .is sensed a
the wel di ng ct#GRIREEN} SVEHionds g Ebogh mwcwtemateﬁort%or%aéws%fdd@ﬂi%ﬁra@ew%e

the vel VBt B A0 He siisudove |
| nor eascil PR NSy or AL B HeTEERRL) Rife e BGhAG T BY Bl gt ittt cnsion

puzgdl e. Ay tisengf the & efllHeadl o ra, joint) Beptat be Shayel at seladtealiocdtiont it thetjoiat.
wel der having 5 different current levels which alternate between a shorting
condi t i dfergxemple, whids welding agpiatbwma wdats weldar, ifthegeveratrysi therparije seeh that more

troll dyr i th i . dj.ti h ti.ck t o d.duri
Che: Shor® Tes et realied ¥R RS Migtian, Bl ral S Rinh 4 Shended P EREH] B8 ristieto?
which is illustrated in Stava 5, 001, 326.
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The broad aspect of the present invention is the neasuring of the stick out
or extension and 10 using this to control the heat in the meld?bﬂﬁﬂV@/ As
an alternative application of the invention, the stick out is used to
control other paranmeters in the welding process. In accordance with the
preferred enbodi nent of the invention, the stick out is neasured

i nstantaneously and is used in a mcroprocessor software programto sel ect
a desired current wave formfroma | ook up table, ROM RAM PROM

mat hemat theabeldiap opbmtiomnThis uet bfthe lvgation doas ndhwectfsadlytrpgitirecdhahfieg lticodontrp!
table ROM RAM PROM or software algarithmis then used in a software error

anmpl i fi eﬁettlagt:@%@r\ée flefe Ehersglinge mmemﬁxemué Hherdsyirgsbstickeout ngly sichapgedsior

the des: Feltd Bibsdh 1 Bel s P LRnGUEt GrorhreBit Hobmle ou Rl SRt ey
changes {rhékisgl durhv &efv@éld'})ﬁh‘é s6 RRANCHAY RO Bl ert W AcBlly c&ﬂf‘dﬂ@ﬂﬁyﬂfé M 6818 joint,
etc. In accordance wth s anot her aspect of the present”invention,

thebe isThe pathctatkeasadétyhbd“@m fiead 1mep@pa$|ahgpgrthﬂ Joan isvgtored if neEmaoey. &Mem@nhg
wel di ng mn{e i nto meld gJe at the nro jq1nt bet ME

j uxt aposVEdgretes 9f thedooeHic ¥ msfr'ﬁepeﬁléta 1053%% et I&Prgenav@f%g © b P&ds
of pipe I dis fornmed by
converglﬁg&%iva qu %a%gtﬁptr‘]%@?&ﬁkgezt@r He%&aer}dlﬁtgkp IF?ﬁ%t%g@aced to define a
gap. The net hmbmnnugl aspscttdichemtsenoinvetticecis ireomemslitiniegt ofithe efick dud ot Biecitbdee

by a high frequency swtching power supply as the wre advances toward the
gap 25 i #KteRonAuring Hin welding epsratior is jap@pemeoot dteiting Brocedise s ifhe ktidtipuioraliene

d h I d
ot 1610 Bl Y <LHea B TR FEe S e PR AR R e SoBROREE e
functi Onm\é’ﬁﬁx'itﬁh RubrBAt, Hlel Bakk S8inRE &Y ot @Mter Bfufert W88 | ifitelaliesl of e dulent
stick out _g_ 7 ~~"r increases, the current decreases..ln a |ike nanner,

as the smaedkiutmg thi@plrasxas pertiontod ag ﬁfrﬂ“emldmgccyelasmsbe d‘dntmllcabancordascmeutheo
conpensat e f ffer nce in the gap joint of an open root

ol BE o Aeretdbick ol & 053 elersigy 158 Friveadedrinh 4l ol im0 EBER s Piapiqiso be
accorda v

o oot r oot by aRaloRtls AERRACY OF b MEIdA BR hABurdd Ve SAARER SRbidiiy B bn ST
calyyi ngweldmgyebaésaga signa réprbstatatiae df 1heelesgodenstiak sehperﬁatade Tihat,taaother ddpest
concept is used after the root bead has been | aid. en usi g this asp ect
of the i¥vEStInYENLIONNE Measyting dhe shosting fisguengy of & @eﬁsetfuasw @gv@aeeatwea?al

carryin [ he joint.
When' t hgchéggtng&ﬁgaﬂc%%ﬁ&l\ﬁ?%utsr&}it?o gﬂaﬁrﬁ&n% rfe%ﬂ% h&? Bﬁ}’nf‘g[’fﬁeg;ugxﬁc ANRSS
direction of Inhwcotdagcd with @wessamt 1n1781ht$onr aveteaﬁl: atcSwaeimgappﬁam ig pr@vided for
opposite side of the joint 10 so the el ectrode noves back and forth across
the j oi rdepomwmg ¥ walter eedl frame ap desncingnweldingyvire o ¢ vweld auddlgénan apsemoathe

7 condlVeRl BVl PR ERRT B oEReoG P kY B R of PRe SelopbrghisBige’
tracks theraliale DA plesihoni Dk 'ﬁ}éC*]oinP'dBﬁnésraa%ldc'h% bEald ADGAACdy

when the transverse novenent of the weld head autonati y reverses at a
fixed pominvegng vailesgednating i gendna lygpayabid wlls){spatchdatq difine.a g at thearwobpfithace

with a further aspect of the present inventiq a. sho ircui.t wel der
creat | ngomﬁw@@ws raemrafeﬂwﬁldf«'%a SRSEACH hdderpythy ‘&%w&{e{ hé switehipg BQI‘t’eraﬁ’-tHPIY

then adj Ysd.d

i mport ant xsetcC aahngg sdgd(f\‘ﬁyﬁr g@te %ﬁ@@n}s%ﬁss?&égﬁﬁglﬁ% EE@W Fhar ons ant
Va3 age the Goime! diﬁfngbmeaﬁtsu%am@fnhdebteedmg raperadiblr eInbachRTaﬁdze/ m‘dhaﬂ@l Mg ferded e
stick out. In accordance with still another aspect of the present

i nvent i oabadimeniedftheinpvanties, d@e@vltchmgtr@m supplisrads Tapweldat hayingaiwees oo &s

a flux c lLegtro uent shi in ui red during
The. pi iR HESuseo Pl S Tk v pastig e et rrorE ke b By Paphe caec
areas where pipe welding is nornally performed. The 'primary object of the
present invention is the provision of an apparatus and nethod for
controlling the heat directed to a puddle_in an opened root wel ding process
by sensing the stick out 25 of the el ectrode and adjusting the current for
changing the heat in the weld puddle. This objective solves the problem
presented by variations in the gap at the open root of the joint. -9



? ~ ar; ~ zaoz Yet another object of the present invention is th prow si on
of an apparatus and nethod, as defined above, which apparatus an IrBYT
automatically conpensates for changes in the gap of an open root joint when
wel ding the first root pass, especially in a pipe welding operation. Still
a further object of the present invention is the provision of an apparatus
and nethod, as 5 defined above, which apparatus and nethod allows the weld
head carrying the electrode to track the open root joint between two plate
ends or holder agiche okl puddlee Speadordacotvith ke iaoattiony thelerget of the stidkeoytdd sehsed
Anot her object of the present invention is the provision of an apparatus

and neth t}e@swalélmgq@are@b@\péiju%ﬁh%r@ fapgipnaaffhe me%twté%ﬂbe%é@ably, this

I e S TR S S a0 B LSO LB
pass. :(efnt@t}%lﬂuﬂ?%r amkanagréag?ﬁe S’gp wEId%ﬁ ﬂ{ktm%dv%ﬁ AL at &oh%gﬁft @%/dh@gleék Kafvirgh
apparatus and nethod, as defined above ich apparatus and nmethod is

pardi fCUl érlrffeyemmumenabh/elsvvrfdﬁphaailtgngdtﬂ bmﬁuea(syorw? tcohdxn?n {aﬁd@nsl_ﬁr_uggloy péasma
specifica sup Wi ul.se wave formo e

A furt he?ort% it e ft%ogF%v\ivéﬁdﬁ cwtrﬁﬁdéﬁﬁas A TCHEcmdi s thaStif @at is
above wh u

merely o aﬁsg%%&‘é'éﬂ?éh%%*%%ghltt@’S*%d‘%“ﬁ*a%ﬁ'E S e S I L
provi si ofllusfrated iPpma 8100$,3a6d met hod, as defined above, which apparatus and
method is used with a short circuit wel d process as disclosed in Stava 20
5,001, 326. Thébe bead asnertaf tonpresantinyerdion v tie mepgaing efitheatickmut apprensian adom

t h?Of ol'l %"i"né‘ gusd o cont rgltth Beak 1nkt?1 Wef%l%udgl%r a¥1 Qlt&fﬁgtl\%céi)%ﬁ’@ﬁpo\ﬂ &Qhéj{n%\ﬁt[@ls the

stick out is used to control other parameters in the welding process.

In accordance with the preferred embodiment of the invention, the stick out is measured
instantaneously and is used in a microprocessor software program to select a desired current wave
form from a look up table, ROM, RAM, PROM mathematical calculation or other algorithm. The

15 output of the look up table ROM, RAM, PROM or software algorithm is then used in a software
error amplifier to compare the actual current, which may be the integration of the total current during
the welding cycle, to adjust the weld current to the desired level dictated by the sensed stick out. The
current adjustment changes the STT wave form by changing peak current, background current, etc.

In accordance with still another aspect of the present invention, there is provided a method

20 for depositing molten metal from an advancing welding wire into a weld puddle at the open root
joint between two juxtapositioned plates of the type created by flat large plates or the ends of pipe
sections. The open root extends in a welding path and is formed by converging walls terminating
in generally parallel walls spaced to define a gap. The method involves the acts of directing welding
current to the wire by a high frequency switching power supply as the wire advances toward the gap

25 in the open root by first sensing the length of the stick out of the wire and then adjusting the welding
current as a function of the sensed stick out length. The preferred implementation of this method

involves the function wherein the stick out and current are inversely related. As the stick out
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BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a wiring diagram o? 2 ?ower
supply used in practicing the present invention 25 which is sim arfn’ @inhe
power supply disclosed in Stava 5,001, 326; -10 orr zao FIGURE IAis a
bl ock di agram of the preferred enbodi ment of the present invention wherein
t he high frequency sw tching power supply is an inverter such as discl osed
I n Bl ankenship 5,351,175; FIGURE 1B is a schematic pictorial view of a flux
cored electrode nay be used in the S preferred enbodi nrent of the present

i nvent i oimcreB$eSIRE c@rérd dacraases.nip allikgmameofastthestckrontil¢creases tfet ovaent ipcroggeam
for creatjng the signal used to adjust the heat of the puddle as the wire
stick oﬁffﬁlé%aw@a@w?qdﬁogoglpaﬁ@te Brédgffr&gwhthp 2Rp elopg:t JP@t%tJ AROPFMEPOHEGHEmM

of the C}gxrotgégstsu% B rge/@arsgirpép%rawagwgfgmic&sp he preferred enbodi nent of

t he present Thvention Tor crea age signal representing the actual

el ectrode 10 Bxdcesdhme with doftRr sdpkétles Melirivetlida e sénded stickiut biectoddéx@éAsidh
the circuit or software programfor converting the signal of FIGURE 3 into

a vdl t agie usédtoatvarspthe semveimeyt ofibe steldliead sarryieg et wieldmg WArGueraad npving in

S B Sert SR PAEHE T GOReR! PR BEEPOFBH GO TG WEER Bypftis cpect

D S Sy 5 MR et EL T el bl
a first direction transverse of the joint. When the sensed stick out is at a given reduced value, the
transverse direction of the wire is reversed. This reversal is repeated at the opposite side of the joint

10 so the electrode moves back and forth across the joint. This feature of the invention is extremely
advantageous when the gap or root opening increases or decreases or when the path of the joint is
not consistent. By using this aspect of the invention, the welding head tracks the actual path of the
joint. Such joint tracking is not obtained when the transverse movement of the weld head
automatically reverses at a fixed position, irrespective of the geometry of the joint.

15 In accordance with a further aspect of the present invention, a short circuit welder creating
the STT current curve is modified to measure the stick out and then adjust the weld current to change
the puddle temperature. this is an important change so the low heat STT welder can operate similar
a constant voltage arc welder by adjusting puddle temperature by merely changing wire stick out.

In accordance with still another aspect of the present invention, the welding wire used in the

20 welding apparatus and method is a flux cored electrode. Consequently, shielding gas is not required
during the pipe welding operation. This is an advantage in remote geographical areas where pipe
welding is normally performed.

The primary object of the present invention is the provision of an apparatus and method for
controlling the heat directed to a puddle in an opened root welding process by sensing the stick out

25 of the electrode and adjusting the current for changing the heat in the weld puddle. This objective

solves the problem presented by variations in the gap at the open root of the joint.



supply as shown in FIGURES 1 and | A when using the short circuit process of
a STT electric arc welder; FIGURE 7 is a chart illustrating the?ﬁ@ffz&gnce
in the voltage signal created by the circuit in 20 FIGURE 3 for diff nt
wire stick out lengths; FIGURE 8 is a bl ock diagram showi ng the software
programused in a mcroprocessor for practicing the preferred enbodi nent of
the present invention; FIGURE 9 is a bl ock diagram showi ng the software
programused in a nodification of the preferred enbodi nrent of the present

i nvention; 2SYet ayrkEeriabjg¢os ohthsipseskntdnvaptiamisthowravisien ¢f 4n appratusiaed method, as
nodi fication .of the . present invention; Fl 11 is a, block di agram show ng
The. sof + HETEAGbaY UG EPPRAn R Hediod pelompamty ptien B Dt atgys hi e ert BLAT
in FlGU ; ' [ IR ; ' ' 200? FlI GURE
12 158 OP o O B Py s pip S eldgiorclarely! & e
type ill ustraSdll aforthdr@uiRict dflithe prekdnt inventionrit Herprepdsiamef arapphrayoand ifethod, as

signal created by the circuit and/or program of FlIGURE 4, FIGURES 13A and
13B%ar e Sefinedabpye, whiehsanparatusrigd grethodwdipys iy vepdheadicamying theielactigds fedrask the

Pl Gores 905 Reb biatpap Btetromatiadt pr sk risfeBndSpodn G iireprbE PP o oo
utilizi nﬁ)iﬁthe present invention wherein the gap in the joint is relatively

wi de; FI'GURE 15 is a schematic diagramillustrating a second aspect of the
pref erred enbddiothemtobject of the present invention is the provision of an apparatus and method, as

defined above, which apparatus and method can be easily implemented to compensate for different
10 profiles and different gaps in open root welding, as well as certain weld passes after the first root
pass. .

Yet a further object of the present invention is the provision of an épparatus and method, as
defined above, which apparatus and method is particularly applicable with a high frequency
switching power supply and specifically a power supply with the pulse wave form of the STT

15 welder.

A further object is the provision of an apparatus and method as defined above where a short
circuit arc welder can change puddle temperature by merely changing wire stick out.

Yet another object of the invention is the provision of an apparatus and method, as defined
above, which apparatus and method is used with a short circuit weld process as disclosed in Stava

20 5,001,326.

These and other objects and advantages will become apparent from the following description

taken together with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a wiring diagram of a power supply used in practicing the present invention

25 which is similar to the power supply disclosed in Stava 5,001,326;
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of the present invention wherein the signal created by the circuit or
programillustrated in FIGJURE 10 3 or the signal fromthe circuit?émprzw
programillustrated in FIGURE 4 is used to control the |ateral novenent gf
the wel d head when | ayi ng subsequent beads in the joint shown in Fl GURES 13
and 14; FIGURE 16 is a conbined wiring diagram and bl ock di agram
illustrating a circuit and/or software program for practicing the aspect of
the invention as illustrated in FIGURE 15; 15 FIGURE 17 is a cross
sectional vi eWI6URE 1dpéna blsk diagram afothberefeiretbdmbodimeat wélthe preaeht dovention
mechani sm.of ,the prigr art; FIGJRE 18 is a series of vjiews, as sho in
FI GURE 17Her§ify gmﬁr*geh ﬁ@qugn?yr SBIGRER e aipﬁfyl igin iperterel RE sgopd 14 Hapkenship
top plansqgw-af an open root joint having a curved path P; 20 FIGURE 20 is
a graph with’a pictorial insert illustrating changes in the signal as

created by the&IGURRIB iofa fehegitedmpictdriab vicat 8la iflnx kbfddRitecdrddp aRayc @ ngisini the
the stick out; FIGURE 21 is a graph of a pictorial insert show ng the
opePat i ofrgerredhempedizent ofi thy presend MvghEe;usi ng t he concept schematical |y

st | 800 05, 0 GRG0 21 00, L0t o st

2! 1B e A O A0S B g 0

for proc essi ng?’IGLEiEgaéi amepngedmptaat bf/theairctiner stoftkare programnged irs this gueferred

differ entemtbggirr]neinlt l)tu t?nta ;?etseen? irilvrc]:ntli:énetl”éﬁre%éing a voltage signal representing the actual electrode
10 extension or wire stick out;

FIGURE 4 is a wiring diagram of the circuit or software program for converting the signal
of FIGURE 3 into a voltage signal representing the stick out resistance;‘

FIGURE 4A is a wiring diagram of a modification of the diagram shown in FIGURE 4;

FIGURE 5 is a series of graphs illustrating the operation of the circuits or programs

15 illustrated in FIGURES 3 and 4;

FIGURE 6 is a graph of the current and voltage curves of a single cycle by the DC power
supply as shown in FIGURES 1 and 1A when using the short circuit process of a STT electric arc
welder;

FIGURE 7 is a chart illustrating the difference in the voltage signal created by the circuit in

20 FIGURE 3 for different wire stick out lengths;

FIGURE 8 is a block diagram showing the software program used in a microprocessor for
practicing the preferred embodiment of the present invention,

FIGURE 9 is a block diagram showing the software progrém used in a modification of the
preferred embodiment of the present invention;

25 FIGURE 10 is a block diagram showing still a further modification of the present invention;

FIGURE 11 is a block diagram showing the software program and circuit for using a signal

created by the circuit in FIGURE 4 for use in controlling the weldpr;
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PREFERRED EMBCDI MENT Referring now to the draw ngs wherein the show ?U xe
for the purpose of illustrating a 5 preferred enbodi nent of the |nvent

only and not for the purpose of limting sane, FIGURE 1 shows a high
frequency DC switching power supply PS for passing a welding current

t hrough welding wire 10 to workpiece 12 while the wire is supported in an
el ectrical connector or holder 14. An appropriate wire feeder 16 pulls wire
froma supply spool 18 at a rate determ ned by the setting of the power
supply as adj RGERBL2 it hdlavketizgram shmwmgmgbﬁwamrprom chdtrolcirait o€ cHeaglpd 0
ter m nal 10 22 of the DC power su PS to_ recei ve a DC pul se between
term nal g uz@ra@ﬁén FI@%%&MIMH@BF&@: pajarnetpryibAxqndthe smmﬁé CERiEA Y dhe difraitpralior
current %’P gﬁ@?ﬁq{ ned by an appropriate wave shape circuit 30 having
a curren ’h an output 32d for adjusting the current of a

vel di ng cycl e FIGURERBASHhAERB £ s%rﬁé%ﬁtlllﬁs%ﬁtlbﬂé/ 8f ¥ Svetdia Vg%@rahﬂn uhB8zing the
maxi mum current, peak current, background current, etc. ve shape circuit
30 Ps V\/eptesklnomnltlnnwhleremoﬂwgap 1mfheboxgh1sfrcleqtféym§nsw tching power 1 S

suppl i es. gnal on line 34 varies during a weld cycle to
control the sﬂéﬁﬁs f‘LIAe aggr ﬂgrﬂre SeeRRALiS ’ﬁ‘r‘%’@f‘P% pVeliing Operatier VB R thec e
12. The WeeH pl ates; therefore,

wor kpi ecg&%gﬂ%@uhﬁ)ﬂtﬁgﬁeﬂl {htrafltdggrlljglglj&ht)fé?\%\leen %&fm spaced plates. In
practice the PIGURE idriea pohpRatedibpransilliating adtcodf@specOstthd srefetredbpbedimehthe

puddl e or bead defines the upper |evel of workpiece 12. The distance
bet ween Rbihg@reseat inyeatiomewhergadhe signal\gnatediby dlee aipcupteripsograva illpstratestin SRGHRE

Th K
redQur ey A BsBERET Bin LRl e e FPREE 5 SR LG 2o 5G4 8€ el
when usi Hﬁ)v@m&lﬂfortheGWél@ Hbard Mﬁ‘érﬂhﬁﬁg Bhb¥e§int §éh‘a§‘ 1@&16?'&%5%’&/&1?1?1@[&‘1@ 1£4hd
enbodi nent. Gt her known circuits can neasure wire sfick out or el ectrode

ext ensi oi4; especi al |y when other types of welding cycles are used. The
stick out nea cham mis jJlustrated,j | GURES, 5, 6 an

course, even % gébﬁ-% hped %’Wﬁr&g%é%w%g diagraim i §§ﬁ’&%ﬁFH°‘HEa’l§’g€d,
such as n OrREVEE 23.

Si nce St gombﬁeg%kgség 0%2%% ?gﬂ&e{ﬂ‘?mﬁé oagggégt%&egﬂnﬁgquency power
suppl y, this PIGEREsUiplaycros s'e¢tlcmat viatvexd anh opéil fAdRpoift th de vdidedowitip @ sweedd béad

expl ai ni ng the pf‘esent -13 ?2 .50 Cr 202" invention. Oher high
frequenc?ﬁ’gw meRnaisH ghihe Pé’l?f)ﬁlm es are used for creating welding current

bet ween wire GRfl 15h iég&
Power supply %%}I S altgss\(/e\na %@H}%E ﬁg“ \Ellgécse}%gglgb%éG g H)ﬂ [&%tr%vg\r,ﬁgggltﬁﬁﬁfgﬁ

and prefgiably about 20-40 kHz. Pulse width rmdul at or 40 is standard for
creating rapid, variable width current pulses in converters such as down 5

choppers and FH#@REdPds 2 paiiat b nlamdew 2 emaprisrophiein liepug acurvedpathlyl se

420 Goncequent 1S0RERY 18 Bpal ¥ BR o TSl AL B St o Mgfih arledby
current melcﬁeﬁuauﬁ 1QpfRich {IRsRASE il PICURI 39ipbh 6Han2@s Al thestiikuty ate, such as

over 18 kHz. In this manner, the wel ding current through wire 10 is _
controlled byFI%TéREcﬁltlaggraph afiat poctorinl lnsax’eshoﬁvmgﬂhmmaaghmpétmlprrmmtmsentlon

which cirguit .is illustrated in_ Stava 5 d|$|ncor at
ref or encuhRBIERHHN e?ﬂr&%&ﬁcf; wcallw@am%%ﬁg@offﬁtjén&w {65 RBieD of Ve
vol t age éhgg&hl &%%ﬁﬁﬁgﬁ%l@f error anplifier 60 appropriately biased by

resi stor An override or parallel circuit 70 is operated to maintain
lip® 34 at zeFIGURE!Zmes Rygrhpte siildragethe rprighnehotvh inl FEGURBLL] aftiligingothe full
anplifier 60 is the voltage at the output of circuit 30, which is

cont r ol | eeplivptienspifibeawiring dagramiitlesiestedis FIGUREAND; 81, wel der and general |y
shown in Stava 5,001, 326. Control of the wave shape does not forma part 15
of the present invention. The current drawn fromerror anmplifier 60
controls the voltage applied by line 42 to pul se wi dth nodul ator 40 for
controlling the nmagnitude of the current pul ses created by oscillator 44.
Pul se wi dth nodul ator opens and cl oses sgt. FET switch 50 to direct a
current wave as shown in the upper curve of FIGURE 6. Vertical |ines
represent the rapid current pul ses constituting the STT wave shape. The STT
wel der utilizes a spatter control circuit 70 which is 20 operated in
response to an inpending fuse by a signal on line 72. This fuse signal is
created by a dv/dt prenonition circuit 74 so the logic on output line 76
w Il render power switch 80 nonconductive imredi ately before a fuse is
created during a short circuit or pinch pulse of a given weld cycle.
Operation of switch 80 changes flow of the welding current through a snal
|nductance |nductor 82 fron1a generally hi gh | evel current through swtch

~r 2 o




25 through a snubber circuit 84. As the short circuit condition of a

wel ding cycle is in progress, the neasured dv/dt exceeds a set valﬁéﬂr®7m7
i ndi cate an inpending fuse) The logic on line 72 imediately shifts.
Consequently, the welding current fromswitch 80 is shifted to a | ow | evel
to reduce the - 14 15 fIf,'r ?0~7 energy released by the fuse expl osion
to thereby reduce spatter. This concept does not forma part of the

i mprovenent constituting the present invention, but is a part of the STT
wel der used i IFIGURPLEiserwieidgdigech sPatirait SipoRsgsLniighd Yepnésenativeldhe stick
pfesent invention senses the length of stick out or electrode extension a
and cont rooit gsigg @schemne digferant thandRustgtediin HKsURE)3; control the ampunt of heat

generated by the wel ding proce oIVI g r (b) detect the
position of wire 10 as it _rmve?_%f'L _ e¢1§ﬂp§£!ﬁ[§%ﬁ\ﬁﬁ&gﬁ spaced walls of the

j uxtaposi ti oneglefRiffcSfovit 1hR%rdwinkt eRin ﬁl@_@hé»@iﬁl?i aRRGbVER DU PG e R 3l ratid D8
first aspect of the present invention is primarily applicable in |aying the
r ootS beagreferrpd pmbodindinh gf thehipvaion odlyamp ot foothe heppeed dintiting vent, FAGURE 1

primarily_applicable during subsequent passes fi]ling,the joint where the
10 wire iS8OWSvekishrTequengypldt SETHE R suppik PStier Rassing ¢ giekting guigendi thoaah

to use a cho r..power ; h in, FEl o’ T
e & U SRR BRS8N U Sl o BT,
I epr esenti hppRop i@ wire FecdbiClH (1818 tkfeSrdn®k spBESPobE 1 9k1Ca 108 dbitdtehingd i e kasggl
i n Bl ankenship 5,351,175. Either type power supply uses a wave shape

control 3fthempwenshpndess adiusied bynthe npsratorf apregipmmer. dgolderel diacomested e tazminal
| evel s as,,illu ted b nt contral 32 .15 to provj t wave .shape.
shdfin 1 n 2oEHDE PoRsipp P B RRC apF b ekt W iRglscD sblan By
whi ch mayedigngl 2DDHRE sEEPRST BledbC cBYnt bﬁls@ﬁ‘&%rrﬁfﬁe@b#r B %ﬁpr@ﬁﬁa‘%_@ wav@ ﬁhéf@'clré‘ﬂ?
102. This line voltage'is first rectified to a DCTink that inverter 100
swi t ches 38thazinggiagturmesttoentrol 32r el en eutputr3Ré fir adpmting thi icarnenit of § veldmgeéyela. €this

enbodinent,,is an STT short circuit wave as shown in FIGURE 6. As an
addi t i onafistment; of ERERHFAN IRVPRe1ghanges 4n fipe maxigusg crIre; p%cwenazbackground

schemat i i) r in . . . A0:

heat n 1507t WA S Bl 6 it R oF bR RV 3P @ o
sygsem aggppies.aAh@xitphg veledge isizgnelSon 1B 3utviatiészduigig @ Wdld sydeteebnilob tHershals: dfake
pi pe welding in renote areas, the need for shielding gas is elimnated.
This is &HTehbarvesgelechodarrevireband wakpiresnid. ofhetineeniien isused ethiengiahbetygen

rel ates t he cancept of (a. SUr i the. sti Q rode

ext anet o3 PR AGERYe SokfleRT2 1A RReb G bhffichy R fr FEb BREE pies
the root ppRsise tHe Fathé e piFd ScidhsIROInAlanAPen 1B jdiMOVhdréby@E pR&dIe bR Be AUBES O
the plates. As will be explained later, the neasurenment of stick out ais

al so apptieugper lavel ofparknisce b2 Wh¢ distanescbebaesn hotder f 4 and theaudélsrorvpaskpiece 12
di yergin i de lls o he -15 Z ~ gocr zooz. joint. when filling, the s e
betleon fhe etk oronihe freidie mrdsss, DS stk oo eRehpion AP pt Fearper
simlar ' ' ; vg18.0 i cREh i
L o 510 PR Bk, a1 0 e S AEHCH Gl
adj ust oprazass sachteudet drethe poafoeet enpmidirens.t Othler kndwir daditncpnmaeBuduwirgigich obt 0

sec start UF by an operator. To acconplish this objective, stick out 5
measur i n§ éfeckade extonsipny qspecdallowWhe ather WpreH Pt Bgking cyqleseare aped.\\fihg ftick out

vol t age i . j | 4 C

used ' FRASEREFrbSuIL IR IR, BT CirRbubti Burih oG
vobsage afdr ﬁl!éﬁﬁ?iﬁ% técHhiga8s dotld AR sfich aERQBGHiAY ¥ Qfendy MeSRAAS dbHEe Mstadled
STT wel der using the inverter showmn in FIGURE 1 A Arc voltage Va is

moni t or eth EIGUREI23.13ihcarfdavas5,085826G conchitraes aapdewnahop80 higir Hegence powenr
126 by operation of software switch 12 [ short 10 periqds jmedi at el

af ter t h8URRBalRisRAWRY SHDP Y illugrate %Fﬁ@fiﬁ@ lsﬁ%\xkf: PHPRICEORERP BN ths Presynt
practice, the delay after the break point is about 100 m croseconds. Switch
128 is closed between tines T3 and T4 during the short circuit condition of
the welding cycle. Switch 128 is closed f9or a time |ess than 500

m croseconds and preferably approxi mately 300 m croseconds. Upon cl osing of
the switch, capacitor 130 is charged to create a voltage on line 122. This
voltage is representative




1 S of the running average of short voltage spikes or slices. These vol tage
spi kes occur when wire 10 is shorted to the nolten netal puddle %2%0
Consequently, the voltage on capacitor 130 is proportional to sti‘c (Judon
because this voltage is nmeasured while the current is the sane magnitude
cycle-to-cycle. Thus, voltage Vso is representative of stick out a. O
course, if other welding cycles are used, stick out voltage can be neasured
by a variety of circuits specific to the particular type of welding 20

oper at i omngitiog. Oeck higeflequendy sntchipdovdr sapplizgiate Bstdifor Ele@iREwtdigitidrdae
directly responsive to the voltage in line 122; however, the voltage on.

thi s | i nbeiweenatireoldl andgbnmoben agtabpuddiein ajeint hetfeen hwo platesk Pouter senply P8 is a

I troll.ed by oth t , he_.di t f t ire, t
Composi 1 PBCHRE dRbeqryice FRUEFRPLbeyT 107 Snd SR e Bt ol ol g S
to name gddlitor YOS stailefElor Bitbidghalilt, RERE S ABRLLGALEOR dofivéid £00h s down

However, the "stick out” being nonitore use I nventi on has
ot hér conbopders myd pevesenst €ogrol Vink ¥aghapes the aEpit2Rreotr pudseewitke shlet cusém guies
certain l.d wire may be_a di fferent value than the voltage for the sane
stick oufaYiBAGEHe F?P%PA’GS R¥ ﬂf“Wé‘B&F%B?t%@r Lonrinenty, G Gliess o Uand? (rdi@sape
vari abl eg,;gfd,fife &??&jcdrﬂsn{ %\}1 esda%%{ijﬂ} Céa?@tfﬂ&(ﬁx QARG 5B at ﬁﬂg};}fﬁ{e Sotashler 187
S 0 ct z00z neasuring a voltage I ndicative a represen ive stick ou
and vari RHkze InHidmbher, tehgtldingonpenenbugivwira g0 & @peeildd by theleltdpe caratmt iig.
In view of these necessary variables, a circuit as shown in FIGJRE 2 is
sonet i med4 foswahshepe tirasti30, which ein¢ujt is dhgatedin Stava 0@, B46 andneincorporatgsd tvh

i 11y | ength it but_al he actual . f th t |
dutfng prechmester T pravigeonrafiof Yelast ingardt s Deevelaet i5shethe uPhe
cont 1ol g} enat amplife6 bASIEHriABY 4ifked bl a2siael 6A32ARb0arE of RrkIID kit 70 is

inputs of nultiplfier circui ich’is, in practice, a software

mul ti pl i eperhtaditopnamteinilingdn atlBf vdifaghby thetvodtagesen hoged3t Tiekinput oflepiar aglifier
conbined with the arc_current neasured . at, a sel ed time in the weld,,

cycl e. Tﬁiﬁ”gs, "EF Keltagsiaf hgouinyt of %ré“‘igév V‘ﬂg&%ﬁ@%lgﬁ%ﬁ%@ygg FVighesiwied B 4ne
vari abl e | 4G Uj i I 0
cont rol ?Egngga a@%k@%ﬁﬂyﬁkfﬁﬁ?§¥§£¥ﬁ§ﬁégﬁbF%%@§§¥ﬂﬁdﬂgg% ?ﬁ?ég%ﬁﬁﬁﬁﬁﬂﬁg
3218f t hef e prasert invedndbmoTiRaburent driwn Bemused agiplifiergoacoareBithd coltupe dppiged by

process, a start up circuit 140 is used wherein software switch 142 is
cl osed flinre ¢ tspylppwiith medulatordfdorqonirplling thawmagmiivde ftheyrarient pilsss crqatpd tys

Char ges. G B BEE TR moA U bRl g P R A RE TSR RB P et Bt e

the wel digghéwelif the upp@ciurés!of BGURENS. Ubrtidal L ®pebd®dhé rhgill @wlnf pilsdshe
total process. CGrcuit 140 also includes software switch 146 which swtch

i s cl osi eapstitutingghe S Tpwagmshabe ocbe HIT seeldes utilizes Bspatier eaptusl coaiit 7@ ahich is
C citor 150.i.s charged to a volt i ndi cative e pl asma .hoost
w8 age RTAEACS TP OE Gtk e tie Aoy S apd gt 2 e BFATRGAGS Geeed by o
Sanpl e Wdh%l—éﬂn&iiﬁ&rpbﬁcu@ﬂﬁ REIES 1dgEo BhiRY En8GBORT! ERRACHIWE: switthOsD non-
output line 154 directed to the input of en -or anplifier 160. Error
anpl i fi econiGetiverienteiateln beforea fusé Froadated nuting e stidtOcropit oppinth pula¢ of ogitvereweld

reference wattage jn line 154 and the acjual ttage in line 136. This
error si Qs Qperation af swalsh &P phanges fb@’a‘kil rVYe\é\ﬁPB chre | throygh iarf@‘%lh’élglé?t&%qera

boost pui j.tc i S - i i

Ther ear tateRL 2 HohEF edRIs e BeRhieh RneE G 8085 bEnPRENRS Jeyel cyren
sw3 ch 1®2ough £50beer divnltsd. tAethpksi@irduadhditivh 9€ a wHding t@dléls inprbgross, #£0
is directed to input 32a so that variations in the voltage on line 136 wll
adj ust tmeasued didt-eaededs msat valoetotindizate andhpergiéng fhee. dinedegit obBrevEimmediately0
and puddle_12 durin inme Ts-,, T7. At other tjines control 32 follows the
setti ngsS G- RSasteatb, e aiing) copiee 9méwlt9§{5ﬁgs Shiftedie 10y Jovab i Fics e s
adjusted at the start of the welding operation for a preferred stick out.
Thereafter, the -17 25 0CT ?002 stick out is nonitored to adjust the
wel ding current, either the total integrgted current, the maxi mum current,
the peak current or the background current as desired. In accordance with
the invention, the voltage on line 122 represents the stick out a for a

gi ven wel ding process. This voltage is used in the present invention to
shift the weld current to the desired 5 | evel based upon the magnitude of
stick out voltage Vso. The basic circuit representing this concept is
illustrated in FIGURE 3 which is the input portion of FIGURE 2 -that
creates a voltage in line 122 for inputting to control circuit 32 on |ine
32a as shown in FIGURE 1. The measured stick out is used to control the

wel ding current, or at |east portions of the welding current for adjusting

o L, o oy



-18 z ~ are ao~l the short circuit condition. A nodification of the
circuit shown in FIGURE 4 is shown in FIl GURE 4A where divider stage 180a

di vides arc voltage Ve by are current la and is read during the ark5ﬂ6T7m7
condition during tinme T1l- T8. This gives the stick out resistance as the
vol tage on capacitor 184a in |ine 182a. The neasurenent of stick out
voltage is dictated by the wel ding process being perfornmed and the
avai l abl e paraneters for obtaining a signal representative of stick out,
whet her ichergy rolehded 9 thésfasoexplasirstoanaebiReduceSpata. tThe qnhedpe doethe ffrada pant
of the invention utilizes the STT are welder, the stick out nmeasuring
circuit of tis BNproseroent copditnisngathp pesperd inventipw byt sfaparieaf therb b divridar usathinghe
circuit isfknqgn gn&.is gﬁ@laine .in t.he views constituting FI GURES 5-7.
The cur r BRECHRY CPGPIRFAt QLG BEESPYANYHEOBTT wel der are illustrated in FI GURE
6 wherein a : t ' : ]

wel d cycle i \é\elt}g; eétgéggﬁé{l&%}?%gg (}}Q@?E%mvol tlgggu%deslici?ﬁ‘ofl g‘feg[(trghg@? g\?vn%g%gols

i ndiscat i egrrantsdireiit 32i to eithdr (Bpdoneehthihgmonml dftratghadateddlyl thoweldive o ckse Hutidpe
advancing wire and the nolten netal puddle already deposited in the weld
joi nt. UAtPet hgagwr T(h) detret thepositinn ofsvisg i G asnit mayes Bgraliphgtwegn the spacged walls of
current | | i.hdj cat i O . fesulti J I e
pul se 2057 PieBlicRts BReds3BhiR Anp b BieYoihe Behoien SRS, i tts! Bpket S
a | over eeRbhitGhi@fios iORENAdlY abplRable idiapiie thebot hiad M piseweMirge THedkdoRAtaspkt
br eak po?nt 204 is a fixed 5a18e. The gaﬁtch 128 is %Fosedlggtmeen tiné?kTS
and T4 TohtheTgesest inuerdipads primaily iapplicibleisyring sultsequpot pasessddbephggointhere the

br Qb porite Botso Vet St i rhe STrdvan el Pl et OO Girae
vol tage B%%P%\%%grhisssh&ifﬁﬁ{ FIGURB & T RS8R M SO Tised lah infrtbiN 0CitleBitecPatiod&ie

i's | nmnent, pul se 200 is shifted’to the background current |evel at
tinme Ts. 13k asishowntin FEYEREI 1A. Hetaprasedtative inneteF Grohhtentura fol deatrc bwosdldipgisse
e circuit 30 shown in FlI GURE

212 is created_ by _th ve_sha | . This pul se
has a rraséwﬁfﬂ%m Bﬁ%ﬁe&tp 5.ASh! 55. Bither SyRe ROWeF SHIPLY Hseﬁarwsﬁ%@monﬁfﬂ&‘% and

tical ;] i ' tal L
v o 088 AR AP E A P AT S Ay Tt
batkgr oundhrouide &y wave shgebhben RFIGURP 6! Dieyer® 100 had@i poraptiate ithud pdbwer supply,

l'iquefied until a short circuit occurs at tine T9. This is the sanme short
circuit whirhimpnhe ¢ metorgenereel Guhis shownas athres pasyhine volkagadRZ. Whisdinggolsgel e

is thus started.at, ti Is. .The heat. creat.ed in.the | di gperation_ |
dot er m nc sy PR TR B eV By PG OO EHRUES o G e s e SRE5 Y il
times T6impine pldterrddembb@Hentid An BT TCHBH cthieHaltyaschand imBICURERE aks & addition
maxi mum current of the boost pulse 212 or the background current | evel

bet ween td thesinTéntimg wite.1 0By a duixeotddrajedtiode Bars snlrameticallyritlustietedrinttRgURE 1B.
ba roupd current |s the heat i dd] e, i.s changed adj.ust .fhe viscosit
T o D i fiettinde Tt fiioptsaneatl 1 DGR BySrors Dol Haeqicats pbpdige
spi ke or i i s j . L

P ol et andhd <678 GARERS! B tifidtg H i 384 I BBUERTpik wEling in remote

t he i nveakhgithe eed dxqrhildirgl gasds blirinated h&histis skadvahtagointsage r¥siotel ssettbngiofl ¢

by the arc current la to create a stick out resistance Rso. The stick out
resi st an¥@ds shown as pul se 220 in the bottom graph of FIGURE 5. Pul se 220

. | at . . Dol . .
the present i neqreaich il TR RHAAERE T ibiluathe s G 8CERoq e ditfistha
regf st angql @) @sinB €his flchdteridnt FliRobfrbifikg Sdthedten teRodt Padstd alpiiRe Mﬁhﬁ:%weration._
process. They are used in the present 1nvention for controlling the heat in

t he puddThe reet pdwitaednthaledgengl thaplateso s ydl be eXplained laet, dhamessnmoestof stibleow
same val ues are used to control the oscillation of the weld head durjn
filling i %l%aapﬁp%hle Bemaane Gy clsdcae bak 9o dereisbetvacen thy @jergwgt&qeﬁﬁaﬂ@@? tent
is constant between tines T3 and T4, Wich is generally true, voltage

spi kes 210a, 210b and 210c are representative of variable stick out |engths
m n and o in exanples I, Il and Il of F¥GURE 7. The corresponding vol t age
spi kes shown in the chart of FIGURE 7 are used as the stick out paraneter.
In accordance with the present invention, stick out voltage Vso on line 122
is directed to input 32a of current control circuit 32. This circuit is
schematically illustrated in FIGJRE 8. The stick out voltage on line 32a is
directed to the input of a | ook up table, ROM PROM or other nenory device
250, which device outputs a desired current 252 correlated with the input
stick out voltage. Qutput 254 is a voltage indicative of the desired
current based upon the neasured stick out voltage vso. In the preferred
enbodi nent of the invention, are current on line 132 is directed to circuit

”~ ~ - o ”~ o~ ”~ ~ o, oy e




Vso or a stick out resistance Rso. These software diagrans are '
schematically illustrated and can be 10 inplenented by vari ous soféN&ﬂ&iZM}
techniques. FIGURE 9 illustrates current control circuit 30" wherein a
function generator 280 is used instead of the programed | ook up table 250.
This function generator may be analog or digital device and can have an
input which is either the stick out voltage Vso or the stick out resistance
Rso. The output of the function generator is the desired current of stage
282. The jbiaveherdfillihptife sphcdrtweaniicdide walk wig ribirg,nedtd]r BIGURE 2 ilidit@eds adirbult
bl ock or 15 stage 284 having output 286. This output value is directed to

t he cont sohilar toFigune 2aincStard 401,386 orhiels is hsofimos whapem ef haudimiredCirshit tfhe
welder in FIGURE 1. In a Jike manner, GURE,. 10 il L.ustrat a control,

o roa t BepesumRchopl b ihnaloTos e et &0 s b el b e Gtingptiok out
current £ or, i n } i St : :

i anal  on SRS ARIF RGeSO Mult By HEoRebE T Bt Ih S AREIF SN R |
FI GIRES $nheaasatidgciicoililg@isusthat credte heoltdgedn liné 1 2l evhich vodiaps tephesente theXick bet
stick out can be _used as a direct control of the welder., There is no _use_ of
an act ualt ®uingenDG sellingexcle THES prasgssoifedihthe eferpd empodimanbis he STdpaisle

| : i fi d i ned h
out put ot MRS e b Geg R Elhest SR BRGNS | LRSEBuEL Sls Rehitct by el 1T
cl osed | QRiderXisin@Theh¥fer sRowh BIRIGORES AUS Ao vdﬁ&gewﬁxﬁaﬁtoﬁa@m{{ Wt 12k GRS

8-10 are inplenented by software in a mcroprocessor; however, ey can be
i npl ementieet toycleangd capaciitarchBiOtthrough r&istakl 20Uty opesitonadseftwarstsavites 128rfer short

infarmation and is_a pore preci se paraneter representatiyve Lck qu
ColBeque RPN famuneiorior Sie Gek uhet Sftaan ot fioBiGormsvs 1 BB Sewdt, o
Sti ck Oubrdcfid Shaasy M (REbACpERASUPEIEND nbrosécbiibs, Wiitoh! it BB detween
circuit 300 has a | ook up table 302 -21 Z ~p ~r zooz.having an I nput
182 whi chinies T, had Tedlritg the skant ciadliecomtlitiok of tite welding tpele.eSwitbh $28 mlullased for a

nodi fied by a variety of paraneters ch as,the el ectrode conmposition and
si ze, thawpﬁltw%a@r%ﬁ@ §h@rPf@?ifﬁ%gtﬂpéé".x"?ﬁ@é’éog&?l?raﬁﬂ"@%‘%s Himan qlesing ofp

tabl e 302 t.0 .84 £or j 0 : ] ;
these pal iy Gitphl 1Al 1EoRER b 3Rl EAIFLE T 127 Y} Alee X pebieliive
3045 1 n afgerdadiag averhfe éthBoRVOREM spikey Bntlices) Thee sbitapl spikies S¢@n@theh KA 10
stage 304 is preferably digital and is directed to controller 306 of welder
W Thus, istshertedia thomelterometahpudsddmi: dlonssquenily e veltagslonsapacites] Xis praportional
measured,in. accordance, wWith the present..invention. .Circuit 310,.in FIGRE 12
Fol 1 ows. Iy icR@UEheeaRegu v blasedt R s MRl e shii gl doleeSdiie
di rect edThgs, @onag%ws%w%rés@@méw&m St 318¢ chhS ¥ diigh WR1dihS cydiskexe dsday sticke
paraneters shown in FIGJRE 11 to create a stick out -signal at stage 314.
The magnotudeltage dahitse megmedd by adiarietytofctincuits specifsriorthé partic8ibs tygfe afeweldingw
Process controller 316 al so_includes_ inputs .s current,. vqgltage, .tine,
o 20t T o PO T G ST Rl B Rein gy RE S HLER g tiritdPisitg &
used to i e d | ,
irout GRNG e hlfie ey Nt Bl BERAILEY B Sl ptfenf lanlionT by BeTbR L,
by a par e eut, rapriessddt targroNet ebys bihek pardinetets) shbieae thevdisieaerpdthe wire, the

parameter is stick out resistance Rso. O course, the paraneter coul d be
stick outompesitigreoffBowirgibe psistiift of the/ wie peshthe slvplding 288 tacterera fave nfaus, stick

either sfjick out voltage VsQ or sSti out resist.ance Rso. to control .t

el it ng” QR S BredePt ARG s Rl R (' BHRRRERRE mehiiyeh B e e
vebdli Ng BRARESThADIES Q&tfdl'lirlﬁl:ppfaﬁ'i‘&éﬁ' Voltagtha 1€ 2D fRd8e WeideNsin £6@ftn weld
invention is illustrated in FI GURES 13A, 13B, 14A and 14B whi ch show wel d
joint J bétewaen bspadiéidrept stles th thndolRRe fonthpsame istek owtdprgtk i avettier wéldipgpe
sections formjaoint J.. Joint J includes diverging walls, 320, 322

t er mi nat PRRIEGH. geickoxt isypenutiys toafanaklps adasysedn Sy dsscrptiog! 48 oaeners! coneertet
gap is the open root of the joint. As the joint is being welded with the
first pass at the root, changes in the nagnitude of ‘gap g seriously affect
the laying of the root bead by an autonpj4c welder. The present invention
controls the heat in nolten puddl e or bead 340 according to the size of gap
g. In FIGURES 13A and 13B, gap g is relatively narrow Consequently, puddle
340 does not penetrate into the gap. This problemis shown in Fl GURE 13A
Thus, the puddl e accunul ates above the gap to increase the height. This
action reduces the stick out SO between the end of holder 14 and the top of
puddl e 340. -22 ~ 0 () ~ T 2002 Consequently, there is an insufficient

j oi ning between walls 320, 322. In accordance with the invention, stick out
SO is neasured as a stick out voltage or stick out resistance and the | ook
up table, ROM or other function generator creates a signal corresponding to
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-23 i ~~" T 200Z forth, stick out SO becones small at the outside edges
of walls 320, 322 and is larger toward the center. Thus, the St'?KU?T%MZ
shifts froma |ow value to a high value and back to a | ow val ue Wit H
novenent of the weld bead across joint J. Since the invention allows
control of the welder by neasuring the stick out, the invention is also
used as an inprovenent in the mechanismfor noving the weld head back and
forth during welding of joint J. In FIGURE 17, the prior art wel ding
procedure is illustrated. Plates P 1 and P2 are assuned to have a joint J
whi ch imeaudng avelagepodicdivonéd répresenthtivestichvelitandattiatda dithabe Enfihxechppent
gap. The head oscjll ates back and fort et ween points A and B as |ndicated
by ar r WREER SR HiGr FIgIng apgEatign. rfﬁ?‘ﬁso qssrpéaesm Yagi#plesp @ kit PASHO%M A t he
ap re t [
manual e, o ARt ek ACERUALRL M S0 IR SRR, SRRSO
top vi el\angibpexcsttszeabtpramqoethé yctadllagsnddhp ourtdnt Todyping lliaenadgoost at diaelllB3. ThAs, thdre

gap |ncreases o) joint is outset_to e side of _the desired t he
mov emenariable Al f%féw&ﬁ g dhepeaniiebHetsbi Heso iia%ﬁﬁcfnglr\ﬁﬁ 132 #rst 3gr we deet gt %{} Gt ity
wel d. I WhEH t § 3Gy drO1 t

desir eg{ﬂ gﬁéﬁg f ﬂlﬁl¥?$thp pl)%‘gbl emEI;§ :lﬂ earmftlgasg Wnendrf) Hgﬂtglglp?} ?Sﬁi’%gﬁv‘d& e?o%6

dr ast i cahicly 1sothé gedragesstisk owrnvaltage trenthoddt with thearo curwst measBieGURE sé¢l8cted fime in

accorda ce t rese in ent s the weld head .noves back an

Forth e o drtiendRu€ HiseTer 1 Bered Reer won Saiere il coBmogr B vgges ol

ext ens'\%ldi ? pib@sd e Bt §H6%rnQH¢'I@UREr2 EquEchﬁ‘) Yo ﬂB@?@al@Edr}éﬁt e dﬁm%' thé ed
as illustrated in Fl GURE 16. The wel ead shown as der 14 is noved back

and f ornaweppoostpoise.Mo @ashoeantrolda)of @vépsr@d weﬂéng camens ¢ be uehdrdmmg arspedific

not or en the sti ese e de |n ated

"ongt b SEIRER e histl Btk I90 55 WHEREL PTG SRRSO clold BPRERABR e
i nput  afme apar &ldfof 46 weldnes O)'idkersutmﬁﬂfc 14%1msll)adbdm$t5€{ﬂséc©n<& Tk texgfision

representing the desired stick out length X Qutput 452 changes, | ogi c when

the sti%&tagavolggomdine 13Agharsss cappfiter | t%O%th%thICWé@gn&&q ipiapgtart up of

r eVer Sifg 3 ﬁgcgycfét% R %}f@n@coﬂm%gtth@aesﬁ&x 8fidd & f§1‘ | E0a; Wtal ﬂ?oée’sﬂ Cifkaf 14dne
d|rect|on s mot or |s reversed to nove the wel In the opposite
tr ansveaimnd]iudeaoioftwme s"ﬁheh Hdadvhich switck ¢ dbmmdl}rmgrthe plasroa bm@apeleaTe- Tz By
serpentine patt regtion has en ch e a,signal inline
3565 aCTRAIEH GHSAREGR 0t FTEeAS0s PO UER ANGETE & POg emBRore Ratatdar he
Thus, wWasRtddn@ickehicht ek HAREE HERIGESpPEdsE SaniPle arfell Kold bitcuAOR2I1R SR e m@Fe
reverse switch 454 awaiting a new detection of a stick out |ength equal to
X. By -#foss cgpagit@pO0. oot dine 4 Hhdirenkid: teribetipput efiparopemglifiey 18abirrprnararlifissck
and forg Ot

cour s, 69 EREEE bl ek BP1he FoRTr IR I BRHEALE BRI Mk T
gr eat eractiab vatiege indineriéat 'éhis et gdml hshmsed av eostadl tlpnopaak&m&trhrcgﬂy heringatbk

and forth novenent of t he wel dj head, it e desired to | ncrease, or
docr cagiA¥RebONORHIME B Sy 162 DHTRS SRRp: wﬁﬁ%\;ﬁ is gpensd fllfaﬁ%ﬂer fhe: fignalap g

head. @Ralds 1shﬁ@fn%)ht332|3%lf Bérto1 83 wh&?svﬂté‘h%%d@s Q64qe am@ﬁg #he bmsmé b86W phISS TBE
heat is needed in the center of the joint) To acco hi s obj ective,

the ci rsignat irslirsvir60iis diF¢cGJRE ineit B2redotbietsvariolionadaithei nﬁwe Q:!olmerlc3|6 Vaﬂaﬁdmatatbe In
branch 460, swi.tc o] es the.stick out naI h.a. signal. i i, ne
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starts a downward increnentation of input heat byﬁgradually r educi ng t he

cur r entcontiplol?gin adinistedhatrtbartart phige wgldingrperadin f¢g|a prsfgrredystigk wut. Theseefira) the 76
for adjusting current of the welding process. In a |like manner, branch 480
is activated by closing switch 482 that conbines with the val ue on |ine 484
to control conparator 490 so that an output signal is created in line 492
when the stick out is less than Z. Thus, as the weld head noves closer to
the edges, the heat is increnented by 1ﬂcrenent|ng current control circuit
494 to increase the current signal in line 496. By using branches 460, 480,
the heat created in the passes after the root pass is controlled by the
stick out. The stick out decreases when the weld head noves close to the
edge. Thus, the heat is increased. As the weld head noves toward the center
of the joint, the heat is incremented down. This aspect of the present

i nvention controls heat, but is not used to control the root pass in an
open root wel ding operation as described in FIGURES |-14. By using the
direction reversing circuit 440, the weld head will track path P even when
the path is curved as shown in FIGURE 19. As the weld head noves al ong the
path P, it reverses dlrectlon ~upon reachlng a partlcular outboard p05|t|on
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- 27 ~ 5 ~f:7 7.00Z Having thus described the invention, it is cl@ ZW}
An electric arc wel ding apparatus for depositing nolten netal fron1an
advancing welding wire into a weld puddle in an open root between two

j uxtapositioned plates, said root extending in a welding path and bei ng
formed by converging walls termnating in generally parallel walls spaced
to define a gap, said apparatus conprising: a contact holder with a wire
outlet, a switching power supply directing welding current to said wire as
said wi rséw}s@yts@snm@mdsrana@luwge weldinggrrants eifher thedetal isteithtedruaigal, Hy nwdxiraum

def trode st ut bet d t hol d d said wel d
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nmeans for adj u 3|
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wel ding current "of different levels to pass through said welding wire in a

successitorgoofrolbkdvalding pelrers, orat dénstportenscofited weldgnggurteas for radjuatingngeaam the
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said nolten ball fromsaid wire to initiate a subsequent - arcing conditiaon.
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power supply sung ing curr erent l-eve
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wel di ng cycles including an arcing condition during which said wire is

sdéced fcpamlb as dthpumdﬂaetanmasea@nemggnt acpﬁpun'em tv\chesat wplta@ef tsr rsing  mohsueed.

nmet al on t CIIC ndi ti. ur in
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breaking said nolten ball fromsaid wire to initiate a subsequent arcing

condi t i @esistBnceirwldtle parainetearic awmbrti anguratepfor aookolasf thefweldihgi procdsai ifitigk out

wherein said wife,is flu ore.wre.. -29 7r ~1 ('.~ 7. 807 An
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f or nmeaglrouphotihthis\debdription,| sticle but racane sticksoat doltage destick out resistance. The terms are

used interchangeably in the implementation of the present invention. Current circuit 32 has a first
input 32a for the stick out voltage and a second input 32b for stick out resistance. To assure that the
voltage on line 32b (Rg,) uses the same current as used for measuring the stick out voltage, the
25 switch 128 is used to charge capacitor 184, as shown in FIGURE 4. The voltage and current
introduced to circuit 180 are voltages and currents measured during the same short time period of

less than 500 microseconds and preferably about 300 microseconds directly after the break point in
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and puddle for a short tine at a precise tinme during said short cp§@aitn;
condi tion and neans fox using said neasured voltage levels to create a
stick out signal representative of said stick out length. 8. An electric
arc wel ding apparatus as defined in claim?7 including neans for converting
said representative stick out signal into a resistance signal proportional
to the resistance of said wire in said stick out length. 9. An electric arc
wel di ng apparatus as defined in claim8, with neans for controlling said
swi tching power supply with said resistance signal._ 10. An electric_ arc

vel di ngthgspart skert eendiion; Adpodibcaipn phibe oicwih shawana FIGUREShis dpwn g FKHIRE
swi t chi . | .Saj | ty Sl 3,0 =~

T A SRRAPEERPRAG s b SRS b Elbe WPl Bhen 10 i e oy fd ol SO
sti ck otdnditagiufing @itsd TG Tl Thigigiveks figd stttk Sous a¢kistdnog asTeRN®Ith@S ofMeaBtitdrnig44 he
vol tage | evel across said holder and puddle for a short tinme at a precise
time duliling 1883-d short circuit condition and means for using said neasured

vol tage | eveli[g-e t)r%a erFIglE o sl 6k \%F%g%ezflgs%&heé %?rtﬁe's&E'lt(lg%}p\{'gcegg b f?écger &An%

out | ength. n ctric arc we appar atus as rned rn aim
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resi stance signal proportional to the resistance of said wire in said stick
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means fdarcugdnknodd amdis explained in the views constituting FIGURES 5-7. The current and voltage
curves for the STT welder are illustrated in FIGURE 6 wherein a weld cycle extends between times
To and Ts. At time T, the weld cycle is repeated. At time To, the voltage V. shifts to a low value
indicating a short circuit between the molten metal ball on the end of the advancing wire and the
molten metal puddle already deposited in the weld joint. Until time T1, the current is maintained low.
Thereafter, the current is controlled as indicated by pinch pulse 200 resulting in voltage pulse 202.
At break point 204, occurring at time T2, the current shifts to a lower controlled slope for the
remainder of the pinch pulse. Current at break point 204 is a fixed value. The switch 128 is closed
between times T3 and Ta. Time T3 is delayed from time T2 by about 100 microseconds. This provides
a voltage pulse 210 which is relatively narrow and is created near break point 204. Thus, the weld
current is always at the same level when voltage pulse 210 is created. When premonition circuit 74
indicates a fuse is imminent, pinch pulse 200 is shifted to the background current level at time Ts.
This current level is held until time Te when a plasma boost pulse 212 is created by the wave shape
circuit 30 shown in FIGURE 1. This pulse has a maximum current and then a tail out current in
portion 214. The vertical lines represent the high speed pulse from switch 50. The tail out of plasma
boost pulse 212 is terminated at time Ts. Thereafter, the background current is held to maintain the
molten metal of the ball liquefied until a short circuit occurs at time Ts. This is the same short circuit

condition that started the cycle at time To. The next welding cycle is thus started at time Ts. The heat

created in the welding operation is determined by integrating the current curve
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said swi tching power supply with said stick out signal. 15. An elff ric arc
wel di ng apparatus as defined in claim3, wherein said short circtfi %Trlﬂﬂz
wel der is an STT welder. -31 2 SQCT 2002 16. An electric arc wel ding
apparatus as defined in claim5, wherein said short circuit are welder is
an STT welder. 17. An electric arc wel ding apparatus as defined in claimd4,
wherein said short circuit arc welder is an STT welder. 18. An electric arc
wel der as defined in claim1, wherein said plates are the cylindrical ends
of pipe sections. 19. An electric arc welding apparatus as defined in claim
18, whereaweensimed T and Tos This fheafcan be eonjjotled by ghanamgdhepeakios magximyye cdireny of
appar at

ST ol HE3BsgBiee 2% of o Pskbeoi BPERC P e Brbeebiin gt Bppar avu 3R nbals nod

in cl ai fihdmushead? 15 adrdths kg &iddCdbinent IS théehede in pSddd id BRHREEE 0 adjust the
viscosity of the molten metal. Pinch pulses 200 and 202, together with the voltage spike or slice 210
are schematically illustrated in FIGURE 5. By accumulating these spikes, the stick out voltage Vso is
created for use in the invention. As explained earlier, the stick out voltage Vso is divided by the arc
current . to create a stick out resistance Rso. The stick out resistance is shown as pulse 220 in the
bottom graph of FIGURE 5. Pulse 220 is accumulated to give the instantaneous stick out resistance
for use in the present invention. Both the stick out voltage and the stick out resistance are indicative
of the stick out length during the welding process. They are used in the present invention for
controlling the heat in the puddle, especially during the root pass of the welding process. These same
values are used to control the oscillation of the weld head during filling of the joint between two
adjacent plates. Assuming that the current is constant between times T3 and T4, Which is generally
true, voltage spikes 210a, 210b and 210c are representative of variable stick out lengths m, n and o
in examples I, IT and III of FIGURE 7. The corresponding voltage spikes shown in the chart of
FIGURE 7 are used as the stick out parameter.

In accordance with the present invention, stick out voltage Vso on line 122 is directed to
input 32a of current control circuit 32. This circuit is schematically illustrated in FIGURE 8. The
stick out voltage on line 32a is directed to the input of a look up table, ROM, PROM or other
memory device 250, which device outputs a desired current 252 correlated with the input stick out
voltage. Output 254 is a voltage indicative of the desired current based upon the measured stick out
voltage vso. In the preferred embodiment of the invention, are current on line 132 is directed to
circuit 32 on line 32¢. In circuit 32, the arc current is integrated by integrator 260 between times To
and Ts. This gives the actual current 262 of the welder for a welding cycle. Consequently, the
voltage on line 264 represents the actual current which is one input to error amplifier 270. The other
input is the desired current on line 254. Output 272 of amplifier 270 is the output 32d of circuit 32.
the voltage on line 32d controls the actual current during subsequent welding cycles. Thus, as the

stick out
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22. An electric arc welding apparatus as defined in claim5, wherein said
short circuit are welder is an inverter. 24. An electric arc wel ding
apparatus as defined in claim®6, wherein said short circuit arc vvelzdﬁwl?n
an inverter. 24. An electric arc welding apparatus as defined in cld 12002
wherein said switching power supply is an inverter. 25. An electric arc
wel di ng apparatus as defined in claim?24 wherein said sensing circuit is a
software algorithm 26. An electric arc wel ding apparatus as defined in

cl ai m 18inohekey, theinat iSRRG ddckdabdst This iavered felioBstap EOprbtatied Bto3look dp ~
~ C T 2002 27. An electric arc welding apparatus as defined in claim®6
wher ei n tehled e n¥awngshape cmguit 3G foams Hfetanement wdvgohapeanshogn imRIGUBELG usingthe
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from an advancing welding wire into a weld puddle in an open root between
two j uxtlasssionne seders|laisadjusteditd madgeingdle dasdehbeat in puddie Wi.ng path and bei ng

0TS, DY OB B8 S TG e R BSRTh bR HAS ol B bt BAER
controlling electric arc welders by the stick out length as represented by either stick out voltage

Vo or a stick out resistance Rg,. These software diagrams are schg:matically illustrated and can be

10 implemented by various software techniques. FIGURE 9 illustrates current control circuit 30'

wherein a function generator 280 is used instead of the programmed look up table 250. This

function generator may be analog or digital device and can have an inpui which is either the stick

out voltage Vg, or the stick out resistance Ry,. The output of the function generator is the desired

current of stage 282. The level at this stage controls the welding current as indicated by block or

15 stage 284 having output 286. This output value is directed to the controller of the arc welder, such

as the wave shape circuit 30 of the welder in FIGURE 1. In a like manner, FIGURE 10 illustrates

a control circuit 30" using a programmed look up table 290 to create a desired current at stage 292

for controlling the current adjusting stage 294. The signal on output line 296 is directed to the

controller of the welder. Both FIGURES 9 and 10 indicate that either the voltage or resistance of

20 the stick out can be used as a direct control of the welder. There is no use of an actual current feed

back. These embodiments of the invention are open loop controls where the current is an absolute

figure determined by the output of function generator 280 or look up table 290. In practice the

closed loop system shown in FIGURE 8 is used. The systems shown in FIGURES 8-10 are

implemented by software in a microprocessor; however, they can be implemented by analog circuits.

25 Stick out resistance contains more information and is a more precise parameter representative

of stick out. Consequently, welder control systems shown in FIGURES 11 and 12 use the stick out

resistance Rg, as the measurement of stick out. In FIGURE 11, circuit 300 has a look up table 302
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(a) directing welding current to said wire as said wire advances tdvﬁeﬂ[q 2007
said root; (b) sensing the length of said stick out of said wire; and, (cg
adjusting said welding current as a an inverse function of said sensed
stick out length. 32. A nethod as defined in claim31 wherein said sensing
circuit is by a software algorithm -34 2 ~ 0 CT 2002 33, A nethod as
defined in claim 31, wherein said weld current directing act is
acconplished by a short circuit arc welder conprising a D.C. power supply
for causing a welding current of different |evels to pass through said
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these parameters are used to control the welding process executed by welder W. As in FIGURE 11,

circuit 3 10 adjusts the standard controller 316 for electric are welder W by a parameter representing
wire stick out. In these two examples, the parameter is stick out resistance Rso. Of course, the
parameter could be stick out voltage Vso.

The present invention employs stick out length, either stick out voltage Vso or stick out
resistance Rso, to control the welding current for adjusting the heat in the puddle of an open root
welding process as used in pipe welding. The advantage of the present invention is illustrated in
FIGURES 13A, 13B, 14A and 14B which show weld joint J between spaced plates P1 and P2, In
practice, adjacent ends of pipe sections form joint J. Joint J includes diverging walls 320, 322
terminating in generally vertical walls 330, 332 defining a gap g, which gap is the open root of the
joint. As the joint is being welded with the first pass at the root, changes in the magnitude of gap
g seriously affect the laying of the root bead by an automatic welder. The present invention controls
the heat in molten puddle or bead 340 according to the size of gap g. In FIGURES 13A and 13B,
gap g is relatively narrow. Consequently, puddle 340 does not penetrate into the gap. This problem is
shown in FIGURE 13A. Thus, the puddle accumulates above the gap to increase the height. This
action reduces the stick out SO between the end of holder 14 and the top of puddle 340.
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-36 |J ~ ocT zoo2 39. An electric arc wel ding apparatus for deﬁc?sﬂ&ﬁlﬂy
nolten nmetal froman advancing welding wire into a weld puddle in a joint
bet ween two juxtapositioned plates, said joint extending in a welding path
and being fornmed by converging walls, said apparatus conprising: a contact
hol der with a wire outlet, a switching power supply directing welding
current to said wire as said wire advances fromsaid outlet toward said
joint, said advancing wire defining an el ectrode stick out between said
contact hol der and said wel d puddle, a circuit for sensing the length of
sai d st¢cu1¢sewntly,atrhdxermamxsmtsmﬁﬁcreetjnmmng bsezfednvwadlhlﬂ@ 3d2.r binaccotdanceswitly the
sensed .sti engih. exceed i.ven va ue. ar at us, as ,def |ned
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algorithm 42. An apparatus as defined in claim39 Wwherein said sensing
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joint, said advancing wire defining an el ectrode stick out between sai
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head antoit laLrSulsabld pM)deEs Mﬂaﬁﬁbd&ahdl BHRIBESTT elektrioute Weldel Of tourses thiedpebntion a
gi ven val ye at the edge of ' said joint and neans for repeating said noving

step aloglbgaised yithrothss slectriceargi weddars. grisrahpdhe sicksat ds pepairgdogndoiie cutgery is

wel di ng & tl%ll 5 ko6 tRAhLEIRd st oufiPPar atus as defined in claim45
wher ei n“‘g%egy s% tc (?noggfgoérgtsup%ﬂ%y&fig an inverter. 47. A nethod for

deposi t| ng malthmrghm il erftioo s Iamtltaxlhrb!rapph@blmb dhying the roet bmlonmmtell, dcgtudsﬂ e
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wire as said wire advances fromsaid outlet toward sai oint; (b) sensing

the | erfgbsequent passess theoneldbrad rovea helder ddrangyeesely(kapk prdiioethiga SHPRILAR PaifeYy
current, \WeReiAldd REREEHotid Bkt SUE AENPE BecBYSEETTedd HAKER: RLME P1, P2. This

transverse action is schematically illustrated in FIGURE 15 where weld bead 400 includes an upper
molten metal puddle 402. The weld head is moved back and forth as indicated by arrow 410 to lay
metal in joint J to join plates P1 and P2 as shown in FIGURE 15. As holder 14 moves back and

-23-



48. The method as defined in claim47 wherein said directing act |s
performed by a switching power supply. -3 8 50 CT 2002 49. A ﬁétﬂlﬁtﬁdU(IZOr
depositing nolten nmetal from an advancing welding wire into a weld puddl e
in a joint between two juxtapositioned plates, said joint extending in a
wel di ng path and being forned by converging walls, a contact holder with a
wire outlet, said nethod conprising: (a) directing welding current to said
wire as said wire advances fromsaid outlet toward said joint; (b) sensing
the length of the stick out of said wre; andkgéc) i ncreasi ng said wel di ng
cur r entfoythestick aiugl SOchreseiess stialkatgbe obtsidgeAgdsfiveadls 32hai?2aangi ivgmgcratb\ue:d th0.

Ime T e SRR B, SR A AT S SRR A B

f r om anmeebhane of gheVwerdi Bad ecFoSs dihto]. Bindel ttle Ridelion bllows E@itidl ob @leMREldert MO
juxtapositioned plates, said joint extending in a welding path and bei ng
f or med 1sasung, be gHelgowaibe snveatianois ke usddols @ Ampovpmentyip the roephpism feraheving

advancdi PeliadPirlb et Ear 4% BUPH £ (D) seneing the length of the
stick out of SPICURE 1% thé o BVWEIBing Pretedrt & llstPatdll, PRPest 1! SAH20Re assumed
transverse to said joint; (d) reversing the direction of said wire when
sai d sdndede 8tiviok] which|ie aerurptdly positioned in a fixed weld path and has a fixed root gap. The
head oscillates back and forth between points A and B as indicated by arrow 420. Assuming joint
J remains aligned with the proper path and the gap remains the same width, adequate welding can
be accomplished without manual intervention. This prior art concept is also shown in FIGURE 18.
The top view depicts a properly aligned joint to produce good results. As the gap increases, or the
joint is outset to the side of the desired path, the movement of the weld head between points A and
B will not produce a quality weld. Manual intervention is necessary to track joint J to effect the
desired weld joint. This problem is serious when the gap is too wide or drastically offset as shown
in the bottom two views of FIGURE 18. In accordance with the present invention, as the weld head
moves back and forth in the manner shown in FIGURE 15, the stick out or electrode extension is
measured and the operation of the weld head drive is modified as illustrated in FIGURE 16. The
weld head shown as holder 14 is moved back and forth by motor M. Circuit 440 reverses the
transverse direction of motor M when the stick out reaches a preselected magnitude indicated as
length X. Switch 442 directs a voltage level indicative of stick out to one input of comparator 450.
The other input 444 is adjusted to a voltage representing the desired stick out length X. Output 452
changes logic when the stick out reaches length X. This logic signal change activates reversing
switch 454 to give a direction reversing signal in line 456. The direction 458 of motor M is reversed
to move the weld head in the opposite transverse direction. The head is moved along joint J to create
a serpentine pattern. When the direction has been changed, a signal in line 458a activates direction
control 459 to change the logic on line 459a. Thus, when the welding head reverses direction, circuit

459 resets the reverse switch 454 awaiting a new detection of a stick out length equal to X. By
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reduced to a given value at the edge of said joint; and, (e) repqpqppgé@?id
nmovi ng act alternately in opposite directions whereby said wire follo g
said welding path in a serpentine pattern. 52. The nmethod as defined in
claimb51 wherein said directing act is perforned by a swi tching power
supply. -3 9 ~5 0CT z002 53. An electric arc wel ding apparatus for
depositing nolten netal froman advancing Welding wire into a weld puddl e
in an open root between two juxtapositioned plates, said root extending in
a wel ding path and being formed by converging walls termnating in
generally parallel walls spaced to define a gap, said apparatus conprising:
a contact holder with a wire outlet, said advancing wire defining an

el ect r cdlesing pwikchotf2, Bt weldimg dradi moves beck and|forsl acnash jomit d asghel weldadl process

short circuit arc.welder for . causing a wel din rent .at different |evels
o paseFVRPalet 6 E QB Famity KRR Rl o8 B0 PSSPty el rel gk,
of sai @o%?ﬂht@ﬂdfé%ﬁ&@fs dréue skt BerPRe ¢velsad pSRRADLHAN tH Wab R @ndVidrhm&PdntbniM 1 €
is spaced from said puddl e where energy applied to said wire forns a nolten

bal | orefithe veadding thearhiiti malyrke dasitedh tes insraase or derease dhelewpownt efulbdahgt didfersht
said met al

2, MOS0 SR e DR e SRR R

br eaki negsse@héht iEPhdeEd Rdhke cbitendb Sk Goidd, R, aciBrapisshi tBis obRBE)Ghd bigcultr BEWERCY
of said welding cycles and neans for adjusting said welding current to

mai nt aifACGEHRE 1 6 msbdes twoeadditionyl aeatie! baanghese fin branehed 605 avitch 62 compares therstick

wel di n ! USs_a h I l.al i ! i | S re
wre OERRAANURS SEpfiTh 1RETed By, BhBliats 41O R Bk o PR gl
wher ei i gatldngioged as iy aWignahhpewslifl@ttpus4 2 ofSdompaedteled 70, This shartsed doinviaed ar C
wel di ng apparatus as defined in_claimb55 wherein said welder is gperated at
a frequBeRreypien ef 1npHh heal fyygradyplly psduceg thArF“élleébEhF?‘thaﬁncmWéPHPh‘tﬁ current
appar at . j i i : { | e i t ‘ is
SPPaTT UaBRePeld BV o phl AFIGSsMRE TuAoRATnG WRlding ploCtls L) TERE, 2
def i nedranchci84iisma&ivateddryedlosisgaswitohed8@ahati combpees atithdhavalae bn digadfd yo gondat er

(1 S A0 5 B2 PSR 560 ML 08 ARBUR o8 S LS. e

el ectriag tid weMeletd ROvENGEeRioUbe adzeslahd Ra id iciehmehted by inthandtifig Saidht valtder

'S circuit 494 to increase the current signal in line 496. By using branches 460, 480, the heat created in
the passes after the root pass is controlled by the stick out. The stick out decreases when the weld
head moves close to the edge. Thus, the heat is increased. As the weld head moves toward the center
of the joint, the heat is incremented down. This aspect of the present invention controls heat, but is
not used to control the root pass in an open root welding operation as described in FIGURES 1-14,
By using the direction reversing circuit 440, the weld head will track path P even when the path is
curved as shown in FIGURE 19. As the weld head moves along the path P, it reverses direction upon
reaching a particular outboard position in joint J. The reversal is not at a fixed point as shown in
FIGURES 17 and 18. Thus, the present invention can be used for scam tracking even when there is
no open root. The diverging sides between plates P, P2 are used to define reversal points.

FIGURE 20 shows an operating characteristic of the invention. Curve 500 has a first stick

out voltage at about 2.0 volts until section 502. The stick out voltage then shifts to approximately
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operated at a frequency greater than about 18 kHz. 61. An electric arc
wel di ng apparatus as defined in claimb53, wherein said short cir@dift('1

wel der is an inverter. 62. An electric arc wel ding apparatus as defined in
claim 61l wherein said welder is operated at a frequency greater than about
18 kHz. 63. An electric arc welding apparatus as defined in claimb53
wherein said welder is operated at a frequency greater than about 18 kHz.
64. An electric arc welding apparatus for depositing nolten netal from an
advancing wire into a weld puddle in an open root joint between two

j uxt apodidtvodimetisegtien &4, Thigicurve oenrespets ity dperatied obihe poasertrigyentjomalhe sveld head

t i nat i i | | | el || d to.defi d

appar at TS PHUPRRF NG Perieele e 1P DsghriRaRe feaspegan 8GR by B Rsidha
to the $t4has @Wbcdn8@Meiht, Fhichhe1 MidcR haghdr Masl BieieRht f AAHIES00. hFhéiaaEs chigsai d
puddle in inverse relationship to said stick out signal. 65. An apparatus

as def i weguddie deighhroeys, Whee siédin ogtadrestisally kedvoes aridgthel stick cut woltageges reduced
proportional t he.stick qut.length, -41 ~ 5 0.(. T Z00 66., An. a rat us
DRt | PP rheaged Vel AL e B o B 47 givagety BRqiai agn VEIES
propor t d@hedses ThishBvedel relktidhipi® plefek AN € strfght 1B, RNRIER Lt ¢En B8 2 IBIVE REEbtAIRA
claim®64, wherein said wire is a flux cored wire. 68. An apparatus as

def i nedanyndesired eff@4 Adedreegrapk & showp puFEIURE 2 hdurdes] Oshews thelstipigogombiage as
supply far ting said wr S, .1 _ady .d said joint and said .
o © o 8 lF bR bicudel TR plle AT VARDED, SN OP B b bkl Al ey

KHz. 6%ltiAfatedy eedchésCthé iy Widkdoud Gndiqapalr it the vialtle XIETIOS bhiseda idleksaNatpimI512r om
an advanci nge wire into a weld puddle in a ILOi nt between two juxtapositioned

pl at es, WiHithe Veldhead wsachss thewppesit divgTaing wall dnkehyees, the stick o peackasgdigh level

D el ol . o e :
I nct udi oigy i’ﬂ%gﬁnéﬁ: &g@%@rdp}g*r‘ffﬂnq J,aa%@;nﬁ%agmt %ti‘fﬁrj(gmt is ﬂH?éﬁ%EtﬁxﬁlaYlﬂﬁl%&’%ﬁth?@de% of

joint in a gener i ne ‘patter Irection reversing at eac
sai d simetaldlires SH repasiutsithgerabodimert of the ixveatiti whereinghe stick out is sisglnaleverse
oy 0P 1 OB Lo e ot e U el R, SO ARl Serlor reverzi o e
val ue. tracking and filling joint J during the subsequent passes in a pipe welding process. A third graph is
shown in FIGURE 22. Curve 520 is followed when all three switches 442, 462 and 482 of FIGURE
16 are closed. As the weld head moves back and forth across joint J, the stick out voltage decreases
until the direction reversing point X. Inbetween the reversal points, the stick out voltage gradually
increases and decreases as shown in FIGURE 21. When the stick out voltage reaches a level Z at
point 522, the puddle heat starts incrementing up by increasing the welding current. This
incrementing of the weld current occurs in area 526,0f curve 520 until point 524 is reached. In a like
manner, as the weld head moves toward the center of joint J, the stick out may reach the level Y at
point 530. As long as the stick out voltage tends to increase above point 530, the welding current is
incrementally reduced to reduce the heat in the puddle. Area 534 represents this action which is
retained until the stick out is reduced below level Y at point 532. Thus, weld puddle temperature

control can be used during subsequent weld passes in joint J. However, the basic advantage of the

invention is set forth and explained with respect to FIGURES 13 and 14.
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70. An electric arc welding apparatus as defined in claim®g9, ingl :Tngl
means for reducing the welding current through said wre when sai Q%
stick out is greater than a given high value. 71. An apparatus as defined
in claim®69, including nmeans for increasing the welding current through
said wre when said sensed stick out is |less than a given value. 72. An
apparatus as defined in claim®69, wherein said stick out signal is a

vol tage proportional to the stick out length. -42 250 f: r ?200z 73. An
electric arc welder for depositing nolten nmetal froman advancing wire into
a wel d puddl &haskpen fpendidpt thaehonéngrigeqerayrie Ao ST Erweddarc hevieg 2 exclatsi shgva
stick ouyt ro 0 t 0

means fnglﬂ oil% R]g{;t e %ﬂstlc%tgmo??sal %&J{h %érsg?%ﬂ %ccgl;e&a}z‘gg %o oﬁnggghl%gs
stick oattrisfé gnathe sﬁﬂ&bﬂl dhnSRi &t@mmeﬂcﬂnﬂarsed:lrr prdtiicingStha ifadntisar Ehiat@repttibhm
74. An electric arc _welder for depositing nolten netal from an advanci ng

wire i nilysteategeingFIGLER-F &3. Pslbﬁpsjlrxmec@ﬁ 36, e i spycraated ak gash pescessive chert CiFqits
creati u r f

o vo" il Ao SHIRcUrTOPAM o PLRPRERLC DAl LS 08 sl AR S R0Y, |
sai d sthaskd opdn the ghdting ﬁﬂgreﬁdyrbfabé STSI Tk valtage, bgrasthtatise af e lstickgmt length is
proportional to the stick out length. 75. An electric arc welder for

deposi tqhﬁgsw o wtsgsi if ﬂeﬁﬂawrlam}h%%golwgﬁ ds prdotoacaniiol weld ewresnt. Jla; e

wel der t t

o opor (' aet o el Bhaphiyfllidechilndiyifld Rt el volledith ko g
t he outqidt aﬂdjmdbmbtdﬂiorﬁdtera&moEdanamplmﬁdrrﬁzemrﬁtestancémmwtgml gxn]ade, 62&hfer ei n
sai d stick .ut ignal is a volt roportional . fo the stick.o

" est st apmpioling hndiriesn 65 b sl B35 PREGSI e dslrnledyl sshRE partRI i GPaTus
are t h&vﬁﬂ&iﬁr&é al YRwRI iREIGERES QB%nd 14. Tﬁmsaap&eahmngﬁegﬁhwmhb STE lvaldgy 64,
wherein said plates are the ends of two pipe sections A net hod for
deposi tis agother dixsnit wencapt or weasarinmstickiout feyussiin éeipmesontanyestion puddl e in an
open root joint between two juxtapositioned plates, said joint being forned
by converging walls termnating in generally paral I el walls spaced to
define a gap, said nethod conprising: (a) creating a stick out signal
proportional to the stick out length of the wire; and, (b) adjusting the
heat in inverse proposition to said stick out signal. -43
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~~0CT Z0OZ 79. A nmethod as defined in claim78 wherein said s; 79@2
signal is a voltage proportional to the stick out length. 80. A rre od
defined in claim78 wherein said stick out signal is a voltage proportlonal
to the stick out resistance. 81. A nethod as defined in claim78 wherein
said wre is a flux cored wre. 82. A nethod as defined in claim78 wherein
said Wre is welded by current froma sw tching power supply operated at a
frequency greater than about 18 kHz. 83. A nethod as defined in claim82
wherein said svvitchi ng power supply is an inverter. 84. A nethod for

dep05|t|ng ten, e fro dva cLny wire into a weld puddle in a
joint betwe f%th}’sué‘? lbesq'g% loﬁ’l tltqaggmgéjl d joint formed by converging
side walls, said nmethod conprising: (a) noving said advancing wire

transversely across said joint in a generally serpentine pattern with
direction rdver siAigelastrie agd weldiipibagdtakeforalepssitifgdnottere atdtalofrén Shiadiarcitig
signal proportional to stick out of the wre; and, (c) reversing the

di rect Wﬂrdl@g V&E] Hth/viar‘éeldﬂé‘ﬁ @dp&nsWer@otsbﬁtW%mwo fweappsifionediplaes, sed root
val ue. in c dUCIn the we

ne udi n
cur r enE ERIBEgR Lareiiie B, A veBect BB A M e Mg SeiEinRthe i gifrdth
gi ven Phﬁnelva;lau@s p#Bd té\ JEBhO A0S sﬂafap@@ﬁmsrbdﬁ{ﬁsmg&?% cdntdck BRI dRE wifhC @dRl N
the wel ding current through said wire when said sensed stick out is |ess
t han aougfleten switching poxdr supply directing welding current to said wire as said wire passes from
said outlet toward said root, said advancing wire defining an electrode stick out between said
contact holder and said weld puddle, a circuit for sensing the length of said stick out and control

means for adjusting said welding current as an inverse function of said sensed stick out length.

2. An electric arc welding apparatus as defined in claim 1, wherein said control means
comprises a device for measuring the actual weld current, means for determining the desired weld
current based upon said sensed stick out length and means for adjusting said actual weld current

toward said desired weld current.

3. An electric arc welding apparatus as defined in claim 4 2, wherein said switching
power supply is a short circuit arc welder comprising a D.C. power supply for causing a welding
current of different levels to pass through said welding wire in a succession of welding cycles, each
of said welding cycles including an arcing condition during which said wire is spaced from said

puddle
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~5nrr ~~~7 87. Anethod as defined in claim84, including ingngﬁﬁgﬁﬁ
the wel ding current through said wire when said sensed stick out g’y

than a given value. 88. A nethod for depositing nolten netal from an
advancing wire into a weld puddle, said nethod conprising: (a) nelting said
wire by a switching power supply; (b) creating a stick out signa
proportional to the stick out Iength of said wire; and, (c) controlling the
out put of said power supply in accordance with said stick out signal,
wherein said stick out signal is a voltage proportional to the stick out

resi st apgee cﬁ&g&ég%@deﬁ)tsrai e Gl QIrIb‘i’tef'i‘BPe"i‘éﬁfagsoa{J gle%%?%itdivﬁ’ige (LE%Hort

nmetal from an cing welding wre'into a we € in ajoint between
two | Weip®Sohdifibeduahatv@sch a8 GndlRhnhet@XbANch A édll of ¥l diiRdfiBatimht@ndsaid
bei ng forned by converging walls, said apparatus conprising: a contact

hol der pwidle aadwheretransfére fromasadintitstto rsgidpmidie byuppegking aetioni mepkivg shidgolten
curren% g%ﬁfaid wi.re as, said wre passes fromsaid outlet toward said

j oi nt, PRHiTEPT /I NeiTeHq TR aFUPIGIRHY AHAPEFEEIYde stick out between said
contact holder and said weld puddle, a circuit for sensing the | ength of
said stick out and control neans for adjusting said welding current as a
function of 4sai d genéelectristare kvelditig heprgiths addefiyd i@l daitt | cwheinelidliswiiching
apparatus as defined in claim89, wherein said function is inverse. -45 -
5 0 C Popgosumply i shoreereuitcargrweldos| campy Siap falp & POWSE SUpply FEfapsing payeding

wher ei n_sai d trol ans_ _conpri ses. Vi f.or rin a I | d
ot onpur o PR, T E S B e SR 1R W R TP RRHOD R bR o e gt
sensed oftshidkwlding gsshn@ﬁ@tng%rhscjﬁg condiitis UuRsg SRAidh Acd wae iVehAel WohtEHid
toward said desired weld current. 92. An electric arc wel ding apparatus as

def i neguildlecvkerere@9gy whiglieditn saidi wire firmg i mejltenonetal balbpn thei endapfshidrvire prdcai t

I pri si. D. C. I ' |.di t of
G 1 or her ISR SoRaign dur SRy L R e et o AR nd, of Sttty B spmact”
wel di Ngai@Yisldate afP&enOtartld £0R] HidWifyR! G&d bAEd14 Gy NOn@RirR £dtidE 1S D
during which said wre 1s spaced fromsaid puddl e Wwhere energy applied to

sai d wmdtehdwalisran saitl tvdre tordtitibtemadubsegnentt Beciepdorditiogai d wi re and a short
circuit condition during which said nolten netal ball on the end of said
wire first contacts said puddle and then transfers fromsaid wire to said
puddl e by a sneckiigeReticQn RerRd é]i[}zaﬁa%sdasrﬂélﬁhgd"ixpﬁhilm hroRre@l idMyir8 id £ flux
initiate a subsequent arcing condition. 93. An electric arc wel ding

appar acoe waise.def i ned in claim89, wherein said wireis a flux core wire.
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94. An electric arc welding apparatus as defined in claim9l1l, wherein said
stick out length sensing circuit includes sanpling neans for neasy;'ng t he
vol tage | evel across said holder and puddle for a short tinme at a ﬁﬂé i8R
time during said short circuit condition and neans for using said neasured
voltage levels to create a stick out signal representative of said stick
out length. 95. An electric arc welding apparatus as defined in claim94,

i ncludi ng means for converting said representative stick out signal into a
resi stance signal proportional to the resistance of said wire in said stick
out length. -46 25 DCTZOZ 96. An electric arc wel ding apparatus as
defined in & ai m 98 clegigarpesiiing spparaspn asslefinedincaim Lawheesid mid pérras @ Suppl y
W th sa&geaﬁﬁistance signal. 97. An electric arc wel ding apparatus as
definedin aim94, with neans for controlling said sw tching power supply
with said stick out signal. 98. An electric arc wel ding apparatus as
defined in claim93, wherein said short circuit arc welder is an STT

wel der. 99. An el Acoteledriaracc weldiiggprepas as dsfingl thetiamedt, iwhartiaismdogick out

wherein said short. circujt arc %elder is an inverter. 100. An electric arc

wel i ng ABDAFETRE CEEIHBE et aTPlRe P B IReAsHTTE 1 altass Texfl Agopoug hoider
v . _ Y . e . .

ol o m R RIS b e B i RO R O S o "

for depmasd mea@irétdvdlage MReRIto treald aastickh duipdigiah eeprekeatatige M daR dtick outlengthd
puddl e in an joint between two juxtapositioned plates, said joint extending
in a welding path and being forned by converging walls, said nethod

conprising the a§&§ of . 89 directin ldi urreng .sald wige as said
Wire advanc eé;. % Ctrcare we déx?g]?gparatusgasv&ﬁ%e@ th &I 97, mcfu%mg h€and! for conveﬁmg
said representative stick out signal into a resistance signal proportional to the resistance of said

wire in said stick out length.

9. An electric arc welding apparatus as defined in claim 8, with means for controlling

said switching power supply with said resistance signal.

10.  An electric arc welding apparatus as defined in claim 7, with means for controlling

said switching power supply with said stick out signal.
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(b) sensing the length of said stick out of said wire; and, (c) adjusting
said welding current as a function of said sensed stick out |engt@5(LO007A
met hod as defined in claim102, wherein said function is inverse. -47 5 a
c r zooz 104. An electric arc wel di ng apparatus for depositing nolten netal
froman advancing welding wire into a weld puddl e, said apparatus
conprising: a contact holder with a wire outlet, said advancing wire
defining an el ectrode stick out between said contact hol der and said weld
puddl e, a short circuit are welder for causing a welding current at
different levels to Pass throq}gh said welding wire in a succession of

wel di ng cycllds estrics acaveleingi wga@w %,Ssd‘i’ Hed usi dgmaa, &fh@rmfgsasérﬁéwhogh
during,which sai space froms udd e vvhe e, Ener d,to
ot o SR SoRBe e Sat BASRRATEfing e B Spehne i PE SprcleSe B St B e
condi t i,68 anne sk moﬁmlﬁ@mda ﬁ}@élgeenng@aﬁk% bah Lh&@mmﬁ Bhgti6h aﬁ@hz@a%! d{o?uﬁlﬁ' St
contacts sal puddl e and then transfers Tfromsaid wre to said

necki ngaidaté¢asuredvebkgelgvdaicdcreaé b etickbalt Isighabmrepmadrdativierod saﬂeadsl«sOlitdengttmangl ng
stick out during the short circuit condition of said welding cycles and
means fox adjusting said welding current in response to said sensed stick
out to contrgl hd P egl:ri G, ar i

appar at us asgde‘%ﬁ %%?%1 ac{ éﬁa]%ﬁgg’lﬁ@rse%%%segégj Vi éﬁlﬁq (il ’?Clm%g rggans for
106. Avogvetiig baid dpeesoflalli 6 gickR@EighAlSn@Sa ﬂelfsuaﬂ@edslgrml 9+o@ioﬁ10h@5to the &rsﬁtdﬂce
said short circuit are welder is an STT welder. 10/7. An electric arc

wel di ngf sgipavieg insaidsstige bivhlengthn cl ai m 104 wherein said wel der is operated
at a frequency greater than about 18 kHz. 108. An electric arc wel ding
apparatus as defined in claim104, wherein said short circuit arc welder is
an STT wel das, 10, elé&n@'a?&&rélﬂ&gaa&)ﬁar‘ﬁ{%% AefiRRRALRIHS 22%itH 8{daR€ tricBntFd1BA 8@“
108 wherein said weld is operated at a frequency greater than about

kHz. - 48d switching pGWEr mzy with @aid sesisdneetsignel. ar c wel di ng apparatus as
defined in claim2108, wherein said short circuit arc welder is an inverter.
111. An electric arc welding apparatus as defined in claim 110 wherein said
wel der is opgrat et gectiiclf CHHBRSYApPiBRE ‘?15 dbfa ARk 138withitneatd for cHftrolling

el ectric arc wel ding apparatus as defl ned in claim 104, wherein said short
ci r cui saidswitekingegowies supply withsaidrstick out signal.

15.  An electric arc welding apparatus as defined in claim 3, wherein said short circuit

arc welder is an STT welder.
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113. An electric arc welding apparatus as defined in claim 112, wherein said
wel der is operated at a frequency greater than about 18 kHz. 114.?5\@”2
electric arc wel ding apparatus as defined in claim104 wherein said wel gntz‘r
is operated at a frequency greater than about 18 kHz. 115. A short circuit
el ectric arc Welding apparatus for depositing nolten nmetal from an
advancing wire into a weld puddle, said apparatus including a circuit for
creating a stick out signal proportional to the stick out |ength of the
wire and a device to adjust the heat in said puddle in an inverse
relationship to said stick out signal. 116. A short circuit arc welding
appar at us asl@ef i Aackeléatrie brgiwelding aphenewisras slgfinedinr Jaim 5 wherewosaidishost circuit

al gorithm ]I 7.. An ?gpaﬁ tus as defined in claim115, wherein said stick
out si gi&I™§lderds g,p d\?%l"oporti onal to the stick out length. -49 ~50 C
T 2002 118. An apparatus as defined in claim115, wherein said stick out
signal is a voltage proportional to the stick out resistance. 119. An

appar at us aslgefi pecelédhric hraiweldihl appsragisus slefifledppasiat swherelnuged stvrt circuit
swi tching power supply fox nelting said wire as it advances toward said

j oi nt aﬁfé@d@lssmggﬁi“w@epomer supply is operated at a frequency greater
than about 18 kHz. 120. A short circuit electric arc wel ding apparatus as
defined in claim115 wherein said apparatus includes a power supply

creating an §T wWahti&uid &Bwelder as defined in claim 1, wherein said plates are the cylindrical

ends of pipe sections.

19. An electric arc welding apparatus as defined in claim 18, wherein said wire is a

flux core wire.

20.  An electric arc welding apparatus as defined in claim 18, wherein said switching

power supply is an STT welder.
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121. A short circuit electric arc welder as defined in claim 119 wherein
said power supply is an inverter. 122. A short circuit arc weldingsqart 700
apparatus as defined in claiml 17 wherein said circuit is a software

al gorithm 123. A short circuit arc wel ding apparatus as defined in claim
118 wherein said circuit is a software algorithm 124. A short circuit arc
wel di ng apparatus as defined in claiml 19 wherein said circuit is a
software algorithm 125. A short circuit arc wel ding apparatus as defined
in claim120 wherein said circuit is a software algorithm -50 .AF. A

L. AL. AN9. Au_. Aaf 9. AN% Aa. A% AuL. A; L. AN % A(. Aa% A; % A. A5S . AaL. Ay3 . Ay

.As. AS . Af 2Af . AlvElecttiy ardweldib@epBratys ﬁs@a@fed IAEBIMAY, Wiferein said short circuit

are welder is an inverter.

22.  An electric arc welding apparatus as defined in claim 5, wherein said short circuit

are welder is an inverter.

24,  An electric arc welding apparatus as defined in claim 6, wherein said short circuit

arc welder is an inverter.

24, An electric arc welding apparatus as defined in claim 1 wherein said switching

power supply is an inverter.

25. An electric arc welding apparatus as defined in claim 24 wherein said sensing

circuit is a software algorithm,

26. An electric arc welding apparatus as defined in claim 18 wherein said sensing

circuit is a software algorithm.
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of said welding cycles including an arcing condition during which said wire is spaced from said
puddle where energy applied to said wire forms a molten metal ball on the end of said wire and a
short circuit condition during which said molten metal ball on the end of said wire first contacts
said puddle and then transfers from said wire to said puddle by a necking action breaking said

molten ball from said wire to initiate a subsequent arcing condition.
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35. A method as defined in claim 33, wherein said stick out length sensing act includes
sampling measuring the voltage level across said stick out for a short time at a precise time during
said short circuit condition and using said measured voltage levels to create a stick out signal

representative of said stick out length.

36. A method as defined in claim 35, including converting said representative stick out

signal into a resistance signal proportional to the resistance of said wire in said stick out length.
37. A method as defined in claim 33 wherein said sensing is by a software algorithm.

38. A method as defined in claim 34 wherein said sensing is by a software algorithm.,
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holder with a wire outlet, a switching power supply directing welding current to said wire as said
wire advances from said outlet toward said joint, said advancing wire defining an electrode stick
out between said contact holder and said weld puddle, a circuit for sensing the length of said stick

out, and means for reducing said welding current when said sensed stick out length exceeds a given

value.

40.  An apparatus as defined in claim 39 wherein said switching power supply is an
inverter.

41, An apparatus as defined in claim 40 wherein said sensing circuit is a software
algorithm,

42. An apparatus as defined in claim 39 wherein said sensing circuit is a software
algorithm.

43.  An electric arc welding apparatus for depositing molten metal from an advancing
welding wire into a weld puddle in a joint between two juxtapositioned plates, said joint extending
in a welding path and being formed by converging walls, said apparatus comprising: a contact
holder with a wire outlet, a switching power supply directing welding current to said wire as said
wire advances from said outlet toward said joint, said advancing wire defining an electrode stick
out between said contact holder and said weld puddle, a circuit sensing the length of said stick out,
and means for increasing said welding current when said sensed stick out length is less than a

given value.
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45. An electric arc welding apparatus for depositing molten metal from an advancing
welding wire into a weld puddle in a joint between two juxtapositioned plates, said joint extending
in a welding path and being formed by converging walls, said apparatus comprising: a contact
holder with a wire outlet, a switching power supply directing welding current to said wire as said
wire advances from said outlet toward said joint, said advancing wire defining an electrode stick
out between said contact holder and said weld puddle, a circuit for sensing the length of said stick
out, a weld head for moving said wire in a given direction transverse to said joint, means for
reversing the direction of the weld head and thus said wire when said sensed stick out length is
reduced to a given value at the edge of said joint and means for repeating said moving step
alternately in opposite directions whereby said wire follows said welding path in a serpentine

pattern.

46. Apparatus as defined in claim 45 wherein said switching power supply is an

inverter.

47. A method for depositing molten metal from an advancing welding wire into a weld
puddle in a joint between two juxtapositioned plates, said joint extending in a welding path and
being formed by converging walls, a contact holder with a wire outlet, said method comprising:

(a)  directing welding current to said wire as said wire advances from said outlet
toward said joint;

(b) sensing the length of the stick out of said wire; and,

(¢)  reducing said welding current when said sensed stick out length exceeds a

given value,

48.  The method as defined in claim 47 wherein said directing act is performed by a

switching power supply,
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(109 ()-[a o )mathodl for depositing molten metal from an advancing welding wire into a weld
puddle in a joint between two juxtapositioned plates, said joint extending in a welding path and
being formed by converging walls, a contact holder with a wire outlet, said method comprising:
(a) directing welding current to said wire as said wire advances from said outlet
toward said joint;
(b) sensing the length of the stick out of said wire; and,
() increasing said welding current when said sensed stick out length is less than

a given value.

50.  The method as defined in claim 49 wherein said directing act is performed by a

switching power supply.

74 51. A method for depositing molten metal from an advancing welding wire into a weld
puddle in a joint between two juxtapositioned plates, said joint extending in a welding path and
being formed by converging walls, a contact holder with a wire outlet, said method comprising:

(a) directing welding current to said wire as said wire advances from said outlet
toward said joint;

(b)  sensing the length of the stick out of said wire;

(c) moving said wire in a given direction transverse to said joint;

(d)  reversing the direction of said wire when said sensed stick out length is
reduced to a given value at the edge of said joint; and,

(e) repeating said moving act alternately in opposite directions whereby said

wire follows said welding path in a serpentine pattern.

52.  The method as defined in claim 51 wherein said directing act is performed by a

switching power supply.
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53.  An electric arc welding apparatus for depositing molten metal from an advancing
Welding wire into a weld puddle in an open root between two juxtapositioned plates, said root
extending in a welding path and being formed by converging walls terminating in generally
parallel walls spaced to define a gap, said apparatus comprising: a contact holder with a wire
outlet, said advancing wire defining an electrode stick out between said contact holder and said
weld puddle, a short circuit arc welder for causing a welding current at different levels to pass
through said welding wire in a succession of welding cycles, each of said welding cycles including
an arcing condition during which said wire is spaced from said puddle where energy applied to
said wire forms a molten ball on the end of said wire and a short circuit condition during which
said molten metal ball on the end of said wire first contacts said puddle and then transfers from
said wire to said puddle by a necking action breaking said molten ball from said wire, means for
sensing the frequency of said welding cycles and means for adjusting said welding current to

maintain said sensed frequency near a given value.

54. An electric arc welding apparatus as defined in claim 53, wherein said wire is a flux
core wire. .
55. An electric arc welding apparatus as defined in claim 54, wherein said short circuit

arc welder is an STT welder.

56. An electric arc welding apparatus as defined in claim 55 wherein said welder is

operated at a frequency greater than about 18 kHz.

57. An electric arc welding apparatus as defined in claim 53, wherein said short circuit

arc welder is an STT welder.
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operated at a frequency greater than about 18 kHz.

59. An electric arc welding apparatus as defined in claim 57, wherein said short circuit

arc welder is an inverter.

60.  An electric arc welding apparatus as defined in claim 59 wherein said welder is

operated at a frequency greater than about 18 kHz.

61. An electric arc welding apparatus as defined in claim 53, wherein said short circuit

arc welder is an inverter.

62. An electric arc welding apparatus as defined in claim 61 wherein said welder is

operated at a frequency greater than about 18 kHz.

63. An electric arc welding apparatus as defined in claim 53 wherein said welder is

operated at a frequency greater than about 18 kHz.

64.  An electric arc welding apparatus for depositing molten metal from an advancing
wire into a weld puddle in an open root joint between two juxtapositioned plates, said root being
formed by converging walls terminating in generally parallel walls spaced to define a gap, said
apparatus including a circuit for creating a stick out signal proportional to the stick out length of
the wire and a device to adjust the heat in said puddle in inverse relationship to said stick out

signal.

65.  An apparatus as defined in claim 64, wherein said stick out signal is a voltage

proportional to the stick out length.
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66.  An apparatus as defined in claim 64, wherein said stick out signal is a voltage

proportional to the stick out resistance.
67. An apparatus as defined in claim 64, wherein said wire is a flux cored wire.

68.  An apparatus as defined in claim 64 wherein said apparatus includes a switching
power supply for melting said wire as it advances toward said joint and said switching power

supply is operated at a frequency greater than about 18 kHz,

69.  An electric arc welding apparatus for depositing molten metal from an advancing
wire into a weld puddle in a joint between two juxtapositioned plates, said joint formed by
converging side walls, said apparatus including means for moving said advancing wire transversely
across said joint in a generally serpentine pattern with direction reversing at each of said side walls,
a measuring circuit for creating a stick out signal propositioned to the stick out of the wire and a
device for reversing the direction of said wire when said sensed stick out reaches a given low

value.
70.  An electric arc welding apparatus as defined in claim 69, including means for
reducing the welding current through said wire when said sensed stick out is greater than a given

high value.

71, An apparatus as defined in claim 69, including means for increasing the welding

current through said wire when said sensed stick out is less than a given value.

72.  An apparatus as defined in claim 69, wherein said stick out signal is a voltage

proportional to the stick out length.
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weld puddle, said welder including a controller circuit for creating a stick out signal proportional to

the stick out length of said wire and means for controlling the output of said welder in accordance

with said stick out signal, wherein said controller circuit is a software algorithm.

74.  An electric arc welder for depositing molten metal from an advancing wire into a
weld puddle, said welder including a controller circuit for creating a stick out signal proportional to
the stick out length of said wire and means for controlling the output of said welder in accordance

with said stick out signal, wherein said stick out signal is a voltage proportional to the stick out

length.

75. An electric arc welder for depositing molten metal from an advancing wire into a
weld puddle, said welder including a controller circuit for creating a stick out signal proportional to
the stick out length of said wire and means for controlling the output of said welder in accordance

with said stick out signal, wherein said stick out signal is a voltage proportional to the stick out

resistance.

76. An apparatus as defined in claim 69, wherein said plates are the ends of two pipe

sections,

77. An apparatus as defined in claim 64, wherein said plates are the ends of two pipe

sections.

78. A method for depositing molten metal from an advancing wire into a weld puddle in an

open root joint between two juxtapositioned plates, said joint being formed by converging walls

terminating in generally parallel walls spaced to define a gap, said method comprising:

(a) creating a stick out signal proportional to the stick out length of the wire;

and,
(b) adjusting the heat in inverse proposition to said stick out signal.
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80. A method as defined in claim 78 wherein said stick out signal is a voltage

proportional to the stick out resistance.
81. A method as defined in claim 78 wherein said wire is a flux cored wire.

82. A method as defined in claim 78 wherein said wire is welded by current from a

switching power supply operated at a frequency greater than about 18 kHz.

83. A method as defined in claim 82 wherein said switching power supply is an
inverter.
84, A method for depositing molten metal from an advancing wire into a weld puddle

in a joint between two juxtapositioned plates, said joint formed by converging side walls, said
method comprising:

(a) moving said advancing wire transversely across said joint in a generally
serpentine pattern with direction reversing at each of said side walls;

(b) creating a stick out signal proportional to stick out of the wire; and,

(¢) reversing the direction of said wire when said sensed stick out reaches a

given low value,

85. A method as defined in claim 84, including reducing the welding current through

said wire when said sensed stick out is greater than a given high value.

86. A method as defined in claim 85, including increasing the welding current through

said wire when said sensed stick out is less than a given value.
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said wire when said sensed stick out is less than a given value.

88. A method for depositing molten metal from an advancing wire into a weld puddle,
said method comprising:
(a) melting said wire by a switching power supply;
(b) creating a stick out signal proportional to the stick out length of said wire;
and,
(c) controlling the output of said power supply in accordance with said stick out
signal,

wherein said stick out signal is a voltage proportional to the stick out resistance.

89. An electric arc welding apparatus for depositing molten metal from an advancing
welding wire into a weld puddle in a joint between two juxtapositioned plates, said joint extending
in a welding path and being formed by converging walls, said apparatus comprising: a contact
holder with a wire outlet, a switching power supply directing welding current to said wire as said
wire passes from said outlet toward said joint, said advancing wire defining an electrode stick out
between said contact holder and said weld puddle, a circuit for sensing the length of said stick out

and control means for adjusting said welding current as a function of said sensed stick out length.

90.  An electric arc welding apparatus as defined in claim 89, wherein said function is

inverse.
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92. An electric arc welding apparatus as defined in claim 89, wherein said switching
power supply is a short circuit are welder comprising a D.C. power supply for causing a welding
current of different levels to pass through said welding wire in a succession of welding cycles, each
of said welding cycles including an arcing condition during which said wire is spaced from said
puddle where energy applied to said wire forms a molten metal ball on the end of said wire and a
short circuit condition during which said molten metal ball on the end of said wire first contacts
said puddle and then transfers from said wire to said puddle by a necking action breaking said

molten ball from said wire to initiate a subsequent arcing condition.

93.  An electric arc welding apparatus as defined in claim 89, wherein said wire is a flux
core wire,
94.  An electric arc welding apparatus as defined in claim 91, wherein said stick out

length sensing circuit includes sampling means for measuring the voltage level across said holder
and puddle for a short time at a precise time during said short circuit condition and means for using

said measured voltage levels to create a stick out signal representative of said stick out length.
95. An electric arc welding apparatus as defined in claim 94, including means for

converting said representative stick out signal into a resistance signal proportional to the resistance

of said wire in said stick out length.
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97.  An electric arc welding apparatus as defined in claim 94, with means for controlling

said switching power supply with said stick out signal.

98.  An electric arc welding apparatus as defined in claim 93, wherein said short circuit

arc welder is an STT welder.

99. An electric arc welding apparatus as defined in claim 93, wherein said short circuit

arc welder is an inverter,

100.  An electric arc welding apparatus as defined in claim 90 wherein said switching

power supply is an inverter.

101. An electric arc welding apparatus as defined in claim 89 wherein said switching

power supply is an inverter.

102. A method for depositing molten metal from an advancing welding wire into a weld
puddle in an joint between two juxtapositioned plates, said joint extending in a welding path and
being formed by converging walls, said method comprising the acts of.

(a)  directing welding current to said wire as said wire advances toward said
joint;
(b) sensing the length of said stick out of said wire; and,

(c) adjusting said welding current as a function of said sensed stick out length.

103. A method as defined in claim 102, wherein said function is inverse.
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wire to said puddle by a necking action breaking said molten ball from said wire, means for

changing stick out during the short circuit condition of said welding cycles and means for adjusting

said welding current in response to said sensed stick out to control the heat of said puddle.

105.  An electric arc welding apparatus as defined in claim 104, wherein said wire is a

flux core wire.

106. An electric arc welding apparatus as defined in claim 105, wherein said short circuit

are welder is an STT welder.

107.  An electric arc welding apparatus as defined in claim 104 wherein said welder is

operated at a frequency greater than about 18 kHz.

108. An electric arc welding apparatus as defined in claim 104, wherein said short circuit

arc welder is an STT welder.

109. An electric arc welding apparatus as defined in claim 108 wherein said welder is

operated at a frequency greater than about 18 kHz.
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110. An electric arc welding apparatus as defined in claim 108, wherein said short circuit

arc welder is an inverter.

111. An electric arc welding apparatus as defined in claim 110 wherein said welder is

operated at a frequency greater than about 18 kHz.

112. An electric arc welding apparatus as defined in claim 104, wherein said short circuit

arc welder is an inverter.

113. An electric arc welding apparatus as defined in claim 112,wherein said welder is

operated at a frequency greater than about 18 kHz.

114. An electric arc welding apparatus as defined in claim 104 wherein said welder is

operated at a frequency greater than about 18 kHz.

115. A short circuit electric arc welding apparatus for depositing molten metal from an
advancing wire into a weld puddle, said apparatus including a circuit for creating a stick out signal
proportional to the stick out length of the wire and a device to adjust the heat in said puddie in an

inverse relationship to said stick out signal.

116. A short circuit arc welding apparatus as defined in claim 115 wherein said circuit is a

software algorithm,

117. An apparatus as defined in claim 115, wherein said stick out signal is a voltage

proportional to the stick out length.
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118. An apparatus as defined in claim 115, wherein said stick out signal is a voltage

proportional to the stick out resistance.

119. An apparatus as defined in claim 115 wherein said apparatus includes a switching
power supply for melting said wire as it advances toward said joint and said switching power

supply is operated at a frequency greater than about 18 kHz.

120. A short circuit electric arc welding apparatus as defined in claim 115 wherein said

apparatus includes a power supply creating an STT weld current.

121. A short circuit electric arc welder as defined in claim 119 wherein said power supply

is an inverter.

122. A short circuit arc welding apparatus as defined in claim 117 wherein said circuit is a

software algorithm,

123. A short circuit arc welding apparatus as defined in claim 118 wherein said circuit is a

software algorithm,

124. A short circuit arc welding apparatus as defined in claim 119 wherein said circuit is a

software algorithm.

125. A short circuit arc welding apparatus as defined in claim 120 wherein said circuit is a

software algorithm.
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