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SHORT CIRCUI T WELDER This application is a continuation-in-part of leﬁgi,_go_r
copendi ng application S.N. 09/004,707 filed January 9, 1998. The inVenti 02 69
relates to the art of welding with an electric arc and nore particul arl J" })

an i nproved net hod and apparatus fq. j ' | ng, especially for
t he wel di ng together of two steel %%@ggéﬁéﬂfgﬁ%% pe sections.
| NCORPORATI ON BY REFERENpE1iddHn Pise s Sdhtihtb¥iohlin-Birt ' &1l BHES chitndihg' HRHIRNESEYN,

in spatter controlled systenms and heat control "systens of the general type
descri bed i n U%/e, Bfiled Jdnaedye, 998t ent No. 4, 972,064. This prior issued

patent is incorporatged by reference herein d background i nformation an
for their discussion it E’éf?ﬂaéesitﬂﬂpﬁétgﬂ@fcﬂ’éﬁw%ﬁ??lé?m‘é?@ém &%P@'Hcﬁﬁg)' to

< oni t G St at &8 TaroRRE gl Hrlok BT Byt SRR SRl B Weline
I ncor por at ed bmFaﬁ@r&'w@sﬂa@rﬁt& sschls 8 pipeRections.or mation and for its

di scussi on of welding sections of pi pe toget her. BACKGROUND OF THE
| NVENTI ON Thi s invention rel at eSNCORRRRATION BY REEERENGErg using a

consumabl e el ectrode,and nor.e rticularly, to an i nproved a ratus and
met hod of short circ etﬂr‘?f'ﬁmd?‘ﬁﬁ%&%‘f ’Effalinjeﬁ 1 FIARTRYAmHt SB%@%?IB‘%T]‘&&SXWW@W
sections, togetdagiroldsiaf dﬁhﬁéﬁ%ﬁ @h@é&ﬁh&ﬂﬁiUﬂi&dtﬁﬁﬁﬁéeﬁt Paealtglgsd)gg%,%m

ends of |arge di anetér pipe, nventional to mac e en each
pi pe t dOpravi delhasprortissuadpatestieincarpdrated oy refeverick herelncand backygownd ihfoirmatidrhand
machi ned ends intQ axJ.e alignpent with the |ands in cl os%, %ut usual ly . .
spaced rel at i otShihsiridiscussion of comeeptyindBe epajier eantioh ateq de which Jhe, prsssnfdventipn is

two ends of th |+ he pipes are in position, one or nore wel ding
heads are mve%pgélgﬁar]llg%gte%’l pe so as to effect a 3600 weld. The weld is

usual Iy made in sevexiad ir&b?iéﬁatedzbj felfereriteli® UnitB@ Stutds L otRRP e ND. 3[67635%! This
t he inner edges or |ands of the pipes are fused and the gap between the

lands filled wiPrierisheipatentds incorporated byreferenvedersin 89 backgroped dfermation and for its
wher el QSt he s padfsecugs?ornngfdwelwin% Qgcti%xelé/ gg’ pi}laes together.
BACKGROUND OF THE INVENTION

This invention relates to the field of arc welding using a consumable electrode and

more particularly to an improved apparatus and method of short circuiting arc welding two
steel plates, such as two pipe sections, together by use of a cored electrode.

20 In the art of welding the ends of large diameter pipe, it is conventional to machine the
ends of each pipe to provide an external bevel and a narrow flat land; and to bring the
machined ends into axle alignment with the lands in close but usually spaced relationship to
form a weld groove which includes a gap between the two ends of the pipe. Once the pipes
are in position, one or more welding heads are moved around the pipe so as to effect a 360°

25 weld, fhe weld is usually made in several steps. First, a root pass is made where at least the
inner edges or lands of the pipes are fused and the gap between the lands filled with weld
metal. Thereafier, several filler passes are made wherein the space formed by the bevel is
filled so that the weld metal is at least flush with the outer surface of the pipe.

Just before and during the root pass, the ends of the pipe must be in accurate

30 alignment with one another so as to form a quality weld between the two pipe ends. The root
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filled so that the weld netal is at least flush with the outer surface of
t he pipe. Just before and during the root pass, the ends of the pipe g!._@ng
be in accurate alignment with one another so as to forma quality wel

bet ween the t ' qq{rtl T . |8, .a L& Lcal: e
wel di ng oper tl%% :Pg%r?e C%I é‘d&é%ﬁgg@!ﬁ@%ﬁ%@& eﬂeﬁgg{go}tgg\%elﬂlte %&Ie?%?éttﬁk
pi pes is assuligdmentlof the pigdsds askutdd dndethe welding® b thedRwhjdifteddwnthediR da8 be
commenced. Thus, during the rootpass, a 100% sound wel d bead nust be | aid.

Soundness of eomuencedi Thus during:ths raoh pass,cniHi0 soundiweldibead mpetthe laide Soumdnsss of
e ap. bet w0 s i oA dance RERal B A0 o iR « HE sl
|0 Lhs gap | fthd pidedlahd RE sbiafrelaling of _twgéppobaweap&e%dwm%é ORI Blethl.

heads around t he pipe such t he wel di ng sition varies from down-han

wel di ng, ver tDepabiting ofithe deldmetel id ithegap isadifficelt hecadsetid weld snushbe madé bypaweings
formed around, the pipe, During the roqt pass, the pipe,6sections nust be
mai nt ai ned i M&Wehheads e Bieopipe sheh thab the,weldingopositian, variss frem (floarm-hand
wel d. Typi cal : ' ' i '

al i gnnment dur%%%m%@h{%&ﬁ@?rﬁdoggﬁet%g? %&e\%%tag %&)&s%tt?%%&ggﬁgpll% %gxplg%%?u%% 816

pi pe al i gnnepipe Makigte robtisasy\@echipedealiods@nusebe fidintdigedtih aligefént MRS 6etfd® tHed
fill the gap between the pipe sections, but the weld netal should not be

al | ol@d to paee pesssowagito famm aguslityreld.c Tupicallys thepipes ize dlampad togetbentp awmintain
the pipe. The_weld head should faorm a relatively ot.h surface mith .
osphct ot N PiReAEGmeRt SHtRe pre ool To g d PRriipd omplicighs Hd pipe
protrusion i gy d ' & trﬁlaﬁ% bifted daling B 16t S OSHOURT B RS gabhRtwiEdnd
bead in the pi1 e E%n:oag %?%ea‘?eldpro fﬂéms v(\nﬁ?lﬁgapgar tuses runni nggaibnsi de

t he pi pes t o tidepipetsetiimnss butnite eeedd afetal lskoyld et by slievsd tanghs® throughs the gapeankie d
fluid mxing and turbulence as the fluids are transpqrted through th

system |n oRf@mylateRnetedpteronsufics ot dhs Bipet nherld hsad ghold domy iarFﬁfaiﬁgflP]gfe

t Eg :12': g; : 8; st o\{h{]ﬁgrfgclfegwgiﬂx %%Péhﬁg%ﬁ%ﬁﬁg SAGE bipE WHECH TR Gy 1tA8%i BRS Prdthulilh
into the interior of the pipe. Excessive protrusion of the weld bead in the pipe can: 1) create
problems with apparatuses running inside the pipes to detect the soundness of the pipe
system, and 2) cause unwanted fluid mixing and turbulence as the fluids are transported
through the pipe system.

20 In order to overcome the problem of the weld bead protruding into the interior of the
pipe, it is common practice to make a root pass from the interior of the pipe. Such a welding
method insures that the land of the weld bead during the root pass is controlled so as to
prevent unwanted protrusion into the interior of the pipeline. However, such a welding
method requires specially designed and costly equipment. In addition, such a welding

235 method is very time-consuming and cost-preventative in various types of applications.
Furthermore, such a welding method can only be used for large diameter pipes. Smaller
diameter pipes cannot accommodate the welding apparatus inside the pipe. Another method
of welding which prevents protrusion of the weld bead into the interior of the pipe is the use

of backplates or back-up shoes positioned on the interior of the pipe and over the gap between

30 the pipe sections. The backplate prevents the weld bead from protruding into the interior of
-2-
—_—
This Sheet Has Been R

T




mef hod insures that the I and of the weld bead during the root pass is
cbntrqlled.so as to prevent unwanted protrusion into the interior 0f]35§69
pi peline. However, such a wel ding nmethod requires specially designed an
costly equi pl'ﬁ@ﬁﬁpe ée@ﬁﬁﬂcﬁu}ihg the x%‘df s@oﬂe%&g bEEd, hﬁgwlav?er,;éﬁéﬁﬂé bfBackPlagddi N9
and cost-preventative 1 n various pes of applications. Furthernore, such a
wel di ng net halsb ean tiomd-gonsemingemdfiolimited gerethtineiptiage diapeser piivs! Ieadditiomeher
pi pes cannot, accommpdat e t he wel di ng appar atus inside the pipe. . Another

met hod of me‘?a&ﬁwgtw Ry pistaapass bisemes weldsh to theripteriqroithe aipg seetian dugiag the

nteri ¢ . . ' ) 1
on t he- 1 nt er g B B pdtphal? CURfeaRiaul ik Bkl B b W SR B iR,
back@ at e preyégphusd édneadverssly Baadsd the Wel ttad datingthe Réhotal 6f the Rl difs pRfe. - 2-
t he pi pe sections during the roo% pass of the weld bead. However, ?he use

of backpl at es i s Alwsiding rapparatue whichsemeraoges maanysof] therprobiemsoassediated wathypast

| arge di aneter pipes. | ddi.tion,  the kplate, in i ces,
beconmes wel d8B° 19“81%{%“?@9@#% sclosed %@@%ﬁ‘@%ﬁ?@#%ﬁ% 5&?&?@&% pgfent he
root pass. t: I : '

both Costiy e enalimprovelfinl AOAR AL LS Ine AU B pipTReRinY B B SR b1

t he wel di ng welding.apparatak Havigg srpatidingbughivbivh@eatinouely nieveynaf trickarqundithe ns

associ ated with_past_ pi pe wel di n?‘mat hods is disclosed in United States
Let t¥r s Pat eieripkery of ,tgemp% The welding,bugsincludesz snesiak short GIFAYHEEIASYEE SPYTCE Fre

havi ng two BPH oo st ReiveRT 6B TF @Etary oingt 15 petins Ao BE P Bhg e
periphery ofsyktes &f REIdinE"RithehpraPert@Sspetlt bt Qe Rt 3pecd Bhly £ bl iblut0
power source to apply a root bead between the two ends of a pipe. e

pat ent di scltbeughtehctt edge afsherlgevehicsurs\end ersmatl flet wdldnig fovnted antthe mteqperofitig

e o RS e Sl e GB35 P
thusjsel i m ”%hé}gtgg&eof‘&ﬁﬂprh&triﬂﬁd@ﬂm‘ fibd bt 40P badkdte. | ' RIS thEtn’i‘étﬁ&H of'f

the pipe or to u
welding disclosed in United States Letters Patent No. 5,676,857 overcomes several of the

problems associated with the welding of pipe sections together, problems associated with the
alloy composition of the weld metal of the root bead and the shielding of the weld metal of
the root bead from the adverse affects of the atmosphere remain a problem.

20 The short circuiting power source is designed to be used with a solid wire electrode
and, during welding, the weld metal is protected from the atmosphere by use of various types »
and blends of shielding gas. Although the use of a solid wire and shielding gas produces an
excellent weld bead in many environments, the short circuiting welding method has several
limitations when used to weld together the pipe sections. Because solid wire electrodes are

25 used, the composition of the weld bead is limited to the available alloy compositions of
electrodes for use in short circuit welding. The composition of the weld metal should closely
match the composition of the metal pipe to form a strong and durable weld bead. Because the
composition of the pipe will vary depending on the application of us;e for the pipe, problems
could arise with the obtaining of a solid wire electrode which forms a weld metal that bonds

30 with the pipe sections with optimum characteristics.
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other types of equipnent inside the pipe such as a backplate. Al though the
met hod of wel ding disclosed in United States Letters Patent No. 5, 676.8%do
overconmes several of the problens associated with the wel ding of pipe

sections together : . i . Wit . al i {0 _
vl d netal of t neAPSB EBEROARE AE B0 Rt OB R RIS bR e e
bead from t hige wstdes peotedt ke eldtead iSmaheBdRhR eEfette BEtHE cAvRoRBLERMTh Reldingr t
circuiting power source is designed to be used with a solid wire el ectrode

and, during $mPatesymusttieclvdd ah arpngemend forrstoringtand direeting shécldinggapledheansg ofise
of various t S a | ends _of shieldin as. Al.though the, use of a.soli

i ro-and. shi VPAG S8 B raneeast misk e g A onE Bt i g corfaifehs of
envi rpnnent sghidiimeSERY Fegfilafdrit! fidvl netseh Aiddes, TRA Rkkr MRS erSAY BERLsaty 10 HRLIARS
when used to wel d together the pipe sections. Because solid wre el ectrodes
are used, t hshieldimgogsst tocthe ofelding avexl duringavieidingl | The shielding pas premértabkegen,
all oy conpositions _ of electrodes for use in short_circuit weldi ng. The
conposi ti on B#ogek hygdrogenandptheneamppuatpinathy atrpesphere fomt siplirg ith themolten
netal pipet . r . u S| t4 0N
o the pi pe TirfeF = Bl Bebrin S glh, EleF TRAS CIERERLER S KISEE I he
probl ems couweldabdade crtkifg ldfah® Meddifld Bead)fsp@teriaki of the wWeel® nekdl] eds WLIE Ban
fornse a weld netal that bonds with the pipe sections with optimum
char¥kt eri stsiguificamgly-compromise Heerstiength taad iquality of theevelédead. cThecuseof aghistding ng

i t hat. hij i t be. d.to, t It | d d f
Phe adver se BribaSnspied Badihamismmmart 1 sheeud b s peedier REss piftie
an arrangemeptiaf BdadSkom 48 aﬂ@roﬂfn@ﬁetqou vahid did19f ARR1diR 1H&s3hesn %Etdﬁor

wel di ng. Such an arrangenent nust 1nc e a nount.ing arrandgenent for the
cont ai ners odnvithimenti arg highty suseeptibid tor the effects/ofistind durifpthesyelding ppodess. In
materi als necessary, to direct the shielding gas . to th I ng area durjng

wel di ng. ThePTdff toTainiRiz shese picctn specil phiskis oiist be grer d H;imgrlﬂg&wwfﬁt dhe
compgunds | nel&éﬁ%d@ttmglg%ee sﬂiél&@grgg?ﬁ%r'n%e Wiﬁé]dm% %%jhg.n'l‘he use of such shields

or other welding configurations to minimize the effects of the atmosphere on the weld bead is

both costly and significantly complicates the weld apparatus arrangement:
In view of the problems associated with welding of pipe sections in various types of
environments and for producing a high quality weld bead having a composition substantially
20 similar to the composition of the pipes that are being welded together, there is a need for an
improved welding method and apparatus which can overcome such problems during the

welding of pipe.

SUMMARY OF THE INVENTION
25 The present invention relates to a method and apparatus of short circuit arc welding
| together two steel plates, preferably on one side of the plates. Preferably, the method and
apparatus of short circuiting arc welding is used to weld together pipe sections together and
form a root bead between the two pipe sections; however, the invention has broader
applications and can be used to weld together a variety of metal objects, in a variety of ways,

30 in a variety of environments.
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nmetal and/or being trapped in the nolten netal. These el enents can cause
porosity in . the weld bead, cracking of the welding bead, spattering Othzlfgg
weld nmetal, etc., which can significantly conpronise the strength and =

quality of the weld bead, The .yse of shi el di,n as jn. a caontrolled jndaor
environnent is ef f BAFPdange ﬂ‘flﬂ'\/g’ﬁt?r %ﬂﬁaéﬂé’a@é‘?‘%‘g ozft*‘%@f%segnmf'ﬁ@%lt Bddd
fromthe envi . ' | | r

envi ronment e R P e egons e HE BoRlork 1 B BaTBRES ehfb? BeekE i ends
wel di ng pr ocesfthe itwo pipdsections,rd weélding eartingesmositiohed around hegradve Shinsdddsy the swo

be erected around the perinmeter  of the electrode to shield the shie] digr;’gJ
gas from the RiPRECHMErycousraablg coredelesiade @ nayees supplyMith » pogtiveand pegafive

o 24 e NS el ALl G

arrangenent : pfild Risothelghsove bethleeihe pHR RIS Bnd\fht RovahiiblRGofdd diédd@de. The
sections in various types of environnents and for producing a high quality

wel d bead havPipg sectivospessprefensbly aligned ibyi the nge of etamps. TThe chanpsongiotain therpipd
t he pipes that are bei | ded fogether,.there is.a need for I nproved

wet ol ng. et hote R BpliatTesstumil oo bead biioted cbahsh 16 eionte Rehert tiempe
wel di ng of pi : I\}‘L\[Q%P | AMENT : ' i rs

a met hgd ang %S%%Irﬁgt us o gs:%%-:ﬂ?em rcul '%Q\iaTh %%ﬁzgﬁ%ggﬂe&}q%? e?fv\gg 112#12%?1%0@9

pl at ed) pr ef ethatib formed by hexiwd pipefsedtivas. fltrtvedddingratiageqivéfyrablylextenms hideasa H8I0°

apparatus of short circuiting arc welding is used tq weld together pipe
sections t ogedrAwid the eir¢umistencs efdhe gogwe g\%tmféwbwéot wEPusH S dreumiergace of the
n " the | ti _ . . o

foget ner & vaAPPSrs aRe yRGnB sAREEE 1 BRi-eR vh 30, BT, SHLR Gl tP BV AL g

envi ronment s. circhmferenddlofthie @rsbveCwhivh ifack Resepired ebéd dhe pérgsheriest thefpigdleThe

present inve tion, tere is ) L
welding carriage includes a drive motor which in conjunction with rollers or other types of

15 slide bearings allows the welding carriage to slide along the track around the circurnference
of the groove at a desired speed. The welding carriage includes a mechanism which
controllably moves the consumable cored electrode toward the groove during the welding
process. The mechanism for controlling the movement of the cored electrode may be
integrated with or separate from the mechanism for controllably moving the carriage about

20 the groove during welding. The welding current circuit includes a first circuit for controlling
the current flow during the short circuit condition wherein the molten metal at the end of the
consumable cored electrode is primarily transferred into the molten metal pool within the
groove by surface tension action. The transfer current includes a high current pinch pulse
across the shorted melted metal wﬁich helps facilitate the transfer of the molten metal from

25 the electrode to the weld pool. The welding current circuit also includes a second circuit to
create a melting current. The melting current is a high current pulse which is passed through
the arc which preferably has a preselected amount of energy or wattage used to melt a
relatively constant volume of metal at the end of the consumable cored electrode when the
electrode is spaced from the welding pool.

30 In accordance with another aspect of the present invention, the cored electrode
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provi ded two pi pe sections which are positioned together and form a groove
bétween the is of the two pipe sections, a welding carriage positioneq 5i¢9
around the groove fornmed by the two pipe sections, a consunable cored

el ectrode, a; I Lth..a i tiwve.and.n Y ' '
current ci rcudl?(?% S %Eﬁgp%?%swgﬁl\?eptﬁ icéﬁ\écedf&}lgﬁi ?(\?\/%H?" & %%\f}g’;\ﬁ@ ﬁ%sagl\g@g L
profile acroseelding piicesstye between the pipe sections and the consunabl e
cored el ectrode. The pipe sections are preferably aligned by the use of

cl anps. The cl anpdn wacardasica witheansithse aspect pHihe nresgot aentiom, theaeansumable cgred

root bead has en applded.to the.groove between the pi.pe sections. L
br o eranly « RAeGoRs Eides B mpaR i i 2ot oS Shla v SR Gplionodiphis
t he ggoove t hstial1Q siRtar Teoy ' ioh . ' hage
preferably e)f(&?gsr’:d?agl SI eas?xlt%%gm%ﬁﬁgaﬁﬁg@ fplregg,% c&r%ﬁg\gﬁgsﬁ?ﬂef% %%1&812 énd
pref erably 36¢flébedd mvimgractotipesition whitheiwalyanathes tie @mporidon dhithewddekieoiions
carriage is designed to slide al onggya track as it npves around

1

| the
ci r cunf er enc &S & ong,dyerble, high quaity waldibead, Sozag posed elerdipdes wauipRshigidide gas
the pipe. Th ' LL4 | .ac] udes a drive nmotor which in conjunction
with roll ers%gqﬁgﬁg%eﬁ%%dsﬁg?wﬁ%e bearings allows the welding carriage

to slide al ong thgnhtdedands Fithdnéther 4héct BriRpRERet @l ertida, tE @E30Rd RircHit of the
desired speed. The wel ding carriage includes a nechani sm which controllably

novedOt he corfaldinis(currenicirguis proyides @ dighosmsrgy hoost dripg ke imitial particneofitkd acing

. Th i f. trolli t th d tr.od
ay be. | nt og P BRGHE 117 A EEE teds R BPB  AEaRF S Lot o) aemgline
movi ng the C%&Elaﬁ@@l?'ac%ﬁét&nt%ﬁln% QCEtafll ﬂ{agﬁnpfdf@w&nsmmwfy WEerCHE MER is

circuit includes a Tfirst circuit for controlling the current flow during
the short ci rspadetl frommthet weldingtpooki The erergp kteatedrdutial thd pladrea bodstd$ ptefierably
consumabl e cored electrode is primarily transferred intg the nolten netal

pool within SWHEICiENGdQ ETesie a sphesical metedibalh haying o diamster (of I9smere than twige the

el pSt aci || Rt T whlaRE il R S e A® el R D Bl s e
vel d pool. Thg el elirfdt §§ Walitithedfof & pebeléttciperiod LU HRR afd BRERMSseGhértly decdyRd

create a nelting current. The nelting current is a high current pulse which
i s passed t howergiperiné oftime whtil ¢he desieddanadainy ofensrgy qrvedtageistappllicsito dint eledtrode

energy or wattage used, t | t relatiyely constant volume of netal at the
end of the c&ﬂ\g’gﬁé&ﬁ sE@f‘ﬁggfé?gg@PG Erifen t he

In accordance with still another aspect of the present invention, the welding current

20 circuit limits the amount of energy directed to the electrode so as to prevent the unnecessary
melting of the ends of the pipe sections during the application of the weld bead and/or to
maintain too hot of 2 weld bead during welding to thereby prevent molten metal from passing
through the gap between the ends of the pipe sections and into the interior of the pipe
sections.

25 In accordance with another aspect of the present invention, the welding current circuit
includes a circuit to produce a background current. The background current is a low level
current which is maintained just above the level necessary to sustain an arc after the
termination of a short circuit condition. The background current is preferably maintained
throughout the welding cycle to insure that the arc is not inadvertently extinguished during

30 welding.
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el ectrode is spaced from the wel di ng pool. In accordance wi th another
aspect of the present invention, the cored el ectrode 5- I ncl udes ﬁﬁfé%gx
systemwi thin the cored el ectrode to provide a shieldin gas during

wel di ng process n accordance w th another aspect of the presen
i nvention, the cé%%ﬁ?ﬁ%?‘?%@@@%(@@??‘@ﬁ theijimen @e&feidﬁyuw&dmcqulmf%re

so as to ob t

Phe. conpost SbEelfph siafy GAHORe el Bobdls ko Bledbenl piddh bk -0
havi ng a conposi Bth&mﬂ aeeldey omthehﬁﬁcdnh@wmmocsmbmgnopswmhoﬂl@@mt
sections forns_a strong, durable, Ig quality wel d bead, Sone cored

el ect rodes medding grosessairantisgd by diis welderwith ayoweéqtrtrgé@@ gaglessaveldipe pepcessis
ccordance nQt her., aspect af..t he sent ent he secon r.cuit
o T Re ol i kil bl BRERS wRbislith s8R it o B My R bt i Hgels 6
initial porichbRd bctidie, HeChdlkityOBtdrnally cldefodY ﬁ?gaﬁ% Ffhen Qﬁﬂ@t ther QE&fae! v

has a preselected I(t) area or energy for nielting a relativel'y constant
vol une of maegativerprotess efitheoSTT veeldapnthe vadrkpiesd pwddivhisnhdt laad ihe eodlimgsefathed

br of er by QA4 cBaRes ., ung (60 Bed eaPubbich | GRPIaHE gt SHTLPRE®S of
pref erabl y toer n °
no nore thanm;owe@g%c;dea Smﬁ&ébkgg gga c{lﬁ&tv{? %ﬁg t%ﬂi%e tm%s@ﬁgcﬁ&)'%@‘c&gécuwe

initial high curr curren curr I's mal nt al ned

f or 16 preseldectawds mramnimobf héatin the dothlhweldinglppesgse NBY yevdairgythe polatity 6f the
period of time until the desired anount of energy or wattage Is applied to
the el ect ro§8‘Tt welder o apeclerimoe dasitive garditen,t ke Mogkpiges quuddlenisatoe stolhinda

Gircut | naeoriee SHBAR Bttt R, HE T B b Boffesabii8 et e
prevent the SHABAEAERbHe HBdative Gofityt tts%laa&@ae bsifinepdlhity RBAE X ot Weldidgt he

application of the weld bead and/ or
process. In this manner the heat is controlled without changing the level of the background

15 current. The heat of the puddle is controlled to a selected temperature by adjusting the ratio
of negative electrode to positive electrode welding.

The primary object of the f)resent invention is the provision of a short circuiting arc
welding system and method which forms a high quality weld bead between two metal plates.

Another object of the present invention is the provision of a short circuiting arc

20 welding system and method which accurately tracks a desired current profile during the
welding of two metal plates together.

Yet another object of the present invention is the provision of a short circuiting arc
welding system and method which forms a high quality root bead along the groove of the
ends of two pipe sections.

25 Still another object of the present invention is the provision of a short circuiting arc
welding system and method for applying a controlled amount of energy to the electrode to
form a weld bead in the groove between two pipe sections without causing molten metal to
pass through the groove and into the interior of the pipes.

A further object of the present invention is the provision of a system and method

30 which forms a weld bead without the need of external shielding gases.
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mai ntain too hot of a weld bead during welding to thereby prevent nolten
metal from passing through the gap between the ends of the pipe sectipmigo
and into the interior of the pipe sections. .In accordance w th anot her
aspect of the prege L hwent. i i.ng - i O iJotel

circuit to pr oduc%‘ %@g&i@ﬁgﬁ@?&%&tﬁ{’%ﬁ 153‘%{(53 ?gdﬁé)sd%%ﬂﬁsteeﬁ?%%‘ﬁg&logﬁs

I evel currengefifeidcdbos wHHpAAIGH d Weld aeRvinga tanssitivacebishry stlstautsiigi n
an arc after the termnation of a short circuit condition. The background
current is psisfiler toothy compositiomefidhe pipobejhpweldede wel di ng cycle to insure

that the arc is n I nadvert ent extingui shed. durin | di Ng.. .. 6
accordance with a&tﬁf ?m%h%{é’,?&&{ 0’16%" PFF@CI}Q%\‘/V@H AR %gsq?\%ﬁ'\agcé)}'e$%gﬁtﬁoggéng shbi?
contrgller f L f & 1,3 4 waa ke wel ding process to

obt aisr)l a des?{gce‘g@ﬁvé?'hﬁglagﬁég@ﬁg%wagﬁﬁ%%ﬁang;the STT wel der of The Lincoln
El ectric Conpany @rfuftfiek objeat of the inventionvietidipnayisiomebasappambisiand thetlyodtdfishort
wel der with a core el ectrode, a gasless weldi n? process i s ohtai nef? Thiﬁ
al | ows pipe ®ESUTs Welding, mdneh apparatussangk methed ypyalyes ‘&ﬂ’éﬁin%uél?%ﬁo Aoy o thepyelfl 4
cored el ectr t.he | ar 4. | ormal Iy el ectrode negative. Wen using
the el ectrod ‘g‘ﬁ%ﬁgw{’ggb”?@é@%moﬁsgt he STT wel der, the workpiece puddle is
hot and the cool i AgofHer btgectw@w [Redefifitiériivn i fhe pedvicion ofjart dppataascint mqthbd,
back. Consequently, the STT process invol ves reducing the bagkgrou

nd |
currédt to rwdicheappamtiseand methodheontrotscthe heartof $hecweld puddls bypdiusting dle xatig of
anount of he in the total we|din rocess. By reversi he | ard
the STT wel dg{ec?ﬁdeawséqvécﬁwafet%ﬂgqq?a%‘e%%‘ﬁmiC#gH: ¢ éd%'? 6 icgglg %U%AJ%{ é)%:;s
too cold. In it.h an aspect of the invention, the STT wel der or
process shi ftcg&gg{ﬁv\%ggﬁtcﬁ%&‘st andard el ectrode negative polarity to
el ectrode positi va&epalfarlidrwbjbor of e iventiant il thevepatation ¢fianc¥EE welder pithgut the

manner the heat is controlled w thout changin e vel of the background
need for a shielding gas and with the control o the%veﬁc? puc{d?e temperature %y pgfan%/ 13atio0

15 adjustment.
Other objects and advantages will become apparent from the following description
taken together with the accompanied drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a wire diagram illustrating the broad aspect of the welding control

20 circuit of the present invention;

FIGURE 2 is a partial view of the groove between two pipe section ends and the
electrode position in the groove to form a root bead;

FIGURE 3 is a cross sectional view of the electrode nozzle and a cored electrode
therein;

25 FIGURE 4 is a current graph illustrating a representative curve profile of a single
welding cycle employed in a system or method used in the present invention wherein the
electrode is the positive contact and the workpiece is a negative contact;

FIGURE 5 is an inverted curve profile of a single welding cycle similar to the one

shown in FIGURE 4 wherein the electrode is negative and the workpiece is positive;

30 FIGURE 6 is a wiring diagram of a welder to perform the method of selecting the
—_— -8-
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current. The heat of the puddle is controlled to a sel ected tenperature by
atdjusting the ratio of negative electrode to positive el ectrode wel di ng.
The primary object of the present invention is the provision of a shoIP'8169
circuiting arc wel ding system and nethod which forns a high quality weld
bead bet weerPalawy of thel weldl ayales inarveiding praspssawsingfthe shertsirsuie procedireint i on i s

t he provision of .clrcui tj arc wel di ist.em and nmet hod whi ch
accurately tracksﬁgiggéhseﬁgr@gbf’gﬁ?Wﬁi‘ﬁ?"}qe’é‘gﬂﬁﬁfﬁ%}@ﬁ?@%’di ng of two netal
pl ates toget her. MGURPMLLNE _aﬁﬁbﬁ‘t%w%fdéd?ﬁn@&ﬁﬁ@%vekﬁ?@[hﬁtﬁn is the
provision of a short circuiting arc welding systemand nmet'hod which forns a
high quality rootFIGARE £ ang bloek gliagrare aff thie hpolanityl ssetdctarvwsepi ip eths eitlustoated
Still_anot her object qf the present invention is the provision of a short
circtd ting afRPQMEMERted thepreseht IKeRtNRt hod for appl ying a control | ed anmount

b1 peseoti ons. wi tRSHEEdids Aol e WERCRER bRl Fr BN 6 T ERre,

i nto the intebodimédt; &dde pi pes. A further object of the present invention
is the provision of a systemand nmethod which forms a weld bead wi thout the.
need of external HGURE] iy addockdliagrany of the polafity selastor ybgdtoshidt fremenp pelsditit
I nvention is tgee%tgrov' Si,0 a system. and nethod as defined above which

of
produces a WAl P Bng $WRIBEYPISn which Ss substantially simlar to

t he onposi tion of the pipe being wel ded. Yet another object of the present
I nvention is the use of a cored electrode in a short circuiting weld

apparatus to form a hi J’)REFERRED BMBODEMEN ACRTHEINVYENEFIONof t he
i nvention is the provision of an apparatys and nethod of_ short circuit,
vel di ng, whi ch apkdsrEngBow iithedravanes whesni the shovaings /g forrle pupase iof Ylustratings

wel d the preferred embodiment of the invention only and not for the purpose of limiting same,
FIGURE 1 illustrates a short circuiting arc welding system connected to the output of a DC
15 power supply. The preferred type of short circuiting welding is SURFACE TENSION
TRANSFER or STT type of welding. The welding circuit and control arrangement for such
type of welding is disclosed in United States Letters Patent No. 4,972,064, which patent is
incorporated herein. Therefore, only a general discussion of the welding circuit will be

discussed below.

20 The power supply is a D.C. power supply preferably madé up of a motor 10, such as
a gas motor, which powers a generator 12 to produce an AC current 13. The AC current 13is
then rectified by rectifier 14 to form a DC current 20. A phase controller 16 controls the
rectifier 14 to produce a substantially uniform DC current 20. DC current 20 is then directed
into a pulse with modulator 30. The shapes of the pulse are controlled by.shaping circuit 32

25 to thereb3; create a desired pulse with the DC current 20 through output terminals 34, 36. As
can be appreciated, the power supply need not be a rectified output but can be any other
appropriate DC source.

The DC current from the pulse width modulator 30 is directed across a welding area
which includes a consumable cored electrode 50 and workpiece 60.
30 Referring to the welding of the workpiece 60, electrode 50 alternates between a short
-9-
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current during a wel di'ng process. Anot her object of the present invention
i*s the provision of an apparatus and nethod, which apparatus and net ?9% 9
controls the heat of the weld puddle by adjusting the ratio of electro e6

positive current to electrode negative curreg%, . €i Qer durin a%ﬁ cle,or
from one cy&ireuit gondition yhen theelecirodedp engages v P‘eﬁﬁfL’ gpd %ﬁarf’ﬁg cp é?ﬁ‘ VoFre s
the' operati . ' < s ' i ~ afed
W th the cotittiftusiés s splfel 48l i biefilecs 5O DARRE b lvidhy SAuRlcR diiBafo Bk
adj ust ment . ifchated Bytwednsthandlorkgican 60.0me the lelectredw @ fapparpeses dff meltingeand

foll ow ng description taken together with the acconpani ed draw ngs. BRI EF
DESCRI PTI ONngintmmimgDRolternds enil GOt eletrode anjt i fed; tayrmslwoikpiges Foxm; shgsednent

b t of th i t ircuit of th jan:
Il GRE 21 < SOt eP ot Bis bRt obraie e Russhofafy Mlschd ik REs £,
the el ectrodggBosdd iB%miiR FIGERESALHA 3, thel WelBIng chelebltba@es bétvedREstbr Srdait

cross sectional view of the electrode nozzle and a cored el ectrode therein;
FI GURE 4 i s candition emt a plasmphcordititst. r at i ng a representative curve profile of

a single welding _cycle enployed_ in a systemor nethod useqd in the.present

i nventg i on wher e?rplg'ﬁé thg Irérp@??fi%d’édﬁt@nstlﬂé%?ﬁ%ﬁafﬁ t&?@&mﬁﬁ{ear&&&n‘i]ﬁ@’ﬁﬂg@g?t@@e
IS a negati tact: F i ' C | ¢ 2 oS '
wel di ng oy ol Treb i REpuphre afdgny! ST et Blip HhY FoRE orof icPistiR | |
negapi ve andeddpsl tiMskiRt 86eBnd fuBte debutetelyrdottdiiedfor thegpurpose ofireducing syattef ata

wel der to performthe nethod of selecting the 8 - ) .
various times during the welding cycle. Pulse width modulator 30 operates at a high

frequency. In the preferred embodiment, the operating frequency of the pulse width
modulator controller 30 is 20 kHz with a width of the successive current pulse”being
determined by the voltage on line 33 from shape controller 32. As the feedback control

15 system demands more current in the welding cycle, a higher voltage appears on line 33
causing a wider pulse during the next pulsé from the pulse width modulator 30. Thus, the
demanded current for the welding cycle is changing 220,000 times each second. Since the
highest rate of the welding cycle is generally in the neighborhood of 100 to 400 cycles per
second, many update pulses are provided during each welding cycle. In accordance with

20 known practice, the Wélding current circuit includes a premonition circuit having an output |
line 40 for controlling switch 42.

The welding circuit directs current to work atea in accordance with the operation of
the pulse width modulator controller 30 until the dr/dt (where 1 is the electrode resistance),
di/dt or dv/dt indicates an upcoming fuse during the pinch cycle. When this detection occurs,

25 the logic on line 40 changes polarity to open switch 42. This places resistor or snubber 39 in
series with main choke 38. Since the main choke has a small inductive reactance, very little
energy is stored in the welding current circuit. Consequently, the current flow caused by the

welding circuit between the electrode and the workpiece is immediately droppeci to a level

determined by resistor 39.
30 In accordance with the present invention, there is added to the welding current circuit
-10-
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polarity of the weld cycles in a welding process using the short circuit
pifoce FIGURE 7 is a graph of the weld current with straight polarity;
FIGURE'8 is a graph of the weld current with a reverse polarity; FI GURE269
is a block diagramof the polarity selector used in the illustrated

enbodi ment of2 g¢nerglyenasaliel gwksmun@ aucrgnt CioRe. Tlheibackgroumiksvrisht qireyitwentinues to

howi i ficati f.th f d di ment; .and,. FI GURE. 11
s o bl ock i BigvRer B fo &9k Blo or LibSed biost HECHSRBRES, Frpss R os e pRfRie
to the other MkiﬂfohontHéle'ldlﬁ%air&ﬁﬂ. A9 reSME hif baa?%mem%h{rat@:asfrﬁﬁ

| NVENTI ON Referring now to the draw ngs wherein the showi ngs are for the
pur pose of i |ogsrangmpsgf cureenppash betweeh therbledireoderand dfe workpiens atralli tomesaturipg shend

t f th f imti , FLGQU 1ill trat t
it Ui ng- ar YRR G o EhiaP NG e etiney SR SA e B e BERdecug he
The preferredwgﬁﬁceﬁuﬁ%,pqm%#c .tﬁé\ggdigfg:c?blg.g I s SURFACE TENSI ON TRANSFER

or STT type of I di ng. Ing cIr and control arrangenent for

such type of wel diReferringth BIFIRESI2 itd 3)pigecsdgést 70tikestrattcac Baviled £Béveld surface
4,972,064, which patent is incorporated herein. Therefore, only a general
di scussi on of 74 Waich&rans ggreave beteenibe pips edgsiss Rips sdgrsises acedmpart sochethatsagap y

' D. C I I f t 0 h .
ot or . whi o ToSarS et IEPRE ey IR sbonitn? s Routiirafiite 148 bik. HiRs are
currelt 13 i spdsitioRed Mskéﬂr&ﬂto?éthét,eﬁ%fefaibgfby]&mh 9l B? 18asPtheGHb1 1RAE is%@p}iéii to

phase controller 16 controls the rectifi'er 14 to produce a-substantially
uni f orm DC cuthe greovebetwsam the pipertig@pthereby filingdhe gapt #d A pipe geoynd|78engigek the

R T TRV R T

Y T L e L

from the pul she dlectidiei® eddl tBioRgh 8Rctrddediol£l6 8O do A€ totbdhster YRl rHlb1fa radtatant the end
15 of the electrode into the groove between the pipe ends to form a root bead.

Referring to FIGURE 3, electrode 50 is a consumable cored electrode which includes
an outer metal sheath 52 and an electrode core 54. Preferably the metal electrode sheath 52 is
made up of carbon steel, stainless steel or some other type of metal or metal alloy. Preferably
the composition of the metal sheath is selected to be similar to the base metal component of

20 the pipe sections. The electrode core 54 preferably includes fluxing agents and/or alloy and
metals. Fluxing agents may include compounds to create a slag over the weld bead to protect
the weld bead until it solidifies, to retain the weld bead in position until it solidifies and/or to
shield the weld metal during the formation of the weld bead. The flux may also include
components which produce a shielding gas to protect the root bead from the adverse effects of

25 the envil"onment. Preferably the flux components include fluoride and/or catbonate to
generate a shielding gas during welding so as to eliminate the need for external shielding
gases during welding. The use of such an electrode greatly simplifies the welding apparatus.
The need for a source and arrangement for an external shielding gas is eliminated. In
addition, the need for a special shield to protect the weld bead from the environment since the

30 shield gas forms at the weld bead, thus protects the weld bead in all types of the environment.
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whi ch includes a consumabl e cored el ectrode 50 and wor kpi ece 60. Referring
t-0 the wel di ng of the workpiece 60, electrode 50 alternates between a short
-9- * cirfcuit condition when the el ectrode 50 engages wor kpi ece 60 br?d62n

arcing condition where the el ectrode 50 is spaced fromthe workpi ece 60.
Duri ng t he %heklagwhisidiormoen therweld beadrfithershields therweld bgad,Gomdhmenviggnment,

kpi 6 d the. 5Q for f | §i ' Lo
ol ten' the. BHaRGPLiREdE edorravgn Shgutty PR stk B ARl Fretae Wald
subsequent 880dedGh thid typ& 8ALhrt Qii‘cuit_ﬁ? &«etdx«x%e Shrp¥isingly) eheCHlek Qoted electrode
schematically illustratéd in FIGURES 4 and 5. As shown in FI GURES 4 and 5,

t he wel di ngwoyicidewell tie rthaskat btuiten weldehand foinadua shicking gasoandaldg whicksma
condi tion. rng the plasma condition, it is necessary that an arc is
created and | I t f ive
3 el Retomd e s head Rom thr delsiergie gt o Ahafiress { The
wel di ng. Th ' | )5 ' ; st
be. acoqr at oriEigil XD ety Sl ARAR (RLIGRIRL S st  The RRGREEARE Y
times duri ngreféreblyetidited sechcha thdilloyiguigetith imeadibindtion with the esrapesitiat ofthéi gh
frequency. In the preferred enbodi nent, the operating frequency .of the

pul se wi dt hmetsdieleetrasie shaesth 52 formya weld beadimviaga spmprsigonsuhstintplly similar to the

successive current pul.se bei ng det.er mped, by t | J . r
shape cont rg}e?aé r°°’§’§.851g58n Pg efugeé%t?é%?' c@ﬁﬁ%‘l °°§§§?%%°§§ ?On %Sn‘%??sg’ngﬁ'r{oetﬁ%n in
thejgel di Ngwe¥thE methol iafd 8Fpa¥athd MARat WG Bothiphevidsd adadifite Srotectlbrtie the

pul se during the next pulse fromthe pul se width nodul ator 30. Thus, the

demanded cumekhbeataturing eveldihglmithoutyneke of extemalshielding gases @od formss weldbead
second. Since the highest rate of the we|lding cycle is.general in th

nei ghbor hoo®1tsthe game gr glosely g &nep‘am@é@aﬁc??th% ew@ﬂt @eﬁ@rféjgémaz & high
provi ded dur] ' [ At s : he
el di ng. cur Wiy SRR B4R th 38, GEE G chrBERATARCHIM S Bidt AP OF Gt e
line 40 for cempésitidrsi Ng switch 42. '

15 Referring now to FIGURES 4 and 5, the operation of the preferred embodiment of the

present invention is schematically illustrated. FIGURE 4 shows a desired current profile to
produce low spatter and to prevent the weld bead from passing through the gap 74 and into
the interior of the pipe system. This current profile is divided into a pinch portion, a plasina
boost portion, a plasma portion and a background portion wherein the arc is to be maintained.
20 In the current profile illustrated in FIGURE 4, pinch portion 110 includes a break point 112
and a premonition circuit operating point 114. The plasma boost portion 120 of the current
profile includes a decaying portion 122 referred to as the plasma portion. The plasma boost
portion, which is critical to the operation of the spatter control system, is the constant current
portion prior to the decay portion; however, the decaying portion 122 can be referred to as the
25 end of thé plasma boost portion or the start of the plasma portion. Following the decaying
portion 122, the current control circuit shifts to the background current level 100 which
maintains the plasma or arc.
The current control circuit, in accordance with the present invention, maintains a

preselected background current level, thereby preventing the current level through the arc
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The wel di ng circuit directs current to work area in accordance with the
operation of the pulse width nodul ator controller 30 until the dr/dt %@gre
r is ‘the electrode resistance), di/dt or dv/dt indicates an upcom ngL
during the pinch cycle. Wien this detection occurs, the laogic on |ine 40
changes pol HPmy gver dallipg peloyy thepresslected jcyrmgntslowscurreat gt"B]r ang, algom%g}e %’9‘%? n
series with_m Sﬁ'hoke 38. Since the main choke has a small inductive

react ance, 3§$§H1|ttle energy is stored in the welding current circuit.

Consequent | y, t hBhe biitr@ icohfr@V¢ifcaitSe dediynddne predute nll thi moaliing be theeslectiode

el ectrode and the workpiece is inmediately dropped to a | evel determ ned by
resi stor 39duning thecplastan beostiand plasmap pertiontofi the evalding cyelser Burther saelting ©b

t he | di ng_gcurren ircujt,-10- ner al | arall e 0 ent
circhi . ThelenedEcrOfim GoL ik Aloevheing Shcker R e Es bl PG PR e K o
anps of cur : | | [ ' heion
o the wel df iy sy Bl o ICERORER ol R e el g i ne ot
| east five backgeonad campst. dfhusuhe badkgramd chatnemly sdmeesetb enzintaiiethaact 4nidethe
wor kpiece at all times during the welding cycle tgter ebya&grgve&tép%hﬁ
ext i ngui shnB#t olgnolignametakingls wakien fizie Eheampwd of molen metahaht bF G
any phase o ' ryl F | wfiggs 70
illustrate E%W%ﬁk%{ggb%@%ﬁ & suofof g%?@%%%@nllg (%J%%Bﬁ%%ég%a\?ée et Weeﬁ

t heipi pe edgfmoltdli Metabd BRSend o the RREESHARAT the Plagha pdrtivn af tha purfeht dsaedtced to
bet ween the pi pe edges. In accordance wi th known practice, the pi

| pe edges
are positi ofhedadsgiounscurmsnt ansg thetpseselegied vekume) iy obipined.a e duration °féﬁe P]é§gf‘

the root bead s lied to th rogve, bet ween |

filling theﬁwbmﬁ%ﬂ%&a@%’@s&ﬁﬂ3@1’7%6‘@f?ﬁ&%@ﬁ%@%ﬁ%ﬁ?ﬁéﬁ‘gﬁﬁ%ﬁ%@ E‘g%é“rlc
circuit bet gﬁ?ﬂi &t ;ﬁ?é ERE2€700 Rue HvdrliRel RhPSE thEREd Ea0RsHPini the Gl’bId&ﬁét@ldséé]ﬂhQ
t he groove between the two pipe ends by el ectrode nozzle 80. During the
wel di ng cycintg thelimterthef thepie sectidne.dDutingthg formtation o6the nradten nectd ball ot the end

transfer the_nolten netal at the end . .
1? of the electrode during the plasma portion of the current, the jet forces of the high current

repel the melted metal from the welding pool until the preselected amount of molten metal
has been melted at the end of the electrode. Once the current is reduced, the molten metal is
allowed to form into a ball and the molten metal pool in the groove is allowed to stabilize,
thereby allowing for a smooth contact between the substantially spherical ball and the quelled
20 | weld metal pool. The desired amount of molten metal at the end of the electrode is controlled
by directing a preselected amount of energy or wattage into the electrode during the plasma
portion of the welding cycle. All during the time the molten metal ball is being formed at the
end of the electrode, the core components are releasing shielding gases to shield the molten
ball and the weld metal in gap 74 from the atmosphere. The shield gases continue until the
25 molten ba.ll is transferred into the molten metal in gap 74.

Once the molten metal ball is formed during the plasma boost and the plasma portion
of the welding cycle, the molten ball is forced into the molten pool by feeding the electrode
into the pool, thereby forming a short circuit condition. When the melted metal ball engages
the molten metal pool, it is trz;msfe_rred into the pool by surface tension. This action causes an

30 ultimate necking down of the molten metal extending between the pool and the wire in the
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of the electrode into the groove between the pipe ends to forma root bead.
Referring to FIGURE 3, electrode 50 is a consumabl e cored el ectrode which

i ncl udes an outer netal sheath 52 and an el ectrode core 54. Preferably2li6Be
nmetal el ectrode sheath 52 is made up of carbon steel, stainless steel or
sone ot her tefptrodd, af@thith aiptiey Aild sapdration dfitkd balbfobm thdwire ooposi Sinoathete ishe
nmetal sheath is selected to be simlar to the base netal conponent of the
pi pe sect i o®sly Flosv kackenonndeurcest during the ssparatipnylittle i any eratter ocquryy Brglorbdy,

d/ N d s, FlLuxi i pcl
a0 over Hue BT B G P BORRsoRyof BE e AR BT B4R fc®
retain the %&ﬂaﬁﬁ%e&fﬁbe@%&ihin@ﬂér ?‘ﬁ%lkétn’b bit$ Md dlirdehefovaBekins the pirkhicetd 1t1be

$
wel d metal during tthe formation of” the wel d bead. The flux may also include
conp6nent s \itxredsep muntel geadaalihuntilda detection obarp iropeanding: fuse i obtaimedd @nesnthehe

adverse effects.of the envjropment. Preferably the .flyx _caonponents inclyde
fl uori.de anGiFGFt‘Qf’a?fI@Bﬁ@P@df‘% $185cHFsethy cgﬂFféﬂ%ﬁeH@“&é% HHLP@&FE%OMWB lér&;‘lias
to elimnat e r e | | ' wel di ng. The use
of such an Zl?%@ lrt%dlggtéfrée)(a 76%/%34{%?1 |8§éghﬁe}%\/{gfl§€ﬁlgﬁ% ré't us. The need for

a source and arr FGERES!4 4dr5 showexdtaidaad SThirtkiregitgadding cydlé with stieas)clelin
addition, the need for a special shield to protect the weld bead fromthe

envi r onni enFIGURE4 epplyiogits posifive termningl te theradgangmewpedl, Wit dusplaalys thet he

| d bead i | f.the.envi i :
wel 4%ead 1 Orii el ot s Ry (PR EOBPv pr REachb P Wekling RIPatielif”
in the for "GORES whkrdid thy elBtrdliclenshativeeTirtsBbRcBenitwElding prodesshutilifed thede

was not used in this type of short circuiting welding. Surprisingly, the
flux cored etandendonkgative peldrityelor electrofe negative condition shewn mlE!@IJF%wé, hay ged

a shiel ding and sl a I ch adequat el y prafect the.wel d.bead fr he
del et eri ous t%%%é%y[ g" H*cr‘?%ﬁ%wg}é‘t 'LFHQ’ﬁWgFE.O%'I%% x%@fegwﬁt . agglfﬁ & téona%s%m%%l&
preferably ipgl; | 1By CRHBnOHr thd BT TawEIRN, NBy *EPNyn@hroth
preferably gg%gtggﬁysrg%%hﬁg%%tgﬂ{eﬁgﬁdoyi ngtsgfgtgnltss in corrbnlig)r'latﬁl?orfnﬁt h teﬁe
conbsi ti on asfect bftheptaskntaheantiondhe tempataturs 2f themmoltenwedtal fuddle i eetitrojled by

conposition substantially simlar to fhe . . .
i welder 200 operatg/d in accordance w%th the present invention and shown in FIGURE 6.

Welder 200 applies a welding pulse across the advancing cord metal electrode 50-as the
electrode or wire moves toward workpiece 60. The primary aspect of fhe present invention is
the use of a cord electrode. The additional aspect of the invention can use a solid wire
20 electrode. Welder 200 includes a switching type power supply 202 in the form of an inverter
having switching pulses controlled by pulse width modulator 204 with the width of the
successive current pulses determined by the voltage at the output of error amplifier 206. This
amplifier receives a voltage from current shunt 208 that is proportional to the actual arc
current. Input line 210 directs the current voltage to the amplifier with the desired current
25 signal in line 212 from standard controller 220. Controller 220 creates a voltage in line 212
that sets the width of the individual rapidly occurring current pulses at the output of inverter
or power supply 202. Output stage 230 of inverter 202 includes a transformer 232 having
center ;tap 234 connected to a positive rectifier 236 and a negative rectifier 238. A polarity

selector in controller 220 provides a logic in output 240 when the output of the power supply

30 is to have a positive polarity and a logic in output line 242 when the power supply is to be
—_— -14-
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nmetal conposition of the netal pi pes. The flux cored el ectrode provides
versatility to the wel di ng method and apparatus in that the el ectrod h
provi‘des adequate protection to the weld bead during wel di ng without “riee

Che'sane cofigen ine weatreogty S il 5 tafinkk dRarEHERRa 4 e o

bead in al | ubsdPRScoRtroESMten® HRREG AN h)NuhQa omxd@ﬁylaﬁtye;sdm&{ 250 @&mrealby
conpositions. Referring nowto FlI GURES e operation of the

preferred eswdh Qirandafneghtiverodasity portion éﬁZ mmtrqllsd by lswitch Q2alA logid indser240ed.
FI GURE 4 sh d d t f L t

prevent t ﬁeoﬁf’ ‘K’S%Hbﬁrcéﬁﬁq{‘éggrfﬁ?g%gﬁrmg ‘E‘é‘ogﬁ Wwa% lgélf’ﬁgq’i“ﬁ&é?i or
of the pipe cRapktEe ga_ﬁhﬁr dattdi ré&frreﬁf W fifn ﬁn@%%dclﬂ-ﬁ? gb Hfgﬂ 232 R fcRPLY 98, @

pl asma boost portio portion an portion wherein the

arc is to béonmasnﬂhalpnbdty isrpdshwedngrrthetdglqmpﬁnel BL0; tHeLSIT aickidr pded:@ﬁEtﬁw
pinch portion 110 includes a break point 112 and a prempnition circu

operating p&WEEnt pulses tygivetheposhive nglgntymsmt@mclg st var It GURE T.K pldwglpﬁp@

i ncl udes a ¢e in or t. on12r rred as_ the.pl as

o aemm boas i SRS £ Baiief oyelé wifh o Gifient Baile & 38silvd BFRGP° | el a0d s =
control sys Eﬁi’ﬁng §oxhthﬁ tCatRchadht He "tﬁrféné SHORH ddc. %Wacﬁg?oﬁﬂaectﬁ&ﬁﬂié rBﬂ’tEée&O n;
however, the decaying portlon 122 can be referred to as the end of the

pl adba boos ttovmrdtzemn'rbcreaﬂm the pirich ofirrert 80R lcasenthg shertametibbdllavitragsfenby a

decayi ng portipon 122 current control_circujt shifts . to t hackground
current | ev&nswdrmﬁfemnﬁaprﬁe&m | piggh HPB]S?’r&e lsé’F??tedTﬁ%n@éﬁaFegrﬁ 3@ Bt r

t
backor olnd Sar Pt 2pag plinsph oY BBl botBK 305 K8 Rl i) CARR AR PR e

arc - 12-  bedn franm&rd bytle ¢lectie Ipm&htd&ﬁo@rms elRfiacsdndition €8 tredstiblishedr gt
| evel and allow ng the arc to extinguish.
plasma boost pulse 310 having a maximum arc current. The area of the plasma boost pulse

15 310 determines the general size of the molten metal ball at the end of the advancing wire
electrode 50. After the boost pulse, the current has a time constant tailout 312 terminating at
the background current 314. At 316 the next short circuit occurs. As-long as a logic 1
appears in output 240 the rapidly created current pulses have a positive polarity, as shown in
FIGURE 7. Upon receipt of a logic one in output line 242, the polarity of the welding
20 operation is reversed. A reversed or negative polarity cycle 320 is created, as shown in
FIGURE 8. In accordance with this aspect of the invention, the number of positive polarity
current cycles 300 and negative polarity current cycles 320 are controlled to obtain the
desired heat in the molten metal puddle of the welding operation. If the puddle is too cold,
the number of negative polarity cycles 320 is increased with respect to the number of positive
25 current cycles 300. The desired ratio is obtained by appropriate selector circuit in controller
220, which selector circuit is illustrated schematically in FIGURE 9 wherein the selector
circuit is a flip-flop 350, software implemented, having a non-inverted output 240 and an
inverted output 242. The output is selected by anti-coincident circuit 352 having a set input
line 352a and a reset input line 352b controlled by a digital decoder 354. Input 360 receives

30 an input initiation pulse at time t, when a cycle is started by a short circuit. The adjusting

-15-
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The current control circuit is desi gned to produce all the nelting of the
el ectrode during the plasma boost and plasma portion of the welding Cy%kﬁ69
Further nelting of electrode 50 does not take place when the backgroun

current |evel; C | t ssar t

IS not obtai ng‘éﬁg %F gﬁgﬂfgﬁﬁg?rcﬁgg{stﬁygﬁ@ﬁ% nl?ﬁf;rt t%%/ OFE{%‘%%%C uté‘%ﬁh‘?ﬁ%uaﬁ ?xgﬁ'tt
Thus, the backé2 mhihequmbenss meghtivesafre@cyties avinpiited 64, tHycadhisting Msksé beo Bivuts,
of nolten netal ip the nolten state. The anmount of nolten netal. at the end

of el ectrode %64l ALPopibive errmagcYples3AB, tHoDsesiivssyTentayalep B2 isneieated & eantrod

to nelt a pre t vol.une of nolten netal at .the.end of the electrod
and the pi Asniepefof i AR aRbey I nge h el et Ran sl B abipizdhe
once the presgdieatiaputy 9b2 AR 364, obt ai ned. The duration of the plasna boost

and plasma portion is also selected to prevent unnecessary nelting of the
metal around gap 7Altbéughi the pefdsed embedivtent vé thismpachgf dlic irtventiet aivobas the

SR N S VO I AT G e
duri th I LoR: Qf <Y OO ' ' .
G 09, e 9T s, s e B el o

anmount of nol ¢yele 363 Rlinitiatede arstaBidieRdg@ivet fotartndyclé ahd & tbesHiftedi® a PHsitve
the current is reduced, the nolten netal is allowed to forminto a ball and

the md ten neRdaritpewsle atra presslegted point instha cydeweThis aspectafithe inwentiands dlngtrated in
allowi ng for ont.act between_ the, substanti all erical .pall ,and
Fheoual) od JHETRE 1 vt St byE Rod (i Seitiedl s 2 Beetise PoRRRE i it BraiBity

of the el ectrQgRni ﬁorﬁemoﬁdé@@g% %Efaftﬁﬁéerh gpsﬁa BB@ﬁ%hﬁ&h%gxf—tﬁ:?{‘ﬁtgﬂ.t nﬁsccsaﬁhaey

or wattage into the electro asma portion wel di ng
cycle. Al duwiththis hgpeti ofithé nventivnf the potarity oDk rapidly leedated duerenteshlises is-tdftenhd
of the electrode, the core cogponents are releasing shielding gases to _

shiel d the noAfiesthesemination 410,ef plagmen basstnortion 414y The shifh#hpom X4s atber iveg delay

Th ield t i | ahhe .. > |l st d | t he,.
ot ol metal T dage Aol bBlon 20 i PRt o degasR Aol AL pte endtion
pl asma boost 430with @nithstaitinddas ShiftinPoldrite aVVBbiit RO Thertafier,thE ciRbdtedyclRAds!a
is forced into the nolten pool by feeding the electrode into the poadl,

t her eby f or minegitivepiolarity vntilabé endc4ddafithecyclanElip-flop 3H% hifsi lagic sthtebalaivait the
n9ages e o ot BhuBe Sl deboroPadd SIR0G! Loebt S it HEGBRY 1 Yactie L3E S
‘a plasma boost portion, detector 454 reads the trailing edge at input 452 to start time delay

20 456 which has a manual adjusted time at input 460. In this manner, the heat of the weld

puddle is determined by the selection of the time delay for reversing the polarity of weld
cycle 400. Other modifications could be made to alternate between a positive polarity and a
negative polarity for the current pulses from the STT welder for controlling the heat of the
weldix}g operation.

25 The aspects of the invention have been described with reference to preferred and
alternative embodiments, Other modiﬁcationé are apparent and are within the scope of the

present invention.
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ul ti mate necki ng down of the nolten netal extending between the pool and

the wire in the - 13- el ectrode, and then a rupture and separation of
the ball fromthe wire occurs Since there is only a l.ow background current,
during the separation, little if any spatter occurs. Preferably, the

current control circuit nonitors the necking of the nolten netal bali.-®ggh
that when the neck rapidly reduces-in dianeter by electric pits, the

current flow during the pinch gppRRIGRGILINGEE@ERSMIZPr € gradual ly until a
detection of an -inpending fuse I's obtained. Once the detection of an

i npendi ng fuse,occurs h urrent is.reduced to.th ackground current
e the ol s b reparetaofpdiRg e eid RES BRESpnGitee o BR EREPER TekoRd bhdRiase
pool. FIGURES 4 and 5 show a standard STT short circuit weldinig cycle with
t he cycl eby HsefaUmeldingtmgihaving atveldipg wireifeader andri meghaniom: th drizel terwéldiggbiuge
50. Wth this polarity, the nolten netal puddle is relatively cool conpared
to the st aibggsta&idn telodisiis pedptedy SHRUMRpicte FhicBBmBrivder ei n the el ectrode
is negative. The short circuit welding process utilizing the standard
negative polarity, or el JLode n | V€ ndi.tion in FE = 5, has a
tendency to incr easae)' thecq’t%vrrlboé"glgtrg%%%ﬁ%%%%%#4%&%%%*‘2%@%@%%%i on is
normal ly alleviated by reducing the background current of the STT wel der.
By erpl oyi ng anot he?- aspipplyingibe pitiah weldingpassto dha adipgentends afspig dirstiand second
the nolten netal puddle is controlled by wel der 200 operated in accordance

with the present invent iwerkpiect wiichwora ghp tHefebetveed Eotheouts2dsaiiofirkt abd second
wel di ng pul se across the advancing cord netal electrode 50 as the el ectrode

or wire noves toward V\Dr%&."(@@ : i; gﬁﬂ% :
invention is the use of a cC r%%ﬁgﬁﬁﬁ?%ﬁ&@%ﬁg |t%§g§{°r§§g%%q§ﬁ%ﬁgddle
invention can use a solid wire el ct£§%e. Wel der 200 includes a swi tching
type power supply 202 i rPebFeenil RdSPT g WorkRisseathayi ng swi t chi ng pul ses
controlled by pulse width nodul ator 204 with the width of the successive
current pul ses det et ni nehiripg saithinitied pasa yarymng thhspeediofsaid wilding bag andiqrithe feed
206. This

10 rate of said welding wire without stopping said welding bug while said

D2

welding bug is continuously moving about said track on said workpiece to

maintain the end of the welding wire ahead of the welding puddle.

2. A method as defined in claim 1, wherein after the initial pass applying additional

passes.

3. A method as defined in claim 1 or 2, wherein said welding wire is a flux cored metal

electrode.

—_—
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anplifier receives a voltage fromcurrent shunt 208 that is proportional to
tthe actual .arc current. Input line 210 directs the current voltage to the
amplifier with the desired current signal in line 212 from standard
controller 220. Controller 220 creates a voltage in'line 212 that sets the
wi dth of the individual rapidly occurring current pul ses at the out puL-2169
inverter or power supply 202. Qutput stage 230 of inverter 202 includes a

transformer 2324.havi AgnétRéd & défitRd EBAaiaPB\RItréfl sii@ fRx RO Ihitsl dlQeollé ised 5?36
and a negative rectifier 238. A polarity selector in controller 220

provi des awy;Q8i-G i put 240 when the output of the power supply is to
have a posfqlgg%gﬁgﬁraggﬁ‘y and a logic in output line 242 when the power
supply is to be -14- shifted into a negative polarity. Switches Ql, @,
each having a standard snubber 244 are used to control current in inductor
Li having a positive polarity portion 250 controlled by swtch QL and a
negative pol arily poAtmetho®a2 definéd inl ¢laich ByorsdyiwiekeifdRaid Ahbxogired infetdli slectidde |
cl oses switch QL causing current flow through inductor portion 250. A logic

inline 24ﬁcﬁﬁﬁ1§9ﬁﬁ>¥%1%fcoﬁﬂoﬁ§g§ ?ﬂoﬁx@%f-‘eﬁg £6i SR8 bodt bl ﬁﬁdtﬁ?%ﬂéﬁ%&%%ﬂifa}{

portion 252 of i"ndu ng as the polarity i's po

logic in line 24@ the STT wel de oduces positive current pulses to give
the posi ti PERFSIHQR; 2 ecﬁ?F’rPBﬁfw’(’:?é’rag{%‘f?oW 8°%8 GURE 7. Weld cycle 300 is
shown as a positive cycle with all current having a positive polarity.
Cycle 300 has a starting point at t, which is-at the time a short occurs.
The background current is reduced toward zero. Thereafter, the pinch

current 302 causes tAencHhud 4saibfiiBd Al cliads!1-3, Qviier@n 84i8 inil Fhsd ﬁ%&d@%&ﬁﬁﬁ%@

and an electrical pinch until a neck is created, as indicated at 3

current is 1 | unged. as Lndi cated at poriion,306 ta reduce spatter.
A tort he R Vel AR 108 FRlE e Rfon iy £ Peislis e b e
pl asma condition is reestablished by a plasm boost pul se 310 having a
maxi num arc current. The area of the plasma boost pul se 310 determ nes the
general size of the nolten netal ball at the end of the advancing wre

7. A method as defined in claim 6, wherein said controlled melting portion selected from

the group consisting of applying a preselected a:hount of energy to the electrode or applying a

preselected amount of power to said electrode.

8. A method as defined in claim 6 or 7, wherein said controlled melting portion has a

preselected I(t) area for melting a relatively constant volume of said electrode during each welding

cycle.

9. A method as defined in claims 6-8, wherein said melting portion of said electric wave

including a preselected beginning high current portion and a decaying current end portion.
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el ectrode 50. After the boost pulse, the current has a tinme constant

t-di l out 312 term nating at the background current 314. At 316 the next
short” circuit occurs. As long as a logic 1 appears in output 240 the
rapidly created current pul ses have a positive polarity, as shown in Fl GURE
7. Upon receipt of a logic one in output line 242, the polarity of tﬂ%@69
wel di ng operation is reversed. A reversed or negative polarity cycle IS

created, as sh [ l.n agccordance wit hi s aspect,..of 1 h,

i nvention, t he?% rrb‘g‘rnllz%) pog ?@rfe\r}én gﬁlf”&rﬁ?%%s{?}f%%ﬁté@tﬂ"é"é’g t‘%ﬁﬁflsﬁ‘g@gﬁg%
polarity c%%%fgt cycles 320 are controlled to obtain the desired heat in
the nol t el ¥ snnedielecteode tpreyit snoktgn mstal fommassing thrdughsaiddlp. i s t 0o
cold, the nunber of negative polarity cycles 320 is increased with respect
to the nunber of positive current cycles 300. The desired ratio is obtained
by appropriate selector circuit in controller 220, which selector circuit
is illustratedygche 1 j e el.ector cigcujt is a
flip-flop 350, e t%ééﬁ‘?dn%%/%énf@ﬁ‘ﬂen%@@as\%'%Q’é‘%@%%ﬁ@?ﬁ e saish gfectiie
an inverted outpyt 242. The output is selected by anti-coincident circuit
352 havi n§*% ‘é‘@‘?‘a\“ﬁ gl syreeniplse ot the end,of @ short eiivit qondition sdanplying edid pulsey
a digital decoder 354. Input 360 receives an input initiation pulse at tine
t, when aumii}iuséptier togredictediemingtian of seidrshoit tirculh@nditjonst i ng - 15 -

i nputs 362, 364 of decoder 354 set the ratio of a nunber of positive
curnent cycles at input 362 and the nunber of negative current cycles at

i nput 364. By adjusting these two inputs, the ratio of positive current

cycles 300, t negat | urrent cles 3 i S sel.ecte o, control the heat
of the wel di n\éﬁpr oc@s@tﬁ‘i‘g aﬁh‘%ﬁﬂ%(f g‘hé?%%tz‘?lfvhﬁﬁ?f i P _§{eﬁ€m‘ H&Y%t%@ﬁ a
changing the data at inputs 362 and 364. Although the preferred enbodi ment
of this aasksreunskcumset, said bakeround ewrmint bavingwhigh instucianee winponentraad adov ddveben
the positive current cycles 300 and the negative current cycles 320 during

a wel di ngustebmveshe led] nedebsarytdlsiistin &PaE bfdr teOBEERitioN 352 BREIIEY baRtiophaal n

each

is maintained throughout each welding cycle.

13. A method as defined in claims 6-12, wherein the polarity of the electric wave is

conirolled during the laying of said weld bead.

4. A method as defined in claim 13, wherein said polarity of said electric wave

maintained as a positive polarity during at least a portion of said melting portion.

15. A method as defined in claim 13 or 14, wherein said polarity of said electric wave

maintained as a negative polarity during at least a portion of said melting portion.
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cycle 302 is initiated as a standard negative polarity cycle and is then
shifted to a positive polarity cycle at a preselected point in the cycle.
Thi s aspect of the invention is illustrated in FIGURE 10 wherein current
cycle 400 is started as a negative polarity cycle with the pinch current
portion 402 followed by a standard plasma boost current portion 404. yl#69
accordance with this aspect of the invention, the polarity of the rapidly
created currenggpul i ' r14 ' 190 : t
or (i on 404, - The" s e SUhhn it 11 olElef B deicw ke thotRy A TR
portion 420 d4s.divided into negative portjon 422 apd,a positive portion
o wi th gl it SR miees nd g a;&b‘feaﬁfeegywa&p%w? said yHng e pithgspect
current cycle is a positive polarity until the end 430 of the cycle.
Flip-flop WWW@&PICMC state to await the next output of trailing edge
detector 454 as shown in selector S in FIGURE 11. At the end of a plasnma
boost portion, detector 454 reads the trailing edge at input 452 to start
time delay 456 which has a manual adjusted tinme at.input 460. In this

manner, the he of € is d m,ned the sel ection.of the
tinme delay for ??'eve}‘ﬁs%]lﬁat %% %ﬁﬂg&rxﬁcw%§ F%Y/Zé’dv hegsn g‘%%gﬁydetjﬁ& electric wave 18
nmodi ficatiqps. coul d be nade to alternate between a positive polarity and a
negative yBiedpetyesny figsheolenify aad e sprond pelaritysttherhsgimmng aftheowelding cycle.
controlling the heat of the welding operation. The aspects of the invention
have been described with reference to preferred and alternative

enbodi nents. Ot her nodifications are apparent and are within the scope of

the present inuentipge mathd®s A AGEMENT netaER : :
A et hod of wel ding thrgeeél(gaso?eﬁgafrr st vvor’kgll ece e§%§ﬁﬁfﬁ§d§&§1§g§g¥§e& _

kpi p f | di bug. havi di AW feede d.
\Ang(r:hg'n?gﬁfo? % t?ﬁvﬁbqrﬁggé%é?chﬁﬁrgwg g%;'/élgsgan ar\%e erlpggnw Jf%ald%l%ctg;: waawrs]/e 1sas:elected

for a second number of consecutive cycles.

19.  The method as defined in claim 18, wherein said first number of consecutive welding

cycles is different from said second number of consecutive welding cycles.

20.  Themethod as defined in claim 16-19, wherein said current pulses have a frequency

greater than about 10 kHz.

21.  Themethod as defined in claims 13-20, wherein said power supply includes a center
tapped inductor with a first portion creating said first polarity and a second portion creating said
second polarity, said first portion connected across said welding wire and said workpieces by closing

a first switch, said second portion connected across said welding wire and workpieces by closing a

-20 -
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along a track on the outside periphery of workpiece which conprises: a.
continuously noving said bug along said track during said welding; b.
applying the initial welding pass to the adjacent ends of said first and
second wor kpi ece which forma gap there between fromoutside said first and
second workpi ece and using a welding wire fed to said workpiece to fp FB
puddl e between the ends of the workpiece; and c. during said initTa
passcvary i ] f

wel d5n w%ér&gm\im 5@ sﬁg tﬁg;t s% Ifla?g%d'ds fqgsgpoﬁﬁ sg‘ﬁtq{l V\Los%cgzﬁ Saasgggteﬁ ﬁéﬁu&i bnsgh(%n
contlnuousl nDV|ng about sald track on sald morkplece to maintain the end
of the meW@{ I%i re ahead of the wel di ng puddl e. 2. A net hod as defined
inclaiml, mhereln after the initial pass applying additional passes. 3.
A method as defined in claiml or 2, wherein said welding wire is a flux
cored netal electrode. -17- 4. A nmethod as defined in claim 3,
wherein said fqx
A nmethod as de %Jnegﬁlgeﬁg%m dgﬁ%%qﬂaﬁ%gr al%re?g%aidi %ercmeﬁkgérle Ignlgt a{3 BQQ&m&’
el ectrode jnc) udin i ng conponents in the core to formsaid root bead
havi ng a %ﬁ?}@?ﬁ égnllar conposi tion as the conposition of said two

wor kpi eces. 6. A nethod as defined in clains 1-5, wherein said initial
pass is made by using an electric wave conprising a short circuit transfer
portion and a controlled nelting portion. 7. A nmethod as defined in

claim 6, where3) sarit methbd aé Hefthetth tlafigs P32, wiieréift lpelukieflof saidreletigic ovave s
consisting of applying a preselected anount of energy to the el ectrode or

appl Yi N9 Atemated as a function of the cumulative amount of energy applied to said welding wire and said

welding puddle in one polarity and the cumulative amount of energy applied to said welding wire

and said weld puddle in the other polarity.

24,  Themethod as defined in claims 6-23, wherein said power supply is an inverter with

an output transformer driving a rectifier.

25. A method as defined in claims 6-24, wherein said electric wave is made by using a

surface-tension-transfer (STT) power source.

26. A method as defined in claims 1-25, wherein the end of the welding wire is observed

in relation to said welding puddle.
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presel ected anmount of 'power to said electrode. 8. A nethod as defined in
cllaim6 or 7, wherein said controlled nelting portion has a presel ected
| (t) area for nelting a relatively constant volune of said el ectrode during

each wel ding cycle. 9. A nmethod as defined in clains 6-8, wherein said
melting portion of said electric wave including a presel ected beginnhghé
hi gh current portion and a decaying current end portion. -18 - 10. R

met hod as defiped i i ; ' al lectric ve Limti of,, .
sai d energy toQZ'ai dﬂfrﬁlggb%%r‘%ggeeq ‘ﬁ@ﬁ@%{e}zﬁ’dng}"i{)% Ny s ¢ eéﬂ’eﬁi?g%m‘i nggﬁnd/or
passing t rgu‘g% sai d.g%p .11.. A nethod as defined in clains 6-10, wherein
sai d t r an&gedPedgaieof sd welding vgredn gsspense tagncbservation@f the weldingpudsle asghe weldinge
at the end of a short circuit condition and applying said pul se until just
prior to Aupisquedngebauétheipedpheoy of said short circuit condition. 12. A
met hod as defined in clainms 6-11, wherein said plectric wave includes a
background current, said background current having a high inductance .
conponent and a | ow | evel just above the | evel necessary to sustain an arc

after the termypatign o short .circuit ndi.ti on_whi ch is mai ntained

t hr oughout eag%gmelg‘irﬂat%@é‘f g‘? npd in CFW%%%OW Tytheispesd ot wie disrRarged by a
wherein the polarity of the electric wave is controlled during the |aying

of said woelIngswige feeder is variadwmnd th speeddfisaidentlding bugiswatied. wher ei n sai d
polarity of said electric wave naintained as a positive polarity during at

| east a portion of said nelting portion. 15. A nmethod as defined in claim
13 or 14, wherein said polarity of said electric wave naintained as a

negative polarjgy dyrjffofhs bERARE iR RS 198, Shedl e @S“éetdi o e El%si:l?arnged_gyg a

welding wire feeder is a function of the speed of the welding bug around the track.

30.  Amethod as defined in claims 1-29, wherein the speed of the welding bug is remotely

varied,

31.  Amethod as defined in claims 1-30, wherein said welding head is oscillated between

said first and second workpiece ends.
32. A method as defined in claim 31, wherein the width of said oscillations is adjustable.

33. A method as defined in claims 1-32, wherein the height of said welding head from

said first and second workpiece ends is adjustable.
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16: A nmethod as defined in clains 13-15, wherein said electric wave small
wi dt h current pul ses each having a given electrical polarity of said
welding wire with respect to said two workpi eces. 17. The net hod as
defined in clainms 13-16, wherein the polarity of said electric wave is
shifted between a first polarity and a second polarity at the begi nni ng20§9
the wel ding cycle. 18. The nmethod as defined in claim17, wherein the

polarity of sai d4el e fethod s 8eflne€ irftaiid 11-33, Wheérsih thuHRRS of @did WRIBLE A Blative
wel di ng cycles and another polarity of said electric wave is selected for a

second nu leqiQf j I :19.. e method as defined in claim
18, mhererﬁsggiaéi@%?g?&ééﬂbwgfpg e?@%s%%@ﬁt%%igml ding cycles is different
fromsaid second nunber of consecutive wel ding cycles. 20. The net hod as
defined in claim116-19, wherein said current pul ses have a frequency
greater than about 10 kHz. 21. The nethod as defined in clainms 13-20,
wherein said powdr supphpparated fiteselding ewbespatetlparid ofnal fiest oworkpiete and ar tond
portion creating said first polarity and a second portion creating said

second pol aﬁdrkp‘iecesa’%ia%af;&Ke?ébd?%éﬂmcﬂ&?@[ﬁ&g&d across said welding wire and

sai d workpi eces by closing a first sw , said second portion connected
across said welding wire and rkpi.eces by cJ Qsi -20- ., second swtch,
said first switch ands or g&eﬁ%@%@mgeﬁgﬁwﬁe@w@a&wgtgézrlegﬁg;d posi tion

in a given weld cycle. 22. The nethod as defined in claim 21, wherein
said sel ected positi®n isagowetssuisegomnecied tofaideledrigivardagepel d cycl e. 23.
The nethod as defined in claims 13-22, wherein polarity of said electric
wave 1% o a welding bug including a wire feeder, a welding head, a welding wire and
a mechanism to guide said welding bug around the periphery of said
workpiece;
d. a connector to connect the welding head of said bug to said power source; and
e. a speed controller to continuously move the welding bug about said workpiece

10 during the formation of a weld bead, said speed controller controlling the

speed of said welding bug during said weld formation.

36.  Anapparatus as defined in claim 35, wherein said wire feeder controllably moving

said welding wire toward said gap.

37.  Anapparatus as defined in claim 35 or 36, wherein said welding wire is a flux cored

metal electrode.
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alternated as a function of the cunul ative anmount of energy applied to said

wel ding wire-and said wel ding puddle in one polarity and the cumul ative
amount of energy applied to.said welding wire and said weld puddle in the

ot her polarity. 24. The nethod as defined in clainms 6-23, wherein said
power supply is an inverter with an output transformer driving a recgidqiesr-
25. A nethod as defined in clains 6-24, wherein said electric wave 1S

e dof i nod i1 ofai et FrpRaS f ReRAR i 57, PheRBYGld BRKS5R ofroce RLRES
27

inrelatign to s?id wel di ng puddle. -21 - . A nmethod as defined in
clainms 1- Elﬁ?ldi%cf’l ??Hpﬁﬁ varying the sped of said bug and/or the feed rate of
said welding wire in response to an observation of the welding puddl e as

t he wel di ng bug is noving about the periphery. 28. A nmethod as defined in

clainms 1-27, wherein the speed of wire discharged by a welding wire feeder
is varied and gfe spgg tusSRIdea kLS ?J&. | 4 3
defined in clainms 1- 28fﬂja\ai1erei n %aﬁéﬁslggle ofSIBVS\YPr{ég&g?%%ﬂar6%%‘1@?/&%8\?\2?%?6%
wre feed .S a function, of the, speed. of e .wel di.ng hQug around the, track.
30, A nioViTE DunRRFs Bdhs Gore PP o Tiektbead fRviag A SuTEnURRLHTIAT SoRPosEB ARG
bug is renotely varied. 31. A nethod as defined in clains 1-30, wherein
sai d wel dthegompasition; ofesid wotkpisdesbet ween sai d first and second wor kpi ece
ends. 32: A nmethod as defined in claim31l, wherein the width of said
oscillations is adjustable. 33. A nethod as defined in clains 1-32,
wherein the height of said welding head fromsaid first and second

wor kpi ece endsyg s aflh UShARS as defined in claims 35-39, wherein said power source including a

-

welding current circuit that supplies current to said welding wire, said welding circuit including a

first circuit to create a transfer current and a second circuit to create a melting current, said second

circuit supplying a sufficient amount of current to said welding wire to form aroot bead in said gap.

41.  An apparatus as defined in claim 40, wherein said second circuit directing a
preselected amount of energy to said welding wire to melt a relatively constant volume of said

welding wire during each welding cycle.

42.  An apparatus as defined in claim 40 or 41, wherein said welding circuit limiting the

amount of energy directed to said welding wire to prevent molten metal from passing through said

gap.
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- 22 - 34. A method as defined in clains 1- 33, wherein the angle of
said widing relative to said first and second workpi ece ends is

adj ust abl e. 35. An apparatus for welding two spaced ends of a first

wor kpi ece and a second wor kpiece at a gap there between which conprises: a.
a welding carriage positioned closely adjacent to said gap; b. ap 169
source connected to said electric carriage; c. a wel ding bug including a
wre feeder, a din ' e hra P « QL '

Wel ding bug ar oud t nan AEpitand ab Shddtha i Achz? AR i ik it B e e

connect the wel di head of said bug to said_power source; an
of g

.,and e. ~~a |,
speed cont r HPPWH of Gurzenh {9 sAibWEIdipgWRPHqrdo s molign BIstil an srid Wwelding Wie fprminga

during the formation of a weld bead, said speed controller controlling the
speed of sashoriveteditcgnditian with said gami d wel d for mati on. 36. An apparatus as
defined in claim35, wherein said wire feeder controllably noving said
welding wire toward said gap, 37. An apparatus as defined in claim35 or
36, wherein said welding wire is a flux cored netal electrode. -23 - 38.

An r fin in clai 7, rein sajd.flux red electrode i.s a
sel ? Ppgh?;ﬁi ﬁ; .el:tggalgpargtus Lsnclie ned \f\rlpcﬁaxms 40-1%, where&jn sa(fé) second circuit progucmg a

decaying current profile.

45.  An apparatus as defined in claim 40-44, wherein said first circuit directing a high

current pulse at the end of a short circuit condition and applying said pulse until just prior to a

predicted termination of said short circuit condition.

46.  An apparatus as defined in claims 40-45, wherein said power supply includes a
polarity controller, said polarity controller maintaining a positive polarity during at least a portion

_ of said melting current.

47.  An apparatus as defined in claims 40-46, wherein said power supply includes a
polarity controller, said polarity controller maintains a negative polarity during at least a portion of

said melting current.

48. An apparatus as defined in claims 40-47, wherein said power supply creates a series of

small width current pulses constituting a welding cycle with a short circuit transfer portion and a

-25-
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39. An apparatus as defined in claim37 or 38, wherein said flux cored
el ectrode jncludes alloying conponents in the core to forma weld bead
having a substantially simlar conposition as the conposition of said

wor kpi eces. 40. An apparatus as defined in clainms 35-39, wherein said
power source including a welding current circuit that supplies current.sigy
said welding wire, said welding circuit including a first circuit to create
a transfer r : ' i r j s
econd ci 1t &Cincfi0g penh SARtuEb Rhidks Ibald GBach bl JRv G B
wire to forgn.g root, bead i.n said gap, 41. An apparatus as  defined in

cl ai m 40, %ﬁ]@aéflﬁlﬁn&%aﬂ@é’e GSPert i sad twn Werkpiergs, anddncludes a pplarty:Selsqter tapvelect
energ% to said welding wire to nelt a relatively constant volume of said
wel di g withepelanityofsadpiisesdd siidwyclepetween 4 Birst poldvity ayithaaidtwelding wite being gositive
claim40 or 41, wherein said welding circuit limting the amount of energy
di rect ed tgdazesh OW with 58d : et al from passing through
said gap. -24 - w43. %sﬁp%&}ﬁ%ﬁﬁiémﬁ%ﬁ%&ﬁg@?n claims 40-42, wherein
said first circuit reduching the anount of current to said welding wire
prior to said nolten netal on said welding wire formng a short circuit
condition with said gap. 44. An apparatus as defined in clains 40-43,
wherei n sai d sé@ond A5l appatatusyss defimsdrin cleind @8 ayherginsaidrpotarity sedédtordnclades shiftn
apparatus as defined in claimd40-44, wherein said first circuit directing a
hi gh cur r distweenlsaid fast pobeitenmd safd s@c&iaqfouaﬁgjv 5{CHé begimiinl éﬁmeldﬁg o8R! Yi ng
said pulse until just prior to a predicted termnation of said short
circuit condition. 46. An apparatus as defined in clainms 40-45, wherein
said power supply includes a polarity controller, said polarity controller

mai nt ai ni ng a pgsitive polarity during at |east a portion LT
50.  An apparatus as defined in claim 48 or 49, wherein said polarity selector includes a

decoder with a first condition for selecting one of said first or second polarity for a first number of
consecutive welding cycles and a second condition for selecting the other of said polarity for a
second number of consecutive cycles and means for alternating between said first and second

5 conditions during a welding operation.

31.  Anapparatus as defined in claim 50, wherein said first number is different from said

second number,

52,  Anapparatus as defined in claims 48-51, wherein said cycles each have a desired arc
current and including a shunt to sense the actual arc current and an error amplifier to compare said

actual arc current with said desired arc current to control the width of said current pulses.
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of said nelting current. 47. An apparatus as defined in clainms 40-46,
wherein said power supply includes a polarity controller, said polarity
controller maintains a negative polarity during at | east a portion of said
melting current. 48. An apparatus as defined in clains 40-47, wherein said
power supply creates a series of small wdth current pulses constituting a
wel ding cycle with a short circuit transfer portion and a -25 - pﬂﬁ%ﬂﬁ
arc nelting portion, said current pul ses in said cyc]e each having a

gi venel ecti cal 5B’ol ar Y APPHRUS 43 @g%ﬁéﬁ@w&ﬁ% whegeinsaidpepersupply irchiding apnlse
wor kpi eces,, .and includes a polarity selector to select the polarity of said
pul ses i n Yégthgnedilater tosreatemidcuientyules hta frequensst greater thanaetodt MykHer e bei ng
positive and a second polarity with said welding wire being negative. 49.
An apparatus as defined in claim48, wherein said polarity selector

i ncludes shifts between said first polarity and said second polarity at the

begi nning of a | di s . a tus as defined in.clajm48 or
49, wherein saisgﬁpo F@%Pﬁ %&tlgg?sed??ﬁfﬁd xpﬁ@ﬂﬁ?@?g 3;""3‘8’88’&@% RRAWPES“aPQﬂ?%\I es a center
condition for se)ecting one of said first or second polarity for a first
nunber of PBRd oy ¥ithea firshpprige Featingrrgidfirsepalernity @od distdond pbuionsaéatingisaig
the other of said polarity for a second nunber of consecutive cycles and

means f or sedonépolatiiynfitseewiechforsahbcfing siid ArchdtsniTdaid diliclor BESeeh SaiFel@ing
wel di ng operation. 51. An apparatus as defined in claimb50, wherein said

first nunigre dngd fid %iél{?fgcsé,] AT s‘évi%ﬁ%f‘?oxﬁg% sa%dsgecond i8R Bg%%?gﬁdua&or

defined in clains 48- ereln salrd cycles each have a desire

currgnt a including. a shunt to sense the actual arc current and an error
anpl i er ggx’e%'bi?ﬁg‘?gg@ Wdfeéeﬁ S7ig Warkpice s W s FlesioTarS MelidingameRns fof glosiset
to control the width of said current pulses. -26 - -

either said first switch or said second switch during a given weld cycle.

55.  Anapparatus as defined in claim 54, wherein said closing occurs at the beginning of |

aweld cycle.

56.  An apparatus as defined in claims 40-55, wherein said power supply is an inverter

with an output transformer driving a rectifier.

57..  Anapparatus as defined in claims 40-56, wherein said power source is an STT power

source.

58.  Anapparatus as defined in claims 35-57, including a mechanism to varying the speed

of said welding bug and/or the feed rate of said welding wire as the welding bug moves about the
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53. An apparatus as defined in clains 48-52, wherein said power supply
i'ncl udi ng. a pul se width nodul ator to create said current pulses at a
frequency greater than about 54. An apparatus as defined in clainms 48-53,
wherein said power supply includes a center tapped inductor with a first
portion creating said first polarity and a second portion creating gabfo
second polarity, a first switch for connecting said first portion of sald

i nduct or peeib&@9Bf sad dov§ideng Wire and said workpi eces, a second switch for
connecting said second portion of said inductor between said welding wire
and sai d workpi eces, and said selector neans including neans for closing
either said first switch or said second switch during a given weld cycle.
55. An apparatus as defined in claimb54, wherein said closing occurs at
the begi nning38f a Atcipparaiusiag defirgd in claimsdfpar S8, wherem tHespead of said weklingbug
40- 55, wherein said power supply is an inverter with an output transforner
driving ds fepitél} ivatied. 57. An apparatus as defined in clains 40-56, wherein
sai d power source is an SET power source. 58. An apparatus as defined in
clainms 35-57, including a nmechanismto varying the speed of said wel ding
bug and/or the feed rate of said welding wire as the welding btg noves"

about the -27- peri phery of said worlkpiece. 59. ~ An apparatus as
defined in cl 8Pns 2% apparelys agfcfined in ¢laiEnssiseds wherensaiil wise fieder vatigs the speed
remotely varied. 60. An apparatus as defined in clainms 35-59, wherein

sai d wi r of $aiduine feby snd wire feedered

61.  An apparatus as defined in claims 35-60, wherein the speed of wire discharéed by

said wire feeder is a function of the speed of the welding bug around said track.

62.  An apparatus as defined in claims 35-61, including a mechanism to oscillate said

welding head between said first and second workpiece ends.

63.  An apparatus as defined in claim 62, wherein the width of said oscillations is

adjustable,

64.  Anapparatus as defined in claims 35-63, including a mechanism to adjust the height

of said welding head from said first and second workpiece ends.
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of said wire fed by said wire feeder. 61. An apparatus as defined in
claims 35-60, wherein the speed of wire discharged by said wire feeder is a
function of the speed of the welding bug around said track. 62. An
apparatus as defined in clainms 35-61, including a nmechanismto oscillate
sai d wel.di ng head between said first and second wor kpi ece ends. 63.
apparatus as defined in claim62, wherein the wwdth of said oscillations is

meChan sm i o S us?‘%aﬁ@%ﬁﬁ@’aﬁ‘ﬁeﬁﬁdsm MG 5 RS o ik B p B e

second workpi ends. -28 - An apparatus as defined in clains
35-64, i€ Fﬂém?gdlag h@éﬁﬁlﬁﬁ%“rﬂ’tséldé'ﬂftﬁfi seaerd Wegpiccsendsai d wel di ng head
relative to said first and second workpi ece ends. 66. An apparatus as

defined in clainms 35-65, including a nmechanismto adjust the height of said
wel ding head fromsaid first and second workpi ece ends. 29 -

66.  An apparatus as defined in claims 35-65, including a mechanism to adjust the height

of said welding head from said first and second workpiece ends.
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