; e3e=p=Fb6Tpy@s nvwoat WELDI NG MONI TORI NG SYSTEM The i nvention rel ates %
the art of welding with an electric arc and ml\‘m\mmmnﬂ“ !Mfl y to pompPRozll
-and apparatus for nonitoring and controlling a em durl ng t he
wel di ng process. | NCORPORATI ON BY REFERENCE The preseast invention rel ates
to the welding of pipe sections and the nonitoring thereof. United States
Letters Patent No. 5,676,857 is mcorporat ed b erein as
background information for its discussion of V\EW&FI[ME Egﬁ@ Ens of pipe

t oget her. BACKGROUND OF THE | NVENTI ON This inv s tothe field
of arc welding and particularly to an apparatus an@%®thod ~ 0 of wel ding
two steel plates together by use of a consumabl e el ectrode and nonitoring

t he wel di ng paraneters dWELRINGMORITORING B¥8FEM and nore particularly to
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Pi pe systens a e used to transport a variety o terials such as oil, gas
and water to a |5 desi rdNG@RBOMTICIN:BIY@EEEWEm; can extend hundreds

and even tphousands .of miles. In ny. j.nst ances, these pipe ste traverse
3ot o and TRB RS HReriR E0 b Pl MELLEE BPe FirtpRoa: Be Bngines AEFredte. ends
of | afjgfedliSaRBR! Eéttepd P@teml Nol §6908yeRt lhana&rattea uyafekeraecetﬂaea@rasi%aaigr@@m pi pe
to provide an external bevel and a narrow flat "l and; bring the nmachined

ends infiormatigh fordtsdigenesion of wélding eedtiansief nipe toketber. but usual | y spaced

rel ationship to forma he pipe; and then to
position one or nore V\eﬁg‘%‘sﬁmar oﬁ%ﬁfﬁﬁg‘é’l‘io as to forma 360

wel d. The Ttk thvestish refated $o/tk ifigldoEaeR weldifearatticulaelyso afippafatusand gdthddass i s
made where at |east the inner edges or lands of the pipes are fused and the
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oot eEs araresos ais s dresrei et e lopish o BreforafiRAHEE of ¢ he wel d-bead
means the ﬁa?ereyﬁ&rﬁs bShRB t8traRQbR at%e#'}?mﬁat@ﬁﬂﬁrsuiﬂ”‘wg kpat @nd Iwatarrw%r

surface of es and the conplete | 1'ing of the ~ ~~' 2 gap
LBet we@sxrpﬁéoqaaom mhtmp@ siestams adn extend hurdegsls and evep t@ﬁuqah@s wfeméhsrrénmanwn t he

gap is difficult. be evvedbe t V|ng
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f or ned around the pip Furthernmore, weld netal forned during the root pass

shoul prowide ap pxtemal heyel qaétaweeﬁvvtfhblap# peing gheymashuned sods igtaanicaligsmepb with| owed

to p pi pe.
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|nter|or .of tag i pe. Exc ssi ve_protrusion, of df:fh vvelﬂbe in the pipe
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the s nds ore) é’ésa}é‘ﬁséﬂdﬁﬁ eg%?%@&weé’d‘ﬂe Bhd SRSVt ABWRI CPhdddfefl s&iexding and

turbu he fluids ar ransported through the pipe system A welding
appar fillerpastes ake madawberemthe sprep fained by thetbevelds filled s thet ths edtld metdhistad

State t.ers, Patent 76,85 Thi,s patent discloses t ng bugs
whi chlS E—%ﬁ’f’%ﬂ%&?‘%é&%&‘ﬁ °£ﬁ1 Se@2ISHE 2 NER I PRATAt BRt O ea*rfdgm&nd
zgncl rftiohP emkéthe3oa rpfassqs Ed}ﬁblétb&‘ GhelMpRmert %Ff}fé%lﬁc‘é @&amsd AThROHuRRAGhe

etween the two ends of pipe. This patent discloses that by selecting the
pr openoobplags,woﬁﬁwdnawdldvbshdmgt heilaid. §pm§1@1¢ssmﬁ the weld beaghmedns thet dunmlgh each

edge th vel rs and rraII fl ld.is f rrredo t rior of
t he p‘%ﬁ’ém ogh%tﬁlg?er’?&ffsr? @E‘i‘ﬁgbgo %fs" BFSteh {hetCHglpgaéq @? g‘g‘ﬁar at us
disclosed in United States Letters Patent No. 5,676,857 can be nodified for
use with a flux cored electrode to obtain the desired conposition of the

wel d bead so that conposition of the weld netal closely matches the
conposition of the netal pipe to forma strong and durabl e




p wel d bead. The wel ding apparatus can be further nodified to ensure tQﬁgq?,
shi el ding gas protects the weld bead fromthe adverse effects of t é) APR 2007
-environnment by using a self shielding flux systemwhich forns a shiel ding
gas during welding. Pipe systens are typically designed to be hundreds of
mles in length. Due to the I ength of such pipe systens, the assenbly of

"the pipe systemnmay be forned in parts alpong the route of the 25 pipe

system In view of the extensive length of the pipe systens and the

I nportance of properly welding the pipe sections together) a team of

wel di ng technicians nust be present to inspect the progress and quality of

t he pi pe system and the quality qof th | d .head_f or bet ween each pj
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line fromever being bui I n addi t1 on, e team of technicians may be

exposed t eveldingemdsitiab verias dredi davarnendvwvellingayertical tper givpewsldiigetn dvertreedrmteld as
and/ or undevel oped locajions.. Such undesirable conditiopns may adversel
Ffect t hETaUPRR SPTRHL DR Bhe R BraRGF 4 R TR HL R PoypgRshoud
constsant | ¥ @RI daf hefhten @eabipk %e&{on&,[}%t‘@‘ﬁ&ﬂﬂ NGt BE QISR tof PUdS Bl 0] ghel Aus)

I ncreased costs and defective weld beads along the pipe system In addition
to the pretdueiateawstbe inknod swiack of the pipi Thaivaidibgadshorld dsmbouh atreletivily smnsthat

the welding_site, there are inherent. problens assgociated with the .

det er mi naf e SRbEHEhRJGF Bisciop st REPHF HEICHIR Y BT 35 PO g o the interior

i denti fyi g Hepipk.0dcksBVe Protusitl 6F 1 WEIReRIMD theOdip@ call Or&iR PhRibldind 3%th
occurred al ong tphe pipe | Oline. In renote and/or undevel oped [ocati ons,

it can beapparatuses funing msideftherpipes i dstsétithe sounsaess cdrthepipetsyetene egd 2P lsause

| ocat.i on of t l.der. al Lt [ system and lL,on.of the weld -
beacalltso forﬁ‘é‘ﬁa’ggd %i\ﬁlggr\%%gggga %‘%"%ﬁ‘gﬁ’ﬁi pué(Il %rﬁgarésg 'gegd t%"go gféé‘b‘?rli“’? Wégﬂ}‘ogr ess
and/ or probl ey wéldingappahits RGidl creRESan dddeptaldevradt bedicis@ielvsedth UstarSnieed
with the meldiﬁ% of pipe sections of |arge pipe systens,, 15 there is a need

for a wel Letegs Raent Nor 2-REP-837s (s Ratant diselpsss £ weldimg bygsvhich contingously moye apl d
bead and i .
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flat weld is formed on the interior of the pipe. The Lincoln Electric Company has found that the

welding apparatus disclosed in United States Letters Patent No. 5,676,857 can be modified for use
with a flux cored electrode to obtain the desired composition-of the weld bead so that composition
of the weld metal closely matches the composition of the metal pipe to form a strong and durable
D weld bead. The welding apparatus can be further modified to ensure that a shielding gas protects
the weld bead from the adverse effects of the environment by using a self shielding flux system
which forms a shielding gas during welding.
Pipe systems are typically designed to be hundreds of miles in length. Due to the length of
such pipe systems, the assembly of the pipe system may be formed in parts along the route of the
25 pipe system. In view of the extensive length of the pipe systems and the importance of properly
welding the pipe sections together, a team of welding technicians must be present to inspect the

progress and quality of the pipe system and the quality of the weld bead formed between each pipe



the formation of the weld bead between the pipe sections and associ ating
such wel ding parameters with a | ocation. However, the invention has broeader,
.applications and can be used to weld together other long netal workpieces
such as track rails, airplane and ship conponents, bridges, etc.. In
accordance wth the preferred enbodi nent of the present invention, there is
provi ded a 25 wor kpi ece having one or norge conponents, a wel der designed to
produce a weld bead to weld one or nore conponents of the workpiece, a
wel di ng monitor.to record o or . nore. parapeters of the wel.din [ 0OCESS
And . Doc PSR PHeRpE fdtafort ie S roris R At BER Gin it RE PG Sty
The '~ Buikosk MayPasvehtAhslpyBledidig e R bERE @IS [ AitioAC kiedteam B{echkiBialPhay
limted to) voltage and/or current across the electrode, voltage and/or
current prhscxpesdd tg/undgsirablagendisioppvhen laywgithepipe syatam amtnmte en‘g(@t nodkyefoped

rates, flyx type and/or flux feed rates,, shiel di Sty and/ or..

hi e i ng ToebRE oSG Bttt ap RS BBl e A uf Bl 08 PebBicians anvror
wel difg Cygbgir tikir SRl coASEADY mdRRRTIhOEuANG) 6 1S WeRRSE plok s, Bilis Batkig delays,
anbi ent tenperature and/or conditions) date, type of welding procedure,
posi tion chcredsed wedtelandgddfeciire oveld headaldns e ipe sitstent. upn iaddisionl e ithe) prdbdems
wel di ng process,, errors (.el ectroni ¢ and/or, mechanical ), duri. t he wel din
process, taﬁsé’c’taiﬁgew’g}lglfé?&g'ﬁ% %Qa feﬁg‘ (PR &t &eew)Slrdl%?lge?g?erf [fEs Braeretit
par amet er $rélendd BRbSGatédvithahe igtetniiftionadtl tie ptdarasl of Sfeddihg @lngaht Yipe line and

transferred to _another |ocation, printed out and/or di sgl ayed on a nonitor.
The | ocat iidantifydresthe fqcation af apealdige arpbiesn aetberaroklem whigiphsssicgumeshalensg the pipe
partjcul ar. fo j t.| i i . | .
Par ol o gy e EndoREdEheicbdl ek 5 it 4R e ¥e/ FFELTE B BOEIYIE Yo spceriain
formed welit fsdgrhphicdscatiomgf tieriqder alongtte bipa Systeraandithe focatien bf ardweldaekds
and ot her |arge workpieces wherein the welder is noved al ong.the workpi ece
to perf or dereaegdy thefrpldspaleng the Ripgting so,ps ip AgRoFtthepro grobiems ofghe pelding
identifieti)r gierm nes the position of the welder with respect to a certain
reference"pornt and the nonitored 15 wel ding paraneters are correlated with
or associ at ed i view pfithe gebiemsiasmdiated sathi thawellliveg ofpimr stetionsalfdarge piparsystemer s

d | ti ) b | ect i | t | ect i.cal |
T ant or A B S ARG VRO TBTo R PAE BT SanP et pER G i besr
The r ecor dgdlidadqaticRer saeh weKeRhdt el y anal yzed and/ or analyzed at a | ater

, time to review the welding paraneters at a particular |ocation on the
wor kpi ece for purposes of quEUMMARKOBTHEINYENIEION dance wi th anot her

enbodi nent, th j I L i j Q
* signals from aﬁieﬁg%}]{vlg%ydug ll?x%e#sitgéa c?tgﬁ%%%gﬁkﬁga caqf%ﬁﬁﬁ(g'ﬁ%tog Slgtgﬁn%%\eef plates
par anmet er afixh setitoghapthe paradetes b€ thesweldiigsprodese and groat paaicelapyed e alethod| aad
based and/or global satellite based signals..In one pref eL{ ed enbodi nent)

t he 20ocat PRRTARERftelding Pipsyfeetigns fogethar Idda MogHoLRIE AR ERQEE WElding P amelers Quaigs of

t he d oba | iR B ' LBl B j d
adi o poo oot B BEwMTERMA e PRE i Sl St A Rld pfariing,
al | ows a skithiadecation. fawives the imeaton kasttheaddr apiplinatimns pndradicased tb wakisogdthdérhe
GPS satelljtes and to thereafter conpute sitign,and tine r ters to a
i g deqr BEERTEZELR ToTkPsE] THGH R ST FE AREATS AT A CEMI e R <5 gnal <

* provided by thg, {RSdaRe with the preforibd embotintd03f Be P&@@At\m@nﬁ@ﬁ,f}h&w@ﬁ#obme@ad
. continuously. The GPS conprises space and control segnents. The space
segr®dnt ) wagpidce htvyngnmeoamomeamponents ateiden fesignsd ty producopwekldtiead &d weld one
satellites. These sat EICIH:'tes %{78 oi{ﬁt]&.oned itn 2.con tellation such thi':l

. typi cal | yOSBgEFOmBETenE qhHhg YoRkPISFe: £OIRIIINg FOB{!PY 1P Z&OLF QUGB IOy RRTATGSSS I the

i devi ce anyuiEprofess)and8abcatibe iRatifidt 18 deteirhiAe She 1584bnSEH Llokhb® welPHSHT e
signals on 5 two frequencies known as L 1 ( 1575.42 MH2) and L2 ( 1227.6
MH2) , using spread spectrumtechni ques that enploy spreading functions. CA
and P pseudo random noi se (PRI G codes are transmtted on frequency L1
and/or L2. Both P and C/ A codes contain data that enable a receiver to

. determ ne the range between a satellite and the device. Superinposed on
both the P and CI A codes is the navigation (Nav) nessage. The Nav nessage
contains GPS systemtinme; a handover




10 word used in connection with the transition fromC A code to Pfggpq!, ¢
tracki ng; epheneris data for the particular satellites being track A%‘ -
al manac data for all of the satellites in the constellation) including
information regarding satellite health, coefficients for the ionospheric
del ay nodel for ClI A code users, and coefficients used to calculate

“uni'versal coordinated tinme (LTTC). The coptrol segnent conprises a naster
control station (MCS) and a nunber of nonitor stations. Updated 15

epheneris and clock data are upl paded to each. satellite for re-transm ssjion

in each saPenitqredwelding prrgmetes Famshidgut REoLiRiRIde VoHageARdan fupEnt dgrgreine
is to ens

nccur at o slsblEoRlE sl Bl L PRR, PhE L e S Sl IR fed
assenbl y, rated, fax@Rfs apd/octhssioed asesesrhihdlqmg Fisaymerindonshiclding gh fyedretes; weldinghpas
L- band GPS signal and transmts th recelved Si naI to t

assenbl y. The
RF assenbl yPHHE ¥ n&seafﬁ%ﬁrepﬁs ing §¥Fé? diestionaadar %ﬁ@@ﬁwsmna jead, fiine o
frequency.
L bartt o1 gy e RS M Bl WS o g PR S T el O Yelging
transni ssilgadadn tHeewsikgiead, sintermptidiee dedteithd tweldingh erdoeyspleemorss felédtrapiic tahd/or

recei ved L- band SI nal is also neasured through.a c ier tracking | oop.
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ei t her an%hag g%mgfeg'o} aﬁm@g é&éﬁ%mcé@ést&@@,teﬁéaﬁoﬂéﬂlﬁl%xﬁ‘gﬁi@d BRdo®Rf Ideston,

tracking 2 opsS I's provi processor assenb By
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th | t.he dev dth tell]
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the GPS naster tine reference. e pseudo range neasurenents and navigation

data fr oma Ipipestines) milioad tragks, ansieetherdargeynkricogs pistein ba walder damoned plong itee
device's cIo K. of S and t rOVId St The, R
processi ng' é E‘?Dperf n"il:tvﬁ'c s SReeig S"lt n‘ﬂ %"% ?l{’}ngpcl:%gtﬁ%; t}}set gbganorp?d Rifter

control, aba&aineanﬁq;batmn eMntha veklder mﬁamspesn foi a0dertain@efirennelpsiat fiidethe trhadiordty
| oops, conputlng pseudo range (PR) and delta raqgf DR), neasurenents,
det e ni NeFI4iAg RArEREErsEFeTarsIated-Yith oF ATSEFiatah Vit meddp?ﬁéwac Thgecorded
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address a o I ng, i nterrupt generation, interrupt
acknow edgeranbtheo idcatidn, painttdGRE alid/mn@;;splﬁxnd m(ampbmtorTh'éhmamog&dl data can be

processi ng and. nrenory f.unc¢tion rf b receiver
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rate estimates, conputation of output information, and preprocessing and
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| n accor daaectedéiptulsy dhe aigﬁilhl are pocfiprablly 1aid Habed Jpd/esgiobal isatekitd bassd sigh#ls. In one

| ocation paraneter and one or nore wel ding Faraneters are electronlcall¥
st or ed anammsmbp@awwﬁheman%mentlﬁwalcalﬁ es leaatipp parpyeter uging sytellites pf the
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The abili 0 recor paraneters and ass ate

wel @isng parwhieh eHeSGRS safellfie tracadits datapbat amaﬂﬂr desitaid prscwely erehmrc:uha distance from
perlodlcally nonitor the quality of o med wel d bead 20 wi t hout haV|ng to
be pr esentelégtedansholibs &P gatﬁlat::a@%w I FIURUEGPQsTionRad HEe FrarRmareters &o a il
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technician may review the data hourly, daily, meekly or even nonthly, and
upon review of such data, determine the quality of a formed wel d bead at
each | ocation on the workpiece. In addition to or alternatively, the
recorded data may be sent electronically via 25 the tel ephone, Internet,
satellite, ratio signal, etc. to a renote |location for real time and/or
del ayed nonitoring of the welding process at specific |ocations. Wen the
wel di ng process is perfornmed at a renote |ocation, a satellite may be t he
only way to forma conmunication |ink between the wel ding 2 ~ ~ ~'~
rt~'~? site and renote | ocation. The data storage nechanism such as a
conputer, can be designed to store information and, at preselected tines
during the day, a data |ink may be fornmed manually or automatically with a
renmote |location via the satellite. In addition, the data storage unit may
be de5|gned to recelve S|gnals fron1a renDte Iocatlon and domnload upon

o . oy



. paraneter and determ ning that the welder is at a particul ar Iocaﬁjqnhpﬂrﬁmz
anot her particul ar enbodinent, a technician and/or control device“at ‘a
renote | ocation receives data tomthe welder via the tel ephone, Internet,
satellite, radio signal, etc. and upon determning that the welder is at a
particul ar | ocation, sends updated information to the welding controller
“via the tel ephone, Internet, 15 satellite, radio signal, etc. to alter one

or nore welding paraneters. In accordance with another enbodi ment of the

oo ¢ 1 onedveatss Bt AR A Ro ST ARE 7 FruPihEs S il i, The
sections apgheaégneht M@Qﬁﬂ@%&xﬁﬁdnabﬁo&ié@@&ﬂ%@&y&h@bgﬁ/ﬁﬁ&ﬂamtdlﬁé‘sl RS Stellites

wel di ng carriage positioned around the gap forned the two pi pe sections,
a wel di ng apopesiticnedpi § corstalistion suphdhatrtppicalty seyan,t bur @ mmimim of fivurpsatelbitee agr

| di t during th | di , _a.location devi hat
ot o m neSOTTBLI DR IeERe I YHE G ER PoraH & Sibe nErn et b CHTUI S SRl oF
dat a $tor 3g6 FAuédetes kKHAGmPAPE] %ﬁﬁsi.@ng«?q,geanar@i eIl e/ Mal,) ol §est Bt

the use of clanps at least until aro ead has been applied to the gap
bet ween t heshpigpes thetcaniplels spreddingnBindlions. Gy indgl ppw@pémsg’mn@m EIRdY) endes emst

ci rount or degpd vh BT T B R SHOA 5o Slala di i BBl i

al ong a t g@akemsiné therRbetvéddNGateliRe ahd GéedeviceN Sapedmpdied g@Bothwhe Pland AAK
is secured about the per&gpery of the pipe. The merdin carriage includes a
drive not gedesds thepavigation(dlaw) mepsege: rihgdiavanessaga saatainsfeRS sfsterpi@emihandever
circ erence of, . . LI -1 e ohf

ol ot e a8 vt f BEABaiBnE B3RS g (PANGEe 197 Eodk RERE: ol e
whi ch conitieqiattizilay satatiesbdifgtraokad; g Alrearfak dafarfockd] 6 hasellileeinghe cohistdllagod, he
wel di ng process.. The mechanismfor controlling the npvenent o

f th
el ect r ode Inelilingdnforratign sieariing wifllie headberostisiantsdrt A @nﬁ@éﬁéﬁﬂ%mgﬁel for C/A
control | ably. o 284 LHGRERAE WREE 1 REAU Itk N3 @wed&qte&ﬁh&e forc el Q&atdion

5 device I'sS designed to receive two or nore radio signals to cdlculate a
| ocat i on edgnidnecdmprisesl a wedster bewmrb! setiat i(VECS)@nd apamtbec of aonitacsdtions. Updeted

BT R R R R N
devi ce. | RaAgAidh AREGE:. WHeDudpBle GFRALBHoIAERREG i0b chdife RARRSRTorh MR A Shitted hE
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boost during the inrtial porfion of the arcing condition. The high current
booX5 pr elcepaisipyovired by ther@B®proctseat absemblyarBydiflerepning ¢his measurspient wigh ¢he time
relatively.constant vol une,of al. on 20 the end of the consunable w re
When t he. UF FeeeRton s S BEEd By o ERc i FBF e B0 Brsk eI 1 dedice e the
initial higalieBengthcliel ayBbe BALRIin&d T ¥seudd¥angl i8Eud bb@BMhe fhdpe B kM Bief1fS
for a preselected period of tine and then subsequently decayed over a
period of tinme until the desired anpbunt of energy or wattage is applied to
the electrode to nelt the desired volune of the el ectrode. The wel di ng
current circuit is also preferably designed to |imt the anount of energy
directed to the electrode so as to 25 prevent the unnecessary nelting of

t he workpi ece during the application of the weld bead and/or to nmaintain
too hot of a weld bead during welding to thereby prevent nolten netal from
reducing the quality of the welded area. The welding current circuit also
preferably includes a circuit to produce ~~~~;~, i!t~J, 9 a background
current. The background current is a low | evel current which is nmaintained
just above the | evel necessary to sustain an arc after the termnation of a
short circuit condition. The background current is preferably naintained

t hroughout the welding cycle to insure that the arc is not inadvertently
extingui shed during welding. 5 The primary object of the present invention

e -,




or nore wel ding paranmeters during the formation of a weld bead on g 02
wor kpi ece and the determned ~ O | ocation of the weld bead f or med? yAchzp
wel di ng paraneters. Still another object of the present invention is the
provi sion of a welding systemwhich determ nes the |ocation of a forned
wel d bead on a workpiece by receiving two or nore signals toma relatively
fixed location and cal culating a positi o6 based upon the received signals.
Yet anot her object of the present invention is the provision of a welding
syst em Whigahthd Doftski bf the HeldsSs ek FoRl Mhd SPEhRadieClrthe QBfetdnca. fTHeBEuUWS rshge
bead. Another object of the present invention is the provision of a welding
syst em t rianssuremenigesind nagation detadiormotie satdllisesrareBisdriel cogpwe|adassieg and calibrats

information to. rempte |.ocations. Still .another ject of..th esent.

| vent  orfiP SeTitE STy LRt Boprapteh dRERE R A it T BB, 26 Bing ne
vel di ng iRtacARERNcANthchle RSReHzNehaekd shaad ah@Cedninl) sidhall BRfuiiod r8Mm
20 renote locations. Still yet another object of the present invention is
t he Provirsiagpisiiionacode kil ¢arries yracldng lobps somphongpiendo rasge (PR handoteltd ehngedBR)

quality control revjew .of wel ded .wor kpi.ece. t her ect of the present
Tvent | orfireseren s, s uRss 2o s Tn B BB R R 88F bRty ohnefyBh 888
ef f ecti ve,rguihittty 16O 5HtPles, ProcaBbfdiiro? REA @) 2diresd SMEENMAGH 86coding, timed
undevel oped areas. 25 Still another object of the present invention Is the

provi si onntsfrupt gereratiopi ntapupt agknardedgaieat sents)s erinCGlivd tivsngofer vikainlet ohe a
hi gh it | d bead bet . ) .obj ect.i t
'9 qua"‘:ﬂ?\éﬁ'\iﬂ‘% Oq{oci‘egs%%anﬁ e %n%fun‘gﬁxogl?b?f%%eatb‘?% mé@g??%&”%?ié‘%vﬁdgiei\éﬁeﬂe orﬁf%‘ 9

pr esent | e pProvi ort-cirrcul I Ng
APR®02 ZLQicapsbiyandistelitd etdtiof) iathospheriy &l gortec Ak Saleulatsis) feligdticheBlution

profile during the welding of two netal plates together. Qther objectives

and advaﬁP@Qé@tIW’lcﬂocbéi?éﬁgd Bsraimates, GOFPUNan LS PRBF IHECEReEeR 39dinsFPTegasEns
t th | i . i Y | T
oot o] AR SRS, iR B8 Sy S o PRI

Figure 11s a s | agra I ng emo
present ilavaeiohiofnthaifimed wekidieed lonttbe sypskmenet thed@P2 pmovidest glebdldongihgimabfand he

operat | o EnE et erey B PREFERRED EVBODINENT OF THE | NVENTI O
15 In accordance with yet another aspect of the present invention, the location parameter and
one or more welding parameters are electronically stored and/or printed out for real-time review
and/or for later review on-site and/or electronically stored for transmission to a remote location. The
ability to record one or more welding parameters and associate such welding parameters with a
location parameter enables a technician to periodically monitor the quality of a formed weld bead
20 without having to be present at each welding location. Upon review of the recorded and/or printed
data, the technician can determine what weld parameters existed during the formation of a particular
weld bead along the workpiece. The technician may review the data howurly, daily, weekly or even
monthly, and upon review of such data, determine the quality of a formed weld bead at each location
on the workpiece. In addition to or alternatively, the recorded data may be sent electronically via
25 the telephone, Internet, satellite, ratio signal, etc. to a remote location for real time and/or delayed
monitoring of the welding process at specific locations. When the welding process is performed at

a remote location, a satellite may be the only way to form a communication link between the welding



10 Referring now to the drawi ngs wherein the showi ngs are for the purpose
j of illustrating the preferred enbodinents of the invention only and 8ofPRa?017?
the purpose of limting sane, Figure 1 illustrates a welding system 10 for
wel di ng pi pe sections 20 of a pipe systemtogether and for determ ning the
| ocation of the fornmed weld bead 30 al ong the pipe system The pipe
sections 20 are illustrated as being wel déd by a short circuiting arc
wel ding system 40. The preferred type of 15 short circuiting welding is
SURFACE  TENSL NI 3YsEHBn O TS ddta E%Pa?c HeciRlsti Qh ad DEoBEl P el deSighid @ebre
control arrangenent for such type of welding is disclosed in United States
Letters PdhfonnhatNas andy,at $8¢s6Rtted FinfB31JuBiag ;thet d&7 3, &6t Jinkl n8Y7Hb RBmed 1BHGIARY By
and 4,717, 807, mhich_ﬁatents are incorporated herejn. The welding system 10
~for wel di igtasisaldeptithgemeie {aqeliqrgea t lite., fipqrition, ithe d3te FloFags) yyutapay, be
- D.C. pover, | R &8k 3Rk Youl164d!d85n CortbAL theSHEnA
gas nDtorfkagﬁgﬁggﬁégggﬁgmggﬁerat%%“?g 8roducé)an AC gurrent. TﬁelAC flod
current i svHitlei eteetdnitalbostimgda rectifier to forma DC current. A phase
c controller controls the rectifier t roduce a substantially unif.orm DC
urrent. The DE asrordatce PRbSHUNCLATOer BT BTN A G IASHAIAE GPTTopsE
+ shapes of RPisUedbRo RN R hfRinkfsh £¥ma r&heRIaG i6h VR thlebRoreBR&RY
create a é@?ﬁ?gﬁlpufsg %?th th% DC current. Asr?S can Be appregFatea, ?ﬂé’
power suppatyllite? radeedgmbtetd) endior ancini-dite éthwiciap antd therebycwse sbeh masivet indormation to
"~ appropriate DC source.é?1 DC:gurrent froglthegpuls§.mﬁdth nodul at or i.s

i rect e AEF0GES 81 AT Mg LA BIPERRTSIES QURRE ARG iaBICE or BaoH BETFYaD
50 apd Pi RRba&ikiehO thedbld cortrolleMMRrs220 ér hbreRedl@h g bembierstupen Wl ixpotne fockfiéh
pi pe section 20, the current to electrode 50 alternates between a short
circuit copaudinetesranghdgienmining| that thodweldq is iy agpastipilyyelosatian. ofs apothempartigular
arcing conditi.on where .t i J: pi.pe i
20, Dur i ng PRUSRph f s B afu/B b ackien 7 BARSE Rhenh ARt G B IR T R
pi pe and wvhahetdghbns Entboiet, Rateits esdiebighat) dié.ngd apeh dedrifiging ithag theohdlédr i§ e 5
end of the electrode as it is fed toward pi pe sectiong fqQr a subsequent
short ci r BafeulEReAtiopoYndsipdater idermay oriQilie & e ngecaffolirpaa hedtiFRiipngintemet,
1 ncljydes @ﬁeﬁfkg?ad?@sigxﬁad,g&g%aah&d&m%%%&e»delamg Famepdpi ch forms a groove when
two pi pe sections aré positioned closely adjacent to one another. \Wen two
pi pe sections &r&codsiceiwitheuothexdembadiment ofthopiesent invéntiop] thewetkpese anctudspaced

apart such. that.a 24 exists t ween t i pe edges. n accordance wi.th
D o cpipe g s freosiohed s st oclh § Eop it Ren (g S OF B Rl Fire
pref er abl YecR¥nsCdnd are W dedtdbbtherdy d va8ihg Byste@Oivhiel afdhidss 2Bldintatrihgd pBsitlbRe €

bet ween the pipe edges) thereby filling the gap. A pipe ground engages the
pi pe to cemphdihe gamoraed by thedWp PiNsSetiorh 28YkERg AWSHIPRNE2 Mekling GBTHLEIrGWin s

20. 5El ect i ; L p
24 B3t veet RS RN ol AH) Prlllc Rt ARG e incitd SRicEol PR G
cycl e, t héetedendsrthellecationiof thetwrlden gflatve écd fixeddodatiarg laed 4 dats etomege Hovite: dleipéipe
the nolten netal at the end !5 of the electrqde into the gap between the

pi pe endsSQCBOF%FTmPéCf\tﬁESB’ "Bé@&gé‘?ﬁeﬂ'\gf g&“f"’o‘ffé °gﬁleaf”§5 & F@ﬁs‘ﬂ‘%‘gﬁlr@t&ﬂag&” been
el ectrode | ' ﬁ@g@ I i GiRch I § °
Preferabl?ﬁgkghﬂggg% eIeg?gggghgﬁgggﬁgfgﬁﬁﬁﬁ%m%p o] ggﬁ%gﬂ&gggg?§ﬁéﬁgfﬁﬁgss
steel or soms bekicunfereaceodf thegapl andpreferaly 360 asqundrhediequanifkngneef the gap. The
co sition.of the metal. sheath.is selected.to be simlar.to the ba net al
conionent eresaeRE Gugirs et onta Fikati e uibll (b birtasrpe of e T,

i ncl udes {hidkinack REEHAES AL BE paiphely Tk iRl ams weldinpédGa RGN s HRYivE Ridisde
conpounds to create a slag over the weld bead to protect the weld bead
until it wohod the ssldingcarpags slongitbe Wetkiangaaeind thquriumiferanaefithe gap at a desired
solidifies and/or to shield the weld netal during the formation of the weld
bead. The flux may al so include conponents which produce a shielding gas to
protect the weld bead tomthe adverse effects of the environnent.
Preferably the flux conponents include fluoride and/or ?5 carbonate to
generate a shielding gas during welding so as to elimnate the need for
external shielding gases during welding. Wien a self shielding electrode is
used, the need for an external shielding gas is elimnated. The slag which
forns on the weld bead further shields the weld bead "~f1 ~ 29 ~~ ~ ~

~ ~"~ 12 fromthe environnment, thus resulting in the formation of quality
wel d beads. The alloying agents are preferably included in the el ectrode
core. The alloying agents are selected such that the alloying agents in
conbination with the conposition of the nmetal el ectrode sheath forma weld
bead having a conposition substantially simlar to the metal conposition of
the pipes 20. 5 A desired cun-ent profile to produce |ow spatter during

o, o o



. background current. Thus, the background current only serves to maintain,
the arc and the ball of nolten metal in the nolten state. The anodrg ARR 2002
‘mol'ten nmetal at the end of electrode 50 which is forned by the plasnma boost
and plasma portion is selected to nelt a preselected volune of nolten netal
at -the end of the electrode, and the plasm portion of the current is
reduced to the background 20 current oncedt he presel ected volune is
obt ai ned. The duration of the plasna boost and plasnma portion is al so

sel ected to prevent unnecessary nelting of the netal around pipe ends 22.
Such over ”%;leh%nﬂ'aﬂfelctcﬁ@derﬁ@t@éd B Bd8thl, the wel#ng\@lnth d¥8h@hd8EREMAnIsH Phikhe
interior of the pipe sections. During the formation of the nolten netal

bal |, the goatroflalilgaesoves theh@nhirgible alecteatte towpml the igep deting thermselding$onrdshe The

wel di ng pool until_ the presel ected ampunt of nolten netal has been nelted

At ¢ he enameehapem e oG aLEg g GRIeR CHBe EiarTER Do B g TaREtom
netal is ] & rda,d : - hit #HneRPQlinkN

is allowe %gﬁ% a3???@éﬁh&ﬁ%ggﬁyggkkg&?ﬁgﬁ%%ﬁggtéﬁﬂ%?ﬁ@céﬁtactmgegﬁggﬁggﬁg
subst ant i addvicedplesignedito teative twrdortrhere qarkid sigualswy chlowbtak lquetdn ofithe folasidrvedd

anmount of nolten netal .2.9 APR §03§813 at the,end .of, t.he el ectrode is
1

cont r ol | edPeBY TEHRECIO; ARprUCY I decatg StaHieragt deheer 'y PegenstarroiyE OPA5 MR
el ect rode i i | @ aWabBHOE p e Rr & thelWchf

e £ e e e O O e D e B e e
core conponent dnarerdakewsthrygt afother dipegt efdbepresent vertion, theevealding enrrenticircand

the weld met.al in the fr t he, at nosphere. . T hield gases..5 conti nue
onti 1t e T Rdes st ereERy e inEEa RRDEY Surinbte 3 PR ich BARHTE
the nplt ennékhdhetlak theiefid bOhEREnMuTabRE ot dte: 18O R g)biﬂﬁﬁlly fiiifdrha ifloaBéolten
portion of the welding cycle, the nolten ball is forced into the molten

pool by f aaetlngol betwesndke gapdy surfees teprsorparsion. The ransfer corRtipcledes @dgh current
circuit c htlQn. ¥@9@ |, JeSiL

pool , it %gug%hrﬂé%gfa erre °%ﬁ@8‘%‘§é&g6§§ él&'/mgﬁ#é#%g%g?%%}%% S acljti)ilsg%Il metal
causes an fidnh theedlestroéetol the walilpoohf Thérweldivigt earentadimhit @elst dmdrdey a 58condlvdricutie en

the pool and the wire in the electrode, and then a rupture and separation
of the bal¥Fe¥GLRFIRBCHPE HechTlEns %}rﬁe@semﬂhewffgnwﬂ%%q JHPHE R e arc

current  dufiifpleRSab e RA AlrkQbcrddi dhlduit bff erdiby of PAKERS useE Ebh8lt a RISH IR Nétant
the necking of the nblten netal ball is nonitored such that when the neck
rapi dly redluesofimetaliatitre erd ofthe ednsemehile cqred electrode whsen the glectrodais shacedhfomtlee
pi nch curve_i.ncre e .arad N ecti. i ing fuse
75" ot ai nte 42 pBEE e T BaZhE PGl f vitRlihg BBl el gefBRA o s
current i s kighuaedy hoodt imrihg akgiritin dostivn &hthe urding cddditionn| Tienhigk tcatrent bdobe
end of the electrode transfers into the weld .pool. The wel ding cycle which

g
i s repeat duele@blybas 2 presriccteddit) wee onfperay dor HEAg R [RlaHVEICOBY ARt VIR O fpetal on
wel g ci i 4t CB1eSRRS i ViR Fih I
pr e1Elli edrqr ed tﬁeﬁrcw%ﬂgcﬂﬂrr}%ncltb,ﬁ%ﬁgl oper%tﬁ%nntgyﬁrggsu%%? of t Eglepu srgco\l/(/i %teﬁp%tl)}au cétﬂ%)er
cont r ol | ernitisl High ¢Gri2nyplasmasbasisttunrent, theHegls aooatsimanthined (hrragmesejpoted pebiad of)

det er m ned. b t sh |l er.. The.d d t for_th
el i g oyt i aBRmERER fe R bveariod SEHe ahie EHEIMELeS e o
the wel di %nﬁg&isﬁgﬁlﬁd@@thére%ﬂrﬂdei t8 rleftehd s BEDRIMBROSK thE c1d@Ddb.OTAOR RNSd &SreRET

second, nmany update pul ses are provided during each wel di ng cycle.

Ref er ri ng cireuitiyalsepreferablyd¢siingd torbimitithe agouritof prasgy disertadtio dhe ereriiaderss aptee
or e wel di ng, 25 paraneters durin he for.mation of .wel d.bead, 30.

Pr e B abl PotharA e RERRTE iSRS et Srk for BT b e Rl obne Al 854 aper o

f eed rat e nfintBine6d Kotdea Hld Heb® diiriigak el &P ttthetby QROEMIMAIRNEh QS FRE €edRBing the
during each weld cycle, and the speed at which the wel ding head travels
around pi prakyoef themelded area. Thewelding qrrrent-circuitialgqipfeferabhaincndésdi qitguisae produer s
may be nonitored. Furthernore, data fiomother sensors andlor inspection
instrunents may be nonitored by wel ding nonitor 60. Wl ding nonitor 60
includes a display to allow a technician to view real -time and/or

hi storical data which is or has been nonitored by wel di ng nonitor 60.

Vel ding nonitor 60 also includes a data entry arrangenent 64 to a) allow 5
a technician to alter one or nore wel ding paraneters to wel der 40, b)

di splay different data on display 62, 3) access historic data) d) activate
or deactivate a welding control program or sone other operation. Preferably
wel di ng nonitor 60 includes one or nore conponents of the welding circuit
that c~atrols t_he cur_-ert to el ectrode 50. Wl ding nonitor 60 includes a
data storage device to store a portion or all of the nonitored 10
information. Preferably, one or nore welding paraneters are stored on a

di sk drive or tape. A sufficient nunber of welding paraneters are

Y T T . g, B Y b1 ~~N .




25 to a renote | ocation. The operation of the GPS tracking circuit,is known
inthe art and will not be further described. Referring nowto Fi gérfé MR o2
the operation of the welding systemw |l now be briefly described. 29

APR ~A~~ 15 The welding circuit includes preset and/or |oaded wel di ng

paraneters. The welding circuit controls the formation of the weld bead 30

on pi pe sections 20. Weld nonitor 60 nondtors and stores various wel di ng
parameters during the formation of the weld bead. The wel ding nonitor also
noni tors ghdksbeidsrrbit! TheBdckPRuR! QHedEs a iy RVARLE/NWRILE isANSinial=RE 6t hRVe
instruments used to formthe pipe 5 system The nonitored information is
stored, pheflevehipkgessany & distkn dmiare afiés thehsmshdorhed@d storbeirqgt fordiedy. tThe

positioning circuit senses signals .70, fiom GPS satellites 80. Preferably,
Phree or MRKBOUAER S P aHE AP ach I BOBLSUANS B et ieda towes heg B s
l'ongi t udi natLaRdiehdy EiHGLRRA ARSL Weldin@f the formed wel d bead. The
positional 1nformation I's correlated with the nonitored paraneters and

st or&d on t he Thegkintry vbjectldfehs prsed itveohon onthampioisen @f povelding systeint whieh
paranmeters can be 10 i iately reviewed or later revi d on-site.or at a
et o olTeNGTLATE 8l BHORSIR REEbHES durd oo f e PR b AREGH A A
techni ci g, J4BAINdIQYE-EWh BOtHE RR1d G TRk ddRAKE Bwaling paRidQésat a renote

| ocation can review the stored information to determne the quality of a
formed wel d befemthat otpeqhaf the prgheat invertiahiighe progistpntoli @ wWeidieg sygtemewhickistores one
technician after,.revi ew he dat.a can i pput, .new wel di ng. par angt e for
ot ur e wat BRpLRHIaRE PrateRs dufs IR B PR BT PRI i P efeee
formpd wabshtibeathe WeRl bRl rined 8 stdhew¥Bigipagntyss.em t o provide information
on how a particular weld bead is formed and the |ocation of such weld bead
al ong a pi pe Sfitanpthenphigitofhe presant dvantieroispthe Prayisior PHR Nflépe susteonghich
wor | d-w |, . ; r

ot or rmat (s Ae) BefBRah e Rakne BBk iy A HoRERET e il FRG or AR SEERAEE
and/ or t arelativety fixal 13€atjohahd estvvlating apgsitionibasal upoh oheedeived degivdad. The

i nvention has _been des%ri beg with reference to a Br eferred odi nent agﬂ
al ternates theebatohgSt Beiheayesint MAFUENG HDBIOV IS Pioh ¥/ elfite aYTeRatiths
to fhe ennsisTsy § diehleasdotidoh of §8ctled wilgBga! themsel ves to one skilled
in the art upon readi ng and understanding the detailed description of the

i nvention. |t Ansthenobindeaf the praserituneention is thehpravidiohi afaa velingsichtenh ttemarnitons

i nsof ar as,t.hey.co within the.sco f .tthe.present .invention J o~ r
9y Wl teied dlaReteUhoi M B R0 RIS 0 et

t oget her whi cBtill aaPhesSéisect @Y tige predetle nvetidnidi the pRvivdrbNg weldifg! kfstedyvidch
wel di ng head to supply heat to said plates tqQ forma weld bead there

bet ween, PEYIqes\Resess 1o elfing dnformatioBand fgrrasropAing gyl deahisgstionginferpatian drom
thrpugh an, al &etiqde to formsaid weld bead on said two plates; b) a

wel ding nonitor to nonitor at | east one wel ding paranmeter during the
formati on of 8§l getwedtternbgt ofthelpreyen irpesiicn istieprowisionuiia waldisg mgstera which

plurality, of electromagneti ¢ signals qriginatin roma.relatively renote
| ocat i on_Xlé?ﬂSs g’f)“’tﬁ‘&ﬁ“@? ﬁ{g ﬂ@ai{eﬁéluf“ ﬁ??% ¥ ‘geﬁgkav’g#mr&@:‘&?‘bead: ;" and d)
el ectroni cal | KnptBerQbitcNEr tRéstedentinitiohiid e ?@v@i@toﬂa&aa&mgaﬁs;emww vides
wel di ng parameter and determ ned |location to a renote |ocation. 2. The

wel di ng &rsegrlzdivéauriygontrolelf aielding opomiions in raiote péenindevahepediareasi t
Senzes a Still another object of the present 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 objective of the present invention is the provision of a short circuiting arc welding



plurality of signals fromglobal satellites and determ nes a gl oba
longi tudi nal and I atitudinal position of said formed weld bead. 3.2The\PR 2002
wef di ng systemas defined in clains 1 or 2, wherein said at |east one
nonitared wel ding paraneter and determ ned | ocation are electronically
recorded. 4. The welding systemas defined in clains 1 to 3, wherein at

| east a portion of said electronically tténsnitted wel di ng paraneter
constituting a real-time transm ssion. 16 2 g~ ~R20A2 S. The wel ding
system as defined in clains | to 4, wherein said nonitored wel ding
paranmeter includes a paraneter selected fi-omthe group consisting of the

amount vol t@gém%a moh%&i REIrEOY SracishQledirdablfreRipréflé ety tROW ORI gldT®wo metal

el ectrode, anount of vol tage produced by the power supply, the voltage
profile, thsarswgetheof current produced by the pomer supply, the current

file, 5th t .of d t to th h .
B Pectod to t e OhEESHES BRaaEEs 0o tyirrinE b ie ol pe Biraiah e
f1ux type,thgghé+ﬁﬁl&@%Qoﬁﬁ&ﬁedgﬂguﬁgleldlng gas type, the shielding gas
t we

feedrate, Ing gas type, the welding gas feedrate, the welding
cycle,5the direction of rmBBrIEBtDEﬁCWé’IHIQi‘gQﬂeEHE DRéWE{(éSof speed of

wel di ng head, t of . day., .the anbie ond date,..the .type
of wel di ng proc d%f’rrﬁTEStaﬁ'&h 8d8\gmﬁ‘d&£ [él{'ﬁ)%‘ Vi Syf ?g}epiﬁew\ggpoX?ﬂ%g
type of wel puite Qyaan &/ clemfitah® RehtidnasT (B fotnlﬂed W@ld%eﬁ'@albﬁ%duc@ﬂpéliﬂ@ and
wor kpi ece, the polarity of the electrode during weldin e interruptions

during the wel difigprpRateblock diagram af¢he ensrationef Wfdﬁmgﬁ}gstqrm wel di ng

process, the nmechani cal ]?ﬁ m"ﬂ'ﬂ\dﬁ)f)@%ﬁ?ﬁg &q type of the

wor kpi ece, the shape of I kKprece I'ng systen1as defined in

claing 1 to 5, imruﬁlg'ﬁkgyeomehdiwmsemcwnthmeh@sareﬂbf&E piposdibt illustrRingake
a transfer current and a second circuit to create a melthfci current, sald
second ci r eueferedppbydimgnts of Ehemeﬁﬂélﬂ% opkyARdmop fordhe PaRese of lmitine srpes Figwe 1

to form saig, geq LefliRlysRhd 10 Ridh sectldt WRH figle SYhR b ftndl Shit 16
in clains i I nc g a me di ng C??éhlt th i 3% g
detenmnmg the location of the formed weld bead 30 along the pipe system. The pipe sections 20

are illustrated as being welded by a short circuiting arc welding system 40. The preferred type of

15 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

Nos. 5,148,001; 5,001,326; 4,972,064, 4,897,523; 4,866,247; and 4,717,807, which patents are
incorporated herein.

The welding system 10 for welding pipe sections 20 includes power supply 42 is preferably

20 a D.C. power supply. The power supply preferably includes a motor, such as a gas motor, which

powers a generator to produce an AC current. The AC current is then rectified by a rectifier to form

a DC current. A phase controller controls the rectifier to produce a substantially uniform DC

current. The DC current is then directed into a pulse width modulator. The shapes of the pulse

widths are controlled by a shaping circuit to thereby create a desired pulse with the DC current. As

25 can be appreciated, the power supply 42 need not be a rectified output but can be any other

appropriate DC source. The DC current from the pulse width modulator is directed across a welding

area which includes a consumable cored electrode 50 and pipe section 20.



creates a series of small wdth current pulses and controls the polarity of
the current pul ses between a first polarity with said el ectrode ?Qiﬂ@R.ﬂmz
‘positive and a second polarity with said el ectrode being 17 " r==s.
",? negative, said series of current pulses constituting a welding cycle
with a short circuit transfer 5 portion and a plasma arc nelting portion,
said current pulses in said cycle each héving a given electrical polarity
of said electrode with respect to said two plates. 8. The wel ding system as

defined in cl g%%t%%gwclmg bedk g%eée&f%h@bnﬂe Gtent BEcRIAPEH el St dDbEvesAl d

wel di ng head e outer peripheral surface of said plates sections and
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1 to 8, including a consumabl e elﬁctrode for &obm'.n sai d wel d. bead. 10.,
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wher ei n sai ectrode g a self g electrode. 12. The wel di ng
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wel ding systemas ‘defined in clains 6 to 14, wherein said welding circuit
the pipe edges, thereby filling the gap. A pipe ground engages the pipe to complete the arc circuit
between electrode 50 and the pipe sections 20. Electrode 50 is unwound from electrode and spool
52 directed toward gap 24 between the two pipe ends by electrode nozzle 44. During the welding
cycle, the electrode is fed through electrode nozzle 44 so as to transfer the molten metal at the end

15 of the electrode into the gap between the pipe ends to form a weld bead 30.

Electrode 50 is 2 consumable cored electrode which includes an outer metal sheath and an
electrode core. Preferably the metal electrode sheath 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 the pipe sections 20. The electrode core preferably

20 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 weld bead from the
adverse effects of the environment. Preferably the flux components include fluoride and/or

25 carbonate to generate a shielding gas during welding so as to eliminate the need for external

shielding gases during welding. When a self shielding electrode is used, the need for an external

shielding gas is eliminated. The slag which forms on the weld bead further shields the weld bead



I reducing the amount of current to said electrode prior to said nolten netal
on.said electrode formng a short circuit condition with a gap bet en;‘ﬁaj”g
two plates, 16. The welding systemas defined in clains 6 to 15, ré&ih il
said welding circuit creates an alternating current. 17. The wel ding system
as defined in clains 6 to 16, wherein Sﬁjg.melding circuit fornms part of a
STT power supply. 18. The wel di ng syste s defined in clains 9 to 17,
wherein said el ectrode is nove about the outer peripheral surface of said
metal pl afrem tandndubserinthzatessiting trige Srgapobef qadify vhld Yspds. eEhe allpyinglagentFhe
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preventing the current level through the arc from ever falling below the preselected current low
current level and allowing the arc to extinguish. The welding circuit is designed to produce all the
melting of the electrode during the plasma boost and plasma portion of the welding cycle. Further
melting of electrode 50 does not take place when the background current level occurs since the IR
15 necessary for melting the electrode is not obtainable through an arc maintained only by the
background current. Thus, the background current only serves to maintain the arc and the ball of
molten metal in the molten state. The amount of molten metal at the end of electrode 50 which is
formed by the plasma boost and plasma portion is selected to melt a preselected volume of molten
metal at the end of the electrode, and the plasma portion of the current is reduced to the background
20 current once the preselected volume is obtained. The duration of the plasma boost and plasma
portion is also selected to prevent unnecessary melting of the metal around pipe ends 22. Such over-
melting of the metal can result in the weld metal seeping into the interior of the pipe sections.
During the formation of the molten metal ball, 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
25 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 gap is allowed to stabilize, thereby allowing for a smooth contact between

the substantially spherical ball and the quelled weld metal pool. The desired amount of molten metal




f) electronically recording and transmtting said at | east one nonitored
wel ding paranmeter and determined location to a renote |ocation. 234 HPR 2002
nmet hod as defined in claim?22, wherein at |east a portion of said

el ectronically transmtted wel ding paraneter constituting a real-tine
transm ssion. 24. The nethod as defined in clains 22 or 23, including the
step of transmtting at |east one nonitok¥ed one wel ding paraneter to a
renote | ocation upon detection by said nonitor of a welding paraneter
error. 25. The nethod as defined in clains 22 to 24, wherein said nonitored
wel di ng paraneter includes a paraneter selected fromthe group consisting
of the anobunt voltage across the el ectrode, the anobunt of current across
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wel ding cycle, the direction of nmovepent of welding head, the rate of speed
of w8l di ngpraneuntyl ke maqlis bakl isdmpsfereintothe wRltenBral B ithsraap- (e thgrpoltep metal
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during the ] di rocess,, the electronjic errors durin he \wel din
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defined in claims 22 to 25, wherein said step of determning the position
of 3@i d . flatwean thepas! inscthe wirs i ha slealgrds, idilhen) 4 ruptuesfang jsepaptionfof therbal ifiobethe

satellit ev%ire occurs. Since there is only a low background current during the separation, little if any spatter

occurs. Preferably, the necking of the molten metal ball is monitored such that when the neck
rapidly reduces in diameter by electric pits, the current flow during the pinch curve increases more
gradually until a detection of an impending fuse is obtained. Once the detection of an impending

15 fuse occurs, the current is reduced to the background current until the molten metal at the end of the
electrode transfers into the weld pool.

The welding cycle which is repeated several times per second must be accurately controlled
by a welding circuit to. reduce spatter during the welding cycle. In the preferred embodiment, the
operating frequency of the pulse width modulator controller is 20 KHz with a width of the successive

D current pulse being determined by a current shape controller. The demanded current for the welding
cycle changes 220,000 times each second. Since the hi éhest 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.

Referring to Figure 1, a welding monitor 60 is provided which monitors one or more welding

25 parameters during the formation of weld bead 30. Preferably welding monitor 60 monitors the
current to electrode 50, the feed rate of electrode 50, the total amount of energy to electrode 50

during each weld cycle, and the speed at which the welding head travels around pipe sections 20.



27. The nethod as defined in clains 22 to 26, wherein said step of
determning the position of said formed weld includes determ ning/§ gPRbAN)D
-longitudinal and a | ateral position of said formed weld bead. 28. The

met hod as defined in clainms 22 to 27, wherein said tw plates are ends of
two pipe sections. 29. The nmethod as defined in clains 22 to 28, wherein
said weld bead being fornmed froma consungbl e el ectrode. 30. The nethod as
defined in claim?29, wherein said consumabl e el ectrode is a self shielding
el ectrode. 31. The nethod as defined in claim29 or 30, wherein said
electrode is a cored electrode. 32. The nethod as defined in clains 29 to
31, wherein said electrode includes alloying conponents to formsaid weld
bead having a substantially simlar conposition as the conposition 22 29
AP R 2002Aaditisml avelding pirameers 23y bd heonitetedo Fuatherdeire, dath fromaltiérmen?s trol/&2,

i ncludi ng, the step of providing a welding,.carriage which. noves sai d wel di ng
head abog‘?lsﬁeﬁ’é?fb‘ﬂfté"rm"ﬁgfr‘?‘ﬁ)_ﬁg?§%”§9F\rg§é?¥é”eg‘?m%_5‘ioﬂ“ |6&Ywé§’?‘g§&$’f“%&“%‘9ﬂﬂ%§¢é§
defined iR fhRiomide a (MRRLENRo UG d@gﬁﬁﬁ% S BlsthritBl NI ERISr BACHdcA iRt

as said carrirage noves about sai ates. 35. The nethod as defined In

cl ai N5 2%yt weldihg mondtbdll. iy eldivg re¢reppr 60 alsefinclnigs s diatd cairg etragimeby 64t a) allow
electric wave,. said step of nelting directing a pres ted, ener tq said
el ec?r ode® IEGIHERR toy alter ane;qy angre Wldipg par %Feﬁ%@ %@d?aﬁ?dj%gldg@faryoﬁgggﬂ?? ﬁﬁtﬁ on
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el ectri cddd%a ir’lcﬁfgles 5 ba%@und chrreent, s?aai d bagkgrouﬁd curresnt hav?rng
a hi gh i npectiancBrefemabioweldinganchitar 6o mclusieepng argroralsompondmts dfshevelidneasaity
to sustai F an grc after the tg&gi tion of a short circuit condition which
i s mai nt aPHEGTRE SrHTEE RAISET8S W ng cycle. 37. The nethod as defined in
claims 29 to 3@eldingGhdiion 60 indRided £@atOitotapdlidvidaqo &tbe AEAIGE 0041l EMBE Bbnitored

directed to said electrode to prevent nolten netal from passing. through a
gapl®et waaformation. t%fe@béy,é:gx_e or more welding parameters are stored on a disk drive or tape. A

sufficient number of welding parameters are preferably stored so that the quality of the weld bead
30 formed between the two pipe ends 22 can be reviewed by a technician.
Welding monitor 60 also includes a location circuit to locate the geographic position of
formed weld bead 30. The location circuit includes an antenna 66, a GPS reference receiver and a
15 microprocessor for calculating the position of the formed weld bead. Antenna 66 may comprise any
of a number of commercially available low-gain antennas. The GPS reference receiver is designed
to determine the global latitude and longitude of the formed weld bead welding system by sensing
the signals 70 from satellites 80. A memory unit is provided in welding monitor 60 for storing
location information supplied by a GPS unit, record the history of travel of the GPS unit, and include
0 information corresponding to the global latitude and longitude information. A clock is provided in
welding monitor 60 for supplying time and date information to the tracking circuit. The welding
monitor 60 preferably includes a telecommunicating circuit to link to a remote location so as to
upload and/or download information to and from the welding monitor. Preferably a telephone
system and a satellite transmission unit are included in the welding monitor to provide a data link
25 to a remote location. The operation of the GPS tracking circuit is known in the art and will not be
further described.

Referring now to Figure 2, the operation of the welding system will now be briefly described.



23 38. The nethod as defined in clains 29 to 37, including the SigpAEBt B2
reduci ng the anmount of current to said electrode prior to said nol€&n §?<
on said electrode formng a short circuit condition with a gap behveen said
rivo plates. 39. The nethod as defined in clains 35 to 39, wherein said
electric wave is an alternating ' current. 40. The method as defined in
“clainms 35 to 39, wherein said electric Mave is forned by a STT power
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location can review the stored information to determine the quality of a formed weld bead at a

particular location along the pipe system. The technician after reviewing the data can input new
wélding parameters for future weld bead formation and/or correct a problem with a previously
15 formed weld bead.

The ability of the welding system to provide information on how a particular weld bead is
formed and the location of such weld bead along a pipe system, allows a technician to monitor
welding operations world-wide and to ensure that quality weld beads are formed. The recorded
information can be used to ascertain future failure problems of a weld bead and/or to correct a

20 problem with a previously formed weld bead.

The invention has been described with reference to a preferred embodiment and alternates
thereof. It is believed that many modifications and alterations to the embodiments disclosed will
readily suggest themselves to one skilled in the art upon reading and understanding the detailed
description of the invention. It is intended to include all such modifications and alterations insofar

as they come within the scope of the present invention.
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d) electronically recording and transmitting said at least one monitored welding

parameter and determined location to a remote location.
2. The welding system as defined in claim 1, wherein said positioning circuit senses a
plurality of signals from global satellites and determines a global longitudinal and latitudinal position

of said formed weld bead.

3. The welding system as defined in claims 1 or 2, wherein said at least one monitored

welding parameter and determined location are electronically recorded.

4. The welding system as defined in claims 1 to 3, wherein at least a portion of said

electronically transmitted welding parameter constituting a real-time transmission.
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s10%& ( )eldoyrbltidridunt 6Rdurrent across the electrode, the amount of voltage produced by the power
supply, the voltage profile, the amount of current produced by the power supply, the current profile,
5 the amount of power directed to the electrode, the rate of power directed to the electrode, the
electrode type, the electrode feed rate, the flux type, the flux feed rate, the shielding gas type, the
shielding gas feedrate, the welding gas type, the welding gas feedrate, the welding cycle, the
direction of movement of welding head, the rate of speed of welding head, the time of day, the

ambient conditions, the date, the type of welding procedure, the type of power supply, the type of

10 welder, the type of welding components, the position of the welding head on the workpiece, the

polarity of the electrode during welding, the interruptions during the welding process, the electronic

errors during the welding process, the mechanical errors during the welding process, the type of the

workpiece, the shape of the workpiece.

6. The welding system as defined in claims 1 to 5, including a welding circuit having
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 electrode to form said weld bead on said two

plates.

7. The welding system as defined in claims 1 to 6, including a welding circuit that
creates a series of small width current pulses and controls the polarity of the current pulses between

a first polarity with said electrode being positive and a second polarity with said electrode being

17
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8. The welding system as defined in claims 1 to 7, including a welding carriage adapted
to move said welding head about the outer peripheral surface of said plates sections and along a gap

between said plates.

9. The welding system as defined in claims 1 to 8, including a consumable electrode for

forming said weld bead.

10. The welding system as defined in claim 9, wherein said consumable electrode is a

cored electrode.

11.  The welding system as defined in claims 9 or 10, wherein said electrode being a self-

shielding electrode.

12.  The welding system as defined in claims 9 to 11, wherein said electrode includes

alloying components to form said weld bead having a substantially similar composition as the

composition of said plates.
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a preselected amount of energy to said electrode to melt a relatively constant volume of an electrode

during each welding cycle.

14.  The welding system as defined in claims 6 to 13, wherein said welding circuit
limiting the amount of energy directed to said electrode to prevent molten metal from passing

through a gap between said two plates.

15. The welding system as defined in claims 6 to 14, wherein said welding circuit
reducing the amount of current to said electrode prior to said molten metal on said electrode forming

a short circuit condition with a gap between said two plates.

16. The welding system as defined in claims 6 to 15, wherein said welding circuit creates

an alternating current.

17.  The welding system as defined in claims 6 to 16, wherein said welding circuit forms
part of a STT power supply.
18.  The welding system as defined in claims 9 to 17, wherein said electrode is move

about the outer peripheral surface of said metal plates and substantially along a gap between the

plates.
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20.  The welding system as defined in claims 1 to 19, wherein said two metal plates are

two pipe sections.

21. A welding system as defined in claims 1 to 20, wherein said monitor transmitting at
least one monitored on¢ welding parameter to a remote location upon detection by said monitor of

a welding parameter error.

22. A method of welding two plates together, said method comprising the steps of:

a) providing a welding circuit, a welding head and a consumable electrode;
b) moving said welding head toward said platés;
c) directing a controlled amount of current through said electrode to form a
< weld bead between said plates;
d) monitoring at least one welding parameter during the formation of said weld
bead;
e) determining the position of said formed weld bead relative to a substantially

remote location by sensing a plurality of electromagnetic signals ofiginating

10 from a remote location; and
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23.  The method as defined in claim 22, wherein at least a portion of said electronically

transmitted welding parameter constituting a real-time transmission.

24. The method as defined in claims 22 or 23, including the step of transmitting at least

one monitored one welding parameter to a remote location upon detection by said monitor of a

welding parameter error.

25.  Themethod as defined in claims 22 to 24, wherein said monitored welding parameter
includes a parameter selected from the group consisting of the amount voltage across the electrode,
the amount of current across the electrode, the amount of voltage produced by the power supply, the
voltage profile, the amount of current produced by the power supply, the current profile, the amount

5 of power directed to the electrode, the rate of power directed to the electrode, the electrode type, the
electrode feed rate, the flux type, the flux feed rate, the shielding gas type, the shielding gas feedrate,
the welding gas type, the welding gas feedrate, the welding cycle, the direction of movement of
welding head, the rate of speed of welding head, the time of day, the ambient conditions, the date,
the type of welding procedure, the type of power supply, the type of welder, the type of welding

10 components, the position of the welding head on the workpiece, the polarity of the electrode during
welding, the interruptions during the welding process, the electronic errors during the welding

process, the mechanical errors during the welding process, the type of the workpiece, the shape of
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26.  The method as defined in claims 22 to 25, wherein said step of determining the

position of said formed weld includes sensing a plurality of signals from global satellites.

27. The method as defined in claims 22 to 26, wherein said step of determining the
position of said formed weld includes determining a global longitudinal and a lateral position of said

formed weld bead.

28. The method as defined in claims 22 to 27, wherein said two plates are ends of two

pipe sections.

29.  The method as defined in claims 22 to 28, wherein said weld bead being formed from

a consumable electrode.

30. The method as defined in claim 29, wherein said consumable electrode is a self-

shielding electrode.

31. The method as defined in claim 29 or 30, wherein said electrode is a cored electrode.

32.  Themethod as defined in claims 29 to 31, wherein said electrode includes alloying

components to form said weld bead having a substantially similar composition as the composition
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33.  The method as defined in claims 22 to 32, including the step of providing a welding

carriage which moves said welding head about the outer peripheral surface of said plates.

34.  The method as defined in claim 33, wherein the speed of said welding carriage is

varied as said carriage moves about said plates.

35.  Themethod as defined in claims 29 to 34, including the step of melting said electrode
by an electric wave, said step of melting directing a preselected energy to said electrode to melt a

relatively constant volume of said electrode during each welding cycle.

36.  Themethod as defined in claim 35, wherein said electric wave includes a background
current, said background current having a high inductance component and a low level just above the

level necessary to sustain an arc after the termination of a short circuit condition which is maintained

throughout each welding cycle.

37.  The method as defined 1n claims 29 to 36, including the step of limiting the amount
of energy directed to said electrode to prevent molten metal from passing through a gap between said

two plates.
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39.  Themethod as defined in claims 35 to 39, wherein said electric wave is an alternating
current.

40.  The method as defined in claims 35 to 39, wherein said electric wave is formed by
a STT power supply. ~

41.  The method as defined in claims 29 to 40, including the step of moving said electrode

about the outer peripheral surface of said metal plates and substantially along a gap between the

plates.

42.  The method as defined in claims 22 to 41, wherein said metal plates are two pipe

sections.
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