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add 6 Z 2 9 APR 2002 the sgéé@b&‘m@? ‘:’E@H‘éﬁ%ﬁ% ening the first

sw tch when therseconge s AChviiging! @refiondth HhrtibEhefBIART ROESHeldng i€8hEHeen
Thi s process includes a succession of positive and negative current pulses.
Thi s ar chisuggastadetd vse ar eatpirhgowgrinaGranefodinagfqurtbe espuh asgp o6 \aemargistdreswitching
successful; hogever, when tpe melq%gf current is high, i .e. over about 20?
anperes, tREVURUBBRIYCTE WHR A J56PRARY HIIHRE PP G OYPYNGRISINBIGH 1@ FLEAY S Beerally
basegh) swi e08Fe ABink ' Liha. | ARG

mai nt ai n tz}a) hi g% volmt g£gﬁéd i%?lg@l&#ﬁéﬁg%t%gg \ﬁé‘%%cgn@glﬁ cstglnwas t°3‘rr%§§t‘%?’ fa sed
and t he newitched, sechasIGBTEA pRitivoatentpidset can tealiexteduhphpk shd weldgbperation
wel di ng cgrrents have bheen successful in AC arc welding so_|ong as the hi_?h
vol t ages dRMAWRY Wivenegativesiriegt ples: akicpesitiyararat polsals ergatedby plosimgpoist viich

polarity \é@@ . andl ed. . Thi s a.distinct disadvantage .of usin

the inverter lﬂ%@gg%%%&,ﬁ? %‘6‘%@5\&?‘9%‘8&?@8%‘%38? gouc,g'?]rﬂ?eeaf %.mc%l%@_dp E’Nﬁ%ﬂ
It vas foucthdghtive GVrd GHed Gri 18 &lcRG RUEIRME Hoo BBLRGeYndpafive bsthind Gulse,
type inverter operated by a pul se wi dth nodul ator woul d cause high voltages

due %o t héhe welduigioperatiemtst@nuestédo threnegetih tagnioplet Hieiantpubniithehinvefee by asecond
whi ch t he, current st. he i tched between polarities. The 15 induced )
vol t age dﬁfﬁ?%ﬁogb§%‘ %\t/lwgwetfi?\g@ﬁraaﬂﬁ@sgﬁ\gﬁéwg}ah asrlrltsgf;nasn\alﬂéﬂwe%‘%cﬁlioge aﬁ@iwgﬂmlﬁfe
in an AC . I vie .l S. e he L. t4 .
react ance ries "R PGSR bR Ao ot By ioyBE U fnkovicp wten
difficult to suppress. For that reason, energy absorbing snubber circuits
of various desi MEWWWMW used to reduce or control the induced voltage
when swi t ching currents between a positive polarity and a
negative polarity. k@b currents in this regard 20 nean general ly above
about 200 anperes and exceeding 1, 000-1, 200 anperes. The snubber circuits
necessary for ham ' hi gh voltages all involve either high | osses
and/ or hi gh cost W,mmwmﬂ@gol tage is the inductance of the welding
circuit nmultiplied byu,,ﬁt]6 € nge in instantaneous current per unit tinme
during the swi tching opérati on. Since the transistors used in the wel ding
operation at the output of the inverter have a fixed tinme needed for
turning the switch off to stop conduction, the 25 induced voltage to be

b Y o o "



THE | NVENTI ON The transi ent vol tages when switching high currents at the

out put of the inverter stage are 5 drastically reduced by the present
nvention in an AC wel der of the type driven by a pulse width m)dtsélega @\r 7
operated switching inverter, especially one driven by a three pha B mgm
-source. The invention has been tested on a 1200 anpere, AC inverter based
power supply wherein the output current was reduced to 150 anperes before
.the switch was turned off at the trailing edge of each current pulse to
reverse the polarity of the welding current. Wien one switch is turned off,
the ot her lffle sdohgBwitsh fslbgeged)&dt&bcﬁfn‘éetﬁ@ﬁ?s@ SwREIPABER theRebaHd sitcBYS EIRBYd, an AC
pul se, which current immediately shifts to 150 anperes in the opposite

pol arity andeldingnproodssiis greatedt Mdinpoocessimdudasensucténsongdf postivieradd gtegativiencurrent
the welding gircui.t in the gpposite direction. By turning off the inverter
before sw t%ﬁ?eﬁgﬂ!ls ﬁmg‘t%%ﬁ?%&ﬁa@ﬂg arpéﬁs%elems,m%és Rashre ‘i”ﬁtetsH%:eﬁ{}PE owever,
bei ng renoy, : i A a. r . p :

ui tahi ng. Borange iAo CL Mer Moo rtiRys, HeRRBRTR padkie] with g fir
| ow va$ ue lindvsondiriddéta s Switetes ate Vdr{ egpaneivend Iquite harge.e Taege! saubbdie had to
i nduced vol tages across the switches, as they are turned of wer e

f
si gni fi cantginfayhigh voltagreasdoss dke Spicthea wben e8e PHee Was Besd off andithsaexicprsenas
when the sw a he current. S, set Y. vQl t .
forces wer %@égﬁéeﬁﬂg‘oﬁg@%’@%‘% ‘WIPPL V\%ﬁg‘}g%A lgl\\ﬁ\ﬂﬁtcgﬁ'?%% %19 ?ée)g%xelr?g%ceegfﬁl in AC arc
Wi t hout i nowelaiigR@1dnaas HeWash mﬂagési dMing W@ﬁ@gbpe@ﬁoﬁ fremsony bbRFE,: to 26k dpposite
accordance with the invention, there is provided an inprovenent in a
wel di ng povmslaryipies gdequatelyhendledigThis wak ddistinewhisadvantage of using &edsyasier bised power
curre pul ses gpeﬁggﬁﬁgpe gulses have a maxi mum current |evel and a
trail tthg ofPRYAPEL INGEMECHS: the current pul ses, which in the
preferred enbodi nent invol ves successfﬁp IWNTY?Nand negative current
pul ses, shift to a_maxi mum current |evel generally above about 200 anperes.
The power suppl it lvas faund thaesivitthing digh weldingouzénts opeatedttty dewitcling cyediniverter -
a power source, preferably three phase, a first termpal at a first

el ectri cal 9p6T6da%2 Rk vidhanpdnlatpr weuld saysg high voliagesdlueds edaductye ragtarcsig the
el ectri cal I Laver - 1S i 0

T the | mveltrom Rt erot e d SR HAER Al R AR VR BBy, The
~tf 115 1 ~induced RYkdgk @uring 8GR fidtwadith pdsitiiee, pol@{Dwead b hegdivepolutity Bndn ACone]der
the termnals. This deactivation of inverter stage shifts the current pul se
toward an offthestype defingghebovielie equal to therdndictiyerdastanes tmes e derivatyeod cnment. dhus,
t he pul se decays toward zerg_cyrrent. In fhe normal use of the power . .
Supply, ¢ hlt Tet G i e adrayiohpR JiRt Ji TR HEEY Pt ORp L Bbe pirpits of

firom negat ieiohd dBOBISI AR taeh Asid Yo reliibe oP LN At adbt DORR AR L0t AL igh

in the background o I's tnvention. I'n accor ce wt e 1 nvention,

t hough t he veidipgtcusentt boteRen b @osisiee pblarityeay seegativapolasity. tHighicanentt & thid regerd
that creates the current for use in an AC arc_ welder is turned off allow ng
the ctft r entms2d sgasrally ahovealpus 20Qarmparesand expredinghbP@O-1200 amperes, Hen sapblpey circuits

reversal . l.ow val ue. i s,teached he swi t.ches. ane. reye d .y
torm nati nderReten i Rieng? i Res ANV e e Sk SR S g com e et
current pu |v%ﬁg§éfis BRRARIctBc POt thE Weling| R uf MulGHIRE b3tRe ¢Hange RGNS AntSMobE AlIrRtEt per
netvork including two transistor based swi tches, éach having a conduction
condi ti on pagdimegduring tewitchingarperatibn.t Bince @rertranaistorsipsed io theaveldingafpetation at the
first logic siugn?l and a non-conducti on %%Qf“ tion b ocki&g gfurrent fl ow
upon cr eat iFYPU P! thesaertag hewep dixed Gma neeqebior {Wame A SWUAN pi tpsiop qandyrtion, the
si nglg; out 1 t J t i
Thue, 2 - a s WlasE 8 btk B RHERS: BRI ORE R, Bk ribehl I Br e LBk te
stage, al | ciserhelsiitcls bédigdto tot SfF ah @ trii@ohsttRtviecnainemidedr, CEdrItRatiredsoy Sh thepast,
then switching off the output power switch to term nate the current pulse.
However, t isEcwisaised ingigleeytant sweitching apphications.steh anelpairic gwavelders,aprmedy included
wel di ng. There are two current pul ses. When one out put power switch is

fumed on the other output power switch is funmed off and vice versa so that
opposite polarity current pulses are creat i n succession. Each of the
current pulses has a trailing 20 edge which“trailing edge is created by
turning off the inverter for a short tine necessary to reduce the current

of the pulse. Then the current pulse is term nated by applying the second

| ogic signal to the switch thereby shifting the switch into the

non- conduction condition. In practice, the first logic signal for each

power switch, whether a single switch DC unit or a two switch ACunit, is a
logic 1 to turn the switch on. Alogic O is the second logic signal to turn
the switch, or switches, off. 25 In accordance with the invention, a sensor

o . " e "



between the two polarities is effected. Since the induced voltage across
the switches is a function of current at switching multiplied by the fixed
fnductance, the drastic reduction in the change in current during Z$&PR 700
switch reversing operation in turn drastically reduces the induced voltage.
-I't has been found that 1000-1200 anperes can be switched with little or no
snubber. This is an 15 inprovenent in an AC wel der of the type using a high
frequency inverter switching network and output switches for creating
opposite polarity current pulses. In accordance with another aspect of the
present i RyMBfatddhubbdt@ediBydsidficusbd@60\Rfto slpprdse MRHi i1PVbliage RANR REurbivig YHeh &e
a single or nultiple phase input. Since the invention can be used mn%h a

t hr ee phaswitchputumnedrodf. wel di ng operation i s easily bal anced, whereas prior

switching units of this type used 2 r.hi rent wel ding were single
phase power supplies with the resul%&%ﬁlﬁﬁbgpgﬁﬁgd_pomer. Such unbal ance is
more of a probiel@insteltydllAbs GHES EDfcHiRY flgh cuRBhs oot 8P Aiklin dHe? HabO Bre
In according with yet anothé&r aspect o invention, the inverter stage
i nvolives airastichliyhtedgedtictybie bpresent mothtioh ibyanaA @ wedderwif didhtypedrivat by a ppise atiéith

at a frequency above about 18 kHz. This pul se wi dth nodul ator operates the
swi t ches mpPduAion epeesteds widehimginyerter, pspgpiaty oae diwen By @ fagerhase apwer seyrce. The

current of: r.Ls co ed t i fi.8r : '
the aver adeafeR ey Seibnk? o RO BBk A AVBO AP opp D Ble d e
the pul se copest wiiedidedas 080 datpefes\Weltdie SheadieitdhdwasenedIff QitBE trallidig e8B€ of each
current pul ses created at the output of the power supply using the present

-5 2 9 APRIQORe taweerse the polaritedfthe welding @ugent. When ergsswitehins asendtoff) e gtfzer

| ndeed, the.AC.wel di,ng operation is.practiced in the general range .0f .40, .
o280 e VFEHE e P AE R PR R SHATh St puiney W BRE e ar i ge el i
inverter 4368 anlger&CGHAKE Ppesitl e;sd?mﬁp%ti%e@a%my, 1 thE IeaxiMM@NGIrRNt through the

i nproved power supply can used to"5 create a Single polarity pul se or,

al t er nat i mgluptor ar the weltingsarcuithin the dppesitselirdetionh By tardig off geetin vertenbefere syitching -

positive de or an AC npde. In all nodes, .the inverter stage is turned
of f, al | oW AUEBIRINSE AL, theecumsny mins Rulse Reing remoxed ¢rrays ragiglyde rdew cureAgvel:

val ue at ' ' . I i ' the: s

creating TRESGH s RLO4 TRty ROl SackBisplchR e B ARERL IS DRIHILY e
node]50f  ORpeE &t therxaaplersel 49350 ahpefdse M BAE¥x@iplé, NRe MNEuYE bltagesredss theddvitahes,
vol tage 10 controlled oscillator or simlar softmargagLogranning is used to

change t hes ieydiratirped off, were gigmifisantlp ueducedelnsiged af anpsres the gaelber gpuld fbe

pul se wi dth modul.atar o atjn he inverter stage. Thus, the AC wel din

P equency RSty HnPEh JaluBibe e Shasegs Ry e b vol s St Bl e
other cirgyids tPheRhipAighBrCAN kRitbhing ﬁ-&ﬁleaéak@rwwo&vwﬁcﬁéagmg {het Y&l haddling
has been found that the present inventioh can reduce the pulse current at

t er mi nat i oequaemeststofithecsmubeers. pul se to a |l evel |ess than about 200 anperes

and,, preferably, to | evel in the genﬁéal.ran ggﬁf 100- 150 anBeres..This
lowZurrent swi @FFOREANCE Vi HheBY&tioRet Feaasmr?.% B IIProy FECRI R Ac¥ el g Ragver
can be us t i r f ot j <

E{@?‘EY ‘f{g} éf\éh%i'ﬁ a%elﬁgfgu%hfﬂl 4 §litesSion o'? %Ulq'yljltm%§ \ﬂ'lg%%?/ é@ér) Ises have a

anper es. ofof &, trene arge, expensive s ers we qui red

in such hinglximuimr @pfenfGvEDMET a StafRlg €F statd) ThHGHrede 6L the durehh pulpssp Seidh in the
invention, the opposite polarity current pulses are created by 20 swi tching

bet ween f Preferresrrinbodinaend invohves seccsssijfeatositivonrd negatiumerreingpalpest shifh o pmaximum

switch on il e _other .co n hanal turns th ther, switch off. Thi
Fever ses EHQUATS FrirUB RRECER 20D W Bstrou dBE rhEr flePRlhR phofiaetl e Ml an
enplasyed figut idbdddrdedtb€td NS érbueastiefceitly BRbopitast hefie OB &i20M3! dedfi€al
switched to reverse the polarity of the output wel ding operation. In the

descri pt i polagfy whea theinoetterds onf a sesonditedménet etnalsdeond elestrigalglofariy wher thet inwertes

a single 25 swtch. logi¢c 1 (first |aqgic signal urns the switch on an
a |ogic ols(%ﬂr%félc%@f\ %gqoenéitgﬁéw- g thsanyspeiona ??,‘{VQL&SFI.‘“@FS bt signa) fgdum fre
digital value of the logic signals could be reversed. In the AC node of

operation, there are first and second command signals. These two command
signals are the -6 2 9 .APR 20Q2 .3



signals for turning one switch on and the other switch off. These command
signals are never the sane logic and in accordance wth the preferred

enbodi ment of the present invention are created by the Q and Q t el HiAVRI8 1 of
the flip-flop. When one switch is turned on the other switch is turned off.
-This is the operation of the conmand signals. The logic signals relate to a
single switch when a 5 logic 1 tons the switch on and a logic 1 turns the
.switch off. Thus, each command signal has two | ogic signals indicative of

the conductive state of the individual swtches controlled by the comand
signals. WigReRecQazRog aﬁhg@xﬁF G 118 hi b0 burrdd? i fond BCleRhIndITERS delGivation of
switch turns on a logic signa e primary object of the present invention

i s the provinvener stifge ahifte kit cngrepopise towppd an offistate] Whendlxt myederstageas simed of, the
current pul ses ha %{'I ng high current |evels about 200 arrpe es and term nat es

the pul se bS*F@APHYe Brise deqaymiorvasdipare RuTanti BrnpBYEIAl U %CP%W?F[%IP? lyelgpe inverter
Substant | o To RSl ofbut MREEL y 'S B AGALIBaEe BN EHIARY Th¥Rduces

subst anti al ow 't Xi‘mum ¢urr en (F5e bef ng termn
Anot hes obj getpréflehb@ispiiseS@iH the BYEKpE 0 dfshik Revetion/i si on of a uni que AC
power supply for 15 electric arc wel ding, as defined above, which power

supply has alter Ifawq@gda@m math theuingentioni evennihghetibei GRIPHICIYiEcheS 8re Teed to reverse

P toh wherPaHays oot ikl Wil dh it the 30 i AL W RRR i5a BRY Bfopne
bel ow the hjg Quﬁeﬁt&@aécapfto»ma BRVE reRtRALY therdlik td béta polbtifaevaBile Whé a fokevalue

present invention is the provision of a power supply, as defined 20 above,
whi ch powerissegshéd; thesswdicheseare bovemad tenminating ths exighing ¢umsnt puscoandrimotediht¢ly cating

modul Wor HERER; u%%%ﬁﬁg%”?p&&%ﬁ%%ﬁ&b?g@#c ¢t B0 BPOT AR R Ao e iing
low fr equen&y SR b0 s%t%?x?st eﬁ’cﬁ\ ha§ rf o%d{\ﬂfo%r&%ﬁdﬁgh %%su'g fit BOESSAlof the

invention is e provision O I Nng power “sup or creatl ng

a successi ouanﬁfnalsurpbﬁ Rteapibh %@m@ﬁrsdﬁyfgidﬁgna&bﬂdle noMbﬁducnewebncsxup@ blocking current -
utilizes 25 transistor based swi tches, such as | GBTs, which power supply

requires |iflewaper crn@iloglmf@tscmdvlp@n sighal. @eanvepyom earchesised VGl 2 sihgle oatpit power

turned of f. Y t her obj.ect., of the en ventipn iks_th QProvi.sion

an AC el o S EBdRE Pr e gy Piisdio e St BoEaY. IRUGH § 50t St tnEi B v lbes
currepd pul wfsng 88 tHEMVERS sRRE V0w tﬁ@cﬂf’é’f@ ul%@e&aﬂ@@s@l@@t&@h@r@ﬁl@@t Ddlthen
frequency as | ow as 40-60 Hz d’rlve y an |nverter stage operated at higher

than about (itdbirg affdhabutpaxpower switclet ermmatexthe saurmoht pletit HagGvanpke peeferred
This is a unique AC power supply for electricg arc | di ng that incorp tes
e’ advant SRR oo PATIBRE R Rs A G RrecuUh < THTE a1 B s ietrat Biaten, W hesone

Of 2. ou { I SAERENcOMY Rl EHRLE! rBlouldh ODpOHS e SEHES RVl BT g RS PO

ot her objects and advantages W econe romthe follow ng

descri pti orb;ipaklespdlﬂﬁ?bﬁkeé ulses ilgeréatsidnRactebsich. dEaiofgse cubfentpulses has a trailing
DESCRI PTI ON OF DRAWNGS FIGURE 1 is a schematic wring diagrans of the
i nver2@r stedge vaneh Euilpglﬁdmstccﬂﬂw@mm Riftloe lug@répnfw Hheet tirae pecessResy to reduce

f d d
AR R L e R B S T
reverse SW'tBQHé Qﬂltaﬁh%g sH?fﬁH m& RhRAG\RE hEEcSTHRRHbATBA di%dn. tmepreé:ﬁ:%eme first

i nventi on; V\AI’I I agrans show ng the logic network of "the
cont r ol devllogﬂs sugmufdrreaémpowxfsﬁmﬁch;eﬁ}hahh(thgm'swftcir DErent omgtwdevitavACthumit, is a

of f sisal and the fast and second command signals
logic 1 to turn the switch on. A logic 0 is the secon 10010 signal to turn the switch, or switches, off.
25 In accordance with the invention, a sensor is used to measure the instantaneous value of the
welding current, a comparator is used to produce a low current signal when the instantaneous current

is at a selected value substantially below the maximum current level of the current pulses and a

-4-



1 ~ FIGURE 3 is a graph showi ng various wave forns created by inplenenting
the preferred enbodi nent of the present invention;, FIGIRE 4 is a g&ﬁpfﬁ
schematically illustrating an AC wel di ng current wave form usef ul APR 2002
descri bing the basic aspects of the present invention; FIGJRES 5~7 are

- graphs showi ng current wave fornms for AC wel ding using the preferred 20
enbodi nent of the present invention as shown in FIGURE 2; FIGURE 8 is a
_schematic wiring diagramillustrating a nodification of the preferred

enbodi ment of the invention; and, FIGURE 9 is a graph illustrating the wave
form of t IsEceilprEaAsragrcseatesdhdhseconblogisdighrlcfar uptng e swiieh off apen predudiopeditirdaw
as shown in FlGJRE. 8. 25 PREFE D E | VE eferrin 0 o th rawn
Wher oi nt ISATERG R, erBn Taion Rip SHEHEIGE CUF O PE L e RGE e Tog S 2 R
2a02 pr ef gor £C weIBiag) morﬁ@u&eagﬁumg nfrRéd &4F8y PpROBEsWtcH ihRinkek@irteREpulse is
same, FIGURES 1 and 1 A show an AC wel ding supply 10 for passing an )
al t er nat i hgmedionentthe buroang ipragressty didestlE teweardgnaumgedcumsti prheodheNnveoerstage is
supply 10 utilizes a standard inverter stage |2 ving a rectifier_i.nput 14
ot St SHPRB R R RacE ary cHe VT gh Btk PE 10b OBt H RO RFRS P beforé
network 1 I, c&, r I f [
Suppl y. 10 7Pt Sttt PREcIEE 3 aligme SBRAR SR AN R e e B P e 2 spat
out put t evalueatie duoputicngrehtean dhatige Glickig! The kextGur@nf phike progeessectol £ akimfin
is connected to the inverter stage so the multi-phase input voltage to
rectifier cygentand dapdoldsdhe gaginpin currett Mtk b nest WARENhGVarsal SSAUGASR num
current |evel I re . L - 12
anperes. 10 Inf/%l(ré erh%%é%gqiﬁgpgmé%ﬁemg%{ﬁg{‘%%%hﬁcag%%lﬁg% %\%gsagngﬁer the

incligdes  ardftdecugsito 1RO salb¥dvarse in réfpbhdetp rRSBvarRBEINg HRREd off,QlidThddgal 8Witching
input to rectifier 14 that directs a DC link 22 to the transistor sw tching

net wor k 3between gregwiodiotryitieh i eeffeatddn Pinngrtheindugrd widtage rerosathe switelasyis aifuntiiag
. 34 of load t f 32, A d i ndj 6 that h : | 1.

boi nt 38 PLCLFGN AUEH Hee oMt gy o HbH Reieaten on SR TaRE g TapeF LG D
The transistof gsuhd @glsgﬂg}gm&%\ﬁ@g o#)%{i&gﬁsrmjnsdr IR reabdGhe ¥ PV 818k, It has

simlar transistor Oor creating alternating current pulses In

primary wbesh figind4thatOu0I1200" amperes Rl b32swidched wigh Yitllowr imdsmibdec e Tios ishen
network 30 can be turned off quite rapidly. This rapid on and off of a
swi tleh netWBioRemsniiaag Adx tvehier e&ihg type weings RighprmeeneyUpperteaswitshiag ngvork and

st andard der | d The Lincol. i.¢..Conpany of O eveland, Ohio
and genergﬂ-%i}y\ésa‘hgc%ﬁs ?O(r%cﬁagl?}%og?ﬁéi})g%g?y&r@%&%‘ggﬁf ed by reference herein.
The concept  of Ipac2Brdafdevweiit Sotisk agRctWrti Jreseni intkitioathe irveflectipaldlf the@hvention
being turned off quite rapidly is well known. As shown in this prior

pat ent, akspoaweradtey eithbrea sipgle entmiltiple phase inpubdSinge thefiaventioa carbeuped with a three
i t chi t 30 i.S. t.ed by. t andar d . pul i di h.
ol at of PBe S dhecte dind Gowaleiseby AR ATERS M P 481 B S B Sotel Risppnsed
showg i n E‘J}%\AFH bﬂ%en’?‘%‘t’cﬁg\%%?{Ein%zﬁﬁaﬁ%o%@er%ﬁﬁlﬂs PRt RL RGNS anREd Bower.
tchi ng rk 1or g er

transi stor s net a ‘conver or Inverter Is standard

t echnol og$uetnehtafntéis et pesblémnat thefhigheurieny Rytieusad imgRe presamiitiventived by
the voltage on_line 42 fromerror anplifier 50, whjch anplifier may be, .
sof t war e i npl eHEarcerdanas videys arnther gspepieof ths) invgpiion dhenvericristaga inviofves a switching

havi ng a tage or.digital, word, re ent at i.ve_ .of i t .
current Oﬁ%gagcrong-ag%ci iapls? HII&_{B ind%fu%?%r o%tefgsﬁz'l fréqﬁgn%easoolgrg gbglﬂ 18%Hz. This
pulse width modulator operates the switches in the inverter stage at a high rate. The average welding

25 current of the AC welder is conveyed to an error amplifier for controlling the average current of the
welding operation by changing the duty cycle of the pulse modulator in accordance with standard

inverter practice. The current pulses created at the output of the power supply using the present
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the invention the desired current level is set to a val ue exceedi ng about
200 anperes. The representative signal on input line 52 is conpar ABRZMZ
anplifier 50 with an average out put current of the power supply in the form
of the voltage signal or digital word on input line 54. The voltage from
-current neasuring shunt 60 has a val ue representative of the instantaneous
current value in line 62. 5 A current averaging circuit 64 averages the
.instantaneous current value in line 62, which my be an anal og or digital
value. Circuit 64 creates an average current representative voltage signa

or word in ihviitionl ik HelafidelPTloRTPE I [eiethar GbodiS4RPHZAT Indest; thd A& welBng ag&aﬁ&{ is
stage i nvol ves standard technol ogy. I n accordance with an aspect of the
present i npasticedhin thogeneral tapge X 0Mii-200 Hayhinh is odnttigated with the highfraquancy operation
analog circuit,. creates the representative voltage on |line 52 in accordance
with standQEH“Tﬁvggﬁﬁﬁgﬁ concepts; however, in addition to the voltage or

word in line 52,1,Gontdpkt ?vrith7a§pﬁ1|cls?s REQDHRER VAR d) HBE19Ed Bo%eSIuBPR] cahBehisdtfto
72. Alogic 1 in line 72 imedi ate >P deactivates the pul se w dt h rrodul at or
to turdn i neeratera sngle polkritypilssor, ahamaiitg polatignmase. sTippl thesweldenlexta DG negative
rectifier 18. Control|ler . 70 also creates swtch caomand signals i.n

i nes,
80, 82 wher&ds: 2D pasitive grpde or pn AC mggde-cImall mades) thelBysrter §iage is yaned of}, allowing

correspondi i G oot d i

i ch | o e ey e RSl skl BloR8 s BEE Atk St e IOHE clmgn gulee
wave recti fis @fmihted belogétdfg BHeaskbteh Ricabide tite @ir@at pulse. piaté iheaate Wl E@REsing polarity
termnal 90, a negative current temi na]g 92 and a ground or comon term nal

94 connect &% the pde of gperatiomd¢termpioentheFeequancit of therAdpivesiéingopegaien, a voltage

supply 10 utili,zes output switching network.16 for,.creati hi,@h current .
pul 562 bet RRMFOERBaceReoms ains Solby g Pasaryigs by 8 ek e velFide Bitse equency;
transi st or phagrdaniftegheneiMslused forlthepd1 WAdH mdBulafeB bperh@ndthe $RErtei@be. Thus, the
receiving 20 a conmand signal in line 80. Cosing of swtch SW1 creates a
current pulAsewehingfpsjuenoyes easilyiadiakte Oy nierely ghangieg hesateiof thesasgitiatdr, dthéer arfcuit -
out put inductor 110 and . then across the arc of the wel ding process. A

second t r aREPESEM partElingihe pRlagty@witeling REPWMOBE-m of an | GBT, is cl osed upon
receiving a | ogi i i i i g

b ough negat | vat a et B8 Ag ML hsShihieilaR ATRRLLY e st Ao B iminaton of
52 of1sr ect ktd @frrehBphies (@ ﬁlgev%hl%s@ﬂxtaﬁlabomfzdofmﬂdaeseiﬁdee\rfﬁralﬂ?, th2a 1e26l iDikd p&fesal
100, 102 are connected in parallel across switches SWM, SW, respectively.
W t hout i npAngrehl 0thySQ srapdres i Thiskopearent switchipg tosterminpintbairpibing edgroefdthe current

snubbers must be quite | arge d nust handl tremen I i gh vol

Sl nce.t e PRise EEURsHE atd S eNE P B oL @t L0200 ibelds. BiEiafore
~?f1i segmgeh 4 i ) trbQlirddlinisBSH 1HBH BLAMA € Ban8esupplies.
current. If tﬁ%é%lli%lg%’ ?@éﬁshﬁvg%ﬂp&%gﬁ&gf&%gggggﬁi a%perlgs, a@gﬁorgltes‘}tpgrlﬁs
of f tine gives &nkicghladéd wlith thElpeesemdireention,ahe epposits polaptysruieuspylsdsiaghcraatdd by

must be accommpdat ed by snubbers 100, 102. The power supply as so far |
desc r2|%bed chfe@é%rﬂwe&n Girgend seqosdcommang) semgs 0(3%9 SATBARG SizAel g gne Hitch on

handl e hig e i ; . : .
exceedi ng. 1908 et sonFHAE SRR AR AR T RO, TRl RN e curent
wel di ng. Hpukyer A tihe d@lﬁ%@&&ﬁ’lt as@estoyed fdremiiearihvdrity SRk off beheaRs cbMmand
si ze and/ or need for snubbers 100, 162. In accordance with the present

i nvent i on, sigoalsamavitched-togerezs: thegothrly ofitheontmuik wabding opsretéon.er stage 12 is

fumed off by a signal in Line. 72 . nmediajel efore .the lLogjc or co nd.
signals 10 in | irhgl? %@?“@tﬁma?%t&’é@m@& hrlsﬁégc? S?Wé‘gé%lf:éfﬁ“% B|r91a§egq$ G single
of f fore I ko I: 1

Vany 2ot ruct g Penar (S B SN e iRare g e e Por R EfoS i tums
st ruct ur estheewligh bef. IGF dutsectie diifal velneoPthedogibisigatls cosldtbzeredsed. Aothe AC mode
illustrative proposes, a hardwired control circuit_or device 150 incl udes
the | ogi c AEPRBAKOD Hbsip arenfirst aukeecend Tamneandsignalii| Thesettyim qommaenshiigrals are the
device or logic nehvork are shown in the tine coordi nated 15 graphs of
FIGURE 3 taken together with the resulting alternating current pulses P,

PZ of the current graph at the top of FIGURE 3. In the illustrated control
circuit or device 150, the logic network includes flip-flop 160 having its
Qtermnal connected to line 80 and its Qterm nal connected to |ine 82.
This flip-flop can be software or replayed by anot her non-coi nci dent

device. The logic on these termnals is shown in graphs 200, Z02 in FlI GURE
3. When one command signal is at a logic 1, the 20 other command signal is
at a logic 0. Consequently, when one switch SW,, SW2 is turned off the

other switch is imediately fumed on. This switching action reverses the
polarity of the pulses to create an AC output conprising pulses P,, PZ for
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2 9 APB 200l synbols; however, digital circuits are used also. Flip-flopl60
operates in accordance with standard practice providing the |logic shown on
graphs 200, 202 at the output of the flip-flop 160 and on |ines 8072 9@PR 20he

| ogic on these lines controls switches SW, SW2, respectively. In FI GURE 3,
-a clock pul se 204a appears when the data D shown in graph 206 is a logic O.
This clocking action causes 5 a logic 0 to appear on command signal |ine 80
~and a logic 1 on command signal line 82, as shown in graphs 200, 202. Thus,

at point 200a, there is a reversal in the conductive states of sw tches

SWL, SWR.  Thyigna3ifdr insmingone Wit bn ah@ RdBth&@witch loff. PTHeS € ctaniafd RIgAMisdRe Aever the
polarity reversal between a positive polarity current pulse P, and a

negati ve polsamietlggic and imraccqrddrse wixd. thaprefarredwmhddigieghef the pres¢nt imvengon arg 2reated by
again reversed_at point ,200b. upon receipt of cl.ockin ul 204b when gra

206 10 is atgQ B9 & t%.fmﬁf'gi&f,‘h? ﬁ’é"féﬁﬂ- M?WO‘B’TS“FW ‘%E&Fgwﬁﬁﬁ?‘gé?“f@%dﬁ g’r’ﬂ&p off.
reversed from;tk k; ri L P hes i of Abiatols

P1 Upon ¢ hor e e agia b of edoirplor i Gfls THeAopE AR relal oAl ok R i <
ef fectesl. THugic 1ftlung tHe sofitch 0 a6l @ad s 1 auméhevwalitthdf. CThuspedch abminemdaigralibas two
of power supply 10. Oscillator 170 that creates the signal shown as graph

206 in Fl GURREIS siggals indicativeipithe ennduefivestatn ofdhs wgivadua] $Wiighes comlisd Ry ihgeommand
vol t age i npus I 4 74 _ch e he fir - t 1001
172, i o ol Witnd S RRATE oatlod 1R Y efrbrth bRmIME G IER 1L Bl s logic
t he pol arit wigifal.t he pul ses shown in the upper graph of FIGURE 3. In a like
manner, by changing the voltage on line 176 the duty cycle of oscillator

170 can be changekhe primaryiobigctof dieepresentsinesation is the ernEsion aka wobdingpoweraygplyghat
the voJtage in.line 176, in accordance.w ih, standard, practice.  th u .
cycl e L th«§r7:?§e(§ialﬁuﬁief%mog%ﬁeﬁ@%ﬁsﬁéﬁ?‘ﬁn%ﬁ%ﬁ%“?rﬂzevﬁﬁtaég‘gtyécqbe er%‘ngn& Yerminates
current pul §gSpuike b Rribs ofF 2 QBRBUwiRh RRIE bowkiRbYly 10moflfRa kHeeyhS REning off of
line 182 as sh%mm Rdy graph §g4 in &IGURE Sbgre c?ggted by conpaF?ng t he g

vol t ages or Thée poaxr sivitolescchiBdt a I6curtenplevel] substadigllyibslowhthe nraxiramm aneentof thepulse
current in the welding_ operation as sensed by shunt 60. The voltage on

i nput 186 i LCMEICBUNARE. of rheostat 188 which is set to correspond with a
voltage on line 184 i i | . rafly: |

100 25 180 amper oo kel e pPesBfREarin (EBraB0E oFd uhided ACRobRP QDY for
appearss i n leldtriclde weliaiy, bd\@finds hissveaRaeshposnet spply has ahenaiing herspepeisdsadith high
val ue set by rheostat 188, illustrated as 100 anperes. Referring again to
graph 204 | mEiBURELGentp TR s raGned by ppaLrgANENON eE $ww¢icga§mm@wernwer
~ 9 ~P~ Z00 conparatqr 180 outpyts a logi.c 1 i.ndicating a.current l.ess {han
the sel ect e&w\ygﬁ W@e%ﬁletpﬁg’e{ ﬁﬂf&%fg’@.op léaﬁf%g?ﬁ?‘?“ﬁgfaéﬁ?aghe% w\t/}éﬁslagﬁ Fiyrent
line 62, anqrusd fvdrRinsoyal ue for clocking flip-flops 160, it is assured

that the change:Qﬁwpohi}yty will only occur at |evels below 100 anperes.

This feature is @illya fartBeradjppcof thé pidaentpnwemeom is the pravision of 4 poweradupply, as defined

necessary to tumoff inverter stage 12 by a logic 1 in 5 lines 72
pr eparZ or y 2beve, N&iGHFIoMer suppheis drigen bpan Hixext esihat isgppnecisd to afhss phaggrpower

the inventi i Lshed. by. vari Qus J i i

1T ust 1 at ed SPReR AEARASIeL 3" Bigh b g e W drodiialyndishy the b frequency
i nverter 212nvedtel SULE Probides LIt f@1 1bwTreqhérkyakC Weldinpepération | ine 172a.

NAND gate 230 has an I nput 232 with a logic on line 82 which is shown in

graph 202 of FI GStlH aXurtidrebjechefithé prosant inyefionds the@reysipn aban impraped welding power
graph 206 in FH E 3. .Wen the,lo%ic of raghs 2&2 %& and 20€ are bot? tilize
logic 1, a ISBRRY 18 GSHg L sychessionot samentilees af dafined aboyegyhich ppyey pypply,ytilizes
whi ch 45 th ' AVANR:

an g 245 anasessahs PR AR T, R ok SEBF Loy MU G HotiRg when
oscil |l ator itivpslhely regiifig SWitdhed ereltdi@diosf. shown in graph _ 202 of FI GURE 3.
When a |l ogic 1 appears on both graphs 200 and 220, a |logic O appears at the
out p~~t 244 of ga¥fes apafherrobjest efdbepresent yertion i the|proyasion of amAQ welding pewar §EPPLY
72 is the inverter off signal 16 shown in graph 222 of FIGURE 3. This
inverter off signal occurs as soon as the oscillator graph 206 changes

logic. Inverter 212 is used in |ogic nehvork 210 for acconplishing the

proper creation of signals turning inverter stage 12 off. As shown in

FIGURE 3, the off signals 222a-222c occur imedi ately before clock pul ses
204a- 204c cause switches SW. and SW2 to reverse. Thus, the inverter is

turned off and held off during pul ses 222a-222c. The | ogic on the output of
flip-flop 160 20 can not change until the next clock pul se occurs. The
current as shown in the upper graph decays along line 300 until the

reversal point 200a is reached at point 302 of the graph. Thereafter, there
is an i nmmedi ~e reversal of polarity by changing the logic on lines 80, 82
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2 9 APR 2002 with respect to pulse P12. The term"duty cycle" is used

herein to indicate the relative tinme bet<veen the positive pul se agﬁh{s@mm
hegative pul se. This unbal anced condition can be advantageous in c al'n
wel di ng operations where conduction in one direction is substantially
-different than conduction in the opposite direction. In accordance with

anot her aspect it is possible to change the anplitude of S the positive and
.hegative current pulses as shown in FIGURE 7 wherein anplitude a for pul se
P13 is substantially less than the anplitude b for pul se P14. This concept

al | ows hi ghegr dredtin@nt sucfes§iog ofcli@&rt ipalted, Ra Qe AR 1RWe, Whick pUtveLsudphecitibflste an
Ps-P,~ utilize the present invention wherein the termnation of the pulse

i s ef f ect edoniput frequency pnlavgandd-60 e driver by en invesigestagrionanaiad pehigherithan aboat 20
switches S SW2. O her changes in the relative sha .of the alternatin

pul ses can zfﬁvgﬁ%?wm%ﬁﬁegﬁl? BroeR %P&Bﬁéocﬁ??%ﬁfﬁﬁ“? ke ‘tﬂ’%‘f%é‘ Rpwver Sipply

enbodi ment st eldchitstrs @Eﬁﬁg Hatth SRR e S1t2 Advantapeebehih Aefihngy ngxeaeféga&vgfémgi With

400 produces a series of ngl e polarity pulsés Pro as shown in

I n thi$ nodileicapsbibiy affa loWwerdqnesoytdutput comént anhighrogtpet swirérd hev8l8 i s enpl oyed
for directing th%hgul se through the arc beriyveen el ectro%e E a:}d grounded, .
wor kpi ece W By CRFSS 288 0thstot esandadyantages Wil becomsiprgentdron Hedplgvipedesgrigtion

i nverter al {aQ i &%eme%itﬁlﬂﬁé%&mh%ﬂﬁé@é“}i%% | ow sel ected val ue and then
itch, Stc an T,

turning off the power sw is clearly illustrated. The

novel , inventive concept i s tBRIERDESCRIFEIONOF DRAWINGSII se and t hen
turning off the Eower switch in a welding power supply of the type driven
by a hi gh frequefE§URRdp & s¢hematic wiring diagiamiof thei ipyerter fags anfcqutit swgehing setirork

t tr ol . .a_si ngl i tch SWB, f i rrent pul se PZ
Chr udR°50. PR PrioBs MRt hbRums b0 PSR Y SIRAE T wor ki cco W A
conmand si gnal i RIGURE 1A Qs RagmplifiQDWsringl didBRf SMtHChowerWaphs, sHywafh BIGURE 1

logic O when the switch is off. The logic on line 410 is controlled by~ogic
net wor k 412ilkatviting thareverprswitthingfnetwdrk usddrig thetprefemed erhbasiimantféhd prgsent inmention; -
line 416 for turpj e swi.tch off. Contro| petwork, which nay be . .

Sof tvare, s i 11 IATRESds 8 Siane digrwm oo eche IS Oeoro S0t RO Coticpueediashe
for turning,/ i.nci : B God j : .
424, 11w DTt ot or Ot B TcRE! SELBH b bldTir GO Secola chfihaf siamals
appeansat el ect r BI®URE 3Rerprifleshomned v&fouk vavel forad oddhtedsby inpjleReMibng the preferred

turned on by the logic on Iine 414. However, when the inverter is turned

of f, swi t chersbasimiest gfdhe presendineatign;f uned of f. To turn switch S WB of f -15

2 9 APR 2002 reqy .l ogi ¢, si.gnal. i.n..ine.416. is.Jogic signal.is the,.
output of AND gab O bt Brgh airiver Dl gund f ALy BelRbreRl VPR fortrdegfi i
oscil | ator &%@ﬁbiﬁ@k&ﬂa@i&%@&ﬁs bk predfeVeation) | i ne 432a at the input of
gate 430. The other input to gate 430 is the output 440a of conparator 440
having a first VBIGURIES S+ipart graphk shnevidd 2ufers wave forenstfos Afsweldihgstngthe pldfemed
by the_instantapeous wel ding ¢current as neasured shunt 446. The second

i nput S90 coFpRe ]t“S?tQﬁhﬁPr§5€tn|ﬁ§“\¢641%§éh6?{nllilﬁé&d-g%y%avi ng a voltage or word
representative =Te ng. . 0 . Y@f&?
" inverter 402 iOEI ur ne%%ogi 195 ,cgéaj{{]%tgcg%véﬁ@ g%%reazlrygﬁ\llsﬁéﬂfrgg %ggg{cgtign :sg?)glze Bs ed
t he currenterfiesdigesasT thoinvBRidnedgd, determ ned by the voltage on line 450, a

logic 1 appears in the second input 440a of gate 430. This causes a logic 1
to appear in |inBlGIIRE Ods egeaphdilistatingSie: wane foan of Histcwmentcreated bythegmpdification

Thus, when t oscillatqr is turned on ' SWB is turned on. This is
shown in FlI pﬁ:%%ffedtqqg’ngﬁﬁ?tﬁég}éﬂﬂémﬁwg PZO. The invention invol ves
turning off inverter 402, as indicated at point 460. The current through
switch S WB decays along |ine 462. Wen the decayi ng instantaneous arc
current reaches a sel ected val uePRERERREBDAEMBOBIMIENENper es, gate 430
produces a logic_1 to turn switch SWB off. This nodification of the .

i nvention is preReERE noy witbedramangs wheseip thesshowingsrare i thy pypase ofijllesiratipg the
in the context of a single pulse power supply. The pul ses PZO occur at a
frequency determ ned by the frequency of oscillator 420 and have a duty
cycle of this oscillator, which oscillator_gg operated in accordance with
the di scussion of oscillator 170 in FIGJRE 2. Thus, a single series of

pul ses can be created using the present invention) or an alternating

wel ding current can be created. Various changes can be nade in the
illustrated enbodi nents of the invention which incorporate generally
standard technol ogy, except for the concept of allowra.g a high current
pul se to decay toward a sel ected val ue before the current pulse is

term nated. This concept, when used in high current wel ding power supplies,
is extrenely beneficial and reduces the cost of snubbers 100, 102 as shown
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series circuit including an inductor and el ectrode in welding relationship
with a workpiece, said power supply having an inverter stage with an input
to be connected to a power source, a first 5 termnal at a first el2gtAPRQA0?
pol arity when said inverter is on, a second termnal at a second el ectrical
~polarity when said inverter is on, and a control to generate an off signal
to turn said inverter off and renove current fromsaid termnals to shift
.said current pulse toward an off state; and, a power sw tching stage
including a transi stor based switch having a conduction condition passing
current fr grefgaddenitddirherdtR¥RId o 7 tied Ripdse df Binitthglthe Sdmd, FOGURESINAd BAGhEw
non- conducti on condition bl ocking 10 current upon creation of a second

| ogi ¢ si gnan AG heeldimgrsupplyelft faqapsing amgltemadngcwrent drronghaslgetrods Efand grounded
i nst ant anegus, val f said di current,.a conpar r for producin

| ow our r enprogimigis - Paneneipafal §vllfers shabit defatee e Hang aBrOisraneid 47 gud

substant i ab&laé,téa%g}q%ﬁ | BB rlé@éﬂstto'og}ffg'tt s\chirth el Gt 16, QhicRlRGhA R ARk

cresting said sec ogi ¢ signha pon pro lon of a | ow current signa
af t er 5genecmtiestheaiurrant milfes oif gowtr supplyeliyfos perfortning s welding bpesattbnsativtarkpieee W.
switched fromsaid 15 conduction condition. to scgié}c’l3 non- conducti on condi tion

when sai d WeIRIPHG® doratiuti termpiaalsrigrmipsathe dapw BuekalG A [l weve Tepdtier 18 1s
bose. ponn ool AESRer Ao HElhbsd Hrd: DONEE «S PERE: 1 4isBoh e 10 4 DC

inverter i ogkdntesurée BaVidgCOhil niirhva ckirr€NévebéAceetiny 260 Pudezes abdPréferably as high
nodul at or operated at a frequency above about 18 kHz. 4. The inprovenent as

defined i nacl0dZ0dmpes¢sn sai d current pul ses have a frequency of |ess

th bout 400 . - 17 9 APR, 20 5.,.The i t def ined

cl gin ZO\I/Jmer ei n S5 ﬁjt?ﬁ/ee]rztz @ﬁo;nﬁgpatosgéd&rdgwa?%tlgﬁr %‘%@Eﬁgké%&ﬂ%%ﬂﬁ)@abﬁﬁh%}m
pul se wi dt fs godutiginase ﬁcﬁl@&astugpl%afgrﬁirfgr S0HS0CYH RBENSG RbOHE ditétikEDC fink B0 the

i nprovenent as defi.ned I n cl wherein said current pul ses have a
f requency wandigssswitehingheworkd 80 fodproviding abemainpauermmhpulass tiefughedmany sliading - -

1 wherein id current pulses have a frequenc f less th abouyt. 400

5. "The | My DU CIREh BT BAod SRRl WP NG o B P28 AR PHUR ROR L4 i ggounded and
i nvol ves agbrﬁl%t%ﬁttot\{cﬁﬂ {04 HP L Yﬂet\Uelgingrdprépartién%ﬁ'éj{rgrgsi%&(:ﬁ%\/dhﬂg! $Me¥Brk includes
frequency current puls and a” secondary“w ndi'ng providing current pul ses

to sapd t eMOSEES swilcheboe ot¥p sRyiBmeAhsiasr 89k kwhchds forcdradtinglaltehatigg Burgett Hales
pul ses all have a given electrical polarity. 10. The inprovenent as defined
i n cl ai m 1ingenay visding 34 Quputiransfamepd? bassa veiy lavd estupignesesp the netiviozk pAgan be

bet ween pogi tiyve.current pulses and negati ve current lses. 1 1.. The .
ot ovenbriried SR AHHE AT PR aokd OB et P e hBRRIT iniFed eRen Tk gelding
phase powesow@YhsSliesstich 4 @ah&ﬁ%&@g?midﬁowiﬁf TREPinkHinHiettie &Omphss i evedind,
inverter includes a switching network controlled by a pul se wi dt h“nodul at or
oper at ed abhm dndegnenlly sldvaym Sthess, 008326 incotBrattt by refpreoveimerein. The defdepbdf a
in claim12 wherein said current pul ses have a fr equenc¥ of | esg t.han _about
400 BB - 1gpnverter stage with low inductance and capable of being turned off quite rapidly is well known.
As shown in this prior patent, and in the other patents incorporated by reference herein, switching
network 30 is\operated by a somewhat standard pulse width modulator 40 operated at over 18 kHz
and preferably between 20-40 kHz as shown in the prior Stava patent. The pulse width modulator
control of a transistor switching network forming a converter or inverter is standard technology and
25 the output current of the inverter stage is controlled by the voltage on line 42 from error amplifier
50, which amplifier may be software implemented in response to the voltage level on input line 52

having a voltage or digital word representative of the desired output current of power supply 10. In
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Z 9 APR 2002 14. The inprovenent as defined in claim10 wherein said

current pul ses have a frequency of |ess than about 400 Hz. 15. The APR 2001

i nprovenent as defined in claim10 including neans for creating sazg '
positive and negative pul ses and nmeans for adjusting the firequency of said
- pul ses. 16. The inprovenent as defined in claim15 wherein said current

pul ses have a fiequency of |ess than about 400 Hz. 17. The i nprovenent as
~defined in claim10 including nmeans for adjusting the relative tinme between
said positive and negative current pulses. 18. The inprovenent as defined

in claim1thd m}endbmghérﬁasn&df alredit ddlel fyses ab & yprdse témeecﬁn@l abmga:dOvanpmésseEhe
and neans for usting the frequency of said pul ses. he | nprovenent

as defined rmef@n i%¢ 3ignaleariepys lisg 53 ISCQQMW bg@ﬂ?@&@h%%lﬂw PYsERES NP IS Fured f

e o 8o B (A BB GR35

| npr ovenentcudéntdedasiith shlnCé@ha é—@alhé\fébicégédww%ﬂﬂﬁ ifstdnta@busSduriedt VAlge in line 62.
rel ati ve anplitude of said positive and negative current pulses. 22. The

i npr ovenentA ewrepbavaneging ciraiitfidmvatgestbt indiangnenyia aurrend valyel }mlsmq %] “t}mﬂh may be an
relatlvetl bet¥ver1 gﬁeﬁfosulve and negative current % e 1
APR 2002 230819p8" ﬁg? 3% Irclit G4 &FSaHRS AN BXCTRS LT UM Y RIFSF R a8 ag%f:}FPBér?fW“
pul ses have, & Bfl%ﬁ%n@ 208 &tagd R ol EPEIQYRABRE

defined in cl gl m 21 wher ?lﬁlegg?cf&%%?r ent&%bjégggmgr\t/e g reco]uencty %P@{ée}é%}rogy
than about I#@Ccdrizanc2 Svithle aspepr @ﬁ/thmpretsexasnm{mme@ntmllﬁlm whﬂ:h\mmgrr‘tm sofivaarelin a

sel ected current value is | ess than about 200 anperes, npr ovenent
as defi ned PHPRICHORABAOSMEHY; Arealss thesar @éﬁféﬂ“‘f‘c‘ﬁ’ﬂtﬁ%ﬁrﬂn 1V’§I5€rén P@qu%“%‘@lth standard

genergl r a@&ﬁrogfcor}c%gtsl}?&vé}zp 84 gédm%r%to tﬁ@@ﬂia@BPM@Eﬁﬂﬁm@% dc%iiggﬁgﬁ?rhlﬁl ﬁ"omdes

25 mhereln sal source i
i npr ovenentn aﬁvdﬂ&f lofee] ghd) 1ﬁ|1ﬂllem225AVV691661I i e ’!12 imvedibtely denetivaestha pulse width

swi tching network controlled by a pul se wi dth nodul ator operated at
frequency aeulataiiethm iryertptzstate 12 off so that it no longer supplies current to rectifier 18. Controller .
70 also creates switch command signals in lines 80, 82 wherein a first logic, i.e. logic 1, immediately
turns the corresponding output power switch on and a second logic, i.e. logic 0, which immediately
15 turns the corresponding output power switch off. Full wave rectifier 18 includes diodes D1-D4 to
create a positive current terminal 90, a negative current terminal 92 and a ground or common
terminal 94 connected to center tap or null point 38 and to workpiece W. Power supply 10 utilizes
output switching network 16 for creating high current pulses between electrode E and workpiece W.
As illustrated, a first transistor based switch SW1, in the form of an IGBT, is closed upon receiving
20 a command signal in line 80. Closing of switch SW1 creates a current pulse from positive terminal
90 throuéh the positive segment 112 of output inductor 110 and then across the arc of the welding
process. A second transistor based switch SW2, in the form of an IGBT, is closed upon receiving
alogic 1 in line 82 for creating a negative current pulse through negative segment 114 of inductor
110 and to the negative terminal 52 of rectifier 18 forming the output of the inverter stage 12.
25 Snubbers 100, 102 are connected in parallel across switches SW1, SW2, respectively. Without

implementing the basic aspect of the present invention, these snubbers must be quite large and must

handle a tremendously high voltage, since the induced voltage equals the value of the inductor

-10-



' 29. The I mprovenent as defined in claim?25 wherein said current pul ses have

a frequency of |less than about 400 Hz. 30. The inprovenent as deéiqﬁﬂ kp

-claim25 wherein said succession of pulses includes pul ses alter gt JJJ
bet ween positive current pul ses and negative current pulses. 31. In a

. wel ding power supply for creating a succession of positive and negative
current pulses by an inverter with said positive current pul ses passing

through a first inductor segnent and -20 z s aNR zoo02 an electrode in

series with a workpiece by closing a first transistor based sw tch upon

recei pt Ofsegm&iltrﬁb £ QTHRAM 11 dffédentidl Gr frtaitanegast dhapgcinrquansnt. P thecairisakisiin e
t hrough a second i nductor segnent 5 and sai.d el.ectrod Y...CLOsi.n .
transi st orraiges efl 16081200 amperes.ct shqrt twsn oAf §E’(9031&°50%2’1‘1§h5%§ti 3I1?gfcﬁcei%ﬁg§ed s
| mprovenent conpri sjnhg a,contyol device, w ' QRS phREr SIpbIyCARIsOT:
bet ween sﬂﬂn@ﬁPﬁlyg‘ﬁg%@WHg%?ﬁ?ﬁw g‘eé"r?&:lgﬁ%‘?{ g(\b/dg?gﬁeret heppolrarl .fdgfs =
sai d Curre&éc%dsﬁ?’us@ﬂgaqﬁ Yu IC WRIdihigl bpéragors & bw anc cere handlé hight preents
said command signals are reversed. 32. The inprovenent as defi.ned in claim
31 wher ei nexseddinglEi0eampepesnmd iimized High crwents excsediog 4008 #HBPHAR nl LS ITALAivARRES 10
pul ses drop to a current of a selected yvalue _an f ' | NG d Sk ¢h
reversi ng anehhavalfrsforddi@ welding v EHdNT Bnglgfyoa%ggtﬁggfh eec}ﬂ {E/Szfﬁﬁfgvggt?ﬂ%he ©
i mprovenent._ as fi [ | erein said inverter includes an input
to be consr\%ec%né]goertdggggoﬁpkl@ﬁg@soz%g%ﬂr ce. 34. The i'n}ér ovenent as_defi nﬁ(ddnf
cl ai m 31 wher ei i &Rbfilanbelugthahe pRser iention, as shawvn o FIGURESg and Adirtvar 30 0
35. The inprovenent as defined 1n claim3l wherein sai.d_| . '

swi t chi ng ineerarstege bhistamedafflyy 2siggal s dnGi/ 3 mmﬁaﬁaﬁg]ygq%qre g%\eﬁ%‘% gé@{%ﬁg’% Signdis
frequency above ut 18 kHe...36.., The I {g%}?, frRfdro e dondedtdiertodditions
wher & n sa m@ﬁlﬁs’gatar%{ﬁvgrégghﬂg?}ﬁ’tgefg%éngg‘lrif%yof 2‘22 thaeé about 41250 Hz. SZr'l
The i nprov ; i i b Ranyhigrutupessmutl bainsedrto 30cdrsp: hH#isecogtro
$equency o?%g%ﬁg_ﬁgﬁf’aﬁgtmﬂaﬁleﬁz. -21 2 9 APR 20uz 38. The 'rg)rom%ﬂr%{}‘t,e-
as def i nedoperatidrai SucRAtrutteresicoulddiechardwieady ecrﬁwaﬁepha%blaa%wsﬂh?{m‘lg LN

controlled by a pulse w dth nodul ator  operated ANIGURE
18 kHz. 39PWPRES pRrevane FPntRl cHrer REGETTE ﬁodP%ﬁgﬁat\?He%gﬁjﬁ&ggf%Q%ﬁﬁle nt

pul ses havi 'lahe]c 5ut819t%eiﬁ§e\é from the control device or logic network are shown in the time coordinated
15 graphs of FIGURE 3 taken together with the resulting alternating current pulses Py P, of the current
graph at the top of FIGURE 3. In the illustrated control circuit or device 150, the logic network
includes flip-flop 160 having its Q terminal connected to line 80 and its O terminal connected to line

82. This flip-flop can be software or replayed by another non-coincident device. The logic on these
terminals is shown in graphs 200, 202 in FIGURE 3. When one command signal is at a logic 1, the

20 other command signal is at a logic 0. Consequently, when one switch SW1, SW2 is turned off the
other sv‘vitch is immediately turned on. This switching action reverses the polarity of the pulses to

create an AC-Butput comprising pulses P,, P, for use in electric arc welding. Data terminal D of flip-

flop 160 is connected to output line 172 of oscillator 170 which can be software implemented. The

binary logic on data terminal D of flip-flop 160 is shown in graph 206 constituting the output of

25 oscillator 170 appearing in line 172. To transfer the Jogic from the D terminal to the Q terminal, @
clocking pulse must be received at clock terminal CK illustrated as being connected to the output

182 of a voltage level comparator 180. These logic devices are illustrated in analog terms and
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of | ess than about 400 Hz. 40. The inprovenent as defined in claim31
wherein said selected current value is | ess than about 200 anperes. 41. The
i nprovenment as defined in claim40 wherein said sel ected current 24IARR gl

in the general range of 100-150 anperes. 42. The inprovenent as defined in
-claim 32 wherein said selected current value is |l ess than about 200

anperes. 43. The inprovenent as defined in claim42 wherein said selected
.current value is in the general range of 100-150 anperes. 44. The

i nprovenent as defined in claim31 wherein said reversing neans is a |logic
flip flop webdshowere)digitgl ercugs araiuded alscs tFlip-fiordI60 aperateainjacgoidagiacwith staidard

d i L. 45, ~f i defined, i l.ai m 44 i J;
sectng Comalg. SO0k 6 e LTBLOVSTETL 4 Soll et L o S5 werclp
combi ned Wep rg20Tge Rigi S el cﬁ%t?cﬂéls@it#}fés Sy 1 WE,@C?W&W%IW IIPPZI;GURIZE 3§ a aclpo&k

preparatory to initiation of the er of said logic signals.
z00z 46. Thelse Ap4oumprentwies the fata@sHownthgraph06nkariegio 0s dhit dedkiryy ammnaauses
i ncludes a | ogic network where an oscillator qutput is conmbined with one_ of

sai d ommaAdPEs §iprpeanor commandsignaldineSP agf  logie J anpogipandsigng {ines2.as shpwn

the ot her gf xsahthGOMIBNSL NS Als TDE il FERIETENeASnARLLP S Ll Hes
31 wherein sdid del dy means includés neahs Tor sensing the 1nstantaneous
wel di ng cuSwanSWndTHNe sligs fiercuaeht ficth bilige BotoulsR\FE 6 progideesgtianth eev el Between
i nstantaneous current is at a selected value. 48. A nethod of creating_
wel di ng cufPesitive pelerity gumentatudse Brfand amegativepolasidy curery palsaExi Fheeerumendsignals

| evel and T aldd off state, .said rrent pul.ses si ng,t hr h_a
series ci rglllj!h?%’l é&?gaﬁeﬁéaxgﬁe‘{eﬁﬁgﬁ qut%#).g{)gp%% "'_F818§°fi &?ﬁ\gﬁ% hsﬁato gﬁgltl’l%ﬁléaﬁp&%
Wi thig wor jsnit 896bic $aITHud) WEHoIBHPRIFYhd @ieRBpRibesi iYLk Bfvebd @BmVhE hegdtivie ity
to be connected to a power sourCe, a first termnal at a first 5

el ectri cal pple¢ s it¢ yharpesitieapalarityvmriseeP i Fpom theansd ctorlfingepulian204carnethee comsht
el ectri cal &ol.arw V\{],en E?gi d inverter_is on, and a.control to generate an
of f si gnal PYIBOIR,TaYCEsa] i§ efislert dhhupriiipfinp 18BeueTHt Abnteldimeruszentiat be Ut of -
to shift sal p ; i } :
Stage i nol o g PE 400 sElel IR0k Blgs BEStat S0 & BANEROTH EEOURE 3 is o
passi ng cugiaedatd v6ltags abstrdlisdWsciilefofwhatein!he Foltigihp@ondined 7Hichstigds A frequency
signal and a non-conduction condition blocking current upon 10 creation of

a seédnd | elfhe pulsginegutputHd2 ndhiscHangsip tHeiseifator mte praasges tha geverw! frequency for the

i gnal - wheraaed e BuisESieaticmahe ot ofShear FOURRLE: 1 O Ban oSl Ghbne e

bel ow sai dydfege BaMifeUr768RE dh§V&lcie GFHcillatol 190 @4 bé‘%é%b&i. $RE AR dyR i§ shown in
si gnal upon production of a Fow current signal after I5 generafion of an

of f si gnal FIHEREBasS8Vd By clreagsigdie wAmge irslme K16, irsacswrdandecdlith standardipdactice, the

ducti diti t i d - duct i iti i d di
OO o0 ety GRS Rl SR, S8 1 M ac

20 output of power supply 10.

Clocking pulses in line 182 as shown by graph 204 in FIGURE 3 are created by comparing
the voltages ort input lines 184, 186. Input line 184 is the instantaneous arc current in the welding
operation as sensed by shunt 60. The voltage on input 186 is the output of rheostat 188 which is set
to correspond with a voltage on line 184 which is at a selected value preferably in the range of 100-

25 150 amperes and generally less than about 200 amperes. A logic 1 appears in line 182 when the
instantaneous current is below the selected value set by rheostat 188, illustrated as 100 amperes.

Referring again to graph 204 in FIGURE 3, pulses 204a-204c represent the time during which
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- 23 z s aPR 2002 49. The nethod as defined in claim48 wherein said
power source is a three phase power source. 50. The nethod as dﬁébgﬁﬁ hﬁ
claim 48 wherein said inverter includes a switching net<vork co g by

a pul se width nodul ator operated at a frequency above about 18 kHz. 51. The
-method as defined in claim48 wherein said current pul ses have a frequency
of | ess than about 400 Hz. 52. The nethod as defined in claim48 wherein
.sai d succession of pulses includes pul ses alternating between positive
current pul ses and negative current pulses. 53. The nethod as defined in

cl ai m 48 i ncémpamgr 180 pupusatiogig 1Sadidatingsd durseat Eﬂdthraagaiéemtqdma.‘h%ata}mjmput 186.
nmeans for adjustlng the frequency of said pul ses he net hod as _defi ned
in claim 48 Byperdgrg e sstantaraispatredu tine it aﬁél“ﬁ’é‘gl@sl"é% forelpackin® flip-Bows 160, 1t is

anperes. 55, Tha Jip Cﬁimg% de‘élan 1”0,%* b‘bgt %‘?&%Méé‘bgg&%gﬁ%f%ﬁr? is only

current value 'S 1hn anper es

creating a Sm&ékgsalo@ﬂleﬁﬁreﬁﬁﬁin%ﬁ’cﬁmands RSQ Atde¥RrE ty thad ff MilefteSsthye Bby a logic 1 in
inverter with said positive current pul ses passin throu&h a f rst inductor

segnen? andlizgs 72 prepardiory tp theqtarigprowenstl of swoehesiSOE b Y2 ¢ [This asged of thegnvention is
transi stor based,.sw.,tch u on recei pt of flrs Q n nd. sal |

negati ve cu?ccgwphf) dbé'sva‘Bg TGRS REFHE ?r %:g'a%? &%Ug%‘?ﬁ@ﬂtog%?ﬁ& LK £10-
el ectrode -2His nevaPk AMed H3Rrtor im t6 kr%hrﬂge 1agmﬁqm 152 a9 Riaph&rs BRERS 1 M. DCAND

upon recei pt of a second command signal, the method conprising: (a)
swi t chi ng bgate@dhhassindniit 282 wathch lsgm@mdlrmdrinvdndh tsishawngn gtaph@@ém£EIGHB.E3 The

polarity of ald cyrren ul ses r of.f before
sai d comman® %Bﬂ%{‘t?;gétreé3§\’/ﬁll‘r{9ﬂgawq‘$°}h‘g$%@{‘#é€ﬁ%@géfP%g ?’ﬁl?ﬁ“éP phs 202
furthes incliyh r | u I

curroft of 3 eATaEy B R £ L e i o Th A e ST TRt 2. Jyhich s te
sai d cur r endutputafNANDgated 5oe e g likememen NAND. gafe M Idhisag inpo242 sanppétyd fodine 80
AC hi gh current arc wel di ng at _an el ectrode and a grounded_workpi ece, said

pover _suppl 3nd:SBARieS Brigh 2A0 InRIGURE 37 dine esnilaten inngTeAdogiopr ine 1 143 iaslxom in graph.
202 of FIGURE 3. When a logic 1 appears on both graphs 200 and 220, a logic 0 appears at the
output 244 of gate 240 to produce a logic 1 in line 72. The logic in line 72 is the inverter off signal
15 shown in graph 222 of FIGURE 3. This inverter off signal occurs as soon as the oscillator graph 206
changes logic. Inverter 212 is used in logic network 210 for accomplishing the proper creation of
signals turning inverter stage 12 off. As shown in FIGURE 3, the off signals 222a-222¢ occur
immediately before clock pulses 204a-204¢ cause switches SW1 and SW2 to reverse. Thus, the
inverter is turned off and held off during pulses 222a-222¢. The logic on the output of flip-flop 160
20 can not change until the next clock pulse occurs. The current as shown in the upper graph decays
along line 300 until the reversal point 200a is reached at point 302 of the graph. Thereafter, there
is an immediate reversal of polarity by changing the logic on lines 80, 82 as shown in graphs 200,
202. This requires a certain transition time inherent in the IGBTs as indicated to occur between
point 302 and point 304. Inverter stage 12 is again turned on and the current is increased along line
25 306 to the maximum level. This same operation occurs during each reversal of the polarity of
current pulses P,, P, as shown in FIGURE 3. There is a very short delay between points 302 and 304

caused by the inherent switching time of switches SW1, SW2. These switches are transistor base
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current source having a maxi numcurrent of at |east 200 anperes with a
positive termnal, a negative termnal, a grounded term nal and 0 AP pput
Switching network including a first transistor based 5 switch in series
with said positive termnal, a first inductor segnent, said el ectrode and
-sai d grounded wor kpi ece, a second transistor based switch in series with
said negative termnal, a second inductor segnent, said electrode and said
grounded wor kpi ece and control means for alternately turning said first
switch on and said second switch off at a first switch reversing point and

turning sailcs SReOFesSHET G A0 /@H%ﬁ%g,hﬁ%ﬁ%m@%&éﬂs@a}éhee?meax O SWilcfilhg

reversing polnt to create an Ing current wth alternate

posi tive anetgnégaitidueing tHerstrfchiddloperatidrowhed edtig fransistar basdddiiighesS Df cBurse, other
wel di ng power, supply as defined in claim?58 wherein said inverter has |ow
i nduct anc &2RidaVHEHAS devees whigh ghanse gondietpr apcosding thths lpgie onpne frmanal could be

i advanc S bIoY e RR g G @ ot 7B SBaRub ot BB bighr el
i n clsai m §&iéHednustcexd 1m@ré§]ﬁ‘epgs. setting said reversing points at a selected

current value generally bel ow about 200 anperes. - 25 2 9 APR 2002 61. A
wel di ng power dinppregentdnhafiomscschematicallyrilmstrathd iretha A cwirent seowein FIRGIRD dss

e I I s T IR
in claim fhe \éﬁ&%ﬁh&b@@hﬁ%ﬁhi %ﬂgﬁut%cfb?gﬁ)hh‘ﬁﬁe 91 (@Gt rRAhS£8 13ANPelWetermined

frequency of |ess than Hz. 63. A wel ding power supply as defined
in clai m b5 theeetesied lomicaran yalue Vidusaatdd ae bRl anzgeresl rThenturreot is esbdtantiallp below the

f f.l h b 00 ) A | di | f
ned 10n o TRHTEGTHERS: of 1900 Gmpocss CorRult Ry fubgati-pa e B 2 Sedichea a7 and
frequency g?z&@%&&é@&%@?@ﬁé éof{?xg 18 o BnesR0V2.d qﬁ%ecégppiya Pas iﬂ,?ﬁedﬁ%g%

inclaim reLn sail r“haXi mum current 1s gener gfeater

1000 anpetrated@d indicat&d slbAg oreer@ly vl Yin@330lehides aitheoedtithhednditidherd @otnt 332 -
said inverter maximumcurrent is generally greater than 1000 anperes. 67. A
wel di ng pewehichibpruren ivéfivanetd thanedativernaimpradeieh &4isaon as/ Qe switchgloserirnthe

s der i neg THRar aTRce YR Fenty Elelrtor e e ed in sy Ao L St B R Bbete
I I o R A A B v T S S e
current pidvsetsorhaudeaséd wijhentaydat sérzssnduceor immpos¥y® oftnegative output circuit with
the result that the current would not shift between the selected values as rapidly. The AC current

shown in FIGURE 4 is representative in nature and illustrates the basic concept of the invention

which involves turning off the inverter stage, waiting until the current decays to a selected value and

20 then reversing the switches to reverse the polarity of the high current pulses. As previously
indicated, the frequency and duty cycle of the output pulses can be varied by changing the software
schematically‘zllustrated as oscillator 170 in FIGURE 2. This feature is schematically illustrated in

FIGURES 5 and 6. In FIGURE 5, the duty cycle between pulses Ps and P is 50%. As shown in the

lower graph, the duty cycle between pulses P; and pulse Pg is 20% while maintaining the same

25 frequency. In FIGURE 6, the frequency is increased so that a 50% duty cycle between pulse Py and

pulse Py, produces a smaller individual pulse due to the increased frequency. This increased

frequency can have a change in the duty cycle as illustrated wherein pulse P,, has a 20% duty cycle
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70. A wel ding power supply as defined in claim58 including neans for

adj usting the frequency of said pulses. 71. A welding power supply as
-defined in claim®63 including means for adjusting the frequency ?)f ﬁm

pul ses. 72. A wel di ng power supply as defined in claim®64 incl udi nbé) ns
. for adjusting the frequency of said pulses. 73. ' The inprovenent as
defined in claimb58 including neans for adjusting the relative tine
bet ~veen said positive and negative current pulses. 74. The inprovenent as
defined in claimb59 including neans for adjusting the relative tinme between
sai d posi tiGeafe: BPUREIPYS THEERNMAUBHERRS is ad hifei toripdicate therrelatiye Hatei hegyeen
in claim58 including neans for adjusting the relatj.ve a Iitdude of sai drt'
posi tive #recpasidiyatpulse and thegiegatiyglpsiss. %.unfl’ﬂénqcaﬁ%‘i}%%?ﬁqp%ﬁa JERiRERYS Feram

claim59 including means, for justing the r i i & i .
Dosi 1 ve HAHIHGBRTRYE R are el St ohs ARG R shafiilly dfftienahabediduction in

claims 8 PM'@J Life Gifdcfloh NHEELcBEdahbE WitH afotaer dspeutit is podsible enclempe thetampitude of
muf t i -phaée ggkl%eﬁ?é?g?h“rg‘géécnpraovenent as defined_in claimb59 wherei ggissg'&)d
13

i nverst er igRepasiteee ad rieptive durenpFulses2BARRVhén EKHIRETeherginamplitide.

source. 79. The inprovenent as defin in_clai 8 wh I Ly

segnents as @tét%ﬂéiﬂnﬁy égss ghaw; the pepliRds gtdeF Pul%ﬁ 14‘%1% cr?‘B(‘r?J \? gﬂgﬁ?hgg Elge# | nggl N
claimb59 wherein said inducter ¥ &deA0t v ehtisil6herein th
T8 "a A RET AR Sorike 0P o R IRt @, PitzcOhe fréefivlve o e
. A2 AN, . ASAnaeilo PBERUINE 0 ¥8ebied bigiréBumbhl AfF.tAQ irverpRstage andthen reversing the
| gwdr 3A| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca)] caljcalc a] calca C
aVlc a] Ica]schtzaﬁ] SVel, cVea] Other cdippggsciRalhe SEteRY® &%?:Helsépaf]’?t%& Eﬁ%l’na%l’lg du‘f‘c%ls th be
"og** 02444X555- 668} 8J999D: | w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj c]éﬁ caj d’ﬁ‘PE‘é‘]‘ ica] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]ca]cal]cal D: : ; c;

| <<<B=== >>>>>7( AR Ml BBEHEREEDPE Efefrva legtbbdinemt ¢ailbairetad daFiGPREAS 8 20d 9
ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca].ca] ca] cal] ca] ca cas]Iga]ac cal F
MG} GGGGA I il Ja)wiIZlithg pasier viphiyr 400Nproduces a series of single polarity pulses Py, as shown in -

ca) cal cal RS 4 B S5 amdcerip e Praria i F R A S S90S 2
dAdEdOde+fc§gquggiggg{gg?g]t a8l qx?elcgﬁgﬁ?\beaﬂ galiekEhaa\draaldeavakpiade . c Byctals

] ca] ca] ca] aJ cafca cal ca] ca] ca] ca! hhUiij j Kkw | ;
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10%{5%'5 () - 424, 1f switch SW3 were on all the time, a square wave current pulse would appear at electrode E.
When the inverter is turned on, switch SW3 is turned on by the logic on line 414. However, when
the inverter is turned off, switch SW3 is not immediately turned off. To tumn switch SW3 off
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A0 RO O 100 () 3 Q0N () 3 A 100 (e 3L don
~as measured by shunt 446. The second input to comparator 440 is the voltage on line 450 having
'a voltage or word representative of a selected current value, such as 100 amperes. Thus, when
" inverter 402 is turned off, a logic 1 appears in line 432a. As soon as the current decreases to the
level determined by the voltage on line 450, a logic 1 appears in the second input 440a of gate 430.
This causes a logic 1 to appear in line 416 to open switch SW3 and terminate the current pulse.
Thus, when the oscillator is turned on switch SW3 is turned on. This is shown in FIGURE 9 at the
leading edge of pulse Py, The invention involves turning off inverter 402, as indicated at point 460.

The current through switch SW3 decays along line 4§2. When the decaying instantaneous arc’
_ current reaches a selected value, indicated to be 100 amperes, gate 430 produces a logic 1 to turn
. switch SW3 off. This modification of the invention is presented to show the primary aspect of the
| present invention in the context of a single pulse power supply. The pulses P,, occur at a frequency
determined by the frequency of oscillator 420 and have a duty cycle of this oscillator, which
oscillator is operated in accordance with the discussion of oscillator 170 in FIGURE 2. Thus, a
\ single series of pulses can be created using the present invention, or an alternating welding current
can be created.
Various changes can be made in the illustrated embodiments of the invention which
incorporate generally standard technology, except for the concept of allowing a high current pulse
to decay toward a selected value before the current pulse is terminated. This concept, when used in

high current welding power supplies, is extremely beneficial and reduces the cost of snubbers 100,

102 as shown in FIGURE 1 and. thus. the cost of the high current welding power supply.

Where reference in the specification is made to turning the inverter “off” it will be
understood by a person skilled in the art that it is to be taken to mean that the inverter is being

turned dramatically down and is preferably turned to zero. However, as described, zero is the best

way to obtain “off.”
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1. In a welding power supply for creating welding current in a succession of current
pulses with a maximum current level and a trailing off state, said current pulses passing through a
series circuit including an inductor and electrode in welding relationship with a workpiece, said
power supply having an inverter stage with an input to be connected to a power source, a first
terminal at a first electrical polarity when said inverter is on, a second terminal at a second electrical
polarity when said inverter is on, and a control to generate an off signal to turn said inverter off and
remove current from said terminals to shift said current pulse toward an off state; and, a power
switching stage including a transistor based switch having a conduction condition passing current
from said first terminal upon creation of a first logic signal and a non-conduction condition blocking
current upon creation of a second logic signal, the improvement comprising: a sensor for measuring
the instantaneous value of said welding current, a comparator for producing a low current signal _
when said instantaneous current is at a selected value substantially below said maximum current
level and a circuit or program for creating said second logic signal upon production of a low current
signal after generation of an off signal whereby said transistor based switch is switched from said
conduction condition to said non-conduction condition when said welding current is generally at

said selected value.

2. The improvement as defined in claim 1 wherein said power source is a three phase

power source.

3. The improvement as defined in claim 1 wherein said inverter includes a switching

network controlled by a pulse width modulator operated at a frequency above about 18 kHz.

4, The improvement as defined in claim 3 wherein said current pulses have a frequency

of less than about 400 Hz.
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5. The improvement as defined in claim 2 wherein said inverter includes a switching

network controlled by a pulse width modulator operated at a frequency above about 18 kHz.

6. The improvement as defined in claim 5 wherein said current pulses have a frequency

of less than about 400 Hz.

7. The improvement as defined in claim 1 wherein said current pulses have a frequency

of less than about 400 Hz.

8. The improvement as defined in claim 1 wherein said inverter stage involves an output
transformer with a primary winding receiving high frequency current pulses and a secondary

winding pro{fiding current pulses to said terminals.

0. The improvement as defined in claim 1 wherein current pulses all have a given

electrical polarity.

10.  The improvement as defined in claim 1 wherein said succession of pulses includes

pulses alternating between positive current pulses and negative current pulses.

11.  The improvement as defined in claim 10 wherein said power source is a three phase

POWEr source.
~

12.  The improvement as defined in claim 10 wherein said inverter includes a switching

network controlled by a pulse width modulator operated at a frequency above about 18 kHz.

13.  Theimprovement as defined in claim 12 wherein said current pulses have a frequency

of less than about 400 Hz.
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14.  Theimprovement as defined in claim 10 wherein said current pulses have a frequency

of less than about 400 Hz.

15. The improvement as defined in claim 10 including means for creating said positive

and negative pulses and means for adjusting the frequency of said pulses.

16.  Theimprovement as defined in claim 15 wherein said current pulses have a frequency

of less than about 400 Hz.

17.  The improvement as defined in claim 10 including means for adjusting the relative

time between said positive and negative current pulses.

18.  The improvement as defined in claim 17 including means for creating said positive

and negative pulses and means for adjusting the frequency of said pulses.

19.  Theimprovement as defined in claim 18 wherein said current pulses have a frequency

of less than about 400 Hz.

20.  Theimprovement as defined in claim 17 wherein said current pulses have a frequency

of less tilan about 400 Hz.

21.  The improvement as defined in claim 10 including means for adjusting the relative

amplitude of said positive and negative current pulses.

22.  The improvement as defined in claim 21 including means for adjusting the relative

time between said positive and negative current pulses.
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24,  Theimprovement as defined in claim 21 wherein said current pulses have a frequency

of less than about 400 Hz.

25.  The improvement as defined in claim 1 wherein said selected current value is less

than about 200 amperes.

26.  The improvement as defined in claim 25 wherein said selected current value is in the

general range of 100-150 amperes.

27.  The improvement as defined in claim 25 wherein said power source is a three phase

power source.

28.  The improvement as defined in claim 25 wherein said inverter includes a switching

network controlled by a pulse width modulator operated at a frequency above about 18 kHz.

29.  Theimprovement as defined in claim 25 wherein said current pulses have a frequency

of less than about 400 Hz.

30.  The improvement as defined in claim 25 wherein said succession of pulses includes

pulses alternating between positive current pulses and negative current pulses.

31.  Inawelding power supply for creating a succession of positive and negative current

pulses by an inverter with said positive current pulses passing through a first inductor segment and
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said first and second command signals to reverse the polarity of said current pulses, and delay means

for turning said inverter off before said command signals are reversed.

32.  The improvement as defined in claim 31 wherein said delay means includes means
to determine when said current pulses drop to a current of a selected value and means for activating

said reversing means when said current drops to said selected value.

33, ~ The improvement as defined in claim 31 wherein said inverter includes an input to -

be connected to a multi-phase source.

34.  The improvement as defined in claim 31 wherein said inductor segments are a part

of a single inductor.

35.  The improvement as defined in claim 31 wherein said inverter includes a switching

network controlled by a pulse width modulator operated at a frequency above about 18 kHz.

36.  Theimprovement as defined in claim 35 wherein said current pulses have a frequency

of less than about 400 Hz.

37.  Theimprovement as defined in claim 31 wherein said current pulses have a frequency

of less than about 400 Hz.
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38.  The improvement as defined in claim 32 wherein said inverter includes a switching

network controlled by a pulse width modulator operated at a frequency above about 18 kHz.

39.  Theimprovement as defined in claim 32 wherein said current pulses have a frequency

of less than about 400 Hz.

40.  The improvement as defined in claim 31 wherein said selected current value is less

than about 200 amperes.

41.  The improvement as defined in claim 40 wherein said selected current value is in the

general range of 100-150 amperes.

42.  The improvement as defined in claim 32 wherein said selected current value is less

than about 200 amperes.

43.  The improvement as defined in claim 42 wherein said selected current value is in the

general range of 100-150 amperes.

44,  The improvement as defined in claim 31 wherein said reversing means is a logic flip-

flop wherein the Q logic is said first signal and said @ logic is said second command signal.
45. The improvement as defined in claim 44 wherein said delay means includes a logic

network wherein an oscillator output is combined with one of said logic signals to turn said inverter

off preparatory to initiation of the other of said logic signals.
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46.  The improvement as defined in claim 31 wherein said delay means includes a logic
network where an oscillator output is combined with one of said command signals to turn said

inverter off preparatory to initiation of the other of said command signals.

47.  The improvement as defined in claim 31 wherein said delay means includes means
for sensing the instantaneous welding current and means for activating said reversing means when

said instantaneous current is at a selected value.

48. A method of creating welding current in a succession of current pulses with a
maximum current level and a trailing off state, said current pulses passing through a series circuit
including an inductor and electrode in welding relationship with a workpiece, said power supply
having an inverter stage with an input to be connected to a power source, a first terminal at a first -

5 electrical polarity when said inverter is on, a second terminal at a second electrical polarity when
said inverter is on, and a control to generate an off signal to turn said inverter off and remove current
from said terminals to shift said current pulse toward an off state; and, a power switching stage
including a transistor based switch having a conduction condition passing current from said first
terminal upon creation of a first logic signal and a non-conduction condition blocking current upon

10 creation of a second logic signal, the method comprising:

(a) measuring the instantaneous value of said welding current;

(b)  producing a low current signal when said instantaneous current is at a selected value
substant‘ially below said maximum current level; and,

(©) ﬂcreating said second logic signal upon production of a low current signal after

15 generation of an off signal whereby said transistor based switch is switched from said conduction
condition to said non-conduction condition when said welding current is generally at a said selected

value.
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50.  Themethod as defined in claim 48 wherein said inverter includes a switching network

controlled by a pulse width modulator operated at a frequency above about 18 kHz.

51.  The method as defined in claim 48 wherein said current pulses have a frequency of

less than about 400 Hz.

52.  The method as defined in claim 48 wherein said succession of pulses includes pulses

alternating between positive current pulses and negative current pulses.

53.  The method as defined in claim 48 including:
(d)  creating said positive and negative pulses and means for adjusting the frequency of

said pulses.

54, The method as defined in claim 48 wherein said selected current value is less than

about 200 amperes.

55. The method as defined in claim 54 wherein said selected current value is in the

general range of 100-150 amperes.

~

56. A method for creating a succession of positive and negative current pulses by an
inverter with said positive current pulses passing through a first inductor segment and an electrode
in series with a workpiece by closing a first transistor based switch upon receipt of a first command

signal and said negative current pulses passing through a second inductor segment and said electrode
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comprising:
() switching between said first and second command signals to reverse the polarity of
said current pulses; and,

(b) turning said inverter off before said command signals are switched.

57.  The method as defined in claim 56 further including:
(c) determining when said current pulses drop to a current of a selected value; and,

()] activating said reversing act when said current drops to said selected value.

58. A welding power supply for AC high current arc welding at an electrode and a
grounded workpiece, said power supply comprising an inverter for converting AC voltage to aDC - -
current source having a maximum current of at least 200 amperes with a positive terminal, a negative
terminal, a grounded terminal and an output switching network including a first transistor based

5 switch in series with said positive terminal, a first inductor segment, said electrode and said
grounded workpiece, a second transistor based switch in series with said negative terminal, a second
inductor segment, said electrode and said grounded workpiece and control means for alternately
turning said first switch on and said second switch off at a first switch reversing point and turning
said second switch on and said first switch off at a second switch reversing point to create an AC

10 high welding current with alternate positive and negative current pulses for electric arc welding.

59. A welding power supply as defined in claim 58 wherein said inverter has low
inductance and means for turning aid inverter off upon receipt of an inverter off signal and control

mean for creating said inverter off signal in advance of said reversing points.

60. A welding power supply as defined in claim 59 including means for setting said

reversing points at a selected current value generally below about 200 amperes.
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61.  Awelding power supply as defined in claim 58 wherein said inverter includes a pulse
width modulated switching network operated at a high frequency generally greater than about 18
kHz.

62. A welding power supply as defined in claim 61 wherein said positive and negative

current pulses have a frequency of less than about 400 Hz.

63. A welding power supply as defined in claim 58 wherein said positive and negative

current pulses have a frequency of less than about 400 Hz.

64. A welding power supply as defined in claim 59 wherein said positive and negative -

current pulses have a frequency of less than about 400 Hz.

65. A welding power supply as defined in claim 63 wherein said inverter maximum

current is generally greater than 1000 amperes.

66. A welding power supply as defined in claim 64 wherein said inverter maximum

current is generally greater than 1000 amperes.

67. A welding power supply as defined in claim 62 wherein said inverter maximum

~
current is generally greater than 1000 amperes.

68. A welding power supply as defined in claim 61 wherein said positive and negative

current pulses have a frequency of less than about 400 Hz.

69. A welding power supply as defined in claim 60 wherein said positive and negative
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current pulses have a frequency of less than about 400 Hz.

70. A welding power supply as defined in claim 58 including means for adjusting the

frequency of said pulses.

71. A welding power supply as defined in claim 63 including means for adjusting the

frequency of said pulses.

72. A welding power supply as defined in claim 64 including means for adjusting the

frequency of said pulses.

73. = The improvement as defined in claim 58 including means for adjusting the relative -

time between said positive and negative current pulses.

74.  The improvement as defined in claim 59 including means for adjusting the relative

time between said positive and negative current pulses.

75.  The improvement as defined in claim 58 including means for adjusting the relative

amplitude of said positive and negative current pulses.

76. The improvement as defined in claim 59 including means for adjusting the relative

amplitude of said positive and negative current pulses.

77.  The improvement as defined in claim 58 wherein said inverter includes an input to

be connected to a multi-phase source.

78.  The improvement as defined in claim 59 wherein said inverter includes an input to
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79.  The improvement as defined in claim 58 wherein said inductor segments are a part

of a single inductor.

80.  The improvement as defined in claim 59 wherein said inductor segments are a part

of a single inductor.
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