2 9 AUG 2006 ARC WELDER AND TORCH FOR SAME The present invention relates to
‘the art of electric-arc welding and nore particularly to an arc wel ggag6 20081
a unique welding torch for use in electric arc wel ding. BACKGROUND OF

| NVENTION 5 Gas netal arc welding (GVAW i nvol ves applying el ectrical
current to a contact tip in a welding torch through which a consumabl e

el ectrode or welding wire is passed as it noves toward a workpiece.

El ectrical current connected to the welding wire by the contact tip creates
the electric arc for the welding process in accordance with standard

wel di ng technol ogy. A power I i swi t chi ng
inverter, creates the wel dﬁr@eéﬁﬁ&’rﬁﬂm{r@iﬁ%@#@gﬂ ated on 10 the
basis of arc voltage to nmaintain a stable arc length in a constant voltage
wel di ng or pul ‘Fhe prggendinygntiorelatdsde the arteof electiie lati wiglding aad mgveprsiicidarhyho o gle
the contact tip toward the workpiece is electrically connected to the

wor Kpi e¢ ewbbet if1 2indqs Weldnigohdivon gscinlergidurt haldisoul d have a gi ven

|l ength for a specific process. The spaci ng between the contact tip and the

wor kpi ece is the welding par %ﬁbﬁ?w 6§m$?%ﬁct tip to work
|

di stance (CTWD). This paraneter T1s I ngui s rom15 the el ectrode
stickout (ESO which. s the. th.of the advanci ng wel ding wire neasuyed

| e .
fromthe cont S8t met3h apowelding inxelves applying elreicabowtenttan sopfact tip in a

length. In gas netal are welding it 1is desirable to control CTW to
mai nt ai n weldingibreh dhreughewich a consMaby ¢ledrodaer veldmpws $s padsesttasitmneasstowsnde h
as wel dnent di nensi onal tol erances experienced during production,

tool i ng/ {4 WhikpRecBOBiektRRl direAf&onnadtyd RAEL Waltingidd B the@Bnddt tig \GeMBd @k BctritO
conpensate for CTWD 20 variations and, thus, maintain arc stability, it iIs

normal procedure in GVAWprocessing to adjust, -1 2.9 006 ,the arc
cur ront "t 8 aRB MG Prebmaest if 3Rcciheee oA iard Se ik, GrIRTEY of oG1e ehiree
wi re. Changi nﬂ are current, while maintaining voltage constant, |eads to
subst ant i zormely adesh speed syatohig invertan: creases the weldingeugrant ard ismermaiyaregelated and
substantially affects the cooling rate of weld pool solidification. Using
10 the basis of arc voltage to maintain a stable arc length in a constant voltage welding or pulse
welding. The electrode or welding wire advancing through the contact tip toward the workpiece is
electrically connected to the workpiece by the electric arc having a length that should have a given
length for a specific process. The spacing between the contact tip and the workpiece is the welding
parameter known as the contact tip to work distance (CTWD). This parameter is distinguished from
15 the electrode stickout (ESO) which is the length of the advancing welding wire measured from the
contact tip to the arc and includes a summatio of ESO and arc length. In gas metal arc welding it
is desirable to control CTWD to maintain a stable arc length. CTWD varies due to process
disturbances, such as weldment dimensional tolerances experienced during production,

tooling/fixture positioning accuracy and part distortion during welding. To compensate for CTWD

20 variations and, thus, maintain arc stability, it is normal procedure in GMAW processing to adjust



variations in the heat input by changing the current to adjust for
variations in CTWD or arc length, 5 has been found to cause corresgpF¢M9gm5
changes in the weld surface profile, penetration profile, base neta

di ssolution, netallurgical properties and mechanical properties in the weld
bead. Consequently, changing the current in a constant voltage wel ding
process to conpensate for changes in CITWD presents substantial process
variations exhibited primarily in the heat affected zone. Further,
distortion level of the weldnment and quality of the weld structure is nore

difficult to 10 maintain en using are.curren 0 cogpensate f.or ghanges in
Crvp and. e codantdd et Uithei ot Sidg RS el D bRa-oh B oL bE aitey (naing are

i ncreasi ng or decreasing arc current based upon variations in CTWD,

especi al | yumenty while mainipipinigoenliaghconstans leade tasubstential ichangesiiuthe Heat ipud peurtio
mechani cally adjust the actual spacing between the contact tip and the

wor kpi ece JenktH 6f thé AeRIbeae ahdsubklattiallyifRb@ YR obinSRRI Bf tWwehCdd GolidifiE At Wsing
wel di ng equi pnent wherein the torch weaves back and forth 15 as it noves -

along a s . i term i f
he. Tor cn i atkioRg f FHEHhp R BG on it the LTt FEuRus T SABRGR T (3 B Pl S5ty
of the torch to track the seam _Because of the mechanical inertia and the
deperdencaobren fpwKlds sauseIcoB PR RE shangayin thiyeld suriase erofids, Renciation protile, hase
differences, a nethod using the are current for are stability is not wused,
especi al | yedtal diskolghos pestallvegidalngraperties catd amechAricd] hpropertieange thentweldrbead.
physically adjusting 20 the spacing of the tip with respect to the

wor kpi ece dosdu¥hth), Sing e rRat indChH@hdt Yo RERWe1diREpBosk 1 dalfhé)ens%t@f'o%?dﬁk%;%s

2006 of the tip with respect to the workpiece durihg the wel ding operatton.

Such vision ens _are nof . | oyed due to high, cast .and L nt.enan i n
nosti | e efrsRRaEsSH st iyocaen afiffons Sefibre Gimha e BR bt A RRer ol
stability is to adjust the welding or arc current to conpensate for

vari at i on¥urther, gpmtionievel of dhewekimane apd abalyof g weld sruetuss j5l mpreediffiqult to
detail. 5 BRI EF DESCRI PTI ON OF | NVENTI ON The present invention-relates to a

net hed of nfa@iin WHenRGing WY cwtdnh @3 iorStasdt Rt ch@sles i@UWD &l thids! in@Hbnges of arc
physi cally nmoving the contact tip nechanically with respect to the

wor kpi ecelenﬂl{' % avoid the necessity of increasing or decreasing arc current based upon variations in
CTWD, especially on robotic applications, the arc current is measured and used to mechanically
adjust the actual spacing between the contact tip and the workpiece. This procedure is often
employed in seam tracking of robotic welding equipment wherein the torch weaves back and forth
15 as it moves along a seam. The CTWD at each end of the weave is compared to determine if the torch
is centered in the joint. Variations cause a change in the path of the torch to track the seam.
Because of the mechanical inertia and the dependency on a feedback loop process when
adjusting CTWD as well as heat differences, a method using the arc current for arc stability is not
used, especially in a high speed welding application. Another arrangement for physically adjusting

20 the spacing of the tip with respect to the workpiece is a vision system that actually scans the position



the procedure for controlling CTWD does not involve a feedback | oop
‘controlling welding current and does not involve physically noving g A 2006
contact tip or torch with respect to the workpi ece, the 10 di sadvant ages
experienced with respect to prior efforts to maintain CIVD during norna

wel ding or seamtracking are alleviated. The invention maintains stable are
|l ength in a constant voltage welding operation or pulse welding operation
wi t hout di sadvant ages associated with the prior control procedures. In
accordance with the present invention there is provided a nodification of

the cont ag}- te'tigtm%}?rekﬁe%gto the {vlaﬂc ‘f@:% Qhﬂg%gllé@ve%mé Béfxgtl@x? Sftﬂ,iﬂl ‘)S{SIPJ Ff‘séérﬁ'é’ ﬁgtn

i nvol ves separ | ng t'he cont act tl p1n two e I cal (0] sect| ons

conprising a 0 tact tip.section and a | .ower tact tip,  section.
The two tﬁwpﬂ)éfa? Huie r‘&l@am&ye lalrhogﬁf: e@%{?nawnﬁt FUTTREY} (e Brostascemted
t he consumabl e wel ding WI re or electrode passes through first the upper tip
secti on amaytbofienintdinmgghe stitelityosweradjuspthe setdingor as citrert do aoropsnstteviar dhriahiens
wor kpi ece. The power supply of the welder that drives the torch 20 or gun

has one |ﬁ?@TWﬂ).C|Thls§)r€s‘éﬁfsrtﬁé %Gglemé Hemofefevabla%eaqﬁaeﬂanc swi tches to split
the output current - 2006 of the power supply. The arc current

flo to either top or uppe 0 ottom or |ower
contact tip section, or bot R u,%gﬂgggﬁﬁﬁbﬁm@@% ng the sw tches
selectively into t he respective conductive states. The total welding
current is mai AhAPreentvcAtionrelatstto pmediod of conttoliing CEW%mthwﬁéher@wh%mpa&:t
tip, the lower contact tip or both contact tips. Wien the welding current 5
f1 ows onl ynd withtnit phypieallycmotimgithd ¢cqntacClip\Brachartidutlyovish respert chethe mwurksidedd)Sihdee
spacing of the upper contact tip fromthe workpiece. Wen current is
directed jf t t Bk
wor kpi ece R abedan et “mg?‘;ffe“w"c ot i RAAGE £ ook 106% (Al PelliR Tk
greater éII\{\éﬁ)ls creat nth current is directed to the |ower ti
A cor dRLIORh I AGE HHoE X BAving fle <omiaFtia of terat With tResel{p BEATRIot
upper or top contact tip and the | ower or bottom 10 contact tip. In
accdfdancdisedviahtagésecxperdnsed withaedpectitoprior, efforpsud swimaidt Gl Whtdurangarormpkweldag
at a low frequency, such as less than about 1 kHz, includes a controlled
duty cycl g sehiftrasiing brel AWWTatéd THREnvention maintains stable arc length in a constant voltage

IJ

welding operation or pulse welding operation without disadvantages associated with the prior control
procedures.

In accordance with the present invention there is provided a modification of the contact tip

15 used in the welding gun or torch assembly. The invention involves separating the contact tip into

two electrically isolated sections comprising an upper contact tip section and a lower contact tip

section. The two tip sections are separated by an air gap or other insulator so that the consumable

welding wire or electrode passes through first the upper tip section and then through the lower tip

section as it advances toward the workpiece. The power supply of the welder that drives the torch

20 or gun has one lead which is controlled by two power electronic switches to split the output current



pul se wi dth nodul ator causes the welding current to be directed to the upper
tip or to the lower tip. There is tine sharing basis based upon the& AU 2006
cycle of the pulse wi dth nodul ator. Consequently, detected CTWD of the

wel di ng process is not the distance fromthe | ower contact tip or the upper
15 contact tip. The "effective" CITWD a di stance i s sonewhere between the
spacing of the two contact tip sections based upon the tinme during which
the welding current is directed to the upper tip or the Ilower tip. By
increasing the time during which the welding current is directed to the

upper tip C I o] tl t rrent i i rect t i

the eff ecqfiﬂ?/eepo O%Sﬁ%g&i F\%?grgsce .ntl fgo%vsgtg Iellt %”%%ﬁ%‘g’rp,e?&%’ﬁ?‘ﬁéﬁ’e%@?‘i %’Yﬁ%g%ﬁj%
the current is directed to the |ower contact tip conpared to the 20 upper
contact tor fowercantasttinseriien, erheth sectipay gecoadingio shiftiap yhewyitehes pejestivslydato the
cycle of the pulse -4 29AUR006 w dth nodul ator, the effective CTWD i s

changed trespeetivetcahdudtive stdtes. Theltotal sveldingtinrenn i, maihtainedtwiéh catemid phssing thfoughe
wel di ng process. Arc length and are voltage is controlled by adjusting the

duty cyclgmePf erdfo";/)\ﬁ:t J:dh‘?aho?YY%n,t 3 190E &%ezl@gtiﬁ bfBsth Rbntablei Rl Wi the Weldih ent

shari ng networKk. en the torch asse or gun Is physically too close to

t he | dngent , e.current js dir d to f.he upper contact tip.5 section to
rovet se CHRVATRI g PPEORIELIRSTRV D 15 R RN eS8 DA S ACinh g peper
torch or gun is pulled away fromthe weldnment, nore current is directed to
t he bot t seneohimbromithp woskpiedentVehen eumrentis deected to BT WBttom tipa CAVEDris theespaging

| ength and arc voltage for stability of the welding process. Since there is

no mecharyferd 1wt Wpt HEH tthe Wotkprede O ICdhsé ey, (4§ thd duffent ise@ipsuisietol the RPpeIdRSa
in this parameter are quite rapid. There is no nmechanical inertia.

Conseque | i . ! L . nd
conp! o ool PG ERARY theb WeR A i B EL BRRL | Rio B, T e BT R ne
flexibility in controlling the di ng process, the inventiqgn separates

st abi | i t yIWEREHOBrtRE PRIHRI S %mshadivﬂﬂ?ttyﬁ%@ﬁwng 5 HOmERRtIch P @g& heloMVGROTRRHAY)| |
Thus, the invention can adjust and nmaintain an effective CTVWD w t hout

relM ng wpotactdipr deadcontante with theprafessiethbetimixnt, iatpylse width nerdakyoraphiatdetia Wdw | e
mai nt ai ni ng constant heat, constant wire nelting, constant weld size, 15

constant Aa0Ry GeRg r&gg thiAKYuk ¥ k8izCRkhaBt: EBtIdRBH aty HERPEAE b®puBgicldAhe

wel dnent di'stoftion. |

pulse width modulator causes the welding current to be directed to the upper tip or to the lower tip.
There is time sharing basis based upon the duty cycle of the pulse width modulator. Consequently,
detected CTWD of the welding process is not the distance from the lower contact tip or the upper
15 contact tip. The "effective” CTWD a distance is somewhere between the spacing of the two contact
tip sections based upon the time during which the welding current is directed to the upper tip or the
lower tip. By increasing the time during which the welding current is directed to the upper tip,
compared to the time the current is directed to the lower tip, the effective CTWD is increased. In
a like manner, an increase in the time the current is directed to the lower contact tip compared to the

20 upper contact tip, the effective CTWD is reduced. By merely adjusting the duty cycle of the pulse



equi pnent where the wel ding process enploys seamtracking, the duty cycle of
the pul se width nodulator used to control CTWD will indicate the eghliG 2066
of the spacing to the workpiece. Consequently, the duty cycle of the pul se
wi dt h nmodul ator can be used as a feedback device to control the torch to
wor k di stance to provide seamtracki ng and adaptive fill of the weldnent. 20
In accordance with the invention, there is provided an inprovenent in an
el ectric arc welder -5 2 9 AUG 2006 for creating an are wel ding process
bet ween a consumabl e el ectrode or wi re advanci ng through a contact tip and

a wor kpi ec! i des a wer su te.an arc
current @th 5’195 @Eﬂrttgﬁmﬁeéllhvg 1 E?ﬂﬂeg m(t%iﬁg‘%fl i)lengfh 1% Hus, thert
has a fi rst | ead connected to the contact ti p and a second l ead connect ed
t o t he wotdbplity ©f thewrlding prasessv At tapgdnandara valtaggisicerielgd by edigsting thérdutpoyetal
contact tip into an upper tip section and a lower tip section wth an

I nsul at oror relh@ed switchlopyratif@timles 80tht B cafedtitdRtSsharlfEndtwoni! Whes tH&MrchQs%bﬁiy r
gap or ceramc insert through which the advancing wire passes as it is fed

fromthe '%pé{%r (tPlhg gﬁﬁi {é’%%l?%] r}% WO elalnl | put FhEJFQntslg G0 .9 ﬁ@hg]?er cloﬁtagt tp

wor kpi ece hé  1'nven I'S Provi
selectively_ shiftable tq a, conductive state and connectlgglone of the | eads

from t he SeHiRaY togaYssss the Gifestiveiprrdrtotwqsk distancenin alikemammep feheawhe torch or gun is

selectively shiftable to a conductive state connecting the one |l ead fromthe
power  symbley atvaytfiven tieneeldimept, smed cwrendisdli@cteditd tHe bopematbitagt tiptomaiktain an
creating a first switch signal to shift the first swtch to the conductive

state ansRkrife 80AY % MMHtah 1 48 MngltCandhid boltde f&%%nﬁy SMHeGHE14i8g ptctess.
conductive state to control the effective CTWD of the arc wel ding process

i p sect von, (e R Reci b e cE P BGh16 oBudke VR Rk dF shePeEh o

CTWD can be mmintai ned at a preselected value in a constant voltage wel di ng
oper at i orin\thishparameter areuqiitentapilj Tbermanmo mechavicelr imarice Gonshquentlyhthe piessatt
of the present invention, the swtch operating network is a pulse width

noded at ofinvintibn adh bedpplitd ResentiubbrRigiagd eompletdly aetomyted berdbatiy agplivhtiors0 Byhat
the output creates one switch signal which is inverted to create the other

switch siignakcifPRREIeRhe Yexiblifty 3 ¥ntrolling the welding process, the invention separates

stability and arc length control from melting or heating generation control. Thus, the invention can
adjust and maintain an effective CTWD without relying upon current control. Processed stability
is thereby achieved while maintaining constant heat, constant wire melting, constant weld size,
15 constant shape, constant metallurgical and mechanical properties and low weldment distortion. In
equipment where the welding process employs seam tracking, the duty cycle of the pulse width
modulator used to control CTWD will indicate the magnitude of the spacing to the workpiece.
Consequently, the duty cycle of the pulse width modulator can be used as a feedback device to
control the torch to work distance to provide seam tracking and adaptive fill of the weldment.

20 In accordance with the invention, there is provided an improvement in an electric arc welder



20 cycle of the pulse w dth nodul ator determines the tinme sharing between
current directed to the upper -6 2.9 AUG 2006 tip section and cuf Wb 2006
directed to the lower tip section. In this manner, the effective CTWD is

adj usted nmerely by changing the duty cycle of the pulse width nodul ator. The
primary object of the present invention is the provision of an electric arc
wel der where the CITWD can be adjusted w thout nmechanically noving the
wel di ng torch and without changing 5 the welding current. Another object of
the present invention is the provision of an electric arc wel der, as defined

above, Wi Ghefln@Gh"4r wRldingBiodeds ﬂeﬂﬁééﬂdae%ngurﬁ%ﬂs fektrbddordlivé Q&fh&iﬂg g’rfg}é\@"ea

sections separated by an T1nsulator, such as an air gap or ceramc

so that a tine sharing switch nefwork can bhe used to hange,the effectiv
Srvp or e Epag st Shel e belict Rtk pate’ Spefil Hrudiat Fah e g,
is the provision of a nmethod of using the electric arc welder, as defined
above, whfccYpliagehblae B@Vecuppy mayitake @t warigsl ofi fogms vt bag 2 fisst dgadigopesctesiciotthon
of a divided contact tip, to a |l ower section of the divided contact tip or

to both seshétaipSand debdbndlchd cbiiretedhtd Getworkpicbe PHERmOBItivelPRSvVietitnt Conifies
provision of a torch or gun assenbly wutilizing the concept of a divided

t 1 . 1 . -t i i 3 t P
oo Soe) bonk e TP Sk p S Bt MR ot
mechani cal adjustment or current nodul ati on. These and ot her objects and

advant ageéscically iselatngeths seetioaht The Hsylatermpy be ghiaH Ean OF EFTRING Fsert which
together with the acconpanying draw ngs. BRI EF DESCRI PTI ON OF DRAW NGS 20
Fl GURE 1thesadeansig wige phisseyraa ihis fedifrome thewippér tip ssctivmprtitrowghithé loster tip setiomfoward
torch or gun -7 2 9 AUG 2006 assembly constructed in accordance with the
present hRMEHpieek. In accordance with the invention there is provided a first switch selectively shiftable
to a conductive state and connecting one of the leads from the power supply to the upper tip section,
10 a second switch selectively shiftable to a conductive state connecting the one lead from the power
supply to the lower tip section and a switch operating network creating a first switch signal to shift
the first switch to the conductive state and/or a second switch signal to shift the second switch to its
conductive state to control the effective CTWD of the arc welding process. According to the time
sharing between the upper tip section and the lower tip section, the effective CTWD is adjusted. By
15 using the invention, the CTWD can be maintained at a preselected value in a constant voltage
welding operation without arc current adjustment.
In accordance with another aspect of the present invention, the switch operating network is
a pulse width modulator with an output having a logic controlled by the duty cycle so that the output

creates one switch signal which is inverted to create the other switch signal. Consequently, the duty

20 cycle of the pulse width modulator determines the time sharing between current directed to the upper



FIGURE 2 is a current graph illustrating current sharing of the torch or gun
‘assenbly illustrated in FIGURE 1 together with the voltage curve b&%ﬂﬁﬂmﬁf
the pul se width nodul ator and a graph illustrating the welding current
during the operation of the present invention; 5 FIGURE 3 is a bl ock di agram
illustrating the use of the present invention to control the position of a
wel ding torch or gun assenbly for seamtracking in the wel ding process;
FIGURE 3A is an enl arged cross sectional view of a welding torch of the type
used in seam tracking enploying the aspects of the invention illustrated in

FI GURE 3;tig-ddetbf afid icBrrentddifseteditb |th§foﬂa%}itiPQeEt}Hr{ e thisl haBRdre thel Bfebhife EFWD is
divided tip sections of the torch 10 ilfustrated in FIGJRE 1 with a current

overlap cgncent obiained by usi a Si I ner. at or shown in Fl GURE 6;
i are 5 AUSER pashy W Gendhe tly Sfefide e pHEE FARMI BBieai Ton of ¢ he
present invention at the start of the welding process; and, FIGURE 6 is a
bl ock di agr am Theinmsmars obisgt of the niesenignvention st peeisemeban gleftrie arstwdierwhere he
15 switch signals creating the tine sharing for the welding current used in
t he presehd CTWIRbin benadjudtiEk ERRE hdchB @i IVENGvifie the rwdldigg tach sl withoutefsnging
wherein the showi ngs are for the purpose of illustrating a preferred

embogli ment. RfidiNEcdRention only and not for the purpose of limting sane,
FI GURE 1 sehovvs %c 20 electric arc welder A of the constant voltage type for

providing weld current to.torch or weldin un. .-8 2.9,AUG 2006..B so, t.he
torch can per f‘AtWE]i‘eé OSBFE‘?fﬁEe JSEnLinveHion s %SgEHYh%‘H} ‘étzaéll eéi‘#?%%f Wsldeg %@egjﬁ?d
supplied by a standard spool 12 and directed through the torch or gun B
t owar d a ahovek pyhacteelegtriciase weldereichidesiz contat tiphividedhmtatwo pastipgs separatgdchyodn
wire 10 the nolten nmetal is transferred to a weld bead on workpi ece Wp.

Power supmulatétSsich a8k aid gliRbr cefdmit BReve) ¥Ehi Lima Bithring sHtERAGRArK SundeaRedance
with 5 sonewhat standard architecture. In the illustrated invention it is an

ST B BUBRR T (LM LI o v supely can be
10 Yet another object of the present invention is the provision of a method of using the electric
arc welder, as defined above, which method selectively directs welding current to an upper section
of a divided contact tip, to a lower section of the divided contact tip or to both sections.
Still a further object of the present invention is the provision of a torch or gun assembly
utilizing the concept of a divided contact tip, which torch can be used for time sharing of the electric
15 arc welding current to adjust the effective CTWD without the need for mechanical adjustment or
current modulation.
These and other objects and advantages will become apparent from the following description
taken together with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

20 FIGURE 1 is a wiring diagram combined with a schematic illustration of a torch or gun

-7.



to produce a DC voltage across |eads 24, 26 on opposite termnals of filter
‘capacitor 28. A high speed switching type inverter 30 converts the 90KuU6 2006
voltage on leads 24, 26 into an AC output across |ines 32, 34 connected to
the primary winding of transformer 40. Secondary w ndings of the 10
transforner produce an AC vol tage across | eads 42, 44. The AC voltage across
these leads is converted to a DC current by output rectifier 50 having

out put leads 52, 54 for driving the welding process performed between
welding wire 10 carried by torch B and workpi ece WP. I n accordance wth

st andard_pr i V. e M sacross, .leads 52, 54 is sensed by
circuit %%e‘\%?ﬂi}f ééoﬁs réagcri cE:hC ac glr&ragn wi\/}éﬂ}esp reésgﬂtslg‘éﬂ Mcircuit 58 shown as a
shunt, but a Hall_ Effect sensor can_be used. To maintain 15 a snmooth DC
current, chok&IGHREs2gs A/ FHEM! gFRPUlipsifating sirrent shaging R thealgrehsorc g awsemilyt o
wor kpi ece  WP. Lead 52 is connected to the contact tip nechanismin torch B,
whi ch ti glweathdin EIGURE 1dogeher wathattle voltage comve antpat of thh ptilse widthswottulator and a
invention. To maintain the desired current through consumabl e el ectrode or
wire 10, oanhifif@ating W&Qir%‘ &f@ht during heipelatiefl of el préient/idv&Ridal i tuting the
i nput of mgve form@ rcuit 72. This circult controls the wave shape of the

current in th i.C c.20 wel dj,n r ogess. t put 72a of .wayve for
cirBurt 72 1 o FIGURES iEn B estim ol iaRhe it et of i pesed imghusiioigestiobine
wave shape of the wel ding process between el ectrode 10 and workpi ece WP.

Thi s conhesidosofmweldingtordngrguadssembly fonseame nackinginghe welding prpcesdn | i ne 58a
by error anplifier 80. In practice, the invention is inplenented digitally

and anplifi er FROURE 3A Rl dalapgdd.crdsh Sectibnid ivied gHlai vidl@ing €REIC6fthe type used in seam
illustrative in nature and is consistent with nornmal representation of a

cl osed | . t f L bg 2t he voltage input to
t he pom?g%%%ﬁgg}@gh%gﬁegg%g}ﬁﬁg g(rﬁoggﬂgg%tfegﬁ] ﬁ’gﬂ{?ﬁg the wdth of the
pul ses. The power supply pul.ses have a frequency controlled by, oscillator
84, which fr NG ¢k cefo P A/ . ne
Eéf?a‘éﬁ@flisg g@@ﬁ@ﬁaﬂwn renbdiEsgteg o s Axpledip serians o therforah

86 control the switching network in inverter 30 to create the desired AC
vollbage Hhswstsd amFpAURE hedti32 curdeht owerldpasonbgpt obtaimed| byt ising & wignelngenieratdrives
wel di ng process. As so far described, electric arc welders A and gun B are
the saneghobdh @FIsANdsr d wel ders and torches for nelting el ectrode 10 onto
wor kpi ece WP.

FIGURE 5 is a graph similar to FIGURE 4 illustrating operation of the present invention at
the start of the welding process; and,
FIGURE 6 is a block diagram illustrating the use of a signal generator for controlling the

15 switch signals creating the time sharing for the welding current used in the present invention;

PREFERRED EMBODIMENT
Referring to the drawings wherein the showings are for the purpose of illustrating a preferred
embodiment of the invention only and not for the purpose of limiting same, FIGURE 1 shows an

20 electric arc welder A of the constant voltage type for providing weld current to torch or welding gun



I n accordance with the present invention the contact tip nmechani smof torch
or gun assenbly B is divided into an upper tip section 100 with a?9dWér2nd
100a and a lower tip section 102 with a |ower end 102a. In accordance with
standard contact tip operation, wire 10 passes through sections 100, 102
which are isolated by an air gap 110, which gap is filled with a spacer 112
formed from 15 ceramic or other electric insulation material. In the
illustrated enbodi nent, spacer 112 is a part of ceramc sleeve 114
separating contact tip sections 100, 102 from an outer netal housing 120
defining ' | . hiel di n .

ai oxi de. B3 tisTofthicth PR pRRetparligh, B Skt Rl oF Wil o gfiRlieR By
fromlead 52 to advancin melﬂ%ng wire 10 is divided into two vertically
spaced ti %a@é&speﬂ%l%@dﬁ@%@ oyghytle toreh o B to2ed yveripices WP demslied abarchy
20 lower tip 102 and a second CTWD having a distance b determ ned by upper
tip 100. R.n Whewthtaarcaneltslihe Znd oféir€ 00Ghe wmiolthn nietali invensfened te arwddtbead om
|l ead 52 is directed to tip sections 100, 102 in a time sharing arrangenent
det er m negloRyictrore qﬁlﬂ#lﬁtsh%(;ﬂy?sqfs Rotf patd fitEE RS etiof ahd 19X RangeH iPEdcorBBcWith
switch SW1 "is connected to contact tip 100. Ina |ike manner, output 52b of
switgch SW2 is.connected t.o contact . tip 102, .\Wen switch .SWL. is in,a

condtot | vemSel SRR cntieF B T L e IRp ey inieRl floh i JRLeIE il Sy o
Current fromthis same lead is directed to tip section 102 when swtch SW
is in it draddirmabnanyiavertar gewer Wpphiran deiupyl. shiltrehphassinput 2driviesrinpuy rediidier 22
wel di ng process, the effective CTWD is controlled as distance ¢ between

di st ance ta,predutedi BCandtegdacrddsusadst2ae2@bih oppdsite técmiifls of fikarrapaditoads.e A high
according to the relative time that the welding current is passed through

swi t ches ; (=} ' c s '

2t the sanelishich Rt b oMk 930 Whaac R O IS aR ARG Gt®
according.to the inpedance experienced by the current through the two
separ at o lines 3en s cohmecleshioethy Primcy WERding of Srageioguer gecw%ﬁ&yrwmdwtq{ the
create the desired CTWD by operating switches SW, SW2 during the wel ding
opel@t i onramsfodinkf prodnte tn WS volfagemcsdsaricadg 42p44.t Ade WP epltagendcasss thésp leads is
sectionl00 and the |l ower contact tip section 102 can be controlled to

SP; ?Lpr ggt%ndﬁ'&idrt@g Dt Efent HeotepiReifieR sU REVIRE YuBht B I20k4 FGhBT RS the Weldifg
process performed between welding wire 10 carried by torch B and workpiece WP. In accordance
with standard practice, the DC voltage V, across leads 52, 54 is sensed by circuit 56 while the arc
current I, is sensed by circuit 58 shown as a shunt, but a Hall Effect sensor can be used. To maintain

15 a smooth DC current, choke 60 is provided in output lead 54, which lead is connected to workpiece
WP. Lead 52 is connected to the contact tip mechanism in torch B, which tip mechanism is
constructed in accordance with the present invention. To maintain the desired current through
consumable electrode or wire 10, a current command signal I, is applied to line 70 constituting the

input of wave form circuit 72. This circuit controls the wave shape of the current in the electric arc

20 welding process. Output 72a of wave form circuit 72 is the current command signal controlling the



15 enbodi nent, the time sharing or switch operating network 150 includes a
'second pul se wi dth nodul ator 152 havi ng an output 154 for control | §§AUGHE06
conductive state SW2 and inverter 156 creates an inverted output 158 for
controlling the conductive state of switch S W1. Thus, a logic 1 in output
154 cl oses switch SW2 and opens switch SW. A logic O in line 154 causes the
opposite result. The pul ses of the second pul se wi dth nodul at or are created
at a rate determned by oscillator 20 160. This rate is in the general range
of 1 ms to 5 nms with oscillator 160 operated at | ess than about -11 2 9 AUG

2006 1 kHz n vol.tfa

is the out| Et‘;m? gﬁ%g @gp}fg?%% EPL ]?gﬁ'c%%rlb WQF s&fghe sjtla‘t"g%m%ﬁ]eangmlgﬁg
arc length on line 174 with the arc volta e V. on |line 56a, accor dance
with the iSnpRaresh Withqhe seased e gumentdn g Hingi$adty eron qxwélfaehﬁ()r sIncRyasficee the
with the actual voltage on line 56a to determne the duty cycle of pul se
wi dt h nodinvantion ié bAplemented digially lhed amphfiens® i5 a PIDWlddkatThe keronahplifivy concepeist
is directed to the respective spaced contact tip sections 100, 102. This

produces aAms@4tivaGh hitbreGhME EdhsiteaPivith A8mial Peglfersgnté(tmﬁ[cﬁg%l&[%@ looEv Rustrol RE. ©utpyt

Iength In accordance with another aspect the 1 nvention he duty cycl e

sign 7 dul at or i
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effective CTW for the welding process and is used for seam tracking,

shown i n the@uith of theqmlsefBepongr shpplyirulses IBvrRE frequensy cpntealisd bxesp%atmﬁﬂcwblch
pulse wwdth x at the output of second pulse w dth nodul ator 154. Switch SW
i s conducfreyi@entpis dgeerally ifeexceadol dbbet Z0MIz. CBed ih $iné BE cortfol the sWfitcking. neByork
adj usting the width of pulse y, the effective CTWD is controlled. As

11 ustrat gdii b@neﬁﬁdaﬁeég g?éjll r@ vOita gﬁe%@ro@g bEpht Hfes3hVB, %’ﬁ% é'bgftc&)ﬁno .

arc current la on curr rema constént a
adj usted to corr FIGUR 3|IJutratesthe se,of the_effective
CTWD. 51 gnEHirsHhim iyl BToce8om s 0 FATHIESSHbADI ST HERFIE50A Gnd g0 B fi same

automatic welder. As torch B is being weaved inside a joint J (See FlI GURE
3A) 10bot hag stendant whldpsint itenhdsrfomnekimg eleotrade10 omte wiidkpiesedWPhe ef f ecti ve
CTWD on line 170 are conpared in circuit 192. By deternmining the CTVD
anplitude at oppPRShknceivARShOprebdif in¥RAYGA tRE contact tip mechanism of torch or gun assembly
B is divided into an upper tip section 100 with a lower end 100a and a lower tip section 102 with a
lower end 102a. In accordance with standard contact tip operation, wire 10 passes through sections
100, 102 which are isolated by an air gap 110, which gap is filled with a spacer 112 formed from
15 ceramic or other electric insulation material. In the illustrated embodiment, spacer 112 is a part of
ceramic sleeve 114 separating contact tip sections 100, 102 from an outer metal housing 120
defining a shielding gas passage 122 for shielding gas G, such as carbon dioxide, argon or mixtures
thereof. The contact tip for directing current from lead 52 to advancing welding wire 10 is divided

into two vertically spaced tip sections to create a first CTWD having a distance a determined by

20 lower tip 102 and a second CTWD having a distance b determined by upper tip 100. In accordance
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torch Bin joint J, an off-seamerror signal is created in line 194. This
signal is fed into a tracking 20 device which applies offset to th29 AUG 2006
originally planned torch path so the torch is maintained in the -12 2.9 AUG
2006 center of joint J. As the difference in effective CTWD differs due to
deviation of the torch B from the center of the seam tracking head 200

adj usts the position of torch B as indicated by the nechanism 202. This
concept is illustrated in FIGURE 3A, wherein torch B is used to track
between workpi eces 210, 212 for laying a bead 214. \Wen there is a

di f f er encgith theidvegtion/ QuirtMDrah 184083 lédleéctdd%rﬁp fecB¥nE 106G, U2 HO2 nn{eogrféﬂng
is not followng the seam Transverse novenent of the torch rep05|t| ons The

250, 2 SHORETERcomnegoy e BSREEh e e PR S, Do BRE P S Ay

sw tches SW2, SW., respectlveh% The si gnal enerator 250 has nore
versatil iis 9ortn|qetnd mogéacwlmiw @dikgmsnnerpoutpiy 9@b phswiteh Ve feeanagctedrsoetintasht
10 of the invention. The signal generator allows a nodification of the

i nvent i onipak02s when switdh SWREs irda vhikluctive spité, 2arrédGrang Had S2ris dirédied notipslseetioy e
state of swwtch S W1. In a simlar manner, negative pulse 232 is the tine

whens swi i SWrehtSrdiRthi€ 3&&1‘ ¥ Birectddits ig%cﬁgn f{fﬁi‘ewﬁgn SRHGRAD ! ﬁﬂnﬁfs%gn%ﬂ E

respect to puI se 230 to produce an over Initiati on of

SRR YR Cng\év%%%ﬁ\Hg‘?heﬁmgch&a%%g S Rveldind piokelt 36e fifctive, Clafh is

one switch SW, SW2 is conductive at any given nonent during wel di ng.
Nor mal | y cohtzolext e distanse ar befsveon tdistanat tag an$\ibstaicested Thmsdiheeeffective CTWIRng
through lower tip section 102. However, to control transients it is within

the i nvenbh@slldb® 428082 theS¥latitd1@fe ﬁﬁﬂﬂb‘%ldﬁ% @irent'i8 BassédBirdu g‘fﬂ%mt—EHésSSWI

feature is also shown in FIGJURE 5 where the starting puI se 26 switch

cvel o poVEEeYieR ned MHeST v Rle i itiondlinp Bl e Gl Bpis

current to both tips 100, 102. Thereafter, the switchin g -13 2.9 AUG 2006
10 52 passes through tips 100, 102 ‘according to the nnpedance experienced by the current through the

two separate branches. In summary, the welding process can be controlled to create the desired
CTWD by operating switches SW1, SW2 during the welding operation at different times.
Time sharing for the upper contact tip section100 and the lower contact tip section 102 can
be controlled to obtain the desired effective CTWD by a variety of control schemes. In the preferred
15 embodiment, the time sharing or switch operating network 150 includes a second pulse width
modulator 152 having an output 154 for controlling the conductive state SW2 and inverter 156
creates an inverted output 158 for controlling the conductive state of switch SW1. Thus, a logic 1
in output 154 closes switch SW2 and opens switch SW1. A logic 0 in line 154 causes the opposite
result. The pulses of the second pulse width modulator are created at a rate determined by oscillator

20 160. This rate is in the general range of 1 ms to 5 ms with oscillator 160 operated at less than about
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cycle can be changed by using a signal generator 250, or pulse width
modul at or 152. The switches are operated several times during a plBdd6a3n06
current in the pul se welding node. -14 2 ,9 AUG 2006 Having thus defined
the invention, the following is clained: 1. In an electric arc welder for
creating an arc wel ding process between a consunmabl e el ectrode advanci ng
through a contact tip and a 5 workpiece, said welder including a power
supply to create an arc current and arc voltage and having a first | ead
connected to said contact tip and a second | ead connected to said

wor kKpi ece, yprherpd cg}?f %ﬁé‘ﬁ%n&&f%@ﬁhé‘%lgﬁé‘mn{&% UticH i Engitdﬁg;}lﬂg}’?ﬂb ﬁFtF};P)%Sr

tip section an r tip sectiron and”an i1 nsulator t ectrica

i sol ates sai d upper and | ower, sectiops, a fjrst swtch selectively.

shi f t abl éﬁ’é%glkgé?ﬁm&a%ﬂmﬁ{ SR sSicgLare lcaist o8 1l b HeHILHS w6 veltageey astling S6a. In
conductive state connecting first lead to said upper tip section, a second

swi t ch sekeartiancewithsthe frtvaitian, tetdesiend azc lengtt sighahon Ised 74 iscminparechwith thechcatal ve
state, said conductive state connecting said first 15 |lead to said |ower tip

sect ion, _v%'ﬂ%@or?ﬂﬁet 5763 t& B@t'éﬁﬁih@ %eQﬁWcl%_ of%ﬁEéWicRH nfddhiatoit1 53'% Esirot itlgﬂéiatiw
shift said first switch to its conductive state and/or a second switch

signal tq.shift,said.second .swtch to its conductive, state, . .sai.d SwW .

operat i ngRebasPE Hef R Gy Teuid e Pe kipesire e Bt SeidRulo A Gy

parameter to 20 a nonitored welding paranmeter and to create a first or

second s\reduses &1 effective SIMMD e stahilige terasaroltaga and, thusyarcilenstly v Brasgerdaace with

defined in claim1l, wherein said swtch operating network includes a pul se

W dt h nodubthepispetttdf thein@etitpon, the duty cycle signal on output 170 of pulse width modulator 152
is integrated by integrator 180 to produce a signal in line 182. This signal represents the effective
CTWD for the welding process and is used for seam tracking, as shown in FIGURE 3.

10 Referring now to FIGURE 2, oscillator 160 produces a pulse width x at the output of second
pulse width modulator 154. Switch SW1 is conductive for the time y and the duty cycle is the ratio
of x:y. By adjusting the width of pulse y, the effective CTWD is controlled. As illustrated in
FIGURE 2, adjustment of the effective CTWD does not affect arc current I, on line 58a, which
current remains constant and need not be adjusted to correct CTWD.

15 FIGURE 3 illustrates the use of the effective CTWD signal in line 170 to control the tracking
head 200 of a robotic automatic welder. As torch B is being weaved inside a joint J (See FIGURE
3A), both the torch position from feed to arc line 190 and the effective CTWD on line 170 are
compared in circuit 192. By determining the CTWD amplitude at opposite sides of the weave of

torch B in joint J, an off-seam error signal is created in line 194. This signal is fed into a tracking

20 deviece which applies offset to the originally planned torch path so the torch is maintained in the
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having a controlled duty cycle, said output creating one of said swtch
‘signals and an inverter for converting said one switch signal to ?B&U6t20M6r
of said switch signals. 30 3. The inprovenent as defined in claim2, wherein
said control circuit creates an output with a duty cycle signal for
adjusting said duty cycle to control the effective CTWD of said arc wel ding
process. 35 4. The inprovenent as defined in claim3, including neans for
reading said duty cycle to create a CTWD signal. - 15 2.9 AUG 2006 5. The
i nprovenent as defined in claim3, wherein said set wel ding paraneter

; | udi . . . . i i i
I ncl udi ngexﬁ%rzﬁ oifif J.SI ﬁ@ﬁﬁ%ﬁ&%ﬁ HEI' ﬁfg&&ﬂe By dlﬁ@fstd%gzéjfl%‘)gﬁiﬂ mv@@&&g@tﬁ%gn

I ncl udi n rc vol tage. | nprovenent as In clalm 2,
i ncl udi ng neans f readj ng .said ycle to create a CIWD signal, 7. The
ot oventi St i B rarinahgad AL adlEts Sus BoSHER WEitGie % ordiGehb dhe
including a set or selected arc length, said nonitored welding paraneter
i ncl udi ngnechanism 202 ThisiepmcerB is iithgrataddn SUEURE!3 A9 whdedfin toech B 15 usediforiragk betiveerei n
said pulse wdth nodulator is operated at a frequency of |ess than about |
kHz. 15 Qorkpicet 210, QY2 t@n&yi:?a B&ddinad WiknGhék 18 BdiffeRaSinrefieativt OPWED at%aggé y
Is a swtching type operated at a frequency of greater than about 20 kHz.

5 of joint J by circuit 192, torch B is not following the seam. Transverse movement of the torch

repositions the torch.

In accordance with an aspect of the invention, a signal generator 250,as shown in FIGURE
6,creates signals in lines 154a, 158a to control switches SW2, SW1, respectively. The signal
generator 250 has more versatility than pulse width modulator 152 used in the preferred embodiment

10 of the invention. The signal generator allows a modification of the invention as shown in FIGURE
4 wherein pulse 230 represents the conductive state of switch SW1. In a similar manner, negative
pulse 232 is the time when switch SW2 is not conductive. This pulse can be reduced in size with
respect to pulse 230 to produce an overlap at the initiation of switch SW1 and before switch SW1
is turned off. Overlap m, n in practice is in a range of 5-30 microseconds. In accordance with the

15 invention, at least one switch SW1, SW2 is conductive at any given moment during welding.
Normally the torch is started with switch SW2 closed to direct all current through lower tip section
102. However, to control transients it is within the invention to have both switches conductive at
the same time. This feature is also shown in FIGURE 5 where the starting pulse 260 for switch SW1

overlaps starting pulse 262 for switch SW2. At the start of the welding cycle, both switches SW1,

20 SW2 are conductive to distribute the welding current to both tips 100, 102. Thereafter, the switching
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20 10. The inprovenent as defined in claim2, wherein said set welding
paranmeter including a set or selected arc length, said nonitored §glAIGAE6
parameter including the arc voltage. 11. The inprovenent as defined in claim
1, wherein said switch 5 operating network includes a signal generator for
creating said first and second switch signals. 12. The inprovenent as
defined in claiml, wherein said swtch operating network controls the
relative tinme of said first and 30 second switch signal. 13. The

i nprovenent as defined in claim12, wherein said swtch operating network

is a pul Sﬁ'cl’@ Ghibe Thettaby ﬁsﬁ’l‘%g?igﬂél ﬁ@fg%rﬁH% ?@?%fﬁid@dﬂhﬁﬂhio?QSﬂ.uw? gﬁréﬁé}%s

sai d out put creating one” of s and an 1 nverter

converting said qne switch signal to the other of sajd switch signals. - 16
SOn G e apertied Sor@Hl (e R dpulsd of BFTTEin 1k POISa WIS MRS ual og. means
for creating a CTWD signal by conparing said relative time of said first

and second switch signal. 5 15. The inprovenent as defined in claiml,
wherein said power supply is a switching type operated at a frequency of
greater than about 20 kHz. 10 16. The inprovenent as defined in claim1,
wherein said set welding paranmeter including a set or selected arc | ength,
said nonitored welding paraneter including the arc voltage.
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17. In an electric arc welder for creating an arc wel ding process 15

bet ween a consumabl e el ectrode advancing through a contact tip and?& AUG 2006
wor kpi ece, said welder including a power supply to create an arc current
and arc voltage and having a first |ead connected to said contact tip and a
second | ead connected to said workpiece, the inprovenent conprising: said
cont act HAVANPnERRidef iasdupbrrinieptaon scdtd GRlaAM RO liGwelainsd secti on and an
insulator that electrically isolates said upper and | ower sections, a first
switch selectively shiftable between a conductive state and a nonconduct i ve
state, sai di® cBhdatiTVe Sttt tofifectiPig FPASErT edll £ sHPHI LRI GESS

secti onpeRwe8QCOHNELMaGN e SEl &&ddokel Yashhd trplarbeineenAtaendusd iang state
and a 3 nonconductl ve state, said conductive state connecting said first

| ead’t 0 "O&KBIFCRer SE1D ¥BEEEoni PGHWIRIs\E tRAVESpTERPL NG tRet 6Pk éPedffng a

first swurebnsi gRal ate sbBLfigsadh fHdvShgSW tiGRst01kb8 c6RMEMIET @ Saake
and/or a second switch signal tqQ shift said second switch to its conductive

state t GOROAEF ot Phe? Tt f BeSiECRPETWARE LaPgcsedare i G NP pPdeess <hfd

swi tch qperatémgnietvlpkidig udidi acputse wiglt AinpDGe At 0kn WubPe 2 toyt put
having a control |l ed dut% cycle, said output creating one of said swtch
S|gnaIsS§ﬁ618ﬂ PRVe?t &P ?Brtlﬁxﬁﬁﬁ§ﬁPFn@n§aFH ORBAG T FRef gRARC T e Yot her
of laal 351%\&15685 fgagmalh;spexsardi qmg&okeetr@mﬁt a(lrﬁlaztsltn&walﬁcﬁu'é{@ﬁcﬁvamya duty
cycle or. adj usti sai ut cle to cont the effectiy

8 CoRIGTARES i REBner GITHIT P he’ Hpmaiae P H vy Ehete. 2l 2.

AUG 200G@onsughate ot Sal (&o@ué@tﬂndayflasconrpadl sO®nNsaifd alp@legnalpre@ftasent ati ve
of ,

second switch selectively shiftable between a conductive state and a
nonconductive state, said conductive state connecting said first
15 lead to said lower tip section, and a switch operating network
creating a first switch signal to shift said first switch to its
conductive state and/or a second switch signal to shift said second
switch to its «conductive state, said switch operating network
including a control circuit that compares a set welding parameter to
20 a monitored welding parameter and to create a first or second switch

signal based on said comparison.

2. The improvement as defined in claim 1, wherein said switch

operating network includes a pulse width modulator with an output

,.\
-~

having a controlled duty cycle, said output creating one of said
switch signals and an inverter for converting said one switch signal

to the other of said switch signals.

30 3. The improvement as defined in claim 2, wherein said control
circuit creates an output with a duty cycle signal for adjusting
said duty cycle to control the effective CTWD of said arc welding

process.

35 4. The improvement as defined in claim 3, 1including means for

reading said duty cycle to create a CTWD signal.
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the desired arc length and the arc voltage. 18. The inprovenent as defined
inclaim17, including neans for 5 reading said duty cycle to cregtieAif VD
signal. 19. In an electric arc welder for creating an arc wel ding process
bet ween a consumabl e el ectrode advanci ng through a contact tip and a
wor kpi ece, said welder including a power supply to create an arc 10 current
and arc voltage and having a first |ead connected to said contact tip and a

second |£adrONgGednt O SA VKR e6ec1iNe 3] MOverent ; §oupt i $if\ginsaid
contact tip |nclud|ng an upper tip section and a lower tip section and an
i nsul at G2 GEECE| ECLPERIT y2 86| Rte$edFECAppEF dRAITOMEPaERCcIPBREOres fi r st

switch selieGthlgvehYardex thiihtabhsPehveshc a,QeRdYcti ve state and a
nonconductive state, said conductive state connecting first lead to said

upper tip section, a second switch selectively shiftable between a
conductig/e shat ampRdvaneMONgONiGtin¥e Sthat&raisei d, conduehiNe $kah€ for

connecting said first lead to said |ower tip section, and a switch
oper at i FFIEPAOPRIDAUe Y FHY & fFrPEte shiGTWh Sighal- to shift said first
switch to its conductive state and/or a second switch signal to shift said
second switch to its conductive state to control the effective CTWD of said
arc wel di ng'i5r JEBLEVERER Y Fni 45 "6Per At FHY et woreted na Setgnaft W4t or
f or mrﬁqiaiﬁaagl_esakd iﬁid:n?@iragwda SS@@NdrS\giellébtédrl]gBQJ_:S,lelﬁ@flﬁj, syd becax@ﬂ?:l’r%tdi ng
net wor k causi ng sai irst and second swt signals to coincide for a

1 ThsBithe th dfed

u
peri od S*&BEdt PBEHE HHtC o th802TG O Fectric arc welder for
creating an arc wel ding process between a consumabl e el ectrode advanci ng

t hrough a cgntact tip and a 30 .workpiece,. sajd | der i ncl udi a power
suppiy t%j C aﬁ€p§ﬁV§T%pt as é%flned Pn cfglméa, wherein said pu é% widt
modulator is operated at a frequency of less than about 1 kHz.

15
9. The improvement as defined in claim 8, wherein said power supply
is a switching type operated at a frequency of greater than about 20

kHz.

20 10. The improvement as defined in claim 2, wherein said set welding
parameter including a set or selected arc length, said monitored

welding parameter including the arc voltage.

11. The improvement as defined in claim 1, wherein said switch
(3 operating network includes a signal generator for creating said

first and second switch signals.

12. The improvement as defined in c¢laim 1, wherein said switch
operating network controls the relative time of said first and

30 second switch signal.

13. The improvement as defined in claim 12, wherein said switch
operating network is a pulse width modulator with an output having a
controlled duty cycle, said output creating one of said switch
35 signals and an inverter for converting said one switch signal to the

other of said switch signals.

- 16 -



current and arc voltage and having a first | ead connected to said contact
tip and a second | ead connected to said workpiece, the inprovenentyg AU 2006
conprising: said contact tip including an upper tip section and a lower tip
section and an insulator that electrically 35 isolates said upper and | ower
sections, a first switch selectively shiftable between a conductive state

and a nonconductive state, said - 18 Z g AUG 2006 conductive state
connectifng f4rst i head dnsaid URPEHELI nse@fal% 12 SeLON S tnmn%eltgﬁ“ vel'y
shi ftabl e between a conductive state and nonconductive state

conduct|QR?a§ﬂ§9eac@ﬁWRxﬂhgﬁgls%Ychm9a§ﬂngl%%kﬁt&?l§éﬂﬂeltwmﬁ afi pasecfizst, and

a sw t chypecabhA0setMokgratreating a first switch signal to shift said
first swtch to its conductive state and/or a second switch signal to shift

sai d’second switch to its conductive state to control the effecti ve CTWD of

said arg Wehdi Ry PERGRTS, asahds SWd GR ePelAtl NGnASLYRI Kaip p%wékgaﬂ_l, ly
generator for creating said first and second sw tch signals, said SMAtCh

oper at i N RetWbF KN eherv@ei AR5 fitr 3t fapPCyoRd SHrE e télla@na?%‘ltatzot he
start ofxmysaid arc wel ding process. 21. A nethod for creating an arc wel ding
process between a consunebl e el ectrode advanci ng through a contact tip and
a workpiece 15 using a power supply to create an arc current and arc

vol tigge 1@nd MhaviiRgrévdidt! aseadremen edatif $ai dh&atach ikl Bednfe AuisgCONd
| ead connected to said workpi ece, said nethod conprising: (a) dividing said

cont act HFBFARED éﬁchbﬁ%ﬁgt?pSEEcPFoﬁeéﬁat%dsBéEe&e“96h1oﬁ%%dtW%“gﬁHﬁﬂon
el ectri calildy nysph pded i AL B@d ihqURREr a B€Gid1@A e .

17. In an electric arc welder for creating an arc welding process

15 between a consumable electrode advancing through a contact tip and a
workpiece, sald welder including a power supply to create an arc
current and arc voltage and having a first lead connected to said
contact tip and a second lead connected to said workpiece, the
improvement comprising: said contact tip including an upper tip

20 section and a lower tip section and an insulator that electrically
isolates said upper and lower sections, a first switch selectively
shiftable between a conductive state and a nonconductive state, said
conductive state connecting first lead to said upper tip section, a
second switch selectively shiftable between a conductive state and a

{ 3 nonconductive state, said conductive state connecting said first
lead to said lower tip section, and a switch operating network
creating a first switch signal to shift said first switch to its
conductive state and/or a second switch signal to shift said second
switch to its conductive state to control the effective CTWD of said

300 arc welding process said switch operating network including a pulse
width modulator with an output having a controlled duty cycle, said
cutput creating one of said switch signals and an inverter for
converting said one switch signal to the other of said switch
signals, said control circuit creating an output with a duty cycle

35 signal for adjusting said duty cycle to control the effective CTWD,

said control circuit controlling the magnitude of said duty cycle
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‘(b) selectively connecting one of said |leads to a selected one or both of
said contact tips to control the effective CTWD, and, (c) control | §8g\U6re0s
sel ective connection of said | eads by conparing a set welding paraneter to
a nonitored wel ding paraneter. 22. The nethod as defined in claim 21,
wherein the duty cycle of said selective connection of said | eads conpri ses
the rel atiguelt bmesa3D seaipdtt bp sec&dua&ﬁsaneoﬁomrm&nnai trepgasentare vieead and

i ncludin fu thQr t of dj st d duty cycle to control said
CTV\D. 2§%eTEeSlr 5d a%gﬁ |ne§ #ﬁ c alﬁlg 9Wher ei n said duty cycle has a
period created by an operating frequency of |ess than about 1 kHz. 35 24.

The et hed ag, de{rﬁﬂ%@eh@nf?' akMRd nuhen gl n)3al,d ;pove ncsi'xﬁﬁ%ér mEans B, 29

AUG 200 a sWtc Ing type operated at a frequenc grea an about 20
kHz.5 23eafheg netitbduag deflindd cnegtaianCZ@D $¥HJ15\ldl ng creating a CTWD 5
si gnal based upon said duty cycle. 26. The nethod as defined in claim 25,

i ncl udi ng changing the position of said el ectrode based upon said CTWD
signal . 120 2Zn. aThelgsthbd asc dedldred for @rgeiin®, amherei vebdiny satoogebdi ng

par amet udi 0 I e n i r | di ng
Par amet o T RET Ui R TRACSS o oIt 206 DR g Rat Wl Se CUeT T red 1 arar m 97,

i ncl udi Wgrkpee e ntaihi weldsr B laddnpseamowar| yuephst AAt cheatei APuBIEo sai d
congyimehl,e el eChf@dErc Wi NG S AR ¥aGikG! di B9, DE OPES$: connected to said

contact tip and a second lead connected to said workpiece, the
improvement comprising: said contact tip including an upper tip
section and a lower tip section and an insulator that electrically
isolates said upper and lower sections, a first switch selectively

15 shiftable between a conductive state and a nonconductive state, said
conductive state connecting first lead to said upper tip section, a
second switch selectively shiftable between a conductive state and a
nonconductive state, said conductive state connecting said first
lead to said 1lower tip section, and a switch operating network

20 creating a first switch signal to shift said first switch to its
conductive state and/or a second switch signal to shift said second
switch to its conductive state to control the effective CTWD of said

arc welding process, said switch operating network is a signal
generator for creating said first and second switch signals, said

- switch operating network causing said first and second switch

signals to coincide for a period of about 5-30 microseconds.

20. In an electric arc welder for creating an arc welding process
between a consumable electrode advancing through a contact tip and a
30 workpiece, said welder including a power supply to create an arc
current and arc voltage and having a first lead connected to said
contact tip and a second lead connected to said workpiece, the
improvement comprising: said contact tip including an upper tip
section and a lower tip section and an insulator that electrically
35 isolates said upper and lower sections, a first switch selectively

shiftable between a conductive state and a nonconductive state, said
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20 29. The nethod as defined in claim28, including the maintaining of a
substantially constant arc voltage during said arc welding proces$g A6 2006
The nmethod as defined in claim27, including the maintaining of a
substantially constant arc voltage during said arc welding process. 30 31
The met hod as defined in claim25, including the maintaining of a

subst antPafprgt Eensttane Bearesthina fiossalerd dres el epepectimdectdeni ng sai d

arc wel dbpgn®r 9SS sezecdN1fRLHOd: A dekinedni & 3de ingluding,the

mai ntai ning of 35 a substantially constant arc voltage during said arc
wel di ngROPFeREEE1VE0 STALE: AR ZD0EP BT i1TRe STEfRoPAScGE Phedain diapm 25,

i ncl udi ngatihe omeéstai Db ofig subsiant i ahdy aConstaumt %;érra\eqlnt;a%t@%kng
said arc welding process. 5 34 . The et hod as defined in claim22, wherein

sai & sefr@eFfihgd paFamefettihciididg @ sitifér Sérediddtasitengtn, 15ai d

moni t or ednavet G tRAEAARY L8r | NCddednBg stivecrars ghaht agesn 1 3xia Fae ARt hod
as defined in claim34, including the maintaining of a substantially

const anfWhegk Fhpdts F8n§‘é‘F"le(?or§§6ﬁﬁb‘f% ‘@nééPlloEl}ée g veartard wetdi ng

p][ ocessardb welliagmaidedsas defiidnediitrnCl sHdPa3Bngl HtudiRY itshes Maiighal ni ng
(0]
generator for creating said first and second switch signals, said
10 switch operating network generating said first and second switch

signals at the start of said arc welding process.

21. A method for «creating an arc welding process between a
consumable electrode advancing through a contact tip and a workpiece
15 using a power supply to create an arc current and arc voltage and
having a first lead connected to said contact tip and a second lead

connected to said workpiece, said method comprising:

(a) dividing said contact tip into an upper tip section and a spaced

20 lower tip section electrically isolated from said upper section;

(b) selectively connecting one of said leads to a selected one or

both of said contact tips to control the effective CTWD; and,

[ {(c) controlling the selective connection of said leads by comparing

a set welding parameter to a monitored welding parameter.

22. The method as defined in claim 21, wherein the duty cycle of
said selective connection of said leads comprises the relative time
30 said top sections are connected to said one lead and including the

further act of adjusting said duty cycle to control said CTWD.

23. The method as defined in claim 22, wherein said duty cycle has a
period created by an operating frequency of less than about 1 kHz.
35

24. The method as defined in claim 23, wherein said power supply is
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-15 a substantially constant arc voltage during said arc welding process. 37
The method as defined in claim34, including the maintaining of 74 AUG 2006
substantially constant arc voltage during said arc welding 20 process. 38
The met hod as defined in claim22, including the nmaintaining of a
substantially constant heat input to said consunable el ectrode during said
arc wel di n¥igrcdéags tyB9. orpeatrrd hod asftkfuensd iof grapheB8thamaoiheditn@ 0t he
mai nt ai nig3g of a substantially constant arc voltage during said arc wel ding
process. 30 40 . The nethod as defined in claim22, including the
mai ntai ning of a substantially constant arc voltage during said arc wel ding

process.osAl shelhetmRichad ask defklingd idlaghaibm 21n-YWhe! & NeS&id ngowercsPp! y
is 35 a switching type operated at a frequency of greater than about 20
kHz. 3- ZE9nplobaggs 2596 s32d dutie S¥etBod as defined in claim21, wherein
said set welding paraneter including a set or selected arc |length, said
noni t or ed meldingggaraneter i ncluding the arc voltage. 5 43. The nethod as

defined 4% cFof mE2hof n@suditii e i FLAHRI g of 1N Uslibgt aePaing cdest ant
heat indsit@ofabd SARSWNBBL L&) ehlkadgporWaiiAgcsmb & i@ma1Wel di ng process.

10 27. The method as defined in claim 25, wherein said set welding
parameter including a set or selected arc length, said monitored

welding parameter including the arc voltage.

28. The method as defined in claim 27, including the maintaining of
15 a substantially constant heat input to said consumable electrode

during said arc welding process.

20

29 . The method as defined in claim 28, including the maintaining of
a substantially constant arc voltage during said arc welding

process.

30 . The method as defined in claim 27, including the maintaining of
a substantially constant arc voltage during said arc welding

process.

30 31 . The method as defined in claim 25, including the maintaining of
a substantially constant heat input to said consumable electrode

during said arc welding process.

32 . The method as defined in claim 31, including the maintaining of
35 a substantially constant arc voltage during said arc welding

process.
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10 44 . The method as defined in claim43, including the maintaining of a
substantially constant arc voltage during said arc wel ding proces§.q A 2006he
nmet hod as defined in claim42, including the maintaining of 15 a
substantially constant arc voltage during said arc welding process. 46, The
met hod as defined in claim?21, including the maintaining of a substantially
constant heat input to said consumable electrode 20 during said arc wel di ng

process3347.rplhge pRoNods a% Aekined &Gl 3 &ﬁ_cm&'ﬁlgudaﬁrégmyﬂﬁtgmmega'of}' ng of
a substantially constant arc voltage during said arc welding process. 48.
The net Fod sadsHertireldY ncenraral aricncvebiaie t Wergag ntisi ngrof welding

subst antj.alk¥sconstant arc voltage during said arc welding process. 30 49.
A torch for electric arc welding conprising an outer housing, a contact tip
for firecting electrical current to a consumable el ectrode passing through

sai d conyactyHd Pnd QAT th@ MOFKRIECS, @il 85! T isaleinsidial Aoy AR A gas,
passageway, said contact tip conprising an upper tip section, a |ower tip
secti onPadaMates énretidindl i A8l &ForseéPetedi ¢af| yengl at F i sAPRE tqgsd

sect i ONsye 1WRRE EPYr St tle@Nt nk Su@lRCh¥el ye digieayed to one or both of said tip
- 22 Z g AUG 2006 sections to control the effective CTWD of said torch,

said electrical insulator including an air gap and an electrically
10 35. The method as defined in claim 34, including the maintaining of

a substantially constant heat input to said consumable electrode

during said arc welding process.

36 . The method as defined in claim 35, including the maintaining of
15 a substantially constant arc voltage during said arc welding

process.

37 . The method as defined in claim 34, including the maintaining of
a substantially constant arc voltage during said arc welding

20 process.

38 . The method as defined in claim 22, including the maintaining of
a substantially constant heat input to said consumable electrode

during said arc welding process.

39 . The method as defined in claim 38, including the maintaining of
a substantially constant arc voltage during said arc welding

process.

30 40 . The method as defined in claim 22, including the maintaining of
a substantially constant arc voltage during said arc welding

process.

41 . The method as defined in claim 21, wherein said power supply is
35 a switching type operated at a frequency of greater than about 20

kHz.
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insul ted spacer at l|least partially positioned in said air gap, said gas
passageway at |east partially defined between said electrically 5%i9AU8 108
spacer and said outer housing. 50 . The torch as defined in claim 49,
including a first switch for directing current to said upper tip section, a
second switch for directing current to said |lower tip section and a swtch
control 10 network to selectively operate said swtches. 51 . The torch as

defined 4on, c*@i; n}né&oamgehgfgﬁéai S &%thnceom,r ouhepgfﬁwgm ngludg 1@1@ rst
out put signal operating sai Irst swtch, a second output signal operating
sai d secvHE™REE chingaddangont 6t B3 cialegicedt kar dempahessaidemonkt aiavy

par anet gfe 1A rQ ?QB&:E@E&d wehdhng, HRragetal;and causes said switch operating
network to créeate said first or second output'switch signal based on said

conpa@rison. 52. The torch as defined in claimb51, wherein said swtch

cont r ol 430, Rtk hbACk YOA8Ss B el AU 2 IR CONtLLLAY dhe ruhya EyElE det veen

said output signals, said duty cycle has a period created by an operating
frequency BFPFERiEHAN &9d§tant kHeat 53nPThe tPor e dascalshralte | Alefaiafes2,

wherei n §aiidgperiQda+S N dihg pagneal range of 1-5 ms. 54 . In an electric
arc welder for creating an arc wel ding process between a consunable
el ectrode advancing through a contact tip and a workpiece, said wel der

incligdi ag a eWaktab@PLY ddriGleatif anafk ¢330 iGun ety and aagnVoldage and
having a first | ead connected to said contact tip and a second | ead

connect &l tOPSAPRTWot Kpi COBSTRRe Anfpr S0bheFR CopPPsi tRtd saFd comtHOg tip
i ncl udi ngrsasypper tip section and a lower tip section and an insul ator
that electrically
45 The method as defined in claim 42, including the maintaining of
15 a substantially constant arc voltage during said arc welding

process.

46 . The method as defined in claim 21, including the maintaining of
a substantially constant heat input to said consumable electrode

20 .during said arc welding process.

47 . The method as defined in claim 46, including the maintaining of
a substantially constant arc voltage during said arc welding

process.

48 . The method as defined in claim 21, including the maintaining of
a substantially constant arc voltage during said arc welding

process.

30 49. A torch for electric arc welding comprising an outer housing, a
contact tip for directing electrical current to a consumable
electrode passing through said contact tip toward a workpiece, an
electrical insulator, and a gas passageway, said contact tip
comprising an upper tip section, a lower tip section, said

35 electrical insulator electrically isolating said tip sections

whereby current is electively directed to one or both of said tip
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i sol ates said upper and | ower sections, a first switch selectively 35

shi ftabl e between a conductive state and a nonconductive state, saild AUG 2006
conductive state connecting first lead to said upper tip section, a - 23 2
9 AUG 2006 second switch selectively shiftable between a conductive state
and a nonconductive state, said conductive state connecting said first |ead
to sai d Jesmepnsi pteectémthrolandha sof fodtiovger 8TWhg mfet worikl  ¢pealti ngeaddf i r st

Switoh $honalsbor Sifd1sfbe LSl ol tQsLE Sy, capguetd vestat e ang/ or a
second swtch signal to shift said second swtch to its conductive state to
control iMselépfleepierRr CIVWBesttsarEtiarly welsdihgngst deesgidsaid gewt craid

operat i Q_ﬁsn%f[a\égége@ ta{tpllléaggl rpQ?ti§IP} Qi&finteti?bgw;één asr}nq,ds%cl‘gggr§é/%)lflgh SO

as to maintain a” substantially constant heat input to said consuma

el ecfrod@suibeduiRanprsard artd eIt@irngopsbteess. 55 . The inprovenent as
defined in claimb54, wherein said switch network controlling the state of

t he firgé and second switch so as to maintain a substantially constant arc
vol t ageHur iThg $arahafe dabEingdl dirnGletBcéls. 1npluditgedj fpEdvephicradodef i ned

in clai mi3actsphdcambdsth pet Ik uppsel udingsaccit,ral &dddsd tsdifah goppares
a set meLdlng,paraneter to a ponitored wel ding paraneter and cause said
switch GHEFSEERY SBrRettwolk B&1¢r aVer at#P r §ECHPsBhd® st e sfyHaPlbased

on 98i d ne@QBRAr tSbl et ive N JdHARRY A sWB% clgbi ned in claim56, wherein
said set welding paranmeter including a set or selected arc length, said
nmoni t or ed

51 . The torch as defined in claim 50, wherein said switch control
network includes a first output signal operating said first switch,
a second output signal operating said second switch and a control
15 circuit that compares a set welding parameter to a monitored welding
parameter and causes sald switch operating network to create said

first or second outputswitch signal based on said comparison.

52 . The torch as defined in claim 51, wherein said switch control
20 network includes a circuit for controlling the duty cycle between
said output signals, said duty cycle has a period created by an

operating frequency of less than about 1 kHz.

53 . The torch as defined in claim 52, wherein said period is in the

general range of 1-5 ms.

B4 . In an electric arc welder for creating an arc welding process
between a consumable electrode advancing through a contact tip and a
workpiece, said welder including a power supply to create an arc
30 current and arc voltage and having a first lead connected to said
contact tip and a second lead connected to said workpiece, the
improvement comprising: said contact tip including an upper tip
section and a lower tip section and an insulator that electrically
isolates said upper and lower sections, a first switch selectively
35 shiftable between a conductive state and a nonconductive state, said

conductive state connecting first lead to said upper tip section, a
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‘wel di ng paraneter including the arc voltage. 58. The inprovenent as defined
in claim57, wherein said switch operating network includes a pul 88 AUG0
.modul ator with an output having a controlled duty cycle, said output
creating one of said 30 switch signals and an inverter for converting said
one switch signa] to the other of said switch signals. 59 . The i nprovenent
as defi #6G°PA ¥idh 5eledhbrelh sdafsakig tkatvesper ate iy aiév aof k@ in@nddes a

si gnal genepat@ktifiar &foali Ngasdi dondRdilvestsand S_@&m@t%t Ghigl gnaks. - 24
29 AUG 2006 60. The inprovenent as defined in claimb59, erein said switch
oper at i 1§2AetSfor RREAusPHYT saitB fSCELCRANd 288 e AhdS e e hoRF RTINS tRetvesknci de
for a perkeadigd abeutsb- 30ifkEr 9s@candss mibk .safike fimprowenesh as deki ned
inclaimb5 said swi tch n;twork i ncl udi ng}aa control circuit that conpares

a set V\éPBéH@th‘éer aihét&r 208/ °h Aot iBiPedvnetdi PP 5dr &tet8t f antP hrsE°edi d

sw tch egperahi g ivietcontkct DvLrLate aofidiircQr tEecontk swWkcbrwd Prlsabased on
said 10 conparison. 62 . The .inmprovenent as defined ip claim6l, wherein
sai d sefRielBLHYO phFRer Tl GULRG: aOREt" G0 SREEPEN SPEHTYngPA. T8 d
noni t or edateel df nothear aateker anel wHdegdt hewatch vald age. 15 6maintkhe a

i nprovenent as_defined in claimb54, wherein said swtch agegraélien rgg(tawork

i ncl ude$U8ShEl 5% Widt FORDRII Tt 8P tHP4R ot puptd  consum

10 during said arc welding process.

55 . The improvement as defined in c¢laim 54, wherein said switch
network controlling the state of the first and second switch so as
to maintain a substantially constant arc voltage during said arc

15 welding process.

56 . The improvement as defined in claim 55, said switch network
including a control circuit that compares a set welding parameter to
a monitored welding parameter and cause said switch operating
20 network to create a first or second switch signal based on said

comparison.

57 . The improvement as defined in claim 56, wherein said set welding
parameter including a set or selected arc length, said monitored

welding parameter including the arc voltage.

58 . The improvement as defined in claim 57, wherein said switch
operating network includes a pulse width modulator with an output
having a controlled duty cycle, said output creating one of said
30 switch signals and an inverter for converting said one switch signal

to the other of said switch signals.
59 . The improvement as defined in claim 57, wherein said switch

operating network includes a signal generator for creating said

35 first and second switch signals.
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having a controlled duty cycle, said output creating one of said swtch
signals and an inverter for converting said one switch signal 20 @& Alte2006
ot her of said switch signals. 64 . The inprovenent as defined in claim54,
wherein said switch operating network includes a signal generator for
creating said first and second switch signals. 65. The inprovenent as

defined in claimb54, wherein said switch operating network causing said
first ang sermndisyidwehesicgnal sddfnedoiRCi &es f0rs@, peréad of sahkoutw H-30
m croseconds. .30 35 - 25 , , . .

operating network causing said first and second switch signals to

coincide for a period of about 5-30 microseconds.

61 . The improvement as defined in claim 54, said switch network
including a control circuit that compares a set welding parameter to
a monitored welding parameter and cause said switch operating
network to create a first or second switch signal based on said

10 comparison.

62 . The improvement as defined in claim 61, wherein said set welding
parameter including a set or selected arc length, said monitored
welding parameter including the arc voltage.
15

63 . The improvement as defined in claim 54, wherein said switch
operating network includes a pulse width modulator with an output
having a controlled duty cycle, said output creating one of said
switch signals and an inverter for converting said one switch signal

20 to the other of said switch signals.
64 . The improvement as defined in claim 54, wherein said switch
operating network includes a signal generator for creating said
first and second switch signals.
65. The improvement as defined in claim 54, wherein said switch
operating network causing said first and second switch signals to

coincide for a period of about 5-30 microseconds.

30

35
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