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PLASNA SYSTEM ANO ?FPLACED SHEETS SG THOD OF ODERA'? F%ESALE
*Tfie présent inven| on reI ates to Q;L;ectrl ¢ 42N4 | | asma t echnol ogy d nore .
particularly to apiily WO | 8§§ jgé’@%ﬁ met hod of operating the
system'to optini zHaB‘?(S rc %gt rriand the cutting mode of
operation in a -" ?Eﬁ”‘i“&.‘ls ‘8

P éOPPEFéntlo is directed to anIé'Ilé%]tric

arc plasm syst em wihre .
nozzl e and el ectrode of the

ates a pilot arc between the

en tazﬁgfers the arc to a .
wor kpi ece noved in prOX|‘~ g of the nozzle. Such ,
a systemis described in Cbuch 3,641,308, especially Figure 4. A power ‘

suppl y applThe pregeddifrentioh ralgtes twoslectsic aﬂaqalashmechmdbgyfand morppatioulatlptocdn and
an adjacent workpiece. Unfil t ece i s brought ¢close . to the Ia?rra

t or chIopIo¥ed plasmacsysism, and 8 1 odam?ap ating theesystepcio-pptimize plob #¢ m
nozz| 83&@@%?&& g%}oadgn oQéJaﬁ&ng&uaﬂs%erP&hﬁma%ﬁQ urrent flow

t hrou arge resi's transfer swtc cl'osed. To transfer

the arc to a closely spaINCORPORATION BY REFERENCE e of cutting the
wor kpi ece, the resistor is_disconnected fromthe nozzle so-at_the resistor
Ps no |ongab myepionsis directod toran; electngarg plasma system Mhere R PPMeRSupplycirst ¢raatesy ent

ok BiloP S bl fheHadelanh! ARG P Palrdf 1ol 501 B0F vrallieds Wl a8t
st and iogkpi¢od mea&cgminmytoltﬁe pladis mabeﬁing afﬁem@bzle Suéh a3Psterrrisldésdribedur e

2 of Tatham 5, 530 which are i ncor porated by reference herein.

The p 911@&@:’;511;3 otsperialibciipwg 4a Aprwagernix penliss & ReC.aoltage asmss theslochede

e boEAE g iR B0 R Sudier. UnFE o gty s e Bpfita °°

1onver tath, Whepdireét sﬁpﬁly@r&t-ﬁb%h abd/Bétivéert the eWcir6deshd thohslze. | Thi® RROBridwh as a
directons through a pri mary network or winding of a transform The

seconpdﬂ,m;esmntamﬂbwmrm &row@mlsgcmmmpnéampwﬁddwmhmm

out puttS TG g S ta e Boecsy Sibrierefor SOt it cuni e ~€q¢#@?«%e'e%9q
pr Odufés&%rq's%s&&ihé&'éd &aupm%cﬁ&&redsd ﬁ:a@'th&%é&sﬂo@ﬁnof’%ﬁﬁﬁ\ﬁh giil dge . nver Cor

al so incorporated by reference herein to illustrate a
to pr wedkpiece aid e noatlpuWhelitkat cuenteccurs, thewelestris wid is trausftmed:-todhe workpigwe;

1%Iul ses t%e%en _pal g‘ijé‘?ﬁ{'@ OtEﬁg{;{ﬂr@gct | W?fﬁgeml th rcﬁu%l eg %%/ a choke

equi pf&ﬂﬁolbﬁy 3s RIREARA in Couch 3,641,308 and in Figure 2 of Tatham 5,530,220 which are
incorporated by reference herein. _ :
The power supply for directing a voltage across the electrode and the workpiece in 2 plasma

- system is a D.C. power supply; however, in practice the D.C. power supply is often the rectifying

20 output of a firll bridge inverter wherein a D.C. power supply is switched rapidly in opposite
~ directions through a primary network or winding of a transformer. The secondary network of the
transformer is two oppositely poled secondary windings rectified to produce a pulsating D.C. output,

which pulsating D.C. output is normally stabilized By a choke. Such a full bridge inverter for
producing D.C. oufput is disclosed in Bilczo 4,897,522, which patent is also incorporated by

25 reference herein to illustrate a full bridge inverter to produce a D.C., oufput. The current flow is
switched to create output pulses with a given polarity through rectifying circuits coupled by-a choke

with the D.C. equipment being operated. In the present invention the D.C. equipment is a plasma
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2 system As illustrated in the Bilczo patent, the switched primary
put'ses €reate secondary pulses in opposite directions with the pulse width
bei ng adjusted to control the output current. The adjusting circiting is
generally a pul se wi dth nodul ator operated at approxi mately 20-40 kHz .
Anot her full bridge inverter is shown in Bilczo 4,897,773 incorporated by
reference herein to illustrate how the output network for a rectifi beld2dl |
bridge inverter includes flow of freeheeling current between the rectified

out put Systeme s ilpstratedsinitheBileaogatany dbesivitghed pamagppulses coeatd sehentlapyibuless iaf
current_in.th .mary. section. a. transf or mer The t hree tents '
i ncor pdPRPE ‘ﬁVg %‘?sevflﬁh@g pHifF éﬂ‘ﬁi‘?ﬁaﬁﬁ%%e&"a‘t%ts‘rtb% Aetpyt qurregt- SUgg of
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D.C. wel di rtliig1g i ch ?nvertgflsma{frl%du{hﬁ? pom&rdag IipI}ibgdsitétbpoy@v\;ﬁibc Zf he prée{s%ﬂrrllt
i nvent iboidge fnviseten is shovar inBidézoe4:895773 incorporated by reference herein to illusBASKGRAHMD

OF THE | NTI . .. oper at ed a full _or, half bridge inverter
or ot hequ%eetv@ﬂ&&r %ﬁﬁ%i‘?gﬁ%eé?m ﬁnﬁﬁéﬁtﬂ?ﬂa ﬁgevgygalpgﬁugqen een the

t ransf e b ' | . . i

openi ngﬁlE n theﬁg{rl\ o?ds{]ﬁéiégg)z%%s?ga&ml S o%eg{%%@%)%@g%% h@sgﬁ gc‘?’?%gteﬁ%ea
wor kpi grimaxjisedtionofiadeansfommernd of the plasma torch Before the work is cut
or otherw s rocessed hy the S arc frogmthe torch, a starting .
sequence iseg#ﬁgﬁﬁgﬁt%éxm?@%%%“%@he@%M@&s@&?fé@ﬂaﬂﬁ@'mﬁ@ﬂofhe
el ect'rw 5 B5d SStaiit S JHp . | f _this
pil ot arc, ﬁc%&ﬁ(@ ary toil??igéé’éecgﬁﬁe@gﬁsﬁésgﬁ ?%rg.:)itg‘ge@ﬁ@h@%v#t e
péner  swpthieypowEp suppliesrsl which the preszh} mwention, is pattisulgely dzedted.or i s connect ed

bet ween the nozzle and the workpiece | ead of the power supply. During the
starting of the plasma toﬁéﬁ:K MQMW&MOSS this series
circuit inchygdif %’@ﬁ Hﬁﬂ%l gmg- | St OF rent fl.ows thrygh
the resistor as %o n éégg%l 0 harc |¢gg(5:1§'§5‘§rgé °ﬁ?8-ﬁ$%“5?%%‘ﬁ&%$ﬁ‘ﬁﬂ%he
separ ataes plasins system of dhe trasfértednas fyipe dholtides tah @labDdd Sid\ReR1d With A Plahf A8d

wor kpi ece., The currggézl flow through the resistor, during the pilot arc node
of opePREMBS I the gnd akthy nogale. s This ppenipgexposes the elegiradedo amwrkpiecawwhizh és neshen

tfai s v i , el ant [ ' e rkpi ece is 0se enough to the

155, VO O B R by i e AL b e U B

swi t chtigd toech)aestinting Requensé St @hplbyedwhéreinRopiddt! £¢ i @batbd BaR/eEP tHecdn he

wor kpi ece and nozzle so that the pilot arc is transferred fromthe nozzle

to t he cltewedn anddhe inside surfacenfike nozzlec Toakiow aationtaféhispilétyire dbis meckssary to

el ectr . tern.nals of th C power. .S y...Such a system

nor mal Yo %%%l%c@?caﬁ%%iﬁ%’&u&u% vﬁ]thnt%e power supﬁy.Dl‘o ac%ompflsh tﬂig %Lf/ectlve, a Parge stqr
is connected between the nozzle and the workpiece lead of the power supply. During the starting

20 of the plasma torch, a voltage is applied across this series circuit including the aforementioned large
resistor. Current flows through the resistor as soon as a pilot arc is created within the plasma torch.
The separate resistor is a circuit parallel to the gap between the nozzle and workpiece. The current
flow through the resistor, during the pilot arc mode of operation, creates a voltage between the
workpicce and the nozzle. When this voltage is sufficiently high and the workpiece is close enough

25 to the torch, the cutting operation is to be started. A selectively shifted switch disconnects the
resistor from its parallel relationship between the workpiece and nozzle so that the pilot arc is
transferred from the nozzle to the workpiece to create a series circuit with the workpiece and

electrode and the output terminals of the D.C. power supply. Sucha system normally requires about
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3 60 volts across the resistor, and the workpi ece nmust be close to the

‘riozzl €, to transfer the pilot arc to t he workpi ec when the cutting

operation is to be initiated. The use of a |large resistor presents
difficulties. The resistance causes heat |osses in the system The voltage
i s the product of the current and resistance. Heat loss is the predygh of
resistance tinmes the current squared. Since the size of the resistor

he 1 SLTHIR bt Biribe. e, ROk BRSER e B OUGRR, B VasBE g it 80
| NSt A8RSwoiliplect/whdnthe ehtting apedatiod Rdo fbe fiftiate® Whe de dTaderge Residier pradehtsng

node when thé switch-is opened. Instead, a double arc is created between

t he vvhfﬂoplt@seThmreslsmemmw&eaﬁqsspm theosystew. e voltageds the produet of theicgmertub e

d h
ol 1 gesistEite. Heat PLE B SRRt pbRubtaScaiRRE e GORE! Grasi Shof kiRt e ©°
yor Kpkg r%&n‘ﬂ&e‘é&ﬁé aeimiab%%lthgetb@fv@éen\me WRrgliddel andll the ieRiodd, TS frlisfirS

sonevvhat imted. It has been found that a reliable arc tansfér fromthe
pi | otopemﬁentforthhercosmon alyaysodbust.dndeed cin satpe instdnses, thte aré iscnot transfetved fromn t he

acr oo PRt iaded5 g Faing miodkr bt ton Avithh i rkped{ et RTHlo AR CTRIE. 1

arc Wwﬁhﬁ %ﬁ%w ﬂswdzaﬁ &E%@ﬂ&zﬁﬁ'&h&%@&&tﬁoﬁén‘i‘ﬁﬁrdoﬁm@%?&c%nmuon

Conseque mum current 1s needed for the transfer so that when the
SW t dmllumusqxlmmgp to thediopparmoezie. Sinee qrly abdut 60 velts it aveated dususe thegesistdr thei ent

1671 orstapdor dstghe it i porkbione o1 eper ot t o while 79T lloRe FRmBie 1 1 o
{DF Ot fiftied! Hhds el fdtnlt Dhat Wirkithinid o B3P Hefllor ﬁmg!é*eé{h%%&ﬁig

armount of 'S creat e vo tage across the resi'stor determ nes-the
st andnbde mquirmuai{m hﬂlbbﬁcxﬁmnt betoretn masﬁmkpzeéﬂm ths electpmictbefure terneeist he
wor kpi ec ?f cut . shoul d t be brou [ ose enough to cont act

Yy

i nadVEAS ve#agﬁcr? ?.ffﬁtogls é“ I gregty tis curenh magritydes they ¢

cont Qﬁ?%ﬁ edAﬁﬁ' ak&fl H?g%s g J{Hﬁ’ dof f
dlstZ&ﬁ%gm ﬁ? I ACr ease andof saccorrp?ét %ﬂ°ﬁ§ﬁ§é‘§§’§g %Itage

JA(D

15icr osurieht iy Redded dor thist trarisfee soahat wiven! theliswitdly dndpeaed, Wi dissopned the parallel

Si nce approxi nmat 150- 160 volts are somewhat conmon _across the pil ot arc

|
and Jesisipr, thyse sﬁ@%ﬂ% cyigent $hat svilh alleyy anpsitive 1g Gansfen plhitisaproblem withythe

d d-
o E%Q#Cﬂan v RRATRe BrbeaRionTe SRUGRL Ty Rebeth B VEkFlonbng PR " ”e
t he \p&ﬂmmmcmes;ﬂaﬂua £, S Qibstaﬁnﬂ"@icﬁﬁﬁﬁﬂhéa? isl 6feateq) Tite valtage dbrobs theOr
t he power su of apgpﬂm mat el y 300-350 volts is required. th this

| evelregistoy @ga,neéﬁbe standefitdistimeg, aveileble foyi e dvansfer. This is important since the

20 workpiece to be cut should not be brought close enough to contact inadvertently the end of the

nozzle. The probability of such destructive contact with the nozzle can be reduced by increasing the
transfer standoff distance. This increased standoff is accomplishe_d by increasing the voltage across
the resistor with the resultant disadvantages discussed. |

Since approximately 150-160 volts are somewhat common across the pilot arc and a voltage

25 of 50-75 volts is 2 normal voltage drop across the choke or inductor, the power supply must produce

b4

a voltage greater than the combined pilot arc and choke voltage by an amount which will cause arc
transfer. If the voltage across the resistor is increased to 100 volts, an output for the power supply
of approximately 300-350 volts is required. With this level of voltage and current flow, the resistor
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4 and.transfornmer output w ndings nust be extrenely high capacity. In
*additin, the normal pl asma systemwith 60 volts across the resistor can .
only transfer the pilot arc over a relatively snall distance, i.e. standoff
di stance, resulting in the tendency of the operator to bring the torch
extremely close to the workpiece so engagement or contact wi th theyeqghof
the plasma torch is a distinct possibility. In summary, the use of a

| et AR e Blmdr bRt St tag bl bR AL B Pty TSRO B RSB  aspe.
| 0Ss. system with'600¢dM8 aerdbstBéliesiston Gn ifly trvesfarthepilod bic Bvysd RlRivelgsnafldistinceg an,

electric arc plasma of the transferred arc type is that the D C _power

suppl iiesstandefidistancs) requlting i the tegdeney of the @eﬁ*vmrhpna@%m@tm ?lemtm s

he. prt oo cBRRERsRtn g wil Hethia o e ik Rt £ iSuh Postiitn?

rectiiers tg sanBabhe thie dde of a RRYEYesiStoPR paralibHvith R oD ldeeuﬁdeﬁa@me&preseﬁtsch
i's conmonly used i'n plasma technol ogy, has a secondarw ndi ng network for

the t rlmmmmnarm&rdstammm&eamm@ cregfioniofhgat t ransfor msr

2L??Pﬁgsngo€“‘8g 01}%3%3?‘?% %ﬁ%ﬁ&% t curv used duri n‘gﬁﬁbfﬂth th1e E f and

the trapsfpleltie }3@3% h&dt th wcagowﬂi Qés Qfe gei?&ang{ ﬁthaém

conpromse. It c have only one wre |ze Wi xed nunber ofséur ns.
Thus, adtematingeaurent|isroyeaéd i mblghcsgeedrmtchmgcwem ZEhe, cmntpﬁlsesaté yseflat thehe

Iot npde of operation, since t sa . Wi ndj, ngs nus be. in the
R0l e t? i4ying Sreqpgkry FORGIngR ity 3bp 2 PRI D Gohe
olta ' tél:'ﬂﬂ tin
\r/mde f oper on tg?gﬁ% %P?Iggwﬁgkggec%ﬂ uﬁ%ﬁ@accoﬂ%ﬁ% Iowg
curr embcm&rmmglnemgm—k foz Melttanaﬂadnegrwhnhrmmﬂad avsingle twindpiga The

node .of operation current in the range of about

arcs he p|| s ofte
15- 25%#9 smslaﬁek%seﬁefic%mtse@euﬁe &(@pp%laﬁ@écs @epds 50

vol ts. u Pg%g E(H'IE
mcreé’sfgg&fago%b?g &R%géée%’e%%dg&ﬁﬁ@%ﬂ%omer vol Tage |§‘%le£‘=’léﬂre§a'gg‘é3
Hoout wih@ingsbi & singlerveiading)inlist, betahfomptbmwe @f canrhafke Gnlytmxermﬁzds eratﬁi’ed
transf or mar to drive a _plasm system. which |s now somewhat, conmo

pr act @berQt furps Thuseths @ﬁiﬁm@% G0 be Sptimized, %’fec’cﬁﬁéuiéqudhepﬁqth

i i TR O bitaich ek a“‘&%ww philf b SO P B ol G her iy T

di st i ndditidhthelvienitanfs céﬁtﬁblhnmeaél@etah@cm daning UotBi:heCpim ke bf\eperdtdnt WO
modes of operation. Thus, prior art systemusing a single w nding

‘t r ansfagf the cutting mode of operation must have a large range of adjustment to accommodate low

20 current and high voltage, as well as high current and low voltage plasma arcs. In the pilot mode of
operation current is often in the range of about 15-25 amperes and the transformer voltage in the
general range of 300-350 volts. For a cutting operation, with the arc tranét:ened, the current is
increased to about 50 amperes and the transformer voltage is decreased to about 250 volts,
Consequently, the output of an AC operated inverter transformer to drive a plasma system, which

25 is now somewhat common practice, must be a compromise between the pilot mode of operation with
its high voltage and low current and the transferred arc mode of operation with the high current and
low voltage. This dual use of the output presents distinct disadvantages and increases the complexity

of controlling the two modes of operation. Thus, prior art systems using a single winding transformer
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5 t echnol ogy where the output of an inverter requires two distinct
*vol tag/ current operating areas, which areas are substantially different _
fromeach other, are not well suited for both pilot arc and transferred arc
operations. These prior systens also have relatively | ow standoff or
transfer distances and relatively high heat |oss due to the | arge Egmahla
resistor. To overcone this problem it has been suggested to use two power

supp! | : , . . ,
e L o e R e E T S

oper atwlich afeas hRGubstentddlly diffacfibfronSdaciinothel]i @dnot el saird!forSoth PHGEAS I N
the transfer distance, i.e. standoff, rapid transfer of the arc fromthe

pi | ot trepeferredarc ppertigns; Rbesepuier systemsalse hawe refatiyely dew staadaffertransferdistances

Pan beSaFREReR! B Blat S o ot Bbde R FMBisof 10 Dok MR B Halish O °
By us isﬁ%&sﬁﬂ tPLRINOpoiwar Qippliey) This@ohcvpeisleRPaisive] ¢oiiplox Aidradassise anl whight. Sane

required out put currents. In accordance with the present invention,
there is provided a plasma syst GTHEAINVENEWONn el ectrode and nozzle with a

bor ki oce. TR BRI iARE Ceplo 5 CYFOB) L APREARRE A0 S IS0 LS GRS R

Syst e HGE s AR\ herbdse AR biBfer st f.é(@ﬁn&ﬁﬁ%e%&trﬁﬁh’fer@mﬁ%c% gull

bridge inverter having as its Input stage a swtch D. C. power supply.
Such tpilehmiode teethe cirttinguniaiezand doesmot requirti the ineficientlpazilicl resistor of the pyionemtidi ng

T eyt it RS Pty R cam B¢ otopd b a2 o speoBisey WA SERETen by
the SQPB?GQéiMe,VH }d}%@ﬁ@éﬁt'&nﬁaﬁsﬁﬁe hbe ﬁwgﬂnﬁgpédr&ms%fm@%aﬁé ?ec@\ﬁ‘éd

el ectrodé and ndzzle. A'second circuit neans driveén by the secondar
w ndi gtputtumeits.i s used to create a plasma arc across the el ectrode and the

reant ana dASSSue W BapreReas, oy areblel b e g R
t ' ' . : ' ' I e it h
the' oA A Rl e pRURIE, B8y B oy e bl AP B

Kse c onaworipivee) ehivg workpieceds taobe out brictheravigs protessed) dTHignowehgysteth ubesanfoutsit

effective nunber, of turns for driving the first circuit neans and a second
Wi ndi Mm%%s@%%@%a ridgsdnvester hayingasilynpwt stageaswiteked

i 11 oG PN Be Suen Hifislrh iR ide STy SHASEL bl RS bepanr iR, O
node astivdrk dricett by pugsing dppositéi polaty plses ¥fcurrent through the primary winding network
of the transformer. A first circuit means driven by the secondary winding network is used to create
20 a pilot arc across the electrode and nozzle. A second circuit means driven by the secondary winding
network is used to create a plasma arc across the electrode and the workpiece. A switching means

selectively switches between the first circuit means and the second circuit means. ‘As so far

described, this novel plasma system is essentially the system used in the prior arf. In accordance
with the invention, such a prior plasma system is improved by changing the secondary winding
25 network to include a first winding means with a first effective number of turns for driving the first
pircuit means and a second winding means with a second effective number of turns for driving the
second circuit means. The first and second effective number of turns can be different so the
voltage/current operating curve is different during pilot mode and the cutting mode. The "effective"
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6 nunbey of turns indicates that the turns in the secondary w ndi ng of
‘the systemis provided with a nunber of turns to create the desired

vol tage/ current curve at the output of the transfornmer. The invention is
descri bed by using the phrase "secondary w ndi ng network” so that the
particular architecture selected for the secondary networks or secon A%
w ndings of the transfornmer is not inportant. The basic concept of the

syt om pitRe b e R REE RS sihb il BH ey o ortis aisth b oot o,
second \WupibeP 8f fidhs 18 ctedle fHR'dekitéd PoltagbRtimemiana at IRCHRHUIUT. thSirankForer! The
I nventive concept, the %I asma system can ‘-be operated in a high voltage, |ow

cur r ent inyesdions idaspribad byiusing the pbirase "sgsendary ovinding netwerkl’ o thel the gertisulsn
U ST 8L e W, S B 1 BR i o B SRRE IO
f Or5 t he {RWREnt S TR bALiOVRBept BELS Wil B k6 Ssbahd WRATS AR Wbl r GIRAE @B

the cutting node ) By using the present ifnvention, the output w ndings
can be gbasmaisystemswith hdirstwindisg optimiined fovi pildit mpde of opéretigi 4mut thawehond fwinding

For "t ho SRAGHERATor R ORE s SOREEaEon o PGS ERORPA oMY B EHTS YD,
) ¢ f R _
such as cifitd Bpdaedfa Eu?h 'ggﬂtéﬁ, 8% &f&n@ﬁ%&ﬂﬁ%@%ﬁ% %gg&%&% a%xg ih B%ow

circuit neans for creafl e pilot arc. on is

used as valtagesbigh gmyentiared forghd autting modewf opbratian. r Buisj it ismatmecessery to compromise,
C I ng node of operation, By using the present inyention, | ower _turn

" atd o Qa1 RREERHED g PRAHS SOHLIRISY ! FOIERaE Prhe BRI SoPRYShAn the Fystemn
current i &iﬁ@tﬂﬂé&@&hﬁl@pﬁ&?ﬂﬁb@@aﬁtﬁ@%&iﬁg%&wt ting current. In practice,

the pilot turns ratio, primary to secondary 1s 26:26 and the cutting ratio

IS 26:24. ThiBy wsingethe preset invgntiati, tHearutput svimdingdeantbeptindrddssothatahe savispdarn

substanti al_, ditjference in the twQ out put curves. Hi gher nozzle to
i

wor kpi edendingiforthe niloh mode of gperation can berelatiysly small sompared fo the relatiyely large

and- hear8ings Rt Ehigh BBl Tl hoad F drBBhn bibcliE a Rl ke RIS 1638
i & he gpaags)deused dér thé eecondars Winiding cotnebied Mo timdicalt nveaht fgreating it silet aked

al | owi n%\ reater distances of transfer. Dedicated control equipnment can be
used fo £Avgs FopperTiRbos i used as 2 speondary svisding ferydnixing the carcait meaas wed inf

Cons bqudid e HEEOTKcEkrdh. ) MR HUorERR laPlayibll's RS SePlaBREE B bR for e
gggt pgleﬁigdihghasbﬁ it duttir@e TIR] less prdAGE currédlit 49'rdqaired td pRERIY & pirBidular Gettihe"
current. Tn practice, the pilot tums ratio, primary to secondary is 26:26 and the cutting ratio is 26:24.

20 This gives a voltage difference of about 25 volts which makes a substantial difference in the two

»

output curves.

Higher nozzle to workpiece voltages can be produced to increase the standoff to allow greater
arc transfer distance. With no resistor in the system, power loss and heat generation are drasticélly
reduced. By using two separate windings in the secondary of the transformer, a high transfer voltage

25 can be created allowing greater distances of transfer. Dedicated control equipment can be used for
operation in two separate areas determined by the architecture of the individual secondary windings
for each of the modes of operation. Consequently, the control equipment can operate in a generally
middle range and need not have a large control range, which large range is required for controlling
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7 a si.ngl e output w nding network that nust performthe dual function
of pilot arc and cutting arc. The use of the two separate and distinct _
secondary wi ndings for the plasma systemallows i mrediate shifting fromone
vol tage/ current area of operation to another voltage/current area of
operation. Thus, the pilot arc and the cutting arc are controlled QX 22
separate and distinct optinized voltage/current curve. A single 1421

vol tage/.current curyve is not requird for use with bqgth the pjl ot nobde_of
oper ataaﬂésﬁatpehwm mk&at@ﬁ&m%meﬁnﬂsﬁlmpgpﬂm Aa‘a*émsrm-e"glsees

e oot sl LRRIBS el bt S B Sov el 0

equi pnent i's ative e reaction tine ween”
pi | ot shiftingrfcom whe ivollagefcuthent aras of operation to dwthes ivoltagdieurrane aesat ofl apeeationon,
as the plsnma tqQrch is noved c]Joser to a workpjece to be cyt,, the cuttin
oper at V8w dhe pilot i3 andithel cpitingqiry are comEelled: By & sepestte ad Jistact enfamizeth:

rel ati i St ' Pl # Ll [, Gk es
(8 o Yotk bR clive. ARGt ol g Gl ufve R nbdrB A o B LR e pbRGRE O
a pl asgfopepstivh ddvanting mdde ol @peration d THisrsohabl advahtagbiifdredsepitlid pedé ofieis

pil ot arc node and cutting-node. Such operation is facilitated %ﬂt he

pr esenshiftingehetween théhpiet and, epiting madesodhe contrplyequipmanidts alsqirslatively sy
i d . . daff. : be | d
t o7 ovcRUrilce@ind the graction e bl Bt ol NdRe f BrdrBfiBa® o0 P MO PReC

prior art sSBgusifg theipresefit ifvmtion, a3 ticplisigi toich s mbMDlbder trdwotkpiRetebsad, and

the ease of arc transfer can be drastically increased by using this further

48 pect therutting opsrationnan be initiatedrapidly. Indeed; the frausfersam bemade pveraselatively agec t
f the, N i h f.. t e secod i nd] i th
owi o ipaeE Mhis abiF e siletet er BRcing disedRed RREL el RO et i SlBatnsy | o
by neagi¢hiab expinds®ietal Svhiefecn Wo?&?m@%dﬁéﬁgbm%%hdd%m‘fﬂs@ﬁﬁﬁ%ﬁiwt

reaches a certain level, arc transfer occurs by opening the transfer
swi t chbetween pilotraremode end tutting mode e Suchioperatiomis fagilithtedoyrthe prasenttioventions he

cutting,torch. .Of cours when .t he. wor kpi ece. j s v away, this current’
| evel %E@ﬁé%\“f@g?nﬁﬁ%‘ﬁ ?ﬁg?é%gﬁggﬁ%ﬁﬁgnf@?d“?g%&%%e a sel ected val ue,
ghe transf epurdii thdisthriioPRRNESE d UeliRfedsRa td Hfer300 vBRs.tﬁ&e%Hﬁ@h&ﬁQﬂﬂﬁ%d he
arc length increases, the voltage wll increase to a point whére the

t r ansf voltsmormally availablein prior attisystemsyit iv epprenjatedhthet the standoff c4n be ncgeasedamd t he
out put,current w )l decrease, and the transfer swijic 111 be closed, thus,
el i {18 8RE,OF A (AT <A 08 orSUGpLY ToresHed b, e S AT SPRCRH TG PSR!
forth hetspan the nodes of operation is acconplished

8

-

R4

In accordance with another aspect of the present invention, the use of two separate secondary

20 windings with a switch to convert from the pilot mode to the cutting mode can be controlled by
measuring or sensing the workpiece current. When the workpiece current reaches a certain level,

arc transfer occurs by opgning the transfer switch. This current level is increased by moving the
workpiece toward the cutting torch. Of coursé, when the workpiece is moved away, this current

level decreases. When the sensed current level is above a selected value, the transfer switch is

25 opened to transfer the arc to the workpiece. As the arc length increases, the voltage will increase to
apoint where the transformer can not deliver the same voltage and current. At this time, the output

current will decrease and the transfer switch will be closed, thus, reinitiating the pilot mode of
operation. This automatic switching back and forth between thé modes of operation is accomplished
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conveniently in accordance with another aspect of the present invention by
‘the use of current shunts in the circuit neans of the present invention.
The primary object of the present invention is the provision of a system
and nethod for operating an electric arc plasma device, which system and
met hod do not require a parallel resistor, produce high standoff q%;%ﬁaces,
and have the ability for rapid arc transfer. I n accordance

anot her object of the present invention, two sg aratgxoutput or secondary

wi ndi AeRveaicatly imacsgriance with agathes AsnertrLiha pretnt thergeshowratehynss arc
pl as r !Fﬁ’ w the system and met hod to optim ze s
opera |{(§1% |nmb %ﬁﬂh%?&%ﬂ% Ha{r?]d the cutting node. In this manner, the
‘vol t age/ CUFITheQirmﬁamtoijct efithepresent inventlvn if diss proeidionofapgsiireandmathod forer
range for each oper at1 ng node arlghlgheed not operate in the extrene outer

|i m t sperAtingathelptde atc plasma device, qdedq Rot geaptingracaaralie] feistosr eas

istegnen
3 st | Rrlch AR sbobB Uit AR ind Wiy Re BHARP REPPBERAELERT, Y, Poparate and

anot her objieaéconfantdrwith agsther objety 6fthe Presdnd invetion] Fv0 s¢PATAE oafROoBdeCorlaty ent
sensing arrangenents for shifting between the pilot_ arc to the cutting arc,

whi chwindingsare employed iy a/systesnangimetbodifor eperatingrancelectrici asgjpleama tareh.t Fhafsfoer to

of ar RARRGICARY R 4ien and mRfbA S OMEEakbleiod R BT tey iR i Bl ol o1

| N T egiydBS B this MamRf, the VdlRige/dRRdnt EGiflrod quiipAem ¢afk bé ﬂ@diﬁnedto operate Yieh caitat her
obj ect of the present invention is the provision of system and net hod, as

@ef i nmﬁmhwmmmgmﬂmwmmmmmwmmmmmm

| t d t .ot de., h t dof f_.di.st
01 badtp ¢ pibdied MR if opBlafod B s Shehl 8, 1 IR Rl A, SoBeRMBRE G
of a abeﬁhﬁeaewépaiate%adisﬂaét&mﬁs&w&v&Mﬂw&ﬂ&eﬁr&tﬂﬂMaﬁﬁgﬁml n or cut

node with different vol tage/ current char acteristic curves, Yet
anot her OijEﬁttantheI lobjeot of thet pricsent invieotion is @ rsmstgnomm sepanate eurwssmmd

net hod, as defi boye V\:hl ch syst e a met ho use of )
di £ 1 o PErARECTIeRts fOT R ryﬂczﬂr%r S S Al R SRR put
1% ndi B&ﬁ:&l%fﬁﬁ'ﬁnﬁlgvféﬂﬁcﬁﬁ‘r&ﬁér eé@tmqec&aaﬁcéaxm'taﬁ% @mece
r e pr esent I nven

Still a furthe ect o lon Is th eprovrsrono
syst eexavhihstant diaic tramsfetechin be seledtal/and contralled by sterety apetam aswlitelsia response

separate W ngr nglséasfu%d})rhs%ngeJ ot arc and cutting arc

Yet another object of the present invention is the provision of a system and method, as
defined above, which system and method allow a high nozzle to workpiece voltage during the pilot
20 arcmode so thata greater standoff distance is allowed. -~
A further object of the present invention is-the provision of a single power supply that powers
both the pilot arc and the main or cut mode with different voltage/current characteristic curves. -
Yet another object of the present invention is the provision of a system and method, as
" defined above, which system and method allow the use of different sized output windings and
25 different gauges of wire for the output windings to control the separate modes of operation of the
plasma device.
Still a further object of the present invention is the provision of a system and method, as
defined above, which system and method use two sepﬁrate windings for the pilot arc and cutting arc

-8-
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operations, have current control over the arc transfer process and all ow
“ihcreased standoff distances for the arc transfer.
obj ects and advantages w ||

t aken together with the follow ng draw ngs: BRI EF
DESCRI PTI ON OF DRAW NGS FIGURE 1 is a schematic wiring di alg:{f%gf
the prior art to which the present inventron Is directed,

is a schemati¢c W ring, f eferred odi ment resent

Fi GUREOPSRUPLS, G ot o] &Yt g e eSS BRERRET .
for prfop{he%@mdercuttr ng arc nodes of operation; FIGURE 3B is a
graph, such as shown in FIGURE 3A, with a single voltage/current

characteri sThese m&othembpdts jand aMntagemlﬁrecomh epparenhfrém GheHibliowing descriptibi GURE
3Cis g gr ?QEE 3B sho,vvr ng two separate vol tage/current

char a &Sby t he preferred enbodi ment of the

venti on shownrn FI QU |59ng ggaph simlar to FIGURE
showi ng the transfer 0o conFro tvveen t'wo es
prior art @IGURE priesechemativ eviting diagranhofiths iprig st toowhialy diequeseatinventivhds i ng

curve; FIGURE 4B is a graph simlar to FI GURE 4A show ng the control

shifti

Elete\lr\Jrle?EnAftChle contr (f%ei;a{ E@heﬂir ans %ﬁﬁﬂgﬁ%@ﬁﬁ%M%ﬂ%‘éﬁ%ﬁgnd

t he cciﬁwnmbn;ransfer of t he preferred enbodi ment of the invention shown in

cf"'éature of the preferred enbodi nent of the present invention;

Fl| GURE 4B; RE 5 is a schemati.c vmrrng di agram of the current

Ynsi ng feaﬁlﬁwAr%qufasrmg@%mfhesp«e 35908 sequired foy oot &8 2adid
illustra ﬁmﬁgé:ﬁ’ﬂg)e?aqﬁa‘ guration of the current shunts used to shift
and cuttlng; [ [ [

bet ween o ar ¢

st andof f cleGUREraBsis & graph, bich a9TElREvI BN FIGURENSA mrntslﬁglemge/clﬁrdﬁt GURE

5;

FIGURE 6 is a graph illustrating

_ characteristic curve used in the prior art shown in FIGURE 1;

15

20

25

Illlllll i llll I

FIGURE 3Cisa graph like FIGURE 3B showmg two separate voltage/current characteristic '_

curves as generated by the preferred embodiment of the invention shown in FIGURE 2;

FIGURE 4A is a graph similar to FIGURE 3B showing the transfer of control between two
modes of operation in the prior art of the present invention with a single voltage/current operating
curve;

FIGURE 4B is a graph similar to FIGURE 4A showing the control shifting feature of the
preferred embodiment of the present invention; | .

FIGURE 4C is a schematic diagram illustrating the functional differences between the control
transfer of the prior art shown in FIGURE 4A and the control transfer of the preferred embodiment
of the invention shown in FIGURE 4B; o

FIGURE 5 is a schematic wiring diagram of the cutrent sensing feature of the preferred
embodiment of the present invention and illustrating a second configuration of the current shunts
ueed to shift between pilot arc and cutting;

FIGURE 6 is a graph illustrating standoff characteristics of the embodiment of the invention
shown in FIGURE 5; | |

Sheet Has Been Tlaced
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becone apparent fromthe follow ng description

of operation in the
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FIGURE 7 is a schematic diagramof the inverter transfornmer used in the

- enbodi-nment of the present invention with winding illustrated schematically;
FIGURE 8 is a side elevational view showi ng schematic use of the present
invention for cutting a series of nmetal elements in the formof a sheet of
expanded netal ; FIGURE 9 is a schematic wiring diagram sim Lﬁj ?ﬁ
FIGURE 5 illustrating the preferred enbodinent with the secondary r]ié g

netvvorksho% el udi ng .1 0 o'tel ol ed.w ndi ngs sotnueﬂhin

oo YoBRAS g sshetigs Eedh GEins vt rng WAL 86 bRl

practi ce;

gihagra éﬁtqmaﬂioﬁﬁﬁmﬁxgqnaé@%ﬁch&w&nﬁ the preferred enbodi ment of
e invention illustrated i'n Fl GURE FIGURE 11 is a pulse diagram

showi ng t he FIGERE B dsa sidetetayationnd aneshovoﬂg stheniatio ase dpHiheipresent inmendion; for

FI GURES | 0A and | El QU fuyth di fi cat f th
pre”eﬂmﬁ%g&ﬁﬁﬁp%?&?ﬂ@%%@ﬁmm“P&ghepéqfexp uc{ea er er ification o e

DESCRI PTI ON Iilfl'?]/ {Rem }leﬁe&%ﬁm l&tblﬁG@‘R?"S g
shovm ng arepﬁﬁ eﬁgaurposgn% I IFlustrating the preferred enbo nts onIy

and notenfbodinhdne withrthe sezondary winding getvmrie shéwitaiRinclndiigiwe dpbesmaly poledrt to
whi ch the prese % I nv ntlon Is directed wherein plasma system A includes a
pl asma WIBHAES 350 $4ffdard el ectrode 12 with a tip 14 nounted vmthln

[ip 14, Pil CLCORY .é@?ﬁ%&%g’%ﬁmﬁ%ﬁ%ﬁm B8 ot Sneae °

voI t agehafactetistios of mqwreﬁtrect embedinientidbf thSEhvbﬁﬁon/ﬂIMateﬁmrFIGjJREer ation of
stem A, workpiece 30 is spaced fromnozzle 20. The v 5age Vt[err] betvveen

t wor kpi eddG! !hasarm%aq gramshawmgthe pperation of the

flown g@girsolr or 40 is connected in parall eI bet ween
t he wogl&pl ecqugian nozﬁ&%@;ﬁ% IS in a series circuit established by
closing of FEIGURE 12/ aQurthier Modification of the pieferred dapbodirrent of thipresentiinoéntidnows
as the workpiece is close to the nozzle, and is neasured by shunt 42. The

total current flow I[err] |DESGRIBIION QFINVENTION [err] plus the

Dol ses o ¢ MRkl B 00 e lecd P sBbRlnR 51 Al NERRRb IR,
&Y, Dptefep@l@hbcditAgktY obly. andhibEfor the parposelof irhilig shii¥ FIGRIRE 1 gBovis @ ipfif ¥
wi nding 52 for driving_transformer to create output pulses in opposi teI y

pol ed @sudombighthepresintinyeation Balirected whersipplasna systene Heincludes a plasmagtorch 10
rectif lhgr i7 s)fandglgd éig&odg 19 mﬁfoﬂd"iﬂnounted within nozzle 20 having an arc opening 22
which exposes workpiece 30 to electrode tip 14. Pilot arc P is created between the electrode and

nozzle and has a voltage V, which in practice is about 150-160 volts. During operation of system
20 A, workpiece 30 is spaced from nozzle 20. The voltage V, between the workpiece and the nozzle
is created from pilot arc current I, flowing through resistor 40. Resistor 40 is connected in parallel
between the workpiece 30 and nozzle 20 and is in a series circuit established by closing of switch
SW. Current I, is the workpiece current, which flows as the workpiece is close to the nozzle, and
is measuared by shunt 42. The total current flow [, is the pilot arc current ] plus the workpiece
25 current I,. Inductor 44 maintains current flow between input pulses to the plasma system from
power supply 50. In the illustrated prior art, D.C. power supply 50, which is a full bridge inverter,
has a primary winding 52 for driving transformer T to create output pulses in oppositely poled
secondary windings 54, 56. It is appreciated that full bridge rectifiers may include four secondary

-10-
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wi ndi ngs; . however, for the purposes of describing the invention the nunber .
of secondary wi ndings and the architecture for the primary w ndings i s not.
i nportant Pul ses are directed through a primary winding 52 to create pul ses
in secondary wi ndings 54,56. As a current pulse in one di rection passes
through primary 52 a current pul se of opposite polarities wll Iﬁ'g

in the separate secondary w ndings 54, 56. Di odes 60, 62 rectlfy t éﬁ)aced

out put .cyrrent pulses to pass o hos current uIs i ch WI|| ive a
D. C $8 ﬁwmtﬁéﬂﬁm iﬁ.ﬁ?ge%)/“- ing the foy @ e{@‘ﬁ’{‘s 530

Vol 1 « S hepitehpRASt Bk pifhanfvisiing ol i, ¥215e088 48 W?ﬂ""ﬂ%ﬁr tage”

-acr os windifg S2 & crédle palsésin ssohdag evidings 34, S6hAs b cursent pulssimone diredtion passes age
bet ween the nozzl e and the wor kp| ece. In practice, the voltage across
resi stEPUBDPTMaRhIZ ¢ ciens grlse of appesite palarifiesswillbe frpated inithe jeprralg isc weéamen

the | 8c r

Snduc FRERES 81,38, Fceds b5 K8l e sfackll Rour irohf ltSes th Bl Y e

that ipiRtawhRh vangwetaame \Wpbratietcoe powersipply 43 95is chmnected 6 tprwdrkpiete 30 al n
t he pi I ot arc between separate, spaced out put pulses.’ in w ndings 54, 56. To

i ni ti andtesh l@utlnmgra@pe,rmlqt@m P has e yeltas ofapproximsatelkd9 volts; Sadich§W s t s

For - aphe R R eREE R 17 miBlalee 307 TREVall® el CieSol 4 fy Bkl e e

wor KpiigfhR sdihe’RItBS Voledge betvisenltie ADAIEshd the Wotkpiédes Id Practibe, Thé Foltdge abssal

operation of the prior art to which the present invention is directed. The

Wower resigtpt 40 isyabaws 68rviolts. Jibus,n dhis gxam epﬂ@ﬂ@ltﬂﬁﬁbmm?mfkpﬁ%% ancd any

Oar i odecBRTA lsaﬁ%%% bl 37 prtetin. 2 isfictor s nge AP Baepd fleifecitoft .
0 d g Binsirmid . 1Y IsARcA bV olBEARAPE: fdhefdtdd 2453 U inlhordry BbidteRd B0

not to Ilmt t he “same. RE 2 shows plasma system B, constructed in

accor pdotarc betwieen sepatate; spacehdmty.ttrpnlscs infwindiogs¥4e §6.nTo initiatethe outtmg\bmmqn, a
bet we BHK S ismetedsvhenat st BogoBis rilfbiedefesen o Blert R thdussel, Wi ©

gepar C ﬂ.g%r}gz Iu%?erc@l’ RIS hlyldith
| ncI udi ngag %e;lg??%y%g di ode 112 an free%n%? ?%Bgfag%&e 15%%I%n pr ac??écle
nmor e twoskpieses3Oelatively clmelydpined ﬁsm:hqzuleizm Thisiis ﬂ:ambrma&nopbraudneof/ﬂnq griomart

e o ISRRESH 8 BRI on B R By G e o o 5 bl it 55

CUr I eRinhBinRaRs dafl t4A8 M&mqta&wmrom%&mmth

W|nd|ng|s ustrate or S|rrp|C|t
12 various output winding arrangements.

20 The drawings of the preferred embodiment of the invention are intended to illustrate the
invention and not to limit the same. FIGURE 2 shows plasma system B, constructed in accordance
with the first embodiment of the present invention, wherein a first secondary circuit means 100 is
used to create and maintain pilot arc between electrode 12 and nozzle 20. This circuit means
includes its own separate secondary winding 102 on the core of output transformer 110 and including

25 a rectifying diode 112 and freewhecling diode 150. In practice, more than one winding would be
used in this circuit, with the windings being oppositely poled so that they would create discrete
rectified pulses in a controlled polarity as the input of the transformer 110 is pulsed by current pulses
in opposite directions by the inverter. Only a single winding‘is illustrated for simplicity.
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Appropriate w ndi ng arrangenents are shown in Bilczo 4,897,522 and Bilczo
~4,:897, 773. The wi ndi ngs have a nunber of turns to provide the necessary

hi gh voltage for creating and nmaintaining the pilot arc. Operation of
system B in the particular areas of the voltage/current curves is shown in
FI GURES 3C and 4B. Switch SW is shown as a transistor or | GBT 120. y}\gg{n
switch SWM is closed, circuit neans 100 is in series with the el ect]}" and

S el arbn b S R SR e
bt M S s

sust ai rthé pidotpird. oDperatioriof sysigmyB in the patticuize areas bﬁthe voltegk/cureat cyrvéssis Showml,
t hus, spaced out put pul ses, gf transfornmer 110. ratlon svmtch SW, is

cl osed 1B EIGURES A0 3848, 1 VEhis o %%é@'@?ﬁiﬁi‘?’ff When swifgh SWAds ngs

1 ar 0) e

agsrzoss tlcﬁsrgg g%&g%e&pgﬁﬁcg ctrodgl%}rll(?&o#e no%%%ﬁ%ggpo%%%%f or
choke 3t ark BarbeGédtetby the eolr.ﬂgb evailable fro witling o windingx102atShiuyt I32Gnswines
and the choke 140_has a vaol tage of approximately 50 volts; therefore, the

out put ts toigl rereng Lowd i used S rsgylatione | Ovighsed to samsk thegilot slmnif Mhsls
t t t
Ch shufE ﬁ@@*ﬁ%&%ﬁ%‘*&%ﬁ%ﬁﬁ%ﬁ%@é e olring pEEORYeen HF pfiled "

200. Thihsut paReywhdCThis, picedOatpat pulses biRnsfRERALIED. Vin u@tg switch S B@fosed?,
t he rectlfyl ng di ode 204 and a freevx/neel | ngodl ode 2 Wien switch SW is

okned sprt@nsfgmag wmeggéOZ(m_’e prefested).| The e

ot el Bsed iR, é‘f’?ﬁeﬁ o 3 Ve 3#"3%@ sBotigen ROk it e nozdle

the el %&'&%@smﬁu&er cRchéleBID. M BrachEy, 'ﬁi&;ﬁl‘o@al%ovdltﬁ Oldlapploxiifstely 150 volts and
accordance wWith an aspect of the invéntion, current f'ow through workpi ece

30 is ttheckoker k40thas|aoveltage of appromtelynmu@ltsh&wﬁmeﬁa qmmmoétwmhegplmas

i 0Py A0 Vil FRRRARA 3079 oo Sty e lenh o e {0 ol gy <

PES ti CYl 8énsed b?&!ilé curfént ™ shunbel wﬁdameté dlpea Sbvitch BWM@M@A&@% §ét‘bh& Rirchi®

i ndi cative of the proper condi-tions to allfow transfer of theé arc by opening

swi t ch nsats 200. mssefbndmmmmmnsmhﬂﬁsqomwmdmgmwmﬁwm tBere2Gfydngl

‘éﬁd‘)ﬁﬁiodg#@%ﬁg%%bé?ﬁ@&m@é e BTV 08 P YBIRAROROR SR | 1

FI GURE QJ,m alﬁgs% %taﬁﬁ- Ot
13 viurlc an area gg g‘?@%ﬁ?ﬁ%‘ﬁd‘@? the cut %ﬁ%ﬁ%ﬁd ectéés?seo ?ag dﬂ#
ar eas (ﬁlOatpmtaIns @ peakhwolthgewhen no current is passing from the workpiece to the electrode, i.e. at

20 times when workpiece 30 is out of position. In accordance with an aspect of the invention, current

flow through workpiece 30 is the current flow at shunt 132, minus the current flow at the pilot arc
shunt 130. In this embodiment of the invention, work current I, is indirectly measmed without
having an individual shunt for measuring this particular current. As will be explained later, the
workpiece current is indicative of the proper conditions to allow transfer of the arc by opening switch
25  SWI. |

The voltage/current graphs shown in FIGURES 3A-3C and 4A-4C a;re used to illustrate the
difference between the prior art shown in FIGURE 1 and the preferred embodiment of the present
invention as shown in FIGURE 2. All of these graphs include an area X of operation for the pilot
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optimum and adjustable for use in the two nodes of operation to which the
"ptesent invention is directed. Referring nowto FIGURE 3A area X is )
characteri zed as being high voltage and | ow current for the pilot arc. Area
Y is characterized as being | ow voltage and hi gher curents. This area is

t he operating condition which defines the cutting operation. In legllggIBB,
single characteristic curve 230 of the prior art systemis illustr y

Since a single wigndi.ng 54, 56 i s enpl oyed, single charagteristic,curve 230
s or &5k 80 dpeest ¥ Of GBERBNR dor Be PR THTAE MO EeRs O pepeton VLieiatg) o |
char a%gﬁfdu?ﬁ bfvd G4jhdteble For e i WLRR b &Fﬁgbfﬂﬁﬁhft@ Whidh the prébM3nvertionds €@ -
Y. Referring now'to FIGJRE 3C, the charactéristic curve for wnding 102 is

cur ve dixagteio Referring mpwnte FIGURE) 3A T iwies X isrcharacteriaed asibeing highrvaltageand lowt he
pil ot node of operation for. systemB aracteristic qurve 234 is_ devel oped
Dy i B S Pt . At ¥ iy sttt P Iou ot Re RO elirepss. PTHE R R
-4C; gr%xég) ' | mﬁ% ' fReati ng
Ebgi nt gsglgiggcte %@@ﬁé@bntro%ﬁwp ﬁﬁﬁﬁ??ﬁ?ﬂgﬁ:ﬁ?ﬁﬁfgﬁgﬁ m)égéof
oper atcinve 230 of the peior &1t system ibdlhustrated e Sinice arsinglewireling $4;15¢ .is dmplolyedya simgle
FI GURE, 4A, the shif rompojnt, 250 tp point 252 js along, |i 0. .Thus,
when SHAREHRTENG e}m:hémref%dswli‘sﬁ Medesignad toiparsest i’@&ﬁ?ﬁ&ﬂndsnﬁi Ths smse
oper at. . : s r ' t i ane
oper aty aAcftisly ST if Bl ARGt o O L dhest R B3 MhefeRite W 0 TE
B, sSh®MFURE 3T, GhéShatictetibicscuree fol Witrlingal02ds ¢urve233 fotciddiit nieme 100, , THibleurve
advant age between the jnventi.on and the prior art is schematically

101 usds aptémized foy werk ndhe pilemedesef qperation fakwystemvih drharacteriatic GBTVA23449

thon Hevaiielitinfie 2 forcrohit B8 H00TR B ittt WO, 1 FIGORESIASE,
Thi s icontedl pointg2B05 22 i deas ) &, péspedtively, aretthe Bperatiny points kelected foreked conbial I ol

equi prent to immedjately shift directly frompoint 250 to point 252, which
di st afgeipment whendt isdn the pilot mode af opsrativsuor the cutting mede efeperation, raspectiveln '

" di mensy o 3. LeSENG « 4 BV.ENL 1.0NAd S, SUb iakly 4 t han th ’
o el hosincbicite BBy RSB hABIAA A 282 ik 0L i U

15nvenkivitoh SWef EIGIYRE! ik Gp@tdadhe chitéd] e@?iphhﬁt SR el opeAitich ofkydhdin A 4160260
and then a gradual shift to point 252. The prior art requires the control

equi phiaai260dtam peiat 25Qitaprint253. (Thespmg operatior of thesonol eqaipasing ocdursiwhemt ed
I n FI GQURES 4A; e.schemgtic in apd. ar resen r poses of
o S A SR i By PR 2 i BB SRR
syst e fho\iRAnRBP beweBs tHe 1Avdiion aRd the PrRRahqs schERftiealy Musttiisd BIETGR AL 4o,
14 equi prent is not part of the present invention. It is only necessary
to redVhene shiftis made fiogreopstating peint2 ¥ tawendi apgeating pointi252p trimsformer oufpetjumpsl t he -
Ftt Q%is@n%g ng and’ th(ej:xll ?stslhl%etd &%&ﬂ%%hé Qunaelnk CORtrd eg S&%xtltl tgrf)oint 252. Thisis
distinguished from the prior art which requires the current control equipment to immediately shift
directly from point 250 to point 252, which distance is illustrated as dimension 264. It can be seen
that the shift dimension 263 of the present invention is substantially less than the dimension 264 of
the prior art. Consequently, by using the present invention, there is an immediate jump of the control
25 point along line 260 and then a gradual shift to point 252. The prior art requires the control
equipment to operate along the total distance line 260. Graphs illustrated in FIGURES 4A-4C are

schematic in nature and are presented for purposes of understanding the advantage in controlling the

-

operation of a plasma arc system when employing the present invention. The actual current control
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of the systemw th different voltage/current curves. To control the
"shift between the pilot arc node of operation and the cutting node of )
operation, an indirect neasurenent of the workpiece current is enployed in
system B, as shown in FIGURE 2. A nore direct use of the workpiece current
I[err] is shown in FIGURE 5 where system C includes a current respgnsive
switching circuit 300 controlled by workpiece current sensor or sh&nt42d02

and by the previously described arc shunt 130. G rcuit, 300 opens switch SW
when tequipmesok isnet perh pf the psent dnvspotion. it isconbepecessapio senbige that e verofsspepte The -

cur r onyoRinge g A3 s b w67 bitihd 08 nds b ha e RO lchin. . -

thi's offitheysvan Rithuiffaentvdliagcaiént cefegat i onal anplifier 310 having a
first input_ 312 representative of the work current I[err]. A standoff
ref erence sToeantrolntheishift betwveen the piot an¢ mode BE operation) and thmeutting) madeeof312

ot o Opefatippy B8 meus BBt oS atkirecs Fiitest PueinptEied i sy B i ftSSudin
whi ch 1BRIRE 2WAl mbreRi¥ect B of tHeWdtRpiedel cul?fit K s Shovih f FIGURPBReteAS §stem C

transfers the arc. By directly neasuring the work current, system C detects

when \ioelkgéssoareot respansive switghing eircuit3O0conmolledbywarkpicesaurgnt sensorsirishutn a
t f . Jhis J di ._of t ual ' t d
can b OB ae DrepgR SRserien st 00 amu 0D B P YL SEE B erda i n
l'ine ZldrehOat Shiif? 302 isAeAdel A Be SHovE b ghen 1dVRL CIRIsHlcR s dﬁw&ﬁi&&&%&d&%ﬂﬁhhes

circuit nmeans 100 to circuit nmeans 200. As the workpiece is renobved,
bair r erthe Igilat rdre deodeewhes the curréntnint shomt B0t desraasesntof @ rginen levéle Cincuie 100 s

sensed or sur.ed hy shunt ,130, .whi ¢ch shunt contr.ol s hi.gh. gainh aper.f.i.onal
Sl | e i oaksE bY geine aebasin aperponsl Sppliber O i S RER a0 O
vol ta | el ' at ' lal ks : : | gal
e R b e i e S e R i R S
act i vatoltagesignahinJitie 3#2¢o controldhe outputsdiamplifin 316, Wikndtkid ahplifier proticesahol d
value. In _this manper, the transfer of the arc is _determned b .
"posi t i%&cdfm@wﬁe&mz&gme%aﬁ dr optgut 22 rhich Qpers D é‘g'fcﬂfblst he’
c i o arcdShdli = e Al nREs e arc
?gs shis?lﬁtﬂgﬁgfc\erkﬂl%g thed|c§1|ﬂ?%ét@<[§ér<l rmd%i.’ssthe efgalng ng&/ to &5&%&@&%0 tgfge
| evel sybtem C détectswhen orkpicds 30 iwin thid progser peditich and closg enmighlito meintais @ trinasfery e
manner. To show the general schenme of inplenenting the shift to cutting as
used i#5C-plBis{s @ direct measurement of actual workpiece current and can be accurately controlled by 15

; : o o AR ) L ¢
Gyt erh Sirbibe JEfihe S prbdiid kPl lnihe 314 o Dt AE NS Bl BREHGLAABR P
300 i s10 feorheirasi} e 0006 cidduiif rabdig 200, AR eheomdrkpieeeisatmOved) cuirbsmt [ decieaieseen

the torch _and the workpi ece point 342 is selected. The reference in |ine
204 as a function of the transformer, the current is sensed or measured by shunt 130, which shunt

e

O

controls high gain operational amplifier 330 with a voltage representative of the arc current. A
reference voltage signal in line 334 creates a logic 1 in the output of operational amplifier 330 to
toggle station 320 to produce a signal in line 324 which activates svﬁtch SW1 when current at shunt
130 is reduced below a threshold value. In this manner, the transfer of the arc is determined by the
25 position of the workpiece. As the workpiece is moved toward the torch, the arc is transferred. As
the workpiece is moved away from the torch, the arc is shifted back to the pilot arc mode. Refem'ﬁg
now to FIGURE 6, voltage levels for reference line 314 are illustrated in a general representative
manner. To show the general scheme of implementing the shift to cutﬁng as used in practice,
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is adjusted to about 1.7 anperes for the work current I[err]. Wen this

" wor kpi ece current is detected by anplifier 310, swtch SW is opened to
shift fromthe first circuit nmeans 100 to second circuit nmeans 200 to start
the cutting operation. In practice, the arc is transferred at 2 anperes or
| ess. At 28 anperes of pilot arc current, maintained by I[err] as hﬁ I n
FIGURE 1, the transfer distance or standoff would be a little |ess

0.30 ingches. A lower tr pin |nl| e 4 allows,a reater andqf f
di st aﬁEé‘re‘}?&tls 5‘?%"8 tPé’&‘Ga:"%?e‘H“ éﬁ‘ é‘f’%‘?‘?‘}"n of a system o E‘f‘dﬁtﬁg
110 'W{ﬁ St 'A&sﬁmm ﬁ&mélc:’f&uﬁd%ﬂtowe%ﬁkﬂad&“&%mgﬁ&ue Vitehdags

Pl / P2 as w ndl ng 350, which is al'so shown as the input
wi ndi rag$. mmpﬁlﬁgﬁﬁﬁe&x the tbréh mﬁeh@wd&p;ece\pmdﬂmmﬁkctddr Thi ecfpichext indine 314

f - s fi5AReY 108kt | T AARSEER PG etk S . PR MHED th%mwc‘“ %#%pt"?bé?e
% | OPSk A O 10l S :PEAAE o SRR iyl :

Wi ndi n are ese w ndi ngs are opposi y po as shown

i N Fi oHéghs 200 tostart tckonttingoperation.nin practice, the amig aausmmtww ordessdesg
oppositely poled wi ndings S1/S2 as al so shown i n_Fi It shquld be
under &saperesaf pilatgrecurent, spaiptamed By css @P‘Wn‘ﬂﬂﬁy&ﬁjl}é@ fransfer distarce Rl an s

100 angsBbiiia BE2NRIARE thih 36 HRHED RoddiSraROiPPoift filiak AUNGRS o'hO:

net wor rans or nmer e 1 nvention |nvo v
wi ndi ngandefidistitcef biit dlsvreqeipsratiigheppoltatic Vg nodes; however, the nunber and

arragenent of wi ndings in the network FI GURE 8 illustrates
W use of plHesnsformerchl 01y sehematicallpilla Mwﬁdﬁmmm JeoPHBDhYikiREse d

el at (VI e NSl SARRAE S, R Mol e B ynlhs BERCKORES 2,

threstgl S’edéﬁd&ﬁl‘ﬂuﬂ@ﬁgllm&’&&hsbﬂa%é Eirot@d thed® 100 is 4 fifativbly thin whe fedppedioar I |

is less than e sel ected standoff distance explained in connection wth

Fi gur ¢be mddOfBOffhﬁ trangformer 110 torprpducedigh voltage andlowerrgst Erdhepil @mémf

Cher orogptioR St AR T adies. hiGhiBataieiiaiite SE1 o iR

t d
min ewﬁaﬁlgat < Pbﬁtewtlézuaéélﬁwaﬁﬁw 1R 1ikk bfavthdr, &eaeavys&@w@vandﬁgpl

novenent o orch ‘over the expanded netal sheet 360 is repeatedly and
accur £203/ipcludestoppositelyy pgledngdmgs 14$2 as also showanxgure9 It should be understood

posi t (BITCURE 2l i B wopliee o piimifmets 100200 Eufifentod a0

and  3Qfictaled by ild Bdwes Sbply dthe ﬁgﬁc PRy YEABEr s formiel STRE in%ntiiintm%l%é use

permtted by the high accuracy transfer. This aspect of the invention

coul d dfetwonglistinet nwindingmetiwerks rfon theaseparateooperatingrmGlsRE hdweiery thecnumisartand
f(?nm ng neans W(%ul d.allpows

angement m the Qétwolrkn fcr’ny vary. -
FIGURE 8 illustrates a use of plasma torch 10 to cut an expanded metal sheet 360 having
spaced elements 362. - When the nozzle is over an element 362, the spacing z is relatively short;
therefore, the current in shunt 302 increases beyond the threshold determined by the standoff voltage

in line 314. If spacing , is less than the selected standoff distance explained in connection with

25 Figures 5 and 6, the arc is transferred to cut the workpiece or element 362. After passing beyond
' clement 362, there is an infinite spacing z; therefore, the current in shunt 130 is reduced and the
pilot arc is maintained as explained by the operation of circuit 300 in Figure 5. Rapid movement of

the torch over the expanded metal sheet 360 is repeatedly and accurately controlled by transfer of
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between the pilot node and the cutting node. A further aspect of the

~present invention is illustrated in FIGURES 9-11 wherein the systemCis
nodi fied to produce a systemD. In this system the two oppositely poled
wi ndi ngs 102 and 202 are schematicaly illustrated as plasna secondary

wi ndi ngs SP1, SP2 and SCl, SC2, respectively. The use of two oppo tg&g
pol ed secondary windings in parall eI has been di scussed previ ousl ;s/f'é
normal_ inverter cqncept. ge |nve |on i noé égendent o) det akms of . the

t r ans tr #Rerto mm%%méeae te Hneml § PRsitian 9 gee Witk t er

Cont r SR LR YOG EerRl 67 tplcls 1 arkESEANEC B‘“‘Wﬁ%"’??%%‘m"ﬁ?é‘ir#ng HgP shR g, -

206 aptiof efaué ik pamittddty the digh sseutue latogansfer.” This abpeot\ofthe invantion muldrhey
w ndi ng 350 as_shown in FIGURE 2. Pilot arc wi ndings SP1 and SP2 are
opposm plementsdl dnithe prior #¢ sheven IFIGUR T} whets sugent sepsinganesms Bioeld allowshitiiag 230.

ely poled with a specific snubber

I‘CUI P%%gﬁiﬁ g‘g&%é@&éﬁ@gﬁ%& 242 which is used to store high
vol tage beta\Refhet £28 emmeflﬁesenﬁﬂdenmaé Rlusttatdd i FIGERBK-Lywheésinahe §jatem
prlrrard/'QSSO for arc transfer_when systemD is operated in _the pilot node.

By us H&d!l@ﬁa%@nE i this sysem, fhedwa eppositelyipgled ¥ondingsdd2 2pd 2027 7| e

1 g A e e P PRGN i

~apushpg uke bfftvoVpPbosiRly pélédscRondy w:ﬁ&gmﬁ%afanlsm% boeh @vcissdDredbisly 86€ O

nozzl e vol tage i s about 200 volts. D ode snubber circuit 240 stores energy

@ur i ngotmal ipyerten mn@pt Therinventiomisaotidependehtcomdetails Qafdbe trensformdravindingsige.

\é\ﬁinthe rlmaw |§ I he Ilo;harCIS malntal edb. %Fl%lﬁt V\nnlngs

Pr act idfctAbaEh 183 vaidite cmmeégﬂameﬁ%&itw B bl Becting Ribdeb®

vol tage across inductor 140. The prlot arc viitage is about 160 volts and
t he cA&Q.206ard ranhoved; so that the freewhedding ourrdr? Sowicowrs inffirimary winding 350 sbiowm ot

gg\lle W? rcwt ﬁ %ﬁégﬁgg,gm rcuit, olta e J.S c;eat e[g wﬁg%lrjf?rs]

gn of aﬁ@%b&%%cm%@ \@itfvﬁﬂﬁnQQ/SCf '%H@SCEW‘E&??OE&W‘atéﬁémﬁégnﬁ%e?bom

340 volts. This capacitor voltage
circuit 240 with a storage chpaciter 242 whxch isusedito store k(iglﬁ@oltagb bs@wean thet wrarkpizok e

;/ﬁlet ﬁg&%{l@if %O] ttstﬁf‘eofg prodyce about 3381.60 vol t tvveen g%&perq%c'ﬁ%and

chokoPyghmolE, Zkﬁﬁ%%%s‘ﬁ?ﬁ%’%’ BliPath babcie ﬁ?ﬁ%““f@%?éﬁfﬁd A ifagh P!
SP2  winthiichrin peicticsisabout 340 valte ThipeakGialues piesbdewhm’the mnwvmmage Awdadiog t he

transfo r lLimit the prinmary voltage by freewheelin
20 Mrse off, i.e. between plﬁses of a%:ush-pull ansformer with p:?marygﬁeewheehng The ayerage

workpiece to nozzle voltage is about 200 volts. Diode snubber circuit 240 stores energy during the
primary off time and maximizes the workpiece to nozzle voltage. When the primary is on, the pilot
arc is maintained by the pilot windings SP1, SP2. When this occurs, the pilot windings produce a
voltage, in practice about 285 volts, which is divided between the pilot arc and the voltage across
25 inductor 140. The pilot arc voltage is about 160 volts and the choke or inductor voltage is about 125
volts. The cut windings do not have a complete circuit so the open circuit voltage is created at
windings SC1, SC2. These windings produce about 275 volts with an overshoot at turn on of aﬁoizt
25%. This voltage overshoot peak charges capacitor 242 to about 340 volts. This capacitor voltage
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any current produced fromthe secondary circuits. The 160 volt pilot arc is-
"mai ntatned and -160 volts will|l appear across the output choke 140. The )
transfornmer w ndings SP1, SP2 are clanped to zero volts during this state
but the cutting source still produces 340 volts. This voltage cones from

t he snubber capacitor 242 that was charged during the on state of ;gf
inverter. No current path exists in the cutting circuit 200 so cap 424,

242 daes not discharge. The cujftin i odes rr]. an err] never conduct
any 1 isiaEes M theike e Mlﬁewg@@pg@w@ﬁag@% ?Vg\gpld Qguodusesbey so
t he ' ' t Vol ; ' 2,
pr odud ) F56s SnBar b B0 td Bitale, Wl oo SoRibRRRAN B 47
| nput qurrestBowing irothe pilotdireuitt100 hwilkhe haintaineldibyithaaesgystored imnthedugit phdkees
per second, there is a freewheeling period, qQr stag bet ween out put_pul ses

occur ri48g Guerentwillgonginue fo flow daroggh theanilot Pirdings P Laba Wil fevesy smald voltage

Lor oo Ll SR PR IR iy ek BPARS, Pl il Sl SREPIED ,

as shauy cinfert ﬁdﬁ&dﬂ&nﬂﬁ&ée@én@ncm.mlﬁo&w?ﬂw&@ib niabht&#h&T4dndCe60 Folgbout
160 volts. Inductor 140 has a representative voltage of 140 volts.

Cons e uidlppsar agrassthe ovdi shieks 1464 Ere transformsr windings §PAofPidjareglamped to gemage
i i 2. i, at el t Th i it | t
o0 s Rty nfeuhed pRRRE B4R Binke S8 p¥Rbsh 340 VOfts ORI sl Comal P
25% O\sﬁﬁﬂkﬁi’@gpa%itoi Jr;]uzwthaﬂww Fﬁ:%mb@mg i the 88 StabePdTahe inRertetl Wo dtirehbgath Bidisiaer
as snown I n

capacitor 242 as s | to 340 volts. Wth these voltages, the
W r kpiinthe quitingsirenis 20Q 5o eapacitor 243 sloesnotedisshgrge dThertutting dipdas D;handi); pever

1 4 b Bt i s
r 8DV Qf nbrACdage i kaudils thd RilagEl bR Bapatitor 2@?%@&&1}1@ g v&&k@é&e% nbzA1& @&%a(%_%g 0

occurs through wi nding 102, which is tightly coupled ontransformer c
| | 0a vaf3dOpoltstar y wi ndi ng 350 and produces a voltage drop of approximately

120 Thi s Sthed the'ipit pulScs zee at 4 Fats A e g 2 ihes sevpal boncied BsetoerTe.
L Do SEHIRS M doditelils RIS g Suabibdhal GRpiPulids SRniiy Le0e RSP o
st at e moeds afjopaiation. 1TiRe ddventagpofithe mvention will hexdxphired imemne¢tichhwith BIGIRESs a
}[Aﬁrekg:y% eanfgrcig%elggr%lgt e\fqox]éﬂl,t% égc() ﬁ’&w & SO’QVO clt\)/s%IdtaxS'Ld pi ot'naice légtatlligﬁ’ed,da%r 119
shown in FIGURE 10A, pilot arc has a voltage, which in practice is about 160 volts. Inductor 140
has a representative voltage of 140 volts. Consequently, when a secondary pulse is created in
20 winding 102, the voltage across winding 102 is approximately 300 volts . The open circuit voltage
across winding 202 of circuit means 200 is approximately 275 volts with a 25% overshoot at turn
on which peak charges capacitor 210, or the snubber capacitor 242 as shown in FIGURE 9 to 340

volts. With these voltages, the workpiece to nozzle vbltage is approximately 60 volts. When the

=

output pulse is turned off by discontinuation of an input pulse, circuit means 100 attempts to
25  freewheel. However, diode 150 shown in FIGURE 5 has been removed from winding 102.
Consequently, freewheeling of circuit means 100 occurs through winding 102, which is tightly
coupled on transformer core 110a with primary winding 350 and produces a voltage drop -of
approximately 10 volts. During this freewheeling stage, the current is maintained by choke 140. This
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hi gh voltage is applied between the workpi ece and the nozzle. This process
“is illwustrated in FIGURE 11 where the high voltage pul ses 360 are created.
bet ween out put pul ses when the primary current pulses P are off. The rate
of pulses 360 is at several KH The process is shown in Figure 11 and is
continuous as long as switch SWis closed. Wen the sw tch is_openqg EQ{
the purposes of transferring the arc to a cutting node, a high volt d S

e B L U e 28 ST B e MR BB .
The hi gbn Rk 56961t HpR 2&oss %i@%é_ﬁ%d‘%!b%&b&‘e. CaBadiBY 10 RHRRIskhAre P HERUEE

reliable arc”transfers above 0.5 inches. In practice, thi-s workpiece to
nozz| eonstatecand winding 102 bas approximately B0YPUs dcressdt | Thisproiduces a wirkpiece to nozzle

specification requir kpiece to ngozzle voltage to he Limted tqg 113 VDC
eak.  pheept smerptipeiny Sy Constdientt. o hesdOrpk FodE of by

Iigm'ti ng ci#g%%lkhﬁls gggeg Eteh':éwee 1% he ﬁbﬁ‘ﬁi%g'e an tcﬁéglﬁgzzl e.djm\)Iq In
pract i d& wheee fhielhigh woltagepuldesifd draoreatad beiyreen outpuhpulsdsi whenitheptitvaryceurtenhg

wi ndi ngs en t i 1ot _arc L.tch is e the ar,c transfers tq the
wor kpi BRIseSPa T THB13 0f ilies Y00 IR el KiLe T GCess s MO BEREdd A gs,
curren < rs t | | r I oL d
ocur o cquiuioflt ol Abif U6 SR SFY'ih Sleck With Wb vl 1F chefa kit TRt OF,
of t hettansfersing ticenare to Heuttihgholdy, a High voltdgeds avylablefor b arc trhisferpeocess. This
retract{ed back to the pozzle (pilot arc) the sanme ephanced transition

dcus. Ismmibsiantial advange 1 the arhand drasteallydepreves thatrameier of Bieifrg e the MorgRicqeow
wi no e By Bplcle o GAI0 Vgt LABIPRL B0FRL Bk PR RSl Bl

r educ edbowed05hichesx | Inupraoctice) eliis aForkpiaces foctiszzie voltageds dingitsd tonmie@ERCI74-1
When maxi pum primary current is a major _design concern, the dual w ndin
XRQ(, €,

ci r cui fpeciicatinBsnThis specification sequites workpiqoe to Bozzls, voltagg dvbe lpited ¢g 113
inac .| | Palel [ el i | f th i ndi.ng”
0 SR SRR oy bl P B s S R et Vi 7
18 specifitiafith. t Thenéforepd standird Gol2Ge lifnitidgSdirouft fadded bétwetn the wirkbivée dnd the
requicre a_large anmount of primary current. When conpared to the dual
W ndi ngoﬂih?ocui t, the conventional single winding circuit will require
In practice the pilot arc windings have a higher turn ratio than the cutting windings. When
the pilot arc switch is opened, the arc transfers to the workpiece and the load on the power supply
changes from high voltage-low current to low voltage-high current. At this point, part of the
20 transition occurs as a function of the different transformer windings. The remainder of the transition
| is handled by the control system. When the arc is retracted back to the nozzle (pilot arc) the same
enhanced transition occurs. The load changes from low voltage-high current to high voltage-low

current. Part of this transition instantaneously occurs when the pilot winding is switched back on.

The response time of the control system can be reduced and the maximum number of transfers per
25 second can increase. _
When maximum primary current is 2 major design concern, the dual winding circuit, as
shown in Figures 5 and 9, will be advantageous. For example, in a conventional single winding
output circuit the ratio of the winding will be similar to the pilot ratio used above. However, this
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nore primary current. The dual winding circuit reduces the maxi num anount
of prirmary current by having a cutting winding with a lower turns ratio.
To illustrate the breadth of the present invention, a plasma systemE is
illustrated in FIGURE 12 wherein power supply 400 creates alternating
current pulses to drive output transfornmer 410 by passing the curr ﬁi
pul ses through primary wi nding 412. The secondary wi nding 414, while] %hy
|nclude a set of oppositely pal ed wi ndings as . previously descri bed,
i ncl u tawsmomé%lsqw I‘Z@“F@gcféf“’ﬂﬁ et A ATES BT mcngent
secti | it
reans g compited & 88 dhet it ilonf 360 BOMA O Wlels whdb RN Shtke! |
Cur r efforé ﬁmmnnmﬁkanThed&ﬁhnmﬁn@eﬁaﬁﬁ&dmhsﬂﬁhﬂﬂhnﬂﬁﬁmhﬂmﬂﬁﬁpﬁnﬁnpntamtarc
current Iferr]. Grcuit means |100a perfornms the function of circuit neans

100 |bybmgmﬂmmnélqsm 2 Joxeer BB ERtiRent of the invention. In a like

pgp:'[e duﬁ%ﬁ%&p%% é?él ng noggkg%#liﬁ%m&égh&lg&aégcoryry W naéng %an

produgg wh 400 cieatek bnerhmmhamﬁswwdnﬂesutpﬁeuan%fbhammw in
the preferre enbo I ments of the present invention. ractlce of
the i paasmgitbmcmmtpulmtm rimgry winding 41 ’meﬁmwmdmﬂ highdaayr e

b us BieaTo o PpERie botRl s o ﬁ%xéésg%%%ﬁt@ﬁiﬂeﬁ%mngé%% o

| ose w&eﬁn%@léﬁéx%ébdaﬁqimding\é@dﬁohqm bB9 asing thiS euthiitsesctidaryicbwork Wiplagina

constituting the basic feature of the invention wll oerate on essentlally

10he sareecitsuttpoeans §i0Qeeis cresad byt using rectifying diodsd mamdmtqh 2o Quenent flew in gh

o1 oo ottt 1 iRagraed By SEE 137 InsRrSnte AR s T CEAR B i e
i ndi i hdlborbiref mBatRI00 iMistrbtdd et BidFerkdiniiodhento tierlAvantion! BOIMERe i 0N

vol tage output for the cutting node, such as when high voltage operation is
benef manntr, cireuit means 20fags megptifying diode 440 and shunt 302 to operate during dhertutting:

S5 adR: s PR RS Wikig SOk AP AR e ks By esards O

R A e e e i e

wi ndi ng nefnvprdctite of themvientiprathpitumt ratios fardhe piosmiode ahé the cuttingnubde are
- different, i.e. 26:26 for pilot arc and 26:24 for cutting. The invention can be used with the turn ratios
the same; however, such an arrangement will lose some advantage of the invention because the two
sqmnmewmnmgﬁcmuﬁhﬁbgﬂxﬂmﬁcﬁmMneof&wﬁmmmﬁonvﬁﬂquﬂzon&wgﬁhﬂyﬁmsmme

20 oﬁqmtmnve.Ekwwamnihehnmmﬁonvdﬂsﬁﬂpnkaeﬂmdﬁghnozdekrwm&pkmevdwuwibrmm
transfer when the workpiece is moved close to the nozzle. An embodiment of the invention
employs a cutting winding with a higher number of tums than the pilot winding to produce high
voltage output for the cuiting mode, such as when high voltage operation is beneficial, i.e,, in

gouging.
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nozzl e, a second ciTcuit means driven by said secondary w nding network for
T Cr eaum across said el ectrode and said workpi ece and
SW t mmmm ”m)ﬂﬁel ectively shifting between said first circuit means
and sdi d¢seeord Gl rewt nmeans, the inprovenent conprising said secondary
wi ndi ng network conprising a first windi ng means with a first effﬁ%e
ng

nunmber of twurns for driving said first circuit nmeans and a second
means with_a sezrgnd effective, n er of turns for rl\u ng f?g.ld second
Brdp

circuit nedns A Plamasystspyinclidmg Ancsleettade rad Agas T8 PRG0S

diffe m@yg;ﬁ? S5rth Hin%r}mﬁf ,
sai d ?ﬁgss%nmm%fﬂ%uo&%g%g%&ﬁ@wbe aftirs g@?gg%aﬂrangcg%lmﬁ{ﬁb I’r st gc-g:éral'
curr en&twoaklm assbonddryl vamdmgudetwmkidmmmrh;esam ntmnmydan&ngeebmtkymﬁts&gﬁcmﬁn ge

with a second eneral rrent [rang he i nproyvenent  as

def i nE! CRi WW%memrkm qraaj@gmgx& arcsacmwéﬁhcapdejm gher

kh gef d -
|na2I§1 §'\/\gc%rggﬁalslglﬁ II‘S?I?bV&{ aé‘? s |dr'ﬁg€%veds) o squéa e segl(‘)é]ngary

wi ndi massmidealedtmdé ael safibworkpiecs mcavmhhgamhne foilseleatyvely slﬁﬁitft Betwedn said

ef fective nunber of turns. S. The,inprovenent as ,defined in claim

4 whefigst cirguit goesns apd) saif second m@qawtb@wgpmsmg@p"&mm seidfgeondanied i n
th
o CORREAG Setlobliomiihe VA p el ity e 8V BB e for driv

cur r egdid Ifiestedircuit neafeand a sstofld Windihg afdnswith mcteedﬂdceﬂ‘dcuﬁeﬁmb&mftﬁmrfér f Or
shifting said sw tChlcgg nmeans to sald second circuiit neans when said

19¢ns edriving saidisecandqircuit means; said firstand seqond gffective number of turns bemg different.

2. The improvement as defined in claim 1 wherein said first winding means provide a
first voltage range with a first general current range and said second winding means provide a second
voltage range with a second general current range.

3. Thé improvement as defined in claim 2 wherein said first voltage range is
substantially higher than said second voltage range.

4. The 1mprovement as defined in claim 1 wherein said first winding means includes
two separate secondary wmdmgs poled in the opposite directions and each having said first effective
number of turns.

5. The improvement as defined in claim 4 wherein said second winding means includes
two separate windings poled in the opposite directions and each having said second effective
number. '
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7. ' t.as defined in claim6 wherein said sensed. current

"l evel ﬂmihm[ﬂﬂﬁm et ween said workpi ece and siid el ectrode. )
8. defined in claim11 including nmeans for sensing a
current value in one of said first and second circuit nmeans and neans for

shifting said switching neans to said first circuit nmeans when sqtgAifnsed
current value is less than a given current. 9. The

ey T e of Theifgraveriest o8 AHRe B riALE | B g gnesas Se@%ﬁ%@%&t@%? ting 7
sai d Woh&tswaamaﬁak&oaa'cﬂcmf&m%auﬁa% ﬂmﬁ% 18 3wt ném a8 d§#| grent .

| evel "exceeds a given current ned

i n cl akcond cideait encans wheh sabd sepdedeurrennleveladxoeeds a givea cumrentt ent from sai d
wor kpi ece to said el ectrode. 11. The inprovenent as defined in
claim6 wherein said current level is the current from said workpieceto

sai d el ectr-pde. T}hedlmvaro\éemén% as dififed IPABKE BSRlerd Qﬂfshgfeﬂ érngrt ] ngh]s the

wher ei n sald seco neans I's a portion o

nMeans .current betweengﬁdworﬁﬁ&elaﬁnlgﬁﬁel&‘,ﬁbd@s defined in claim2 wherein said
second winding means is a portion of said first w nding neans.

14. The i nprovenent as defined in claim4 wherein said second w ndi ng

Means is ag °  Theimprovement as defined in claim 1 including means for sensing 4 current value

in one of said first and second circuit means and means for shifting said switching means to said

~ first circuit means when said sensed current value is less than a given current.

9. The improvement as defined in claim 8 including means for sensing a current level

in one of said first and second circuit means and means for shlftmg said sw1tchmg means to said

-

second circuit means when said sensed current level exceeds a given current.

10.  The improvement as defined in claim 8 wherein said sensed current value is the
~ current from said workpiece to said electrode.

11.  Theimprovement as defined in claim 6 wherein said current level is the current from
said workpiece to said electrode. _ -

'12.  The improvement as defined in claim 1 wherein said second winding means is a
portion of said first winding means.

13.  The improvement as defined in claim 2 wherein said second winding means is a
portion of said first winding means.
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portlon n of saj nding means. 15. The plasma system as

.deflne¥““ﬂn “ gﬂ & uding first sensing neans for sensing a current .
| evel rst and second circuit nmeans and neans for shifting
sai d smntchlng means to said second circuit neans when said sensed current

| evel exceeds a given current 16. The plasma system as E‘glned
in claim 15 including second sensing neans for sensing a current v

one of said,first,and second ci i t, .neans an pans, f or LfLin sald
onrtoh vaL iy 0 Irm? prrean & dcitner i oBhR, AR ot ¢t Biiding ey
| ess t Hloygﬁd%tl’vﬁﬁ gmeans.. L/ The plasma system as defined |n

claim I ncl udi ng secon senS| ng means for sensing a current value in one
of said first and second circuit means and neans for shifting said switch

means to said fifpst II‘CUIt mean ai d sepsed current value_ is |ess
than g ven Lo re epasmasystemfsdgﬁn@eweﬁmdl f@&&éﬁ e %@rnggm of
the typeurlG

exposi ng sal WHI dﬁgﬁﬁfgp%g‘} |ece an %Iun\%l ng an |npu1. i ansformer %Nith
a pri rrnre;mmrsdidlwconatdmitm‘adswhsﬁsaddarsydmmhtm@ehetcmislagvénmmy sai d
primary w nding network, a first circuit nmeans driven by said secondary

w ndi ng network for creating a pi-lot arc across said el ectrode and nozzl e,

croating a MiasniuapnenthEle ental | AETIRN PR MRRElR s hensig

SWi t Chi ogtreiit fdlae inine o€ kA4 fitsy Shd/seadid difcail nivaisdindans for fslnmtg saidls®itch meBwNS
and sald second circuit neans, said nethod con?r|5|ng the steps of.

(a) torsgid Bsheireit means avhensald sensedi curentoralits ir legs than gives cutiFtidi ng neans
with a first effective nunber of turns for driving said first circuit neans
and a second w nding neans with a second effective nunber of turns for

driving sai msecwndpnsmzyyste:ﬁrme@mdmﬁ 1 ikluding secad 8éhsiipinteahs R séisiper
of turns being diffent; (b) sensing a current level in one

of sai dcurrent valuein oneofsaid Brst end secondeairsuit means and means for shifting said switch means
to said first circuit means when said sensed current value is less than given current.

18.  The method of operating a plasma system of the type including an electrode and
nozzle with a plasma arc opening exposing said electrode to a workpiece and having an input
transformer with a primary winding network and a secondary winding network driven by said
primary winding network, a first circuit means driven by said secondary winding network for

5 creating a pilot arc across said electrode and nozzle, a second circuit means driven by said secondary
winding network for creating a plasma arc across said electrode and said workpiece and switching
means for selectively shifting between said first circuit means and said second circuit means, said
method comprising the steps of: |

(@) pmwuhngsmdsmxnﬂhqrwnuhngnewwnkasaﬁmﬁvnmhngnumnsvnﬂla

10 first effective number of turns for driving said first circuit means and a second winding means with

a second effective number of turns for driving said second circuit means, said first and second
effective number of turns being different;

(b)  sensing a current level in one of said first and second circuit means; and,
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(c) __nmeansfer—shifting said switching neans to said second circuit means

‘when said se f t level exceeds a given val ue. 19.
met hodH m[\g‘lai m 18 including the additional steps of:
(d) nt value in one of said first and second cir

means; and, (e) shifting said switch neans to sai
circuit neans when said sensed current value is less than given |le

The

cuit

pelr™

e openi ng. expold) ny. SHFEE B s adeld S biRg RIS B e R PR LRORR Jhen

g5a”5fﬁgé%s¥&$lﬁrﬁt%5%¥eéfi§‘€ Ol Wor k -and a secondary wi ndi ng networKk

riven by sard primary wn ‘network, a first circuit neans driv
sai d secondary wi nding network for creating a pilot arc across sai

i i ng et Bor ks i s Artaed L cim 1 Beliing. SimooA st an

en by
g :
ary

d said

wor kpi ece and S\é\@)chi gg%% i E@ﬁ%ﬁ%ﬂ&&*ﬁ%éﬂd@%&%c‘%ﬁﬂﬁﬁp ahd[ St

circuit nmeans a sai r cul means,

nmprovenent conpri’si ny:

first sensing ne@)s fshifiingsasidswitch mesnsemsaid fivsetirduit means wherssaidisehsedsurremtd

second circuit means and neans for shifting said switching neans t

secondvalye isdess thangivende¥el sai d sensed current |evel exceeds a given val ue.

o said

21. The inprovenent as defined in claim20 including second neans for
sensing a current value in one ofsaid first and second circuit means and

means for s20.ftiliga phisthasystemiincleding dnCelédttode fahd sibzAle withi 4 plasied aodpéningnsed

current value is less than given |evel, 22. In a plasma system

i ncl udripgsiag saidaleqteode to Aavatkpisec.and haying  inprhtranséoraiee Withg POIBRY Wigdingi d

ot na TR A SPaF i PGy R A5 DR Al il

;

t

i ndi NefBaiEK by saiflsédohd ity wiiting HReARSc o oretinla bk drowerRosad Wlebir6ud 4 .
a secon

cfr cui nozalsamescand cicovitmeans fivendyowitksegondangiwingingnetwerk foereatinga plagmaarc
Dl S T S s iR Rp i IS Sl YOl R S8l B i g hohwedl i 19

network for creating a pilot arc across said el ectrode and nozzle,

arc

first circuit means and said second circuit means, the improvement comprising: first sensing means

for sensing a current level in one of said first and second circuit means and means for shifting said

switching means to said second circuit means when said sense(_i current level exceeds a given value.

21.  The improvement as defined in claim 20 including second sensing means for

sensing

a current value in one of said first and second circuit means and means for shifting said switch means

to said first circuit when said sensed current value is less than given level.

22. In a plasma system including an electrode and nozzle with a plasma z;rc opening

exposing said electrode to a workpiece and having an input transformer with a primary winding
network and a secondary winding network driven by said primary winding network, a first circuit
means driven by said secondary winding network for creating a pilot arc across said electrode and
5 nozzle, a second circuit means driven by said secondary winding network for creatmg a plasma arc
across said electrode and said workpiece and .means for shifting between said first circuit méans and
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sald IrCUIt neans the i nprovenent conprising: said seconday
" w ndi amﬁ ing a first wnding neans with an effective nunber.

of turns |d first circuit means and a second wi ndi ng neans
with an effectlve nu er of turns for driving said second circuit neans.

23. The nethod of operating a plasma systemof the type incl udlpgl‘%

el ectrode and nozzle with a plasnma arc opening exposing said el ec e to a

Qﬂékp'aié%swﬁﬂ?%ﬁiﬁh%ﬁ& st e e

firsty fikst Qh gg@ésagf ith GBI e fR¥ P B OT LIRS Yor Erivitig\aid sy Blrdhit raéanS a8k N a.-

pilot arc acro d el ectrode and nozzle, a second circuit neans driven
by semxbndwnmhbggwammﬂﬂhgnnﬁhnnwmnmbmﬂdﬁwaﬁﬂmﬁnﬂmgsmmmxamtmamMasgnsald
el ectrode and sai d workpi ece and neans for shifting between said first
circuit means and said second circuit neans, said method conprising the

st eps of tho gj,ﬁﬁ W %ct?ﬁe%ak as
a first V\Il%sdl ngmn%grles vc\ln?ﬁ an tm?f}p%ltlve nu of “turns for driving said

f i r stnezzlecwith mphsmaamjopemeprsmgrmmgectmdes:ow workpiece afid beving anunpgr of
turns for, driving sajd second circu senal ng a

cur r RRISFOS erpgm@awap e bk, pd o weoRisey pinding REiEeEk Siken b

cur r PR iy St O ey va@lﬂ‘iﬁmﬂv&wﬁﬂ%ﬁ@m% e

$n claeating pilot hredcrogs saitbelectrbide andmdzzle) @ gevond circuit means driven by sal(idécondary

sensing a current_ value in _one of said first d second ci,rcuit nean and,
(e) WRdmgnsgvers f gwma@ags.asmm clasteodlogad 3&%@6&@@%&&% Tue is

| es t&ﬁgng ¥t§%eﬁ Q&ﬁﬁﬂ&ﬁ
el ectrode”an nozz ”’1’ tme?nggﬁngs%r cééégéelﬁl ng expo’s?itrcllg sald Iﬁg?ﬁﬁ% to a

wor kpstegseofand havi ng an input transformer with a primry w nding network

and a secondary w nding network driven by said primry wnding network, a
first circuit (8  providing said secondary winding networ asaﬁrstvwndmgmeanswﬁhan

10 effective number of turns for driving said first circuit means and 2 second winding means with an _
effective number of turns for dﬂviﬁg said second circuit means;
(b)  sensing a current level in one of said first and second circuit means; and,
(© means for shifting to said second circuit means when said sensed current level
exceeds a given value.

24. Themethod as defined in claim 23 including the additional steps of:
(d)  sensing a current value in one of said first and second circuit means; and,
(é) slnﬁmg to said first circuit means when said sensed current value is less than
given level.

25. In a plasma system including an electrode and nozzle with a plasma arc opening
exposing said electrode to a workpiece and having an input transformer with a primary winding
network and a secondary winding network driven by said primary winding network, a first circuit
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means driven by said secondary w nding network for creating a

) pl|0t a acr oss sald el'ectrode and nozzle, a second circuit means driven,
by saldLgH g network for creating a plasnma arc across said
el ectro i ece and neans for shifting between said first

circuit neans and séi d*second circuit neans, the inprovenment conprgﬁhgﬂ:
first senS|ng nmeans for sensing a current IeveI in one of said fir d

second cir an and means ,f or Shl n t0o said second ci, U|t S
Sho s SoHeby 475 PPdipg oETREK FrGFeALRE 5 gt ac acrdss said clsgfrode apl

| §TDT OVRIRAT A &30 :ﬁﬁx&cﬂfl%éaﬂs&ﬁ g%'%x &%ngww aénﬁei
sensing a Current val ue I n one sal d I 'st an second CIrCUIt nmeans and

means donoss sdid Electoarletand saidovdrkpiste anidmueans fonishiftinghetivesarssid dirstwirceitineamsiand i s
| ess tth gamf ,evel .
se circuit means, the improvement comprising: first sensing means for sensing a current
level in one of said first and second circuit means and means for shifting to said second circuit means

when said sensed current level exceeds a given value,

26. The improvemeﬁt as defined in claim 25 including second sensing means for sensing
a current value in oné of said first and second circuit means and means for shifting to said first circuit

when said sensed current value is less than given level.
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