| MPROVED ARC RETRACT CI RCUI T AND NEJFHCD Fre—presqnt 5]?0/800»5
in\/,(_aﬁjcﬁ_i an relates to the art of ap asn&%ﬂé%t%@?ﬁi par¥Gcul drly tg_p&g
i mproved arc retract circuit and nejEPBelfiptib Pt Qggai___r.l_g_tui,gggdqjtjﬁj.ﬁg arc’to
the torch when the |ength of % ERSn@) C  2piLAPPS. &q,aggac@gd the power
avai l able fromthe power supply.  Drawi . I s T

| NCORPORATI ON BY REFERENCE 5 2 Prawing(® tgu:i:ﬁpggataggﬁzgoga bl asnp g
system the torch has two distinct hodes of opelatt on.” WhaR . == il
pilot arc node, the arc_of the torch | s bet N € nd,nozzl e of
the torch awaiting IMPRO@@ﬁG&*@EﬁﬁQ‘%&ﬁm -@Z;Ag a netal
wor kpi ece. In the cutting or operating node, the ~ plasma are '
ext ends ‘from t fTkhe presentrindention setatesviorthpiaecef a Adasmanarc lsystemeands particnlprlyuto, the -
the arc can be ~extinguished as i'ts length is increased beyond the.
e P il ar? ol and@fitod 4Bkl 6 ing i o thé gk WA the leneth of
Consequent 'y, It I's standard practice to equip a plfasma arc systemw th- an
arc retragt . circujt wherein.,the.arc.is positiyely shifted fromthe
wor kpi ece&l?éﬁ?(atfﬁlﬂtﬁ@?"&?&é%@?mwallﬁ efromthepoelg;gtp[p&bde and nozzl e as

the length of the arc increases toward a condition which will extinguish

t he arc. To il ust INCGOBRORATION BYRERERENCENd t echnol ogy
associated with retracting an arc fromthe -~ cutting node to the

pi | 0§ arc nodel he bfSRHGT alpPastiaiid $ysRAs ¢8R haseRsdibinct AddbHéfdperdtivh! When
prior 15 art patents are incorporated by reference herein.

101 0y mole, B 8 g 5 by SO B S i f0h b

moni tored. As this voltage fromthe power supply exceeds .a given
| evel , a B3 for gutting or ethsrwise peacessingmmstal voskpiedsd In dhe eufting ey operating mode,he
t he workpi ece to the nozzle. This,patent is directed toward a

circuit whlagmi rcaxeadPRon ti clestrote o the Wotkpiser arsiaozvmkaieee is Being cut, i@t can be
swtch in the pilot arc circuit ofthe plasma arc torch in response to a

signal i ngiatih& Aisidhth is increased beyond the power capability of the D.C. power supply driving

10 the torch. Consequently, it is standard practice to equip a plasma arc system with an arc retract
circuit wherein the arc is positively shifted from the workpiece back to the torch between the
electrode and nozzle as the length of the arc incréaseé toward a condition which will extinguish the
arc. To illustrate background information and technology associated with retracting an arc ﬁ'om the
cutting mode to the pilot arc mode in response to conditions experienced by the torch, certain prior

15 art patents are incorporated by reference herein. |

In Traxler 4996,407, a prior art circuit is explained wherein the voltage between fche nozzle
and workpiece of a plasma arc torch is monitored. As this imitage from the power supply exceeds
a given level, a switch in the pilot arc branch is closed to transfer the arc from the workpiece to the
nozzle. This patent is directed toward a circuit wherein a comparator controls the operation of a

20 power switch in the pilot arc circuit of the plasma arc torch in response to a signal indicative of the
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2 T : vol tage of the power supply. Wen the voltage between the
. nozzle and workpiece is less than a ' presel ected | evel, the power
switch is opened to shift the plasma arc torch to the cut node of

operation. The conparator shifts the plasnad arc torch into the pilot arc
node of operation by closing the power switch in the pilot arc
circuit when the voltage across the workpi ece and nozzl e exceeds 5 a
presel ected value. This prior art patent is incorporated by ref er ence L-1701
herein to teach the use of a sensed vol tage val ue, which vol tage
val ue i s voltageEthetpower snpplyt When theaveltage between thearnzele\andworkpiece is less

t he purpose of retracting the arc fromthe workpiece to the nozzle when the

sensed VQréselRtddSlevel, the poweél switely istdprfied e shift the @lasath aroltorbeao the cut mode of
di sadvantage of this circuit is that it is controlled by the

vok b Sepd USSR b B s Mt i,

bet ween tHe WOrkpl ece weve operatio

or | or o b RewARewieh i the pilof arc circater k) 468 26108 he g R ngpElg xcends

standard error anplifier is used to control the power supply. By
congar i nq preselected yalue.t This psior arttpatént isdacorpotateddy referencethertin to toach the use of a
maxi num out put - voltage for the power supply an arc retract signal

i s creat genseloktaSOraN, Whith voltape 9&lub & codipaéd told\@gnal Pepreseatig 4 FefétehdSroltage

wor kpi ece to the hozzl & when thé output of the error anplifier increases to

a fixed vol tage set .as a Lharacteristi f the D.,C. .power supplv. ___
These  pati@hite RO AFSTERTE SF s fFaim dhe.wBtkoree Io hepntsly when the Stsedvoltage is
briefly for the purpose of disclosing the reasons for, and the -
advant agegeater then theureferancedivoltage. Asdisadvantaige of ¢his circwit iscthat it igcontrolled by the
arc increases beyond a given value during the cutting node of operation.
The pl asr@ltageofitiie pewer séfply. Cofistuertlyioltaps nfilst bé Rdnitored Befween the/woikpied€and

i
pil ot arc node of operation instead of al [owi ng the cutting - arc ‘to

be I | "G o SroHhEr VREUPRh AR oY pibdiid froalch Hhtsct ik uskied A %idelRed

advant ag

this pﬁor art pai.:ent.

In Borowy 5620,617 the outpixt of a standard error amplifier is used to control the power
supply. By comparing this Qutput to a selected fixed voltage indicated to be the maximum output
voltage for the power supply an arc retract signal is created. This comparison is used to retract the

15 arc from the workpiece to the nozzle when the output of the error amplifier increases to a fixed
voltage set as a characteristic of the D.C. power supply..

These patents are incorporated in reference herein and are explairied briefly for the purpose
of disclosing the reasons for, and the advantages of,, retracting the arc as the voltage of the cutting
afc increases beyond a given value du_ring the cutting mode of operation. The plasma arc system

20 can, thus, be shifted automatically to the pilot arc mode of operation instead of allowing thé cutting

arc to be extinguished. The technology of these patents, the need for, and the advantages of, an arc
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3 R retract circuit for a plasma arc system need not be
repeat ed. BACKGROUND OF THE | NVENTI ON
The “di scussion of the prior art patents which are incorporated by reference
herein illustrates t he background to which the invention is
directed. Known arc retract circuits and net hods of 5 retracting the
arc have been conplicated, expensive to inplenent and have reduced tFl(_aw 1
ef fectiveness ofthe plasma arc system during cutting operatio 9
Mai nt enance ofthe_integrity of the plas arc bet ween cutting
operat i Jﬁga‘?t§“€3%‘ttf@r@qgsm?r%ﬁﬁﬁsat%.ne%{‘ﬂ%ﬁeﬂqq@dabi lity to retract the arc
bet ween cutting operations, each cutting operation nust be
preceded by an arc start sBMISGROUNDIOE EREINVENTION  Such sequencing
of the arc is tinme consum ng, expensive, inefficient. and distracts from

comerci al  1Phe discudéi6f Bf mb?hbf At ?ﬁterﬁé WhidH aﬁriﬁcdq?&rﬁth@ 5% reference herein illustrates
After a cutting operation of the torch is conpleted, the arc nust be

mai nt ai ned ,and retur ned. . 10.1 L of I i

nozzl o i teRebRa I B e inyerridf if et Rl B Bift SRaRE bR LG of
torch. Return of the arc to the nozzle maintains the pilot _arc and |

el i fi natrstracting thearg haverbeer gempligated, expensive to mﬂmmt@n%g%mce@meieﬂ’@cﬁveness
operations. This feature for a plasma arc systemis especially useful when
15 Coftthé plasmhix preisgistemidutiag catting operitionsc Mdinteganse vfthe lintdgrfityaf trd plpsme ars
of nmetal. The arc is nmintained by enabling current flow through

the nozzlg.pef flifind pﬁa%ﬁsiiyex@én&?@@@m' Wthﬁiﬁtthg%‘ihighﬁ)gre&h@ tharc between

| ack of power e power supp e cutting arc -l st when the

el ectrode npoves away from ., . the rkpi ece, and the require C _
Vol t age SR SRS RASh EHIEnE SpEHBton RSt ArbRoh LR ai aELseduegs Tor the torch,
drive the torch. In this instance, the arc will be |ost or extinguished

unl ess dSuchlsequencing of theaneis tinkconsuming) expensivesinefficientandadistricts Trong coromercial
voltage path is created by reconnecting the nozzle to the power

10 acceptability of plasma arc torches.

" Aftera cﬁtting operation of the torch is completed, the arc mus; be maintained and retﬁrned -
to the torch to a location between the nozzle and the electrode for efficient operation of a plasma arc
torch. Return bf the arc to the nozzle maintains the pilot arc and eliminates the need for restriking
the arc between cutting operations. This feature for a plasma arc system is especially useful when

15 cutting expanded metal or quickly cutting several different pieces of metal. The arc is maintained
by enabling current flow through the nozzle before the cutting arc is actually ext_inguished due to
lack of power from the powei' supply. The cutting arc is lost when the electrode m;)ves away from
the workpiece and the required arc voltage increases above the capability of the power source used
to drive the tofch. In this instance, the arc will be lost or extinguished unless an alternative lower

20 voltage path is created. This lower voltage path is created by reconnecting the nozzle to the power

. supply by closing the standard power switch provided in the pilot arc circuit. Prior arc retract
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supply by closing the standard power switch provided in the pilot arc
circuit. Prior arc retract

4 circuits have involved vol tage neasurenents and reduced
utilization of the capabilities avail able froma given power
supply or source. ~ THE

| NVENTI ON The present invention Is directed toward 324

i mprovenent in the arc retract circuit of the plasna arc syst "Zﬂkh
a cutting torch gnd a nmet hod of retract arc such g.torch, . The
o oveBltsHiEs e RTalved TolAe MESERREDp TR ﬁ{cm? ¢ capgbilities pVBiabiohe
open. condi-tion to the cl osed condition.to shift between a cutting
node anfirom pigiveh pawer supply offdomrdenvent i on i nvol ves the concept of
creating a first signal representing the actual current applied by the
power supply to the pove rrgETNVENTION ng the pl asma torch,
creating a second signal representative of a current |evel belom/the
set current ve

he o1 or ar a8 Presel i i EHal AT uRBSvERER st “eeﬁﬁ?@h‘%ﬁ“ﬁ e "

to the second signal. In this manner, the cutti ng arc
t r 4nsf eplasmats systemiwith p sutiing torch anda npwmethod efretracting the egunau@a toych. hEhe
power supply droops bel ow the cutting current to which the power

suppl y iripleved ro RitE¢tViR it i employed thshift thé powaswitthefedm the open conditiohie the
I nventi on, the current level to which the act ual current fromthe power

suppl'y E E@ﬂlﬁt?%ne Shi ifl Between & chiftih %&%detagfd 1[0E 118ge. %@%&ﬁﬂﬁ&ﬂﬁmlves the 'T'.

relat|on cuttrng cur e pomer su

i s being regul ated. In practlce this percentage is i e of 60- 80%
By usi n§OReBt ofifreating gfirst signal representin aﬁm e@aweyt EIPHr]%FFl the\ROWes APt e
operate at its maxi num-capability over various current settings
used dupower tireuitdtiving sheplasma itorch, creating a second signal repreaentativetaofecunienhlevel
anot her aspect of the present invention there is provided a novel nethod

2Qo  Blloweineast elgg@&l b Do ot BbdrtforPadl {B4in U Ser WAL th B it e

pl'asma arc system g a cutt
- circuit when the ﬁrst signal is essentially equal to the second signal. In this manner, the cutting arc

is transferred to the nozzle when the output current being regulated by the power supply droops

below the cutting current to which the power supply is being regulated. In a(;cordance with an aspect

of the invention, the current level to which the actual cﬁrrent from the power supply is compared to

.5 a current level that has a percentage relationship to the set cutting current to which the power supply

is being regulated. In pMce this percentage is in the range of 60-80%. By using the invention,

the power supply driving the torch will operate at its maximum capability over various current
settings used during the cutting operation.

In accordance with another aspect of the present invention there is provided a novel method

0 of retracting the arc to establish a pilot mode of operation in a plasma arc system having a cutting

torch. This method comprises the steps of creating a first signal representative of the actual current
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torch. ‘This method conprises the steps of creating a first signal
representative of the actual current
This is the replacenent sheet

5 applied by the power supply to the power circuit of the
torch, creating a second signal representative of a current |evel
bel ow the set current and cl osing the power switch of the pilot circui

when the first signal is substantially equal to the second sillgﬁaw
| n accor dance the nore limted as ect of. .t he ent .i nventiqn,
“the curr effP (iqeé@m thepawar suprly i-thg Rew lﬁsmt OE@PMF#% cmahp&v%swiws%ﬂﬁ@r?%ﬂve
conpar ed is a percentage of the set current used in the cutting
node of tofa mpmnalewdrhelo'ﬁhﬁxe spiucrenttand elosing the power switghrafdhe pilot ciraniti whenltbe first
general range of 60-80% - The primary object of the present

i nventi ong gﬁalt B QubNtahtial Xquﬂfto e de@&fd)é{@ﬂﬂ AlfadcSidaée ofthé it limited as gect dFife

a novel retract met for a. p asma arc torch, which circurt and met hod

operate endent f vol t age. s gnal m t he err.or.

orol i1+ or PrEERt inysREh A uripabievel vach e e Seuedt ifeps of GE o sSbr s cqpapared
supply. In accordance of another aspect of the present invention, the
circfit is apercentagedofithe isetocurrent ussdiindbe custing mode of thevoperatipni r’lénspergentgeam
voltage in the control circuit of the plasma arc torch for the

pur poses 1164, i the gerichdl raﬁg“edﬂsotgm nozzl e. Still a
further object of the present invention is the provision of a CIrCUIt and

am\;;m)gm gspower 8#&}6@%@&?&8 %ﬁﬂé&(ﬁ)&éﬁﬁ&ﬁ%p&oﬁ&g{xﬁﬂr{% ‘g{ ral n'?s ﬁ‘r‘%‘ag

t he operation of a cutting arg Anqt her, ohj ect of the

present i #bd novel;ac g cgrmbgfloﬁrcﬁ plasma care darch, avhich,gireiit angd gnethed ppgrate
above, which circuit and nethod allows a cutting operation for the torch of
a pl asma ardependehtiynofimhy lvoltage signal from the error amplifier and mdependently of a set output

10 voltage for the power supply In accordance of another aspect of the present mventton, the circuit
and method, as defined above, does not require sensing a voltage in the control circuit of the plasma
arc torch for the purposes of retractihg the arc to the nozzle.

Still a further object of the present invention is the provision of a circuit and method, as
defined above, which circuit and method utilize all the available power from the D.C. power source

15 without restraints during the operation of a cutting arc.

Another obj ect of the oresent invention is the provision of the circuit and method, as defined
above, which circuit and method allows a cufting operation for the torch of a plasma arc system'until
the power supply actually exhausts its maximum output power for any given cutting current.

Still a further object of the present invention is the provision of a circuit and method, as

20 .deﬁned above, which circuit and method create a longer usable cutting arc during the cutting

operation, reduce current overshoot into the nozzle when the arc is returned or retracted to the

S
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the power supply actually exhausts its maxi num out put power for any given
cutting current Still a further object of the present
invéntion is the provision of a circuit and nethod, as 20 defi ned
above, which circuit and nethod create a l'onger usable cutting arc during
the cutting operation, reduce current overshoot into the nozzle
when the arc is returned or retracted to the _1701
6 nozzl e, reduce the required size of the power smﬁtc% iR

R AT R L TR S S

advant ages wi l.I becone apparent fromthe follow ng description

t aken t aigetage to thietnozzlaén theqdasmanare terchir awi ngs. 5 : :
BRI EF DESCRI PTI ON OF DRAW NGS Figure 1 is a wiring diagram

showi ng a st m&&x@dtﬁ&%fecfs%d%d%ﬁ’@géﬁwﬂl Bedoftic@ppatent! fién the¥llowing description
havi ng an el ectrode, nozzle and power switch for converting between a pil ot

node of er.ation d a cutting or operating node of operation;

Fi gure é%?tag%ﬁ?ﬁ%%aff?{apﬂ}%%“ﬁﬁ%mnati ng a first circuit for
shifting frompilot node of 10 operation to cutting node of operation
and a second circuit constBRIEF BE KON QE DRAVINGS nt .of the

present invention for retracting the arc and conveting between the cutting

node of oper Figare 1 is a wiring disglam sholvitig aedadad cirpeit fdriayplasma arc torch of the type
Figure 3 is a graph-illustrating the current voltage output characteristics

Cor on’ palingjecide, narele snd iR SABERE clRgingbyipelt Byt efifitn and =

Figure 4 is,a graph jIIus&raftinga.ogerating characteristics of the preferred
enbodi méfUtyIg gnpperating mode of operation; |

Figure 2 is a partial wiring diagram illustrating a first circuit for shifting from pilot mode of
10 operation to cutting mode .-of operation and a second circuit constituting the preferred embodiment
of the present invention for-rétracting the arc and convérting between the cutting mo&e of operaﬁon
and a pilot mode of operation;
Figure 3 is a graph illustrating the current voltage output characteristics of ﬁ standard D.C.
power supplj used for driving a plasma arc torch powered at an inpuft voltage of either 253 VAC or
15 187 VAC; | -
| Figure 4 is a graph illustrating operating characteristics of the preferred_ embodiment of the
present invention which is shown in Figure 2 when the arc or standoff distance is increased and when
operated at an input voltage of 253 VAC;
Figure 5 and 6 are voltage graphs showing operating characteristics of the preferred
20 embodiment of the present invention, as schematically illustrated in Figure 2; and,

Figure 7 is a graph plotting the cutting arc current with the retract current for the preferred

6
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present: i nvention which is shown in Figure 2 when the arc or standoff

di stance is increased and when operated at an input voltage of 253
VAC;” Figure 5 and 6 are voltage graphs show ng operating
characteristics of the preferred 20 enbodi ment of the present

I nvention, as schematically illustrated in Figure 2; and,

Figure 7 is a graph plotting the cutting arc current wth the rétract_lml
current for the preferred

7 ) odi neny of ,the present invention.
PREFERRE@@MWEF@presentm"enmn' Referring now to the draw ngs, wherein
the showi ngs are for the purpose of illustrating a . preferred
enbodi ment of the invention oRFREEERRED:EMBODIMENK pose of |initing sane,
Figure 1 shows " 5 standard circuit wherein torch 10 of a plasma arc

system has a pedferring! now f&mbﬁrélv?ingé ivifeReiR Yheshowings are for the puzpo¥elof $lldklating 8

with a positive output term nal 2 and a negative output term nal 24. S

e vor PeefeeetrisBlinba Ve o8 apl Bt o the ko Sy AR e Mg b O

-set_current which has a higher |evel during the cutting node of,

opdrat i @hn@ard@mmo-v@wrmmgbw of aplasmacae Fysteay Bas ajmmegclrcmt 13idriyen by @ Dbde
of operation (i.e. 15-30 10 anperes). Torch 10 includes el ectrode 30
with a tpbﬁleﬁel\g?l;f 20witd @goﬁﬂvﬂ outpliterinhld) 4@ #naghidveutput terminal 24r

orifice 36. rkpiece 40 is a netal conponent and fornms a part of the
circuit |

i ough Soi ey an fverer s b iBlind 6 Soltde o' B it mplltar -

connected to workpiece 40 and |lead 54 js, connegted to_ el ectrode 30. Pqwer
circui t BWM) to mdintai & gesiFedl a5 carrentwhich s 3 dighes leys! deng, ther caving. wio ? Q5
15

shunts 60, .62 for detecting workpi ece current Iw and the total
out put openation (iod. 40+60 ampezes) ang pllowérdevel during the pilbyarc Wode of bperationk(heet%30 s
noved ~away fromnozzle 34, or is renoved altogether, there is no
cupr ent afneiisy. Mored '19 'iﬁ&gde'i?elédﬁ'ode 30 with a tip 32 surrounded by nozzle 34 having  plasma
arc outlet orifice 36. Workpiece 401is a;metal é&fﬁﬁbnenf and forms a part of the circuit during the
cutting operation when D.C. current is provided through a power circuit 50 including leads 52,54. |
Lead 52 is connected to workpiece 40 and lead 54 is connected to electrode 30. Power circuit 50
also includes a standard choke 56 and current sensing shunts 60, 62 for detecting workpiece current
:5 Iw and the total output current of the power supply Ia, respectively. When the workpiece is moved
away from nozzle 34, or is remo_ved altogether, there is no current flow through lead 52 to
workpiece 40. During pilot arc'operation, the current flows in circuit 70 through a power switch 72
connected in line 74. This Hﬁe may also include a current limiting resistor which is not shown. The
logic on l_ine 80 controls the condition of power switch 72. In the illustrated embodiment, a_logi.c

0 1 on line 80 closes power switch 72. In a like matter, a logic 0 on line 80 opens power switch 72 to

connect nozzle 34, by line 74, to the output of power supply 20 to establish the pilot arc mode of

7
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wor kpirece 40. During pilot arc operation, the current flows in circuit 70

t hrough .a power switch 72 connected in line 74. This line may al so
include a current limting resistor which is not shown. The | ogi c
on line 80 controls the condition of power switch 72. In the illustrated

enbodi nent, a logic 20 1 on line 80 closes power switch 72. In a |ike
matter, a logic O on |ine 80 opens power switch 72 to connect 1701

nozzle 34, by line 74, to the output of power supply 20 to establish t
'FI)'Ih: gt i gr G gra?igB.l gldm;h 2 g}gﬁed current flows between the electrode and nozzle, illustrated as pilot
8 operation. Wth switch 72 closed, current flows between the
el ect r od@raAdimbgaed, Duringsonsersione the pilnt mode of operatipn, switch72ris fiust<losed and
During conversion to the pilot node of operation, switch 72 is-first closed

and then afch& Rrankferstotthe pidLars gb@itibﬂ,easmhbﬁlh ifRig@esl. t Wiien skatch T2Vi8 opened,
Figure 1. Wien switch 72 is opene vol tage is appl | ed by power

vor kot e B R BIEE by B8R B ot R AfidR o308 BP0, Sebiinile thghe s o
arc determ es the voltage,

for taini pr esel ect ed
cut t3 ng GYRE ¢e in a cutting posmon adjacmmh?EU%pye%mcg aglggnags Hm tage

wi dt h nodul ati on so the output current is regul ated by ‘'t he vol t age
on i nput n@tessinydbr maintaiping iaquiesslected cattingrqukdenf.er 100 havi ng an out put 102.
The vol tage on output 102 is the voltage applied to the pul se

wi dth nodul at g, %ﬁsﬁw 26 Es\%’h ﬂ%@c%ﬁéew%modﬁﬁﬁ%kﬁ% éﬂ%uticﬂgreglt}g?fﬁﬁ?ed

of increasingt cycle o ower supply to incre

current | I|vered h, 10. or a i s control b

Che. vol t Jg408 yortags ot Fipyt So wichis sypptied 3, e dbamotifies {00 haying & Goegpt 03, e

representative of the total current la in circuit 12. This actual

current ivoltagagroowput:192 is the voltagerapplieddn the pulse width madulataraentreh(FOMMpwf power

either a first set current for : pil ot arc node of operation or a

secygnd S gppsly 2096 thé Biirpdses oF incRsifp e duty SytIesTthePewersbFlyto increase the available
‘current being delivered to térch 10. Error anipliﬁer 100 is controlled by the voltage on input 104
and input 106. Input 104 has a signal representative of the total current Ia in circuit 12. This actual
current is compared to a set current on line, or input, 106; which may be either a first set current for
pilot arc mode of operation or a second set current for a cutting mode. Standard mode selector

15 switch 120 includes additional switches shown as switch 122 and switch 124 in Figure 2. When

switch 120 is moved selectively between inputs 130 and 132 either switch 122 or switch 124 is
closed. When mode selector switch 120 is connected to current input 130 at terminal 140, torch 10
is set to operate in the cutting mode with the set current controlling error amplifier 100. When
current input 132, which is the pilot arc current contro), is selected by moving mode selector switch

20 120 to terminal 142, error amplifier 100 controls power supply 20 to regulate the current to a set

pilot arc current. The pilot arc current is normally in the range of 15-30 amperes. The cutting

8
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15 "'switch 120 includes additional sw tches shown as switch 122 and
switch.124 in Figure 2. Wen switch 120 i s noved sel ectively

bet ween i nputs 130 and 132 either switch 122 or switch 124 is

cl osed. When node sel ector switch 120 is connected to current input 130 at

termnal 140, torch 10 IS set to operate in the cutting node with
the set current controlling error anplifier 100. Wen current 1
i nput 132, which is the pilot arc current control, is selected by no ’1-60

node sel ector, switc t erm nal error, | J

Cont r of SuFSRLis ORIy i the rang P00 AHREreS, Whi bpgevatah T2 is shifed bgfyesn a
arc current. The pilot arc current is normally in the range of 15-30
anper es clo‘BIad conditiongnd an open condition, control line 150, also shown in Figure 2, establishes the

9 current is normally in the range of 50-60 anperes. Wen
power S%&ﬁg of fndde ssiaufo} eﬁn@mwapac%ordance with tifd @nafioadFgbiveLwithdy2an open
condition, control line 150, also shown in Flgure 2, establrshes t he
setting of de sel.ector sw t 1 or t

pover swi t ch 9SS m?asmaarc?orch 15 G B SR Gl &7 iwegrmg Clerode
started by establishin ﬁ% | ot arc _A between the eI ectrode and nozzl e
wi h swiand mozzle withgavitc! wpkished py 2 c'@gmhmrt arrangement or by
arrangenent or by ‘use of hi gh frequency. Such starting concepts

ar e knowse afkigh fieqilezicy 2 Si¢H étartihg cosceptsaekiownand dré Aot a part of the presshidfvention.
selector swtch 120 is shifted to term nal 142 causing error anplifier 100
to adju " —
t he setigr?@%{&%crt%r scvmcrheln osgg}m&cf e t%’gﬁlgélew eresgekjsaiaalgﬁkﬂlﬁéill %g'[st égwéfo

is moved cl.o nqQzzl e 34, the ga betmeen he work |e | ectrode is
| oni 260 STRY 20 fos eslﬁ e ot Fatorthesgt pile 33 ATRSEES: e
the workpi.ece is close enough and cutting is desr red, power switch
72 is operkpiccedl ismbyed elose tomozzle 34; lthel S beswedn the scrkpiecerand phstrodais ionized

shown in Figure 1. Error anplifier 100 regulates current la to the cutting

Cypy ent ¢ p% B stnldR cRFr&itSHdW through current SEHAOF66/E When th Cé‘éﬁym&? fete is’%‘ios%%n&ﬁéh and

descri bed, asna arc torch 10 Operates-in accordan

st andar d ¢l n%eﬁgi poyer smficm {(s%pgggd a:n% mgdens%i/ect%r Swiich erO(%sn}» iRéd to%he pdsition

pover s&p

shown in Figure 1. Error ampliﬁe:: 100 regulates current Ia to the cutting current Ic, in the preferred
embodiment 55 amperes. As so far described, plasma arc torcﬁ 10 operates in accordance with
standard technology. As the workpiece 40 is moved away from nozzle 34, power supply 20 has an
15 increased duty cycle to provide more voltage. In the past the cutting arc would be extinguished
when the workpiece is removed or rhe arc length (standoff) increases beyond a controllable length.
'Ihe integrity of the arc is maintained by an arc retract circuit which closes switch 72 before the arc
is extinguished so the pilot arc is maintained and the torch remains operative without restarting.
Such arc retract circuits are well known in the plasma art; However, the present invention is an
20 improved circuit and results in a novel method of retracting the arc

Referring now to Figure 2, control logic used for shifting power switch 72 into the cut mode

9
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15 ‘i'ncr eased duty cycle to provide nore voltage. In the past the cutting

~arc, weul d be extingui shed ' when the workpiece is renoved or the arc
| engt h (standoff) increases beyond a controllable | ength. The
integrity of the arc is maintained by an arc retract circuit which closes
switch 72 before the arc I s extinguished so the pilot arc is
mai nt ai ned and the torch renmains operative w thout restarting. 701
Such arc retract circuits are well known in the plasma art; However, Fﬁ%

present inventi,on,i,s an 0 I nproved gircui results i noyel

et hod ofo! eperation i ustitedin the uppef civdit, Comparalop 3Bl pas Rt 202 ouput
control logic used for shifting power switch 72 into the cut node

10 206. The voltage opinput 20hassa leveldstermined byrcutrent sepsoa60c whishisensor gives a
Conmpar ator 200 has inputs 202, 204 anhd an out put 206. The vol t age:

on input ] fehtesintafiVe bf BRI WOMKPRRE chitetUw BRéughOREXDicee 40MTIES cifefOlevel or

gives a signal representative of the workpiece current |w through

I
(ot of oncEASURAT 4 TORIAST Hith SR Sgioh I RREoR Rt HiBH e en Ghe Wolihidee

current in input 202 exceeds the reference current Ir_on input 204, which

cur dent ichrpmtde inpub 202exseqds sle reference currer & onvinpyt204) which cumens in practicgis setat

shifts to a logic 1. Inverter 210 inverts the logic to a logic 0. Wen

sel ect or 200/niA,thd Rigid ch dukpuit ROS ghiftofo aAogic 10 ttvefter Z0dfivdrisale logisith alogic0. Mehen

cl osed. Consequently, a logic O appears on line 80 to open switch -

72, whic + T ] | . j < .

(pi 1ot mador Ftirdo il Rl il ofeperili Shindt 22 8 oul Lmsequently. a e
wor kpi ece 40 is ve 10 close tq . torch 1Q. _The gap, hetween i ece

50" and oRSPPRHER Be BLt0 Qpem W 22, MM ARISe 18 opect svatch 12, SHRh{ 24 & dgsed
flow This current causes a logic O in line 80 to shift the torch fromthe
pi | ot nodpilatimode) and Iw increeses to Irn The wokpiecetcummenid voincrepses as warkpiece 40 isenoved
matter, conparator 220, which is a part the I nprovenent in the arc

retyipact @idse'd tor8RI0! The BAY BetwlBA WRFkpiQR 0 dnllleledBode™s0 isWiMined /catieWorkpiece

sel ection
current Iw to flow. This current éauses a logic 0 in line 80 to shift the torch from the pilot mode of

operation to the cut mode of ope;ration. In like matter, comparator 220, which is a part the
improvement in the arc retract circuit and the novel method constituting the invention when selection
switch 120 is in the cut mode. Comparator 220 is functional when switch 124 is closed to shift from
15 the cut mode. Switch 124 is closed during the cutting operation wherein the plasma arc is retracted
from the workpiece and maintained as a pilot arc with the nozzle. To accomplish the shift
comparator 220 functions in a manner to practice the invention. Input 222 is controlled by an
intermediate voltage level of voltage divider 224. The voltage divider has its upper end conneéted
to terminal 140. The voltage level on terminal 140 is a set voltage for the cut mode of operation
20 provided by input 130. The lower end of voltage divider 224 is grounded whereby sections 224a and

224b allows the input 222 to be at a fixed percentage of the voltage on terminal 140. Consequently,

10
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swtch<120-is in the cut node. Conparator 220 is fnctional when switch 124
is closed to shift from 15 the cut node. Switch 124 is cl osed during
the’cutting operation wherein the plasna arc is retracted fromthe
wor kpi ece and nmaintained as a pilot arc with the nozzle. To acconplish the
shift conmparator 220 fuctions in a manner to practice the

I nvention. Input 222 is controlled by an i nternmedi ate vol t agg 1701
| evel of voltage divider 224. The voltage divider has its upper end

connect e . ' t 4

cet ol ¢ Tt 73 isa sibl ebF LAty f lien dolfentile A9 sl Uired e (30 ALA Blwilpb B
| oner end of vol tage divider 224 i s grounded wher eby s ctions 224a _and

224b al | dvssuitedidupng theontting medeof oaerarlseea @ Fecend iput i comparatar eéstwr-lm
term nal 140. Consequently, - - . |nput 222 is a signal

r e pr esentwhich alsqginvthe ppeferredembediment, ische irputofl error tamiplifien 1 00 Inputpi@decould sepsey

Is regul ated during the cutting node of operation. The second

0t R ol et v 65 Gl e st geie

enbodi nment, t I nput error anpli d sense
the _act ual current a rmde whi ch not asso a ed error
anpli f i ePf {he,errox ?‘FBIB’]L ifier-and, 555053 not ¢ r&ﬂ a#gl Gominares the actual

conparator 220 is not crltlcal Conparat or 220 corrpares t he act ual
current cumentifiom @emweswpplyyﬂdmsmgmmts d2 endithe percentageiofitheseb curoantvaluye Tie

t he set current value. The actual current can be sensed at various
| ocat i Onﬁemblrbuﬁ"eﬂfdah%,seﬁdéﬁ aPPiioRB IGtafoRy, TnliRacties, HO pelcentdgy éf the current is 70%;
however, is preferably in the range of 60-80% In operati conpar at or

ﬁi?ocvaio%?g it s feablycin o B O S50 3 @3%333'3‘3&%3&%& %f"’r‘irs PR

actual current la equals the set current_Ic during the cutting node of
oper at | oRYtpE 238 until the actual cugentlastroepsbelowo70% @i the ewrent set poirtds: yinnormal

this current |evel. However, as the arc length or st andof f
| ndi0eas e speraticn, tigsdchiah cureert fa equalsehs ssi carvent To daring theehtting@nedevf@peratipns since
sufficient-current to maintain the regulated current 1t. Wen that

occurs, bhe Afiplikdr 1007EGMited DoWeP MDY 20 tWUHid Eurrent level. However, as the arc length or
standoff increases, its resistance is increased and power supply 20 cannot supply sufficient current
to maintain the regulated current Ic. When that occurs, the actual current Ia droops below the
regulated current Ic. When the current droop reaches 70% of the regulated current Ic during the cut
15 mode of operatioﬁ, (switch 124 is closed) a logic 1 appears in output 230. This logic 1 is directed
to swuch 72 by line 80 so thert switch 72 is closed. Whgn rhat occurs, the plasma arc is retracted to
the nozzle, as shown in Figure 1. By using the present invention, the coniplete capabilities of power
supply 20 are realized without switching back and forth at some fictitious reference voltage. By
controlling tﬁe arc retract circuit on a current basis, the maximum .efﬁciency and utilization of power
20 supply 20 are obtained.

In practice, voltage divider 224 is used to preset input 222 as a percentage of the set cutting

11
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regul atted current Ic. Wien the current droop reaches 70% of the regul ated
current lc during the cut 15 node of operation, (switch 124 is closed) a
Ioglc 1 appears in output 230. This logic 1 is directed to switch
72 by line 80 so that switch 72 is closed. Wen that occurs, the plasm arc
Is retracted to the nozzle, as shown in Figure 1. By using the
present invention, the conplete capabilities of power supply é?(
are realized wi t hout switching back and forth at sone fictitious r ef elek{0d

vol t age. controlling the arc refract CII‘CUI
basis, t ngrm;p mHAWEY & AAlirmative.ine 222 sopkkbeset garpse lestsd 16ve] 55{%{029 thate

obt ai ned In practice, voltage divider 224 is used to .
pr eset i fipiyhoPPPereentageaut asnelggeunéntitvel belowdahe tegnlated current Ic during the cut mode
current Ic. However, -as an alternatlve | ine 222 coul d be

set at a t

per cent aé’ZE’ﬁ%ﬁ{‘&ﬁe% caudr}%&%:v@vei be owt gucﬁeélgcl# (gy@fjh&aren%afnaxlmum
during the cut nmode .operation. As curr | a, dr,oops, it woul d
ot e Sec SHFRNOnR 5k RP e BRI EHBES3 POrSeREs Bt 8 TRLSEIcRisthroduction i thg Spt GOzt s

of the power supply. Either a percentage or a preselected reductionin the
set Scur r esed incomparator 226 dener dinsle|240 atwbe eithectgd hetweedn tnpat 22Darsbgrotmd to limit
connected between input 222 and ground to limt t he maxi num

vol t age |y Rlaxiiurh WoNAgedevel oﬁhgpdt 233 Thétestilt of trﬁf»zb%r &Eb&@'i% 1ll§stta|téd~i§tF‘§ﬁr8(7

in Figure 7. he graph of Figure 3 shows a power supply 20'

having a rated,vol tage l ue 250 sho
e300, SucrBe” pisphrot Bras sharms, appew Rirpli T farlag gl Vomagk e
produce an out put voltage Whl ch act ual |y varies along graph 302. The i
vol t age @pproximataly 250 vplis\shovm by gun amommwplwdnvmrbmmput@faﬁat‘&
the vol tage. curve 302 for power suppl y 20. As the output current

| ncr eas ewduldpodupein Sitpatoddtage whivhwetually vaitity dlonggraply 802." The RPUEVolREO T the
20 were limted to a fixed voltage as is the prior art (Borowy

5. 640.6 lz)lm;eF Sipply P the WanbtokGilh s 36S dictates the voltage curve 302 for power supply 20.

Asthe oﬁtput current increases.the output voltage debreases. If tlus w}oltage from power supply 20

" were limited to a fixed voltage as ie the prior art (Borowy 5,620,617) represented by fixed veltage

300, the total capacity of tﬁs power supply is not obtained.. At higher currents, the available voltage

for power supply 20 decreases as indicated in line 302. It is inefficient to limit operation of the

15 pewer supply to a fixed voltage represented by curve. 300. Power supply 20 can froduce 275 volts
at 25 amperes with an input of 253 VAC. At an input of 187 VAC, the output of power supply 20

is represented by curve 304 at the lower portion of Figufe 3. With this curve, 168 volts can be
produced at 55 amps. Curves 302 and 304 represent the evailable output voltage for power supply

20 at different input voltages (253 VAC and 187 VAC). Since the customers electrical service

20 determines the input of the power supply, it is not practical to adjust an arc retract circuit accurately

for all operating conditions. Because of the large swing in output voltage and the various input

12

This Sheet Ha.

HIHI lllli f



300, the total capacity ofthis power supply is not obtained.. At higher
cucrents, the avail able vol tage for power supply 20 decreases as
indicated in line 302. It is inefficient to limt operation of the 15
power supply to a fixed voltage represented by curve 300. Power supply 20
can produce 275 volts _ at 25 anperes with an input of 253 VAC. At
an i nput of 187 VAC, the output of power supply 20 IS repregenyed
by curve 304 at the |ower portion of Figure 3. Wth this curve, 168 volts

can be yoitages, vol&ge dHRES dFlare retfHdPEircufity ra¥ @3ePhikhe past3Ré Ffagﬁf&ﬁrﬁﬁtvahgﬁes and

avai l abl' e tput Voltage for power supply 20 a ferent Input
vol t ages (53 VAC d 187 VAC I.nce the c orrer L sgrvice

det er o TRASEEIRBCIFS, o BE BTesEpeimbifian 6D 1 e P 30t prsifting s o Serah
arc retract circuit accurately - for all operatl ng conditions. -
Becausecipéuit.he | arge swing in out put vol tage and the various input

13 vol t ages, voltage control of arc retract circuits as used

in the past aWRen¥oxapevilsale vsed forthesre aétehet circuit, the podRt Sipplyesiseraés aldhiline
pr esent invention uses -a current droop concept for oOperating the arc

nd a9 et e o gy LR A, e i

V\henever t he vol tage fromthe power su reaches 250 volts, in Ijne 300,
the ar capdthepilpbare arpde of operation iestahlis d o%t lgwer ﬁ‘ﬁa@té@ve&pﬁwﬁq Sply<20 is not
est ablished. At |ower current |evels, power supply 20 is not

appr oac approadhig ieaaxinmmititilization. hldeed, ati$Samparts powvarsppply 20panactusllppiogudd ---
can actually produce 255 volts, a voltage capaC| ty substantially

above thes {Lxed % %@9%89{9 Eﬁﬂ%&nﬁ%@y ame‘:tﬁe Eiec?s voI dffine e 300, which 15“2502&:1%.0

anper es, pomef an produce as hi omer suppl y
shoul d

cut at 25Q vol ts. rior_art co I of .th
oro" et AL25 aEperes Rovee Sl €0 S Erogdhes i %5?% ks, Power scpply 3P sheld paths
supply by 10% In accordance of the present invention, conparator 220
r dOr act sutidfEat250 volts. Such pabr it gomolmf g dre vettach giveyit émcasesthb ytlhzation\fmtor
operation currents.’ -
of the power supply by 10%. In accordance of the present invention, comparator 220 retracts the arc
at higher output voltages, especially at lower operation currents.
The present invention causes the arc to be retracted to the nozzle when the power supply 20
can no longer produce the required output current as set by the voltage on terminal 140. The
S operation of the present invention is explained with respect to the graph in Figure 4 illustrating
where the effect of an increased length or standoff on the parameters of 2 circuit using the present
invention. Curve 310 is the actual current Ia connected to comparator 220. Between positions #1
and #2 the actual current is regulated to the cut current Ic. After point #2, the actual current starts
to droop as it moves toward point #3. There is a retract signal created at point #3, since the droop
'0 Ia is 70% of current Ic. Curve 312 is the voltage developed by powef supply 20 attempting to

regulate current Ia to set current Ic during the cutting operation. As the length of the arc (standoff)

13 y
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The present invention causes the arc to be retracted to the nozzle when the
power supply 20 can no | onger produce the required output current
as set by the voltage on term nal 140. The 15 operation of the present
invention is explained with respect to the graph in Figure 4 illustrating
where the effect of an increased |length or standoff on the paranmeters of a
circuit using the present invention. Curve 310 is the actqu4701
current |a connected to conparator 220. Between p03|t|ons #1

#2 the actual ul at dto.the

2 el Bl R £ e A S o
There is a retract signal created at point- #3, SI nce the dr oop

70% of ecaomeplish|this ohjectives the ve tmeshom%)gémae\@ﬂo'aetfaﬁ; hs‘ﬁ‘bﬂﬂ‘?eaéﬁd
attenpting to regul ate current la to set current Ic during the

cut ti ngr&psarieioffhe Ragéduc, itlagtdiediy duree 314 Astirolchpth continues to increase, the
14 I ncreases fromleft toright in Figure 4, current la

L AR R, 1, O o iy of cn g gt 0

cu ve I Nncreases to mat ch the i nCreased

resi stance of the Ion er_ arc, trated by curv |
colt i nueerTespOnds’ wg]agéi%nglmmpu 222 i“"é’y‘ﬁ@ms talYRR ef e@%ﬁggﬁ'ﬁ ﬁcun"gggic

where the signal representative of. current la on |nput 104

cor r espQosgparisoh ofl Is taga percemtagepf fc c@gses aogic 1 in ouipt@36n tSemtOhelZéfls glosed by
per cent age of the set current Ic. Conparison of la to a percentage
of Ic C@{;‘ﬁﬁﬁ ! ) ‘fﬁ de-3f opedtidnC ' 3¢ miafters h 05u26!1 Bypears in line 80 at
control me@g(}g rin th!ta't‘fe c tt?ng ﬁ%de of operation. In tm matter, a -
logic 1 ap point #3 to close switch 72 and
retract PP %Srt%c semt&x‘??anc{retracttmargperati ng poi nt #1 in Figure 4, power
supply 20 is regulated to produce at 55 anperes, he set current | c.
The vol t age ot mmgmlha inFigure dcprsyenisupply 3Ads @stﬂatﬁsl tasmiltmwéiﬂmeses-

: The cutting arc operatlon to the standoff at point #1 is well

wirhi N tiiesdRaFRA 1Y THRNGMaEE of va@upsly 20 is generalBgonktunt aiabouti 180 viltst The
power supply voltage (180 volts) is approximately 75 volts belowits

cutting ar¢ operation to the standoff at point #1 is well within the operating range of the power |

supply. At point #1 the power supply voltage (180 volts) is approximately 75 volts below its
maximum voltage capability at 55 amperes. As the arc length or standoff is increased, the operating

point shifts towards point #2. At this operating point, arc voltage has increased to the absolute

15 maximum voltage that power supply 20 can deliver at 55 amperes. Since the arc retract circuit of
the present invention is not voltage dependent, the arc does not retract at point #2, even though the
maximum voltage is being produced and the pulse width modulator is 100% on. This is the
“maximum available voltage for the power supply. However, by using the present invention, the arc

length can increase to point #3, since the arc retract of the present invention is controlled by the

20 droop of the arc current and not by any particular voltage levels. Indeed, there is no retract signal

caused merely by sensing a preselected fixed output voltage. The cutting arc is maintained well

14
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maxi mum vol t age capability at 55 anperes. As the arc length or standoff is
I ncreased, the operating point shifts towards point #2. At this
operating point, arc voltage has increased to the absolute 15 maxi num
vol t age that power supply 20 can deliver at 55 anperes. Since the arc
retract circuit of. t he present invention is not voltage dependent,
the arc does not retract at point #2, even though the naxinumb4701
voItage i s being produced and the pulse wi dt h nodul ator is 100% on. This IS
t he 1 | ahl Of _ot.

o1 ng. t ncbeppr SRR Bhesk it Bl B 5Eo il s E Rl BEUEME s B e
#3, since the arc retract of t he present I nvention is controlled by t he

droop of lengh ar gansioffiinsreasasiafiordhe peyves sypRivhes reaghsd its snaximgem voltagafor ﬁﬁmgres

there is no rétract signal caused nerely by sensing a presel ected
fixed outagighowflif ﬁgﬁ'e 3l bEp@iut #2.nThé trrért controlt systenrinekiding error amplifier 100 loses
15 beyond a maxi num vol tage for the povver suppl y whi ch is

reached ‘mﬁﬁ r
i ncr easegéoa {)w(&k&#ggweﬁrthg%pp y sﬁglgv?leoggg STRTS arrrlgg? m Vol “?ggm

h T I
cyetm i RIS VRlS doow SupRly DR 1y o it i e wiadh ol 55%%8&%%@ are
with the current set |evel of 55 anperes and t he power supply at t'he '
maxi mum length increasés, bsgondopaint #2Pourent Iaigtpity todroop as shown amFigute 4h Shpwhdyy arc

wi dth nodul ation is at 100%on. As the arc | engt h increases,
beyond pQeditatict e S, bettveth Pbints # Carill £ hesEhAvSof the BrditRoades RO 18h5th
arc resi stanceé curve 314 betmeenp0|nts #1 and #3, the resistance

ofthe arc_i wth the.len The incye

esi st an B TR e etraset ey BRE ibreases e arcitage, Witk the g (AP Y B R rea
a constant current of 55 anperes, a I|near change in_the arc voltage occurs
when t he & eonstan guwent 0f 535 mw@slmabmgm&m voitage openrs Mihen the resistance
point 316 in curve 312. Beyond point #2 power supply 20 is fully
on gnd t@mg&m&ng\/airﬁ@gm Thitis shoWox afftipdisty16 fméuwaelzp@aybn@pem #ﬂtpower

currents;

supply 20 is fully on and the output voltage is at a maximum level for the specific output currents; o

however, the arc resistance continues to increase with increased standoff. Between points #1 and

#2 there is an increase in the output voltage while the current is regulated. After operating point #2

the control system for power supply 20 no longer controls current. The power supply is fully on due -

15 to the maximum si'gr_xal in line 102. The output current starts to droop with increased standoff.
‘When the output current drops or droops below a preselected percentage of the set current set level,
the arc is retracted at point #3. The pulse width modulated signal on line 102 is the output from -a
typical cutrent control error amplifier which is used in constant current power supplies for plesma
arc torches. The voltage level on line 102 controls the pulse width modulator of power supply 20.
20 In practice, a signal of 0 volts on line 102 will produce a minimum pulse width modulated duty

cycle. A signal having a level of 3.5 volts on line 102 will cause the pulse width modulator to have
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. howeveéer, the are resistance continues to increase with increased standoff.
Bet ween. points #1 and #2 there is an increase in the output
voltage while the current is regulated. After operating point #2

the control systemfor power supply 20 no |onger controls current The power
supply is fully on due 15 to the maximum signal in line 102. The out put
current starts to droop wth increased standoff, When t he oyt
current drops or droops bel ow a presel ected percentage of the set current

set |evel rc.s retra i #3 i

odul ot ALY sl o100 TR b wldih OGN Bbethfts Bericdn 0 Vafis B 33 il hen e
control error anplifier which is used in constant current power supplies
for pl asentrol system is agfively vgulating theicurronst 1Aftes pomy #2 tharesistaaceiafthe ergicauses thene
pul se wi dt h nmodul at or of power supply 20. 20 In practice, a signal of O

vol t's orputtingecurfont ¢ Hécredse dmeit a detfact sigiia 4t poire #3i dthis 4ro dethaet signalus yreated by
cycle. A signal having a level of 3.5 volts on line 102 wll cause the

pul se wi - Qr P . . .

g, °¢ ™ hubabRGk 228 o b Y Bwer cipyit in Eigure 2 The st faput 0 his syrrent s he sctual
bet ween 0 volts_and 3.5 valts when the controfss,st mis,acti elty
regul at iaRCHrFRat By r thefeconsrippit 244 isa peroentags of thssst ciiment I5duting thequtting raede ofi o
cutting current to decrease until a retract signal at point #3. This arc
.retract apemtiah. Thispercentage Will be set to 70%dmwexer itcan Beih théirange 0f40-80%|dopending

‘circuit in Figure 2. The first input to this current is the actual 5
arc cur ﬁ%ﬁh tﬁ@apﬁﬂéat‘ﬁﬁ? PReferdblpit i9iRdhé Pande BE50-80442 9 rétfact §i8nal &f a Clttdr Nvel 6f -—
during the cutting node of operation. This percentage wll be set

to 70% Vel , ..t n be in the.trange of.d40-80% dependi Upon
e appiQ 2L it el Bt st BT ARpeS wif reele s FEBEGRmAT W e actpal MR,
at a current level of 0.7 Ic and with a cutting current set at 55
- anper es Iaiis approximately 386k amaperes. gWhken theoactual sumentisbelowr38champeres, an arc refracts
~approxi mately 38.5 anperes. Wen the actual current is bel ow 38.5 anperes,
~anj(ar ¢ rs@nabii lineldB0 startd thO atc refradtisBgueadél starts the arc retract sequence.

Figure 5 shows oscilloscope traces recording the events t hat occur- v_\/nen t he
cutting arc 'Figure 5 shows oscilloscope traces recording the events that occur when the cutting arc is
moved away from the Workpime very quickly. The upper trace illustrates an arc retract signal 320
appearing on output 230 <;f comparator 220. The second trace 322 is the condition.of power switch
72 which closes at location 324. Trace 326 is arc current Ia. Trace 328 is the voltage on line 102
15 which controls the pulse width modulator. Operation through point #1 is illustrated to be well within
the operating range of the power supply. The input to pulse width modulator as represented by curve
328 is below 3.5 volts represented by line 329, until point #2. As the arc length is increased, the arc
resistance increases along curve 314 as shown in Figure 4. The arc voltage incréases and power
source 20 reacts by increasing the pulse width modulator voltage, as shown in curve 328. Until point

20 #2 the system retains the regulated output current at the set value of 55 amperes. At operating point

#2 the pulse width modulator increases to the maximum usable level by intersecting line 329. This

16
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noved ‘away -from t he wor kpi ece very quickly. The upper trace illustrates an

~arc_retract signal 320 appeari ng on output 230 of conparator 220.
Thé“second trace 322 is the condition of power switch 72 which
closes at location 324. Trace 326 is arc current la. Trace 328 is the
voltage on line 102 15 whi ch controls the pul se width nodul ator.
Qperation through point #1 is illustrated to be well within E’
operating range of the power supply. The input to pulse w dth nodul ato o1
represented by curve 328 is below3d.5 volts represented byline 329,

until poi it the region i operation srhgrathe powier sepply ds meintaining a cutting arc gtdhe maxHaem
i ncreases along curve 314 as-shown in Figure 4. The arc voltage increases
and power yoltage for powed supply. 2l thea€ tetrabtcitcait vesis voltage Rensitive; thedrd idtratbsighalt320
vol tage, as shown in curve 328 Until point 20 #2 the systemretains

the regul giGth & BEvoifabe WA HGcHY iRmBHRIE .alué‘ﬁf\ﬂﬁ &WePdthe
%&P%% se W ltl 03 p ﬁ grusggfh

poi nt I NCreases 1o max| nu

| evel by |ntersect| ng I ne 329. ]

17 control paramefef. @ﬁ@eﬁs‘greaﬁct&rm%m roniroflad by companiRandp adiisdiwpltage such
mai ntaining a cutting arc at the maxi num vol tage for power supply.
| f tHe arasshetmdbytcucve 300 in Rigure 3ytheteawpanld be airetract sighhlat deast byethedime thegtamidoff
320 - woul d occur at point #2. The output voltage has reached its

Maxi MM vadkiedidoint #2! #8ccbRfaficd With the present in$éibh Cds shawi ik Fifure 5 thé Bﬁtti?zé%rc is

retract circuit were controlled by comparison to a fixed voltage such

as shown b ur v ur. wou retrac nal ..at |ea
by the ¢ FETHBSEpal peydud optrithe Pojns 43 e vstnt vehrioR alsi it Bl e R
present invention, as shown in Figure 5 the cutting arc S

mai nt ai nethewitandoff sspoesented by aperatingpsinti#3: At this pojnt arscurentlasinepsgor dreepsthecanse
the cutting arc until the standoff represented by operating point

#3. At t hofithp fricéasell dic fasistanbé albAg 6lird®314 r'WHERD R ul€Rt @6 or droops belodf 70% 6f the
i ncreased arc resistance al ong curve 314. When the current drops or droops

bel oy 70%pbuddiif 1c cpysﬁﬁﬁéﬁéQWtseﬂﬁ o8 iack %@&%s%ﬁﬁe@fhﬁa&@%%&t

sequence IS activate S causes -E.@COHI’]GC

d 5

to the nozzle and the pilot arc is maintained as the cuttmg arc is extinguished.

Turning now to Figure 6, o_scilloscope traces illustrate events that occur when the cutting arc
is maintained for an extended period of time at the absolute maximum oufput voltage of power
supply 20 between operating pcints #2 and #3. If the present invention were a voltage control arc

15 retract circuit, it would be impossible to maintain the arc at the maximum output voltage of the
power supply. Operating in the region between points #2 and #3 as shown in figure 4 would be
impossible. When a ﬁxed voltage is reached, the arc would retract. In accordance of the present
invention, the cutting arc operates above the maximum voltage level at point #2. After point #2 is
reached, the current decreases as shown in Figure 4; Consequently, the available maximum voltage

20 increascs as shown in Figure 3 because the current shifts to the left. The traces shown in Figure 6

are the same as the traces shown in Figure 5, except they are for a longer time at point #2 and include
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to the nozzle and the pilot arc is nmaintained as the cutting arc is

ext i ngui shed. Turning now to Figure 6, oscilloscope traces
i I'Tustrate events that occur when the cutting arc i s mai nt ai ned
for an extended period of tine at the absol ute maxi num out put voltage of
power supply 20 between operating points #2 and #3. |f the present
i nvention were a voltage control arc 15 retract circuit, it woul dhe7o1
i npossible to maintain the arc at the maxi mum out put vol tage of the

i our o4 Begpgspts. FlitniabonshE et Pl 284 Bl %F%Sglef% *?Z“"‘%%W‘ﬁd

arc would retract. In accordance of the present ventgggq
cutting ooperating paint#3bWhentthis aeasrsnthmayailable;eutput,voltage i 11}5‘6?4‘1?5 slight Jﬂﬁ"@ power
point #2 is “reached, the current decreases as shown in Figure 4;

Conseque nédggal y b ecoiets Dinginka ithe! putviagtaagat thtOdecredse cumaste sThis aetieniresithts in
F| gure 3 bécduse the current shifts to the left. The traces shown in Figure

f or a onﬁ@m%ﬁ@%a@%%% dﬁﬁ?ﬁ? &.E}gm&:@nf AP thevaibibiEwItagt Merdis&, as

the postscript a. Fl uctuatlorls of. t e arc currettg trace
326a5 i ndi shovasindfigere3a Wher cOBPIHAG Y RAYEE SUPPLICs it 8 < 57yB¢ a’tltPHb“‘B Bt apgwer
When this occurs, the avail able output voltage increases slightly and power
supply 2 Osdppmgithé preseitifrventioh hes anotablednarease in themaximumenrs tengtir owgnprior art

This action results In addi ti onal output voltage because when the
out put cu ac%ﬂaﬁtst he avai |l abl e vol tage i ncreases, as 5 shown in
Figure 3. eén conparing two power supplies with the sanme out put vol tages
a power ... suppl Sing_the_present invention,h L Le i

in the maxi rrunﬁﬁﬁ‘é“sp'gﬁgw 5 &B’r ﬁgtarc is maintaingd a‘?’ﬁf C |lsre%w§E

As illustrated in Figures 5 and 6 the pilot arc is maintai ned as th

cutting aSwitels72istclosgdiwherairetract signal occgaiin line 230 showaas signal 338 in EPEP’@tSraé’étnoa
S|gnal occurs in line 230 shown as signal 320 in Figure 5 and 320a 10

t o t g“ :]glznglfl t@gﬁ?fdgﬁ%ﬁg? With fthd preseht Bventior, et will rettacetoghenodzld atadtansier
current which is less than the set cutting output current of the power supply. This is shown in Figure

4 at point #3. In prior art circuits, the retract signal is at the set current Ic. The present invention

retracts the arc at a value less thaa the set current. Retraction of the arc at lower currents than the

rated current of the power supply and indeed the cutting current set point terminal 140, eliminates

15 high current overshoot into the nozzle as experienced by prior art arc retract circuits. This switching

. to the pilot arc mode at a reduced operating current reduces the size needed for switch 72. Over

current damage to nozzle 34 is also decreased. In the past, the arc is retracted at the operating

current appearing on terminal 140. Consequently, in a 55 ampere plasma arc torch, the arc is

retracted at 55 amperes. After the arc has been retracted at 55 amperes, mode selector switcﬁ 120

20 shifts to reduce the current level. However, the actual transfer is at the higher level. In accordance

with the present invention, arc retract is at 38.5 amperes to reduce the size of the switch 72 and
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current which is less than the set cutting output current. of the power
supply. This is shown in Figure 4 at point #3. In prior art
circuits, the retract signal is at the set current Ic. The present

i nvention retracts the arc at a value less than the set current
Retraction of the arc at |lower currents than the rated current of
the power supply and indeed the cutting current set point termnal 140;701
elimnates 15 hi gh current overshoot into the nozzle as experienced by

prior art i its. This swtching to the pilot arc
T B e el

node at "a I'ng current reduces the size needed for switch 72.

Over current danmge t-o nozzle 34 is al so, decreased. In the past,
the arc is ré'ihpaeneeéwéf:%ﬂesmﬂ@w2lsusedtokra%tmaaamﬁawﬂvgogﬁmmﬂ'

‘terminal 140. Consequently, in a 55 anpere plasma arc torch, the arc is-

r et r act edrrext tdEormrup evershootdf aarretitia the nozzles Theanaximunaretract catrentis dimypicedete 40
mode sel ector switch 120 20 shifts to reduce the current |evel. _
Howeverm%bfés.a | Birbeat irlcReadtls, the favBhiitH dausdes IR si ﬁa{r‘c‘a t
with the rese%%ml%r?stte‘{rlu?l on, rt.g!rc rei@agvg?s ata 363.5% e?%gﬁli:igjre ucrenpt eor

si ze of witch 72 .and. . . .

765" " 22050 Be o ermARNREY dncrasert, By using the zener dipdg when the st SUEETS 1 is oy A
in Figure 2 is used to |imt the maxi numvalue of the retract current to
cont r ol leyebexseoding value of diode 249, input 223 iy tlampathte thatwaluen This issshowamuin Fignrei7s
limted to 40 anperes. As the set cut current increases, the invention
causes WiRrStheelractsi tfixedabele 851035 AntHeresdd Préduch @ reRadtat@ANdt B¢ 38
~increased. By using the zener diode when the set current Ic is above a

| evel e§§§§ i.ng val ue of diode 240, input 222 is clanped to that val ue.

This is "in Figure 7 where the retract signal is fixed above about 55
anperes to produce a retract signal at about 38 anperes.
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Havi ng:thus defined the invention, the following is claimed:
ﬁﬂmc’fa‘lc_nh havi ng an electrode in a nozzle, a power supply
for pr o m ‘s““m“ D.C. current, a power circuit for connecting said
power s ‘“! r““ el ectrode and a wor kpi ece to be cut, a
power s or #onhecting said nozzle to said power supply when in a 5

cl osed condition defining a pilot are node of said torch and for L-1701
di sconnecting said nozzle from sai d wor kpi ece when in an opén

condi ti def t.t| means for regul ating

sai d po%?’mﬁfb @"%Fﬁd?‘] ﬁ’g@ﬂ?‘gﬂ%ﬂ,ﬁkﬁ"ﬁ said pilot arc node and a
~second set current when in said cutting arc node, and an arc ,:
retract circdit fdna@lﬁsmmar@tog&mvm@me qud@hnﬁmmMEPWéhpplnyTPmVldmg
condition-to said closed condition, the inprovenent conprising: said arc

retract adDIC: Wukreht) & pétiérgcirctit for cduhécting saidpower sEple abks sdid 2ldcrgde and ast
~signal representing the actual current applled by said power

5uPplY LAk RONPGCA pEEY swilBRRS cbiiecing Tald1tho21e S8 SR ot Waholy when i

representative of a curfent ow sa| arren

i Bt s Pl Sondtcm e Bagedilio) s e ot 3o Saria g&@ﬁ@%&&%@g sax&‘nozziedfmm said

2. The inprovenent, as defined in cI aim-1, wherein said current level is
“a per cemtoakpiece when in ancﬂpenabﬂdiﬁen defining @ cottingear¢ mode, amplifier means for régulating
The i nprovenment, as defined in claim2, wherein said percentage is in the

gener al gaid power suﬂp‘?}nﬂﬁa ﬁfst@&cﬁ&ex(t’whenmsald pilot arc modé'and a sebbfid sdtRURURRIRA. -
as define | n cl al m 3, wherein said swtch operating neans

A M e MO

5. The inprovenent, as defined in cI aim2, wherein sal d SW tch operating
"means condition to said closed condition, the 1mprovement comprising: said arcretract circuit including

0 current sensing means for creating a first signal representing the actual current applied by said power
supply to said po§ver circﬁit, means for éreating a second signal representative of a current level
below said second set current, and switch operations means for closing said power switch when said
first signal is substantially equal to said second signal.

2. The impi'ovement, as defined in cla_im 1, wherein said current level is a percentage
of said second set current.

3. The improvement? as defined in claim 2, wherein said percentage is in the general
range of 60-80 %.

4. The improvement, as defined in claim 3, wherein said switch operating means
includes a comparator having a power switch closing output signal when said first signal is
substantially equal to said second signal.

5. The improvement, as defined in claim 2, wherein said switch operating means
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21 —|—ﬁc—l—udes—‘ar—corrperr—art‘or having a switch cl osing output si gnal when

sal d-firs ant lally equal to said second signal.
. Themﬂm ME m defined in claim1, wherein said.switch operating
rreans akat or having a switch closing output signal when
said first signal is substantially equal to said second signal.

7. The i nprovenent, as defined in claim2, wherein said second si ggahm
creating nmeans is a voltage divider connected to a termnal having g
voltage re sentative of said second.,set curr.en and oyt put an. .

! nt er nediiBBdes L EAmRFRIOEhaIRgA §‘84t?1h§85‘ﬂg owgat sige wheh laﬁta@é@aﬁﬁlt’s;mw&v.
8. The i nprovenent, as defined in claim-1, wherein sal d second si gnal
creating eqeairtesmdlsscmd\stgrtahge ‘di vi der. connected to a termnal having a .. .
vol tage representative of said second set current” and an output at an

internediate lg@catifg fhoddeetOld ﬁGﬁ’né&' | dgfm 10 whefed Em&g,hﬂtcﬁ ng! HERls-

9. The i rrproverrent as defrned in aim 8, wherein said swtch operatl ng
means des limti neans f I|mt|n t.he X | ue i.d
Second s s Teomparator ey & Sy 9%%9@8&?@%%@@&‘@&3 stite s sipantially

wherein said limting neans is a zener diode. The
i mpr ovenwaual ta saidseeandsignal.cl ai m 1, wherein said switch operatl ng nmeans
cincludes limting neans for limting the maxi mum val ue of said second

~signal . 7.  Tbhe xmpmmwa@ﬂmﬂﬁn claiin Q,Githdﬂéiﬂ s4if s€dontl ¥ighal crédtiigghéans
said limting neans is a zener di ode. : Arrethodretractlng

the cuttipng a thn&e?tcﬁllﬁ'LéctseH t@al i ﬂ;{v&ﬁ\do?tagé gérﬁedvg 3 sdld Secondsd

arc syst emW| torc aving an e a pOV\BI’ supp

providing a current, a power circuit _for_connecting s
suppl y a@F€§§ ogmuaa@véeﬁqr@a@a'&ﬂeca&wmdé@y s%dmder to create said scoh SIsna

8.  The unprovement, as defined in claim 1, wherein said second signal creating means

isa voltage divider connected to a terminal having a voltage representatlve of said second set current

i 2,

S

' and an output at an intermediate location on said voltage divider to create saldl'second signal.

9. The irriprovement,‘ as defined in claim 8, wherein said switch operating means
includes limiting means for limiting the maximum value of said second signal.

10.  Theimprovement, as defined in claim 9, wherein said limiting means is a zener diode.

11.  The improvement, as defined in claim 1, wherein said switch operating means
includes limiting means for limiting the maximum value of said second signal.

12.  The improvement, as defined in claim 11, wherein said limiting means is a zener
diode.

13. A method retracting the cutting arc to establish a pilot arc mode of operation in a
plasma arc system with a torch having an electrode in a nozzle, a power supply for providing a D.C.

current, a power circuit for connecting said power supply across said electrode and a workpiece to
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be cut; a—power—swtch TOI’ connecting said nozzle to said power supply when

~in a-clos - defining a pilot arc node of said torch and

f or “di SCO%M‘HMJI l e from sai d workpi ece when i n an open
condi tion catt+ng arc node, and anplifier means for regul ating
sai d power supply to a first set current when in said pilot arc
node and a second set current when in said cutting arc node, sg,hﬁ
nmet hod conprising the steps of: © (a) creati n&‘
first signal representing the agtual current applied sald .power

suppl y tgeggq, gpswmmgth [ ¢qunecting said nozzle to sald power sup m;v henin a glqsgfbc%pdmon _

second signal representative of a current |evel bel ow said second

- set Scur r definingagilot arc mode of said torch and for discdnmpctingahidyiozgle firvind sqid warkpieéet when
when said first signal is substantially equal ‘to said © second -

si gnal . jn an open condm?n defilrﬂng a cﬁtti'ﬁgtap@ﬂmd@%nﬁ%dﬂ?ﬁ#r bafis ?dr%%ﬁs i %ﬁéﬁ bwer

. the addi ste creatin rent
| evel as a erce age of sai.d seco d, set cu
Tho: et hSURBIRLD &BFsF Sk e afbien A %@r@éﬁt%@nrgfhﬂmwwmg
general range of 60-80 % - The nethod, as
defi ned lammbde,rsarﬂanethqﬂ‘;cumngﬂES&rmOfl onal steps of

(e) limting the maxi mum val ue.of said second signal.

(a) | creating a first signal representing the actual current applied by said power
10 supply to said powex; circuit,. |
(b) creatinga secqndl signal representative of a current level below said second
set 6urrent; and,
(©  closing said power switch when said first signal is substantially equal to said
sécond signal. | | | | |
14. A method, as deﬁngd m claim 13, including the additional step of:
(d) creating said current level as a percentage of said second set current,
15.  Themethod, as defined in claim 14, wherein said percent#ge is in the genei'al range
of 60-80 %.
16. The method, as defined in claim 13, including the additional steps of:

(¢) limiting the maximum value of said second signal.
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