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X GENERATOR OF HI GH CURRENT PULSES This invention rel ates t d)<Od) %&ﬁb\’f

produci ng | arge-pul ses of electric current especi al Iy useful in welding.

'Pul sed_electric currents of high value are used in many applications, a
partlcularly i'mportant one is 5 in welding including spot welding. Qher

i nportant applications include pulsedsel ectroplating, D.C. to D.G
inverters, D.C. electric notor speed controls and surface hardening by
imlsed arcs. In these applications an approxi mately square wave current 10
pul se.is desired and current pulses of up to 10,.000 anp nmay be required.
It-is for such large current pulses that silicon control-rectifiers (SCR s)
are nmost appropriate as solid state sw tching devices.- The preferred
enbedi ment of the invention to be 15 described uses SCR s as sw tching
elenments in its circuit which is used to control the output of a dc power
supply of conventional nature and the one pulse unit can be used with a

wi de range of power supplies such as. notor generator sets, |ead-acid
storage batteries 20 and transforner-rectifier units. 1In this fashion the
cost of installing pulsed welding facilities, for exanple, is S|gn|f|cantly
« educed because continuous current wel ding power supplies which_ have

al ready been inst al (GENERAOR DR IELGH cbnhﬁm25unsbs' ng unit.  LAWRENCE,
B. and JACKSON, C—Tm I969 varrabre " :

“This invention relates to a'circuit for producing
large pulses of electric current especially useful 1n welding.
Pulsed electric currents of high value are-used
in many applications, a particularly important one is
5 in welding including spot welding. Other important
appllcatlons include pulsed electroplating, D.C. to .
D C. lnverters, D.C. electric motor speed controls
and surface hardenlng by pulsed arcs. In these
appllcatlons an approx1mate1y square wave current -
10 pulse is desired and current pulses of up to 10, 000
amp may be required. It is for such large current
"pulses that silicon control rectifiers (SCR's) are
most appropriate as solid state switching devices.
’ The preferred embodiment of the invention to be
15 described uses SCR's as switching elements in its circuit
which is used to control thg output of a dc power supply of
_conventional nature and the one puise unit'can be-
used with a wide range.éf power supplies éuch_as. _
motor generator sets, lead-acid storage batteries '_"-_
20 and transformer-rectifier units. In this fashion ;
 the cost of installing pulsed welding facilities, :
for example, is significantly reduced because '
continuous current welding power supplies which §
have already been installed, can be used with the '
25 ﬁulSing.unit.



Ffigquency Gas Shi el ded Pul se Current Arc Wl ding. Wl ding Journal Res. ‘
|.. 48 1969, 97s-104s. reported a study of pulsed current arc welding in
5 which the influence of the pulse current frequency, duration and’ )
magni tude on the node of nmetal transfer in the MG (netal-inert dgas) arc
was determ ned.- This experinental -equi pnent used SCR s switching the output
of a dc power supply with the control puylses 10 to the gates of the SCR s
bei ng obtained froma nechani cal commitafor. In order to maintain a
conti nuous standing current so that the arc did not go out at the end of
the current pulse a second power supply was.used. The use of a nechani cal
comutator 15-and nultiple power supplies would not now be seen as el egant’
design. Furthernore thAWRBNCEL By EnduFACKBOBL COsednt 3O 6SCWariabiei oned

“in a bistable de of operati i [ ch, .. _ . fyrn the

ot her off al tﬁ%?‘é???y Tﬁg‘gl g?‘aeerl% %glﬁgr O?nggfl\#giﬁ%%oﬁghﬁgé current
and the snul | sleBligoddurnad Res.t Rupphe 48al96Re &7sdf4=nt pul se was
not flow ng. Thi o] rad i L San ' Wl e D al so
enhances the p‘?éo%?ggnégf qugfguo alﬁfﬁ&éi? ugaﬁgg%ﬁprhgi?eeg%ﬁ? hieﬁpul se
generat or. % whighothehdn s i Fae uRRLsef srrRend fFredNensEen

described whi cfi,syti6A hHe siighiiteude onetHingoRaVeE ety tdbdkes A and

BROW, MJ. An Inverter ) .
in the MIG (metal-inert gas) arc was determined.

This experimental equipment used SCR's switching the
output of a dc power supply'with thé control puises
10 to the gates of the SCR's being obtained from a
mechanical commutator. .In order to maintain a
continuous standing current so that the arc did nét
'go out at the end of the current pulse a second pawer
supply was.used. The use of a mechanical commutator
15 and multiple power supplies would not now be seen as
eiegant design. Furthermore the switching circuit
which used two SCR's functioned in a bistable mode of
operation in which each SCR was used to turn the other
off alternately. The larger SCR controlled the arc
20 pulse current and the smaller SCR conducted for the
time that the arc current pulse was not flowing.
This method of operation is not only inefficient but
also enhancés the problem of disposal of surplus heat
produced by the pulse generator.
25



Power Source for Welding Applications. 2nd-5 International Conference o<:g;§>
“Power Electronics - Power. Seniconductors and their Applications. London
England . I|.E E. 1977 58-61, and LOAERY, J. A New Concept for AC/ DC Power
Sources for TIG Wl ding. Advances in Wl ding Processes 4th International 10
Conf-erence Harrogate England, 4th-11th May 1978, 161-169. These designs
have been devel oped specifically #=0B H G )tungsten-inert gas) welding of
atumi ni um for which application it is highly advantageous to have the ,
current through the arc 15 alternating thus producing a cleaning action on
. the wor kpi ece surf acEwdyotberbprised shapinemunits sforaweddiagnthare wit h
respect tot - sRLac . bk S @f af | sfygequency
(50 or 60t halor SEiBRAkRICh AT LEE Gibbubia® A 0 and
“heat input tPHRE \ERRBLEe e SHETH: Badge D BRI/ | He€pendBndmVRIRLT ar yi ng

the ratio of gdierlusahtesas ek Wégdwﬂﬁ1ﬂeg%fﬁﬁkiﬁﬁétivsnha|f cycl es of
current. Anot her devi ce descri bed by | ST, F.f., Inﬁnoved, Lower Cost
Al uni ni ur . SR IFTANRY) Fanserenas, @t ReWFE ELGEFIPRECTFoar FAWEE4 1975,
348-337, is Eumicdndustorsaantio thiedse Applicaeions. Lon€enately above but

eLiers i1 SGedigl | Led S ohaohy e draspieReY g1 oRoRal o (50 - 200
commut ati on dormept fHortAE/BCRPower Sources for TIG-Welding.
) Advances in Welding Processes 4th International

10 Conference Harrogate England, 4th-1lth May 1978,

" 161~169. These designs have been developed L
specifically for TIG )tungsten-inert gas) welding of
aluminium for which application it is highly _' |
advantageous to have the current through the arc é

15 alternating thus producing a cleaning action on the

" workpiece Eurface by ion bombardment when it is biased
negative with respect to the tungsten electrode.
Each pulse unit is of fixed frequency (500X 60 Hz).
The cleaning effect as well as the weld penetratidn

20 and heat input to the'workpiece are changed (but’not
independently) by varying the ratio of the durations
of the positive and negative half cycles_of current.



,(Eéégof the shortcom ngs of the above and other 10 known circuits is that
' control of the switching of the current pulses nay be dependent on
paraneters which do not reflect the conditions at the arc itself. The,

"obj ect”of the present invention is to 15  provide a circuit for
generating current pulses.of up to at |east. 10,000 anps in which the
switching of the current pulses is controlled in accordance with the o
voltage at the |load. According to the present invention, there is 20 ™!
provided a circuit for generating current pulses in a dc ?pmer supply
conprising a switchaReOERer FeNt CoffsdePe® Rui 8Rp8%er Fsdpply and to a

| oad and  cont r@i> P8, f pbweanioodd iAldmiite: @t abel i ngakd thwigoahiabl e

el ement - whereby a rel a iveky 25 - . deavy_current pylse.js allowed to
flow through the4®Hd WAVEE SAYF S t IR B ToBRES- - =% 3 its on -
state, said 30 34%0p3 79l igeapneirxdiydisnigririggeet okans mentioned for
generating ccont r.oi_ﬁ%ggnal s..f %é’ con%hrql-‘loigl,:ge,'gcheigtg%g;gfi sai.d S\Metéihab| e

el ement and BFtage 28NS g ciTeui t® SR ~¢8hsiTy t he

vol t age across:ﬂbmki@hdoéndheaﬁﬂeqpagnxi¢fig@eranéans(50 - 200 the) .
generate a CO”tréﬂié'EPéguERc?Mﬂﬁﬁlé§¥an is imposec¢ by the use of '

& resonant commutation circuit for the SCR's.

One of the shbrtcomings of the above and other
10 known circuits is that the control of the switching
of the current pulses may be dependent on parameters
which éo not reflect the conditions at the arc
itself. | |
The object of the present invention is to
15 provide & circuit for generating current pulses of
' up to at least 10,000 amps ir which the switching of
the current pulses is controlled in accordance with
the voltage at the load.
According to the present invention, there is
20 provided a circuit for generaiiné current pﬁlses.in
a dc power supply | comprising a switchable ele-
ment connected to said power supply and to 2 load
and control means for controlling the state of

said switchable element wherebv a relatively
25 heavy current pulse is allowed to flow through the o
load while said switchable element is in its
on state, _ ‘ <
."*-_f‘ﬁ‘-“-“‘_-‘ﬁ-~‘h““‘ - said’
30 control means including trigger means . for

generating control signals for controlling the
state of said switchable element '~ and a voltage
sensing circuit for sensing the voltage

across said load and causing said trigger means



swi t chabl e el enent to its on state when said sensed voltage is at foﬁy
predeterm.ned l.ow |l evel and to switch said switchable el enent . to its
.off 5 state when said sensed voltage reaches a pre- determ ned high -

'l evel™ The invention will now be further described with reference to the.
~acconpanyi ng drawings, in which: Figure 1<t asinplified circuit di agram

of 10 the pul se generator of the invention; Figure 2 is a waveform:-
«dlagran1useful i n understanding the operation of the circuit of Figure 1;

Figure 3 illugly :?a@défb HtEoC WilgnaN % d Sswitch sakggures 4 and 5
il lustrate contr circuitry or generating gate pulses. The circuit

illustrated i ﬁ”ﬂt@hﬁ.bllel%l?ﬁi?nﬁse in 3@ JdF \@1 oF Batepuheni 6344 t he

circuit show rR@nse@RVENEhgaal sWalkkdian g relddt¥mSned| Yowppayatiuand havi ng 20
its positive output, connect dto a rkpiece 4 and its negatlve out put
connected to & &YWdTRHRa% tﬁWbﬁﬁﬁg;¥$[ﬁﬂ%ﬂ?% frcuit BOoftEneLfhvention.

The circgit 8gtajeldfsert $agl beageancyldaid ingachsésuat p8-for initiating
an arc between the eleqirode 6,25 1 and the workpiece 4. The circuit

i ncl udes a prﬁ%ﬁifqiﬁg DIAPCAEVE st | arge capacity and carries the full
f‘[]g g‘;[[rg[‘ty S‘égegzt fe AAySHEL8R' wi11%iow Bd CBh 0Ly 18e LR §BRAECI d across

with reference to the accompanying drawings, in which:
i | Figure 1 is a simplified circuit diagram of
10 the pulse generatot of the invention;

'~ Figure 2 is a waveform diagram useful in
uhderstanding the operation of the circuit.of .
Flgure 1; .

Figure 3 illustrates a modified c1rcu1t- and
15 | Figures 4 and 5 illustrate control circuitry

for generating gate pulses.

The circuit iliustrated in Figure 1 is for use
in pulsed welding operations, the circuit showing a
. conventionai welding current supply apparatus 2 having
.20 its positive output connected to a workpiece.4 and
its negative output connected to an electrode 6
through the pulse circuit 8 of the invention, The
circuit 8 includes a high frequency.starting circuit
10 for initiating an arc between the elecfrode 6
. - 25 and the workpiece 4. The circuit includes a primary
SCR 12 which is of large capacity and carries the full
arc current, when the arc current flows. A resistor
14 is connected across the priﬁary SCR 12 so as to



- /6 s'Jprovide a standing arc current in the range say 20 to 60 anp at those
t when the remai nder of the circuit would not permt current flow. The
% € of resistor 14 would typically be 0.5 ohm The circuit 5 further,

i ncl udes a capacitor 16 and secondary SCR 18 which are connected’in a
branch across the SCR 12. The circuit also includes a secondary power
supply 20, the positive output of which is connected to the junction of the
capacitor 16 and secondary SCR 18, =18 the main function of the secondary
power supply 20 being to supply chargi ng current to the capacitor 16. The
operation of the CIrCUIt wi | | _pow be descri bed mnt . reference to F gure 2.
The wavef orns PFOVige, ?ﬁaWQ&P%S%HF FRETERY ddbstiier FRRISCR2H? 205 SCR 18
and capacitor 3-,6 lsesm(;i |a&eltyhog@dtiﬂneswm fﬁi'rénﬁ&nabnderebtfs ﬁHe arc

current flomﬁn en t el£ctro : en the power

supplies are s u&%@%ﬁ@%‘g‘ﬂta%b&' %Jﬁ%‘% cgﬁagctv%ean t he

igpacihor 23 1&esss¢?m1ﬁﬁjWQphﬂm?ypscphly h@t?w&n@hmresThEocihgubmd SCR
i s biase e I

initiated bystgukggegfa |¥k§%§r%ué%8?éitkgo gﬁf%%%ty%ﬁégﬁgﬁyaébéfis

control |l ed by whichalare gonnattedringa hraneh @gwoSs thﬁesﬁﬁakiientlm

of the point 23peNchhedid @ido indibiekCaPeediad i SOWERN shiigily 22 Iises .

because of
20, the positive output of which 1; connected to the

junction of the capacitor 16 and secondary SCR 18,
10 the main function of the secondary pdwer supply 20
belng to supply charging current to the capacztor 16.
The operation of the circuit will now be
described with reference to Figure 2. The waveforms
13, 19 and 17 represent the voltages across SCR 12,
lS_SCR 18 and capacitor 16 respectively, and the wave-
form 19 represents fhe'arc current flowing between
the workpiece 4 and the electrode 6.
When the powér supplies are switched on, the
~ SCR's 12 and 18 are not conducting and the capacitor
20 16 is charged by power supply 20 through resistor
14, and SCR 18 is biased in the forward direction
(= 150 volt). When the arc is initiated by the HF
starting circuit 10, the current through it is |
- .controlled by the value of resistor l4. At the ‘same
25 time the potential of the point 22 in the circuit

.,u‘_



the voltage drop across resistor 14 due-to the arc current passing throu@
- it. The circuit is then in the condition indicated at ‘tine [err] in Figu

2.5 ... ‘A control pul se generated in a manner -to be described in

greater ‘detail 'below is applied to the gate 26 of: SCR 12 at tinme [err] to
initiate conduction and the vol t age agross it falls to about 1 volt so that
nearly-all the arc current passes through it. 10 The arc current rises to a
mew val ue determ ned essentially by the electrical characteristics of the
supply apparatus 2 and the arc voltage. The rapidly falling voltage across
SCR 12 causes a rapid drop in the voltage across SCR 18 fol | owed 15 by a

sl ower rise asitioveespepbl fo2thehaogmencppdnitt @2 rdsemdeacauseioise of

the arc curre e u t 2. The arc
current pul seﬂ% \?jf{r:ng%%tgﬁgét gpgoggpgggagﬁéih ey amc%r}%?g?f%tﬁ*?e to the

gate 28 of Smnt@wamnscmmeugbndﬁets is Wen donnect ed
across SCR 1>2/—tl?cﬂ @oﬁ@i“twﬁeﬁﬁaﬁga‘ﬁé&cﬂ*ﬂ tﬁﬂ@zs*ﬁc)hgtlor ;_be i medi atel y

turned off b t e sane tine

e 1 eyerse gs e to %o
the full & c current fF8i5?7§: t° SEa BES TS uﬂlasmrh £9tP&nd 25 then
rkeversi ng itsdestribey. inTigreadicradetadlodelidwe is apml wdets athey

ohersed £ SgHEhSsTotRR 12 B il W el diadeEppl 1211 10
. and the voltage across it falls to about 1 volt so that

' ) ' nearly -all the arc currént passes through it. '

10 The arc current rises to a new value determined
essentially by the electrical characteristics of the
supply apparatus 2 and the arc voltage. The ;
rapidly falling voltage across SCR 12 causes a :
rapid drop in the voltage across SCR 18 followed )

15 by a slower rise as powexr supply 20 charges capac:.tor 16.
The rate of rise of the arc current is l:l.m:!.ted by the
impedance of supply apparatus 2. )

The arc current pulse is termlnatea at t:.me t3
by applylng a control pulse to the gate 28 of SCR 18.

20 Wwhen SCR 18 conducts, the capacitor 16 is connected
across SCR 12 in a low impedance circuit causing SCR 12
to be immediately turned off by the reverse bias due .

. to the capacitor 16. At the same time the full arc
current flows to the capacitor for discharging it and

25 then reversing its polarity. The voltage across the
arc is momentarily increased producz.ng a spike in the

standlng current level with a ‘subsequent return to
that level. )

-arc current followed by a rapid fall to below the R -



ough the resistor 14 tending to reverse bias SCR 18. This tendency is
'ng sed by the power supply 20. [If the inpedance of. the power supply 20 5
decause t he supply has to be able to withstand the hear short circuit
condition inposed by SCR 18) the |anance of .the reverse bias of the
- [err] SCR 18 is still forward biased at 0.7 volt because its reverse
recovery current inhibits t e e, pi,a ] r ered
charge requi r ement ? rf%f%%# gf‘é&n ﬁ§ % élng’séd%% cbhﬁgg?%
-the dom nant e th e 858 apaci tor
16 return to %ggvgétﬁ;ﬁa't ?.?hi%%%%i&%ggf tot ??é%&%#gg}é%r Ult as been
prototype agr augguRiE; iy Uk t p8nA2RAG!d Horkls ¥¥6n 88 htmolktand the
~val ue of tﬁ% ?gs?stor<§ mﬁ§§0 1&ﬁ h ?ﬂ 91 é% output of pomer supply 20
the vol tage of Sam'&@ﬁf&maefhéhﬁe&ai Ut @DAGILE! cdfiaitPorEour se
the. smaller tﬁ I
of the capacitor prevails and SCR 18 is turned ofE.
10 Between times té and t4 SCR 18 1s still forward biased
inhibits the reverse bias. At time t4 its recovefed o
charge requirement is satisfied allowing the bias on
15 capacitor 16 by the power supply 20 becomes the
dominant process and then the voltages on SCR's 12

-8 - At the same tine the capacitor 16 is connect ed .acr oss SCR 18
dfficiently high (and this condition is al nbst automatically guaranteed
capaci t or prevails and SCR 18 is turned off. 10 Between times [err] and -l

negati ve unti hcreslsaﬁg!mgl&)fthﬁoughabhe oreassbg:rt A& pending,ie )T‘ez@ItfeQ:ones
tested 20 andstppdy 29 perXHribhenimpadsnceansfthe @gwemnsaPP1lyn 20he
i s appr oxi matapgomagigakly QE%%?%FF?dsbééﬁqﬁ? hee SUPPlYhBRSt K€ val ue of -
e ou%Put of sng smal ler 1s the current draihn
t her ef rom imposed by SCR 18) the lnfluence of the reverse bias n
at 0.7 volt because its reverse recovery current ?
i
SCR 18 to become negative until recharging of
and 18 and capacitor 16 return to the values at time

t,.
! A prototype of thls c1rcu1t has been tested
' 20 and found to perform in a most satisfactory manner.
In the'prototype arrangement the value of the capecxtor
16 was 525 uF and the value of the resistor 14 was
0.5 ohm. The voltage outpuf of power supply 20 is’
. approximately 110 volts. Generally speaking, the .

25 higher -the value of the voltage of supply 20 ‘the
smaller the value of capacitor 16. Of course the .
smaller the output of supply 20 the smaller is the -
current drain therefrom. : : )



‘A preferred addition to the circuit is indicated in the schematic circuiégza
- of Figure 3 where the conponents SCR'30, resistor 32 and switch 34 are

added to.the branch of the circuit containing resistor 5 14. Wth the
switch 34 open SCR 30 does not conduct and consequently the standing

current can not flow through resistor 14. Wth switch 34 closed SCR 30

al ways conducts current when SCR 12 s off so that the standing current,
Mnited by the value of 10 resistor 14 is able to pass. The val ue of
resistor 32 is chosen so that the current flowing to the gate of SCR 30 is
~always within its specified range. The function of the circuit addition is

| he i | ef ha 15 vol '
the output term nal SAopaikred adithon, B8, BRE ¥REAMIS 4F 15,0 {29%°
i nportant in wedicagedpdn ddte mrhenmtic seirchid4ofaligmmn 3 heheredi ng
head, L0} TP O¥fiaCBBRALAe A Aok A CALUPOLERCS, THA ShiRl 944 gnerate

cycllcally I n nner provi appropriate ses are applT€éd to the.
gates 26 and @8ded tnetgel?bsrarmfd qmetkg@n@mcum gpn;@c-mw seesietbrbe

cdescrl bed vgtyref Q5 @RCRHL AU 4 SPenOSCrR 30 does not conduct
| and consequently the standing current can not flow’
through resistor 14. With switch 34 closed SCR 30
always conducts current when SCR 12 is off so that
the standing current, limited by the value of
10 resistor 14 is able to pass. The value of re51stor |
32 is chosen so that the current flowing to the gate
of SCR 30 is always within its specified range.
The function of the circuit addition is to allow the
main power supply to be left on and yet have no
15 voltage on the output terminals provided power supply
20 is inactivated.’ This is important-in welding
applications where switch 34 can be on the weldlng
‘head to improve operator safety and convenience.
The circuit will operate cyclically in this manner
20 provided appropriate pulses are applied to the gates
26 and 28 of the SCR's, and the generation of such
pulses will be described with reference to Figures
4 and 5,



- Figure 4 illustrates a suitable control circuit for generating gate
s for the gates 26 and 28 of the SCR s 12 and 18 which may if desired
operated in a manner which is not preferred, .i ndependently of the 5,

vol tage at the arc. The circuit basically conprises four nonostable
circuits (NE5S55 integrated circuits) 3 38, 40 and 42. When a switch 44 is
cl osed the nonostable circuit 36 wIT oduce a pulse at its output 46
after a predeterm ned period. The pulse 10 at the output 46 will turn on
transistors 48 and 50 which will in turn produce a suitable pulse at the
poi nt 52 which is connected to the gate 26 of the SCR 12 and so turn that
SCR on. CQutput fromRigrureodostldnistratesia S6itabkeptontirod checudgut of

th d 1 r e |

degeﬁglc(r)lg on§t e E%%?Jaetlﬂ(% C%av-\% ﬁz@é@sﬁéﬁ&%ﬁ?@% 28 ?‘ﬁﬂprégduce an

out put pul sethe SCR'suthsutersb 1hivirick mapl ifadesired bﬁpgpets‘atteﬁe ithird

nmonost abl e ciyr ! d endBAtEY 6¥l £Re040 wil |
fidnhed0 whiAH Ofs Dot mﬁ#xgéféﬁé‘& fedeYendBRLEY B8 ki

produce afgulse on Its output turns on transystors 62 -and 64
t her eby prodieiirges gih §@QﬂaRQKa pERGt CHeCWhE chas icabhfeEPBATLSCENhe gate 28

of the SCR 1§ou}'hkn%nfayﬁaq§mr@§réa1t§e (bR of irﬁ-.fed:ﬂ'él’:lé& &fed £l
capacitor 16 wll_ be dlschaag? 25t her eby turm4éiks The output
S

of the nonos88hl 88 Aiiang aBeRcad tSEYJ-ttH%‘ i cﬁ’]-‘?’ﬁ%df theth
monost abl e cpbgdistatle dErowl 8UBE6WiL Wrodudes d Phlmekat Vidsa swiitch 70

to the |nput output 46 after a predetermined perlod. The pulse
10at the output 46 will turn on transistoxrs 48 and 50
which will in turn produce a suitable pulse at the _
901nt-52 which is connected to the gate 26 of the SCR 12 .
and so turn that SCR on. Output from the mouostabie
-ecircuit 36 is applied to the 1nput of the second
'15monostab1e circuit 38 and after a predetermlned delay
depending on the setting of switch 54, the c1rcu1t '
38 will produce an output pulse at its output 56
which is applied to the input of the third monostable
circuit 40. After a predetermined delay, the circuit .
2040 will produce a pulse on its output 60 which turns '
on transistors 62 and 64 thereby producing a pulse
at the point 66 which is connected to the gate 28
of the SCR 18. This corresponds to the time ty of
Figure 2 and the capacitor 16 will be discharged
25thexeby turning SCR 12 off. The output of the
monostable circuit 40 is applied to the input of
the fourth monostable circuit 42, the output 68
" of which is fed back via a switch 70 to the input.
of the first monostable circuit 36 so that if the
‘30switch 70 is closed the circuit will cyclically
produce gate pulses ‘for the SCR's 12 and 18.

- . s
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of the first nonostable circuit 36 so that if the 30 swtch 70 is cl osg L
the circuit will cyclically produce. gate pulses for the SCRs 12 and

- 11 - The above described operation of the control circuit shown in Figure
4 is nodified'in accordance with the present invention so that it does not
cycle in a selective period but is triggered in response to 5

the magnitude of the arc voltage. Toldffect this sel ector switches 72 and
4 are connected to the inputs of the first and third nono- .stable circuits
36 and 40. If the selector switches 72 and 74 are npved so as to connect
with termnals 76 and 78, 10 externals pul ses applied to those term nals

- can be used for trigger abgver deEeritld Rifertidn W1 atle CabiBRGL pul se on
respectively.  Figure shows a .simplified ciycuit. for generating control
G gnal s whi LRIEPUIFCSHONS: B FBIER: e 6 QLIRS 11 AOTSRIGOTT A thet ween
the el ectrodehé prdsthe Waviepitdon 4o thete it rdues notlewebe aifiast opto
-coupler 80 the 1nput of whi.ch is.direct connect Sy the el ectrode 6
.and morkpiecﬁei?cFﬁgeoBFE&degwﬁg%ﬁm%ﬂﬁé %f%%yiiféégégﬂég 8

f a 20
conparator 82. A selectable reference level is a led to the other input

«of the cogparator and the output is connected to Nfi {4 PRhge /S SGRYN N

Figure 4.7 The circuit includes a second opto- _

' arc voltage. To effect this selector switches 72 and 74
are connected to the inputs of the first and third mono-
stable circuits 36 and 40. If the selector switches 72 and
74 are moved so as to connect with terminals 76 and 78,

10 externals pulses applied to those terminals can be
used for triggering arc current pulse off or arc

current pulse on respectively.

Figure 5 shows a simplified circuit for

generating control signals which are responsive to

15 the arc voltage i.e. the voltage between the electrode
6 and the workpiece 4. The circuit includes a first '

| optc ~coupler 80 the inpﬁt of which is directiy i

connected across the electrode 6 and workpiece 4, the
output being connected to a first input of a

20 comparator 82. A selectable reference level is
applied to the other input of the comparator and
the output is connected to the terminal 78 shown
in Figure 4. The circuit includes a second opto-
coupler 84 connected to a second comparator 86

R ' .25 the other input of which has applied thereto a seqoﬁd



Ay *84 connected to a second conparator 86 25 the other'input of which
plied thereto a second - 12 -

reference |l evel and the output of the conparator 86 is conneoted~to t he

termnal ‘76 shown in Figure 2. In The circuit shown i'n™

Fi gure 5 t he conparator, 82 5 is set so that it produces an\

appropriate pulse at its output when Yherarc vol tage reaches: a

predeterm ned | evel. The second conparator 86 would be set so that it moblg

produce an appropriate output when the arc voltage falls below a
predeterm ned value. .10 The generation of such signals can provide very

usef ul Contr0|5réﬁéréﬁbélm&v&xﬂéﬁd(lﬁé &etp a8 B E@eﬁdﬁﬁﬁhﬁhtéfaaspart of
the circuit |Ilustrates a further nDdlflcat OgéRsb?h IS de:ggged %o reduce

the possi bilityt®f CORRERLES (H9 vyt & ul ses
whi ch are sonetImes gefeeat ed mbenumwher SCR s in a circuit are them

sel ves trigger t hi s;.arrang a phase Shl anel
capacitor 88 |§ﬂ%€ﬁ%ected ﬁn ser?ggaketh th gat ectr%éﬁggﬁgg e %?rCUIt
al so incl udess 205 a5t €661 tHati 2€ep 99dh6e§e"ahe ﬂl*hecéﬁﬁﬂ?%ré/t té

b the control SFFRR %“’Eﬂﬁﬁb‘ﬁﬁ%ﬁ%}ﬁvéiﬁ 981 ke n%%'e%i“ ffedee s
resi stor 941x)lmeebnt Ther gewpmei ddmpaepbort 86 GBuld be set so
that it would produce an approprlate output when :
the arc voltage falls below a predetermlned value.
.10 The generation of such signals can provide very
useful controls for welding operations.
Returning to Figure 3, that part of the c1rcu1t
-illustrates a further modification which is de51gned
to reduce .the possibility of unwanted triggering of
15 SCR 12 due to stray pulses which are sometimes _
generated when other SCR's in a circuit are them- _
selves triggered. 1In this arrangement a phase shifting
element hamely capacitor 88 is connected in series
with the gate'electrode 26. The circuit also includes
20 a steering diode 90 in series with the seéondary of
a pulse -transformer 92 whlch receives approprlate
pulses from the point 52 of the control circuit -
shown in Figure 4. It is necessary to include a
resistor 94 to preventtéharging of the capacitor 88
25 with consequent reduction of pulse amplitudes being

-

delivered to the gate electrode 26.

b cawan we
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gate el ectrode 26. 13 - The princi pal advantages
the preferred enbodi nent of the invention are as follows: 1. A sepa
power supply 20 is used to charge the conmutating capacitor 16. This -
pernmits a voltage 5 higher than the pyc.voltage to be used thus ensuring
Ezat switching continues reliably even if the arc is very short or short
rcuited. In addition, the" capaC|tance of capacitor 16 can be reduced

-progreSS|ver as the wwé ;advéxha§egn§feeﬁgd f@ké%red The power
supply 20 in. ag %erre%wagb%gs nt conprises a nggﬁtl reactive

t ransf or ner O imPn eorionTre A% kkowktessive current -
drai n when SCR 18 is on and pernits another nono- stable node of operation.

as described i the next- 15 secti_on. 028 ¥ have nom_nal rating of
About 500 vat tX: whi B FEERFAFY GHBIeT (RHPREY F0siF HEsLdD Charge’ScR 1a

i s bypassed bythéecommu.tm cspaditdsd.das mhimbeh:ﬁﬁum@ ol tagest |y

- . 2
bul s unics LAMERPEGEREY sBe SRl Ve Hh ke BRei hud fHELAST 12
vital to all ovthatsswitchingoconttinues aeliaislpbeeenatifetteara blstable

device.. This {odyces LRBCROMY UGN 1A, Loc b8 di 531 RRIALIh | N |

duri ng operatlon resrstor
v capacitance of capac1tor 16 can be reduced

_25"with consequent reductlon of pul se anplltudes bei'ng delivered to th;i;%::)

progressively as the voltage of supply 20 is iﬁcféased.
_ | | _ ) .

10 2. - The power supply 20 in a preferred embodlment
comprlses a slightly reactive transformer and a full
.wave rectifier. This prevents excessive current ?
drain when SCR 18 is on and permits another mono-
stable mode of operation as described in the next-

15 section. It need only have a nominal rating of about

500 watts, which is much lower than prior art devices.

~ 3. SCR 12 is bypassed by the resistor 14 which also

has a twofold function. Firstly it eliminates the
need for a second power supply as used in known_SCR

20 pﬁlse units connected to the output of the power supply.
Secondly, it is vital to allow this uﬁit_to operate as .
a monostable .rather than a bistable device. . This .
reduces the power which has to be dissipated in the
unit during operation. If resistor 14 is omitted

25 another mode of operation is possible, this requi;es

"-‘)

. s g '8




,not-her node of operation is possible, this requires that the power
~supply 20 be unfiltered (with.resistor 14 present in the circuit, the .
capacitor 16 acts as a filter condenser for the supply). In this node of
operation after SCR 18 is triggered on, it will 5 remain on unti’l the next
current zero of the power supply when, if it is suffiently fast, it wll
turn off. This nethod inposes a varlabLe del ay before SCR 18 can turn off —
after connutatlng of f SCR 12 and. consequently limts the maxi mumrepetition
rate-of 10 the switching circuit. At a suff|C|entIy hi gh repetltlon rate

SCR 12 is tri red Qn before the rrent ro ly 20; the
vt tehing 15 DPBRYS SRy Tover hubnlEs200be s ket LotEh BeBRsken,
LAVRENCE, B. apd pAGSEINY in ﬂ5e4c1rcu1£beta;rec ca;iacaneor slgoactsr eg by the
machi ne and t he troI i S ﬁa able of % 'tchin t.he Isﬁlcurregt on at one
Sel ect ed val ueSafd i S AnbPReFPEe PEREEY \ral U GFPAF P8Pt age where
the latter volb&geperdtxﬁnwafhan S0R 0@8r dwr triggered dn, LitMvidl * - 15

5 remain on until the next current zero of the power
. supply when, if it is suffiently fast, it will turn off.

-y

This method imposes a variable delay before SCR 18
can turn off after commutatlng off SCR 12 and

consequently llmlts the maximum repetition rate of
10 the switching circuit. At a sufficiently high .
repetition rate SCR 12 is triggered on before the next
- current zero of power supply 20; the switching is
then similar to the mode used in the pulse unit |

. devised by LAWRENCE, B. and JACKSON, C.-
LY . '

1s 4. The arc voltage is monitored by the machine and
the control is capable of switching the pulse current
on at one selected value and off again at another’
selected value of arc voltage where
the latter voltage is higher than the former.'

A



CLAI M5. 1. A circuit for generating current—pulses in a dc power supply

‘(2) conprising a switchable elenent 0 said power supply (2 2/
and to.a 5 load, and control neans: mmml mﬁﬂnhe state of said

swi t chabl e el ement (12) whereby a re a.uvejyu eavy*current pulse is al | oned
to flow through the | oad mhlle said switchable element (12) is in its on
state, 10 said control neans including trlgg neans (82, 86) for
generatlng control signals for controllifg ' ¥he state of said switchable

el enent (12) and a voltage sensing 15 circuit (80, 84) for sensi ng the

vol tage across said |load and causing said trigger neans (82, 86) to
generate a control signal to switch said switchable elenment (12) to its on
state when said sensed voltage is at a predetermned |ow'level and to
swtch said 20 switchable elenment (12) to its off state when said sensed
vol t age reaches a predetermned high l.evel. 2. Acircuit as clained in
claim1, wherein said voltage sensing circuit (80, 82) includes a com
parator circuit (82, 86) for generating said control 25 signals, said
conparator circuit including neans fo Iﬁﬁ' ying predetermned reference
voltage levels to said conparator circuit ereby said control signals

e 1. A circuit for generating current pulses in a
dc power supply (2) comprising a switchable element
(12) connected to said power supply (2) and to a
5 load, and control means for controlling the state of
said switchable element (12) whereby a relatively
heavy current pulse is allowed to flow through the
.load while said switchable element (12) is in its

on state,
10

_ - P said
control means including trigger means'(82,.é6) for
generating control signals for controlling the state
of said switchable element (12) and a voltage sensing

15 circuit (80, €4) for sensing the voltage across said
‘load and causing said trigger means (82, 86) to.
generate a control signal to switch said switchable
element (12) to its on state when said sensed voltage

e £

9 is at a predetermined low level and to switch said
20 switchable element (12) to its off state when said
sensed voltage reaches a predetermined high level.

(%

2." A.circuit as claimed in claim 1, wherein said
voltage sensing circuit (80, 82) includes a com-
parator circuit (82, 86) for generating said control
25 sigrials, said comparator circuit including méans for
applying predetermined reference voltage levels to
~ said comparator circuit Qhereby said control signals



ane gener at edW ned voltage |levels are detected. 3. A
cuit as cl ai m claiml or, 2, wherein said circuit conprises first

ald second bran m\\i\ Mﬂ‘el n parallel, said first branch’including

an i npedance (. imﬂm\ et er mi ned resistive val ue, said second
branch having a 'lowd npeddnce path incl t]‘di"ré Taid switchable el ement (12)
wher eby when said switchable elenent (12) is inits off state 10 a -~

relatively light background,current flows through said fjrst branch and -
said load, 4 3TR GEERATSR WGP pRatf PEeAtherhing) ol fRgrerRVElad
swi t chabl e el egeet dedtguttes®s a first SCR (12) connected in parallel with

sai d inpedance (14), 15 said circuit further conprising a capacitor (16)
and a second SGR (18 ciameict eals i ol aihedndn axkadas kaovr 2§, reheB€Bn(12),

said firstnentigned Fo) | I B plj f said first
SCR (12) to svmsgéﬁ s?;’%cri’u"{liilfs‘?&@f?g) Qgcx)%ig:t énﬁ és %‘%@? gglggcgsssecond

menti oned cont whhichi gl ieiperappeledsaddt e ngit dvdinchi insdodadgSCR (18)
to switch said_se Sdtd 1 ] ns\tﬁ?eed. %ﬂf’r n 3 '

capacitor (16) agacrigg% sal céf?irg qé%gﬁ(l%)a iher eby s]glﬁcli&?i ?§§5§@§k’%12) is-in
use switched t¥ailue offaid aseceydt hzansShr &asrideg b abowpppedapget patdhar ge
stored in the §aRAGdHg (dfda SwitchablkCdilerhi! mradwhare‘ag' Prdn fur ther
com prising a se'con(%a_r%/-power supply (20Q) .connected to supp char gi ng
current to sai §adshaitrhalabs elemanso (Fdherd s upgpl §t 20FLhatrkg a high #
i mpedance: 10 5 relatively light background current flows through

said first branch and said load.

4. A circuit as claimed in claim 1, 2 or 3, wherein
said switchable element comprises a first SCR (12)
connected in parallel with said impedance  (14),

15 said circuit further comprising a capacitor (16) and

' a second SCR (18) connected in a branch across said
first SCR (12), said firstmentioned control signal
being applied to the gate of said first SCR (12) to
switch said first SCR (12) to its on state, said

20 second mentioned control signal béing applied to the
gate of said second SCR (18) to switch said second
SCR.(IB) to its on state and to connect said capacitor
{16) across said first SCR (12) whereby said first

~ SCR (12) is in use switched to its off state by the

25 reVerse bias applied by the charge stored in the

L

capacitor (16).

5. A circuit as claimed in claim 4, further com-

.ﬂ‘

prising a secondary power supply_ (20) connected to
supply charging current to said capacitor (16), said
30 power supply (20) having a high impedance,

6. A circuit as claimed in claim 4 or 5, wherein
said capacitor (16) is arranged so as to be reverse
charged by the current flowing to the load once said
first SCR (12) is turned to its off state, said



6. .Acircuit as clalned inclaim4 or 5 wherein said W“_ S |

-arranged so’as to be reverse charged by the current \‘u m“‘&\ oad

once sai.d first SCR,(12) is turned to its off ‘state n gapaci tor

(16) operdting so as to reverse bias said segond SCR*(18) to turn said

second SCR (18) to its off -state. 7. A-circuit as clained in any

preceding claimb5 wherein said power supply (2) conprises welding appar at.us

"~ angd:said | oad conprises an arc struck between an output el ectrode (6) of

~'the wel di ng appacapasitod d1r qperxtiny.s8. asAtoi rewvelrsieobiganassid ng
current pul ses i S a [ before

described with r% g?éﬁcg2?§q$ﬁ§ ﬁ&pgh%ghy %$§m$%8§L ﬁgiﬁggﬁﬁ Q

speci fication hattseedfr sfadguced by photocopying the appllcants orlglnal

. tyescript. It may contain a few anmendnents which are difficult to reads.

' The original typéscript cdemudithiagy adriseednimdaent preepdind wdpdat ed on the

é prem ses of the FRELAINCLRI power supply (2) comprlses welding
apparatus and said load comprises an arc struck
between an output electrode (6) of the welding
apparatus and a workpiece (4).

L»

8. A circuit for generating current pulses in a
10 dc power supply, substantially as hereinbefore
described with reference to the accompany drawings.
The text of the -spaecification has been reproduced by photocopying the applicants original

typescript. It way contain a few amendments which are difficult to resd. . The original
typescript containing these amendments may be inspected on the premises of the Patent O0ffice
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