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&I. Ehsani. Srrlic,r \Irrllht>r. ILICE imd L\ .tl Kc.rn;rgha[l. Si u:lc‘nt .Ilr~rnher. IEEE 

l{j,itr;ic.t. 1 *rhv [ur~datne~n:al problem of intrrrupting a di- 

rert c,rlrrrnt is prodllcin, tl a current XPKC uhtch \\ill i~llow for tile 

(~lirrrinCit 10r1 ot curren1 ROM Hihtoric;~ll~~. t'Xlt~rl!ill (irc.;tith hacc, 

j,ty,tl ui(.<j t,) t>ytitigitisli a plairriCl [;irc) < ot1(111( 1 irig triwiun 

h! (‘o,~III~‘I Ijul>iug thr iirc c’ilrwril to /pro t’rc~lir~~ir~nr! re- 

l~l)t< s\I~)\$ that soli&stair (I(- itltc,r.i.lii,trsrc Iltillzirig gntc turn- 

()fr 1 h rjitor-; rc>~, I)rovi(le for rcdiic cd ciiy~;ic it iv<’ clrlc>rgv htc>ragc> 

r~y~~irt~rrjt~~t- o\‘er va(‘llltnl illl(~truj,ic~ri ilnd +CIKq iII (rPillitl$ ii 
cilrr(‘1,t I~‘~u. .\c!,iit ionall!. tlt~ h;rr(lwarr rtv:lJirPd ~II t.htz gat,c, 

rirc,li[ of [}I(, (;TO i> \ipr~ihc;.ntlc rdu(~c~ci over t)l<a countrr- 
pl115(, rir(uitk in \-a( srrr111 Irllclrruptpr\ arl(l ‘(‘K- I)> lakillg ati- 

var1t;+,:( or I /I(, : .~r~~-~~jl giilrl ,i\,til;rhlt> in tllch C;TO. Inlt~rruptC~r‘- 

,j~+igjj+~ql ~ro~l~l~] tt,tx (;‘I‘0 c all liil\‘t’ ;~pplicatioris iti thr ;~O\lc*r 

c.c,llilitjojling i,~l(l p*olt~c t:r~rl circuit\ 0fpar:iC I< 1 xcel~rators dnd 

flliiion rpact.01 i. 

‘rflc nbost con1rnon rrlethocl of interrupting direct c urwnt 

,., fusli,t, tywa~rh and particlr arcelcrator applicatiorib is to 

r rviit.c 0 ri ;irtific jal currc.lii wtm t)) zipplying a cot:ntc’rpl;IW 

t llro:lgti 1 bcb intcrrltpt.in, 0 vletnt~nt. Ilowc,bvr. an alt,rtrnat,ivc~ lLil\ 

t,(~,it [r~,t~lc~ ~~izil;~bl~~ t, tll*x tlr~~r~loptnc~nt of the gatk t urn-of1 

l~lr!,ri~tor ((;‘r()). Like tht silicon coTIt r~ll~tl rectifier 1qCTf1). 

t /I(’ (;‘I‘() cari !)p turlit~ti on tj> a cltrrertt pulsr to t IIP gate’: hOL\- 
pytr. k.rl1iL.e tIl(s S( R. tilcz (;‘I‘0 rrt21) also hti t.urrtetl off tJ> il 

nc~g;rlii* gali’ pu!v- 

T111< pcIpcsr \vi// irli(siligdt(’ IlIt’ vnvrg! storage and c o~ritnu- 

t;lt,io:j (.:I.( ilit rc~cl~~irt~rtlrtlli for irtterr.uptiorl of dim-t currcttt itt 

thrwa dillt~rvrrt j,rc.ill\tTt .c :jprrteb uiittg a \a( uurt, ittterruptrr. 

S;(~:Rs. ;irltl i;‘l’():. ‘I’ll13 c~niplcuity 01. the asiociatrtl circuitr! 

M iI1 tj(, ( (,~lll)art~(l atlcl rcw~.lrclI dress will he pmpobrcl. 

Hrrakcr Switching Elen~(~nt~ .-~ --- ---~ - -... ~~ 

Traditionally, the vacuum interrupter ha5 bwrt the 

s;n-it~ching elrment used t.0 intt,rtmpt large direr1 rurrrrtts. \‘ac- 

uum interrupters am inespensix-e and readilk available With 

largra V.i rating>. \‘acuurt, intcrrrlpter technology ii ~~11 de- 

vrlopf~d and further rcwarch into its ubC In Jc applicarions 

h;15 rt~sultr~] in l;lrgr. c urrcni capa(.iti+ altti rrrhancwl rc~li~bil- 

it,). Karl! c-c~uirl~~rp~ilw twhr;icjuvi ~ttlll ;~pplIcation of iiri axial 

rllC~~rlr~i i(. lir~ltl to dest ;It,ilizr, t IIf’ arc am ti40 suc)l PxiiTrLplm. I’ 

\I hilt, t,ilt‘ \:IC‘~LII~~I irtberrllpt.rr p,ro\‘itic~\ litrge rating\ witii a sin- 

RI<. ~i~vicv. its clut;, cyc.1~~ is rcstrictrd I>\ cts50riatrd nit-chatti(.al 

h;irrl~~;tw and 1,) phy5ic;ll lilnitat,iott. L quail a5 contart Pro~iorL 

‘j‘J~f~rvlor(~. it rquir(*s rnaitltrnanc‘r and lias a lirnitrti liirtirrir. 

.\Iw. t hii i> a tic,\,ice originAl> tirs<ignt~~l for ac s~itchirl:: and a 

:ignific-nr,l arrlr,lirrt of rxtt~rnal circuit,ry is re(jlliTvd ior it, Ilw 

ill tic Ititvrrupt.iori 

‘f!l(> attentjorr given to solid state devices for us(’ irl inttar- 
rltj)‘ing higli clirc7c.t curwrit< llil\ cc,riWred around tl(c SC: H .” 

\t t ItrIt-011. liick i;(>H ii capatrlv of withstanding large rll (/! 

’ burl, suppc,rtrd by (;rneral Dynamics. Ft. \+ort,ti DtVlSlO~L 
Eltrtrir I’CW~~ lnstlt ut,r and tht> Center for Energy and hlinrral Rc>- 

so~Ircc~, l‘ru;is ,-\h:~~i Gnlrrrsbrj 

The irllt bar\ are wit.t, t,hca Llrct,rlr;rl Engnwrtng Dvlmr nwnt,. 
I_ lc,\;i-. A<k\f 1 ~l~vt,r-it,j, (‘,~Ilpg~ Stilti,,rl. Teka~ 77842 

iiriil 01itt’ c.otlliuc.titi, u has good surg,tl (‘rrrrvnt c~almhiliticb~ altli 

10~ orI-~l;iIc \41ll;lgC*. For uhf’ in Liicin wilct or- ;iild l)ar I ;- 

t Its act ~:lrrat ors. t hv Si’ft 11ai cljown promiPr> btlc ilusr it Ilrl% 4 

:cjrlgc’r lifctlrrrc’. i~i~,l rr~clIjirc9 lfv t~~ilirlt.f~rliirlcc’ t 11211 il Vil( 1111111 
i[ltt‘rrlJjjtt~r anti ~I!IC’~ a solid-btdte irrtt’rruptrr i:, no1 hiirtlp(ir~‘~l 

t-,v the lj[ttitntii,ll‘- of rrlvchatticai actuators. this swichirig i’rtl- 

quericy cilrl lb+% 1wlch D vrcatc~r if riwtlrd lioizr\<~l~. t)~v ~1us(’ itiiii- 

vid1~a.l SC’R device ratings arp cornparat~v?I) ~rnall. thclr ~XP 

ran tjpcorrjp pspensivt~ rr1 Iargv \:A tlrrakvr applic.;lt.ioti~. 

()ne of the more rrc‘errt adv;mcrs in power wtnic.r)rtd~ic tor 

i,ech~l~l~gy has bwn the development of thr GTO. Thr <iTO 

is s;tr,~ct,urpti similar to t,he S(:ft c~scept t,hr gate’ is dr5iyric.d w 

ttiat c>noug}~ charge <iIt, t)r (~xtraclvrl t.0 bring ;hv (;‘I‘0 ollt of 

corltiuc.tioll anti t\~rn t hc tlcvicv elf. Ttc GTO ~OSSW~W char- 

artt,ristics which favor it,s applicatiott in a cltrrent ililt~rrilptc~r’, 

for irlstanre. the <iTO ran hantilc hltrge current\ more t hat1 

10 times its current rat,ing and hrth high pmc’r gain \I thlc.h rv- 

(~11ct~ the rtvlt~iwrl~c~nts of the control circuits. \h i5 r71(111lw1 

of thcs t hyri~lor farnil). thrx (;‘I’0 IL ‘\ ;lOt onI> Chi1~;l(‘lt’riZ?tl h! 
its ;~t,ilit.\ to t)c,gitl coritiuc‘tioil oti cotnrrlanti t,l11 ii150 it [K”;- 
scxs,~~il :, loL% or~-.it,atc’ voll.;~gt~ drop) \\hlc II k rw c~s~r> 10 iil~(~iJ 

collductiori jo~.cw low. 

Turrj-orl of the (:‘I‘0 i, illitialtvl 1,) ii poxiti\ta g:;ilc, obr- 

rcrlt pulse ill the same mitiillc\r iti an Y(‘f? a5 >iic)\\Il ill b‘ig. I 

I--ton-- i-lq -I 

Figure 1: .<vritchiq (‘ilarclrlrrt.~t!C~~ Dj ilie (; 7’0 

C;iven a sufficient t,urn-on pulse: Ihe C;‘TO L*, ill alloys il YrTV fast 

rat<, of risct of anode current (450 A ‘jL5) and turns 011 qtlickl>. 

Application of a negative gattb voltage is used to draw cur- 

rent out, of the garr and t.urn the> GTO off (Fig. I). Si11ct’ 

the CT0 is turned off by removal of ~ufficirnt charge. t h(, rate 

at which the device ccaascs to conduct is directI! proportiorial 

to thv d I ‘, tll. A small “tail currc’nl” flon< i’rortr attotlt~ To 

gate ;ift(.r 1 he’ ,~rodp curwnt has f;iilt,tl to rlr?:rl! /.cT‘I) This 

c,trrc’t), i> partialI> ai,tribut.etl to a?.alarrchc hrvakdo\v1t in IhrT 

galls-r;ithodt~ jurrctiorl caused t)> rc\erxp voll ngc i!tilIowd iI> 

t.hc, gate c ircuit irtduct.AIIce after t hC CT ‘TO ha3 t rtrnwl-off. ThiT 

tail c,1rFrij, appwciably increases ywilciring IOXSPS and zi~oultl 

Lr minimized. ” 

C:orrlrrlllt.ation Enrrg\ C:otitparisott 

ln conunutat irlg direct currt’nt in a s:wit,ching element. 

tnost of t,he energy requirt,d in comrnu~ atiorl is 5pcsnt ensuring 
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tlidl 1 ilrn ofi‘ is cr~rii~~lr~lr b! prC,\ itlirli: i~nlp/r~ lime for r.hr slim- 

illa~ion of ~xctw carriers so thi11 rcirrikrl does not occur. The 

c orllr:lutat ion c’rlcxrg> nlust tie <!c~trd. liwdll\ in ~~i~pi~~l.ors. so 

that I: i:la! Iw II~rvl i~c dc5irtd or nrrtit~ii.TThiY c‘apacillvr con- 

n~uldtiorl c.irc-nil c r~Illrihutw signllc-;ir:rl:+ lo l,rc~;ih~~r c,olnple,yit,y. 

;\ #(lOCl JJ.Oilhii1‘~~ Ot’ I tJt> ri‘liltiic~ c.oJrl~dc~xit~ uI‘lll(~ ~‘OJJlJJJllt;Jti(~JJ 
t ir~.ill’ is It’ t or~tp~irr 1 ht’ c i~pitc it i\.t’ c>ric-rg! ztoragcl rcqi~ircnlrnt 

ior thcx \,lriwli ait.crnative pwit.clling elements. Thi\ analysis 

c i~rIlpar+ t hfa vIl<‘rg! sloragr necessary to inlerr.upr 2000 .;\ u+ 

ill:: in \itcul~n~ ilit<,rrril)icxr-. an t;C:K. itnd a <GTO a:, the iwitching 

c'lt-rrlcrrt. Thtb opt~raciorlal c apaciror ioll.,~gr ~4s us1Jrr1t~3 to t,,a 
ttttl Volt.age rating of tile dcviw twirlg 51 udicd 

The (.ircuit irl Fig. 2(a) ‘: 15 usivl 1.0 determine t.Lr turn-off 

rnrrgy rquiwrrlvnt for the GTO. The response of this circuit 

is 5lloivrt in ll’ig. 2(b). It is asiurr~ed t,hat when the CT0 comet 

out. of ~ontlil~tio~l. it, turn+off instant.ly hecsus~ thv resulting 

~~v;tl;~r~cht~ t-Jwnktiowrl doe: not, aR,ct load current. The targt,st 

<;‘I’(> prc’kt>rlt Iy avail;iblc is a I-Iir,xhi Model \lo. GFt’200OB2> 

which has a voltag:r r<lting of 2.5 Ii\’ and a curren1. rating of 

800 .A~\li. ‘l‘hc nlilsimuln controllable curwnt 5p6xific~at.io11. 

or 1)f'iik cIIrrcn’ wliich can succrssf~:lI>- be int,err:1pt(d. i3 2000 

.4 for Ihis dc\iic~c~.” 
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tilntwusl\ ‘Tliii il~illlJlj)tiOJl is made binct, t hv actu;il !;ill tirn(L 

of’ curwi1t. l-2 bci. i5 Irluch brnilller than ii tleioiliL;it iorl nlargiri 

of Ihta irirtlrrupttar. t ,_ oi Xl ph. Since no Illilllllfa( iIIr(‘r’s data 

ii ifvailat,lt ori rl\ls dc propvrt if3 of YaClllllli intvrriipter’. these 

data hdvta t~~~t~rl otjt Cliritvl t)! t~xperinrt~ntai rnc~thods. 5 This 2s. 

5urnption i5 furthcxr- 1~llhallcrtt if the 5atrlr;it~lr~ rcac’tor. I,;. ir 

ai5r1111~4 lo brl i(lvCll will1 an int1uc.tilnc.t~ of 0 \VIIPII saturawcl 

and ix inducQncc> i+ hc>n In the sct.ivv rqion Th ,’ vac”“Irl 
interrupter studied is a LVest Irrglionw ,Model So. L\‘L’_):yg’, 

which has a voltage ratin g of 15.5 !i\’ and a curwn1 rat.ing of 

600 ii Hh,S The iriLerrupt,irig capacit!, of t,his vil( uum hot t Ic is 

2000 A. 

ic’,h-.: “Q-, 9 

I;igurcz 2: i:7‘0 7‘~rr7t-vj 

From thr rwl>onw of the gz1t.r. rircuil a:, shown in Fig. 

2(b). thc~ gatts c,llrrerit can be dtw r:lJcvi a5 

iv(f) : y(Cif,)’ 2>.;II(/,f’) I’2 f: 

\ther~ I,; ib l.tic gate current. ri is 1 hr gitbe capacitor coltagr. C ’ 

ih T.ht, giitv capaciror. ;rntl L ix tlke gate inductor. 111 l.li(> gabr 

circuit. the conditions for turn-off art‘ a maximum -~til’, ;dt of 

lG:\! /LS which allows for a spccili4 turn-off tinlc of?,:, /Lb. ‘stir 

[urn-off gal<’ ctlargr is specified as 10 m(‘. The eqllations which 

drirritjr thp tlirn-off response itr6’ 

dz!l,‘clt~j..,~ ~- I,,JI, 10 IO” :\. 5. 

FigiIrcs 3: ClLrllum hlrrrclpler (‘ommu/~lilo!l 

"/y /,,ril ('I', ,,! I ros((Li') ' -':Li 10 q ] 10 'c:. 

it ht,rcs I ,I is ttiv initial gi11r caI,;l~ ilor xzoll,lgv itrlcl ;,; is tllc CT0 

t,ilrn-off tiInr>. If t,he iriitial gale (ilpacitor \oltagr is chosen t.0 

1)~’ lG\‘. L%tlictl i5 t.h(~ ra!cd rv\ersv gate voltage. rhp c~I~JJJ~J~: 
valrlt~i 0I irlfiuc-l;~nrcA allcl t iij~itrltdnc~e can bt~ rieterrllilltyj a:, 

I, ljl H imtl (I : fX7p I< 

Frorr’ 1 hi5 t tic’ c.apnc.;t ii<’ clrirarg,v stordgv requirement c\‘itt t,(x 

fi; z +;; / lo-‘;)(lq” 

15,. 7 R5 .’ 10 “J 

‘I‘hv circuit in Fig. 3(a) is us& to analyze I he energy rp- 

cluirerncnts to c ount.erpulse a V~~IJIIJJ: iiltrrrupt,c,r. The have- 

forrni in l:ig. 3( t~j iho\v the ideal corrlrrllit,at,jorr c al)rlcitor vott- 

;rgt’ a1t11 currpr:t if il is assumed that the current risfsb inst;,n- 

i b) 

W-ith 2, being the commutation capacit,or current, L‘,. the 

cornmut,ation capacit,or voltage, C the colnmutaiion capacitor, 

an initial voltage, V,,,, equal to rated interrupwr voltage and a 

constant load current, the comrnutat.ion capa<~itor can tw sized 

z,(t) - Cdv,jcil -= c: I,, ;f,, 

2000.~1 - C,’ 15.r, f lo:!:20 10 ” 

C.’ = 2.5/r F 

Tile tot.al energy for turrl-off‘ would nrc~c~~>;~ril> irlrllltlc rlltb vn- 

erg) requirrd for thr opening ac’Iunlc]r of 1 hi, illtrrruprer. It 

was t.aken 1,hat a 500 PF capacitor charged io 1000 \’ \$ould 

be used to part. the int,erruptrr contacts. The total tilrn-off 

energy can bc found 

14:, = ;l(2.5 * 10 ‘)(15.5 _I IV)’ f (SO0 ’ IO “)(lOOO)’ 

k.., 310 j 2.50 .I 

.4ny cnvrg! dlssipcliet! ill kwping 1 hv c 0111 a( 1% OI)PTI ii r:ot in- 
CludPd I,cYalli~~ 1 urrl-011 hit,\ i11rt!;!11! oc clirrf’cl 

‘~‘II(~ nrc uit iii I,‘ia. I!iJ! \llov+ rlicx 5C’fI a’ rlirs \\+~tching 

eIpnIcnI of il (tc t)rf~;iht,r. ‘l‘tiv ~or~~fi~~~liflioi~ c ir(llil iz birrliliir 

lo the cirt Ilit (.IIowrI to ~)ulil(‘r;)ulv~ I II<, \ilcillir:l irrI.clrrrlptc,r 

except tliat t.tlv saturablr reacl.or i5 wlnoir<l a~(1 ill, induc- 

tor. 1,. is ili( ludrd. I,‘igurr -1(,l)) shows thr Lottiigi and curi-vnr 

waveforms ol the corrirrult,;ll.ic,n capa.riIor v+hcn tllr Ml I irnr of 

t.hr interrupt.ed current is rnu~.!~ srIl;i tter Ihan the 1 urn-calf t irrlc, 

of the SCR. Because the switching frequency is of no concern 

here, a General Electric phase control SCR Model No. (:7X4 

is choseIt for the analysis. This SCR has a voltage rating of 

.I ‘00 \’ (1 1 ii currrnt rill in:: 01 21 20 .\ ,,l,,. <I 011,’ r~yc:lc surge ca- 

pacit! of 2i k A. ;rrlfl a spt cifitzc! t urll-oil I init’ of 200 1,s. 

In an allal! si\ >illliliir 10 t hv vri( iilinl intvrrupt,er: sizing 



01 IL,’ c c)rri:iJlltdtii)rl c d/)d~ ilot 1% !I,I-( ii OII th( i~~wilr~j~iioll tliat 
I iltl r;t~>,~c itor \~ilI 11, ,),,‘a liri’(i’~li IO l/l/, ~oild~r rat1rtg or 111~’ 

-(‘I: I.01 Illi. , /,a ,1/l. IllI <(,I:, l/lllc: ,o/: c <,/l,l( IlOi ?\ III tw 

( “(iIN “I -1 IO’ 

I o:;ii I 

ic;l ‘h, ft’) 
F‘iguJY .I’ .S(‘li (‘orrl7lLulrLlior/ 

‘I’ht~ tnlitl t’r~erg! sior;igf~ I.~~~~~I~I~~III~~II~ itill i)( 

1: ;I~,:: IO I[ 1:x)0)’ 

Il. i-(X) .I 

‘I‘hc~ foregoing thrw cn~e xl u(l.c\ silo\\ t ha. fol 1 hc gi\vn 

i~~ntiit.~olls of 2000 .A j a11t1 ralrrl iuilch ti;~td. tlil’ (;I’0 I‘+ 
~II\WS f;~r lwi capacitiic rxncrgy to ill:cirrill)! tht, clii.(~cl currcil:. 
E‘rlrl hermore. th(s tilrrl-oifcircuitr!. for ttlt, (;TO i< ii1 thc~ elec- 

irnf~ir tollagv 1c~\cl i111c1 cdn fit 011 n 5rrlnll (circuit l~c~i~rci \< tJcrv;~s 
tlica lnfgr co.Jnt FI~)III~I~ c ircllilr! for the SCR and \‘a( uulu iw 

!(‘I ru[)tcI :i on 1 tic, Irigtl I)o\\vr i111e of the circw~. 

It ix ;~j)l~i!rvrlt I bill it ii ljle gain pro\~iti~~tl I)\ 1 ht. gate 

oi I jl+’ (;‘I’() ‘w th:(-I. iillo!\,i for 111~ grvatl! rr(luf (,(I 1111 Ii-off cir- 

c Ilily. 1’111< c all lv ~~l~\iic~ull~ r~~aliml tJ(~(-alI~( I IIt (‘tIvrg\ to 

IIITJI-off III,, i:TO i, OJI’~ rr(tIlirml 10 lw illiiiciwii (~11oug11 11, 

vxt rw I ii c,ll,lrge :IPC es5ar> I.0 bring ! h( tli,\,ic I’ 0111 01 corlduc- 

t ioJl. \\‘h(~rv;1~ t tie c oiiritc~rptll+f~ cir( uit i5 wcj~iircvl 10 .row illore 

c’rlrlrg:, twcalise it must not onl! produ(~e a ~lrrrrni m’ro \‘rr~ 

cluic-itI\. it must also hold a reverse bias arross the suitrhing 
elrr:lt~nt long enough for t ho device to reg,iirl for\\;trcl t)locking 

capabilities. 

270 hl\‘.\ It~terruplerk 

l-:vr~ri t tioilgh t tics <iI‘ 15 rahit~~ to 1 urn-off. 11~ tic?\ ice rat- 

ifig i5 .b111~111 v\ tl(‘rl c-orrlparwi to bacut:I11 irltcrrll[,tr~r5 d\4il.~/,l(~ 

for ;tpplic aion~ irl 1~1~vt’ar exlwrirrlt~rlt~. III ,lrlivr II) IIV thcb 

(iI’ in 1 hv\t’ ;tpl)lic.atic~il~, wi.erCtI tit,\ i( f’, IIII~Y~ li(, c orrll,irl~~d 

ilJlli II i\ dt~~irillIl6’ to kll0\\ hofl :t:iy L\ill All(YI t t!(, ~lil\iilil~tg~' 

01‘ r.sirlg a (;‘1‘0. k‘or ttlii ~tuti\. the> (;‘I‘0 \\ III IN ~~,III~~IJWI 

agi~:nzt ii .!7ii II\ 4 t’~cutrrri inivrr’lj)Ic~~ it tiir I) ix (1 SIXC’ :11or(s 

l~OJJiJJ1011t\ ilhP(t. 

Ttlr \r~~.u~irn irlterrilpter 10 I)<, ~~oIr1par~~(l ih ;I l\esli~~ghoiJic 
Rlodel So. \\‘l,:?II21 u.hi(,h has ii \oll.ag? rating of 15 k\’ 

anti itr irlti~rrupting cap;lc,it,\ of IX LA. ‘I’tle continuous cr:rrent 

rating for this iJlit’rrllptwr i9 “oO(J .1 ii.,,, Ear I h(‘ COJrlJJlUt ~t,iOJl 
(.ir(.,lit illlcl WavPforJJl Of I-‘;:. :::,I) cillcl (1)). tll(’ crl/,il( itOT taJl 
tw \i%cifl 

(,’ Ii 10:: ;-Jo 10 

(’ ‘lji F 

cillcl 1 hr, xtorrcl c’nerg) rwjlliw(/ 101 1uivr1 \II,I~OII ii 

I: .; (21 IO ‘)( 15 In j .iO(l IO )(lUOOj’ 

b 2, :!;oo 1 ‘2.-A ,I 

lri ortl<,r Iv utiiilt‘ t iic i;(‘l: (l(~~(~r-il,e~l f/CSI /IV/ .I, ,I >I\ ilciiing 

(dt~l~,(cnl lor nu(-l(xar (~\j)~‘villif III\. mar,; of I ii, i/c,\ i( (‘5 rllklbt 

tw uwl ill coJnt~iJl;ltioJl. ‘To tnwt tllc, LoII~I~c I y~~irernc~ntb, u, 

th(’ JJmd~k J1111St COJli;kt Or d Of ttlVW s;(:t?-. iI/ Wl.i(.\ 0111~ 

on<’ branch ivill he r~twlcd for tllis ‘;CIt liloclu/(~ III :t;t\~ the 
5ilJ11tl c.oJitiJ~uori5 i~nci surge curmilt c‘;lf)ac’ii~ ai 1 he ~‘;~c,ILIJJJ 
inierruplrr. In this ca.5~‘. the corr~n~utnlic~n ciillif~ iloi JJIIISI tw 

1.‘~ 1s 10:’ 7.2 10’ 

(’ - “IO// 1. 

1’t1(, r~norg> ~1 cbr,igr rqGrefnrnt i5 t herelorc, 

II .‘,(210 IO ‘][I’) t(l:~i- 

1,;. 27 ii.; 

.Yiiic, J)filrb( ll~%L 0I six cerifw tlit,lc /Ii C;‘IOQ \\IBIIICI t)ls 

JlWdC’d hr il Iriorid~~ 1 jl0 \I/(’ oi 1 till \\~~>tirI~lloll~,~ ii,< liil,,, iJl- 

t.c~rrupt.er. l’hi~~~zould rcac,lll irl ,i 5l0wti car~r’r~\ r6v~liirvtlienl of 

3 Joules r~wdrd to interrupt current in a 270 \I\‘\ rrrod111e if 
a srparat,e gate rircuit is supplied for each CTO. 

Every though it is seers that the (;‘I’0 IS much cxsi~r to 
switch off and t,hr awociated hardware is \inlpler. thrj appli, a- 

tion of the GTO to a large V.-\ inwrruper ic: not r-crh wII rv 

wart-hrd. Tilt, use of GTOY in series and l)arall~*l con~trur.tions 

wc>ulti rquirv voltagt~ iLlid curreirt ~v~:l;llizillg c.irc.iiilc. ‘l‘tlr,\e 

circuits car, lx tlesigncv] 10 work cqu;1i1! \w/l OII l!Irrl-oif a< 

wvll ii5 turf’-on. t;urt tlt~rrII(,rC. g:atc* c ir( IuiI (.olli;jlv\lt i of 1 IIc1 

multi-C;‘l‘O Irlorlule cati he iilriplititd. 

( moIi( IilCiOli. 

The 3torvri c “erg! rquirrlrlcvil. iti111 con~r~iuldliorl circuit 

t oinplt,xit! of tlrc~akvrs l)iivd i)bl t tie (;TO are grc,atly reduced. 

a5 ol~})wr~d to I’or( (2 c orrlirlillalc~ri i;t’K~ or viiclJ11rJ: intcrruptrrs. 

4 dr intc~rrllptc~r lla~‘d 011 ani OTI,’ 01‘ t Jipe Yizilching element\ 

will prcll);lh!! h~~\e acirlit ioilctl com~~on~~i17h. 1101 coniidrrr~l in 

this paper. \vlric h rlepe~~c! on the pow(‘r circuit. A It bough t hp 
ratings of iii;:ilat)lt~ (;‘I‘05 lilr irnpro\illg rklpirll!. 1 tlf>ir \I=+(’ ~JI 
the large \‘:i 511 ilchiri:: requircnlr~llts of ]J;irt i( I<* Ctccr~lt~rator~ 

and other Jlllchr cx[Jv~lJJlCJlti d~~lJl~!llll~ t h/It W\Criil Of th? 
device5 iif, connected ill writ>> and paJ.dll( I co.151 rI1(.tioils to 
provitlr t tic capacit! availatblt~ frOJl1 it L~C iiiir71 i~i~‘rrl~l)tt~r. Ttrts 

dc5igJl ;IJ;ti OpWdiOJl 01‘ t hW’ CiJTlli’ ,Y arc’ <‘urr(.11Il! iti lopic 01 

rexrarrll at Texas Ak.11. I.niversit\ 
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