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ABSTWCT

Fusion experiments frequently have demanding switching
requirements that cannot bc satisfied by conventional switch-
gear. Tko frequent rL1quiremcnts and specialized vacuum

switches dcs~gned to meet Lhcfu dr(: prt?sellLed. lixpcrlmental
results from LcSL~IIg of prototype drvices are discussed.

A frequently cncnunLer~~d swiL:iI ilppl!ciit~~ri is tii~~ in-

LCrrUpL~On of a high ]CV(?lt pulsed, dc curre!~t follow(~d by n
KilSt rising recovery Vc,ltii~C. A 7 in. vacuum lnLrrrul~Lur
wl Lh a n ilxial ma};nrtic field hns proi’cn to Fc at) t’fft’ct iv{’
switch for currents up Lo 25 kA. B(!yolld 25 kA, :s ])ilr;ll]L’]

~i.llfi};llrilL~()[l ~)ecrirrcs n(lc(issary, 11)0 ill fl(lcllcc’ (1 ~tlL’ (l Xi;l]

T.”l}:ll(,t I c fjf.t]d on Ltlp hL!l]il\’ior of pilrilllc>l vilruhn llll(’rrul)L.-

t L-6 ,’IIILI tt’sl rL’SU]tH up to 50 kA art’ discuss(’d. Also, L(lst
r(’$+(llts 011 t’%p~’rilll(’llt~l (iL’v[L’(l~ wiLll IIOVL’] b’lc’(’trod,l }:l’(JnlL’ -

trl(’s s~i(’1~ us ;~lti rod-:lrrdly ~il~tlum 1111(’rrupt(’r illl(l tlItI Amsl(’r
(’l)llt :1(”I illtt*rrulJL1’r ilrL’ pr(’Hrntcd.

1. IY”I”K(II)II(:’J’ I(;N

I“II!;II! II t.xl)lll”lllll.llt !; I 1“(,1~11[.llt Iy Il:lvl, 11(’lllilll(l [Ii}: !!WI ( (’11111}: 11’{1111 l’{’1111,111Ii

111,’lt [’; II II II) I 1)1’ !::lt l!if It’ll 1))” (“IIIIV(,III 1(111111 !:b’llf’ll}:lwt”. ‘Ill I :. l,;ll )1,1” 11!! :(,11, ;:. 1,!:

Iwtl I’1lll,ll:( 111 ll’1] 111l“I’1lll .111 !; illl[l I:i ),,1, [,,] [;,l ,11 V,ll’ 1111111 !:WI t l’lll,:i l!l’!. [}:111’(1 ( (! 1111,!’t

I II I*III.
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‘1’11 I i ~L’(]ll*., llL switchi.l)g requirement lIWOIVCS the diversion of a

pulsed ind!ii” L ~vC current from a circuit breaker into a resist?K OL

capacitor. llle recovery voltage resulting from this trcnsier IL ccupled tu

the fuel mixLure of a Koroidal fusi~n dcvicc. Upon ;.tb epalication, the

fuel is ionize,~ in preparation for contil)t]ed heating. This prncess i~ k.:own

as A plasma initiation pulse (PIP) an-f generally involves circuit break,:r

r~LROVCry \“oltages from 25 kV to 50 kV and interruptlor, cllrrents fror. 23 kA

to 5!3 k:l. Future large scale tokamak machines will mosL likely acc.>mpiisl,

Dl”l:51’!la inltia: ion by Ic!(ltral beam injectLon or RF hcatjnj: without the use of

il PIP. Hi>~L~vcr, lI;gh currt!nt interruption with lower recovery voltages will

sLII1 be usual fnr o!lmlr llcaLing.

filolh~’r frcqllcnt swiLchin~~, :Ipp;icilt{l)n o~”cllrs in Lilt) ii r L>:1 of supcr-

~.oll([l.~t in~l, ,-,,i ] prf~ttrtion. )$IIIy of LtI(’ II II C(MIIIII~ fusion ~’xl~crimllnts rely oll

:; I,l)LII’ ~.I) II IIIII, L in}: [n,illltion and Lor(lld.vl fiolcl :;ystL’ms. 1111’s(? systl’ns arc

\?(,ly (“!~:llpl(’X an(i rl’pr(’s(’nt ;I Iary.t rdjl~L:l! Illv(,s[lllt’nt . F:li lllru of il

(ri t il’;l I I .II;IIIIJIl(IIIt (Ill l”tnr, a t(’st l’y(”l L’ I illl ]li~l,f to (n):. [r-u (”lioil1)[ ttlt’ C(lj 1.

“Illt’rl,t ortI, prot(’(’Li\’~) dufiIp cir(:lli Ls ilr(’ 111111%1’d L() r(’m(lv(’ t’111’ryy f roll] LtI(’

(’III 1 ill Ill (Imt’1”}1,‘Ilt’y. ‘111(’s(’ (limp (’i r(. uit s :Yl~i(” ill Iy [’1)11.%[:; I oi ;1 rc’sisLur

i II ]),1,” 1111’1 Wltll n (’il”l’llit l)rl’ak~r. [~1)~’r;lt i(IIl ~)i LIIL, c[r(’ui L I)rt’iikt’r

lIIt r(l(lll(.t’s III(- r~’:listor ill S(’1 i(’!i Wittl tll(’ (“(lil illlll (l iS!iil)iiI (’S 1[s (lll(*r};y.

Al I 11(1!1}’.11 l“I’i”l~vl’ r)’ \~(~lI:I};(I:; .II(I }:f’ll(~riil 1)1 1 ltlilt(~(l to /Il)OIIt ‘I kV, il)tt’l”rtll)til,n

I. II VI. 1*111 !: 11).IY l),! ;I!i }11}111 :1:: ‘I() kA. ‘1”111. Ill,)!:t !:l’i~t’t-t’ 1“(’11”1[ !-! ’111!’111 Il)r 111(’!il’

(’i I”l’ll[f }ll”l’!lk,, r”!i 1!: :111 Illlll!;ll,’llly Ili}:ll (’f}llt illlll!ll!; (’111”1’1’11( I:lt ill}’. 1:(, r

lIIiII(il IIJI’ (’IJII !.y!~l[m!~, I’IIrrI’1111: IIf i“I kA II) ‘I(J kA mll::t III’ (’!1’”1’11’(1 I)y till’

![1”,111! 1)1,. !lkr,l 1111’ 111.1 ”10,1!: ,,!; 1(111}: ,’1:: !+I’’.’ I’I’O II 111111111(1!;. ‘1’!!lolll,’11 I [Ill(i (’[II I

111-[1111 Illlllk.!l!l l$l!l!, l 1,11 l? ( 1111 ‘I!l!i I*I 1’) I.A I(! ‘)() 1 /1 [,11 ;1 ((IIL[ ll]llo(l!i

1).1:. l!i.
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11. CIRCUTT BREAKERS FOR PIASMA INITIATION

Production of a PIP requires “Ircuit brezkers that can Interrupt

pulsed currents from 25 kA to 50 kA and withstand recovery voltage~ from

25 kV tc) 50 kV. A commutated \acuum interrupter ByStem IS freque:ltlY

selected as the most economical switchgear to satisfy these requirements.

Test r~aults for three different types of vacuum interrupt-?rs suitable for

use in such circuits are disc’u??sed in this ;Iaper.

One device trst d was a 7 in= vacuum Intcrzuptcr with Amsler [11

contacts. The unusual cluctrodc conf~guration oi’ this lntcrrupler kut’ps tile

cnndlictin~ arc in a diffuse modct tlI-JS prm’c!nt”nfi ,Illodrt spot fnrmatioll” ml t)

maximum current for a 90% int~’rruptlon rcllabillLy was 32 kA wiLtl a 22 kV

rer,,~~r,. v(~lt;lge. The commutation rate was rpproxirnatcly 500 A/IIS.

Anothor inLcrrupt~’r With an ‘lIIllSU~l CBILC?rode’ fi(”onll’cry WJIH LhL’

rl}d-:lrr:ly -.,lt”lium Intrrruptcr which. like LIIc’ Amslor <~lllLil~L llltl’rrU})tL’r.

m:l t nt ,?I 11s il rf~ffllKL’ ilr[” ilt lli~,ll {’urr~’ntfi [21 s TtIi’ int[’rruptrr WilS :IIIIL’ Lo

illt,”rrul:L 3’, kA with u 902 rt’llilbfl~Ly #IIld ihn 11 kV r(’ro.tw’ry v(~ltvy,lt. A

pli’t IIrLI 1)1 tlIIs dL~vI(”II III tli~’ ].IIH Al;lm(~:l Srl~”l)tiflr l,ilh(lriitllr~ (I,ASI,) ~1 (;VA

lnlt’rrul)f~’r ~{’st I,irllity [3] is sliI+mI in Fl};. 1.

‘III(I IIIIIHL IIfl IS(.flvtI illt~~rrllpc[’r’~ lI!~LIId w(’rl’ :t::l.tllrd I 111. \’ill’lllll!l

llllt’rruptur~ Wltll :11) (I%lill nml:lll’tlc11~’ld~ ovLsr Iw(’iltj [’lmmli’rcl:ll dIIVl(.IIh

llil~(- Illitsll lll}iltld, };(1111!’ #itll 902 tlli:llotlity 11’v(’l!l 111 (’x(”l’:i:i 1~1 /,() kA.

I%y!,lr% Ii:lhllrilt Ilry. (N(’r I(h)() It’:.th Wi’lt. lIIIllltl”mI.11 ill ;“I LA ,11111;“) L1’ b’illl

,,,! 1,’,1],,,,1,, [/,]. 111(’ (’::[I”JIIIII I;III’11 I“llllf.1{.t!111’t[1!1(’,11 111[!. 11111111111111111

i,
11’vI’l W;IM 1[1 (~1)1’r:ltit~ll:l.
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For rel~ahle interruption of 50 kA, a rJarfillI?l COnfiJ]UratiO~ O: aXj.31

field interrupters is necessary. Parallel operation is made

the influence of the axial magnetic field on the arc voltage

has a slightly positive voltage characteristic with recpect to

practical by

15]. T’ne arc

current and,

during parallel operation, induces eyual current sharing withaut the use of

external L-esistive or inducti’~e elements. Tes t.s at 50 kA, using two

parallel connected interrupters, indicated that currents distributed equally

to within 10%. When the opening of one int~rrupter was intentionally

delayed, currents equalized within 1 ms. f-hl~ drilL’biiC!: to rlIe parallel

opcr,ation mode mus: b~ noted. If otic’ lntc!rrupter in a parilll(:l array of n

Jlll(’rrllptc’rs rcsLrikc’s, t]lc fill]lL (’urrent Ui]l hC! ,1 Llmc”+ tllc riltlJCl current.

Ilcs{.lc: L])(I hi~’,h co IIL:~cl c’roslon occuring d(lring the lnult, L]Ie mAgn(>Lic

forr(’s, Wlllctl ilr~t ;)roport i(l:l:ll tn tll~’ (.llrr~’nt squ:’.rc’d, 111:1~C’illlSL’ dillll.1~’,~ to

tlIL’ SWII Lsh}(’ilr. For !lIis rl’;lstlll, :1 sl,l-i(,s nNIltiIJli(. ItV is r~l.i)nlml’nrf~’d in

111. Cl!t(:l!l ’1’1;1{1.,::1;1{!: 1’01{ :+(ll’1. Ri:ONl)ll!;’I”l N(; (:011, l’l{i II’((:’I’10K

‘11)(’ l’1, (111[1“(’1111’llf!+ for (lr(’utt llr(I;lk. rs IIS ,( I ‘(J1 !;llpll? ( (Ill (ill(’( Ill[., (011

I l“(,,l, (’1 [(111 Ilifll’1 f r(lnl 1’11’ rl’ll~lirt’~111,11(s III twt) m:l,,~lr W{I:; S. !;iillll,ly) ( 1 ) L“~’

r~,(’tl~’~,~”vv{,] 1:1}1,11Is IIIIIIIIri Illy n’1(11 l,)~L. r f,)r tll(’ (’01 1 l)l”()[,. (.[ 1,111 1’11(”1111}1,

,,,,(1 (:)) It,!, ,111’ 1{,111I. II II! II II. I [Ijll I il;li, Wll I 1[, I 1,4, I.1)111;1 . (!: :111, (!{>! .t, (f is mll(’tl

1(111}:(,1 . “l”ill’ 11!11}, I 1111,1111,1 1(,11 I 11111, (’1!, ;11 1,:. ~ Illllll,lil!; 111:11 l“illll!t~l 1,(’ :~1 :V1’(1 it

Illw (.(1:.1 ;)V ( !,11!1:11,1’11,11 ,;wi II, II)T,II,II .

‘1111’ 111:1X 11111”11 (’(1111 flllll!l l!. I’1ll’ 11,111 1o11 1’,,’, !,11’ , ill. “:il(”l’111:1 11111’1 lll]lll’ 1”!.

I ;Ill}:l, 11(1111 I.; ’IA I(I .’ hA. “[11!,, ;(1,1] .111(1 11,11:11I [(11! Iil,l,l ‘(II I ‘ V!illl, h

11(~11[ 11’ (’11111! 1,1,,11,1:; Illmll (.11 (’1,11{11111 ,1!! .!(,1 [ :1!; [1111 I 1“,11 I I’111’ll,lll:i ;1!+

111}:11 ;I!; ‘)() 1 A. Ill [111 l,l”)! , f 11{, (,I 11! 11111(111. llll”ll ,111 Ill

I)y }!l,ll’ 11)}: I 111}11 I’1ll’1 1,111 llVll, !i:i !.~*rll(,ll ill 11.11,11

,Ir, ::ll Illl,,k,.1 [(,]. 111!, 11,. 11,1,,,, ,,1,’, f I 1: I::, l!, t Iljll,l) .Ill, :

1,:, ,( 1:1

,,1 WI!

11 ,111,.1

1,1,, }),,,,11 !; Ilt,l,(l

I ,1 ( llll\’4’,lt 1(111:11

,,. ill, , Ill 11,111



to Lhe circuit breaker a short tiwti [. i:~t~,rruption is required. Tile

circuit breaker then performs interruption duties on the full current and

!nitiates the transient recovery voltage.

A new vacuu~ interrupter ha? been developed by LASL and Westinghouse

Electric Corporation] specifically for use in superconducting COil protection

circuits. This interrupter has water cooled stems And contacts and 1S

designed for high continuous current levels. .4 cutauay schematic of the

stem contact systrm is Shown i~ Fjg. 3. The first prototype, shown

disassembled in rig. 4, kas tested up to 13 kA for 10 min~ltes. h can be

seen on the photograph, some contact melting occurred. l’his is believed to

be caused by botil inadequate contacL prcssuru from the actuator and the use

of high resistance contact material within tile i:lrerruptcr. IMo stcund

~en,’ration devices are bc’ing built for testing. in conjllalction ~“itll ;I sp(!~”ial

high I)rcs:lure :Lctuntor dcv(~loped by “LA5L. These inturrupte] will lIavc two

d’if~’r~’llt type!i Of ]OW rcsistilncc? contact matcrinl ~nd ovcrsizt’d w;lt~r

]~i]};s{i}~~l~ for illrrcased cooling. ih~ly are dcsignud LO ~txL(,nd tl)i~ sI!l~;lc UIIiL

coI~LiIIIIl)us Curr(lnt rilLlllt\ to :5 kA. lixpcril,lcnts mit!l twl) lrlt(’r]tl[)tL’rs in

[Jil.;lllll (l! f(l kA aru ]11:1[1111’d ilf t(~r [ndi\~idl;ill tll:,[ III~;.

1v.

:;~. 1

I Ill”
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3. Parallel operation of vacuum interrupters with

axial magnetic fields for currents up to 50 kA.

For superconducting coil protection, a water cooled vacuum interrupter

is being developed to handle the high continuous current levels. A first

prutotype was built and tested to 13 kA for 10 minutes. Used with a special

actuator, second generation water cooled vacuum interrupters are designed to

extend tile continlmus rating for a 7 in. lnterrupLer from 2 kA to 25 k4.
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.. 1

FiR. 1. Rod-array vacuum
interrupter in
test fncility.
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Fig. 2. Cormncrcial vacuum
interrupter with
dc cont,lcts.
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