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INTFRRIIPTFR Am HY21RTl_t-SW17~}J TFSTT?W
FOR Fl~RIf)N I’FVIC,ES
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W. M. Pnrsnnn, R. W. Warr_n+, F. M. Honig, J. D. G. Lin,lsay,

Los Alamos Seientlffc Lnhorctory:
P. “~llmnm+~ F.hascn R=rvlces, Tnc. :

R. L. Casn*l+; Prlnc*tnn Plasma Phystce Laboratory

%mm rv—.

This paver dincucnaea recent and onROinR switch
temtinR for fusfnn devlct=s. T%- ffrat part tfescribea

tt=~clnf? for thr TPTW nhmic-h~atlntr circuit. In chin

9Pt Of tPst!a,which nlmulat~d the streaaea produced

during n plasma Inttfntton pulse, cf rcui t hreskers

were reaui red tn fnt~rruet a current of 26 kA with nn
a.qnnrfnt~d rrcrw-ry vn?tae~ of 25 kV. ?%0 tnt~rruptpr

~yst~ma wpre t-std for over Inno operntimta Pnch, mnd
both apppnr to mntlqfy TPTR rpqutrement.q.

Th@ neconrl ntnrt rl!ncusne9 hyhrld- witch

r!-v~lnnmont fnr auperennduct I n~ cot 1 protect inn.
ThI=~P swltchlnr systems must be cnBahl@ OF csrry\nR
lar~m currentn on 8 contin~lous hnsts an well a:

per fnrmin R lntcrruptfnn dutt~s. tlnp such witchlnrn
sy9rem, ratrrl ar 25 kA nnd 2.5 kV. Is c~rr@ntlv hefnn
dw@lnn~rl for tht= l.ar,rte Cofl Project at tnr Osk Rfdpe
Nationnl I,nhorntnrv. Thin ~w:trh a~~ernhlv cnnsint~ of
n hlph-cllrrr.nt by-pass switrh in parallel with a

mn~nntlc hlnwnut interrupter. Annther switch fnr this

tvpp OF nnnlfrntfon 1~ hoin~ develnprd for u-e with

Iar@e tnkamnk Inriuctfen cnlls. Thifl swftrh is a

.~ncullm fntf.rrllnt~r with wnr-r-cnnlorl Plectroden. Tent
r~nlllt~ at 13 kA cnntinunll.q c,lrtent and Futurp nlan~
fnr ~xtendine thp stondv-starp rattnu tn 25 kA ar-
nrmqr.nr.-rl.

Thr third nnrt presnntn prpliminarv rewlrn nn nn
Parlv-rn!lnt-rmtlse tprhnln[lo anpliml tn vacuum [nter-
rwptprs. lmplt=mentatfon nf thi!i tpchnlque has
r~qultn.-f In l.nrro lnrr~n~ns fn Int Prr,lntihle currpnt

m.q w.=11 n~ a mnrbed r~durt!nn in cnntnct nrnnfnn.

Tnt rndurt 1nn—.— -

Thm !.ns Alarms ~elentlclr I.nhnr.ltnrv (I,ASI,) hnq
hprfi .-nrnrc,l fn =wltrh tt=~tlnr rnr fllninn d-t,frvn
slnrv IQ7),.1 At thnt time, nnp fnrflftv mxfst-rl wfth
~n ln~fflllofi rnnnhllltv nf Ifl kA ,qt.-ndv-nrst@ und

?5 kA nlllqr.d. Prr.sent Iv thrpp ‘ ~lh:tlltlm arp

nncr.-itl.;r, thr lnrp.-qt h~~ an Inntall Prf c.wmrltv nf
IOn LA qrfint+v-qtntm nnd ?PO kA nulnprl. 2 Thin !ncrrns@

hn~ hmen n,.r~qqarv duo tn thm Inrvor nrwf r ‘F
Cnn?!rllln,,q ellrront roqtllromi-nt~ rnnrplvprl for mnd n

fllqlnn doh.,lrr~ qIIrh nq PTF nnrt lNTOR.

TYTB nh~l~-!lmntln~ r!rt-, tlt Swf rr~~r T~ntq— . --- . . . —... . . . -..—- —— . --------

Thn Tnb,lmnk F,l~!nn T--t Rrwrrnr (TFTRl prn~ort #t
rho Pr!nrrtnn Plnqr;l Phvqle~ l..ahnratnrv reqllfros th~

!nqi,rtlnn mf 1 r-qlqtmr In nn $-Xrl tmri nhmir-hratfnp
,-1111 rlrruvlt to nrn,illrr a pl.n~mn Inltlatlnn n[llq~

tl,j qwltrlllnp ~v~ti~m W!ll

Jlll**lrPq nf Pmpnrtmrnt ,,r

Knmflnehnll.qm Rpg~rrr,.11

,.”1”.

he an InterruptInn of 26 kA with an aaaociated
recovery voltage nf 25 kV. Vacuwm tnterrupcera were
selected as the moat econ micnl meana to eatlefy these
requlremmt. 7. Hmwev@r, acme teattn~ nf ●wilable
❑yatemn needed to he performed to determine their
r~lt~htlity.’

V@sLtnRho!19e sy~tr=m

Qne ay.qtem c~!ltl-d consisted of two
n~riea-cnnnected IJestinghnuse WL-33552 interrupt~ra
with @xternnl axial-fiplda end a 75 I.IF count-rpwlse
b~nk. Th@ae interrupters nrp ahnwn in FIR. 1. The
actuntors ua : were RonB RnRfneerinR Model HA-75.
FiRure 2 la a sch@mntlc of the circuit used to t~st
tht=se tnt~rruptrrs. The homopolar generatar, HP, waa
urted CO supply 6 x 107A2 - n of henttnR prtor to

current !-?-rruptinn on ●rich teat. Ttiia clnaely
nimulat.-r! the hearimp, mwn hv th- fnterrwpt~rq during
charglnR nf the ohmic-heating COII. Figure 3 ahowa a
partial current wsvpform for a typical teat. The
homopnlar current (10 kA) la brought tn zrrn m few
mt 1 lfsornnrfs heforr the hiRh-current pulsP in
inttinted. The cwrrent level just prior co the
cnunterpulse in 24 kA.

OVP r I nnn tPBtn wpre pQrformed on the
We9t[nghmus@ Interrupter svatem at 24 kA nnd 25 kV.

f)nlv nnn fn!lurr to Interr,lnt wna nhaprvpd, this hrin~
partlnllv actrthutwl ts a hrriken hnlt in nne sctuntnr
that wa~ dtscnverrd funt after thnt pnrtirlllar test.
Th rm sinEIP-lnterrllDtr.r re~trl ken were oha.=rvd
dllrlnp this tQ.qt<n R, nmP of which led tn an

fntprruprinn fnllllrp. The tntal cnntac-t ernnf nn
durl np the mnrr rhnn 1000 !~terr!lptfrmn wms lens thnn
n.oin In. inti!cl.qtine thnt n prn!prterl ltf P rlf ,“4

cporat!nna I- frnglblo,

TrHl)lhn Svstrm——.-—

The nthor nvmtrm teqteri was n Trrnhih.q Model
vcn2-n?n intrrrllpter nvgtpm. Thts nvstrm had twn
interrllnpr~ rnnnectrri tn .qPriea with axial-field colla
built tntn the rlrccrrwlen thcmselveg. Roth {nterrupt-
e.rq we rt nrtllntrrl from n ninplm nprtnR-londPd
m-chanl~m aurmllod bv Tmnhlhn. A plrturv nf t:l~
*vslt Pm In thr tr.mt forllltv Is nhown in Fig. 4. I’ht=
manwfflr:urpr HpPct flm[l thp chnrnrtoriatlrn of the
t)nturnhlo rrnctnr to h~ unpd dllrtnfl th~ap tpnts. An n
rpnlllt nf thn lnrgr nnturatmi tnk;wctnnro of this
cnmpnnrnt , n 450 IIF rr+llnt.nrr ,IISP hank wnm req~llr-d for
rnmmlltntfon.

A mrhrm.attr rIF tho cfrrutt IInrri fnr lh~ T@shlhn
t~stfnp I- shmwn In Fin. q. Tho hrnttnf! ryqllirmmrnta

prfnr tn lnt,~rrllr-lfin were rolnx{.d for tllf$l *et nf
tontg. -II thr. rn wn.q nn hmm.rml,lr Ewm-r:ltor In tllv tm~t

rf rrutt.

nvrr I(lnn tr~tm wrro rlln (wt thr Tnqhlhn sv-tnm at
?4 kA nnd ?< ‘,[’. A tvplrnl cllrrrnt wnlmofmrr ghowlne

an Pxpnnqlnn ,, f the ri.d,mrnd dl /fft IIlnt prtnr tn
vtlrrvnt 70rr. I- ~hl~w~! In F\R. 6. T%rro wrrp npithmr
fnll,lrl,q to lntntrllut nnr ~tng’o fntorrllptor r,.~tr~ken

I



rfr,rfnp nnv nf thoqli rnqts. -%!= ,qr?ufarnr qtrnbo W,l q

rarnr,lllv mn!rnr-~ Fer n..-r ?n~n mt-r.lrim~ anfl ‘mln~
t“ he ,.xtr.m-plv rnn~iqtonr. T,>r ,~I Pnrr?qr! ,.~~qf ““

rlllrfnc rhe tentq was ‘nund to he los~ rh~n ~.nlfi In.

Tn ndr!ttlnn tn th.-ql. tl.qru, permfs%lon Wa9
grant~rl hv ‘mqhlhn rn tn~t n sinpl.- fntrrrutrter f,,r

!t~ mnxlr[lm fnt~rrllntfhlo ctlrrrnr. Th!q wn~ f.mind r,>
ho ahn!lr 41 kA n? ‘lo kV Fnr a ~n? rplt~hllltv.

SIfperrnnrfllrrfnq Cnll Prntmrr inn Swltcheq——.. —

DIIO cm th~ lnr~e I,n@rglP.q anti the sllhstnntfn!
csoftal lnv-~tmant asenclnted with I.qrpt= ~i!p~rrmrdllrc-
fng lnducror~. protrctinn dtwicrs nr- u911F111v tir~i~nrrl
into thr cnll clrcuft thnt allow rapid rfl~~lpsr!nn nf
coil currt=nl. in an emcrrr~ncv .qItuar inn. A typica!

DrOLOc C! rIn clrcult rnn.qf~t~ r,f nn Inter ruptlnz swltrh

anti a dumtr r~sf.qtnr. When thr Interr[lntpr npmrnrt=~.

th - COI1 cwrrmt IS dlvmrtd Into tho dump resistor
whtlr thr. chsrpine Cmwpr nu!JDlv Is rllsconn@rtrd. The
Cnl 1 current thrn decny~ with an s~~nrlntrd l./R tim~

cnn~tanr.

SIIch n switching circuit will he ?onti.d Fnr rh.-
nak Rllfp P !L+r I nn~l I,nhnrntnrv inff~. ) I.nrrr Cnil
Prn!l.ct (1.CP). FIRllr@ 7 qhows thp tietnflg of th~ I.CP

c1 rcutt. Rnth thp primary and hack-up Inrprrl]ptprq
cnnsf.ar of n Mnliffff=rf, Comme:rfallv nvsilnhlo, ”
hl~h-cltrr~nt , hv-nans switch In parallel with a

!I.arn-tir hlnwnur tic cf rcult hr-nker. 1%1= hlph-rllrr$snt
hv-n,qqs ~wlrch hnnrfl, .+ thr rnnrlnl]nll- ?5 kA I-III- to
RtPac!v-sttltP cllrrent Iimltntinr,m nf thp r!r

fntrrrllntrr. lf rhn t-nil undo? test mm normal, nr n
fa!lurr nrellrq In thO nowt=r ~IIrIrIlv. holftlm liqtllfi~r,
rlrwnr. nr nrh-r rritirnl cnmpnnont. the ‘,v-p.I.qFI ~witch
nnnng nrrr! rrnnq<mrs thi= cllrrsnt rn th~ dr Intnrr!lpter.

‘rho Int.-rrtlptmr thpn npnr,.te~ nnd rfl.#orta the cnil

rllrront Into th., dump w~fqrmr wh-rr It is qlllcklv
Iilsqlpntod. 14AS1. Wfll h- te.qtlnr a nrnrnrvrw

int.-rrlintrr qvqtnm fnr IIFtvl, rhlrlnr ml d I opn.

nlt-qtfonq silt-h R9 rr.ll~hfllrv, liFf=tlmr. nnd

malnt-nnnrfi WI I 1 h,. afl.-fr-q.qmd rfllrfn- thls t~~tfnp

prner.arn.

FrI r t}lm -a.?m,~ Eprrprn I annl!-ntlrrn, a nperlfll
fnrprr,]nt~r5 I* rllrrOnrlV h(. [nR rfrvr.lnporl thnt
rpqlrl r~q nn *xt9. rnal hv-n,n.a~ .sl.l trh. This is n vnr!nm

lnt~rr!lrrtr,r ~!rh wn!pr-rnnlrfl ~lvrrrndvq and ‘.wJ:v hlf!h
rrnr.q.-r rlo~lnv ‘nrr,., t. Prrql. nr!v. thu rnntfn~lolls
ctlrrvnt ratfnv fnr :t ~r.:mn-lnv”, Inre:rlrutl,r hnu br.rn

fnrr~nqfiff r rfm ].? kA r,, ,? kA. lmplmnc. nr:ll Ion nf n

npw hlp.h-nr,.s~llro nrtlt:, t,>r rfr.vt=lnnm(l nt l,Asli nnrl n
mndfclcntlon In rn,l~art nvtrrrfnl Wl!l hnpoFul Iv

inrr~n+~ thr ~nntlnurll~ r~lrrrnt rntfnc tn ?f Ir,l. ‘rhr
srr.nrlv-srarp r~lrrvnt r.qtlnr Will thr.n marrh thr
Into. rrttptlnn rarlnr. T1.r IInftq vav thpn IIV r(mnort~4

In nnrallrl fnr hl~hrr cllrrl.ntq.

Fnr~F[,,Tnt~!]lq~ Tnrhnfll!o-— —. ---- —-—--- —

Th P rnn,:ontlnnn~h .npnrnorh tnw.nrffq rllrrcnt
cnmmlltnt lntl In dr lntvrrltr)t~rq rorrttlrv< Lhnt thn

mlmrfrnrl,,q ho qwnratnfl ❑llhqtanrlnllv hrfnr,, thn
rntlntmrnlllq~ In nrnll~d. Thf~ no~r.ggltnr,.~ n
mf

n~r(nd
fIIl I-r!lrr-nt nrrfnp dltrfnp marh lnt~rrltntlnn

gpqltr.nrm. Th{s nrr:rrp hont~ thr mll~rtrndes nnd ra~
rnll~n hnt Npntq tn fnrm nn thv ,.lr.-*rn,ln gtlrr.qrnn.
Th~rmlnnlr mmlq%lt)n frnm thnqe hnt ..nnt IS hrlfrvctl

tn rfillsm rnftrnltlnn I~r FIIOI nrr nnd llmlr~ tbr nwxlmllm
l=:..rrllntlhlo rl,rrvnt Fnr n pnrtlrlll.qr do,flrr. [“
nrfrilrfnn, Fllfq nrrlnp nmrlmf ,.r”tlv~ tho ol~rtrn,lrq,

rnllqo~ nfttfn~ and d~fnrmntl, m, . m,f (fPlwlqlt. 1

mptalllr fflrn on shlrl 1~ an,l Inqlll,ltmrq wlthln thl,
..~nrllllm ~nnrn. Anntl)rr morhn,l for rnrmtltntlnn, rnl If,lf

tho r,?rlv ro,lnrnrnallqr r~chniq!lr (FCT) , ~hnws Drnri qr.

nnr nnlv nf !nrr-.l.:fnp tkf= max!-un cllrr,,~: -atinpq ‘I?r
an Intrrruptpr hut ,~lso mf R,lh~t#nL1.llly rfrrr.-n~inp
~l~r:rnrlp rroslnn. Wfth th!q teehrfqjle, the rurrpnr
:s cormr.qtpd rn fl n?nnr-z.-rn I ,,.,,P 1 hefnrn the
~lnrtrntieq arm 5,>nnr,7t off. Fi~!rrn 8 shnws a rn~pari~t?n
of thr nnrval nnd Par]\. cn,lnrernul qc currenr
wnvrfnrrr~.

A fnltr-fnrf~ vac!!um fntt=rrlmntpr whnsr normal
maxi mum fnrrrruptfnr le,.wl WRH nhrjut 6 kI! WflS teflt@d

u~inp !YT. Thiq lnt~rrupter wn~ able to intorr,lpt
currt. nts an hiRh #S 25 KA. In mddftfmn, IPf)n

tnterruptfonq wf=r~ p~rfnrmrrf at 10 kA vlth no
fal lures. ‘he fntrrrllpt~r wns then openrd and the
rnnf nets were inspertt=rf. Virtuallv no or.>sinn had
occllrr-ff. An extrapnl,lterl cnntarc ltfettm- of lf15 to
II)” nperatlnn~ could he anticipated ust ng thf~
ti.chnlqtlt=.

Tmplementati. nn nf FCT rrqltfre.a rhrro 9Pp~ifll
comnnnrnts. The first 19 a vprv fn.vt nccuntnr. The
cnrmutxt I rm hank mlrst hold tho lrrr~rrupr~r cllrr-nr
near zern whllr thP ronrartr 9epara t==. A fast
~~paratinn reqtll rr~ less t[mp nr lnw current l.-vr.l~
and thus r~ducr.s the sfze nf thr commwtatinn bank.
l%- ~econrl componrnr is n larpf, ~atltr.vhl~ renrtnr rn
Ins,lk.n thar the rol]~rt=rnl!lse rllrrcnt does not Pxc.-f.rl
thp Intt-rrunrinn cllrrent hv more than a fpw h!lndrod
srrnerrq. The thlrrl rompnnrnt is n larp=r-rhan-nnrml
cnltntr.r?..; em hank wbnae ~fzl,. nrl men%!nnnff. Is
dnrnrmln~.d hv err,lnrnr spr~ti.

17nr,rlllsf nn~—— ——.

Th~ ~wirrhinp prnprnm has rnntrlhllt~[l tn t!lr
narlnnnl fl, sinn rffnrt In srvrra! wavq. Ffr.t. hv
tpstlnp rnmmprrilll switcflfnu ~vstrms, srt]rh RS thnql=

tp~rd fnr .3P In TFTP. Snc”ndlv, hv mn,ll f;:lnp
rnmm~rrinl .,~[tchrq for slpPrf nl .nnnli rat inns. Tl,,.

t!vhrfd fntrrruptvr qv~tmm to be rost~ff fnr IISr In I.CP
nt nR!i14 19 nrl v~fimnln nf m!lch a rrnfllficnr inn.
Finnllv, resrarrh and rfrvrlnpmnr affnrts arf, l]nf!~,r
Wdv fn, fl!tllro fll~!nn dr-~l,-rs bv tf~.ml,.pinp
wntr.r-rnnlt.d lrrtnrruptrrq frrr s,lporrnnrh,rtfnr c-n
prntvrtlnn and cht. t=arly-rourrrprplll qr. tprhnlq[lr for
Pxtr.nrfi.lp. thn Iirmt[mr nf rnnvrntlon,?l Int,.rrllptors.

Arknnwl rrfi,m,,n---. —.-. ..-. ..— --
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