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A 334VA INTERRUPTER TEST FACILITY*

W. H. Pa;monm, E. M. Mnig, ●nd R. W. Warren+

Los Al~os Scientific Laboratory

ASSTPACT

The use of comercial ac circuit breakero

for dc switching operations requiree that they be

evaluated to determine their dc Mmitatione. No

2.4-VA facilities have been constructed and used

for thin purpcae at LASL during the last eeveral

years. In responee to the increaeed danande on

switching technology, a 33<VA facility has been

constructed. Novel featuree incorporated into

thie facility include (1) eeparate capacitive and

cryogenic induccive ●nergy etorage eyetems, (2)

fiber-optic controle and optically-coupled data

linke, and (3) digital

Facility detaile and

experimental rod-array

preeented.

INTRODUCTION

Since 1975

Laboratory (LASL)

the

data acquisition eyatana.

planned teata on an

vacum interrupter are

Loa Alemoa Scientific

hae been conducting experiment

with cwe;ical ac circuit breakera to de&ermine

their direct-current ratinga for potential

application

Particular

interrupter

simplicity,

advantage,

fn varioua fusion deviceaol,z

●ttention haa been paid to the vecuun

due to ite low cost, mechanical

and its ruggeaneaa. Becauae of these

fusion ●xperiments such aa Alcator,

TFTR, and Doublet 111 !~tilice vacuun Intertuptera

in their switching ayst~a. Interrupters ueed in

both TFTR and Doublet 111 require current

interruption in the 25 kA to 30 kA range with ae-

nociated recovary

Preliminary deaigne

ETF indicn~- ●’at a

voltagee of 20 kV to 25 kV.

for larger devices c-r- aa

trend tcndarde higher currents

may be economical if low-cost ewitching eyntema

exist that can matimfy the interruption require-

❑ents. For thle reaaon a facility haa been con-

structed at LASL which la capable of evaluating

circuit breakers for application in the next

generation of fueion exparimenta.

PRESENTTEST FACILITIES

In addition to the facility diacuaaed in

this paper, tw nailer facilities are presently

used for interrupter teeting.3 These facilities

ere ●eaentially identical and are raced at

2.4 CVA each. They can be connected in p’arallal

for high-current teata, or operated independently

for teata up to 40 kA. ‘he new 33<VA facility

will be capable of tests aa high aa 280 kA. A

aunmary of the facilities ratinga la given in

Table 1.

TABLE I.

SIMNARYOF FACILITIES RATINGS

FACILITY

& g ~

Peak power 2.4 2.4 33.6
Stored energy (kJ) 450 450 2250
Rated current (M) 40 40 280
Flax. recovery voltage (kV) 60 60 120
Completion date 1975 1977 1979

‘Industrial Staff Pkmber for Wratlnghouee
~aearch Laboratory

Wo:k perfomed under the auepicae of the U.S.
Department of Energy



FACILITY DETAI1.S

EnerEy Storage Synt~s. The facility in

unique in that it haa tun indQpQndent prinary

●ner~ atrmage syteoa. The firnt in a capacitive

Systm, the ●econd la a cryogenic inductor ●ya-

tm.

Thr capacitive ●yatm conaifiln of eeven

mdulea, ●ach contnlnln~ 270 kJ nf 2f) lrV capn-

citora, ● four-ea~ent MMA inductnr, two lnd@-

pendenc rihnrting ●VntGTIH. funrn, and nnpoclntvd

hardware. A ach~ntic and photograph nf n

mtnrnge ❑odule are nhwn in FiFs. 1 and 2.

Current in lnitlnted in indurtnr L, nnd the

l.~d hy dlncharginp cnpacltm C thrmj+ i~nicrm

Ir?,. At peak curr~nt, ●olf-firinp ifmlrrmm TE2

●nd 1fi3 cr~ar the capacitor thrrehy preventing

omcillntion. Thr currrnt trnpperl in the indurtnr

mm nerves ae the load CUrrL*n~ f,,r the nwitch

under tent.

Fi~urc 3 im a ochr.atic nhrwin~ n Cypirul

cc~t circuit vhir!l uneri thrnu RtL,raEt, nOdUIL, h.

YkF lrid current ●upplird hy indurtmri I. rircu-

latea thrnu~h tht’ t-t hrrnkrr, BTs nnd it~ Ra-

tnrmblr rmrtnr, %“ l%r lmmkcr in tl.rn

n~mwvf. A rnuntrrpulsu fr.% cnrnritrvn C, brln);a.

t hu currrnt In thv brv,lkur to zi,ru whvrr, It ln-

terruptH. Thr renidunl rnrrrv in 1. iH trnnHfvr-

n,
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Fi~. 3. Typirnl tw~ rirrull wlIILoh um,q nlllrlim.

•,dlll~.11.

to ninulntr thr h[F.hvr 121 dulv Hmw by :In Inl,, r-

~urtcr In tht~ pnlnldnl tic,ld Clll I bvntlv, 1.1 :1

fun[nn ftmflrr. In IIIIH rlrru [l, rurr,ml 1n

rrvo-irrdurtor I. nnrl tmf hrunkur FT Ih r;mpl,d Ill,
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than dimchmr~ad in ●arion ●t voltagos up to

kV. Also, provisions hava baron mada on ●ach

cnuntorpulma mcwlulao for tha connactinn of up to

300 IJF of ●dditional capacitance. Ihim will b,

nacamsary in certain ●mporimants, such ●s urly

cnuntarpuloing, which roquira ●n unusually larga

countarpulse bank. Iho SIX cauntar~lsc ■ndulos

●rm picturad in FIE. a.

Control Syct~. lha control syat& for tha

33-GVA facility IS a hybrid ●loctrical_pticml-

pns~atic ●ystm with ~haaia on the optical

•a~tnt. Sla c~ndn, such u shorting

●witchaa, isolation switcham. and pouar supply

signal-, ●r- tranmittad ●lactrically frm tho

●ain control ●cation to ● midatatioo locatad just

inside tho facility door-. Mre they ●re con-

verted to opt

various ❑ndu:

signalm than

davieem.

cal signals which branch out to tha

●s. At tha modules thase optical

oporate electrical and pnetmntic

Fig. 0. Cnunterpulaa modulam undar cnmtructinn.

All fast c-rids for tri~aring ignitrons

●nd braakar ●ctuators orisinato ●t the control

main utation fra ● fiftaon-channel digital dalay

generatnr. Tlmse triSg9rs ●re badiately con-

vortod to optical pulnos ●nd tranaittad via

fiber-nptic cmblom to high-voltmga pul-tr~ or

actuator drivora located within tha tmmt

facility. Power mupply charging voltasoo ●nd

currents ●rc convarted to ~ siSnals in the tarot

facility ●nd than tranrnitted optically to the

main control ●tation. lhre thay ●rm daodulatmd

and ummd to operata meters. Thj.a intenoe use of

optical signals in high af sreao is of great

bonafit in tha ●voidance of ground 100PO and in

the protection of parmonnal and sencitive control

●quipant.

Data Acquisition. Voltaga and current

Wavoformo arc ❑mamurmd by voltage dividerm and

noninductive ●hunta in the ta-t facility ●nd con-

verted to analog light ●ignalm. The ●nalog light

signals ●re tranmittad on fibr-nptjc cablea to

tha ❑ain control araa where they ●re converted

back tn analog ●lactrical signala. Theoe ●ignaln

are fed into digital oscilloncopoa where they can

ba viawed. A small c~utar la also connectsd to

tha @MCillOSCOPOS ●nd la capabla of parform’ng

routine data analyaia aa wall am .otoring

vav*form9 on magnatic tapm.

CFCD?HNG TESTS ON AN EXPERLN~TAL ROD-ARRAY

VACUUM INTERRU~ER

‘Ih:. first breakmr tanting in the 334VA

facility is plannmd for Sept~bar, 1979. The in-

terrupter to b- teatad in an ●xperimental inter-

tuptar ■ad- by tha General Electric Company. ‘fhc

device i- referrad to ●m ● rod-array vacuun in-

tartuptor due to ● noval intarnal gametry ●nd

●hewn prnmisa of interrupting unusually large

currontn hcauaa of its ●bility to maintain a

diffumo src.k

Yigure 9 is ● ganeral schematic of the cir-

cuit to be unad in testing this incertupter.

This circu.’~ diffarm frm tho ●tanda.d circuit of

Fig. 3 in that ●ach ■ odula nw containo a ●utur-

ahla raactor and a vacum Intortuptor in i~a

primary discharsa lag. Aftar the teat br~akcr,
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Fig. 9. Tmo: cLrcuit for ●xparimantal C. I!. in-
tortuptar.

BT. ham interrupt-d the load currant, tha •nmr~

in tho lnad coil and ●aturabla raactoro LaRI, is

trarmfmrred to thm countarpulm* c~pacitor, C2.

At tha instant of caplota transfar, which is ●

currant Mro for B1 and LSRIS B1 intorrupta.

This provonts further oscil.l~tion of L9R1 ●nd Czt

tharaby holding tha recovmry voltasa on Cz and

BTO A avaforu for this typo of tast 10 ●hwn in

Fig. 13.

Tha racovury voltaso till be maintain on the

test br-skar for 30 to 100 mm. This stiul~tam

lntondod us- in tok~ak ●ymta ●nd Inmuraa that

tho intartuptor has fully rmcwered itm

dimlactric mtrongth.

1,V ----

/

/

I — CURRENT

----- VOLTAGE

Ccmclwsmws

A 33-CVA intartuptar tarot facility has been

ccmmtructad which im capablo of testiug inter-

rupters for tha naxt Saneratiion of ●rparimontal

fusion dwicm. Tho facility is

produ?lsg currants of 280M with

rmcwary voltagu of 120 kV. Tasts

on ●n txparimontal C.E. intortuptor.
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