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INTFRRUPTER AMD HYHRTD-SWTTE“ TFSTING
FOR FI'SION PEVICES

by

W. M. Pargona, R. W. Varren®, E. M. Honig, J. D. . Lin:tsay,
Los Alamos Srientific Laboretory:
P. “o]lanuff Fhasco Servicesa, Tne.;
R. L. Cnssol+t Princeton Plasma Physica Laboratory

Summary

This paper discusses recent and onpoing switch
teasting for fuaion devicea. The firat part deacribes
testing for the TFTR nhmic-heating cirecuit. In this
set of teats, which simulated the stresses produced
during a plasma {initiation pulse, circuit hreakers
vere reqnired to interrust a current of 24 kA with an
aanociated recovery vo'ltspe of 25 kV. Two interrupter
aystems were teated for over 1000 opersticns each, and
hoth appear to satisfy TFTR requirementa.

The fecond part iiacusaes
develonment for superconducting cofl
Theae awitching systems must be canahle
large currenta on a contimous bhasis as well as
performing {nterruption dutiea. One such sawitching
system, ratrd at 25 kA and 2.5 kV. s currently heing
developed for the Targe Coll Project at tne Oak Ridge
Natfonal l.ahnratntv. This awitch assemhlv cnnsiata of
a hiph-current hy-pasa switch {n parallel with a
magnetic hlowont {nterrupter. Another switch for thia
tvpe of appliratino 18 being developed for ume with
large tokamak {ndnetien cotfls. This awitch {a A
vaemnm {ntrrrupter with water-cnoled alectrodea. Tent
reanits at 13 kA continurma enrtent and future plana
for extrnding the strmlv-state rating to 25 kA are
presented.

hyhrid- witch
protection.
of carryang

The third part prearnta prelimirary resulta on an
early-ronnterpnlse techniane applind tn vacunm {nter-
rupters. Tmplementat{on of this technique han
resulted {n larpe i{ncreasea {n  {nterruptible current
as well as a marted reduction i{n contact efroaton.

Introdurtion
The los

hern nrnpapnd {n
stnen 10741

Alamns Sclent{fic lLahnaratorv (LASL) has

switch testine €or fuston devicra
At that time, one farllity axisted with
an ‘nstallerd  capahility of 10 kA steadv-atate &And
25 K\ milsnd. Presont lv three " Fa:tilitire are
opnratiye, thir larpnat has an tnatalled capacity of
1NN LA srrpadv-state and 280 kA pnlaerd.2 This {ncrease
hasa heen nierssary dne to the larper and r e
continnona  enrrent  reanirements concetved for mod -n
fuston devtiens sneh as FTF and TNTOR.

TETP hrle-Nenting Cirenit Switchpear Teats

The Tokama¥ Fnsion Trst Reactor (TFTR) proinct at
the Prinretno Plasma Phvairs Lahnratorv requirra the
tnarrtinn of 1 resi{stor {n an rxcitrd ohnic-heatine
cafl efrenlt to produes a plaama Initlation pnlse
(rI™. The maxirum 4ntv For the swlitching avatem will

'ﬁ;;n__h:;?h;;;d nnder
nrrev.
*Tndustria.
lL.aNnratery.
"rontritntad to TUTD trgtine vntv.

the ansplcers nf Pepartment »f

Staff Moamhor, Yeatinghnnse Ragrarh

he an f{nterruption of 24 kA with an associated
recovery voltape of 25 kV. Vacunm {interrupters were
selacted ss the most econ nical meana to satisfy theae

requiremen. 1- Howvever, mome testing of available
syatems needed to he performed to determine their
reltahility.3
Westinghouse System

One aystem tested congiated of two
arries-connected Weatinghouse WL-33532 {interruptera

vith external ax{al-fields and a
bank. These 1interruptera are shown in Fig. l. The
actnators us. ' were Roas Fngineering Model HA-75.
Figure 2 18 a schematic of the circuit used to teat
these {nterrupters. The homopolar generstor, WP, was
used to supply 6 x 107 A2 - a of heating prior to
current f{nterruption on each test. This closely
nimulated the heating aeun hy the {nterrnpters during
charging of the ohmic=heating coil. Figure 3 shows a
partial current waveform for a typical test. The
homopolar current (10 kA) 18 brought to zero a few
mil1{snconda before the high=current pulse {a
initiated. The current Jlevel just prior to the
counterpulse 18 24 kA.

75 uF counterpulse

on the
and 25 kV.
thisa heing
actuator

Nver 1000 testa were performed
Weatinghonuae {nterrupter svatem at 24 kA
Only onr fatlure to i{nterrupt was ohserved,
partially actrihuted to a hroken holt in one

that was difrcovered jurt after that particnlar teat.
Threr aingle-interrupter restriken were ohan~rved
during this teating, none of which led to an
interraption  faflnre. The total contact eronaion
durine the more than 1000 !-terruptinona was lems than
0.010 {n. {ndictatine that a protected Iife of 10%

ceperations {a feasibkle,
Toenlitha System

The other aveatem tested was a Toshiha Maile|
VCR2-D20 {nterrupter avstem. This svatem had twn
interrupers connected in seriem with axial-field coils
built into the elrectrodea thrmaelvesa. Roth {nterrupt-

ars wery actnated from A ainple apring-londed
mechanlam sunplind hv Tnahiha. A pleture of tids
svstem {n the teat foeility {8 showm 1in Fig. 4. The
mannfacturer upecified the charactrrisatica of the
waturable reactor te he nmed durinp these teata. AR a
reanlt of the large gBaturated {nductance of thig

compnent, a 450 uF counteryalar hank wam required for
commtation.

A rchematic of the cirenit need for the Tosahiba
testing {a shown {n Fie. S« The heating regnirementa
prior to {ntorear*tlon were relaxed for this set of
trrts., sn there was nn homapnlar generator {n the teat
cirenlr.

Nyer 10NN tpsts werp ran nn the Toahiha svstem at

2 kA and 75 %V, A tvpleal enrrent waveforr showing
an rxpanuion nf  the redoced i /dt fnat prior te
enretent  zorn {8 shown In Fipse 6. There were neither

fallarea to Interrnpt nor «'ne'er {nterrupter roptrikes



dyrtne anv of thesp tests. The acrpator strobe  wns
rarefnlly monftornd Far nuer 200N apeprat{ens and Connd
to he axtromelv consistenr. Tnral  eantaect oroafinn
during the teats was fouod to he Irss than N.0IN {n.

Tn additinn tn thasr tersts, permissien was
granted hy Tnahiha tn trst A sinpgle {intereapter far
{ts maximam {nterruntihle cnrrent. Thls was fonund rn
hr ahont 41 kA ar W0 kV for a 9N% reltahtltitv.

Superenndncting Cntl Protectisn Switches

Due tn the laree rnerpiea apd the suhatantia!
capital investment asaociated with larper anpercominect-
ing induetnrs, protection deviera are usually designed
inte the entl] cirenit that allew raptd dissipation of
coll current in Ao emeregrncy Situation. A tyniea!
protection circuit consists of an i{nterrupting switch
and a dump resi{stor. When the {nterrnnter operates,
the coail ecurront 18 diverted {nto the dump resistor
while the chargine power supplv is disconnected. The
coll current thep fdecavs with an asanciated 1./R tinn
constant.

Such a switching cirenit will he trstil for the
Nak Ridpe National lLahoratory (NRNL} lLaree Cof!
Proiont (LCP). Fignre 7 shows the detatls of the LCP
cireuit. Roth the primary and hack=up {nterrupters
cennsist of a modified, commercially availahle “
high-cunrrent, hy-naas suiteh {n paralle! with a
wapnetic hlowont de cirenit hreaker. The hiph-enrrent
hy-pass sawitch handlia the continuons 25 kA due to
atem'!v-statne enrrent Itmitartona of the de
{foterrnnter. If the cofl upder test pors normal, or A
fatlnre orcurs in the power supp'v, helium Jtauifinr,
drwar, or other critical component, the ‘.v-pass switch
apens and transfers the current to the dec {nterrunter.
Thr {interrunter then operntes and diverts the coll
enrrent into the dump res{stor where {t {9 quicklv

dissipated. LASY, will he testlinpg a prototvpe
{nterrnptir avstenm for NRNI, durinp mid 1aRn,
Mieations snch as reliahtility, It fetime, and
maintenarce will hr addresamil durine thia testing
program.

Far thr same gpenecral anpllration, A speclal
{nterrupter? 11 cnrrentlyv helng developed thot
requires no external hv-pass st-fteh. This {8 a vacnim
tnterenpter w!th water-conlml nlectromins and wncv hilph
centact closine  “oreea. Priruentlv,  the enntinmms
enrrent ratine for a seven-inc: {nterrmtor has  heen
tnerrnsand  Frem 1.2 FA tov 1Y kA Teplement:miann of a
new hlpgh-pressyrr actnator develope]l at LASL and a
modi €ication in coatart materinal will hopefully
tnereasr the rontinucus enrernt ratine to 75 kA, The
stradv-state enrrent ratineg will then mateh  the
Intorenption rating. The units mav then e conneetel
in parallel finr hipher cnrrentay.

The conwentlann'®  appreach  tewards  enrtent
enmmntatinn tn de interrupters requires that  the
rlectradig he ceparated anhstantially  hefoerr the
conntirrpnlan {8 appllied. This poreas{taties a perind
nf full-current arcing during each Interraption
sequence. This arcing heata the reloctroders and  ecan
canse hoat supotd to form on the nler raile snrfacen.
Thermioniec emissiun from these hot .nnt: ts  helinvnil
to canse reignition »f the are and li{m{1s the max{imm
1zsreantihin enrreent for a partienlar devicen, In
adiittion, this arcing period sroidea the vlectrales,
ransra  pittine and leformattion, . mf depnsits 1
matallle film on shiells aml Insnlatore within the
wacennm upace. Another methed for commitatlion, ecallnd

the rarlv rountetpnlse technique (FCT). chows nromisne
nat onlv uf dprr-iaing the max!=pm cnrrens —3tinks “or
an interrupter hut  alan nf snhstantially deereasing
rlecsrode erosafon. With this teche{qne. the current
is cormutated tn a noar-zero lve-el hefore the
rlrctrodes are senarated. Fipure R shows a comparison
of the normal and earlv eonnterpulse enrrenr
wavefnrmy.,

A fonr-foch vaenum {nterrupter whnse normal
maximim {nterrnptioc  level waa ahout 6 kA was teated
nsinp FCT. This {nterrupter was able to {nterrupt
currents aa high asa 25 kA. ' In additi{an. 1200
interrmptinne were performed at 10 kA with no
fafilures. The {interrupter was then opened and the
cont 1cts ware {nspected. Virtually no rrosion had
occntred. An extrapnlated contact lifetine of 10° tn
10 uperatliona could he anticipated wusing this
technique.

Tmplementation onf FCT rrquirea three apecial
components. The first {s a verv fast actnator. The
cormetation hank mnat hald the {nterrupter current
near zern while the rontarts separate. A fast
aeparation requires less time at low current levels
and thus reducrs the sf{ze of the commutation bank.
Thr 9ecood componeot 1a a large satnrahle reactor to
tnsnye that the counterpnlse current does not  rxcenrd
the {interruntion cirrent hy more than a few hundreil
amperrd. The third component {9 a  larper-than-norpal
copntepneion hank whkaose sizir, aAs men.inoned. s
dotermined hy artunter spend.

Conclusions

The awitchine prapram has contributell to the
national fisfon effnert {n severa! ways. First. hy
teatine enpmercial switehing svstems, surh as those
testierd for .8r in TFTER. Secondly., hv modIfxinpg
commercial rwi{tehea far speeial apnli{cations. Thi
hvhrid f{nterrupter system tn he tested for nse {n LCP
at ORNl. i{s an example of RAuch a mad{ fication.
Finally, research and development effarts ars umler
wiy fo, futurne fus!on drvices by eyelantine
watrr-canlird |nterrupters for superconductine cell
protectlon and ther earlv-counterpnlse  techniqne for
extirpndiap the 1{ atime of conventlional {nterrupters.
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Fig. 3.
Wontinchoune Interrupter current waveform.
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Toshiba interrupter test circuft.

Fig. h.
Toshilha tinterrenpter enrront waveform.
(a) Full wravefarm.
(b) Expansion near cnrrent zern.
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