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INTFRRUPTFR AMD HYHRTD—SWTTEH TFSTING
FOR FI'SION PEVICES

by

W. M. Parsona, R. W. Hurrnn+. E. M. Honig, J. D. G. Linusaay,
Loa Alamos Seientific Laboretory:
P. "ellama" % Ehaaca Services, Tnc.:
R. L. Cnssnl+t Princeton Plasma Physics Laboratory

Summary

This paper discusses recent and onpoing switch
teasting for fusion devicea. The firat part deacribes
teating for the TFTR ohmic-heating circuit. In cthis
set of teatn, which simulated the streames produced
during a plasma 1initiation pulse, circuit bhreakers
vere required to {nterruot a current of 24 kA with an
asaociated recovery von'ltage of 25 kV. Two interrupter
syatems ware tesated for over 1000 operaticns each, and
hoth appear tn sat{afy TFTR requirements.

part diacusnes

superconducting coil
must be ecAnahle
continnous bhasis as wvell a°
dutiea. One such switching
ayatem, rated at 25 kA and 2.5 kV, {8 currently heing
daveloped for the large Coil Project at tne Oak Ridge
Natfonal Lahoratorv. This switch assemblv conaiata of

hyhrid=- witch
protection.
of earrying

The aecond
develanment for
Thesae switching systems
large currents on a
perfarming {aterruption

a high=current hy-pass switch {n parallel with a
magnetic hlownut interrupter. Another awitch for this
tvpe of appliecation 18 heing developed for ume with
large tokamak {nductien coils. Thia switch 18 a
vacunm {ncevrupter with water-conled electrodes. Test
reaults at 13 kA continuous current and future plans
for extrnding the atradv-atate rating to 25 kA are

predaented.

The third part presents preliminary resulta on an

early=ronnterpilse techniaue applied tn vacuum (nter=-
rupters. Implementation of this technique has
requlited {n larpe {nereases {n  {interruptible current

aa well as a marted reduction {n contact eProafon.
Tntrodurtion

Thr las Alamoa Selenti{fic Taharatorv (LASL) hns
hern rnpaped In switch teating for fusion devicen
ainer 10741 At that time, nne factlitv existed with
an tneralled capnhility of 10 kA ateadv-atate and
25 kA piland. Presently three ' fa:tlities Are
aprratica, the larpeat has an {natalled capacity of
INA LA  atrndv-stare and 280 YA pulsed.2 This {nerease
haa heen neecaaary dur to the larper and r e

eontinuana  enrrent  reanirements conceived for mod n
fuainn deyicrs such aa FTF and TNTOR.

TETP Ohmic-Hontinpg Cirenlt Switchpear Tests

Thn Takamak Fuainn Trat Repctnr (TFTRY prnjnect at
the Princerton  Plaarg Phvaies lahoraterv requires the
tnarrtion nf 1 reajatnr in an excitnd ohnic-heatine
rat!l eclreate to produer a2 plaama inftfation pulae
(1Y, The maxtrum 4oty For the awitching avatom will

"Kr—lr._}a:rﬂf}.'r‘;nd nunder
Anrev.
*Tnduatria,
LaNnratary.,
'*nnfr!hntnd tn TYFP trating anlv.

the atapliera of Nepartment of

Staff Mpamhor, Yratinghoyae Reanarch

he an 1interruption of 26 kA with an associated
recovery voltape of 25 kV. Vacuum 1interrupters were
selected as the moat econ nical means to matisfy theae
requiremen: 1. However, some testing of available
syatema needed to he performed to determine their
rolinhllity.’

Westinghouse System

of two
{nterruptera

One aystem rested consinted
arriea-connected Weatinghouse WL=33552
vith external axfal-fields and a 75 uF counterpulse
bank. These 1interrupters are shnwn in Fig. l. The
actuators us.- ' were Ross Fngineering Model HA-75.
Figure 2 18 a schematic of the circuit used to teat
these {nterrupters. The homopolar generator, WP, was
used to supply 6 % 107 A2 - a of heating prior to
current f{nterruption on each test. This closely
nimulated the heating seron hy the interrupteras during
charging nf the ohmic=heating cotl. Figure 3 shows a
partial current waveform for a typical teast- The
homopolar current (10 kA) is brought to zero a few
mi1l1{seconda before the high=current pulse ia
inftiated. The current level just prior to the
counterpulse 1is 24 kA.

Nver 100n tests were performed on the
Westinghouse interrupter svstem at 24 kA and 25 kV.
Only one failure to interrunt was ohserved, this heing
partlally actributed to a broken holt in one actuatnr
that was diacovered just after that particular tesat.
Three asingle~interrupter restrikes were ohan~rved
during this teating, none of which led to an
interruption failure. The total contact eroa{on
durinp the more than 1000 !=terruptiona wns lesa than
0.010 tn. {ndictatine that a nrotected 11fe of 10
cpearationa 1a feaaihle.

Torhiha Svatem

The other avatem teated was a Tomhiba Model
VGR2-N20 {ntrerrupter Avatem. Thia avatem had twn
interrupers connected {n seriem with axial=fileld cotln
built {nto the electrodea themaelves. Roth {nterrupt-
ers wers actunted from a ainple apring=loaded
mechanlam supplied by Tashiha. A picture of tiis
avatem {n the teat focllitv {8 showm {n Fige 4. The
manmifacturar uHpecified the characteriaticen of the
naturable reactor te he used during these teata. As a
reault nf the large Aaturated {npductance of thig
componernt, a 450 uF counter;ilse bank wam required for
commtation.

A mRchematie of the circuit ured for the Teshiba
teating {8 ahown in Fip. S. The heating requirementa
prinr to interrurtion were relaxed for this set  of
teata, an there was no hemopnlar generator {n the tese
efreutt.

Nypr 10NN tpata were rian on the Toahiba avatem ae

2 kA and 75 ¥V. A tvpical enrrent waveforr showing
an expanuton of  the reduend Jd1/dt tust prior te
currant  zeroe (3 ahown tn Fip. 6. There were neither

fallarey to Interrupt nor w'ne's {nterrupter roatriken



durfne anv of these teatg. The artuator atrobe was
carefullv mantrornd fFar over 200N operaticens and Found
tn he oxtramely  consi{atenr. Totral enntart  orostinan
during the teats was found to he leas than N.010 (n.

Tn addition tn thesr trsta, permissfon was
egranted by Taahtha tn teat a4 sinple fnterrupter for
1t maxirum {nterruntihle current. Thiq was found ro
he about 41 kA at I kV For a 90% reliahilitv.

Suprrconducting Catl Proteetinan Switches

DPue to the laree enerpies and the subatantia?
capital {nveatment asmaonciated with larpe auperconducte-
{ng inducrors, protection devices are usually deaigned
{nto the coll circuit that allow rapid dissipation of
coil current in an emergrncy SQituatinn. A typical
protection circuir eonaists of an interrupting switch
and a dump res{atar. When the interrunter operates,
the e¢ofl current 18 diverted {nto the dump reaistor
while the charpine power aupplv 18 disconnected. The
coil current thepn decavs with an asancinted L/R time
conatant.

Such a switching circuic will he tested Ffor the
Nak Ridge Natlional! Laharatory (NRNL) lareer Cof!
Protoect (LCP). Figura 7 shows the detafls of the LCP
efrcuit. Roth the primary and hack-up {nrerrupters
eonnafar of a modified, commercially availahla, "
high~current, hy-nagas s8uvitch 1in paralle! with a
wapnetiec hlowout de cf{renft hreakere The hiph=current
hy=pasa switeh handlsa  the econtinunus 25 kA dne ta
Ateadv -state current limfitarions of the de
{ntrrrunter. If the coil under teat poes normal, or a
fatlure orcurs in the power supnly, bhelium lquifier,
drwar, nr other critiecal eomponent, the 'wvepaiss aswitch
oprna And tranafers the current to the de interrupter.
The fInterrupter then operates and Adivertz the eofl
current fnta the dump resfarnr where {t {13 quickly
disaipatnd. LAST, will he teatiap Aa prototype
{nterrupter avatem for ORNI, durinp mid 1980,
Mieationa sirh LL] reliability, 11 fetime, and
maintenarca will he Aaddreased durine thia testine
proeram.

For the aame peneral apnlfration, a apecial
interrupter® I3 currently belnp develaped that
requirea nn external hv-pass s-tteh. Thia 18 a vacuum
fatrrrunter wicth warer=conled efloctradea and wery hiph
centart cloaine “orces. Presentlv,  the eontinuous
current ratine For o seven=inc {nterruptor hasa  heen
fneeenand fFeom 1.2 LA to 17 kKA. Tmplementacion of a
new hiph=pressure actuator developed at  LASL and A
modt fication In cnatact materinl will hepnfully
{nereaae the rantinucus current ratine to 25 kA, The
atradv-srate current ratine will then maceh  the
fnterruption rating. The unita mav then he  ronnerted
fn parallel for hipher currenta.

The ronventfonnt b approach towards  eurrent
enmmutatine {n de Interruptera requires that the
nlnetrodea he  <eparaterd  auhatantially hefores  the
rounterpular {s applied. This neenusitates a  perind
af full=curront arcinp durtng each Interruntinn
arquence. This arcing heats the eloctrodes  and  ecan
cnaune hot upota tn Form on the olertrade aurfaces.
Tharm{ionfe eamiasion fram thesp hat -.nnt: fa helieynd
to causs reigni{tinn of the are and l{mira the maximum
tnrarruptihle ecureent for o partieutar devier. In
adrittinan, thia arcing poriod arndes the olectrodes,
cmianq pittine and dnformation, .nd dopaaita 1
metallier film on shiella and Insulatora within the
vacuum unare.  Another method for commutatinn, ealled

the erarlv coanternulse technique (FCT), chows promise
not nnlv of fprr-1afng the max!—ym curren: -3tinps “or
an 1interrupter but also nf substantially decreasting
rlecrrode froafon. With this techrique, the current
is cormutated tn a neoar-zero level hefore the
elnctrndes are senarated. Fipure R shows a2 comparison
of the normral and farlv ecounterpulss current
waveforma.

A four=inech yvaeunum f{nterrunpter whose normal
maximum interruptine  level was ahout 6 kA was teated
usaing FCT. Thia interrupter waa able to {nterrupt
currents an high as 25 kA.  In additian, 1200
interruptions were performed at 10 kA with no
fallures- The {interrupter was then opened and the
cont acts were {nspected. Virtually no onrrosinon had
occurred. An extrapnlated contact li{fetime of 105 to
10% operatinons could he anticipated using this
technique.

Implementatinn of FCT requires three aspecial
components. The first {9 a verv fast actnator. The
cormtitation hank muat held the {nterrupter current
near zern while the rontarts separate. A fast
aeparation requires legsa time at low current levels
and rthus reducrs the stze nf the commutatinn bank.
The 9econd component 1A a large saturable reactor to
tnauye that the counterpulse current dees not exceed
the 1interruntion current hy more than a few hundred
arperrd.  The third component 13 2 larger-than-normal
eounternvian hank wknse sgize, aAs men.!ioned, I8
deteorminad hv arruntar speed.

Conglus{ons

The awirching propram has contributed tn the
nar{nnal frsion effort in aeveral wavs. First, hy
teatine commercial switching aystema, surh as those
teqted for  .8¢ In TFTR. Secondly, hv modifying
commercial switches Ffor sperial anpnlirations. The
hvhrid {interrupter syastem to be tested for use {n LGP
At ORKNL. s an oxampln of Auch A modi{ ficatinn.
Finally, research and development afforts are under
wiay fou future fus!tan drvices by developing
water-conled  Interruptera  for superennductine cofl
protection and the earlv-counterpulse  technique for
extondiap the ! ntime of conventional {nterrupters.
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Fig. 3.
Wastinchouse Interrupter current waveform.
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Toshiba interrupter test circuit.

Flg. h.
Toshiba interrupter current waveform.
(a) Full waveform.
(h) Expansion near current zero.
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