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ABSTR/CT

Fusion cxperiments frequently have demanding switching
requirements that cannot be satisficd by conventional switch-
gear. Two frequent requirements and specialized vacuunm
switches designed to meet them are presented. Experimental
results from testing of prototype devices are discussed.

A frequently cencounterced switeh application is the 1n-
terruption of a high level, pulsed, de curreat followed by a
rast rising rcecovery valtage. A 7 in. vacuum 1nterrupter
with an axfal magnetic field has proven te ke an cffective
switch for currents up to 25 kA. Beyond 25 kA, & parellicel
cenfignration  becomes necessary.  The influence o the axial
mapnetle f{eld on the behavior of parallel vacuua  interrupt-
s and  test oresults up to 50 kA are dlscussed.  Alsa, Lest
results on experimental devices with novel  clectrade  peome-
tries such as the rod=-array vacuum Interrnpter and the Amsiler
contact Interrupter arce presented.

interrupters which can carry large de curremts on a
cont hrnaus bards  are frequeatly required In faston appllea-
thmee hils reqalrement aceurs Inosuperconduct ing coll pro-
tectlon clrenits and penerally fnvelves recovery voltapes of
5 kV or lesse A speclally designed vaennm  Iaterrupter with
wiater coaled cleetrodes has been used to extend the cont hm-
ont current rating ol a commerefal Interrupter from 1200 A ta
13 kA. ™o second geperatlon devieces with speclal electiode
miterials ave  currvently  belng  developed for uge with oa
npecial  actaatar  and  are Intended te extend the cont hnnens
sating ta 2h kA

l. INTRODDCTIGN
Fardon experlment s tregonently have  demandlng switehiing regonl rement s
that  camnot  be sattal ed by comvent Tonal switehpease This paper disensnes

twee comrmen requlrements and speclableed vacinwe swlitehes destpned  ta o meet



T irequent switching requirement involves the diversion of a
pulsed indnitive current from a circuit breaker into & cesistor o1
capacitor. The recovery voltage resulting from this trensier 1s ccupled tu
the fuel mixture of a toroidal fusicn device. Upon .ts epnlication, the
fuel is ionized in preparaticn for continued heating. This process 1in k.own
as o plasma initiation pulse (PIP) ani generally involves circuit brecak.r
recovery voltages from 25 kV to 50 kV and interruption currents from 2} kA
to 50 kA. Future large scale tokamak machines will most likely accomplisl
plasma inftiation by 1eutral beam injection or RF lheatiny without the use of
a PIP. Hawever, high current interruption with lower recovery voltages will
st1]ll be usced for ohmic heating.

Another frequent swlitcehing appiication ocenrs in the area of  super-
condrreting ceil protoctions Many of the apcoming fusion experiments rely on
supervondeting Iadnction and toroldal fleld snystems. These  systens  are
very  complex and represent a o larpe capftal  Investment . Fallnre of a
critical component daring a test cycle can lead to destrnctlion of the cofl.
Thercraore,  protective dumgp clreddts are atillzed to remove encrpy from the
call in oan emeryg meye  These dimp o elreults dypleally coaslst ol a reslstor
in pacallel with a elrenit breakoer. Uperation ol the clreult bhreaker
introdaces the resdstor In serles with the call and disslipates  1ts enerpy.
Althangh recovery voltages ave pencrally Hmlted to about 9 kV, interruption
carveols way b oas hilgh ae W0 kA The wost severe respalrement lor these
clrenlt breakers  Ia o an mmsnally Liph cont hions envrent avatlnpe Far
Indnctior coll systens, carvents of 2% kA ta 0 BA mnst be cavrled by the
lrealt hreaker Lo perlodds oo Tomg as several adnatess Toreldal Tleld call
vlrealt Tacakers et carey carreovts oo 19 EA ta 30 1A an a0 cant lnnens
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IT. CIRCUTIT BREAKERS FOR PLASMA INITIATION

Production of a PIP requires rircuit brezkera that can 1interrupt
pulsed currents from 25 kA to 50 kA and withstaud recovery voltages from
25 kV to 50 kV. A commutated vacuum interrupter system 1s frequeantly
selected as the most economical switchgear to satisfy these requirements.
Test results for three different types of vacuum interruptars suitable for
use in such circuits are discussed in this ;aper.

One device tfst d was a 7 in. vacuum interrupter with Amsler [1]
contacts. The unusual eluctrode configuration oi this interrupter keeps the
conducting arc in a diffusc mode, this prevent 'ng anode spot formation. The
maximum current for a 90% interruption rceliability was 32 kA with a 22 kV
recover, veltagee The comnutation rate was cpproximately 500 A/nS.

Another 1interrupter with an  anusual eluctrode geometry was  the
rod-array - acnum interrupter which, like the Awsler contact  interrupter,
matutaing a diffusce arce at high currents [2].  The interrupter was able to
interrupt 3% kA with a 90% relfability and an 11 kV  recovery valtoge. A
pleture of this device (n the Los Alaman Scientific Laboratary (LASL) 33 GVA
intervupter test facllity [3] s shoewn in Fige 1.

The most offective interraproers 1ested were st dard /7 Do, Vatenug
Intervupters with  an axfal magnetic ficlde  Over twenty commerceial devices
haye heen tested, some sith 90Z elfalldlity  levels  lo exeens ot 40 kA,
Fige 2 Is a photograph of one such  device with {lat contacts designed
cupecially for extended de emrent fnterrptfon servives A syntem wt s Ing
a serles arranpement ol two of therse Intevenpters wies deslpned Tar the POF
clreule of the Trkamak Funlon Test Reactoar (TFIRY at  the 1M tacetea Plasaan
Mivsfes  Lahoratory. theer 1000 tents were pertormed at 09 EA and 29 BV with
ne lallmen [4)e  The entrvapalated vontact it e at o this Ieteriapt Loa

h
level wan 10 aperat ioun.
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For reliable interruption of 50 kA, a parallel configuration ol axial
field interrupters 1s necessary. Parallel operation is made practical by
the 1influence of the axial magnetic field on the arc voltage [5]. The arc
has a slightly pusitive voltagce characteristic with respect to currert and,
during parallel operation, induces e¢nual current sharing without the use of
external resistive or 1inductive e¢lements. lests at 50 kA, using two
parallel connected interrupters, indicated that currents distributed equally
to within 10%. When the opening of one inturrupter was intentionally
delayed, currents equalized within 1 ms. One drawbac!h tu the parallel
operation mode must be noted. If one Interrupter in a parallel array of n
Intermpters restrikes, the fault current will be a times the rated current.
Beside: the high contact cerosion occuring during the tault, the magnetic
forces, which are proportlional to the cnrrent squared, may canse damage to
the switchpeare  For 'his reason, a series mmltipliciety  Is recommended  in
cach ol the parallel pothes to Inercase the branel reliability and reduce the

cliaces far swlitcehpear dimeges

Tl GIRCHET BRLGERS FOR SOUPLRCUONDICTING COLL PRoSCTTON

The requbrenents lor elrealt hreak.rs asod tor snperconduct Ing, coll
frovectlon dibter from PIP reqalrements In two maor wayhe Nawely, (1) the
recovery voltape 15 conerally naeh Yawer lor the coll protection ehnienlts,
ad (M) the cnrrent comdactlon time while the contasts are oloned I8 mach
Lenpere The Tong, comdnet Lo Cle creates prol beas that canpet Lo scoived st
Tow cant oy commerclal switelpear.

The  naxhaen cod Danean coarrent rat by lor 2 Ine vaceane Interrapters
vange breme 1o A Ta 0 kA Tareldal  aad ndnctlom Field ol cvnter s
tequlte clrealr daealers that e condoer an we b as Intaarapr o enrrents as
Ciple a0 FAG In ol pasa o the contimemnre carvent predeion loes beoar o lved
by placing v bhilgh  carrent byvpe s swlbteh ta parallel with o conveat lanal

vl bt besdber 0] e e svoteor mant open and braasder Ire v eent



to the circuit breaker a short time 1. . interruption i1s required. The
circuilt breaker then performs interruption duties on the full current and
Initiates the transient recovery voltage.

A new vacuun interrupter has been developed by LASL and Westinghcuse
Electric Corporation specifically for use in superconducting coil protection
circuits. This interrupter has water cocled stems and contacts and 1s
designed for high continuous current levels. A cutaway schematic of the
Stem contact system is sliown 1n Fig. 3. The first prototype, shown
disasscmbled in Fig. 4, was tested up to 13 kA for 10 minutes. As can be
seen on the photograph, some contact melting occurred. This is believed to
be caused by botit inadequate contact pressure from the actuator and the use
of high resistance contact material within the inferrupter. Iwo sccond
generation devices are being built for testing in conjunction vith a spocial
high pressure ctuator developed by LASL. These interrupter - will have two
deiferent types ol Jow resistance contact material and oversized water
passapes for increasced cooling. They are designed co extend the siaple unit
continnous current rating to &5 ka. Experiuents {th  two Inteniupters in

pacallel at 50 kA are plinned af ter Undividiual testong.

1v. CONCILUSTONS
Aapeclallzed cacaum switewes have vesen des Ipned to sociity demanding
switching requircaents for fusion devicese  For plasma Initlatlon and  high
cartent tnverrvpoion these Inelude:
Lo Devivew with novel clectroae pgeametrion sneh as the
rode-aer oy vaemme Interrvupter ond the Awsler conraet
biterenpter for nfpher shig le it Interiaplon var higes.

o Voacoamnm nterrupters with axlal wapnet le Hlelds tar

cimcerts ap te Y kA



.
3. Parallel operation of vacuum interrupters with
axlal 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
prototype was buillt and tested to 13 kA for 10 minutes. Used with a special
actuator, second generation watcr cooled vacuum interrupters are designed to

extend the continnous rating for a 7 in. Interrupter from 2 kA to 25 kA.
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Fig. 1. Rod-array vacuum
interrupter in
test facility.
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