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VACUUM SWITCHGLAR FO9R FUS1ON EXPERIMENTS
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ABSTR/CT

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

A frequently cencountered switch appl!cation is the in-
terruption of a high level, pulsed, dc curreat followed by a
rast rising recovery vnltage. A 7 in. vacuum 1nterrupter
with an axfal mapnetic ficld has proven te ke an effective
switch for currents up to 25 kA. Beyond 25 kA, & parallel
cenfiguration becomes necessary.  The influence o the axial
miagnetic fiold on the hehavior of parallel vacuum  1nterrupt-
crs and  test results up to 50 kA are discussed.  Also, test
results on experimental devices with novel olectrvode  peome-
tries such as the rod-array vacuum interrupter and the Amsler
contact interrupter are presented.

interrupters which can carry large de currents on a
cont fruous dbards  are trequeatly required (n fusion applica-
tiomne This requirement occurs {n superconducting cofl  pro-
tection  cfreufts and penerally invelves recovery voltapes of
5 kV or lesse A speclally designed vacuum interrupter  with
wilter  cooled clectrodes has been used to extend the cont Inu=
oud current rating of a commercial Intevrupter from 1200 A to
13 kA. Two second generation devices with spectal electiode
miterials ave currently  belng developed for use with  a
specfal  actuator and  arce intended te extend the cont Innous
rating to 25 kA.

I. INTRODUCTIGN

Fuslfon cxpertments trequently have  demandfng switehing  requirements
that  cannot be satdstfed by convent lonal swttehpears This paper disceunsnes
two cormon requirements and speelal feed vaconm switches destpned Lo meet

theme.



This irequent switching requirement involves the diversion of o
pulsed inductive current from a circult breaker i1into a resistor ot
capacitor. The recovery voltage resulting from this trensier iu ccupled to
the fuel mixture of a toroidal fusicn device. Upon .‘ts epnlication, the
fuel is ionized in preparaticn for continued heating. This process is k..own
as a plasma initiation pulse (PIP) and generally involves ecircuit brecak.er
recovery voltages from 25 kV to 50 kV and interruption currents from 23 kA
to 50 kA. Future large scale tokamak machines will most likely accomplish
plisma initiation by 1eutral beam injectlon or RF heatinp without the use of
a PIP. However, high current interruption with lower recovery voltages will
st1ll pe used for ohmic heating.

Another frequent switching appiication ocenrs in the area of super-
condecting coil protection. Many of the upcoming fusion experiments rely on
supercondueting Induction and torofdal fileld systems. These  systerms  are
very  complex and  represent a o larpe capital lovestment. Failure of a
critical component during a test cycle can lead to destruction of the coill.
Therctore, protective dump cirentts are utilized to remove energy from the
coll in an emery e ney. These dump olreults typteally counslst ol a resistor
in pa.allel with a clreait  breakoer. Operatfon  of the clreult breaker
introduces the resistor {n serfes with the coll and dissipates  1ts energy.
Althouph recovery voltages ave penerally Hmfted to about 5 kV, interruption
currents may he as o high as 50 kA The most severe regalrement tor o these
clrealt breakers  Is an unusually  Lipgh  continueous  current vatinpe  For
fnductror coll systems, currents of 2% kA to S0 BA must be carried by the
clreult hreaker tor perfods as Tong as several minatess Torofda? tield coll
clrealt meakers mast o carry cuarrevts o 19 EA to 30 FA o g cont {nuous
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I1. CIRCUTT BREAKERS FOR PLASMA INITIATION

Production of a PIP requires rircuit brezkers that cen 1nterrupt
pulsed currents from 25 kA to 50 kA and withstaud recovery voltages from
25 kV to 50 kV. A commutated ‘acuum interrupter system 1is frequeatly
selected as the most economical switchgear to satisfy these requirements.
Test results for three different types of vacuum interrupters suitable for
use in such circuits are discussed in this paper.

One device test d was a 7 in. vacuum intceriupter with Amsler [l]
contactss 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 reliability was 32 kA with a 22 kV
rec.ver, voltagee The commutation rate was cpproximately 500 A/uS.

Another 1interrupter with an nnusual eluctrode geometry was  the
rod-array . acuum interrupter which, like the Amsler contact  Interrupter,
maintains a diffusce are at high currents [2). The intervupter was able to
inteorrupt 3% kA with a 90%2 rellability and an 11 kV recovery voitage. A
picture of this device in the Los Alamos Scientific Laboratory (LASL) 33 GVA
Interrupter test factlity [3) s shoewn do Figs 1.

The most cffective interruproers testoeq were staodard 7 oin. Vvieung
Interrupters with  an axtal mognetic field.  Over twenty commercial deviees
have been tested, some #ith 90Z clfalility levels o excess of o 40 kA
Fipe 2 I8 a photopraph ot one such device with flat contacts designed
especlally for extended de current fnterraptfon servives A syatem ut il Ing
a serles arranpement of two of these fntevrapters wes desipned tor the PLP
clreute ol the Tokamak Fanton Test Reactor (TFTRY at the Priaceton Plasnia
Physles  Labhoratory. Over 1000 tents were performed at 29 EA and 2% KV with
ne tatlures [4)e  The exntrapolated contact  Htetime ot thie dvterrupt fon

Iy
level wan 10 operat ionn.
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For reliable interruption of 50 kA, a parallel configuration ol axial
field interrupters is necessary. Parallel operation is made practical by
the influence of the axial magnetic field on the arc voltage [5]). The arc
has a slightly pusitive voltage characteristic with respect to currernt and,
during parallel operation, induces enual current sharing without the use of
external resistive or 1nductive elements. Tests at 50 kA, using two
parallel connected interrupters, indicated that currents distributed equally
to within 10%. When the opening of one intcrrupter was intentionally
delayed, currents equalized within 1 ms. One drawbac!: tu rhe parallel
operation mode must be noted. If one interrupter in a parallel array of n
Interrupters restrikes, the fault current will be a times the rated current.
Besile: the high contact croslon occuring during the taulc, the magnetlc
forces, which are proportional to the current squared, may cavse damape to
the switchpear.  For this reason, a series multiplicity is  recommended  in
cach of the parallel paths to Incerease the braucl reliability and reduce the

chiances for switchpear damape.

I11.  CIRCUTT BRLAXERS FOR SUPLRCONDUCTING COIL PROTYCTTON

The requirements tor elreait breakors us«d ol superconduct ing coll
jrocection ditter from M'IP requlrements {n two maor wayse  Ramely, (1) the
recovery voltape 15 venerally nach Yower for the coll protection cncults,
md () the  curtent conduactlon time while the contasts are clesed {5 much
laonpere The Tong, conduct lon time creates probleas that cannot be scoived st
low cont by commercial switehypoar.

The  maximen  cont fnnous current rattay for 4 e vaceom dnterrapters
tanpe from 1) KA to 0 kA Toreddal  and dndaction ticld ol cvster s
tequlire clroalt brealers that car o conduet as el as fotarrapt curtents as
Biph s 50 FAC o the pasa, the continuon carreat prebion b been soalved
by  placing v hiph  corrent bypess switeh o parallel with a conveat lonal

cfrendit hreaber (0] e prpacs svator ment open and tranater {ta  current



to the circuit breaker a short time 1. . interruption is required. The
circuit 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
Flectric Corporation specifically for use in superconducting coil protection
circuits. This interrupter has water cocled stems and contacts and is
designed for high continuous current levels. A cutaway schematic of the
stem contact system 1s shown 1n Fig. 3. The first prototype, shown
disassembled 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 both inadequate contact pressure from the actuator and the use
of high resistance contact material withln the inferrupter. Iwo sccond
gencration devices are being built for testing in conjuunction vith a special
high pressure actuator developed by iaSL. These interrupter . will have two
diferent types ol low resistance contact material and oversized wator
passapes for increased cooling. They are designed co extend the single unit
continuous current rating to &5 kae  Experiuents ith  two lnternrupters  in

pacallel at 50 kA are planned after (ndividual testoagp.

1v. CONCLUSTONS
Specfallized  vacaum  switenes  have been desipned to sacicfy demanding,
switching requiresents tor fusion devicese  For plasma Initiatfon and high
cuartent Inverrvprion these {nclude:
e Devices with novel clectrode peometries such as e
rod=avcray vacuur fnterrupter ond the Ansler contact
tnterrapter for nigher stmle untt Intervrupfon rating:.

2e Vacuum Interrupters with axfal wagnetic ticelds tor

curtrerts uap to U kA
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3. Parallel operation of vacuum interrupters with
axial 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
prutotype was built and tested to 13 kA for 10 minutes. Used with a special
actuator, second generation watcer cooled vacuum ilnterrupters are designed to

extend the continuous rating for a 7 in. Interrupter from 2 kA to 25 kA.
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