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A 33-GVA INTERRUPTER TEST PACILITY"

W. M. Parasons, E. M. Honig, and R. W. Warren
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Los Alamos Scientific Laboratory

ABSTRACT

The use of commercial ac circuit breakers
for dc switching operations requires that they be
evaluated to determine their dc limitations. Two
2.4=GVA facilities have been constructed and used
for this purpcse at LASL during the last several
years. In response to the increased demands on
awitching technology, a 33-GVA facility has been
constructed. Novel features incorporated inte
this facility include (l) meparate capacitive and
cryogenic inductive energy storage syatems, (2)
fiber-optic controls and optically-coupled data
links, and (3) digital cdata acquisition aystems.
Facility detaila and planned tests on an
experimental rod-array vacuun intertupter are

presented.

INTRODUCTION
Since 1975 the Los
Laboratory (LASL) has been conducting experiments

Alamos Scientific
with commerical ac circuit breakers to de.crmine

their direct-current ratings for potential

devices. 12

application in various fusion
Particular attention has been paid to the vacuum
intertupter due to 1its low c¢ost, mechanical
simplicity, and its ruggedaness. Because of these
advantages, fusion experiments such as Alcator,
TFTR, and Doublet III ntilize vacuum intertupters
in their switching systema. Interrupters used in
both TFTR

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

and Doublet III require current
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sociated recovery voltages of 20 kV to 25 kV.
Preliminary designs for larger devices m1c> as
ETF indicares *“at a trend towards higher currents
may be economical if low-cost switching eyatems
exist that can satisfy the interruption require-
menta. For this reason a facility has been con=
structed at LASL which is capable of evaluating
circuit breakers for application in the next

generation of fusion experiments.

PRESENT TEST FACILITIES

In addition to the facility discussed in
this paper, two -maller facilities are presently
used for intertupter testing-3 These facilities
are eseentially identical and are rated at
2.4 GVA each. They can be connected in H;rallel
for high-current tests, or operated independently
for tests up to 40 kA. The new 33=GVA facility
will be capable of tests as high as 280 kA. A
sunmary of the facilities ratinge is given in
Table I.

TABLE I.
SUMMARY OF FACILITIES RATINGS

FACILITY
A B 4
Peak power 2.4 2.4  33.6
Stored energy (kJ) 450 450 2250
Rated current (kA) 40 40 280
Max. recovery voltage (kV) 60 60 120
Completicn date 1975 1977 1979



FACILITY DETAILS

Enerpy Storage Systems. The facility 1im
onique in that it has two independent primary
energv atorage sytemss The first is a capacitive
s3steri, the second is a cryopenic inductor sye-
ter.

The capacitive avater consirts of seven
rmodules, each containing 270 kJ of 20 kV capa-
citorn, a four=-sagment 60=kA inductor, twe inde-
pendent shorting avatems, fumes, and asrociated
hardware. A schematic and photograph of a
storage module are shown in Figa. 1 and 2.

Current im initiated in inductor L, and the
1.ad hy discharpinp capacitnr C throupt {ignitron
Igl- At peak current, srlf=firinp ignitrons Ig,
and 153 crowbar the capacitor therehy preventing
orcillatione The current treapped in the inductor
now nervea as the load current fur the sawitch
under teate.

Figure 3 is a schematic showing a typical
tost circuilt which umes there sturape modulese
The 1lond current supplied hy inductors I circu=
Jatea through the tent hreaker, BT, and 1ty pa-
turakle  reactor, Lgp. The hreaker s tlen
openeds A counterpulse from capaciters C: hrings
the current in the breaker to 2ere whers [t In=
terruptis The remidual enerpy in I ig  tranafer=
red to Cz. generating A recovery voltape across
the tenat breakers Fipure 4 ‘s a phetopraph of

the acven atorape mndules during conatruction.
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Fip. |« Capacitive ntorape module achamatic.

Fipe 2« Capocitive storage module ploetopraphs
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Fips 3. Typical test circalt which ukes Rtoram:
modulon.

The Hecond enerpy Btorape kvstem conelsts ol
Riz rryvopenlc 8 hductuors, which operate ina =
quid K. bath at R0 Ke These are charped  oxter-
nally hy a 40-kA 12=V power supplye A test oir=
cuit which uses thin wehere {6 shown in Plys S

Thix teat rcirenit in wpecitleally  desipaed
to simulate the higher !:l duty seen by an inter=-
*upter (n the polnfdal tield eofl sestem of a
fusion doevices In this clreult, current  In

cryo=inductor I. and test breaker Bp Is ramped  up



Fip. 4. fapactive storape modulcer during con-
strurtions.
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Fipe S« Tent rirendt with rrvogenle inductors.

hv the de power wupplye At tull curremt the
power  supply 18 turned of{ and switeh & closed.
The test breaker opens, current {9 conmtated,
and  the residual energe Iin 1 (K transterred toe U
ak In the previoun achene asine cdapactt fee
storape.  The total energy in this svten {8 mmall
compared teo the eapacitive svaten and will only
bu used for specialized tentn,

Countoerpnlue Sxatens The counterpulne wve=
tem nked with either storage peston  consinte ol
six nudulen, ench containing 300 WF of JO=FV cap=
aciterse Each andule har an tndependent short ing
Avalem aml start  lgnitron. A wrhematice and

photopraph are shown in Fipss & and 7.
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Fig: 6. Counterpulse module, scheratic.
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Fipe T Counterpulne swdnle photoprait.

Thewe wix modulien car S o ted 1 o
serien, 4 series-paralleis oF o panalh ' Gogenpen -
renf depending on the capasitames and  recevory
voltape  requiremenis foFr a0 parti.nia st of
testhe ¥ orepresentr o "PET charpioe st wrn
I1SP=kV  {uelatien between, all  contuactr. Do
switeh allowe  the counterpuine hant LECI
operdted as a Marx pencrater shere (e rodnte s

are charged in paralle! with o 20=kV poer sapply



and then discharged in series at voltages up to
120 kV. Alaso, provisions have bzen made on each
counterpulse modules for the comnection of up to
300 uF of additional capacitance. This will be
nacassary in certain experiments, such as early
counterpulsing, vhich require an unusually large
counterpulse bank. The six counterpulse modules
are pictured in Fig. 8.

Coptrol System. Tha control systam for the
33-GVA facility 41s a hybrid electrical-optical-
poneunatic systeam with emphasis on the optical
segment. Slow cowmands, such as shorting
svitches, isolation swvitches, and power supply
signals, are transmitted alectrically from the
main control atetion to a midetation located just
inside the facility doors. Hare they are con-
verted to optical signals which branch out to the
various modules. At the modules these optical

signals then operate electrical and pneumatic

devices.

Fig. 8. Counterpulse modules under construction.

All fast commands for trigsering ignitrons
and breaker actuators originate at the control
main swtation from a fifteen-channel digital delay
generator. These triggers are jimmediately con-
verted to optical pulses and tranemitted via
fiber=optic cables to high=voltage pulsers or
actuator drivers located within the taat
facility. Power asupply charging voltages and
currents are converted to FM signals in the test
facility and then tranmmitted optically to the
main control station. Here they are demodulated
and used to operate meters. This intense use of
optical signals in high eof areas is of great
benefit in the avoidance of ground loops and in
the protection of personnel and sentitive control
equipaent.

Data Acquisition.
vaveforms are measurad by voltage dividers and

Voltags and current
noninductive shunts in the test facility and con-
verted to analog light signals. The analog light
signals are transmitted on fiber-optic cables to
the main control area vhere they are converted
back to analog electrical signals. These signals
are fed into digital oscilloscopes where they can
be viewed. A srall compuier is also connectad to
th? oscilloscopes and is capable of performing
routine data analysis as vell as »atoring
vaveforms on magnetic tapa.

UPCOMING TESTS ON AN EXPERIMENTAL ROD-ARRAY
VACUUM INTERRUPTER

Th:. first breaker testing in the 33-GVA
facility is planned for September, 1979. The in-
tertupter to be teeted is an experimeontal {nter-
tupter made by the General Electric Company. The
device is referred to as a rod-array vacuum in-
tartupter due to a novel internal geometry and
shown promise of interrupting unusually large
currents becanse of its ability to maintain a
diffuse arc."

Figure 9 is a general schematic of the cir-
cuit to be wusad in testing this intertupter.
Thie circul+t differs from the standard circuit of
Fige 3 1in that each modula now contains 4 satur=-
able reactor and a vacuum intertupter in its
primary discharge leg. After the test breakcr,
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Fige 9. Test circuit for experimental G.E. in~
tertupter.

By, has interrupted the load current, the energy
in the load coil and saturable reactor, Lsnl- is
transferred te the counterpulse capacitor, C,.
At the instant of complete transfer, vhich 1is a
current zero for B; and Lgp), By interrupts.
This prevents further oscillction of Lgpy and Cy,
theraby holding the recovery voltage on C, and
BT- A waveform for this type of test is shown in
Fig. 12.

The recovery voltage will be maintain on the
test bresker for 30 to 100 me. This simuletes
intended usa in tokamak systems and insures that
the intertupter has fully recovered its
dislectric strength.
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Fige 10. Haveforms for experimental G.E. inter-
tupter test.

COMCLUB IONS

A 33-GVA intertupter test facility has been
constructad which is capable of teatiug inter-
rupters for the next generatiion of exmperimental
fusion devices. The facility 1is capable of
producizg currents of 280 kA with associated
recovery voltages of 120 kVe Tests are planned

on an exparimental G.E. intertupter.
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