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300-kJ, 200-kA MARX lH)IJULE FOR ANTARES*

_ 1 1
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T T

University

California, Los Alamos Scient!fic|Laboratory
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Abstract
Antares 1s a 100-kJ €0, laser driver for
ipertfal confinement fusion experiments. Th
er amplification stage is pumped bv an elec
ttqn-beu-controlled gas dischargs. ‘Tvere ar
annular discharge regions, each requir ‘ng en
tg_y input of <SO kJ at 550 kv, in a z-use1
1se.

The enargy storage module chosen for thi
system is a single-mesh pulsa-forming network.
Tt provide sufficient energy margin aeach mduli
stores 300 kJ. .
l A prototype 300-kJ Marx has been built an
tested at the Los Alamos Scientific Laboratory.
is has been used as a test bed for components
triggering, and instrumantation.

Introduction

The Antares laser requires 24 Marx
enerators, each storing 300 kJ and capable of
elivering more than 200 kA at 550 kV to a ;23
{scharge load. Since reliability of this
system is critical to the facility, a test and
avelopmant prougram was implemented for critical
omponants and a prototype Marx was built and
asted. The main parameters of {nterest, in
ddition to operational reliability, were jitter
nd prefire rate.

arx_Design

The discharge circuit 1s a single-mesh
ulise-forming nnt:wcnrlt.1 with 1.2-MV open-cir-
uit voltage, 0.42-uF capacitance, and <3-puH .n-

ork performed under the auspices of the U.S.
epartment of Energy

ductance. Thase circuit parameters are achieved
using 60 kV stages with three parallel 2.8-uyF
capacitors at each stage and a double-folded
geomatry’ to give the required inductance. The
double-folded geometry also results in good in-
terstage capacitive coupling, which aids in
achieving Tow jitter. In addition, the midplane
trigger elactrodes are coupled three stages down
the Marx. The first three gaps are triggered ex-
ternally. Charging 1s in the +/- mode, so the
spark gaps run at 120 kv. The spark gaps are op-
erated at a safety factor M = 2 (self-breakdown
voltage = 240 kV) to give a low prefire rate.

Spark Gaps
The Marx switches are high-pressure gas-

filled spark gaps. These switches must handle
the normal discharge conditions of 200 kA and
1 coulomb, and occasional fault conditions of
400 kA and 5 C, while operating with very Ilow
Jitter and low prefire rate. The individual
switch jitter requirement {s difficult to spec-
ify, because operation in a Marx generator in-
volves many complicated transients. The switch
prefire rat® should be approximately 10 for
a system prefire probability of 10'2 to 10‘3.
requiring that the gaps be operated with a high
safety factor.

Since low Marx f{nductance ts f{mportant the
length of the spark gap should be as small as
possible to keep the capacitor stacks close
together.

Spark-Gap Design
The completed spark-gap design, which evolved

after many modifications, is shown 1in Fig. l.

LThis switch has heen tested for 2000 shots ynder
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Ifau'lt conditions with no measurable deterioration
in per

750 shots. Copper-filled tungsten more than ex-

pateri Is as listed below:

2000
shots with negligible erosion.

| End plates (2)
Electrode standoffs (2)
Electrode (disk) holder (1)
Snap ring, tapered (1)
Electrode hold-down bolt (2)
Insulating housing (2)
Compression thru-rods (6)
Compressfon thru-rod nuts (12)
Hemispherical electrodes (2)
I__Il:igur_d.i.sthr.t.:nde_u.). I
The overall length of the assembled switci

T L
|

1L 25 cm, including the glass composition nut
ut-.d on the polyurethane/glass through-rods; th
diameter of the switch 1s 25 cm. The main elec-
trodes are hemispheres £ cm in diameter with
gap spacing of 2.79 cm. The trigger disk elec-
tl-ode is 0.64-cm thick, 10.2-cm diam, with
2.5-cm-diam center hole. The edge of the trigge
dI!sk center hole is machined with a full radius.
To keep weight and cost down, the end plate

minum bronze, which 1s easily machineable and
chemically more stable than aluminum or brass.
The 1insulating housing was made from blue nylon
because it had the best combination of mechanical
properties, cost, and availability.

Because of the high current and charge trans-
fer requirements, a high quality electrode mate-
rial is required. It 1is known that the erotion
of brass would be excessive at this duty. Several
other electrode materials were considered. Their
properties are shown in Table I.

When used in :he short-circuit test (de-
scribed below), molybdenum electrodes fractured
in a few shots. We attribute the problem to mod-
erate electrical (and thermal) conductivity com-
bined with poor room temperature impact strength.

Zirconium conper survived, but eroded sig-
nificantly 1in saveral hundred shots. Tungsten-

End main eléctrode standofTs were made from alTu- |

filled copper eroded unacceptahly after approx,

aluminum 6061-T6 plate or bar stock
aluminum bronze No. 618 bar stock
aluminum bronze No. 618 plate stock
carbon steel

threaded steel rod

cast nylon tubular bar

3/4-10 Parmali "Superstud*

3/4-10 Permalf ME glass

Plansee K25 copper-filled tungsten
PTlansee K25 copper-filled tungsten

The final prototype survived 2000 consacutive
operations under conditions which simulate a Marx
fault, A schematic diagram of the test fixture
and associated test paramsters is shown in Fig. 2
A 120-kV, 27-kJ capacitor bank was switched into
8 Tow impedance circuit resulting in an oscilla-
tory ring-down through the spark gap. This test
generated a peak current of 480 kA, 9 coulombs
per shot at 120 kV, a ringing frequency of
180 kHz, with a repetition rate of one shot per
minute. The gap was operated with a safety fac-
tor of M = 2, requiring a pressure of 50 psig of
dry air. It was purged with dry breathing air
immad1i.:tely after each shot. Purge duration was
10 seconds at 3.3 cfm.

After 2000 shots, the spark gap was removed
from the test fixture and examined. The 5-cm
diameter K25 electrode hemispheres showed insig-
nificant wear. Black and brown surface discolor-
ation and roughness were present indicating for-
mations of ouides.a'4 Cleaning the oxides from
the surfaces revealed small amounts of surface
pitting but no grain boundary erosion or cracks.
The K25 trigger disk, 0.64-cm thick by 10.2-cm
diam with a 2.5-cm-diam center hole exhibited
some erosion. The hole had not enlarged. Pref-
erential aerosion was evident on a section of the
surface oriented toward the negatively charged
half of the capacitor bank. This erosion was in
the form of localized pitting approximately

i



TABLE

METALS INVES
Electrical
Matal Conductivity
Mo 1ybdenum Fair
Zirconium Copper Excellent
Tungscen-f{1led Good
ccppar matrix
Copper-filled Good

tungsten matrix

“te‘ly 1 cnz near the hole edge. The same oxidcl
dl:scoloration and roughness were present as a1
the hemispheres.

The interior surfaces of the nylon 1nsu1ato1'

re di.colored, glazed and rough, but no cracks,

btrns. or alectrical tracking were in evidencel
It appeared as though heat had giazed the nylon
stort wavelength radiation had discolored 1it, ant
hbt, nonconducting metal oxides had splatteru
ahd coated the surfaces. Blue-colored powdeI
(trobably zinc oxide) had settled by gravity o
tte lower halves of each insulator. At the cont
cluston of the 2000-shot test, the dielectri
skrength of the nylon surface was still suffil
etent— to—hold—off 20—V -for—three—minvtes—at—2-
gas pressure of 30 psig (M = 1.2). This test was
repeated three times with several full-power
shots between the threes-minute holding periods.

The switch was tested for jitter at different
operating voltages and pressures with a 0.25-ohm
CuS04 resistor installed to simulate actual oper-
ating ~onditions. A 500-ghm, CuS0y resistor was
inserted in series with the trigger electrode to
simulate circuit values in the Marx generator.
The test arrangement {s shown in Figs. 3 and 4,
and the test results are shown in Figs. 5-l1.
The trigger voltage amplitude and waveform (Fig.
5) was held corzizat for all jitter measurements.
The time spread is on the order of 10 ns. The
effect of trigger amplitude on jitter 1s shown
in Figs. 11 and 12. A Hewlett-Packard 5370-A
Time Interval Counter corroborated the oscillo-
scope data.

[IGATED

Property
High Temp. Room Temperature
Strength Impact Strength
Excellent Very Poor

Poor Good

Poor _ Poor
Excellent Poor
Resistors

Most Marx generators have used liquid resis-
tors for stage charging 1isolation and trigger
coupling. We felt that liquid resistors would
not provide the reliability required in this
large system. Some type of solid resistor was
proferred. We tested two types, wire-wound and
Carborundum type AS. Th2 test consisted of dis-
tharging a 170-yF capacitor at voltages up to
11 kv (10 kJ) into the resistor. The resistors
were first soaked in transformer oi1. The wire-
wound resistors were Dale 225 W, 100 ohm. They
failed at 1/2 kJ, by melting of the coating. The
Carborundum resistors were type 089 AS (12 in.
long, 1 in. diam). They failed at 3 kJ by chip-
ping of the material. These are rated by the
manufacturer at 35 kJ when operated in air. We
then tested some resistors which were coated
with epoxy by the mawufacturer to keep o0i1 out
of the resistor body. These were run up tc
10 kJ, the 1limit of our test facility, without
failure. This provided an adequate safety mar-
gin for use in the Marx generator.

Marx Testing
A prototype Marx was built and tested to de-

termine operating reliability, jitter, and pre-
fire rate. Berause the resistor development pro-
gram was still in progress when the Marx was
built, 1iquid resistors were used initially.
Jitter was measured using an HP-5370A time
counter. The start signal was taken from the
first stage of trigger amplification, a PATCO

PT-70. The remainder of the trigger system con-




ists of a PATCO T6-55 (Krytron switched spiral
1ine) and a_three-stage trigger Marx w 120-kY

4,

J. E. 6ruber and R. Suess, "Investigation of

1 0s1an _rhenomanon A _HIgN adi

utput| driving three 50-ohm cables, 30 ft long.
e stap ol h LD ch O
hie lged ; —prober-pteced - Mg
ank.{ Because of severe noise problems, this was

Pressure Gas Discharges,” Institutd

a)

oup 1=TnroTyTT

< T

The system rjus Jjitter with 1fquid charging
nd trigger resjstors was 12 ns{ With solid

harging resistors and 11quid coupling resistors,
he jitter was 14 ns, and with all solid resis-
tdrs, jitter was 15.5 ns. A1l Jitter masure1
nts are after 500 to 800 shots at full energy.
Lset of shots was 20 to 30. The 1iquid resis
rs were mounted directly to the capacitor bus-
tlg's. When the change was made to solid charg
resistors, all the resistors were mounted
lboard outside the Marx with wires going to thj
s-bars. The increased inductance of this pat
account for the increased jitter of the Har:j
The prefire rate has been on the order
0101. This seems excessive, considering that th
ark gaps are run with a safety factor M = 2,
td that the electrodes feel very smooth afte
nning at full energy. Seif-breakdown volta
pressure curves were run on new and used (500-|

1

erence. Experiments are continuing using in-
reased air flow through the gaps and 50-um mesh
{1ters on the air line to each gap.
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I (peak) = 482kA

V hold-off = 120kV

q per shot = 9 Coulombs

Energy switched = 2TkY

f ring-down = 182kHz

Repetition rate

Fig. 2

1 shot.per minute
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Fig. 3. - Test circuit for jitter r.easurements
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I (peak) = 225 kA

V " holdoff = 120 kV

q per shot z 0, 625 coulombs
Tnergy switched = 27 kT

£ ring-down = 127 kiHz
Repetition rate = | shot per minute

- Jitter Test Circuit Parameters
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Fig. 5. - Trigger generator waveform
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SPARK GAP JITTER MEASUREMENT FOR
120kV 60psig-alr Mg= 2

Fig. 6. - Waveforms from spark-gap jitze= test



£ traces
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SPARK GAP JITTER MEASURZMENT OR
80kV 34psig-ai>z M,=2

Fig. 7. = Waveforms {rom spark-gan jittsr test
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SPARX CAP JITTER MEASUREMENT FOR
120kV 50psig-air M, =1,73

Fig. 8, = Waveforms I{rom spark-gap

jitter test
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SPARK GAP JITTER MEASUREMENT FOR
80kV 27,6psig-air M,= 1,75

Fig. 9. = Wavelorms from sparkegap jitter test
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120kV 60psig-air M =2

Fig. 10, - Waveforms of jitter vrs. trigger amplitude
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JITTER VRS, TRIGGER VOLTAGE AMPLITUDE
80kV 3dpsig-aiz M_ =2

Fig. 1l. - Waveformas of jitter vrs, trigger amplitude



