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bstmct

Atdres is a 100-kJ Wz laser driver for

In

ertlal conflnemnt fusion experiments. lh

I er mpllflcation stage Is pureed b.ven elecI

r

n-beaa-controlled gas discharge. ‘,%em ar

annular discharge regions, each requlr%g eni

‘F

input of 2SOkJ at 550 kV, In a Z-pse
t

I lse.

1

lhe energy storage mdule chosen for thl
t; stm is a single-rmsh pulse-forming network.

1

provide sufficient energy margin each mdul
I; ONS 300 kJ.

I

A pmtotypa 300-kJ Marx has been bull~ an
t: stealat the Los Alams 5clentlffc Laboratory.

!’

Is has been used as a test bed for cmponents

: Iggerlng,and Instmmntatlon. I
I I—— . . —— ——— — — — —— — —
[ntmductlon

lhe Amtares laser requires 24 Marx

Ienemtors, each storing 300 kJ and capable of

deliveringsmre than 2~ kA at 550 kV to a ;::

i1scharge load. Since mllabillty of this

lystm Is crltlcal to the facility, a test and

ievelopmnt program was implarantedfor critical

:mponents and a prototype Marx was built and

tested. The main par~ters of Interest, in

ldditlon to operational reliability,wre jitter

nnd prefire rate.

Wrx oeslg~

The discharge circuit is a single-msh

Bulse-forming netuork,l with 1.2-MV open-clr.
Cult voltage,0.42.uF capacitance,and <3-MH ,n-

Work performd under the auspices of the u.S.

Departmnt of Energy

- 1

tuctanca. 11’me circuit Permters are achtevet

m?ng 60 kV stages with three parallel 2.8-MI

:apacitors at each stage and a double-foldet

p-try2 to give the rquired inductance. T%@

iouble-folded~metry also results in good In.

kerstage capacitive CQupllng, tilch aids Ir

rnchievlng10N jitter. In addition, the nidplant

triggerelectrodes are coupled three stages dom

the herx. me first three gaps are triggered ex.

ternally. Charging Is in the +/- rode, so th

tparkgaps run at 120 kV. lhe spark gaps are OP.

orated at a safety factor M = 2 (self-breakdow

Yoltage= 240 kV) to give a 10U prefire rate.

SparkGaps

The Marx swltchas are high-pressure gas.

filled spark gaps. These switches mst handlt

the nomel discharge conditions of 200 kA an(
1 COUlm, and occasional fault conditions 01

400 kA and 5 C, tiile operatln~ with vary lot

jitter and low prefire rate. The individua”

switch jitter requirement is difficult to spec.

ify, because operation in a Marx generator In.

volves many complicated transients. l?reswitct

prefire rats should K approximately 10-5 fo~

a system pmfire probabilityof 10-2 to 10-3,

requiring that the gaps be operated with a higl

safety factor.

Since 10U Marx inductance is i~ortant the

length of the spark gap should be as small as

possible to keep the capacitor stacks close

together.

Spark-GapDesign

llrecompleted spark-gap design, which evolved

after many rmdlficatlons, is shown In Fig. 1.

lhls~tch has ~ tested for 2000 ~



ault conditionswith no masurabla deterioration 750 shots. Coppar-filledtungsten smre than e%-

2000
,

t
aterl 1s as listedbalm:

I
-—

, End plates (2)
I

I Electrodestandoffs (2) I
I

Electrode (disk) holder (1)

Snap ring, tapered (1)

Electrodehold-dcunbolt (2)
I

I Insulatinghousing (2) I
cmpresslon tlm-mds (6)

Compressionthru-rod nuts (12)

I
mlspherlcal electrodes (2)

31wul~ I—— —
—— —. — ——

I llleoverall length of the as-led switc

L 25 cm, Including the glass composition nut

I

t

.d on the polyurethane/glassthrough-rods;th

ammter of the switch is 25 cm. tlltemain elec-

L

odes are hamlspheres 5 cm in dlamter with

P $p&cing of 2.79 cm.
IThe trigger disk elec-

t
ode is 0.64-cm thick, 10.2-cm dlam, with

.5-cm-dlamcenter hole. lhe edge of the trigge1

}
sk center hole is machined with a full radius.

To keep weight and cost down, the end plat6

lsremade ,f alumlnum. The trigger disk holde—— —— — I

~inic~e ~o~ti~~~~

Inurebronze, which is aaslly mechineable and

h?mlcally mre stable than aluminum or brass.

he Insulating housing was mede fran blue nylon

ecause It had the best combinationof mechanical

roperties,cost, and availability.

Because of the high current and charge trans-

er requlramnts, a high quality ●lectrodemate.

Ial Is required. It Is known that the erosion

t brass would be excessive at this duty. Several

ther electrodematerials ware considered. nelr

ropertl~sare shown in Table I.

Hhen used in tie short-circuit test (de-

cribcd balm), nmlybdenum electrodes fractured

n a few shots. He attributethe problem to nmd-

rate electrical (and thetnul) conductivity cm.

Inud with poor roan t~erature Impact strength.

Zirconium co~par survived, but eroded slg-

IIflcantlyIn several hundred shots. Tungsten-

1

I shots with negligible●rosion. I
1

—

aluminum6061-T6 plate or bar stock

alumlnumbronze No. 618 bar stock

aluminumbronze Ho. 618 plate st~k

carbon steel

threadad steel rod

cast nylon tubular bar

3/4-10 Pemall ‘Superstud”

3/4-10Pemall ME glass

Plansea K25 copper-filledtungsten

Plansea K25 copper-filledtungsten

lhe final prototype survived 2000 consecutive

operationsunder conditions~ich simulate a Marx

fault. A schematic diagram of the test fixture

end associatedtast paraders is shown in Fig. 2

A 120-kV. 27-kJ capacitor bank was switched into

n la Impedance circuit resulting in an oscilla-

tory ring-down through the spark gap. This test

generated a peak current of 480 kA, 9 coulmmbs

per shot at 120 kV, a ringing frequency of

180 ktlz,with a repetition rate of one shot per

nlnute. lhe 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

Insnodi,:telyafter 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. Tha 5-cm

diemter K25 electrode hemispheres showed insig-

nificantwear. Black and brown surface discolor-

ation and roughness were present indicatingfor-

mations of oxides.3’4 Cleaning the oxides from

the surfaces revaaled small amounts of surface

pitting but no grain boundary erosion or cracks.

lhe K25 trigger disk, 0.64-cm thick by 10.2-cm

diem with a 2.5-cm-diam center hole exhibited

sonm erosion. The hole had not enlarged. Pref-

erential erosion was evident on a sectim of the

surface oriented toward the negatively charged

half of tha capacitor bank. This erosion was in

the form of localized pitting approximately

(Ll~ to 0.3~ ovw an u of auuwL. .
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METALS NVES

I Elcctrlcal
Metal Canductivlty

I

IMolybdemm Fair I
IZirconium Copper Excellant

I

ITungsten-filled God
ccpper matrix I

ICopper-filled Good
tungstenmetrix I

14-tely 1 Cmz near the hole edge. The sam oxideII
Id scoloration and roughness urn present as

t a hemispheres. ‘1

J

The interior surfaces of the nylon insulato
tre discolored,glezed and rough, but no cracks,

k

b rns, or electrical tracking were in evidence

I appeared as though heat had gi~ed the nylonI

I

s ort wavelength radiationhad discolored it, an

h t, nonconducting mtal oxides had splatter~!

a~d coated the surfaces. Blue-colored Powdet

(krobably zinc oxide) had settled by gravity o~

!

t e lwer halves of each insulator. At the con

c usion of the 2000-shot test, the dielectrii

s~rength of the nylon surface was still suffi!

&taa -Gt~G

Igas pressure of 30psig (M= 1.2). lhis test was

repeated three tires with several full-power

shots between the three-minuteholding periods. I
I The switch was tested for jitter at different

Ioperatingvoltages and pressures with a 0.25-ohmI

ICUS04 resistor installedto simulate actual oper-

ating ?onditions. A 500-ohm, cuS04 resistorkas

inserted in series with the trigger electrode to

simulate circuit values in the Marx generator.

The test arrangenmt is shown in Figs. 3 and 4,

and the test results are shwn in Figs. S-11.

The trigger voltage amplitude and waveform (Fig.

5J was heldcop<t?nt for all jitter measurenmts.

The tim spread is on the ordnr of 10 ns. lhe

effect of trigger amplit~de on jitter is shown

in Figs, 11 and 12. A Hewlett-Packard 5370-A

Time Interval Counter corroborated the oscillo-

scope data.

Property
High l-. Roan Temperature
Strength Ispact Strength

Excellent Very Poor

Poor

Poor Poor

Excellent Poor

Resistors

Ibst Marx generators have used liquid resis-

tors for stage charging isolatlon and trigger

coupling. He felt that liquid resistors Hula

not provide the reliability nquired in this

large system. sums type of solid resistor wag

prdferred. us tested two types, wirs-wund anc

Carborundum type AS. W test consisted of dis.

tharging a 170-IJFcapacitor at voltages up tt

11 kV (lOkJ) into the resistor. The resistor!

wre first soaked in transformeroil. lhe wire-

umund resistors were Oale 225 W, 100 ohm. They

failed at 1/2 kJ, by nmlting of the coating. TIM

Carborundum resistors were type C89 AS (12 in.

long, 1 in. diem). Ihey 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 sonwz resistors which -re coatea

with epoxy by the manufacturer to keep oil out

of the resistor body. These were run up tr

10 kJ, the limit of our test facility, without

failure. nis provided an adequate safety mar.

gin for use in the Marx generator.

Marx Testing

A prototype Marx was built and tested to de.

tennine operating reliability, jitter, and pre.

fire rdte. Ucause the resistor developnmntpro.

gram was still In progress when the Marx wa!

built, liquid resistorswere used initially.

Jitter was neasured using an HP-5370A tin

counter. The start signal was taken from th,

first stage of trigger anpllfication, a PATCI

PT-70. Tho rmmlndor of the trlaaar svstem can,

#
.,:

.



sts of a PATCO T6-55 (Krytron switched spiral 4. J. E. Sruber and R. Suass. ‘Inv@stigatlon

es

Iel

nk. Oecause of severe nol problmso tJIISwSS ~
1 I

Itlp1
!

. I I
4

lhe system s jitter with l~quld charging I

mglng resistorsand liquid coupllng mslstors.

e jitter was 14 ns, and with all solld resls-

lrs, jitter was 15.5 ns. All jitter nsaasure

tntsam after 5@ to WI shots at full energy.i

set of shots was 20 to 30. lhe liquid rests

~rswere munted directly to the capacitorbus-{

d

lrs. Uhen the change was made to solid charg

g resistors, all the resistors mrc mounted

board cmtslde the Narx with wires going to th

Is-bars. llm Increased Inductanceof this patI

A

w account for the increasedjitter of the Uarx

The preflm rata has bean on the order

01. llIlsseems excessive.consideringthat th
!lark gaps are run with a safety factor U ■ 2,

J

Id that the electrodes feel very sxmoth afte

Inning at full energy. Self-breakdoxm volts

pressure curves were run on new and used (500~.—
ze~=~~m~

irence. Experiments are continuing using in.

‘easeddir fl~ through the gaps and 50-uInmesh

Ilterson the air llne to each gap.
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Fig, 1 - The testad spark-gap design
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R L

L
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cap
sPARK GAP

~z 4pF

T

2ooh

11c1
-—

L

I (peak) = 482U

V hold -off = 120kV

q per shot = 9 Coulombs

Eaargy ●witched = 27kJ

f ring-dowa = 182kHz

Repetition rate = 1 ●hot per minute

Fig. 2 - Worst Ccme Fault Test Parameter,
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Fig. 3. - Test circuit for jitier r-measurements
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I (peak) = 225 ~

V “holdoff = 120 kV

q per shot = 0.625 COU10Elb9

=aergy switched =27kJ

r Aag-domi& = lz7 kHz

Repetition rate = 1 shot pe= mfiuts

.

Fig. 4. - Jitter Test Circuit Parameters
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Fig. 5. - Trigger generator mweform



.

10 ~aeos

5

2

2

1

1

●

SPARK GAP JSTTER MEASUREMENT FOR

120kV 60psig-air q 2

.

.

.

FSg. 6. - Waveforms fxosn spark-gap jit:o= tn~t

.

.



I

. .

.

.

20 a9/erEL~

5 eaces

10

2

2

1“

1

SPARK GAP ~JITTER M&ASUR=NT FOR

80kV 34psig-ai: ~= 2

Fig. 7. - Waveforzm from spark-gas jittss teat



.

di
X

I

5 =aces

10

2

‘2

1

1

SPARK GAP JITTER MEASUR5M,EXT FOR



.

s’

t“
1

5 ~aces

10

2

2

1

1

SPU GAP JITTER -ASUREMZNT FOR

80kV 27. 6psig-air Mr= 1.75

Fig. 9. - Waveforms f=om spaAc-g3p ji~es test



-2 13kV trigger

.

-187W

-173kV

-160kV

120kV 60psig-air M== 2

Fig. 10. - Wavefo~s of jitter vrs. trigger amplitude
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