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SPARK ERC’::IONCHARACTERISTICS OF GRAPHITE AHD CO GAS*

by

K. J. 6ickford, K. W. Hanks, and W. L. Willis

Summa ry

The spark erosion characteristic of high-purity graphite and CO for l-kHz

gas blown rail-gap applications b.asbeen experimel]tally evaluated. The tesL

configuration simulates a singlu channel, 1650-A arc discharge prr linear inch

of electrode length, with a 44-kV sell’.”hrsakdowli voltagr aII[i a Lriinsversc gas

flow 01” 98 m/s. ‘1’hr diclccLr~r ~iis Wiis SCr(lt*d with a Smiil I (Itli!l]tity ()!”a?.uleII(’

vapor and a downs~rriirn II-P prt’illllizaLioll S])i]r-k was IIsr~l 10 i]ssisl the st’ll”-

breilkdrwn of” ~htt trs L rircLro(ie:;. ‘~hc rrosiull [-lii~r;][”L(’risLif”s ol olllcr, morr

t’orlvcrlLio~iti 1 [}lrct ro(lr mnlrri:l I :; ;111(1 II il. I rl’t ri (“ ~:iS(’S wrrv ;I I so rXil Mi Ilrll ilfltl

tllf’ rrslll Ls ;)rts prrsrlltr(! xr~ll)hi’”ii]!y. C(muucri[-tll Iy lllll-(S 111IIgsl(s Il ill :Iir W:ls

1)11 rdlr (2,1 x 10-(’ [.(’/C) 1(11- Ibis (Illly,

IO-” (’(’/(:) ,

1,1[1’{lillll’( i{Jli

(riIs II I[)WII rili I-lyl)(. sl)ilt.k R,IIII; .Irr rt~ilsoll;llll(~ (“illltli(l:~(rs lI)r sollllioll” 01

111[’ f~lsl, Ilig

Iilst’rs. ‘1’11(’

f~t”os ion 1)1 mll

il I-gl’

r(”tl’()( 1(’

/Ilt swi’
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of materials needs to be identified for use in gas blown, high repetition rate

rail-gap applications. The most practical ap~roach to this purp,jse is empir-

ical experimentation with canriida~e C’lectrode mate:ials and conventional

dielectric gases operating at appropriate stress levels.

Ex~erimental !Iardware gnQ_OperaLin’f _~qrameLers.- .--— ..—. —-—-. .- —. ..- .-

Grneral

AII elect.rode holrler/~as-llow ~:ollfiguralionwas f“:lbrirated as slIowrI sc-he-

matic~lly in Fig. 1. Thr e

Irngth (2.54 cm), the Eas 1’

(1 kllz)wrrr Ilrltllonslanl.

12-() ollmi[.loil!l. S(~lf-l)r(.ilk(Iowll Wiis ;Issistrtl by o l~)w illlellsily Ilv l~rriorli-

ZiIL i.)11 sl):lrk t O(”:IL(SII 4.4 cm tl{)wnstrt.ilm. (;ilS ;111)111 ltw]l~rr,llllrrII 111(’ (“loStmll-

(’Y[” 1(’ sysltvn W;l!i 11[’ltl Ilt”ilr r[]fdn [[~mllrr:llllr{’ (70-70°F)” hv ;I w;llt.r-(”l)[}lf’(1 lIciiL

fsX(”llilllK(*~ . (;:I,+ OIIII(*L Lf”mp(srilll;rc W;IS molli[t)l”(’(1 :1[ 111!9 (Iowllslr(’nm till-i)ill (11
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Graphite and CO/Azulene—

A high purity graphite material was machined into two identical elec-

trodes, each with a 0.635-cm radius along the length, and an overall length of

3.8 cm. The ends were machined LO a radius of 0.635 cm; the active length of

the electrode was 2.54 cm. Full power operation of the test circuit generated

an average current density along the electrode length of 650 A/rm, with a peak

single-channel currenL of 165(JA and 44 kV self-breakdown. The PFN voltage

risetime was

(lid not OCCUI

riiiis operiil

lf~nglh. AZII

w;Is opl~riiled

adequiiLely ;Iow (550 ns) that mulLichaaneling of the arc discharge

for 5.46 mi lion shots

u, :). R1’su

f’ Lhe elf’cLrodes can hr= scaled LO full-size

with orrr rlischargr per inch of rail

II1O Lhc (;() fliclrcLrlc gas ;IIICI LhtI s;~sLcm

1310 Coulombs). Currt’111 ;III(I VO]L:IEC

1s of Lhe rrl)sion wrilr ,IrI) plot tr[i i I:
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The main electrode self-breakdown time preferred to lock onto the initial-

ization of the uv spark, no~ onto the peak uv fluence. (The ohmic transition

phase of the uv spark occurs during initialization and maximum energy is

dissipated in the spark during this interval, producing more energetic radiation.

This may enhance the photoionization processes or create secondaries t?mittcd

Fiom the electrode surfaces.) The azulene vapor appeared t~ “burn OIIL” of the

CO gas faster Lhan it could be replaced by Lhe hot flow cell. The IIV pr{”inniza-

Lion spark lost effectiveness after st?veral minutes of oprralion al 1 kHz.

Prohahl~ cause of seed gas burn-out is Lhr large amounl ot IIV radialion f“rnm

Lhr mi~if] discharge.

~xamillilLioll of”

microscopic piLting
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except at extreme pressures where the gap would not break at all. Higher gas

flow rates may solve this problem.

Other Elertrode Materials and Gases——..— ..—.—..—— — .—___

C02 and dry air were used as dielectr

t~lngsten (cPW), 90W 6Ni 4CU, K25 composite

c gases with cormtercia ly pure

(75ki 2:Lu by Plansee), 70/30 brass,

and 316 sLainIess sLeel. The results of Lhesc tests are shown in

oprrating pariimelrrs were nminlaint~d as in the previous exprrimrnt. E

shapes and dimensions were identi(-al Lo Lhosr IISrIl in the graphilei CO

exrPpL f“or ;* sirlRle SS 316 run whrre Lhr r]rcLrodr rndius wits Ilouhlrd,

il rd(lills/sparing riiLio = ~. This ha(l 110 rl”frrl orl the t*rosifJll raLt*.

Figs 5-8.

ectrodr

LesL ,

(-rest ilig

Ilr(”t;l] illrgi (’a] I)ropvrly i]f”ft’(’llllg erosi~)rl ill ltlis dllty

1( ’llql(’t”illllr(’

111”(’Y(,IILP (If
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is very dependent on .he partial pressure of azulene vapor, and as with CO/

azulene, the effectiveness was eliminated by burn-out after several minutes of

full power operation at 1 kHz.

1.

2.

3.

4.

5.
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TABLE I

Full power operating parameters at 1 kHz.

v
hr

=44kVI = 1650 A C/shot = 0.24 mC
pk

co co, Air.——

Gas Pressure 12.4 PSIG 18 PSiG 18 PSIG
SCFM Flow 63 127 131

AT rise 25°F 15°F 13°F
Efficiency 78% 67% 77%

Efficiency was determined by AT rise of the
gas flowing through the electrode gap, using
eff. =(1- energy diss./energy switched)
x 100%. Energy dissipated was calculated
from the relation,

ED = !Q!XFM)(AOF)
pps 3

where,

K(air and CO) = 0.34, ancl K((XJ2) = 0.43.


