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PROCRESS IN lJEVE1.OPINC REPETITIVE PUI.SE SYSTEMS

[’T1l.lZINC lNDIJCITVF. ENFRCY STORACE*

F. P. Ilnnl R

l.ns Alnm,lfi Nat innal bhnrirlnry

lm~ Al;!mn R, Nfi R7’J4 5

Stlmm;lry

Ilifih -p[}wrr, fn~l-rrrnvorv vartlum swl[cl M~s worr

II KrIl In n nvw rrnrt il lvI, C1>lln14, r;1111n1’ nnd I riinsf~’r

cirrult to rfollvor a 5-lfllz plllso I ra[jl WI III a pc;lk

p:,wvr of 75 W (HL R.( PA) to a 1-$. lIIiIrl, rrsultlng

in thr flrr. t dl,mnnslratla, n Or lIIIIV c,lnl rnllrd, hll!h-

pt,wcr, tllp,h-ri-pet Itinn-rnlr npr. rilt [0!1 of ;In [nilllrl {V(,

r.ni. rfiv. H:nrafir and trnn Hf4, r ri,vstorn vlth nnnrioct rurt fv(,

HwitrllPK. NvK rlrrtlltH, mINIVf lrnl nnd rxpt, rlmr. ntul

rt. sulfs, nnrl frn Hlhlli Iv of 1110-k A ;IIMI 100-k V rt, prtl -

llvr puluv grn4, rnl Inn arc rflsc I19Kod. A ni, w HWl IChl IIV

cnncrpt frrr r,ll Ifitln lnfitlm I E pra. fit, nl od.

Int rn(llict [t]n----- . . -----

lIIC nt. ori I t,r rrpvl II IVIS , II IEII powl,r puIKt. y,t, nt, r-

,1 t nrti I E rma, rylnp f rom II nlbmhrr ,11 n,l Ior Prw:rtlrnfi

WI I III n t 1!0 DOE ;III,l lh~ll commt,nlt 1,.!. I I “ R,,.,,, I rtvm,”t s

‘S,tva,r JI w!dr r;lnv4. : kA-!l A {,llrr!,nl *, kV-!f V Vnl IiIJ!I>K,

ns-ms :IUIXV wlt:t h,q, 1111,1 l-ll~,(lf)o 11,, pIIIHt I rl,p,,[ I L 1011

-., , ,,+. 11 I h,, ,Illt pllt dIIl v f ;ICI c,r I f: lIIw, 4,ck Ont,mlcfi
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The count erpulse methnd was selected as this

program’s primary approach due to its Rlgnificant rc -
ductlon In switching demnnds and elimination of thr

fundamental energy 10SSPS as.socin[ed with stray in-

ductnnce~. Tn ach[eve repctitivr nprrnt inn, thrcr

different circuits capable of providing the rnt!ntcr-

PUISCB current repr. titively were. devrlopcd for V;ITIrJUR

l.]nd requlremcn Ls. Trig~errrl vacuum riwi:chcs7!r were
selected for the r..pct ftivc. npeninp nwfrchefi n.le tr,

their demonstrated current conduction and volLage

~tandoff capahflitv, fasl recovery rate Fnllnwlng a

current zero, htgl) repecltlnn rate potrntlal with the

trigger mvr3tem and rclatlvelv low co~t,

output pulse, i~ determined ~Y two aeparalc circuit

actlonfl that occur on different timp acaleB. First ,

t,,o load pulse rlsetimr is determined by the discharge

nf C? through the load and depend~ on the. circuit pa-

r Imcters RI,OAD, C2, and tt!c strny induct ~nce in thr

dlschnr~c loop. TIIC risin~ part of the load pulBe

term~nxt~u w!rn thu culrent throu~h the counterpulne

rrwitch TJG2 attempts to revcrtir d~rectlons, i.e., when

t Ill, cfIPaciLor dischnrgc cut,ent through t hu load

~qll~l ~ t he coil current lLI I“lowing through DI,
TvG ~, and C2. The counterpulae switch effectively

{lips Lhe ioud pulse, thcruforv, at tll~, value IL1,

produclrR a fast riainR pulse without overswing. Thti

o

Ivl

‘Ot

Now Cirruit Conc~

Parnllel CouPterpulsc Circuit.—

opcr~tlon. Tho first rrpeLltivr trnnsfs.r cirrlllt

developed and teaLt=d to high ,.owcr lPW.IH wns tlw

parallel counterpulnr cirru[t (F.R, 3). Th~ cnunter-

ptllnK= capacitor C2 Is eflecriv.ly in parallrl wiLII

both the opcnin~ ~witrh nnd fhv load. Simpliflcd

wavrfot.m rcprcacnt~tlons (F!g. 4) ,Ind as-Lual rfrcull

w~, vcfonn~ (Fi R. 5) from n 23-MI, puIHr train nrr shown

to help il]ufitrnte thr rlrclit operat!nn rlrticrlhed

hclnw. At timr to, the strrt switch S1 IE rlosvd 1:)

riir.rhnr~c thr l.dL~F cnrr,, y ntor~ge c~pncltnr hnnk C]

thrnugh thr lkO-1111 vnt. rgv sLoraRr indtlc[or 1,1 nnd lhr

vnruum intrrrup Lrr opcnln~ Hwltch VI. Al 11, Hwllcll

::-J C l[>HPH at pr~lk currrnt tn t~np tl)o rnt.r~y III I.l.

“1’lw $-M to~t currs. nt (FIR. 541) throufih l.! Ilnrf V1 IIv.n

dvi-ayri crrpnnrnlln]ly, rl.. prnding upnn 1.1 nnd III(. tnlnl

Crfrct [Vr .vnlnlnncr of 111P mtrsrn~r loop. AI t y, It)l,

rnnl;lrt3 of VI nrt. m(. chnnirnllv pilrt,.d In era, alfo :;

Vnrtlllm alrr, a prori.qtllrtlft. fnr cllrront zt.rt) lnt,. r-

rupflnt) In ft. rm AI I ~, 1110 rnnt{,cf m nrr Iu1lv op,In,

~vpnrntu? h} II dlRInnr I, ~!]!ffclvnt I() WIIIIKIm I(I 1111,

rvrnl 1111I rorova, rv vnl taflr. TIII. mfi.ch;jnlr,l I (Ipl.11 I 111:

t Imt. I r \’1 IH Hcvt. r;ll mH. Af !/,, 1111. prrtll~lrfit.fl 1(1-IIF

rotintrrpul~(. rnpnrllor (:.I I R dlHclwlrp{. d t llrolt~:t, VI nnd

+;ll, ,r,lhlt. ra..bctnr ISAT “(F II:. ‘,1,, nt.~:;lt Iv,. pilrl ) !(I

prorltlri. II Cllrrrnf 7vrn In VI (Fl), , ‘,;1). AI II, , “~A~

I, f)mr x 1>111 01 mnl tlrn[ 1(711 81tI#l 1,)1 I, MI II,. WUPI {I IIjr):l. I ,1-

Iliw,lnnt,a, 11110 tlII. I, IBIII1141111111H,. IIMII1, “1 ri.1.71 n;!” [III.

t.llrrrnl In \’1 III 81 llvtlr-7vrn vnl IIf. Ia)r II t [mv II I.-

PVIMI VIII UII I ht. volt -na. cad rnt IIIK t,l t Ill, rvil(.l,>r 111141

1 III. ilvt,ra~y.a, volt III:IS rrmnlrlllj: (III (“:9 (Fl y,, ‘>,. III114!I IV,

I,rlrl). II 11)4, 4.llrr,.j]l –t4~r#3 Ilmt. (1 ;-11,) 1!! 1011):

1.11,)11!: 11 (,11> 11111 :’f) 11!1) VI (11.10111 7,, .4 ,111,1 ,,,>,.,, ,, ,,1 I (, I
PII r,. wfba.tl bv nn I 1111 1,1 I rrra>v,. rv VE, II iIy, i, a.t II I;Il I ,1 I 11,,

Vl)l, ,l,!,, rrmnlnlll~, IBII f“. ,,t IIIJII I Im{,m Il,lrlllj! I Ilt,

,’!lrrf-llt 71.111 t Ire,. .11!,1 dlf 11-1’ VI (I II VI)N, t h#, 1,11 I 1 llrr# .1)1

I 1: IllvIorl I.(1 I rabm 11),. 4>IIPI)II)): SWltt.11 lIIt,, tlj,. ,.,llllll,. r

l!lll !!,, ,11,1111, WI NS I,, It al~lu 14, rvva, rtia, 1111, 11,,1 l~ilv

,.1 (’., (tlfl. ‘w). Al !}1, wlII.11 (“11 13N.4 rt,,.lvnrj.,,,,1 t ,, JI

Vllll .Iy.1, !lilElltlv ~t,.uta.r I 11,111 I Ill. t.xl)l. rt ,.,1 111.1(1

Vlll. 1/,,,. (Fly, ‘w), I luau 11,,1(! IILIII III 1.,11 !. Wlr,.1, TV(., 1.1

,. 11,1,1,(1 118 Illlt Inl r II!,. ,1111 11111 cllt,ro.nt :3111PIIu (1’’lfl. ‘Ml)

I :,roi,j:l, llw l-l; 111.111 rm,,;,~t,tr I(,,OAI,. Th,. Hh.,1,,, cl I 1!,,

FIK. 4. Simplilicd Wllvt,l Orm rrprenvntnliul)ti 01 rr -

prtitivr trnnnfcr circuit operntlnn.
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risetlmc of the load pulric can hc derrras., tl by ln -

creafiin~ the voltage on c? 5V delay inp, [ht. cln~lnl: Of

T VCq. Thi~ rffcrt I-OM hr srrn hy thr s!rrpcr rlsrtimtm

of Lhr f I rsL load PUISP vursus Lhe second lend PU]EI,
(Fly,. ‘hij resulting from t!lr lIighl. r ovt, rchnrgr of till’

caparitnr durinn II .+ first rrchnr}; t, (Fi E, 5c) co!npfirwl

to its nrcnnd rrrhnr~em Secnnd , once TVC? opcne In

rernrrvc CZ (mm thr r[rcu!! (nt IR) thr flat pnrt of

thr lo;Irf pulse Is r!rtrrrnifird hy IIIC disrf-~rgr nf thv

stor~gt. !nd,,rtnr 1.] dlrrc[ly [llr(wRh R[40AD, callxinp

thr lnnrl ~ular :o dcr~> with AI!I cxpnncnl[nl ?. imi.

rnnstnnt of ~1/Rl.n,\n. If tht, rnorp.v Ir. thr load

pulse IE fimnll cnmp;lrcrl with Lht. tolnl filort, rl enrrgv,

thr lnat! rurrrnt rt,mn[nn t.ssvn[ I;llly rnnnt;lnt , In

[hi:; demnnfi trill inn Lhr Ionfl PUIKI? Ql)cry,v wns ~ sl~-

!,iflrnnt frartlnn of fht, ntnrrd rnergv nnd the lnad

PUI PI, decay wns npprt, rlnhlc (Fi F. .Sd). AL tO, closlng

thr trlpprrrrl mnin oprn[nfl KWIICII TVC1 tcrmlrmtrm :hL.

intid PU16C (Fi F,. 5d) nnd rctur,]s the svstom to thr

stor,l~c mod, (F[E. %). Rrfort, tht. nrxt trnnnfer

ryclr can he fn!t[ntrrf w[tlI nnnthor cotln.orptlls.- oprr-

nllnn, thr pnlurlty of C:] m!lst hi, r!, vrr!,,, d. rhlfl IS
ncrnmpl lshrd hy clns!nfi rcvc, rxln~ swIIch -fvG\, nt t]~

II, ri[rh-har~o C? rhrou~h thr #mnl 1 ‘lo-~111 [ndurtof l.?

iind il, cn Init. rrur, ! lnf, [h,, rovorsinfl c[lrrrnt (FIE. fh

poqillvt. pnrt) nt t h,, ponk rovt. r~rd v~JIIm:r HI tl, .

TIIe crrmplv[t, cvrli, III* I d,, ~criho,l mllst lh,. r, ht. rr-
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Fig. P. Ceric B crn]ntcrpul. sp cirrtlft schmnatlc.

Annlysls of PulrIr Rlsr.time

Ar, ;lrinlytlcal study was mnrfc to dctcrrninr LIIt, c’f -

fectn of circuit pfir~mt.ter~ on the ntltput pIIlse ri~e-

time. The circuit mt.del used, Fig. 9 (inset), reprc-

srntfi the circllit conditions nf the pt+rnllcl cn~lntt.r-

PUIHF circuit nt thr Instant tho lend switch clrrscs.

For thr cnne bhcrc II, C load Incfuctnnre LZ is much

less thirn the ~torafie inrfurtrincc 1.1, annlytirfll

solutions for the output wavcfon:s ~nd for the pulso

rlscttme were ohtalnrrl. A pint of (IIc- nr)rmnlir,ed

ri~ctimc tR/tRo vtmrfiufi th,, chtirgc fnctnr K is shown in

FIE. 9, wh.-re X _ V,)/10R14, V. and 10 nrt. tl, r Inltlnl

rnniilt!nns on C2 and 141 (rcsp .), tlw. nnt.lral frcqt:t, nry

Ii),> - (111. ?C)112, thr dnmpinfl f~ctor a - R1./~L?, n nrl

LIIe rrlcrcnrc rfsctlmr tRo - n/2100 Is for thr Iind;lmpcrl

rmXC (a - 0). Fnr Ibc nvr-dnmpcrl cast, (u/lJ+, > 1),

thorc mt:~t I,e n mln[mtlm volt+i~e on the cntlntr.rplllst,

cnpnrltnr to nrlllr.:c .cnmplrtr trnnsfcr !n tl)c load R:..
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Food.1~ Thcrcforr, RATVCS have potential rai lgun

application as diverter switches to ~hort the end of

Lhr railfi as the b~lle L exits nnd as current zero

opening switches to dtsc>nnect auccesalve genera Lor6

in staged drivr fiys Lcm~. Furthermore, with an axial

ma~netic field npplied transverse to the arc, RATVCn

have potential applicaLjon 8s repeti:ivc opening

swl trl.es rrqulred tit the breech for repetitive
r;! f]gun operation with ir,ductive energy sLorage (Fig.

IfJ). Transverse magnetic field6 hnvc prc.duce~ arc

voltages of severnl kV in vacuum fnterruptem.]> An

nxlel mny, netic field applied to a RATVG Should pr~duce

an arc vrJ]LaRe sufficient to force LIW rurrent to

Lrnnfifer to o low impedance load, such HS n railgun.

1,

‘s’cEiiFk-
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F[.g. lfJ. Rcpt,tlLivc rallgun using nxinl ;Iuld RATVG.

(inclusions
—.

Nr.~ r, rcul Ls nnd switching concepts liavc h.t. n dc -

VC]OpOd und restrd. CJpcraLlon [IL 75 NW find 5 kl:z WILII

n 1-(1 load lIn K proven tilt, frnsll)llity Of USIIW in-

dIIc L Ivr .mnt,rgy !iLrrrn R? for high power pul tic gem, r;t Lion

rrf hl~l~ rcprtftlnn ratc~. Ropt=L:tivr cntln[t.rpuiae and
I rnnsfrr cIrcul Ls nrhlevt) highly efl Iclenl currcnL

[rnnsft,r tn tllc in.ld nrrl full lntrrruFtinn in tht,

,)prnlnfi !wILc II, nnrf fr.I[urL, romplcl~, cnnLrol (pulsc-
In-pulse) nvcr pu]s.. inlt !n[lnn, rl.;t.lime, duration,

,Id rtmp[>L II [on rnl c. Rl~ctimt, ~ f;lsl(.r thnn tht, IIE

r;lnj:t, prlltl,l~ly rcqul rc lntaSrmvdla Lc pulst, formlny,

nvt wnrk 9 ;Indin r mnp. nrtic s-liLchln~:. ThtI I rnnfilcr

,. lrCll ILH ill~u ripply I 1) r,l I,; lr I L i V(! anti fnduct 11’(,

I ,Io[lfi . Rod ,Irr;!y TVCH P,lvt, rhc RI. I- I rrulrs Ilpgr;ld!,

p(l!l,lll Ial 1(1 I I,,. 1()-(,M 1, V,.l,
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