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Railgun Pmter Supply System Utilizing Traction Motors and Vacuum Interrupter*

W. t4. Pareone, J. V. Parker, and P. Thullen

Loa Alamoe National hboratory

Loa Alamos, NM 87545

!hmery

A raill~un power supply has been designed that
utilizes txaction motors, vacuum interruptera and

pulne transformerfi, . An aasembly of 28 traction

❑otors, which store approximately 75 MJ, energize the

primary windlnga of thrae pulse trannformera at a peak
current of 50 kA. At peak current an array of vacuum

interruptera diaconnarts the tranafomer primary

windinge and Eorcea the current to flow in the

aecondaty windings. The secondary windingn are

conrw.cted directly to the railgun and require no
opening ewitches. By staging the vacuum interrupter
opening~, a 1 MA to 1.3 HA ramped current saveform can
be delivered to the railgun.

Introduct !.on

Tho kthality Teat Syetem (LTS) at the Loa Alamo~

Natlontil Laboratory la an electromagnetic launcher
ayatem that in presently being constructed to perform
impact experimentmm This system wiLl be capable of

accelerating 20 tu 30 g prujactilea to 15 km/a in 4
mm. To achieve this velocity the power ayatem must
supply n current Wavcfurm that riaea f rum

nppruximately 1 NA tu 1.3 t4A during the accelaratun
pertud. A three - Btage, distributed energy tItwrngc
aytitem hnw bevn chuncn for the bRrIe doal~n. Thcnc

atnRc# mu~t deliver npprunlmntely 30 MJ tn the railgun
during projectile nctieler.t[on.

Syotam Oeacriytlwn

A nnrnlle[ connoctcd nnnomhly of d(. trnrtfun

motovw, equlpprd wILII approprlato f(ywhccloI, Wlln
clmw.n nfi the primnry oncrgy Htorngc nyLvLcm. Tho

dtmhtrfiv Cul.ll!nt II( th(, fits wtulw, WhCll utlltz(~(l nll
~cnurnlutvl, I 18 incrunaed to tho ncccmnnry lvvcl fur

rJll Ilulll !Jpcrlttlou I)y Imwlntl t) r cryuR(. nic pill N(.

L rullnrl}rmt t’11. Al L Cnrlx. nt lntorrwptlnu [ !1
nutw]mpllnhod ou tlw prim.nry uldu {}f the trnnuform(,rn
(It ‘i(l kA l.,) llVO!d tho Il[,vtqllllty fur (!lltl, nlllvo flW~l Ch

(iCv{,lopmont . A commnltalod vncunm I!!(tlrlllpl(.r nl, rny
pr!)vld(. !l rcllnhlc, luw-cuflt intcl”tlll)l 10II uliln~
Camwti,clnl compmw.ntn.

k’l~llM w“rk ‘WIVII .IIwpp III. ltItl IIY lho Ih, pnl’luu,lll all thlmr~v
n 1111 ilw Armv Ilnll[milc MI II CIIV Ihltanno, Advnncud
‘rIwhn(llqfy (:villl or,

Figure 2 illuatratea the discharge circuit of a

aingie tranafomer. Current la initiated in the
railgun by the closing of S5 and the opening of the

circuit breaker, CB . This forces the pri~ry current
into the varietor, ~ which cauaeethe primery.urrent
to dacay rapidly. ~imulteneoualy, the magnatic f Iux,
which in coupled to the secondary winding, caueea the

secondary current to Increaae. The peak current in
the eecondary la determined by the turns ratio of the
transformer and the amount of coupled flux.
designed to produce approximately I MA with a ‘Jo:!
turna ratio. T2 and T3 are each deaiuned to ?roduce

300 kA with a 7:1 turna ratio. Becauae energy la
stored in the individual tranaformera due to the nhort

circuited primary windings, T2 and

discharged in a staged
‘3 an b

sequence by opening their
respective circuit breakerti. The railgun current
wavefom, which la the au-tion of the Eecondary
currentn awltched in propor sequence, ta ahown in Fig

3. To maintain relatively constant acceleration of
the pruject:le, the current munt Increaee from 1.0 to
1.3 NA to offwt the uccumul~ted effectfl of ablation
of the rail electrodca and wnll inoultltorh. The

prujcctllc velocity IIS a function of time for this
current wavefom (a nhown in Fig 4.1

Traction Mutorm

A pnrnllcl conncctcd n:lnornbly of ’28 dc trhctiun

❑ot oru WuH chuuon 1111 thu muflt eronumtcnl mcnnn uf
nturtng the lnrgo nmowntH ur energy reqnired for tho
1.TS . Iltclurllng flywllcrlti, f(old n!ld nrmor~ll.c power
mnppllcu, nnd contruln, the cntlrt. t I’llc t 1o11 mul vr
Hylltcm Ct)lvtll 10IIIV thnn wc cent pcr juulc. Thi~ in
nfq)runlmntcly UIlo-firtll rhc Clxit Ilf Colmmel .: t n!
Ilvnupulnr ~ InRonorntorn. mlfrltivll, tho w}forn nro
tw~Rvd, mwdolnr, nnd wt. 1 I ‘.lLArnt.tct,lz(l(l.J AL f(lll

npood , the tn(. rtlnl envr~y I)f n nlnRlv motor In O. fi’i
H.1. Ihw to l-ho cnpnbllity Uf Lhc ~tu~ Hhnrt to
nllntnlll hlflll t(lrqno, mllmtnntfnl r iYWh(.r I [l (-1111 ho
nddod It) incvt.nne th(, onorKy nloru~e vi (vlch m)( or.
Ihcll mIIloI. - rtywh(l(l[ Will Illorr 1.2 M,l Ilt full Flpil(ld,
Iluw(,vor, ~h(,y Will IMI d[ll~h{lrgd (It Illlly 9(~~ or rtlll
14p(d to nld ~ummulnl IWII III l;iy,h rurrvnf N. A O(,t”t(.ll
(110(1(. (N fncludt.d ill III(. out pw( [OH or Oarll nklltll. t!)
pl’rvrnl t Ill. pnr(l I Ir I ( Inlllt.c t rd Jlllflc,ldll y r r,)m

ln[~~lnnl[y dlF(+fll.HIIIM III Ihl. O.f(.lii ,)r II IIIIIHICS ~,lt-ll~
(nl Iuro. A pll,,t,)Mrnpll (J[ LIIO mtilortl in HIIUWII III FIA
5.
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2 cants/J, baaed on the kinetic energy in the traction
motors.

TABLE I

Cryogenic Transformer
Parameter

Outside diameter (m)
Height (m)
Primary turns
Secondary turns
Reaiatance of primary at 77K (En)
Primary current (kA)
Secondary current (kA)
Energy loam during 2.6 charge (t4J)
Energy etored in primary, Ep (m)
Energy available from secondary, Ee (M)
Mmtorklnetlc energy, ~ (NJ)
Efficiency, Ea/~ (%)

2.27
1.12

so

4
1.8

50
950
7.0

18.1
16.4
25.3

65

Vacuum Interrupters

Interruption of the current in the primary
winding of the pulee tranaformar la neceanary to

eetabliah full currant in the secondary. Current
interruption will be accomplished with a two atnge
circuit. The first stage conaiatn of a comtated
vacuum interrupter array that forcee the primry
current into a parallel aatond ntnge. The nccond

stage ia paaaive and conalate uf nn nnsombly uf zinc

oxide vnriator~. A aimplifled schematic of thin
circuit la tahown in Fig 6. The varintors ultlentely

force the current in the priwry winding to zcru in n
voltage - controlled faahlwt. They also abnurh the
energy a~nuciated with atray lamkage flux in the
transformer and ra~lgun.

ILnch vacuum interrupter mrr~y conolntn uf two

pnrallcl - connected, three - phnno rtrcutc brcnkvrH.
Olw of theflC three - phnne ctt’cult hrcakerF! in nhmm
in FIR 7. The imllvlduml phnnon of ench CII.CUIL
brcnkor arc comtocteti in ~cricn. when the nrrny in
commutated hy the 75 k.1 cnpacitor hn mk, thv 50 kA
prtmnry Current ta fmxwf lntu thv v~lrlwtur. TIM,
vnrl~tor lH dorilgnml t{) limlt tlw vultngv t~~ W] kV n1
chl N currvnt. Hnrh Vil C1lUM Inl(. rrul)t(. t’, thcl’ofur(., hntl

to wltliMtnmi 16.6 kV nftcr tntt-rru!}tlu~ 25 kA. ‘Thl II

In WOII within thr nhlllty of nuch (I($vIc(.11 nn NhUWIi hy

enrllor totitH (Iono for fuHluIl oxporlmon tn.’’,!]

L.-n t-url’v i ho
IIlnll all U1’lllllnrv
Iy ix.nl,l.nu~f,(l 10
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Fig. 2 Single discharge circuit.
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