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Railgun Powar Supply System Utilizing Traction Motors and Vacuum Interrupters*®

W. M. Parsons, J. V. Parker, and P. Thullen

Los Alamoe National Laboratory

Loa Alamos, NM 87545

Summary

A railgun pover supply has been designed that
utilizes traction wmotors, vacuum interrupters and
pulse transformers,. An agsembly of 28 traction
motors, which astore approximately 75 MJ, energize the
primary windinga of three pulse transformers at a peak
current of 50 kA. At peak current an array of vacuum
interrupters disconnects the transformer primary
windings and forces the current to flow in the
secondary windings. The secondary vwindings are
connrcted directly to the rallgun and require no
opening switches. By staging the vacuum {interrupter
openings, a 1 MA to 1.3 MA ramped current :zaveform can
be delivered to the railgun.

Introduct ‘on

The Lethality Test System (LTS) at the Los Alamos
National Laboratory 1is an electromagnetic launchev
aystem that ie presently being constructed to perform
fmpact experiments. This eystem will be capable of
accelerating 20 to 30 g prujectiles to 15 km/s 1n 4
me . To achieve this velocity the puwer system must
supply a current waveform that rises from
approximately 1 MA to 1,3 MA during the acceloraton
period. A three - stape, diatributed energy storage
aystem had bheen chosen for the base desipgn, These
atages must deliver approximntely 30 MJ tu the railgun
during projectiie acceler~tion.

Syotom Description

A narallel connected asacmbly of de traction
motord, equipped with apprupriate flywhecln, won
choden ap  the primary encrgy utovage aystem. The
discharge current of these motors, when utiiized an
peneratorn, {s  increased to the neccoonary level for
vaflgun operation by wmeand of cryovgentic pulue
Lennalormevn, AlL curvent fnterruptfon ]
accompl lohed on the primay aide of  the tvanaformern
at 50 KA Lo aveld the necenntty for oxtenslve awiteh
development s A commutaled vacuum  Inteveuapter aveay
provides reltinble, Luw=cust funtervupt fon using
commervcial coaponents.

A almplified achemat e of the primuy  charglop
clreatt fa phown  tn Fig, 1, Vith awitel, Sy open,
tract fon motove, ™, are accolevatod to 2200 rvpm (n
approxtmately 9 mln by power sapply, P8, Hp tn then
cloned, caunlog o olnwsotdal  cavvent vine {n the
trommCovmer primavies, 11 thrvu Tl When a peak
current  of 5 kA s veached fn 2.6 u,  cvowhare
pwitehen, 4, threa Hh' clone  and tvap the wapnet ¢
energy In Che trannformer primaton,

My work wan aupported by the Department ol
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Figure 2 {llustrates the discharge circuit of a
singie transformer. Current {8 1initiated 1in the
railgun by the closing of S5 and the opening of the
circuit breaker, CB,. This forces the primary current
into the varistor, which causes the primary current
to decay rapidly. éimultaneously. the magnetic flux,
which {8 coupled to the secondary winding, causes the
secondary current to 1increase. The peak current 1in
the secondary 1s deterwmined by the turne ratio of the
transformer and the amount of coupled flux. T, is
designed to produce approximately 1 MA with a 20:!
turns rvatie. T, and T, are each designed to nroduce
300 kA with a 7:!1 turne ratio, Because energy s
stored in the {ndividual transformers due to the short
= circuited primary windings, T2 and T, can be
diacharged 1in a staged Bequence by opening their
regpective cfrcuit breakers. The railgun current
waveform, which 1s the summation of the secondary
currents switched Lin proper sequence, 18 shown in Fip
J. To maintain vrelatively constant acceleration of
the projectile, the current must increase from 1.0 to
1.3 MA to offset the accumulated effecta of ablatfon
of the rall electrudes and wall {insulatovs. The
projectile velocity a8 a function of time for thie
curraent waveform {8 shown Ln Fig 4!

Traction Motors

A parallel connected aunombly of 28 de  traction
motord wag  choosen an  the moat econumtcal means of
ntoring the larga amounts of energy requived for the
LTS, Tucluding flywheels, fleld and armature powey
supplfes, and contvola, the entlre traction wmotor
Ayntem cofth leas than one cent per joule. Thia s
approximately une—fifth the cost of commer ;{al
homopolar gonornturn.2 Tn addition, the motovs arve
vugped, modular, and well  chavacterfzad.! AU full
#peed, the tucvtfal encrgy of a slagle motor ts 0,85
MJ. Due to the capability of the motor shaft to
nuataln high  tovque, aubatantial Clywheeln can bhe
added ro fncvease the enevgy atuvapge of ecach wmotor,
Each motov = flywheel will ntove 3.2 Ml at full apeed,
bowever, they will be discharged at onty 907 of  full
apeed to  ald commutat ton at Ligh curventn. A nevien
dlode th {neluded 1n the output Leg of cach motor  to
prevent the  parallel tomected annembly  from
Internally diechavging tn the event of o ningle motoy
fatlurve, A photograph of the wators Lo shown In Fig
S.

Gryvgenfe Pulne Trvansfovmers

To power a vallgan with the tvactfon motor arvay,
the output  curvent  pulse munt be compronned (n {me
and  {ncveasad (o aaplitude. A cryopenie pulne
Lraant ovmer can poviarm bat b of thene  tankn
efffclontly, o addlition, the turna vatlo of  the
three  atagen can e talloved to sult the cwr o
vequivementa det by Che vallpun,  Althaugh  the  fiaal
dentlpgn for all  three transformsern haos wol boagn
cumploted, dimentfonn and efffetoneteon for A haae
dentpn  ave plven fn Table 1, The manufacturoed coatn
of the tranafoveces (n thia ayatom ave ont twatod (o be



2 centa/J, based on the kinetic energy in the tractiom
motors.

TABLE 1
Cryogenic Transformer
Parameters
Outside diameter (m) 2.27
Height (m) 1.12
Primary turms 80
Secondary turmns 4
Reaistance of primary at 77K (m1) 1.8
Primary current (kA) 50
Secondary current (kA) 950
Energy loss during 2.6 charge (MJ) 7.0
Energy stored in primary, Ep (MJ) 18.1
Energy available from secondary, Ej (M) 16.4
Motor kinetic energy, By (MJ) 25.3
Efficiency, E /E () 65

Vacuun Interrupters

Interruption of the current (n the primary
winding of the pulse transforaer 18 necessary tv
establiah full current 1in the secondary. Current

interruption will be accomplished with a two stage
circuit. The firet stage consists of a commutated
vacuun 1interrupter array that forces the primary
current into a parallel sccond nAtage. The second
stage 1s passive and consists of an asgombly of zinc
oxide wvaristore. A simplified achematic of thia
circult 1a shown in Fig 6. The varistovs ultimately
focrce the current in the primary winding to zeve in a
voltage - contrulled fashlon. They also absorb the
encrgy associated with etray leakage flux In the
transformexr and railgun.

Each vacuum interrupter arvray conglats of two
parallel - connected, thvee - phare civeuit breakevs.
One of these three — phane clrcult breakers s ahowa
in Flg 7. The (individual phanres of aach civeuit
breaker ave connectoa In sevien. when the arvvay in
commutated by the 75 kJ capacitor bank, the 50 kA
primary curreut s forced fLato the varistor. The
varistor ts designed to limit the voltage to 50 kV  at
this cuvvent. HKach vacuum toterrvupter, thevefore, has
to withatand 16.6 kV after intevvunting 25 kA. Thin
ia well within the abilfty of ouch devicea an ghown by
enrlier teuts done for fualom expeviments.”,”

The variator asncmbly connilats ol wix  parallel
columnn  of weven derfes=conuccted dinka." Theae divkn
cach menaure 7% am  o.d. hy 22 wm thick and ave
capable  of  aboorblag over 20 kJ each,. The excetlent
nonlinear properties of  theae devices foree  the
primarvy  cwrrvent  to zevo much fanter than an ovdlonry
realntor would, They can alao be enntly vemvvaoged to
vary the charactorviatica of the acray.

Cune Luslonn

A pulned porwwer dyatem har  beon
provide envrgy to the LIS vatlgun. Thin nyntom rollen
heavily  on commercially avatlable componenta, auch an
teactfon wotove, varlatova, and  vacuaun  fotevruptorn,
The wsutpul  alagon atove over Y0 Ml (alectrie) fvom o
I M Chtnetie) tractlon motor nveay. Wheo fnatalled,
thin nyntem will deliver approximately W0 M) (o the
ral lgun al cuarrent leveln tn excean of | MA.
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Fig. S Traction motor array.
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