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THE SRSRAILOUN : A NtU APPROACH TO RESTRIKE CONTROL*

Jeraid V, Parker
Los Alamos Alamos National Labor.storv
Post Office BOX 1663, flail Stop E526

Los Alarqoe, New Uexico 87545

A .%groented Rail Surface (SRS) structure is
described that eliminates reetrikrn arcs by
progressively dlsconn.cting segments of the rail
surface after tha plasma armature has pmssad. This
techniquo has been demonstrated using tho Los Alamos
MIDI-2 railgu.1. Restriko was eliminated in a plasma
armature acceleration axperimenc using mtal-foil
fuses as opening switchoe. A plasma velocity
increase from 11 to 16 km/s was dcmonecrated using
the SRS techniqua to eliminat~ the viscous drag
iosse~ associated with tho restrike plaema. This
technique appears to be ● practical option for a
l.Aoratorv !.suncher At present and for future
multi-shot ltiunchers if appropriate switches can be
‘ieveloped.

Pararitic current flow in the region
previously traversed by the plasma ● rmature is now
understoodi~ to be ● major procees limlting tho
parforrnance of plasma ● rmature railguns. This
psrasiric current flow occurs In a variety of forms
ranging from a low currentdenuitv t~il following the
main plasms to an isolsted ‘>la.lma carrying ●

significant frrction of the total current in a region
well s~paratect from the main plaersa (so.cal!ed
“restrike arc”) Uhatove? the distribution, thie
psrasitic current flow rnpreeents s substantial
portion of the spplied magnetic force which is not
.tvailable for projectile ●cceler~tluit

The increasing ●violence that restrike
conduction ie ~ntimately related to ●blation .lnd
vlccoue dr~g has sharply nerrowed the strategies
avsilable tor resr.rike control. The ●vailable
stra:egiee fall Into two cltseee: those which
eliminate ablation and tha roncornltant {,ncreanm in
VIYCOIJY drag fore? !rtd those which seek to inhibit
conduction in the post.plasrna region Tlta Segm*nted
Rail Surface (SRS) l-al!~un belongs to the latter
~.at*Rorv

The SRS rallgua is ● ,iew deveiopmtwrt re~ated
to the eeRmenced rail&mJ,’ The e~cond coction cf
chlu paper axplalne the principle of’ the SRS r411CU’1.
describes the relationahlp be:weon SRS and ~egmonted
r,sllguns, ~nd rliscusees the ●dvantage of the SRS
de~lgnl

A practical realization of the SRS concept
using the f41DI.2 rai.lgun at Los Alamos ia presented
in the third section, The MIDI-2 ●xperiments
presented in th~ fourth section provide ● direct
comparison between the SRS configuration ●nd ●

conventional rail.gun conf’.guration. tleasuremorrts of
rail current provide direct evidence that reetrike
conduction la suppressed in the SRS configuration ●nd
that substantially higher velocities are uchieved ● s
a result.

The last section discueees the ●pplication
of the SRS technique to larger railguns, Opening
switch requirement ● re summarized ●nd potential
mechar!ical and ●lectrical fabrication issues ● re
considered,

SRS

Since the first observations of restrike in
plaama crmature railguni,$, one recognized poaaibility
for ●laminating this lo~e mechanism has been the
segme,~ted railgun ill~strated in Fig, la, In a
sagmented railgun, tha berrel is divided into ●everal
●lectrically isolated sections, ●ach with l~e own
power supply and switching, AS the projectile ●nd

plasma armature pase from one sectian to the next,
there is no possibility of restrike becauso current
from the down.etream ●ection cannot flow into the
previou9 section. Despite its conceptual ●lmplicity,
A segmented railgun has never been demonstrated
becauee of several practical difficulties, First,
the magmonted railSun requiree ● multiplicity of
power suppliee, Second, the ●egmentod doaiSn 1s
inefflclenc because the etored magr,otic ●nai’8y in
tach section is waeted ●fter the projectile ●xits,
Finally, there are practical problems with muczle
arcing ●nd electrical insulation between sections,
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The issue of multiple power supplies can be
resolved by using a common power bus as shown in
Fig. lb. The rail sections are connected to the
external power bus through opening switches S1-S&.
These opening swit..hes do noc have to interrupt the
main power supply currenc so efficiency is increased.
However, there are still losses due to the loop
inductance between sections and the problem of
segment to segment arcing is not addressed.

The final step to the SRS railgun is
illustrated in Fig. lc. Now the usual rail serves as

a current bus and thin conducting segments, insulated
from the rail, replace the rail seccions in the
segmented design. Opening swi.cches S:-S4 disconnect

each segment after the plasma haa paased to the next
segment. The loop inductance is very small so there
is practically no switching energy to be disaipaced
in the oponing switches. Segment to segment arcing

is reduced because it is not necessary co dissipate
the magnetic field ●nergy between the rails in order
co turn off current conduction.

The SRS design ●liroinates restrike
conduction with little im~acc on railgun ●fficiency
but at a substantial cost in mechanical and
electrical complexity. This issue is discussed in

the last section. It is worth noting here that the

opening switches nave ●n uncommon set of performance
requirements in the SRS railgun. Each switch

conducts the full current only while the armature is
passing over its *egment. Thus the curronc

rmquiremencs ●re large (-FM’s) but the ●ction ( 12dt)
and the charre transfer are small, Each switch opens

~fter cl)e current has been commutated to the next
switch by tha armature so there is very little
switching ●nergy to be rlissipaced and the switching
time and jitter are not critical, The volcago seen

by aach awltch is the fuLl lnductiv~ voLraga of the
launcher so the hold-off voltago requirement may be
:en kilovolts or more,

current passing through this foil cauaes Lt to fuse
and acc as an opening switch. In this manner, the
SRS design can be evaluated rather inexpensively
without the need for many expensive opening switc )es.
Refractory ceramic fiber pads protect the G-10
insulators from the high temperature ft.se material.
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Fig. ‘+ Longitudinal cut-avav drawing of HIDI-2 SRS railgun showir,g rail
segreencs and connecting fuse links. Experimental configuration utilized ‘i
segments, 100 mm long x 3 mm thick, connected by 0,05 mm aluminum foil fuse
links, The insulator is chrae sheets of 0.05 MM f4ylar.

Along the length of the fl.DI.2 barrel there
are 16 segments as shown in Fig, k. Each segment has
a foil fuss at the breech ●nd. Selection of an
appropriate fuse thickness ●nd width is not
straightforward, For ● very short plasma
(PP <~ 100 mm) aach fuse sees ● rectangular current
pulse of duration t - O.l/VP, where VPis in
maters/second. For the more realiatic case of a
plasma length comparable to or greater than 100 mm,
ths current pulse ●mplitude ●nd shspe is ●

complication function of velocity ●nd current
dansity,

Experimental evaluation of the SRS railgt’rr
was performed by repeating the operating conditions
of ●n ●arliar t41DI.2 ●xperiment no that ● direct
performance comparison could be made. The
conventional MIDI-2 ●xperiment wae 016, one of ●

sariae designed to inveetlgate the ●ffects of
insulator material on plasma characteristics, The
experimental parameters for teet .16 were:

Rails: ●lectrolytic copper
lnsulatora: hi~h densitv polyethylene

GAS Fill: 10 Torr of ●lr
Current,, 100 M

Initiator: 2 mu copper wire fusn

‘The polyothylone test wat chosen because polyethvlerw
ham the lowest ●verass atomic weight •mon~
conventional plastics ●nd thus providee the hiRhest
VeiOClt~ for a given current ●nd gas pressure,

of the SRS tests were conducted on a trial basis with
progressively narrower fuaee. Test a27 using 13 mm
wide x 0,05 mm thick fu~e links on all segments WP.S
the most successful of the tasts performed. The
switching ●ction of the fuse links was 1sss ●brupt
then desired so the ●rmature current distribution had
a substantial “tail” extending over s~veral segmsnt
Iangths. Nonetheless, ● s tho result; presanted below
illustrate, there wss sufficient switching resistance
leveloped to inhibit restriko currant and the
●xpected performance increaea was obtained. In the
following subsections the ●xperimental data from twst
IC27 will be reviewed ●nd contrasted with the results
of the non.SRS tast 016,

The current distribution in the railgun le
obsemed by measuring the rail current ●t ten
locations ●long the railgun, Detaile of the rail
current dlatnostics are presontad in Ref. 1. Fi&ures
5 ●nd 6 show the ❑easured rail current VO, tima for
tests m16 ●nd a27 respectively, Test 16 has ●

prontwnced secondary ● lc which develops ●arly in the
●rc motion, For ●xample, ●t 2’30 .a whmn the ●rc
front is nearing prob. 8, 57* of the input current la
located between the ● rc front ●nd probe 7, ● distance
of 20 cm, At the same time, nearly 208 of the
current is flowing in the rrgion betwaen probe 5 and
probe ?, about 108 between probom 4 ●nd 3, ●nd
●nether lot between probes ] and b, In terms of
magnetic force distribution only )28 of tho total
forces la ●cting in ths l~ediate vicinicy of th~ ●rc
front (-20 cm) while k2t of the total torca is ●cting
on ●bleced macarial located more thm 55 cm behind
tho ●rc front,

This current ●nd forco dlatribution 1s in
mharp contraat to the SRS result shown in Fig, 6,
Uhen the arc front is ●t the aamo posltlon
(t - 183 .a) ?Ot of the current la flowing between
the arc front and proha 1, 219 between probes 9 and
~, and shout /t hetw~etl prohea ) and 3, The force
distribution haa improved to I19t lrsrsediatrly hehlnd
the fronr, and Lvsa tliarl 16t of the forca actlnR on
MStIItiA] morr+ t}i~n 75 {:m from r}\@ are fr~n~,
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MIDI-2 TEST #16 1
I 10 torr air 100 kA

ExfT TIME 1

TIME (p)

F~g. 5, Rail current data for a t41DI-2 “frea-arc”
test using polyethylana walls and coprar rails.
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MIDI-2 TES’T #27 SRS EXITTIME

10 torr air 100 I(A I

NPUT WI

——
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TIME (fAS)

Fig, f> Rail currant data for ● MIDI-2 SRS test
ubing pu)letk,vlena walls and ceppa~ ral19
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FLE. 7. Comparison of ● rc position v,. timo for
t;;ts 16 ●d’27, Arc front” valocity in b,s shown

r-xt to ●ach curve,
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FiCura ii shows ● comparisc of tha moamurad
braoch arid muzzls voltagos for t~ct 16 mnd 27, Tho
brooch voltago rscordm ●m donotod I(IH and 27B. Ftmny
of rho details of tho broach voltsga, for ●XMP1O, tha
initial voltago spike, ●ro dat~rminad }~y dI/dt ●ffocts
which ●r? not of intaramt hero, Tha relevant
difforoncs La tho consirnttntiy high-r brooch voltaso
obsarvod on tact 027, During tho motion of ths plasma
this voltago dlfforoncc weragss ●bout 480 volts,
Corr@ctlng for tht ●vsrago muzzlo voltqp dlffaranco
Ot lhO Vnita 6iVa~ :1 VO!tMgO of 3h0 VOICS which Aci~aS
primtriIy from thr inductivt tarts L Iv, Usin8 cho
thooratical valuo of L . 0,324 .H/m ●nd tha Worw
m-aaurod currant of 93 kh, this voltago diffaranco
translates into a voloclty difforanca of 11 ka/n, A
v~loctcy difforonco of L1 km/s III substnnt!sLly
#roator than cha maamurod dlfforanca in ●rc front
valocity, ●bout 4 k#S, This dltcropancy arimos
hacauna tho velocity which rntors into LIv ia tha
av~raRo valocity or th. plasma n~arost !,ho bronch,
For tha SRS rallgun, m-t Of tho currant carrying
plasma LS moving at a VSIOCIL*; naarlv ?qual to ~h.
plasma front velocity, In tha orrnventional railRun
tent , fha ratttrika arc rurr@nt IN movinR moro R1OWIV
tt\at\ tha arc frank, ‘rh~ meaourqd VOIOUL(V of tlw hack
aurfhco of !I1o roetrlkc arc in OIILV 6 km/a in LOHL 16
l’ho diffcrnnea l,etwc~n thn I*atrlko ~re valocltv LII
tnak 16 and thn planma vmlt)cllv 111 tPmt /7 la about ‘1
kmts, in r~aaonablm agromtssnt with !IIO II kmfn
ltit~~rcd from 1110 hr~at~h voltaflo,
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Fig. 8, Brtech voltage (B) and muzzle voltage (M)
for tests 16 and 27,

Tho muzzlo voltag~ for test 27 (curve 27M)
is mbasur~d batwoon tha upper rail and tha lowor
currenc bus, This voltsgo Lncludoc not only tht
dischargo voltage but tha rosistivo ●nd inductivo
voltagas ri.vtlopd in the ftw .Lomonts, TM spiky

natur- of trac- 27 is tha rosulc of inductiva voltsgo
gansratod when tho arc front pasoos from sagmont to
segment. Ths stody voltaga difforsncc batwaort
curves 27M and 16M is ●bout 100 V, in raasonabi,
agroomcnt with rho voltago drop in tha fuss links
(-2 IWJ x 35 lWs*gm.nt), l%. lnduccivo spikaa
iavoraga about 90 volts p-ak to paak, Tho average

loop (nductanca from aagm~nt to aagmtnt can b.
calculated frcm this voltaga meplltuda using tb~
inomnuro dI/dt at the rrc front. For dI/dt - 9x1OQA1S

tho loop induct~nco for on. sogmant plus two fuaom Is
-10 IIN,

The electrical efficiency of the SRS railgun
is not substantially reduced by the added switching

circuicry, From the muzzle voltage trace, the
resistive energy dissipated in the fuse elements was
about 5(?0 Joules and the magnetic energy dissipated
during sw..tchi~g was about 6 Joules/fuse or a total
of 100 Jo,lles. Tnese extra losses are about 12% of
che input energy, a suall price to pay for a 74*
in;rease in the plasma kinetic energy.

The major question now is “what are the
implic~tions for ‘real’ railguns?” It is clear that
this technique has the potentfal to improve railgun
performances substantially when velocities greater
than 6 to 8 km/s are needed. However, there are
subscmntial practical difficulties.

For example, passive fuses are not suitable
for a practical railgun. Some form of command
triggered opening switch is needed to provide better
opening action and lower resistance in the conducting
phase.

There are no obvious candidate opening
switches for a multiple-shot railgun at this time,
None of the switch parameter are particularly
difficult to achieve individually buc they do not
appear to be available in a single device. Typical
switch requiremonca for a 3 MA launcher operating at
10 ItM/s with 2 rooter segmants are:

Peak Current:
Conductim Time:
Charge Transfer:
Currant at Opening:
Switching Time:
Jittar:
Sw!tching Energy

Disa~patlon:
Inductance:
Opening Voltago:

3FIA
200 us
600 C
SO.5MA
-10 .s
-10 us

-20 k.1
< 50 dl
-10 kV

It ●ppeara that ● ●lngle.shot laboratory or
demortutration launcher could be built using curs’ont
axplosivoly ●ctuated fuse technology.

A careful trada-off study is noodod tr~
detarmine tho best segment iongth as ● function of
bore diameter ●nd projectile v@lociLy The MIDI-2
raaults auggost that a 100 mm segmant la shortar than
necsss~ry for a 1 cm bora railgu,; If sogrsont langth
scales with bol~ rllamctor, then it may be possiblo to
IltiLlz? aegmonts ad long as 1 to 2 motors in ●

large.bora railgun (S0.100 mm), T!m number of
switchem ●nd curt~nt connections roquirod for ●

practical launch~r would thue bo 20 to 40, Twwrty to
forty swltchao and their ●ssociated connoctionm do
not app~ar to be a m$jor coat objaction comparad to
tho typical hardware costs of n major Laur!:her
systam. For tho near term, a demonstration rallgun
with ZO to 40 Qxplosivn op~nin~ awit,:h appears
practical if the bhOt ratt 1s lnw (1-3 sthota/weak),



Despite these practical problems, we believe
that the SRS technique is the only dernonstraced
method for reaching velocities greater than 8 km/s
with a conventional railgun. The best ccmpeting
technology r.c present is high-velocity injection
using a two-stage light Gas gun, an approach with its
own practical limitations. Further developments in
materials technology (ceramic insulators, refractory
rails) may provide a simple alternative to the SRS
structure but these new materials may not be
available for five to ten years.
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