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The results of high-pressuretests of four rail-

gun designs and four projectile types are presented.
All tests were conductedat the Los Alamos explosive
magnetic-fluxcompressionfacility in Ancho Canyon.
The data suggest that the high-strengthprojectiles
have lower resistance to accelerationthan the low-
strength projectiles,which expand against the bore
during acceleration.

The railgun$ were power d by explosive magnetic-
flux co~ression generators.f,2 Calculations to
predict railgun and p wer supply performance were
perfornw by Kerrisk.!

Test Nesults

The cross sectionsof the raiilgunsused in the
tests are illustr~tedin Fig. 1 and described in
Table I. Table 11 shows a sunssmryof projectile
descriptions ,>ndthe results of selected tests.

The theoreticalprojectile accelerat’
rallgun is

‘2
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where v is gro.jectilevelocity. t is ttma

on in a

(1)

L’ iS
the railqun’in&ctance gredie;~, m is the projectile
mass, and I is the armaturecurrent, SO thkt -

(2)

(3)

(4)

where x is projectilep]:~tlon, P is average pressure
of the plasma armature and A is the rallgun cross-
SeCtiOIMl ma. (All railgun tests described tn this
paper wer~ plasma arma~ure driven.) Projectile posi-
tion maasur~nts were made by magnetic probes and by
in-f1ight and in-boreradiogra~hs

Model F. The Model F rallgun was fabricated by
~n~ a 25-avn-thickstructural shell onto a rai\-
Insulator assembly 38Inm in dtam. The tnsulator
matarial is polycarbonate. F{qur@ 2 shows that the
current dcliv~red to the railgun rose from 0.4 MA to
1,1 MA in 500 us, The projecttlo acc~leratednormally
at low pressure, as indicatedin the radio raph of

!the railgun taken dur~ng oper~tion (Fig. 3 , 300 us
after the start Of current flow. This radiograph
tndtcatesthat the rail separation,driven by the
~t!ternalmag)leticpressure,has increased-1 nsnfrom

the breech to the oro.iectile. We , ducted onlv o,e
test on the Model F r;ilgun. Model was eventually
super!;ededby Model K (descrioed in Table I), which
is more resistant to St.rilcturaldeforfnation

post-shot inspection If the railgu,~ sl19qe~t.~

that (isthe operating pressure rose, the railqun
structural shell flexw, from a circular cross section
to an oval cross section, causinq an interference
betwel!n the railgun and the projectile (FIq. 4). This
gun was damaged beyond repair illflrinq.

Model ~, We conducted s~veral t~~stson th~ MmlIJl J
7E@l . Figure 5 shows data from a tyDica! test. !I~
each Case, the pnl;:?rhon,lte SIII] WI< lallnch~,lint.](~,
as confirmkd by in-fliqht radioqrauh and the Droiec-
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TABLE I

DESCRIPTIONOF RAILGUNS TESTED

Eore
Gun Diameter Length Calculated Inductance
~ (lull) (cm) Gradienta (uH/m)

F 16 0.39
13b 1% 0.35

; 16 60 0.45
K 16 60 :.3&c

.

~nductan e gradients calculatedby the method of
Kerrisk.i
bsquare bore.
clhe inductancegradient of railgun Kll, without
a steel sleeve is 0.39 ~H/m; of K21, with a
100-m-i. d. steel sleeve, It Is 0.34 vHlm.

TABLE II

SUPMARY OF TEST RESULTS

Muzzle Peak Projectile
Veloclty Current mass ?rojecti1e

Test (km/f’) (w) .~. Type

Gll 1.3 0.7 17.2
G21 3.4 0.7 5.3 11:
Kll 2.4 18.5 IV
K21 2.2 ::: 17.2 Iv

ProjectileDescription

1. 14-nsn-dismiron $ph@re cast Into a polycarbonate
cylinder 16 WJIIin dim and i9 m long.

11. 13+wn-square,19+n-long polycarbonatvslug.
111. 6-@m+diun iron sphere cast into a polycarbonate

cylinder 16 m In diun, and 19 mn long.
Iv. i4-m.diun, 19-!m-1on9Ti-6Al-4V slug WaPPQd

with a 0.8+wn-thickfiberglass-epoxycoat. A
corundum disk, 16 IMIin dian and 3 m thick, is
cemanted to the back of the titanium \lug. A
It-m-dim, 3+m+thick polycarbonategas saal is
attached to the back of the corund’umdisk.
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Fig. 2, Measured current, Test f11.

confined in the bor~. Also in ccch case, the t@er-
ating pr~ssure d~clined substantiallybefore the
projecti1s ●xited the gun

Accelerationdata suggest that below *.4 GPa,
accelwat ion of PolycarbonateprojectI}CS Is -60S
theoretical. Above *.4 Wt. the acrcls?rationcf
polycarbonateprojectiles is substantf~llylCSS than
tho~rotical. Ffguro6 shows the in-flfghtradiograph
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Fig. 3. Wbore,redlogmph of an accelerating
rallgun pro~tf’ie, Test F1l. The upper
Imege fs ? static radiograph taken before
the start of currnnt flow.

- “
Fi9. 4. Sclmatic illustrationof the

apparent mechmlsmfw bore-
projectlle ~nterfcrence,Test F1l.
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Fig. 5. kasursd current, Test J12.
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Fig. 6. In flight radiographsof projectileJ12.

of projectileJ12. The wedge-shapedappearance 1s
belIeved to be the result of wear caused by the
pressure of the projectlle ●gainst the bore. Me
theorize that at high pressure, the plastic expansion
of the projectile against the bore results, 1n effeet,
In the accelerationof an oversized projectile.

In some of the tests, we observed d-ge to the
Intertorcomponentsof the gun, apparentlybecause of
the rebound of the rails as tha megnetlc pressure
decayed. We dld not, howevw, observe any d~ge to
the Kevlar shells. We found that the guns could be
reftred by enlarglng the bores with a broach to ramove
arcdw~. Post-shot tnspect~onrevealed the accum-
ulationo sooty meterlal from the plasma atmatures In
the seams of ttm guns. Butt joints exposed to the
bore are espec~a!lyvulnerable. In some c~ses, the
data suggest that a fraction of the curren$ dellvered
to the gun was shunted from the armature I to a
spurious path wlthtn the seams of the gun.~ The
measurementof plasma armature lengths and of breech
and muzzle voltage is described In Ref. 6.

Model G. Figure 7 shows data from the two tests of
_el+ design. This model was fabricated by
pressing an assembly of matching polycarbonatehemt-
cylinderswfth hbedded rails fnto a steel tube.

The accelerationof a heavy projectile vers;ls
that of a llght projactlle provides an intere%ttn
contrast. The heavy prod !.;lle acceleratednorms ly
at low pressure. Post-shot In.pecttonof the gun
suggests that &t high pressure, an interference
developed between the projectile and the rails of the
type illustratedIn Fig. 8. The llght projectile
apparentlyachiavad sufficientveloclty during low-
pre$sure accelerationto avoid the interferencethat
.o~curr~ fr~ the fncrcasin pressure. The ~n-f~lght

!radiographof projectileG2 Is shown in Fig. 9.

In Test G21, the polycarbonatehemlcyllnders
sufferad surprlsln~lyl~ttle mechanical damage from
the magnetfc pressure age{nst the re~ls. Arc demegc
to the polycarbonatewas Il!sltedto the htgh-current
region near the muzzle. The ratls were not reusable
beceuse they suffared●xtenslve arc dusage and currant
hat fng.

Fig. 7. Matsured current, Tests Gll and G21.

#

Fig. 8. Sch~tlc lllustrat~onof the apparent .
mechanism of bore-projectileinterference,
Test 611.

Fig. 9. In-fllghtradiographof projectileG21.
The 6 m dt~ iron sphere, ~rlginally in
the front of the sabot, has sunk to the
rear of tha sabot during acceleration.

Model K. Figure 10 shows data from two tests of the
- design. Rallgun Kll was fabricatedwith a
50-nswthlckKevlar-wound structural shell and no steel
%tructural shell. Railgun K21 had a 25-nsn-thtck
Kevlar-woundstructural rhell. The gun was pressed
Into a 100-m-i.d. steel tube that appared to gfve
the gun more reslstaficeto rtll deflection but
reduced the inductancegradient from O.39 IK1l) to
0.34 uH/m (K21).

fhmparlson of the acceleration08 the tltanlum
and pol)arbonate projectl;es suggests that the
tftanlum projactlles are subject to less $n-bore
rms~stance to acceleration.

The rad~ographs of projectileKll In fllght
reveal that approximatelySW of the tltan~un slug
was eroded. The fn-fllghtrad{o!kph of projactlle

!K21, Ffg. 11, thows no eroston o the tltantum slug.
We do not know tfthe erostonof project~le Kll Is
the result of the high pressure of test Kll or tf
projectfltK21 was protected by more careful bonrlfng
of the corundw disk to the tftanlum slug,
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Fip. 10. Measured current, Tests Kll and K21.



Fig. 11. In-fllgktradl~rsph, projectileK21.

We fourd that the Model K rallguns could be
refhd by ramIlng the bores to remove arc damage.
As with the Model J postshot Inspectionrevealad the
accumulationof soot IIIthe rallgun seams. Tne nuntw
of shots that could be fired before the accumulation
of soot In the seams affected raflgun performancewas
not determined.

Conclus~ons

Experimentalevidence suggests that, at high
pressure, the low-strengthprojectiles have more
resistanceto accelerationthan the high-strength
projectiles. Hhlle conflnad In the bore, poly-
carbon.steproject~lescan be subjected to Jressures
as high as 1.3 6Pa without shatterlri.

!
At high

pressure and at low projectileveloc ty, interferences
between here and projectilemay occur. In multfshot
railguns, It Is necessary to prevent the accumulation
of sooty material from the plasma armature In rallgun
scans, wh~ch can provide a ipurlous current path.
Kevlar structuralshells are capable of operating at
very high pressure, but appear to allow largs rafl
deflections. A steel structural shell with a Kevlar
sleeve appears to lessen structuraldeflections.
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