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I. INTRODUCTION

The development of a liquid propellant (LP)-based ignition system for
medium and large caliber regenerative liquid propellant guns (RLPGs) is a goal
of the US Army's present LP program. Liquid propellant igniter test programs
are being conducted at General Electric Ordnance Systems (GEOS), the Ballistic
Research Lsboratory (BRL), and the Erust-Mach-Institut (EMI), West Germany.
The 1iquid propellants being tested are the HAN-based LGP 1845 and LGP 1846.

The results of tests at the BRL on the electrical ignition of L§P218h6
have been presented at the 23rd and 24th JANNAF Combustion meetings. The
igniter discussed &n those papers was a single stage igniter containing
approximately 2 cm” of liquid propellant initiated by discharging a current
pulse between two electrodes. The results from this igniter showed that
ignition of the LP resulted from the electrochemical reaction and resistive
heating produced by the current flow through the liquid rather than from the
energy produced by an arc. The former process is labsled Event 1 and the
latter process is labeled Event 2. The Event 1 process has also been called
the formative phase. The igniter geometry and discharge circuit used at the
BRL (smooth electrodes with large surface areas, relatively long gap betwsen
electrcdas, and high inductance) usually limited the process to the Event 1
type. In some tests an Event 2 did occur but the current was limited to
values much lower than those seen in igniters designed for an Event 2 type of
ignition,

Although the results from this igniter showed that uccoptab103porformnnco
could be achieved, the output of the igniter venting into a 100 cm” closed
chamber was not reproducible. The Ernst-Mach-Institut has achieved
reproducible performance from an igniter of this design by venting the igniter
into a smaller test chamber. This increases the probability of sustaining
combustion of the LP that was injected, unburned, into the test chamber. The

larger chamber, however, is more practical when considering application of the
igniter for RLPG flxtures.

A second igniter was designed at the BRL in an attempt to achieve more
reproducible performance with an Event 1 type of ignition. This igniter is
called the two-stage electrical igniter. The main difference from the
original igniter is that the cavity where ignition tekes place is much
smaller. The electrodes have smaller surface areas and less LP is involved in
the ignition process. The result is that less energy will be required to
ignite the propellant.

This report presents preliminary data obtained from this second igniter.
Tests vere performed using a salt solution (0.73 M KCl) and LGP 1846. The
purpose of using the KCl solution was to become familiar with both the
operation of the igniter and the electrical characteristics of the current
discharge. Except for Test No, 1846-16, the LP tests were performed with the
antechamber unvented and without an LP booster charge in thg antechamber.
Test No. 1846-16 was performed with a booster charge 1.0 cm” of LP in the

antechamber and vented into a test chamber, which would be the normal igniter
configuration.




I1. EXPERIMENTAL

. The two-stage igniter is shown in Figure 1. The design is similar to the '
30-mm Basic LP Igniter developed at GEOS.“” It consists of a precombustion
chamber, an antechamber, and a vent tube for integrating into a test chamber
or gun fixture. The diameter of the igniter body is 7.6 cm and the length of
the assembly is about 30 em. Figure 2 shows a close-up viev of thg internal
section of the igniter. The precombustion chamber contains 0.5 cm” of LP that
1s initiated by discharging a high current pulse between a pair of coaxial
electrodes. The reaction in the precombustion chamber is confined by a small
orifice. The combustion of the propellant in the proconbultion chanber forces
soms unburned propellant and combustion gases into the 12 em” antechamber
containing an additional LP "booster" charge. TBII additionral propellant then
burns in the antechamber and vents into a 100 cm” test chamber simulating the
combustion chamber of a 30-mm RLPG,
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Figure 1. Iwo-Stage Electrical LP Igniter

The igniter components are fabricated of PH 13-8 Mo stainless steel (a
precipitation hardenable stainless steel), teflon, and Macor glass ceranmic.
The center electrode assembly consists of the center electrode mounted in the
body with teflon and Macor glass ceramic insulators. The ceramic insulator is
designed to hold the stresses produced by the pressure in the precombustion
chamber. An expendable teflon spacer makes up the base of the precombustion
chamber and acts as a seal. The center clectrode is 1.5 mm in diameter and
the length of protrusion into the precombustion chamber can be varied from , |
3.2 mm to 7.9 mm by using additional teflon spacers. All tests were performed i
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with a center electrode with a hemispherical tip although square and pcinted
tip electrodes were available, The diameter of the precombustion chamber is
4.8 mm, making the distance between the electrodes 1.7 mm. Two pracombustion
chamber vent orifice diameters are available, 1.5 and 2.3 mm. A vent orifice
bolt, shown in Figure 2, is used to prevent any unburned propellant that is
ejected from the precombustion chamber from going directly out of the
antechamber through the vent tube. This should also enhance the mixing of the
combustion gases with the LP that is initially contained in the antechamber.

PRESSURE fmsm'c"y VENT ORIFICE BOLT
y 7
Gz W
7/

)
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Figure 2. ]Internal Componen -

The paremeters that were measured in each test are the current and
voltage versus time across the electrode gap and the pressure versus time in
the precombustion chamber, the antechamber, and the test chambsr. The
discharge current was measured with a Pearson Model 411 Current Monitor. The
voltage was determined by measuring the current through a 1000 ohm equivalent
resistor in parallel with the electrode gap. The voltage was then obtained by
multiplying the measured current by the known shunt resistance. This current
was measured with a Pearson Model 110 Current Monitor. The current across the
gap was then obtained by subtracting the current in the shunt resistance from
the measured discharge current. This current is usually within one percent of
the discharge current. The pressures were measured with Kistler 607C4
pressure transducers., All data was recorded on a Nicolet 4094 Digital
oscilloscope. The electrical nower and energy dissipated were calculated
using programs available on the oscilloscope.




An Impulse Engineering Model LD-16 High Current/High Voltage Pulse
Former~ was used to transfer the electrical energy to the igniter. The
inductence, resistance, and capacitance of the pulse forming network (PFN) of
this device can be varied in order to change the pulse characteristics, For
the tests described in this report, the cspacitance was set to 7 microFarads,
the maximum available. The circuit resistance was assumed to be about 2 ohms.
The initial tests were performed with an inductance of 15 milliHenries. This
vas reduced to 2.5 mH for the last series of tusts.

Thers was a problem with interference from the current pulse on the
pressure transducer signals during the initial tests, The interference was of
the same shape as the current pulse, however it was Inverted. The
interference was large enough to inhibit the determination of the actual
pressure in the precombustion chamber in the first several tests. The lavel
of this interference was reduced to only a ccuple of percent of full scale by
reducing ground loops and electromagnetic interference. Further reduction and
elimination of this interference will be a goal of future testing.

III. RESULTS AND DISCUSSION

The first series of tests were performed with a 0.73 Molar solution of
potassium chloride. The purpose of these tests was to become familiar with
the operation of the igniter and check the electrical characteristics of the
current discharge using a LP electrical conductivity simulator. The
electrical conductance of the KCl solutioT and LGP 1846 are nearly the same at
room temperature, approximately 0,08 ohm” -em”}, The tests were performed
with the precombustion chamber venting into atmospheric pressure, The results
of tests with a 7,9 mm center electrode length are shown in Table 1. In the
following tables, Vo and E; are the voltage and energy stored on capacitors;
Inax &nd V.. are tﬂe maximum current and voltage across electrode gap; tyy is
tﬁe time at which voltage breakdown occurs; Ep4 is the energy absorbed by the
system at the point of breakdown; and E,, is the energy absorbed by the system
at time voltage returns to zero.

Table 2 shows the results of tests with KCl solution using a 3.2 mm long
center electrode. The shorter electrode increases the resistance between the
electrodes, increasing the maximum gap voltage relative to that attained with
the longer electrode under the same initial circuit conditions. The higher
gap voltage leads to voltage breakdown occurring with lower initial stored
energy (Test No, KCl-14) and at an earlier time, t,y (Test Nos, KCl-15 and
RC1-16).

“he results indicated that the voltage across the electrocde gap would
have to be kept below about 500 volts in order for voltage breakdown (Event 2)
not to occur. The initial stored emergy would have to be kept below 126
Joules for this discharge circuit configuration.




TABLE 1. RESULTS OF TESTS WITH KCl SOLUTION, LONG ELECTRODE™

Test Vg Eg Tnax 10-90% Duration Voax  tbd Max Epy Eyg
No. Rise of Power
Time Current
Pulse

kV) () (A) (ms) (ms) V) (ms) (kW) (J) ()

KC1l-01 3 31.5 47.8 0.395 1.240 212 N/A 9.69 N/A 5.74
KCl-02 5 87.5 82.8 0.390 1.235 392 N/A 27,6 N/A 17.1
KC1-03 6 126. 97.0 0.385 1.230 478 N/A 44,9 N/A 27,7
KCl-04 7 172, 116, 0.390 1.245 532 1.055 60,9 32,9 33,3
KRCl-05 8 224, 131. 0.390 1,230 534 N/A 68.1 N/A 9.7
KC1-06 9 284, 146, 0.390 1,250 602 0.870 87.5 39.3 41,5
RC1-07 10 350, 162, 0.390 1.245 618 1.030 99.6 54.0 54.7
KCl-08 11 424. 176, 0.390 1,255 648 0.790 115, 46.4 49.7
KC1-09 12 504, 192, 0.390 1,255 674 0.660 129, 39.0 44.2 N
KCl-10 13 592. 207, 0.390 1,255 722 0.640 147, 41.3 47.2
KCl-11 14 686. 222, 0.395 1,255 692 0.675 149, 50,4 57.1
KCl-12 15 788. 24l. 0.405 1,255 700 0.560 159. 39,3 47.6

*Note: Volume of KCl solution was 0.5 cma.
Length of center electrode was 7.9 mm.
Diameter of vent orifice was 2.3 mm.
Inductance in PFN was 15 mH,

N/A = no voltage breakdown

TABLE 2. RESULTS OF TESTS WITH KCl SOLUTION, SHORT ELECTRODE™

Test Vs Eg Inax 10-90% Duration Vmax  ®bd Max Ebd EVe

No. Rise of Power
Time Current
Pulse

(kV) () (A) (ms) (ms) V) (me) (kW) (J) (I)

KC1-13 3 31.5 46.2 0.365 1.235 478 N/A 22,1 N/A 11.7
KCl-14 5 87.5 80.2 0,390 1.270 602 0.685 46.7 16.4 17.7
KCl-15 7 172, 115, 0.420 1.265 €96 0.505 71.3 15.4 19.8
KCl-16 9 284, 152, 0.445 1.260 688 0.475 86.4 20.0 24.8

*Note: Volume of KCl solution was 0.5 cm3.
Length of center electrode was 3.2 mm.
Diameter of vent orifice was 2.3 mm.
Inductance in PFN was 15 mH,

N/A = no voltage breakdown




A second series of tests were performed with LGP 1846 and the same
discharge circuit. These tests were performed with the igniter in a "closed
chamber" configuration, i.e., the vent orifice of the antechamber was sealed
by using a vent orifice bolt without holes (sse Figure 2). No LP was used in
the antechamber in thess tests, The goal of this serles of tests was to
determine the performance characteristics of the first stage of the igniter.
It is desired to attain a pressure of at least 5 to 10 MPa in the antechamber
in order to ignite a booster charge that will be present in the igniter
configuration, Table 3 shows the electrical characteristics of thess tests.

TABLE 3. ELECTRICAL CHARACTERISTICS qg TESTS WITH
LGP 1846, 15 mH INDUCTANCE

Test Vg orif. Inax 10-90% Duration vmax thd Max Ebd EVe

No. Size Rise of Power
Time Cuirent
Pulsge

(kV)  (mm) (A) (ms) (ms) ) (ms) (kW) () (J)

1846-01 3 2.3 47,2 0,385 1.265 694 0,655 30.3 6.11 7.01
1846-02 3 2.3 50.8 0.455 1.260 744 0,705 29.3 8,06 8.88
1846-03 4 2.3 66.2 0,39 1.230 792 0,920 36.0 13.2 14.0
1846-04 5 2.3 82.4 0.39 1,235 752 0,890 50.6 19,0 20.2
1846-05 5 1.5 79.6 0,365 1.230 926 0.640 70.7 14,4 22.3
1846-06 5 1.5 81.8 0.395 1.250 598 N/A 45.9 N/A 17.6
1846-07 5 2.3 82.6 0.39 1.260 918 0.530 71.0 10.9 14.7
1846-08 5 1.5 83.8 0.500 1,250 950 0.525 71.4 12.0 20.0

*Note: Volume of LP was 0.5 cm>.
Test Nos. 1846-01 to 1846-06 performed with 7.5 mm center electrode.
Test Nos. 1846-07 and 1846-08 performed with 6.4 mm center electrode,
N/A = no voltage breakdown

The igniter did not perform well in this series of tests. There was
unburned LP left in antechamber when the igniter was opened after the tests.
A pressure was only recorded in two tests, Nos. 1846-05 and 1846-08, in which
the smaller orifice was used. The highest pressure was recorded in Test No.
1846-08, which was about 30 MPa in the precombustion chamber and 3 MPa in the
antechamber, The conditions produced in the antechamber would not have led to
ignition of a booster charge if it were present,

The maximum voltages attained in this series wers higher than those
achieved with the KCl solution at the same initial stored energy. Voltage
breakdown occurred in almost every test. It is believed that the chemical
reaction taking place due to the current flow occurred more rapidly in the
propellant than in the KCl solution. This chemical reaction causes an
insulating vapor sheath to form around the electrode, increasing the
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electrical resistance of the electrode gap, resulting in a higher voltage.
Figure 3 shows a comparison of the gap voltage for a test with KCl solution
(Test No. KCL-01) and LGP 1846 (Test No. 1846-01) under the same conditions.
The figure shows the voltage beginning to increase more rapidly at about 250
microsec for the LP and at about 650 microsec for the KCl solution. The
voltage can be used as a qualitative measure of the. resistance in these two
tests since the gap currents were very similar. The current is not a strong
function of resistance in this discharge circuit, which is indicated in Tables
1 and 2 by the small difference in maximum current between tests with the long
and short center electrodes.

It was concluded that an insufficient amount of energy was being
delivered to the LP in order to achieve reliable ignition with the amount of
confinement that was being used, It was also obvious that an Event 1 only
type of ignition would not be achieved with this configuration of the
discharge circuit. It was decided that this discharge circuit would not be
suitable for igniting the LP with an Event 1 alone because it is limited to
7-microFarad capacitance. Higher capacitance will be needed in order to keep
the maximum voltage low and still have high enough stored energy. However, it
was decided to continue testing in order to gain information and check-out the
system,

1088.08 1 T T T ! I L T T 1 l 1 T 1 T T T

UOLTAGE (V)

Figure 3. Comparison of gap voltages for Test No, KCL-Ol (Solid)
and Test No, 1846-01 (Dotted).

Therefore, another series of tests was performed with the inductance in
the circuit reduced from 15 to 2.5 mH, This was done in order to get more
energy to the LP during the current discharge. The inductance was reduced,
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rather than increasing the initial voltage, because it was not desired to
increase the total stored energy. Voltage breakdown would be even more likely
in these tests due to the higher gap voltage. This modification increased the
energy delivered to the LP, even though the duration of tha current pulse was
reduced from 1.25 ms to 0.43 ms, since the maximum current was increased by a
factor of three. In addition, the power was increased by a factor of three
to five. The inductance was still relatively high and prevented a high
current from forming when voltage breakdown occurred. Tables 4 and 5 show the
slectrical characteristics and the pressures recorded, respectively, for this
series of tests. The small orifice was used in all tests in this series.

The results from this series of tests were much better. Ignition of the
LP was achievsd repeatably with 56 J of stored energy (4 kV) in the discharge
circuit. The energy absorbed by the igniter, E,,, was measured st the point
at vhich voltage breakdown occurred and ranged from 13 to 24 J in tests where
fgnition occurred. The LP did not ignite in Test No. 1846-11 with only 8.8 J
of absorbed energy (14 J of stored energy). Test No. 1846-12 was a marginal
case with 13.6 J of absorbed energy (31.5 J of stored energy). The pressures
recorded before Test No. 1846-12 were not accurate because of interference
from the current pulse. This interference was reduced to about one percent of
full scale for Test No. 1846-12. This is the reason for the uncartain maximum
pressures listed in Table 5 for Test Nos. 1846-09 and 1846-10.

TABLE 4., ELECTRICAL CHARACTERISTICS 0; TESTS WITH
LGP 1846, 2.5 mH INDUCTANCE

Test Vs Imax 10-90% Duration Vmax thd Max Ebd EVe
Neo. Rise of Power
Time Current
Pulse

(kV)  (A) (ms) (ms) (V)  (ms) (kW) @) D
1846-09 5 227. 0.150 0.270 1188 0.160 244, 14.2 31.6
1846-10 &4 181, 0.145 0.230 1058 0.175 178. 12.9 19.4
1846-11 2 86.4 0.130 0.390 740 N/A 41.9 N/A 8.78
1846-12 3 136. 0.130 0.430 884 0.250 108. 13.6 16.3
1846-13 4 181. 0.135 0.395 1348 0.305 165, 23.9 26.7
1846-14 4 178, 0.130 0.420 1176 0,205 198, 17.0 26.9
1846-15 4  181. 0.125 0.350 1490 0.260 220, 22.9 30.5
1846-26 & 183, 0.125 0.395 1364 0.245 225, 21.5 28.3

*Note: Length of center electrgde was 6.4 mm,
Volume of LP was 0.5 em”.
Orifico size was 1.5 mm.
N/A = no voltage breakdown




TABLE 5. MAXIMUM PRESSURES IN PRECOMBUSTION CHAMBER AND ANTECHAHBER*

Test Ve Precombustion Chamber Antechamber

No. Max Rise Max Rise

Pressure Time Pressure Time

(kV) (MPa) (ms) (MPa) (ms)

1846-09 5 7158, con- ? 2.55 ame-

1846-10 4 7199, cmn=- 713.9 oo

1846-11 2 none .- none T
1846-12 3 32.4 1.125 1.50 0.415
1846-13 4 257. 0.185 30.4 0.705
1846-14 4 90.8 0.365 2.06 0.860
1846-15 4 187. 0.150 3.48 0.535
1846-16 4 117, 0.190 1.73 0.300

*Note: Length of center elsctrgde was 6.4 mm,
Volume of LP was 0.5 cm”,
Orifice size was 1.5 mm ‘
Vertical igniter orientation in Test Nos. 1846-09 to 1846-13.
Horizontal igniter orientation in Test Nos. 1846-14
to 1846-16.
Test No, 1846-16 contained 1.0 cm> of LP in antechamber,
Question mark denotes uncertainty in measurement (see text).

Voltage breakdown occurred in all tests except No. 1846-11, which was at
a low initial voltage. There was a small amount of pitting on the inside
surface of the outer electrode due to the arc. This indicates that the arc
occurred at the anode even though the highest temperature would have been at
the smaller diameter center electrode, the cathode. This adds support to the
theory that the electrochemical reaction caused by the current discharge
through the LP may play a larger role than ohmic (resistive) heating during
the Event 1 phase. The arc discharge probably occurred between the outer
electrode wall and the boundary between the liquid and the gas produced at the
outer electrode during Event 1, Thig phenomenon has been observed by Carleton
et al. using high speed photography.” It is likely that a vapor sheath is
forming around the center electrode also, since this is where the highest
temperature will be before ignition.

There was a large amount of variability in the maximum pressures recorded
in Test Nos. 1B846-13 to 1846-16. However, the teflon seal at the base of the
precombustion chamber failed in all tests in which there was high pressure in
the precombustion chamber. Therefore, the repeatability of the system can not
be determined from Shﬁle few tests, In addition, Test No. 1846-16 was
perforged with 1 em” of LP in the antechamber and the igniter venting into a
100 cm” test chamber. The LP in the antechamber did not ignite and no
pressure was recorded in the test chamber. It is believed that the failure of
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the teflon seal reduced the maximum pressure produced in the antechamber,
failing to ignite the LP booster charge. The failure of the teflon seal will
have to be eliminated before the performance of the igniter can be fully
evaluated, '

Tests through No. 1846-13 were performed with the igniter in the vertical
position, with the vent orifice pointing upwards. Test Nos. 1845-14, 1B46-15,
and 1846-16 were performed with the igniter in the horizontal position, The
effect on perfornance cannot be determined from these few tests.

The maximum currents and rise times were repesatable. The repeatability
of the voltage was not as goo”, The voltage signal is more dependent on the
physical process taking place inside the precombustion chamber during Event 1.
The formation of vapor around the slectrode affects the resistance across the
electrode gap which in turn affects the gap voltage. The current has already
been shown not to be a strong function nf resistance in this circuit.

Figures 4z and 4b show the pressures recorded in Test No. 1846-13. These
vere the highest pressures recorded. A pressure of 30 MPa was achieved in the
antechamber in this test, Figure 4b. Tests at GE and the BRL indicate that
puddles of LP cap be ignited with as little as 5 to 10 MPa generated by an
ignition source. Therefore, it is expected that a pressure on this order is
only required to ignite a booster charge in the antechamber.

The current and voltage across the electrode gap are shown in Figures S5a
and 5b, respectively. Voltage breakdown occurred at about 0.3 ms and it can
be seen that the current does not increase substantially at this time. The
second peak of the voltage signal is a result of the open circuit caused by
the combustion of the LP.
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Figure 4(a). Precombustion Chamber Pressure. Test No, 1846-13
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IV. SUMMARY

It was determined from tests with both KCl solution and LGP 1846 that
voltage breakdown occurs in the electrode configuration undsr study when the
gap voltage is above about 500 to 600 volts. Ignition from the Event 1
process alone was not achieved becauss high snough energy cannot be attained
. with the present discharge circuit while keeping the gap voltags below 500
S volts. A vapor sheath likely forms around the outer electrode (anode) before
voltage breakdown, which occurs at that electrode, Ignition was achieved with
13 to 24 J of energy transferred to the igniter, which is 23 to 43 percen: of
the total stored energy. The actual amount of energy absorbed by the LP was
not determined in these tests. Acceptable performence was achisved only after
reducing the inductance in the discharge circuit, thereby increasing the power
and energy delivered to the LP. There was a large amount of variability in
maximum pressure, however, this may have been partly due to the failurs of the
seal at the base of the precombustion chamber.

In future tests, the seal at the base of tha precombustion chamber will
be modified and tests will be performed to evaluate the performance of the
igniter. The effect of electrode pitting and igniter orientation will be
determined. In addition, a new discharge circuit will have to be obtained in
order to increase the capacitance of the system and attempt to ignite the LP
without voltage breakdown occurring.




REFERENCES

DeSpirito, J., Knapton, J.D., Stobie, I.C., and Bensinger, B.D., "Test
Data from an Electrical Liquid Propellant Igniter for Regenerative
Liquid Propellant Gun Application," Proceedings of ths 23rd JANNAF
Combustion Merting, CPIA Publication 457, Vol. II, p. 355, October 1986.

DeSpirite, J., Knapton, J.D., and Stobie, I.C., "Frogress Report on
Electrical Ignition of Liquid Propellants for Application in
Regenerative Liquid Propellant Guns," Proceedings of the 24th JANNAF
Combustion Meeting, CPIA Publication 476, Vol. I1II, p 361,

October 1987,

Glovanetti, A.J,, Jardine, K.J., and DeSpirito, J., "Dsvalopment of
Ignition Systems for Regenerative Liquid Propellant Guns," Proneedings
of the 25th JANNAF Combustion Meeting, October 1988, In publiecation.

Impulse Engineering, Inc,, Five Science Park, New Haven,
Connecticut 06511,

Carleton, F.B., Cherivan, G., Klein, N,, and Weinberg, F.J.,, "Optical
Studies of Electrical Discharge-Liquid Propellant Interactions," U.S,
Army Ballistic Research Laboratory, Aberdeen Proving Ground, Md.,
Technical Report BRL-TR-2706, January 1986.

15




No.

DISTRIBUTION LIST

of

Copies = Qrganization

12

14

Administrator

Defenre Technical Info Center
ATIN: DTIC-DDA

Cameron Station

Alexandria, VA 22304-6145

Director
Defense Advanced Research
Projects Agency
ATIN: J. Lupo
J. Richardson
1400 Wilson Boulevard
Arlington, VA 22209

HQDA
(SARD-TR/B. Zimmerman,

I. Szkrybalo)
Washington, DC 20310-0001

Commander

US Army Materiel Command
ATTN: AMCDRA-ST

5001 Eisenhower Avenue
Alexandria, VA 22331.0001

HQ, US Army Materiel Command
ATTN: AMCICP-AD, B, Dunetz
5001 Eisenhower Avenue
Alexandria, VA 22333-0001

Cmdr, US Army Armament, Rsch,
Development & Engr Center
ATTN: SMCAR-TSS
SMCAR-TDC (2 COPIES)
SMCAR-MSI (2 COPIES)
SMCAR-AEE-BR, B. Brodman
SMCAR-AEE-B, D. Downs
SMCAR-AEE-BR, V. Seals
A. Beardell
SMCAR-AEE-W, N. Slagg
SMCAR-AEE, A, Bracuti
) J. Lannon
SMCAR-FSS-D, L. Frauen
SMCAR-FSA-S, H. Liberman
Picatinny Arsenal, NJ07806-5000

17

No.

of

Copies = Organization

Commander
US Army Armament, Rsch,
Development & Engr Center
ATTN: SMCAR-FSS-DA, Bldg 94
C. Daly
R. Kopmann
J. Irizarry
M. Oestken
N. Kendl
Picatinny Arsenal, NJ
07806-5000

Director
Benet Weapons Laboratory
US Army Armament, Rsch,
Development & Engr Center
ATTN: SMCAR-CCB-DS,
E. Conroy
A. Graham
SMCAR-CCB, L. Johnson
SMCAR-CCB-S, F. Heliser
SMCAR-LCB-TL
Waterviiet, NY 12189-4050

Commander

US Army Armament, Munitions
and Chemical Command

ATTN: SMCAR-ESP-L

Rock Island, IL 61299-5000

Commander

US Army Aviation Systams Cmd
ATTN: AMSAV-DACL

4300 Goodfellow BRlvd

St. Louis, MO 63120-1798

Commander
Materials Technology Lab
US Army Laboratory Cmd
ATIN: SLCMT-MCM-SB

M. Levy
Watertown, MA 02172-0001




No.

DISTRIBUTION LIST

of

Copies = Qrganization

1

Director
US Army Aviation Rsch

and Technology Activity
Ames Research Center
Moffett Field, CA 94035-1099

Commander

ERADCOM Technical Library
ATTN: STET-L

Ft. Mommouth, NJ 07703-5301

Commander

US Army Laboratory Cmd

ATTN: SLCHD-TA-L
AMSLC-DL

2800 Powder Mill Rd

Adelphi, MD 20783-1145

Commander

US Army Missile Command
ATTN: AMSMI-AS
Redstone Arsenal,

AL 35898-5010

Commander
US Army Belvoir RD&E Ctr
ATTN: STRBE-WC

Tech Library (Vault) B-315
Fort Belvoir, VA 22060-5606

18

1

No. of
Copiles = QOxganization
Commander

US Army Tank Automotive Cmd
ATTIN: AMSTA-TSL
Warren, MI 48397-5000

Director

US Army Laboratory Cmd
Army Research Office

ATTN: Tech Library

20 Box 12211

Research Triangle Park, NC
27709-2211

Director

TRADOC Analysis Command
ATIN: ATAA-SL

White Sands Missile Range
NM 88002-5502

Commandant

US Army Infantry School
ATTN: ATSH-CD-CSO-OR

Fort Benning, GA 31905-5660

Commander

US Army Armament, Rach,
Development and Engr Center

ATTN: SMCAR-CCS-C, T Hung
Picatinny Arsenal, NJ
07806-5000

Commandant
US Army Field Artillery School
ATIN: ATSF-CMW
ATSF-TSM-CN,
J. Spicer
Fort S8ill, OK 73503

Commandant

US Army Armor Center
ATIN: ATSB-CD-MLD
Fort Knox, KY 40121




DISTRIBUTION LIST

No, of
Copies Qrganization
1l Commandex

Naval Surface Weapons Center
ATTN: D.A. Wilson, Code G3l
Dahlgren, VA 22448-5000

Commander

Naval Surface Waapons Center
ATTN: J. East, Code G33
Dahlgren, VA 22448-5000

Commander
US Naval Surface Weapons C.r
ATIN: 0. Dengel
K. Thorsted
Silver Spring, MD 20902-5000

Commander
Naval Waapons Center
China Lake, CA 93555-6001

Commander

Naval Ordnance Station
ATTN: C. Dale

Code 5251

Indian Head, MD 20640

Superintendent

Naval Postgraduate School
Dept of Mechanical Engr
ATTN: Code 1424, Library
Monterey, CA 93943

AFWL/SUL
Kirtland AFB, NM 87117-5800

Air Force Armament Lab
ATTN: AFATL/DLODL
Eglin AFB, FL 32542-5000

AFOSR/NA (L. Caveny)
Bldg 410
Boiling AFB, DC 20332

No. of

Copies Qrganization

1

10

Commandant

USAFAS

ATTN: ATSF-TSM-CN

Fort Sill, OK 73503-5600

Director

Jet Propulsion Lab
ATIN: Tech Library
4800 Oak Grovs Drive
Pasadena, CA 91109

Director

National Aeronautics and
Space Administration

ATIN: MS-603, Tech Lib

MS-86, Dr, Povinelli

21000 Brookpark Road

Lawis Ressarch Center
Cleveland, OH 44135

Director

National Aeronautics and
Space Administration

Manned Spacecraft Center

Houston, TX 77058

Central Intelligence Agency
Office of Central Reference
Dissemination Branch

Room GE-47 HQS

Washington, DC 20502

Central Intelligence Agency
ATIN: Joseph E. Backofen
HQ Room 5F22

Washington, DC 20505

Bell Aerospace Textron
ATIN: F. Boorady
F. Plcirillo
A.J. Friona
PO Box One
Buffalo, NY 14240




No.

DISTRIBUTION LIST

of

Soples Qrganization

1

Calspan Corporation
ATTN: Tech Library
PO Box 400

Buffalo, NY 14225

General Electric Ord Sys Div
ATTN: J. Mandzy, OP43-220

R.E. Mayer

H. West

W. Pasko

R. Pate

1. Magoon

J. Scudiere

Minh Luu

A. Giovanetti
100 Plastics Avenus
Pittsfield, MA 01201-3698

General Electric Company
Armament Systems Department
ATIN: D, Maher

Burlington, VT 05401

IITRI

ATTN: Library

10 W. 35th st
Chicago, IL 60616

Olin Chemicals Research
ATTIN: David Gavin

PO Box 586

Chesire, CT 06410-0586

Olin Corporation
ATIN: Victor A. Corso
Dr. Ronald L. Dotson
24 Science Park
New Haven, CT 06511

Paul Gough Associates
ATIN: Paul Gough

1048 South Straeet
Portsmouth, NH 03801-5423

20

1

No.

of

Copies = Qrganization

Safety Consulting Engr
ATTN: Mr, C. Jumes Dahn
5240 Pearl St

Rosemont, IL 60018

Science Applications, Inc.

ATTN: R. Edelman

23146 Cumorah Crest

Woodland Hills, CA 91364

Science Applications Int’l

Corporation

ATIN: Dr. F. T. Phillips
Dr. Fred Su

10210 Campus Point Drive

San Diego, CA 92121

Science Applications Int'l
Corporation

ATTN: Norman Banks

4900 Waters Edyge Drive
Suite 255

Raleigh, NC 27606

Sundstrand Aviation Operations
ATTN: Mr, Owen Briles

PO Box 7202

Rockford, IL 61125

Veritay Technology, Inc.
ATIN: E.B, Fisher

4845 Millersport Highway
PO Box 305

East Amherst, NY 14051-0305

Director

Applied Physics Laboratory
The Johns Hopkins Univ,
Johns Hopkins Road

Laurel, MD 20707




DISTRIBUTION LIST

No. of No. of
goples Qrganization Coples Qrganization
2 Director
CPIA 2 Princeton Combustion Rsch
The Johns Hopkins Univ. Laboratories, Inc.
ATTN: T. Christian ATIN: N.A, Messina
Tech Library M. Summerfield
Johns Hopkins Road 4275 US Highway One North
Laurel, MD 20707 Monmouth Junction, NJ 08852
1 U. of Illinois at Chicago 1 University of Arkansas
ATTN: Professor Sohail Murad Dept of Chamical Engr
Dept of Chemical Engr ATTN: J. Havens
Box 4348 227 Enginsering Building
Chicago, IL 60680 Fayetteville, AR 72701
1 U, of MD at College Park 3 University of Delaware
ATIN: Professor Franz Kasler Department of Chemistry
Department of Chemiatry ATIN: Mr, James Cronin
College Park, MD 20742 Professor Thomas Brill
' Mr. Peter Spohn
1 U. of Missouri at Columbia Newark, DE 19711
ATTN: Professor R, Thompson
Department of Chemistry 1 U, of Texas at Austin
Columbia, MO 65211 . Bureau of Engineering Rach
ATIN: BRC EME133, Room 1,100
1 U. of Michigan H. Fair
ATIN: Prof. Gerard M. Faeth 10100 Burnat Road
Dept of Aerospace Engr Austin, TX 78758
Ann Arbor, MI 48109-3796
1 U. of Missouri at Columbia
ATIN: Professor F.K. Ross
Research Reactor
Columbia, MO 65211
1 U. of Missouri at Kansas City
Department of Physics
ATIN: Prof. R.D. Murphy Aberdeen Proving Ground
1110 East 48th Streat
Kansas City, MO 64110-2499 Dir, USAMSAA
ATTN: AHXSY-D
1 Pennsylvania State University AMXSY-MP, Y. Cohen
Dept of Mechanical Engr
ATTN: Prof. K. Kuo Cdr, USATECOM
University Park, PA 16802 ATTN: AMSTE-TO-F

21




DISTRIBUTION LIST

No, of No. of
Copies Cxrganization Copies Organization
Cdr, CRDEC, AMCCOM
ATTN: SMCCR-RSP-A
SMCCR-MU
SMCCR-SPS-IL




DISTRIBUTION LIST

No. of
Copies Organization
1 Dr. Clive Woodley
GS2 Division, Building R3l
RARDE

Ft. Halstead
Sevenoaks, Kent TN14 7BT
England

23




USER EVALUATION SHEET/CHANGE OF ADDRESS

This laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your
comments/answars below will aid us in our eflorts.

1. Does this repozrt satisfy a nesd? (Comment on purpose, related project, or other area of intereat for which
the report will be used.)

2. Mow, specifically, is the report being used? (Information source, dcglqn data, procedure, source of ideas,
ete,) .

3. HKas the information in this report led to any quantitative savings as far as man~-hours or dollars savad,
oparating coats avoided, or efficlencies achieved, stc? If so, please slaborats.

4, Ganeral Comments. What do you think should be changed to improve future resports? (Indicate changes to
organitation, technical content, format, ete.)

BRL Report Number Division Symbol

Check here if desire to be removed from distribution list.
Check here for address change.

Current address: Organization

Address
_ emmeemmcmmccccceccomecencce=aea=FOLD AND TAPE CLOSED====secm—cec—o—oax e em———
, NO POSTAGE
Director NECESSARY
U.S. Army Ballistic Research Laboratory w"r?a:n
ATTN: SLCBR-DD-T(NEI) UNITED STATES

Aberdeen Proving Ground, MD 21005-5066

OFFICIAL BUSINESS

PENALIY FOR PRIVATE USE $300 BUSINESS REPLY LABEL

FIRST CLASS PERMIT NO. 12062 WASHINGION D.C.

POSTAGE WILL 8E PAID BY DEPARTMENT OF THE ARMY

Director
U.S. Army Ballistic Research Laboratory
ATTN: SLCER-DD-T (NEI)

Aberdeen Proving Ground, MD 21005-9989

- e e




