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Fig. 1 Overview of the approximate regions of dif-
ferent propulsion system
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Table 1 Mission characteristics of a typical chemical small

rocket and an electrical thruster; 500kn altitude
to synchronous orbit, total mass: 8 ton.

Propulsion system Payload, kg Mission Period
Chemical .
by Horman transfer 2,000 days to a week
Electrical(Ion)
by Spil'al transfer 5,300 months to a year
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Fig. 2 Relation between system mass and mission
period for different type of thrusters
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Fig. 3 Motor of internal burning configuration
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Fig. 6 Motor combustion experiment
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Fig. 7 Sample trends of combustion experiment; End-counter type,
MC:HTPB/AP/Oxamide=30/70/5, PC:PTFE, Dt=2.5en.
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Table 2 Comparison of self-combusion limits (MPa)

Discharge Input (kW)

Fig. 8 Propellant consumption rates vs discharge in-
put
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Composition AP Particle Size (zm)
HTPB/AP/Ti(Wt%) " ; 0 1w 2
50/50/ 0 1.5 - 1.9 1.0 0.6 0.4
45/55/ 0 - 2.8 2.7 0.8 0.1
40/60/ 0 - 5.1 4.0 0.5 0.1
35/65/ 0 - 10.0 8.0 0.5 0.1
30/70/ 0 - 0.6 0.5 0.4 0.1
40/50/10 - - 1.6 - -
30/50/20 - 0.1 0.1 0.3 0.1
O:Mp AN, A
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Fig. 9 Effect of AP particle size on burning rate.
Data for 1004m are omitted due to large fluc-
tuation.
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Table 3 Comparison of effect of catalysts on self-combusion limits

Composition Self-combusion limit
HTPB/AP (Wt%) Type of catalyst for 10sm AP, MPa
30/70 None 0.4
Oxamide 5% 6.0 or higher
NH(Cl 10% 0.7
20/80 LiF 1% 3.1
3% 6.9
Table 4 Estimated performance
Internal type End-counter type
MC HTPB 50 HTPB 40 | HTPB 50 HTPB 30 HTPB 30 HTPB 30 HTPB 20
AP 50 AP 50 | AP 50 AP 70 AP 70 AP 70 AP 80
Ti 10 NH:Cl 10 Oxam 5 LiF 1
PC PTFE OR PCTFE
Mm, g/s” 0.24 0.19 0.11 0.36 0.24 0.22 0.15
Mp. g/s" 0.017 0.017 0.015 0.015 0.015 0.015 0.015
Isp,s
MC* 173 190 173 190 190 185 228
MC+PC® 172 188 170 188 187 182 221
motor?' 258 279 347 259 283 285 311
Thrust, N* 0.65 0.71 0.43 0.95 0.70 0.65 0.50

a) average valueat 1 kv. b),c),d) specific impulse for main charge only, main and pilot charge, and dur-

ing motor operation, respectively.
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NASA SP-

A solid propellant Arc-Jet thruster

by Takeshi TACHIBANA* and Haruki TAKEGAHARA**

A new type of a small thruster for attitude control, orbit change or raising of a satellite
in space has been developed and tested. It utilized chemical energy of solid propellants and
therefore higher thrust than that of ordinary electrical thrusters should be expected. Full
combustion control of the thruster was feasible by using non-selfcombustible composite
propellants and electrical discharges: the main propellants burned only with the help of
heated sublimation gases produced by DC arc dischrges along sublimate solids. Ex-
periments with composite propellants including combustion suppressors, such as oximides
or LiF, for example, as the main charge and PTFE as the pilot charge showed satisfactory
performance:250 — 350sec of specific impulse and 1 N/kw of thrust level.
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**Department of Aerspace Engineering, Tokyo Metropolitan Institute of
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