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ABSTRACT

This paper describes the development of the dual-thrust flight motor for enhancing the hit
probability of unguided rockets. We designed dual-thrust flight motor by shape modification of the
double base propellant with high burning rate, and confirmed the dual-thrust performance by static
firing tests. The test results showed the thrust ratio of about 1:7.6 between sustaining phase and
boosting phase, and had a quitely normal dual-thrust characteristics. And the results showed that there

was not the fire extinction phenomenon of propellant due to the pressure drop.
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C, : drag coefficient of the rocket

S : frontal area of the rocket
v : velocity of the rocket

F : thrust

m, : mass flow rate at the nozzle exit

u, : exhaust velocity at the nozzle exit
P, : exhaust pressure at the nozzle exit
P, : atmospheric pressure

A, @ cross-sectional area at the nozzle exit

@

g. : standard acceleration of gravity at sea level
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Fig. 1 Force acting on the missile during the flight.
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2 =FdAe olFFEd Ass TE3 Table 1. Propellant properties.
A3 ALFEHZH O] X 2 % 79 F1
;;Ho]%a% Hj%l% j%z - J;gi;{ ;1 Burming | Bum rate | 300 psi - 700 psi | 0.07
A4S Ad g & o]2(Double base) FIAE o] rate  coefficient 2100 psi ~ 3000 psi 119
gale] Raw WA e R4 FPT Az @2C | Pressure 300 psi ~ 700 psi | 0.39
Hold wAMe 274 @S 2zt A (in/sec) . exponent = 2100 psi ~ 3000 psi = 0.01
gomn, AA AFAALAIH (Static firing test)S Specific heat ratio 1.24
T cleFH Aes HAdstaH Flame temperature(C) 2,517
Density(g/ cc) 1.63
2. O|m=2ist HITE| A Molecular weight(g/mol) 24.6
Characteristic velocity(ft/sec) 4,583
21 o|S54Y vBEH AR 2=
TheFel A z7o] EASAT, B mRelx  X0eE AR Wz e wAred g
= o 3 m/s8 FFo] A FANA 42 e AS AHotst] ZEaddd Ele F3
kg® FAE 2AS 02% S 160 m/solA] AE AAstAom, F34 Ax FH4 2 Ft
200 m/sE F2E A|7] T oF 27% Fob A~ A4S 1Este] ¢Ed gEdlolx FAAE A
Hlold *lﬂL 01 8 Wy dAs by A
SEATH5-6]. 4, T8 A Y TIE 4 Table 1°ﬂi oY WYPRH FHAAR
S ol 9} 7ELo] 2% &g A" FAA9 Fo BAA#ES HoFa o
ARE FAAe 495ty Arke 3 A
= 4-2k9><40m/5:840N 1) S FA 240 wE ALnksolAe] HE
025 e Aiehe AelM, REAL =& A3
of d98 EAS FRIYTh REAL Z=e
160 m/solA 200 m/sZ Z7}stE HYEE AxnAo] dAsA PolEHE ulg 3 2=
HAANN AFels FHE neldd 42kg @ ggame A4 oz FaA U=Ee A
A JIEFHE 00 Nog dAser, 218 gy ze dezy gL ot dx WE
B oF 022 T TAH AAVIEI 04 o 2y ANSA H6), ALAVEL virial
Ibf-secZ A7 3tATh HEo] AxdHold TA A Ae]  oste] AZEUHS. ArEEE
oA A & FHe FYI Fdsof st ZAA BQ F 7bg 2% HAow ex o
22 go gYHASFE HEslo] ol e 2 stz 7o) weba Aold ArEw S zH
22 FHE Ao, et 0.6 B4 A H o} Saint Robert’s burning-rate lawell 23k <A
A AEFEE 117 N263 b2 BAFAT  sxco argdse gAs GS9 g

[7].
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Fig. 2 Configuration of the boosting propellant grain

Offset thickness (mm)

(left) and sustaining propellant grain (right).

Fig. 3 Burning area as a function of the propellant
offset thickness.
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Fig. 4 Pressure vs. time and thrust vs. time curve of

the dual-thrust flight motor obtained by internal
ballistic analysis.
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Fig. 5 Static firing test of dual-thrust flight motor
for performance evaluation.
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(b) Thrust vs. time
Fig. 6 Perfomance comparison of the dual-thrust

flight motor obtained by internal ballistic
analysis and static firing test.
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Table 2. Performance summaries during the boosting
Table 3. Performance summaries during the sustaining
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