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ABSTRACT

In this paper, a subminiature solid rocket motor(SSRM) was designed to develop a miniature
smart-bullet and the designed propellant grain was made of thermoplastic propellant for
production convenience of inner shape. The internal ballistics analysis and ground test were
performed to investigate the performance of SSRM. And a numerical simulation was carried out
to obtain basic data on the design of safety distance between the nozzle outlet and a gunner, the
temperature distribution of exhaust gas was analyzed by comparing a numerical simulation and
the results of IR camera.
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Nomendlature 2. FEE EA A o
AP : Ammonium Perchlorate 21 F718 N Ex%
PVC  : Polyvinyl Chloride %243 AulE"o] AAZ 1kmE WE3517]
DOA : Dioctyl Adipate et F7E AA e7=Ede T 94
DOP  : Dioctyl Phthalate 30N-sec °o]’¢, ol F¥ 80N o3}, FA 70g°l
BATES : Ballistic Test and Evaluation System s 283l A& 0.6secql =4F 1A =
MEOP : Maximum expected operating pressure A ZE AAE HEZ AT a8y 58 A
r : Burning rate sl wE addE AAR A 7
n : Pressure exponent mm/s@70bar FF9 HAEEE 71 FIA
Do : Propellant Density Aol 275Ut
Isp : Specific Impulse
22 FRA B Rl A
2 ol A 24¥ F e AHEEHE F
1M B A &3 Aolzg 71 24/l 3oz Al
zZhe] ol st driaAd FAE A
g9E #fU1%7E Z¥E =57 AAle A Sttt = FA 28] HF A EZEol
AY 71 B FF, &F gdsh AEL F dastng Z3rjdi dEdH e duAz F3
o] FAE THHT AT ol TR F= As AH Astels WS A9sdt. 45 &
2T £xEHC] g =g, 7o 1 d%s HE 93 A 59 ga7xdoz FAE A
FA71H, &5, AALA, F224A4 T FE=5F71 wH e dAaEr B4l a7HH, oy AT
AAL ARHAez BHEd e THE oA A FAL] Ai Al WG HAUSE 5
T8 FEHE U de ol &ste] FAAY A daEx EAHS @
53 =719 va&s 243 dste T T3 AR ZE QlTh[2-5]
For BFEF FASt, o gAE AMz 7 2 FA7IEE AMEeME Tt F3A9
B FAlE HolEE 952 FAsEs Vel ¥ Ao HAEAES FFAI717] St APUE
AH =% AAHL AT o2t AY F=E7E ol Hl&S st A dafr A Hole
S FAPEAQ AFo] obd AHHEAO R o} FAA o e 24e 2ASIAT. 4AFskAl AP
oo AY ®nEY F, FU3}, 1E5EIY F At A=7F FAA Y ALEAH FEFS HA
ZIAARZA AE= QITH1]. o3 AEfE 7] "ol dE7F Z 400mE AA AdsHA g
£ A% 22¥ = gdAHs 45 AA o] 0~385% 7tF FUst] ALEAHS EAT)
=3 FEAEA a8 FA7|EY 24£¥3t now, HRRlte 4rtad E4& Usds
kel S g ol PVCE 181 7k&AlE DOAE A 83ttt
olg FTAA x&£F zntERS JjTE Hs) T Ao dAAFE ] FA L A
243 FANHRE AAsEe A" A%
Rl B AFEe aEste drkaA 5 Table 1. BATES test resuits.
AAzZ 28-S AR AGALNFE F
B F271%e] v BAROH, Afol o Test # A I O
AAUE AFH7] dAstel wrIke HEHA AP 400 /m (%) | 00 | 20 | 385
9 R FiWg GBS 5 AT = r (mm/s) @70bar | 7.34 6.97 7.03
exERyE Hlmw BAstETH n 0.40 0.40 0.42
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Fig. 3 Analysis result of Motor case. (Unit, MPa)
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Fig. 4 Analysis result of retaining-ring. (Unit, MPa)

Table 2. Properties of applied propellant from CEA.

Properties r (mm/s) @70bar n Ly (g/cc) Molecular weight |Specific heat ratio
Propellant 6.97 0.40 1.668 24.554 1.210
Table 3. Comparison of ground test results with predicted performance.
Properties Predicted performance H/T Motor F/T Motor

Burn time,~0.7s ~0.65 0.68 0.67
Thrust(Max.), <80N ~57.4 57.2 58.0

Total impulse, >25N-sec ~31.8 31.1 31.8

Isp(sec) 230 223 224
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Fig. 5 Results of ground test of H/T Motor.

80
4 e #2
60
50

404

Thrust(N)

T
0.0 0.2 0.4 06 08
Time (Sec)

Fig. 6 Results of ground test of F/T Motor.
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Table 4. Properties of Burnt gas.

Properties Value
Chamber pressure, P, 90 bar
Chamber temperature, 7, 2565 K
Specific Heat, C, 19929 J/kg - K
Molecular weight, M 24.514
Viscosity, u 8.517e-05 kg/m - K
Thermal Conductivity, & | 0.28811 W/m - K
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