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Performance Analysis of Soild Rocket Motor according to
the Ratio of Nozzle Expansion

Dongill Shin* - Hyungno Hwang* - Hyuk Suh*

ABSTRACT

There is many considerations of the composition development of propellant, performance
analysis according to temperature, ablation condition of heat-resistant material, etc. in the solid
rocket motor development process. Performance analysis of the motor according to nozzle
expansion ratio is one of this process and an important factor to decide the motor performance.

A Study is verified through anlaysis, motor manufacture and test.
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Fig. 1 Standard Motor(ST-6)

Table 1. Spcification of Standard Motor(ST-6)

Fig. 2 SFT(static firing test)
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FRNEY M Exe drIh Z2AskelA
H| F=8 7] F

32 Wex a4 A3t [3][4]
N EAL Table 3914 Hole nHigl o]
Strand Burning Test, CEA(chemical equilibrium

T & < 4 A with applications) & ©]&3dte] ol s
=4 _;E]C;] -~ 279:0 40 E Xﬂ_ﬂ?} ym A FESS 1ZU%S
: Agatglon, gn FET 5 ~ 18744 14 F
T34 27 mm 152.4 o
E R mm 101.6 ZWAZIAA Bsiks S5
FZA| F A (web) mm 25.4
227 A kg oF 505 Table 3. Input data
T = < 9 Al Y
Table 2. Spcification of SFT" Instrumentation AL7t2 FaEAEF | g/mol 25.904
AN, AS A A e FA 2 g/cc 1.797
& Software ° Hl v - 1.1340
Pressure Transducer| 0-3,000 psig (Dynisco) SHEE ft/sec 52311
Load Cell 0-3,000 Ibf(BLH) dasE s - 0.03910
Thremocouple 0-1,000C(K type) AosE dyAF - 0.2866
0-30 mV, et gees K 3464.29
Signal Isolator Strain Gage Input ALEE BA factor - 1.000
Module HEIE & - 95%
Multifunction 1/O Board Free volume m’ 0.002342
DAQ System A/D Converter =5 mm 20.72
(National Instruments) =z 337 ° 15
" static firing test il - 5~ 18
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v 33, web B F3H & Table 49 #t}.
Table 4. Result data

_ web . web

T gm gy | P gaay
5 975.0126 241.8809 | 753.8325
6 975.0126 244.318 761.5252
7 975.0126 245.7854 | 766.1977
8 975.0126 246.582 768.7812
9 975.0126 246.8894 769.841
10 975.0126 246.8256 | 769.7448
11 975.0126 246.4713 | 768.7441
12 975.0126 245.8843 | 767.0182
13 975.0126 245.1067 764.699
14 975.0126 2441707 | 761.8864
15 975.0126 2431011 | 758.6575
16 975.0126 241.9172 755.073
17 975.0126 240.6351 | 751.1824
18 975.0126 239.2676 | 747.0259
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Fig. 3 Analysis result according to the Ratio of
Nozzle Expansion
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Table 5. Testing condition for SFT(1)

Web ET |\ =Ey| EF
T 2| B (| Y | A7 | 27
(psi) (719) | (mm) | (mm)
137] 5.695 20.73 | 4947
2,?7] 975 10.387 1.0 20.69 | 66.68
33.7] 11.926 20.73 | 71.59
437 17.850 20.70 | 87.56
O &4 & . ¥ 2channel, % 2channel
O AaAE 2% : 20C
Table 6. Testing condition for SFT(2)
T % Z1EA | FAA
15.7] 5.05
FRAA FA | 257 5.08
(kg) 33571 i 5.16
435 7] 5.07
13.7] 101.9
FAA WA 2;?:71 1016 101.3
(mm) 337] 102.3
437 102.1
1357] 1524
F2A 97 2;71 1524 152.4
435 7] 1524
1357] 25.3
214 Web | 2357 - 25.1
435 7] 25.2
135.7] 278.2
FRA 4ol | 237) 579 279.0
(mm) 33%7] 278.6
437) 278.3
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Table 7. Result data of SFT

T8 275

13.7](5.695) 238.45

ISP 2% 7](10.387) 240.08

(s) 33.71(11.926) 239.23

4% 71(17.850) 232.46

15.7](5.695) 918.86

web average

2% 71(10.387) 933.51

pressure -
(psia) 3%.71(11.926) 926.47

sia

P 4% 71(17.850) 932.98
1%.7](5.695) 736.89

web average -
2% 7]1(10.387) 750.53

thrust —
33 7](11.926) 744.60

(Ibf) -
4% 71(17.850) 72412
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analysis and prediction", NASA SP-8039
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