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Abstract: Concerning the influence of uncertainty in composite solid propellant’s me-
chanical properties on structural analysis of solid rocket motor (SRM) grain, the parame-

terized finite element model of SRM grain under temperature and pressure loading is con-

structed through ANSYS parametric design language (APDL). On that basis, the influence

of random distribution of composite solid propellant’s thermal expansion coefficient and ini-
tial Poisson’s ratio on finite element structural analysis of SRM grain is studied with Monte-
Carlo method and response surface method. Results of the two different methods are com-
pared. The results show that small changes in composite solid propellant’s thermal expan-
sion coefficient and initial Poisson’s ratio cause relatively great influence on the results of
structural analysis and the structural responses of the propellant grain are more sensitive to
initial Poisson’s ratio. So, uncertainty in composite solid propellant’s mechanical properties
should be considered during finite element structural analysis of SRM grain. It is indicated
by the comparison of this two kinds of methods that response surface method can give ap-
proximately the same results as those from Monte-Carlo method and is greatly more efficient

than Monte-Carlo method.
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Table 1 Statistical results of random input variables
LHS 300 LHS 500 LHS 1000
MU ALPHA MU ALPHA MU ALPHA
0.4980 6.2998X10° 0.4980 6.3000X10° 0.4980 6.3000X10°
4.4059X107* 8.8060x107 4.4029X107* 8.8036x10°7 4.3998Xx107" 8.8006x10"7
0.4970 6.1007X107° 0.4970 6.1029X107° 0.4970 6.1003X107°
0.4990 6.4957X107° 0.4990 6.4973X107° 0.4990 6.4995X107°
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Table 2 Statistical results of random output variable

LHS 300 LHS 500 LHS 1000
0.099415 0.10025 0.10025
/107° 2.9406 2.9168 2.9114
/107* 9.2905 9.3917 9.3361
0.10621 0.10738 0.10717
3 Spearman (LHS)

Table 3 Spearman’s rank correlation coefficient (LHS)
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Table 4 Statistical results of random sampling

MU ALPHA EPELEQV 116

0.4980 6.3000X10° 0.10025

Output/ Input MU ALPHA 4.3982X107" 8.7963X10 " 2.9029X 10"
EPELEQV 116(500) —0.984 0.174 0.4990  6.5000X10°*  0.10779
EPELEQV 116(1000) —0.985 0.162

5 Spearman (CCD)
1 3 Table 5 Spearman’s rank correlation coefficient (CCD)
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( 1000)

6
Table 6 Probability distribution characteristic of

random output variable

P(EPELEQV 116 << Y)

Y= Y= Y=
9.50X107% 1.00X10° ' 1.05X10!
LHS 300/ % 7.671 56. 355 97. 457
LHS 500/ % 4.108 47.057 95.032
LHS 1000/ % 3.915 47.102 94.522
CCD/ % 3.421 46. 699 94, 654
6 . s
EPELEQV 116 10.0% 10.5%
( 1000)
s EPELEQV
116 9.50%
b 6 b
300 3
1000 , EPELEQV 116
9.50% ,2
(
1000) 24 h.
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