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Abstract: To study the effects of vertical storage on the storage reliability of motor grain, the grain reliabili-
ty of a solid rocket motor based on life-cycle loadings is carried out. On the basis of the variation rules of propel-
lant elongation with storage time at storage temperature obtained by accelerated aging test at high temperature,
the stochastic finite element analysis of motor grain under the combination of aging, temperature difference, grav-
ity, ejection overload and pressure is carried out, and the average and standard value of grain strain of dangerous
location are also obtained. Then by calculating the reliability under different conditions, the effects of aging year
and storage times on reliability were also obtained. Moreover, the numerical modeling and the calculation of dy-
namic fatigue damage under actual vibration loadings are carried out, and then the relationship of dynamic verti-
cal times and reliability is obtained. Finally, sensitive analysis is carried out to acquire the order of importance of
all parameters. Result shows that it can be represented by a negative exponential function between the ignition re-
liability and vertical storage times, the allowable dynamic vertical storage times of the motor with 0.9 reliability

lower limit during 0, 5, 10 and 15 years of aging time is 19, 11, 2, and 0, respectively.
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Fig.1 Variation of the maximum elongation
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Table 1 Calculation results of the maximum elongation

T/C Fitting equation W

50 £ = exp(4.0408 — 0.0074¢) 0.9975
60 & = exp(4.0530 - 0.0191z) 0.9843
70 £ = exp(4.1294 — 0.0523¢) 0.9853

Notes: y is correlation coefficient, the same as Table 3 and Table 4 below.
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Fig. 2 Variation of the initial modulus
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Fig.3 Structure of 1/16 motor
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Table 2 Material and loading parameters of motor

Parameter Pattern X oy
Gravity g/(mm-s2)  Certain 9800 -
Temperature T/C Normality 30 1.8
Initial modulus E/MPa Normality ~ 5.973 0.15
Infinite modulus E /MPa Normality 1.037 0.01037
Density pl(kg-m™) Certain 1800 -
Poisson’s ratio Normality 0.495  1.465x1073
Creep 1 A Normality ~ 0.028 8.4x107*
Creep 2 m Normality -0.8294  0.04147
Creep 3 n Normality 1.14 0.0114

Notes: X and o express the mean value and standard difference of all

parameters.
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Fig. 4 Cloud of Von-Mises strain
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Fig. 5 Monitoring results of three direction acceleration
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Table 4 Parameters of reliable index under dynamic storage

Timefyear  C, c, c, c, W
0 14030  —-0.9071  3.449  -0.05093  0.9998
5 11560 -1.0210  2.712  -0.06808  0.9969
10 0.2054 -1.5080 1.841 -0.11620 0.9981
15 04080 -0.8384 1217 -0.09959  0.9992
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