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Abstract  For test-firing failure evaluation of the canular solid propellant grans under lw tem perature surrounding  the
them ov iscoelastic large defom ation meremental constitutive equation w as derived based on U pdated Lagrangian method  In or
der to investigate the transient tanperature field and the distrbution of them al stress and strain  a step=by=-step finite elan ent
model accan panied by concepts of tme— temperature shift principle and themorheologically sinple material assum ption was
used In addition the dangerous location was obtained fram the sinulation Twelve different them al expansion coefficients
and fourteen thickness coefficients were assumed to evaliate the effects on the stuctural integrity The results show that ther
mal expansion coefficient has a Inear relation to themaxinum equivalent stress and strain response whereas thickness coeffr

cient has an exponential relation to than, which show that thickness coefficient plays an mportant wle n stuctural ntegrity of

solid propellant grains
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Table 1 Parameters of prony progression
ils 1 2 3 4 5 6 T 8
E; MPa L 409 3 3895 -0 151 L 8233 - 8319 L 0695 - 5291 0 694

Table 2 Parameters of materials

Propellant grains nsulation Case
Themal conductivity /(W /{m* K) a 59 Q29 27 63
Specific heat/( J/{ kg* K) 1256 1 2261 512 91
Density/( kg/m™) 1750 1280 7850
Them al expansion coefficient ( % 10"} /( 1/K) L 714 L 714 a1l
Poisson’ s ratio Q 49 Q 49 0 29

R elaxation m odu lus M Pa - 24 178 L 9614 x 10°

33 LREH
IR FLR I A B T, 78 254 e B i it

R, AL EER A, HR A
4 HHEERESH

41 BERIEHEEESSH

Bl 245 TR R, LR A, B, € =R
FE Fifi s} [ 38 A4 i 28, 3 77 25 43 70 AN [ 0 4 H ek 72
R B RRER G, A SIRERT B A, € AT
BPEPRE, A 55 C S KIRERIASE 26 CLA.
258 48/ G, A, B, C R3IAE| I FFRE - 60 C.

Fig 2 Tenmperature contour

Fig 3 Deformed shape after cooling down period
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(a) Equivalent Von Mises strain
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(b) Equivalent Von Mises stress

Fig 4 Equivalent VonM ises strain and stress contours
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(b) Variation of equivalent Von Mises stress
with temperature

Fig 5 Equivalent Von M ises strain and stress curves for pointd, B, C
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(a) Thermal expansion coefficient
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Fig 6 Effect of coefficients on equivalent Von M ises strain and stress
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