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Abstract Based on the constitutive relationship of viscoelastic material using the Burgers model and the corresponding vis-
coelastic finite element method the finite computational models are established to value the effects of solid rocket motor material
parameters on the structure integrity. They include the three-dimension model and the plane strain model. In the case of ther-
mal loading the three-dimension model is necessary but the plane strain model is accurate enough in the case of internal pres-
sure. Then the effects of solid rocket motor material parameters on its structure integrity are respectively compared and ana-
lyzed under internal pressure and thermal loading by the use of MSC/NASTRAN software system. Under thermal loading the
main factors affecting the motor structure integrity are the propellant Poission’ s ratio and thermal expansion coefficient. Under
the internal pressure the main factors are the motor liner Poission’ s ratio propellant initial elastic modulus and Poission’ s ra-
tio. These conclusions would be useful for to the design of solid rocket motors.
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b Three-dimension finite element model

Finite element model of solid rocket motor

15°C ©
+58C

4 Von Misses

dangerous point4

3 1 -1
Fig.3 The dangerous section | — I section and

the position of dangerous point

0.4980 a 8.60x 1073



13

103C +58C -45C

4 1.0%
oz 4
4 0l . N
0l 00 v v
3
W 008 3 " 1,08
i }'E—B—B—E—E—E—E'ﬁ—ﬂ DA = = £]
0.06
.04 B_O_O_O_Q_O_O_W 005 5
2 X ,/
002 004 & ©r
n .03
a 2Ep dEp 6Ep B8Ep 10Ep 0.24 0.26 0.28 03
E/\Pa HaE/Had
4 Von Misses 5 Von Misses
Fig.4 Eeffects of propellant modulus on the Fig.5 Effects of Poission’ s ratio on the
value of Von Misses strain value of Von Misses strain
3.2
Von Misses 5
Von Misses
0.4900
~0.4995 6 Von Misses
014
o1} Eva 012 4
/ Ev3 3
al
08t £
s L v B oom .
3
T oonst 006
I £
004 __—____’/- 004
2
0402
o
002 . ‘ X ‘ o
049 0492 0494 0496 0498 0S5 08, 09 oy Llgy
mi oK
6 Von Misses 7 Von Misses
Fig.6 The value of Von Misses stain variation with Fig.7 Effects of propellant thermal expansion coefficient
propellant Possion’ s ratio on the value of Von Misses strain
3.3
arp v, 0.4980 v,
0.28 Von Misses 7

Von Misses



Von Misses
Von Misses

0.45

0.4700

Von Misses

0.49

14 2002 5
4
Von Misses
4 Von Misses 1 -1
3 60ms
04 03r
o5 025
i T rj 63
B E s
a2 LA
al Q.05
0 . . 0 )
0 2Ep 4Ep 6Ep S8Ep I0Ep 049 0492 0494 0% 0498 0.
EMMPa u
8 Von Misses 9 Von Misses
Fig.8 The value of dangerous point Von Misses Fig.9 The value of dangerous point Von Misses strain
strain variation with the propellant modulus variation with the propellant Poission’ s ratio
4.1
v, 0.4980
v, 0.28 Von Misses
8 50% Von Misses
4.2
v, =0.28 Von Misses v, 9
Von Misses
2% Von Misses 650%
4.3
Von Misses 10
Von Misses 100 Von
Misses 17%
4.4
v, =0.4980 VI, Von Misses €4
I vy 11 Von
Misses Von Misses



AW N =

W

15

L0
0.2
Ev
015 075
Oy F 05
005} By
025
0 ) . .
0 2E 48, 8E, 8E, WE, E,

o
02 02503 03504 045 05

E/MPa Ve
10 Von Misses 11  Von Misses
Fig.10 The value of dangerous point Von Misses strain Fig.11  The value of Von Misses strain variation
variation with the liner modulus with the liner Poission’ s ratio

1
Von Misses
Von Misses
2
Von Misses
Von Misses Von Misses
Von Misses Von Misses
J. 1997 2 .
J. 1997 3 .
J. 1997 4 .

Jana M K Rengathan K Rao G V. A Method of Non-linear Viscoelastic Analysis of Solid Propellant Grains for Pressure Load J . Com-
puters and Structures 1994 52 1 64 -67.
Lee S H. MSC/NASTRAN Nonlinear Analysis M . The Macneal-Schwengler Corporation 1992.
M . 1991.
J. 1994 18 2 13-19.



