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Structural analysis of aged grain of solid rocket motor with crack

ZHANG Jian-wei , ZHI Shtjun, SUN Bing
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Abstract: In order to study the structure stability of the solid rocket motor grain with a
crack with different storage time, the theory of viscoelastic fracture mechanics and finite ele-
ment method were adopted to calculate the J integral of the crack when the solid rocket mo-
tor was under the ejection load and the ignition load. The singular crack elements were em-
ployed when the J integral of the crack was calculated. The results of J integral of cracks
with various shapes and in different storage time were discussed. The results show that the
J integral of the crack decreases with storage time and crack propagation is not likely to hap-
pen when the motor is under the ejection load. However, when the motor is under the igni-
tion load, the J integral of the crack increases with storage time and the crack is more insta-

ble and is more likely to propagate.
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storage time when the crack depth is 4 mm

! [3]
r | —=— () year
2 —e— 5 years
B | —a— 10 years
| —v— 15 years L4]
5k |
4t i
| [5]
st i
2t : [6]
1 _/.'._._._u_u--:-_._.___‘_‘_-_“-‘\.
0 5 10 15 20 25 30
Node number
13 5 mm J L71]

Fig. 13 Distributions of J-integral in different

storage time when the crack depth is 5 mm

4 939
| 11~ 13 : :
457 ' —— () year J
: —s— 5 years ’
i —a— 10 years
36F i —v— 15 years J ’ ’
B ! oJ
L : . , J
2 st
:-i ; ’ ’ ’
0.9}t |
r M 4
0 5 10 15 20 25 30 D
Node number
b b b
11 3mm J
b b
Fig. 11 Distributions of J-integral in different
storage time when the crack depth is 3mm 2)
b
H ’ ’ ’
55r E —=—0 year s
! —— 5 years
H —a— [0} years 3) ’
441 : —— 15 years
é 331 : N
22} 5
g 1 .
1.1 i
0 5 10 15 20 25 30
Node number [1] LiuC T.Crack growth behavior in a composite propellant
with strain gradients:Part [ []J]. Journal of Spacecraft and
12 4 mm J
Rockets,1990,27(6) :647-659.
[ 2] Liu C T. Acoustic evaluation of damage characteristics in a

composite solid propellant[]]. Journal of Spacecraft and
Rockets,1992,29(5) :709-712.
Liu C T. Three-dimensional finite element analysis of
crack-defect interaction [ R]. Journal of Spacecraft and
Rocket,1992,29(5) . 713-717.
Liu C T, Yang J N. Probabilistic crack growth model for
application to composite solid propellants[ J]. Journal of
spacecraft and rockets,1994,31(1) :79-84.
Liu C T. Cumulative damage and crack growth in solid
propellant[J]. AD-A323684,1997.

HTPB

[Jl -1994,15(6) :88-92

QU Wenzhong. Experimental research on crack growth be-
havior in HTPB composite propellant[ J]. Journal of Propul-
sion Technology ,1994,15(6) :88-92. (in Chinese)

(1. +2000,21(3) ; 71-74.
XING Yaoguo, XIONG Hua, DONG Kehai,et al. Propa-
gating process of cracks on polysulfide propellant during

combustion[ ] ]. Journal of Propulsion Technology, 2000,



940

28

(8]

[9]

[10]

[11]

[12]

21(3):71-74. (in Chinese)
[l 22004, 27 (1)

46-49.
MENG Shangyang, TANG Guojin, LEI Yongjun. Stability a-
nalysis of the interfacial debonded crack between propellant and
liner of solid rocket motor grains[J]. Journal of Solid Rocket
Technology ,2004,27(1) :46-49. (in Chinese)

L. .2011,34(1) :28-31.
ZHI Shijun, SUN Bing, ZHANG Jianwei. Numerical com-
putation of mixed mode crack propagation in solid propel-
lant[J]. Journal of Solid Rocket Technology,2011,34(1)
28-31. (in Chinese)
Kelley F N, Trout J L. Elements of solid rocket service life
prediction[ R]. ATAA-72-1085,1972.
Christiansen A G,Layton L. H,Carpenter R L. HTPB pro-
pellant aging[J]. Journal Spacecraft and Rockets,1981,18
(3):211-215.
Schubert H, Menke K. Service life determination of rocket

motors by comprehensive property analysis of propellant

[13]

[14]

[15]

[16]

[17]
[18]

grains[ R]. AD-A330303,1997.
[JJ. ,1999,20(5) :39-43.

XING Yaoguo, MA Yinmin, DONG Kehai. Prediction of
service life of storage grain using periodical chech method
[J]. Journal of Propulsion Technology , 1999, 20 (5); 39-43.
(in Chinese)
Kivity M, Hartman G, Achlama A M. Aging of HTPB pro-
pellant[ R]. ATAA-2005-3802,2005.
Gary L. Solid propellant aging kinetics[ R]. AIAA-2009-
5423,20009.

[M]. : .
2009.

[M]. ,1996.

[1l. .2011,34(5) :593-597.
ZHI Shijun,SUN Bing, ZHANG Jianwei. Storage life pre-
diction for solid rocket motor grain in consideration of
Poisson’'s ratio[ ] ]. Journal of Solid Rocket Technology.
2011,34(5):593-597. (in Chinese)



