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Table 1 Material property

material p/g-cm™ E/ MPa "
propellant 1.7 E(e) 0.49
lining 1.6 42 0.44
shell 7.9 206000 0.29
nozzle 2.7 71700 0.33
Note: E(e)is shown in formula(1)-(3).
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Table 2 Fitting parameters of constitutive model
A, A, A, A, A, A,
33.710 —-0.0349 -0.388 0.0403 0.538 1.435
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Table 3 Parameters of ignition and growth model™®

I a b c d G,
7.4x 10" 0.0 0.667 0.667 0.111 7.0
e g X y z G,
0.333 1.0 800 1.5 2.0 9.6
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a. tail rebound from the ground(0-0.010 s)

b. head rebound from the ground(0.095-0.105 s)
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Fig.2 Drop process of motor at 48°
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Fig.3 Drop process of motor at 78°
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Fig.4 Point drawing of key position from charge model
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d. overload curve of propellant
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Fig.5 Numerical analysis curves of 48° drop

CHINESE JOURNAL OF ENERGETIC MATERIALS

042 014

4 RHNBEFREAKSH

AR & S AL ) Bk T 4E A o B AR A % s AL
AT T — R B 37.5 m ff B 48° M kR I I . %R
W rf AE & Sh ML WA 07 B (A ) LA B i T 55 07 B
(C A5 Tl 78 79 Ak B A R 2% 5 7 o AR 7 B ADBE T I 4R
HE R 5 40 AR B LA B 24 K 9 LRI I ot 10145 5 Ab s
T4 30000 pe(3% ) 1 W AR AL IR 76 & sh LA [
B N A R

BRVE IR0 J5 6 & sh LT T R, & BhHlat
A Sk R A 1) W 24 5 & sl AL T 42 BIR 2 76 A BE J5 4 s Tl
1000 mm #F 45°[a] J& 78 J7 [n] Wr 24, AR 25 41 B 6, OF
MW R R NILR K EH KRBEERS . ko)
ML B8 IR A 7 7 L N 8] 6a T/

B S T 24 1) T 1) 35 8Lk 6] eb (141 6b e 4
B4 ey B K ) T AL BT s BB £k 1) i HLAT BR G
THREE R WOR AL B WAL 76 Bk 7% o /8 7 AR AR K g )
b, T HIREE TR SRR e L, R Rt
BT ST A T REIR , 225 A SR & AETR
KGR F3 v (LR S35 8] T 262 MPa, W A8 35 5] T
6.7% ) , e B v il R0 A E R 7 AR T R AR TR 1 D 2
WL BEJG T2 2 B gk DL S g Ul g G AE AT,
Wi s 5 A BIEL Ty m 4k 2 e i A TE WL T I
45°1 R BT 2L

<Z— crack

a. damage diagram b. mises stress nephogram
Bl6 76 /E37.5 m, A 48°Bk % Bl K S WL A

Fig.6 Experimeral damage pictures of motor at 37.5 m and
48° drop

P T2 24 1 THAR D R AR R R Bk v O
B2 IR LT A R A 5 BR T 5% AR BT B A1 BE 1T AY Fil
AR A AR A IR R B AR KT 3%,
K Bl ML A ik R KA B AT AR B2 5000 g, F 30 4%
Sttt

2018 4% %26 A %9 M (726-731)



730

B IR WA, B R B G ET

Ra IE B AR R T

Table 4 Comparison of caulated data at different drop angle

angle / (°) maximum stress position of propellant / GPa maximum strain position of propellant / % temp. rise / K overload / g
43 0.147 3.8 0.65 1500
48 0.262 6.7 2.35 3396
53 0.241 6.2 2.05 3300
58 0.342 8.8 2.95 2932
63 0.179 4.6 1.15 2600
68 0.466 12 3.65 4205
73 0.508 13 3.95 3724
78 0.586 15 4.15 5083
83 0.541 14 4.35 7650
90 0.471 12 3.75 10954

#J3300 g.
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Table 5 Comparison of experimental and calculated results

data type temp. rise / K strain / % overload / g
experimental 0 >3 3300
calculated 2.35 6.7 3396
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Numerical Simulation and Experimental Analysis of Drop at Different Angle of Solid Rocket Motor

YANG Ming', HUANG Wei-dong', SHEN Wei', LI Gao-chun’, Ll Jin-fei', WANG Yu’
(1. Department of Aircraft Engineering Naval Aviation University, Yantai 264001, China; 2. The Dynamical & Mechanical Institute of Inner Mongolia, Hohhot
010000, China)

Abstract: To study the drop safety problem of a certain type of ship board solid rocket motor, the numerical simulation and anal-
ysis for the multi angle drop process at drop height of 37.5 m of solid motor were carried out by using ANSYS/LS-DYNA finite el-
ement analysis software. The verified test for drop test of real motor was performed. The results show that the dangerous angle
at the same drop height is 78°, the temperature rise of charge in the motor calculated by ignition and growth model is less
than 5 K, and the ignition reaction does not happen. The contact position of motor tail with collision surface is relatively danger-
ous. The stress and strain values of shell and internal charge are large, which may generate fracture failure. Through the drop test
of solid rocket motor, it is found that the tail of motor has a fracture damage, but the ignition or explosion reaction do not occur.
Data information collected from the test is consistent with the results of finite element analysis. The rationality of the calculation
method is verified.

Key words: solid rocket motor;drop test;numerical simulation;ignition and growth model
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