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Table 1 Parameters of slow cook-off test device
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installation photo
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a. @100 mmx200 mm b.

BT R e
Fig.1 Physical picture of slow cook-off test device
d
c
B2 RRUT [ MR I A Sh AL 62 i B

Fig.2 Schematic diagram of full-scale SRM test device
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Table 2 State and response level of SRM after slow cook-off test
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Fig.3 Wreckage and witness plate after slow cook-off test of

small- and medium-size test pieces
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Fig.4 Experimental process and wreckage of full-size SRM

charge size /mm state after test

response level

®100%200 shell and end cover were torn explosion
®160%400 the shell was torn and the end cover was punched open explosion
D522x887 the shell was broken and the swarf remained deflagration

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2022 % $ 304 #2# (155-162)



158

A A, A AR RN

3 HERN

31 HERESELRFE

X U R SR R AT T A R

(1) 72 W% [ A e 1k 500 52 0 o 9 AR 25 A8 4 4 o
53

(2) 18 3 5 R 33 72 o 1) 45 ) LA 24 MR RE S 50
A, N B I AR A T AR A 5

(3) 20 45 241 53 Z 18] (AR ik I f% 3 K 22 55

(4) 22 [# {4 30 591 5 52 4 22 18] 4 [ gt 5

(5) [ A 15 577 37 #4510 31 Arrhenius J7 F2 2.

[ K 7 K st AL o e R 2ot A v i) B R LR
RO e RS E AR N,
d a( o o a a( a
at(p(:T)=8X(AaXT)+8y()\ayr)+az()\azr)+s (1)
Kb, p HERE  kg-m?;c HILAE,)-kg - K5 THIR
BE LK OB E] s5 A IR Wem ™ KT SO R HE
HEF A NI

SHEHR(2) 2G5, £ % AP/HTPB #E i 7] 114 1 1R
PSR FH R 25 i, S Ry R AT A

Ea
o7 (2)

A, QNN ) -kg s ZNFEETIH T, 7 E, G fR
fie,)-mol™, BRI i sh 11 #2800 36 35 R M A
4 %0,8.314 J-mol "K',

T2 56 4 i 7 1) 23 AR X337 B 3SR R O 4 B
Xof AL A PR THT R A AR R i R AR v A O
g=h(1,-7) (3)
b, g X AL I T AR OR W e m T h ol R
AR B, W em ™K (T, = T,) Jhy [T A BE T 5 38 4 2
[] 7 ek 22 L Ko

S = pQZexp

x3  BUMRDY SR

Table 3 Kinetic parameters of thermal decomposition

reaction step Z/s™! E/)-mol™ Q/)-kg™
1 800 137.15 -297
2 1100 178.75 9643.2

Note: Zis pre-reference factor; E, is activation energy; Q is reaction heat.
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Fig. 5 Geometric model for numerical simulation of slow

cook-off of small- and medium- size test pieces
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Fig. 6 Geometric model for numerical simulation of slow

cook-off of full-size solid rocket motor
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Fig.7 Temperature-time curves of slow cook-off test
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Table 4 Material parameters

material plkg-m™ c/)-kg K A/WemT KT
HTPB propellant 1740 1410 0.373

45* steel 8030 502.48 16.27
D406A steel 8050 501.4 21.77

air 1.225 1006.43 0.0242

Note: p is density, c is specific heat capacity, A is thermal conductivity.
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Fig.8 Slow cook-off temperature cloud diagram of

®100 mmX200 mm small test piece at different times
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Fig.9 Slow cook-off temperature cloud diagram of
@160 mmXx400 mm medium test piece at different times
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Fig.10 Slow cook-off temperature cloud diagram of full-size
SRM at different times
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Table 5

rocket motor under slow cook-off tests

Ignition temperature and ignition position of solid

o calculate
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charge ignition calculation ignition
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size/mm C temperature  error/% position
/°C
@100%x200 243 250 2.88 center
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$522%x887 155 154 0.64
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Fig.11 Temperature-time curves of solid rocket motor under

slow cook-off tests and numerical simulation
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Slow Cook-off Characteristics of HTPB SRM with Different Structural Sizes

DENG Yu-cheng', LI Jun'?, REN Hui', JIAO Qing-jie'

(1. State Key Laboratory of Explosive Science and Technology , Beijing Institute of Technology, Beijing 100081, China;2. Science and Technology on Aerospace
Chemical Power Laboratory, Xiangyang 441003, China)

Abstract: Slow cook-off test is one of the key tests of low vulnerability assessment for solid rocket motor. In order to study the in-
fluence of the charge size of HTPB composite propellant on the slow cook-off characteristics, slow cook-off tests and numerical
simulation were carried out to compare and analyze the ignition growth laws of solid rocket motor under slow cook-off tests,
with charge dimensions of @100 mm X 200 mm, @160 mm X 400 mm and @522 mm X 887 mm. Their corresponding ignition
temperatures, ignition positions and response levels were determined. Results show that the ignition temperature of specimens of
@100 mmX200 mm, @160 mmx400 mm and ®522 mmX887 mm of solid rocket motors are 244 °C, 172 °C and 155 °C, respec-
tively. Taking test data as inputs, the calculated ignition temperature is 250, 269, 154°C, and their corresponding calculation er-
rors and response levelsare 2.88%, 1.17%, 0.64%, and explosion, explosion and deflagration. The calculated cloud diagram
shows that the ignition position of medium and small test pieces is located in the center of charge cylinders, and the ignition posi-
tion of full-scale solid motor is in the center of meat thickness of solid propellant front-end, which is a ring shape area.

Key words: solid rocket motor; HTPB composite propellant;slow cook-off;ignition temperature; response characteristic
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