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a. HTPB billet

b. HTPB uniaxial specimen
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Fig.4 Two-dimensional mesoscopic cross-section of HTPB

propellant

AIURL PN 04 LB IR T AP JURL A A AS B (Y Bk s , 55 — b
S A P 014 L TR T AR 2 R R o o AR R A B UK
IR AT — il UL/ A S THT B L B R T 4 0 R ) A
T UKL -5 P A9 AN (R 95908 1T 7 3 T 3 S ) 490 463 i
W FT UL, CT HE A P 4 RT 458 el o 4 2 0 2% 20 1y 25
[] 73413 15 20

Oy E— 2P ARAS HTPB i 2 75 2% 20 WL 25 44 ) = 4 ¢
ik, A i A TR) 26 7 A P15 b 9 0 B8 L, SR K % L
7 1t B R PR A7 B (EL 20 ), AR U 23 AP IR
AIRIURE R FL B A A0S 4 o (SR 0k A% EqD 4k
40 W2 B RS RIS 5 32 20 WL 45 R 1A BRA ) g 3k
TRy EARFOR, s (1) R

3
6 x Vv
EqD = - (1)

A, VIR A 25 R AR R, wm®

it b, A5 B [F] 41 73 09 20 A R L SF RORLAR DA KA
MOE R R AR B an B 5 TR o

t & 5a Al L H AP JURLLE B R DY 2 A A X2
AR K, IR F 51.98% , H kL kL 48 2 A B
AW R0 = HECRRE , REBOA] 4r iy 25~250 wm, 43 K
25~100 pm,100~200 wm,200~250 wm =~ X [i]
A~ ) AP JBURL I R A2 K F 250 wm , HLAR B R A% A
FRIU 43 BN 3 2 A 7 AP URE I () 9K 25 1 114 22 50k
Stk R HRE M. dE Sb A LLUE H ALEUR Y
B Z, L2 88.86% KR ILZ) Jy 5.08% , %4
G35 T AP JIUREL I SE 7 1] BT 5 G o 0ROk A 4 K 22 80y
i 10~40 wm, Ho AP R ) S 20042 /N T 308 — A8

N XK XXXX HF & XX A& HXX# (1-12)



AT LR, R, B A F K

50
45— % "
40 [
= 35 = 20
=30 S 45l
£ 25 £
g2 & 10
S 15 s
10F 5t
: 0
O 100 200 300 400 500 0 20 40 60 80 100 % 10 20 30 40 50 60
EqD/pm EqD/ pm EqD/pum
a. AP, 51.98% b. Al, 5.08% c. Pore, 0.03%

B 5 HTPB #5745 241 5 = 4k 40 W8 25 ¥4 S R ~F 43 A
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Fig.9 Mesoscopic damage statistics of HTPB propellant under different temperature conditions
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Table 1 Prony series for matrix™”’

n 7. /s E,/ MPa
0 — 1.12

1 1 0.23

2 10 0.17

3 100 0.19

4 1000 0.34

Note: 7, : relaxation time, E : relaxation modulus.
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Model of particles c.

Mesh of particles f.

Model of matrix

-

Mesh of interfaces

S(A)=1-exp

(2=2])
q

A, A CHFRIERL RS nm, THUR PSR AR 353 B
Beo p.gi Weibull 23 fi (9 BRI R S M. WERA
WSRO R E WA 2~4.

Hod o, o PPRBY Py 3R LAY 1 3R 58
0o T)op(T)EARLER A G, FB XA (8)~K
(9) PR -

0 on(T) = 0.095(Iga; — 0.373) + 0.65 (8)

q(T) =-0.021exp(lga,) + 0.554 (9)

F2 KT PPRINRA A B KL 2L

Table 2 Material parameters of viscoelastic PPR cohesive
model

%k m 8,/nm p q O max / MPa
7.66563  0.54271 2 p(T) 042054 & m(T)

Note: «,: PPR shape factor parameter, m: PPR initial slope parameter, §
Failure displacement, o n.: PPR strength parameter, p:Weibull factor

parameter, q: Weibull factor parameter.
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Table 3 Prony series for viscoelastic PPR cohesive model

i 7,/s k./ MPa
0 oo 1.12

1 48551.6866 0.29134
2 371.48414 0.31485
3 4.07369 0.50189
4 0.04357 0.71556

R 4 i PPR A IRACHY 1Y i 2R AN T
Table 4 Time-temperature equivalent factors of viscoelastic

PPR cohesive model

T/C =20 0 20 50
lga, 2.581 2.012 0 -2.997
ar 381 103 1 0.001

Note: a,: Time-temperature equivalent factor.
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Experimental Study and Numerical Simulation of Mesoscale Dewetting Behavior of HTPB Tripropellant under
Different Temperature Conditions

ZO0U Zi-jie', QIANG Hong-fu', WANG Zhe-jun’, LI Shi-qi', WANG Xue-ren', LI Yi-yi’
(1. Zhijian Laboratory of Rocket Force University of Engineering, Xi'an 710025, China; 2. Missile Engineering Department of Rocket Force University of
Engineering, Xi'an 710025, China; 3. 96863 PLA troops, Luoyang 471003, China)

Abstract: This study conducted micro-CT characterization experiments on HTPB propellant under wide temperature range and
uniaxial tension conditions. The mesoscopic dewetting damage behavior of the propellant with three environmental temperatures
of =20 °C, 20 °C, and 50 °C was analyzed, and a three-dimensional mesoscopic representative volume element model based on
the volume proportions of the mesoscopic components of HTPB propellant was constructed. The stress-strain relationship and
dewetting proportion-strain relationship of the model for different temperatures and strain rates were analyzed. It was found that
HTPB propellant had more severe dewetting at low temperatures (=20 °C), with an interface dewetting proportion of nearly 30%
when the propellant fractured, resulting in a pronounced stress softening phenomenon of the propellant. Through numerical sim-
ulation, it was found that the propellant undergoes more severe dewetting with low temperature and high strain rate, which
greatly deteriorates the mechanical properties of the propellant. By comparing experimental and simulation results, the numeri-
cal model constructed in this paper can effectively predict the dewetting damage behavior and macroscopic mechanical proper-
ties of propellants.

Key words: HTPB propellant; mesostructure; mechanical behavior;dewetting damage
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This paper investigated the mesoscopic damage evolution process of HTPB propellant under wide temperature range conditions,
and analyzed the mesoscopic dewetting damage behavior of the propellant at three environmental temperatures of —20 °C,
20 °C, and 50 °C. A three-dimensional mesoscopic RVE model of HTPB propellant was constructed based on the actual
mesoscopic components of the propellant. The stress-strain curve and dewetting proportion-strain curve of the model were
calculated for different temperatures and strain rates, achieving the evaluation and analysis of the dewetting behavior of the

propellant.
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