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a. HTPB billet

b. HTPB uniaxial specimen
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Fig.3 The small propellant specimen
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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
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TonT) p(T) G AL MM G £iEX WK (8) ~
K (9) R
0 on(T) = 0.095(Iga; — 0.373) + 0.65 (8)
q(T) =-0.021exp(lga,) + 0.554 (9)

T2 KT PPR Y RA (1 b RS A

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) 0.42054 (7))

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

F 4 ML PPR Y RACHS IR % RH 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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Fig.12 Comparison of stress-strain curve and dewetting proportion-strain curve of HTPB propellant between experiments and

simulation for different temperatures and strain rates
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Experimental Study and Numerical Simulation of Mesoscale Dewetting Behavior of HTPB Tripropellant under
Different Temperature Conditions

ZOU Zi-jie', QIANG Hong-fu', WANG Zhe-jun*, WANG Xue-ren', LI Shi-qi', 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 in-situ 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 tempera-
tures 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 relation-
ship 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 the filler/matrix interface dewetting
proportion of nearly 30% when the propellant specimen fractured, while the porosity was only 6%. Through numerical simula-
tion, 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 numerical model
constructed in this paper can effectively predict the dewetting damage behavior and macroscopic mechanical properties of pro-
pellants.
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CLC number: TJ55;V512 Document code: A DOI: 10.11943/CJEM2024208
Grant support: National Natural Science Foundation of China (Nos. 11772352, 22205259) ; Natural Science Foundation of
Shaanxi Province (20190504,2020)Q-486)

(Tidhi: £ )

CHINESE JOURNAL OF ENERGETIC MATERIALS 2 A

o
Il

o 2025 4% $ 334 H 148 (13-23)



