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Table 1 HTPB propellant composition/component information

mass density
component  role , CAS No

/% /g-cm
HTPB adhesive 10-20 0.95 69102-90-5
AP oxidant 60-70 1.95 7790-98-9
Al fuel 0-18 2.70 7429-90-5
RT-01 catalyzer 0-10 0.80 -
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a. 3000 cycles

the particle was broken
b 10800 cycles
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Fig.6 Mesoscopic morphologies under different loading cy-
clesat 50 C
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Fig.7 Macroscopic phenomena under different loading cy-
cles at 50 °C
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Fig.9 Mesoscopic morphologies under different loading cycles at 70 °C

030 S,

—Oo—min Lo\
025} —o—mean 3600 cycles 4
—O— max 5
= ;
S ’
= 015}
i 7200 cycles
0.10F
0.05}
0.00

1000 2000 3000 4000 5000 6000 7000
number of loading cycles

a. strain indexes with number of cycles

10 70 CFAFIMEKECT 92 WL

3.01
unaged
25F o aged-1800
—o— aged-3600

& 20} —©—aged-7030
=
g 15F
3

1.0F

0.5F

0.0 1 . . . 1

0.00 0.05 0.10 0.15 0.20 0.25

strain
b. comparison of mechanical properties of specimens

with different loading cycles and unaged specimens

Fig.10 Macroscopic phenomena under different loading cycles at 70 °C
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Analysis of Mesoscopic Damage Mechanism of HTPB Propellant under Thermo-Mechanical Coupled
Accelerated Aging

ZENG Yi', HUANG Wei', CHEN Jia-xing*, XU Jin-sheng', CHEN Xiong', WU Rui*
(1. School of Mechanical Engineering, Key Laboratory of Special Engine Technology, Ministry of Education, Nanjing University of Science and Technology
Nanjing 210094, China; 2. The 41st Institute of the Sixth Academy of China Aerospace Science and Industry Corporation , Hohhot 010000, China)

Abstract: This research investigates the mesoscopic damage mechanisms in hydroxyl-terminated polybutadiene (HTPB) propel-
lants under thermal-mechanical coupling. Experimental characterization and theoretical analysis were employed to analyze these
mechanisms at different environmental temperatures (50, 70, and 90 °C) and loading cycles. At 50 °C, the propellants under-
went approximately 3000 and 10800 loading cycles; at 70 °C, 1800, 3600, and 7030 cycles; and at 90 °C, around 1800 cy-
cles. The findings indicate that the mesoscopic damage in HTPB propellants, exacerbated by thermomechanical coupling, is
more pronounced than that caused by a single aging factor. This damage primarily results from two processes: thermal degrada-
tion of the matrix, diminishing both its load-bearing capacity and adhesion to particles, leading to particle dewetting; and the
subsequent exacerbation of the matrix’s thermal degradation by this dewetting. The above interaction makes the mesoscopic
damage more severe. Moreover, the damage intensifies with increasing aging temperature, but extremely high temperatures
modify the mesoscopic damage mechanism. Furthermore, the study emphasizes the importance of selecting an appropriate num-
ber of loading cycles to assess significant mesoscopic damage in HTPB propellants. Notably, substantial damage occurs when
the loading cycle ratio (N/N,,,) at 50 °C and 70 °C exceeds 0.281 and 0.330, respectively.

Key words: HTPB propellant; thermo-mechanical coupled accelerated aging; mesoscopic morphology; mesoscopic damage
mechanism
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