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Progress and development trend of composite solid propellant
constitutive model research

XU Yihang'? , LI Daokui'” , ZHOU Shiming'"*
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. Hunan Key Laboratory of Intelligent Planning and Simulation for Aerospace Missions, Changsha 410073, China)

Abstract: As an important energy source of solid rocket motors, the mechanical properties of composite solid propellants have always been the
focus of attention in the engineering field. The macroscopic constitutive model and the fine-scale mechanical model in the characterisation of
propellant mechanical properties was focused on. The development of the two types of models was systematically sorted out. The differences between
the models were clarified. The applicable conditions of various models were pointed out. The difficulties and challenges of macro and fine
mechanical models in the characterisation of propellant mechanical properties at the present stage were analysed. The proposal of mechanical models
represented by cross-scale mechanical models will help to solve the problem of propellant mechanical property characterisation. The key in the
future modelling of propellant mechanical characterization is the experimental research under complex conditions, focusing on the development of
high precision and high performance multiscale numerical computation methods, as well as the integration of data-driven technology represented by
artificial intelligence technology into model innovation.
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Fig. 1 Schematic diagram of the propellant

mechanical property prediction study
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Fig.4 Generalized Maxwell model
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Fig.5 Categories of propellant macro models
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Fig.6 Illustration of pseudo-strain based prediction of

propellant mechanical properties
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Fig. 14  Schematic diagram of de-wetting of the propellant interface

B R BANE 15 iR . I, Geubelle
4l 1947 1998 AR ST T WL M N B S B R, &F
X U A R R 50 15 B 1T S ) 2 REAR 22 5 K
YIRS, Alfano ™ BFFY T WLk RS 70 45
FORFBSIE R AR R 32 51 — 43 88 00, 76 065 1A
b DU ST I, 45 B T TR A A o A
BRI HE R0 A 780 A 5 (8 3 3 TR 2 B0

ZH =

(Sge

Hp oI, T O RE R A 250 T Ftmik e 5 )
[ A AL TRTRE ) BRI K005 me o o PN 3R T B ) 490 i A9
38,5 S et M AP A i AL 5 B AE A
TS H . DR B TE A TR Y
PPR ( Park-Paulino-Roesler) 8 83 5, 3 s sh IT &
T4k PPR AU, Ky PPR BEHY iz T 2 4 R0 1Y)

=1 — T ) 4
& : _ HRIREAEMA
dli
&
|
:
|
:
]
|
1
E
i >
O

s

LS SRR A 3 9 26 5 XU P 58 g i
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bilinear cohesion model
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