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Fig.5 Experiment data and predict curves for uniaxial ten-

sion, biaxial tension, pure shear of natural rubber from Tre-
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Table 1 Comparison of the fitting parameters of the two
models

models G./MPa G,/MPa N a

8-chain model 0.27 - 26.5 -

this model 0.19 0.114 23.7 0.5

Note: G_ is the modulus of cross-linked network. G_ is the modulus of free
chains. N is the number of Kuhn monomers of cross-linked chains and
a is the slope of the line fitted by the evolution of free chains’ normal-

ized end-to-end distance.
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Fig.6 Experiment data and predict curves for uniaxial ten-

sion of NEPE propellant matrix with PEG as binder
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Fig.7 Experiment data and predict curves for uniaxial ten-

sion of NEPE propellant matrix with PET as binder and differ-

Table 2 Comparison of the fitting parameters of the two ent R
models F3 AMEEE S
models G./MPa G, ,/MPa N @ E, Table 3  Fitting parameters of constitutive model
8-chain model 0.200 - 37.7 - 413% G G G+G /
R c e N a c e E
This model 0.037 0.087 271 0.95 5% / MPa / MPa MPa ?
Note: G_ is the modulus of cross-linked network. G, is the modulus of free 0.9 0.055 0.187 19.8 0.42 0.242 1.7%

chains. N is the number of Kuhn monomers of cross-linked chains. «
is the slope of the line fitted by the evolution of free chains’ normal-
ized end-to-end distance and E is the relative error calculated by

1G,~G.“*1/G.*"x100%.
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1.0 0.181 0.16 23.5 0.388 0.341 1.7%
1.1 0.348 0.124 24.25 0.389 0.472 1.5%

1.2 0.492 0.096 20.7 0.4 0.588 0.2%
1.3 0.819 0.033 29.3 0.379 0.852 1.0%
1.4 0.848 0.13 20 0.51 0.978 1.0%
1.5 1.055 0.13 20.1 0.4 1.185 1.4%

Note: G_is the modulus of cross-linked network. G_ is the modulus of free
chains. N is the number of Kuhn monomers of cross-linked chains. «
is the slope of the line fitted by the evolution of free chains’ normal-
ized end-to-end distance. E, is the relative error calculated by

IG+G, =G, /G, X100%.
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Study on the Hyperelastic Constitutive Model of NEPE Propellant Matrix Based on Molecular Chain Evolution

LIU Jun', LIANG Shuang', LIU Xiang-yang’, GAO lJie’
(1. School of Aerospace Engineering , Huazhong University of Science and Technology, Wuhan 430070, China; 2. School of Aerospace Engineering, Beijing
Institute of Technology s Beijing 100081, China; 3. The 41st Institute of the Fourth Academy of CASC, Xi'an 710025, China)

Abstract: To reveal the relationship between the evolutions of polymer chains within the NEPE propellant matrix and the hyper-
elastic mechanical behavior, a multiscale approach was adopted to investigate the evolution behavior and characterization mod-
el of polymer chains under different deformation states. Firstly, based on the microscopic models of components such as matrix
adhesives, curing agents, and plasticizers, a dynamic model describing the evolution of cross-linked and free chain configura-
tions under complex deformation states was developed through molecular dynamics simulation of the matrix system Subsequent-
ly, the free energy contributed bycrosslinked and free chains was quantitatively characterized based on statistical mechanics,
and a hyperelastic constitutive model considering the cross-linking and entanglement effects was established. Finally, the devel-
oped constitutive model was validated by using the quasi-static tensile experimental data of NEPE propellant matrix samples.
Compared with the classical Arruda-Boyce model, the constitutive parameters in the present model have real physical signifi-
cances and can be obtained by experimental methods, which enables the present model to better predict the hyperelastic behav-
ior of the propellant matrix under different deformation states, and thus provide model for the regulation of mechanical proper-
ties and component optimization of propellant matrix.

Key words: propellant matrix; hyperelasticity ; constitutive model; physical mechanism;molecular dynamics;chain density

CLC number: T)5;V512+.3 Document code: A DOI: 10.11943/CJEM2023236

(Tith: ZHRR)

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-11) A A AL www.energetic-materials.org.cn



Ak T 40 7 4 8 A 1 NEPE $i 25 50 ik 1A 8 95 R b A

P S A7

= s Un

CL=1508i

& CLst0Ps
— k=08

MD simulations

nomalzed end-to end distance

ommalzed sndio end dtence

LS
LN

2

1 2 m g R

R,/R=I/3

Evolution models

s 5

(R, > G
Wy =G, UGR, RN Wﬂ@)‘[—;) o
3

Free energy

—— Bahain

!__B+aG, 3[3); af Ea)af s
2 212 V3 V3L g g

Constitutive model ~ * (&

G,

2

+ experiment dota

s model

movel

3 4 5
selch rato .

3

R, /RS =a(JI,/3-1)+1

7

Molecular dynamics simulations were performed to capture the evolution of crosslinked and free chains. A hyperelastic

constitutive model guided by the evolution models was proposed to reveal the correlation between the motion of molecular

chains and mechanical behaviours. The proposed model can be able to depict hyperelastic behaviour of NEPE propellant matrix

under various deformation states. The parameters in the proposed model have precise physical meanings and can be validated by

physical and chemical experiments.
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