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a b s t r a c t

In order to investigate safety character of solid propellant, the truing process was analyzed by a thermal-
mechanical coupled finite element method. Based on the viscoelastic integral constitutive relation, the
temperature response in truing process was calculated. The result showed that the maximum temper-
ature in solid propellant truing process could attain up to 65 �C when the truing velocity was 10mm/s
and the truing thickness was 1mm, and there was no remarkable temperature change under the truing
thickness of 1.0mm, 1.5mm and 2.5mm. The hazard in truing process of solid propellant was mainly
close to the edge of cutting area.
© 2018 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The purpose of solid propellant truing is elaborate shaping the
solid propellant grain. However, great quantity of high energy
materials (such as RDX, HMX etc) and various catalysts (such as
ferrocene) used in high energetic solid propellants increased the
hazardous property in the truing process. According to the result of
international statistic analysis, the accident rate of solid propellant
process was about 28% [1]. Because toomany complicate factors are
involved in the safety of truing process of solid propellant, although
a lot of work has been done to improve the inherent safety level in
this process, the safety control in high energetic propellants truing
is still dependent on experience of workers. Nowork has been tried
to analyze the condition of solid propellant grain during truing
process.

The objective of this paper is to analysis the truing process of
solid propellant by finite element method, the temperature
response of truing process under different thickness and velocity
were calculated, the hazardous spots in truing process was found.

2. Computational model and numerical method

2.1. Thermal-viscoelastic constitutive equation

Solid propellant is a material filled with large amount of solid

particles in matrix, themechanical property has strong relationship
to time and temperature, the incremental constitutive equation
was supposed for convenience of calculation: (1) solid propellant is
isotropy and physical linearity material; (2) concept of time-
temperature shift principle is used [2e6].

SijðtÞ ¼ 2
Zt

�∞

Gðt � tÞdeijðtÞ
dt

dt (1)

sijðtÞ ¼ 3
Zt

�∞

Kðt � tÞdεkkðtÞ
dt

dt (2)

Where G (t) is shear slack variable, and K (t) is volume slack vari-
able. The series can be written by the following formula:

GðtÞ ¼ Gð∞Þ þ
XN
i¼1

Gi expð � t=tiÞ (3)

KðtÞ ¼ Kð∞Þ þ
XM
i¼1

Ki expð � t=tiÞ (4)

Where t and t are equivalent time.aT is time-temperature equiva-
lent factor, aT is calculated by the following W.L.F equation:
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log aT ¼
�C1

�
T � Tref

�
C2 þ T � Tref

(5)

C1 and C2 for material constant are given by experiments, Tref is
reference temperature.

2.2. Physical model and finite element mesh

The length and width of the test sample were 15mm and
10mm, but the physical model of solid propellant truing was very
simple, because the truing thickness was much less than the web of
solid propellant. The cutter was simplified to a rigid body with no
friction. Finite element mesh as shown in Fig. 1. All parts use square
elements, 24000 elements are created for the propellant grain, and
25040 nodes are used.

2.3. Material property test of solid propellant and data processing

The uniaxial testing method is widely used to analyze the me-
chanical property of solid propellant, the dimensions of testing
sample was 10mm� 10mm� 70mm, the tensile velocity was
100mm/min and the testing temperature was �40 �C, �20 �C, 5 �C,
20 �C, 50 �C, 70 �C. The test result by the uniaxial method as shown
in Fig. 2. The master curve of solid propellant at the reference
temperature of 25 �C after shifted as shown in Fig. 3. The master
curve was fitted by prony series could get the master relaxation
modulus curve of solid propellant:

EðT ; tÞ ¼ Ee þ
Xn
i¼1

Ei exp½ � ðt=tiÞ� (6)

where the balanceable modulus Ee¼ 0.9MPa, Ei was given in
Table 1.

2.4. Other material parameters

Other material parameters are shown in Table 2 [6e8].

3. Numerical results and analysis

Finite element simulation results showed that the temperature
of solid propellant reached balance state in short time (see Fig. 4),
when truing velocity was 1mm/s, the maximum temperature was
not in the edge of cutter, but the area close to the edge of cutter, for
the friction between cutter and solid propellant scraps, moreover,
the plastic deformation is one of the important reason for tem-
perature raising, therefore, the area after the edge of cutter is
hazardous area in the truing process of solid propellant.

To investigate the temperature under different truing velocity,

the results of maximum temperature in truing process under the
truing velocity 1mm/s, 5mm/s and 10mm/s with the thickness of
1.0mm (see Fig. 5). The maximum temperature of truing process
increased gradually as the velocity increased [9]. The temperature
response was lower when truing velocity was 1mm/s, but the
maximum temperature reached 65 �C when truing velocity was
10mm/s.

The result of the highest temperature under the different
thickness 1.0mm,1.5mm and 2.5mmwhen the truing velocity was
1mm/s (in Fig. 6). The maximum temperature increased with the
different thickness in truing process, but it was not obvious, the
discrepancy of truing temperature between the thickness of 1.0mm
and 2.5mm was approximately 1 �C.

4. Conclusions

(1) The maximum temperature in truing process of solid pro-
pellant increased with the truing velocity increasing. TheFig. 1. Finite element model for truing process of solid propellant.

Fig. 2. The test result by the uniaxial method under the different temperature.

Fig. 3. Master relaxation modulus curve of propellant.

Table 1
Parameters of prony progression of propellant.

i Ei/MPa ti/s

1 1.459 1.0� 10�5

2 1.805 7.5� 10�5

3 �0.041 0.001
4 0.903 0.009
5 �0.333 0.118
6 0.583 1.183
7 �0.260 7.998
8 0.352 120.0
9 0.058 1.23� 105

10 0.214 1.19� 106
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