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Fig. 1 Quarter-scale model of solid rocket motor
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Tab.1 Material parameters of solid rocket motor

- - 2y
MBS Felk Y )2
. . Propellant

Material parameter Case Insulation .
grain

PR Elastic modulus/MPa — 2.1x10° 3.5 3.6
AFA L Poisson ratio 0.3 0.499 5 0.496

Pk 24

L 1.2x10° 1.3x10° 1x10°
Expansion coefficient/°C™" “10 310 x10
% Jif Density/(kg/cm®) 7 800 1260 1 800
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Wit E, = 3. 6 MPa,
&2 Prony

Tab. 2 Prony series

i 1 2 3 4 5
E,/MPa 2.90 2.39 1.14 0.66 0.36
7, /s 0.01 0.04 1.19 19.51 1010.67
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FEanE 2 B .
Total deformation
Type: total deformation
Unit: m

Time: 87 400 s

0.023 299 Max
0.020 711
0.018 122
0.015 533
0.012 944
0.010 355
0.007 766 5
0.005 1777
0.002 588 8

0 Min
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(a) Total deformation nephogram

Equivalent stress
Type: equivalent (von-Mises) stress
Unit: Pa
Time: 87 400 s
1.324 1 X10° Max
1.1773X10°
1.030 5X10°
88370
73 689
59 009
44328
29 647
14 966
285.23 Min
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(b) Equivalent stress nephogram
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Equivalent elastic strain
Type: equivalent elastic strain
Unit: m/m
Time: 87 400 s

0.299 52 Max
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0.2333

0.200 18
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0.100 85
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0.001 510 4 Min
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(¢) Equivalent elastic strain nephogram
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Fig. 2 Calculation results of propellant grain under the coupled

effect of solidification cooling and vertical self-weight loading
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Tab. 3 Material parameters of the reinforcement structure
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Material parameter Reinforcement structure
LA Elastic modulus/MPa 40
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Fig. 3 Design region of the reinforcement structure
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S: copy of copy of zenggiang-1
Hydrostatic pressure

alnnllte :Plas [ Variable load: hydrostatic pressure
Max: 40 556.9
Min: 0
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40 556.9
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Fig. 4 Static hydrostatic pressure under propellant grain casting

condition
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T: structural optimization
Topology density

Type: topology density
Iteration number: 50
2023/12/20 13:01

@ Remove (0.0 to 0.4)
[ Marginal (0.4 to 0.6)
W Keep (0.6 to 1.0)
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Fig. 5 Topology optimization results under propellant grain casting

design condition
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Y: copy of static structural
Imported cut boundary constraint
Time: 1 s

All

Unit: m

Max: 0.022 763
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Fig. 6 Sub-model boundary constraints under solidification cooling

design condition
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Fig. 7 Topology optimization results under solidification cooling

design condition
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Unit: m

Max: 0.030 481 2
Min: 5.418 75X 10"
2023/12/25 0:26

0.030 481 2
0.027 094 4
0.023 707 6
0.020 320 8
0.016 934
0.013 547 2
0.010 160 4
0.006 773 61
0.003 386 8
5.418 75X 10"
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Fig. 8 Sub-model boundary constraints under creep development

W: static structural

Imported cut boundary constraint
Time: 1 s

All

design condition

X: structural optimization
Topology density

Type: topology density
Iteration number: 13
2023/12/25 0:28

M Remove (0.0 to 0.4)
[@ Marginal (0.4 to 0.6)
m Keep (0.6 to 1.0)
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Fig. 9 Topology optimization results under creep development

design condition
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Type: total deformation Type: total deformation

Unit: m Unit: m

Time: 87 400 s Time: 87 400 s
0.019 549 Max 0.016 001 Max
0.017 377 0.014 224
0.015 205 0.012 446
0.013 033 0.010 668
0.010 861 0.008 889 7
0.008 688 6 0.007 1118
0.006 516 5 0.005 333 8
0.004 344 3 0.003 5559
0.002 1722 0.001 7779
0 Min 0 Min
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(a) Configuration A
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Fig. 10 3D models of the reinforcement structure after optimization
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Type: total deformation FYFH

Unit: m

Time: 87 400 s
0.013 651 Max
0.012 134
0.010 618
0.009 100 7
0.007 583 9
0.006 067 1
0.004 550 4
0.003 036 6
0.001 516 8
0 Min

(c) #HHIC
(¢) Configuration C

Fig. 11 Total deformation nephogram
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Type: equivalent (von-Mises) stress. Top/Bottom

Unit: Pa Unit: Pa
Time: 87 400 s Time: 87 400 s
1.536 4X10° Max 1.009 7X10° Max
1.3659X10° 89 777
1.1953X10° 78 588
1.024 8 X 10° 67 398
85426 56 209
68 373 45019
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Type: equivalent (von-Mises) stress. Top/Bottom
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Type: equivalent (von-Mises) stress. Top/Bottom
Unit: Pa
Time: 87 400 s

94 327 Max
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73 389
62 921
52452
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10 577
108.32 Min
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(¢) Configuration C
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Fig. 12 Equivalent stress nephogram

Type: equivalent elastic strain. Top/Bottom

Unit: m/m it:

Time: 87 400 s MR lTJinI;lté;n;;gmmo s
0.274 61 Max 0.274 38 Max
024715 0.246 94
0.219 69 02195
0.19223 0.192 07
0.164 77 0.164 63
0.137 31 0.137 19
0.109 85 0.109 75
0.082 384 0.082 314
0.054 923 0.054 876
0.027 461 0.027 438

9.0143X10"" Min 9.028 8 X10™"" Min

(a) F9RIA
(a) Configuration A

Type: equivalent elastic strain. Top/Bottom

(b) #41B
(b) Configuration B

Type: equivalent elastic strain. Top/Bottom

Max

Unit: m/m
Time: 87 400 s

0.214 31 Max
0.192 88
0.171 45
0.150 02
0.128 59
0.107 16
0.085 725
0.064 294
0.042 863
0.021 431
9.003 9X 10" Min

(c) HyHIC
(¢) Configuration C

E13 E3CEMNTERE

Fig. 13 Equivalent elastic strain nephogram

2.3.3 LRIBE

ZEAXTHE AT 3 Rk X 24 AR TR S0 A
SRR IO A () S, 2 BAG R C B BR 45 A X
ST VAR KB Sz S AL 2 A ARG 0L g 0 A, It R ik
INERAR AR (RO e Ry B R R BE A TR C A 3
S 2 A A DAL BT B 2 T 58, A9 31 5 4 i 245 4 1) ] 44
KET RSP (] 14) .

A T3 R 5 K 1 A R R S LR g 2 A
RANFR A PR, 5 TCHG R SRR L, 5 1G5 45+ B [ 4
K & AL AE K I SE IR A T BRI KR
A5/, 23.299 mm AR R 13,651 mm, T [ 4

14 SHERAEMHEIE NS R IVIER

Fig. 14 Solid rocket motor model with the reinforcement structure
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Tab.4 Comparison of static analysis results

ot T e SR DT O AT A
ZEIRLXT Structure Structure .
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Comparison of results without with rcentage/%
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F_‘lﬂ'ﬁﬁ?
oNS-ay] g
' 23.299 13.651 41.41
Total deformation/mm
el
0.132 41 0.094 32 28.77
Equivalent stress/MPA
L35k i P
FREI R 0.299 52 021431 28.45

Equivalent elastic strain
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Optimization design of anti-creep reinforcement structure for solid rocket motor

propellant grain

LIU Mengyang'

GAO Jingwei'

YAN Bo'

ZHANG Xiaofei’

(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

(2. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: To address the creep issue that arises during the long-term vertical storage of solid rocket motor (SRM), a

method was proposed that involved embedding a specially shaped functional combustible core model (reinforcement structure)

into the propellant grain matrix without altering the basic structure of the grain. Initially, the distribution patterns of creep in

the propellant grain under the coupled effect of solidification cooling and vertical self-weight were analyzed by using three-

dimensional numerical simulation methods. Subsequently, the reinforcement structure was designed by using the solid

isotropic material with penalization (SIMP) method for topology optimization, determining the geometric configuration of the

embedded reinforcement structure. Finally, the final optimized design results were determined through comparative analysis of

the anti-creep effect of the topology-optimized reinforcement structure. The research results demonstrate that the deformation

stress and strain of the solid rocket motor propellant grain with the reinforcement structure are significantly reduced compared

to those without the reinforcement structure, effectively suppressing the creep of the grain.
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