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Structural topology optimization based on SIMP variable density method and its application
YU Hai, YANG Huibin,MAO Jian, YAN Juan
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract : In the process of topology optimization, in order to solve the problems of slow computation speed and low efficien-
cy in complex structures, a step-size adaptive optimization algorithm based on the solid isotropic material with penalization (SIMP)
model was presented. The proposed algorithm adaptively selects the optimal step size parameter according to the SIMP penalty
factor P value and adjusts the step size for each iteration based on the objective function's iterative value. This approach ensures
precision while accelerating convergence to the iteration target. Simulation experiments using the classical MBB simply supported
beam case, with various mesh sizes, demonstrate that the proposed method achieves the most accurate results with up to a 100%
improvement in iteration speed compared to three other step-size iteration formulas. Additionally, to address the lightweight require-
ments in the automotive industry, topology optimization was applied to redesign the throttle bracket structure. The optimized model
volume is reduced by 35%. On this basis, using the additive manufacturing technology, the double-nozzle continuous fiber printer
was used. The composite material with a long carbon fiber volume fraction of 35% ( the matrix is a chopped carbon fiber filled
nylon wire ) replaced the traditional aluminum alloy material for additive manufacturing to achieve the purpose of weight reduction.
Finally, the throttle bracket structure with mechanical properties equivalent to the original structure and a weight reduction of 48%
were obtained, which can further realize the lightweight manufacturing of automobiles.

Keywords : variable density method ; adaptive mobile step length ; topology optimization ; throttle bracket structure ; addi-

tive manufacturing
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A:Static structure
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(a) Equivalent stress contours
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(b) Displacement contours
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Fig. 11  Equivalent stress and displacement contours of

throttle bracket structure
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Tab.2 Optimization scheme and results

Volume constraint Equivalent

Scheme scorel% stress/MPa Displacement/mm
60 10.56 0.102
65 7.24 0.072
3 70 6.96 0.068
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Fig. 12 Topology optimization results and refactoring
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Fig. 15 Printed throttle bracket parts
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Tab.3 Data before and after optimization

Optimi- . Equivalent Displace- Volume/ Mass/
. Materials 3
zation stress/MPa  ment/mm cm g
Before  Aluminum alloy 6.4 0.05 157 409
After  Toerreinforeed ) 0072 16 212
composite
5 it

(DI T —F 2T ARG 7 P Y A & N AS 5)
AR Bk ARG BT AR i x A {E A
BB RS S A K, 18 22 AR B o0 i A5 Ak 3 5t

T HEABMAY SR, @ 2 S ], 5
b ARTTIEXS L, Bl 1 AR 7 kAL A 3 E A
e, BT 100%.

()X 3 1] S 2R A5 R A T s T2 ) A% i 7 2 B
PEAT 125 5 MR , AR 30%, IF
PRI 8 35% B BRET 4k G BRI BEATHTER, £l
BERTE 1 A PR REAN 2 3 25 R A R T, o i
% 48%,

& % 3k

(1] ARk, AR, 00, 25 1 1) e i 940 ML BOR S R BIAR

SR [I]. it as il £ A, 2020, 63(10):24-38.
ZHU lJihong, ZHOU Han, WANG Chuang, et al. Status and future
of topology optimization for additive manufacturing. aeronautical
manufacturing technology[J]. Aeronautical Manufacturing Technol-
0gy,2020,63(10):24-38.

[2] MARTIN P B, KIKUCHI N.Generating optimal topologies in struc-
tural design using a homogenization method[J]. Computer Methods
in Applied Mechanics and Engineering, 1988,71(2):197-224.

[3] ESCHE TR A MLy iR A SR ORI FE [D]. K - K
BEHLT R, 2020.

NIE Wenjian. Research on algorithm modifications based on
density-based topology optimization[D]. Dalian: Dalian University
of Technology ,2020.

[4] ZRPUVE, ZE0r e 2R R TR A LS AR M I i
TII]. e dnak £ TAR2AHR, 2024 ,45(3):101-106.

NIU Xixi, L1 Xinying, L1 Peize. Topology optimization design of
aircraft flap based on variable density method[J]. Journal of
Ordnance Equipment Engineering,2024,45(3):101-106.

[5] XA, Wi, ORI, 45 KR R SIS SRR ML AL S

IR SE ] P EALIE TR, 2023 ,34(18):2 238-2 247,2 267.
LIU Yingjie, HU Qiang, ZHAO Xinming, et al. Research on topol-
ogy optimization and additive manufacturing of automotive engine
connection brackets[J]. China Mechanical Engineering, 2023, 34
(18):2 238-2247,2 267.

[6] A%, " SCHl, iR ZE, 45 B TR ML B DU e IE AL S iR
AL H(]. TRBEL A, 2023 ,51(2):60-66.

LI Heng, YAN Wenkai, CHEN Yihao, et al. Lightweight design of
four-rotor UAV fuselage based on topology optimization[J]. Engi-
neering Plastics Application,2023,51(2):60—66.

[71 LIN CY, SHEU F M. Adaptive volume constraint algorithm for
stress limit-based topology optimization[J]. Computer-Aided
Design,2009,41(9):685-694.

(8] [EEL&, XUiH, BUH A, 45 . 3T ik 5 SR 5 DB 1y SIMP 7 ik
[9]. B S22 47,2017, 34(1):81-87.

KUANG Bing, LIU Juan, DUAN Junwei, et al. SIMP method
based on modified sensitivity filtering strategy[J]. Chinese Journal
of Computational Mechanics,2017,34(1):81-87.



T, 55 LT SIMP AR BR R S5 H A MIL 1L B v T 99

[9]

[10]

(1]

[12]

[13]

B, WA T B, 4 25 IS DI G A Y R 1 iy vk
] AU B BT B 241, 2019, 31(5):842-850.
LIAN Ruichao, JING Shikai, YANG Haicheng, et al. Sensitivity
filtering method considering partition blending weights[J]. Journal
of Computer-Aided Design & Computer Graphics, 2019, 31(5):
842-850.
R DT, TR 38 B T BORTEAR WAl 1 B B ] o
FEHL K ,2023(5):53-58.
SONG Guoxin, FENG Yu. Application of additive manufacturing
technology in space liquid propulsion[J]. Aerospace China, 2023
(5):53-58.
TR, AT, WRREAR A BB TR R AT P <
3D E 4D[J]. FHUM AT 2 ,2022,52(2):67-75.
ZHANG Yalian, CHANG Ruohan, YAO Caogen, et al. The
research and application development of additive manufacturing
technology: From 3D to 4D[J]. Aerospace Research Institute of
Materials & Processing Technology,2022,52(2):67-75.
DEA U, 2R RAE , A5 AR BRET 4R (BT Ut e 5 0 [T].
TSR ] ,2023,51(11):181-186.
JU Yubo, LI Zhi, BAI Ting, et al. Research progress and applica-
tion of low-cost carbon fiber[J]. Engineering Plastics Application,
2023,51(11):181-186.
AEde kUL, WA 45 LTI S T R A ) 1 T2 DU e 3
TEAHLFFMIEAL[]. TARELRLY T, 2023,51(10):76-84.
XIONG Ting, QIAN Bo, HU Zhentao, et al. Topology optimiza-
tion of quadcopter unmanned aerial vehicle based on continuous
fiber additive manufacturing process[J].

Application,2023,51(10):76-84.

Engineering Plastics

[14]

[15]

[16]

[17]

(18]

[19]

I SKPE, ARFR A , 45 . CFRP ARV 4 AL v i o FH B 0 i
[J]. AEEEREN T, 2022, 50(10):154-158,163.

ZHANG Kun, ZHANG Dan, ZOU Ruirui, et al. Application
research progress of CFRP in automobile lightweight[J]. Engineer-
ing Plastics Application,2022,50(10):154-158, 163.

RITH LT SRR LS ST S LR [D]. K AR
PRK2E,2017.

WU Fanghe. Sructural design and optimization of carbon fiber
reinforced plastic engine hood[D]. Changchun: Jilin University,
2017.

ML AT e S5 M R IR AL By 2 424 (L 5T H[D].
KA FHMARFE,2019.

TIAN Kai. Lightweight design for carbon fiber composite mate-
rial anti-collision beam of electric car[D]. Changchun:Jilin Univer-
sity,2019.

SIGMUND O. A 99 line topology optimization code written in
Matlab[J]. Structural and Multidiplinary Optimization, 2001, 21
(2):120-127.

SR K TR Lk B S RS AR MA AL AT FE (D). P4 22 . 7Y
L TR, 2010,

WU Dingfeng. Research on topology optimization of continuum
structure based on variable density method[D]. Xi'an: Xidian
University,2010.

U B TR BRI SRS A A ML A 7 5 (D). I
PR, 2011,

LI Hao. Research on topology optimization methods of
continuum structure based on variable density method[D]. Wuhan:

Huazhong University of Science and Technology,2011.



