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Fig.1 A type of military off-road vehicle
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Fig. 2 Layout of strain gauge at the motor housing during actual

vehicle test
1.2 BEZEHHFEE
T RIS e AN R T R st bl
FER I EATIE DL, I 0 G R DA B SR A 1Y 2 pey
WA AL & 2R3 S e, B T
AT Z2 AR Bl AR

B3 SEZEE KA

Fig. 3 Actual vehicle road testing site

Fig. 4 Fracture of the motor housing during actual vehicle testing
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Fig. 5 Multi-body dynamics model of the hub motor and suspension

system
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Fig. 6 Multi-body dynamics model of an off-road vehicle
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Fig. 7 Multi-body dynamics simulation of the off-road vehicle under
five typical working conditions
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Fig. 8 Z-direction displacement-time curve of front wheel hub center
under four typical operating conditions
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Fig. 9 Finite element simulation model of the motor housing and
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Tab.1 Material cards and parameter settings used in finite element simulation
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Fig. 10 Stress distribution of motor housing under typical working conditions
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Tab.2 Comparison of maximum and minimum principal strain at testing points of the motor housing
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Fig. 11 Topology optimization model of motor housing
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Tab.3 Maximum load at the hub center under typical working
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Fig. 12 Topology optimization results of the motor housing
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Tab.4 Equivalent static load application under five typical working

conditions
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Fig. 17 Stress distribution of the motor housing before and after
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Fig. 19 Stress distribution of the motor housing before and after

optimization under the vertical landing condition
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before and after optimization
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Fig. 20 Stress distribution of dynamic simulation of the motor

housing after optimization under typical working conditions

7 FLE5 35 52 PR IR A 7 v A DB 2214 00— 55, AT 56

E T A SR LT A BB IR AT BR T AR 5 ¥ i TE A 1

Jr it 77 3 Al T TR A B ik BE 5 B
3) DAL B R FE B HL TS AT E I T 00T AN

J198/ 40% L L, R}k S 8L T 80 2. 6% , A R0k T

Rt A TR B RS T ARA B T SRR AT AT

SR B ML R R TR 5 S %

5 2% 3Lk (References)

(1] FRTE. sl 3o 58 425 ondl i pL e (R et S5 ek [D]. hg
8 - P9 R 28I K2, 2020:29-33.

DONG Hongsheng. Design and optimization of integrated gear mo-
tor housing for pure electric bus[D]. Chengdu: Southwest Jiao-
tong University,2020:29-33. (In Chinese)

(2] %, 5, 727, % FERE3h R ST s ML il B ik BZ 20

SEAUEL ] Mk SR A4, 2019,40(2) 1 62-65.
YANG Jun, GUO Jing, NING Bianfang, et al. Analysis and verifica-
tion of the impact load strength of a certain servo system executing
motor [J]. Journal of Artillery Launch and Control, 2019, 40(2) :
62-65. (In Chinese)

(3] JER. Syt sl ik s it 50k (D] SR &
PRAR2#,2018:46-56.

ZHOU Cheng. Structural design and optimization of steering
knuckle hub motor shell[D]. Chongqing University,2018:46-56 .
(In Chinese)

[4] CVETKOVSKI G V,PETKOVSKA L B. Weight reduction of per-
manent magnet disc motor for electric vehicle using genetic algo-
rithm optimal design procedure [C]/IEEE EUROCON 2009.
IEEE, 2009, St. Petersburg, Russia, IEEE Computer Society,2009:



158 HL Ui

5k

53 2025 4F

[10]

873-880.

PROFUMO F, ZHANG Z, TENCONI A. Axial flux machines
drives: a new viable solution for electric cars[J]. IEEE Transac-
tions on Industrial Electronics, 1997,44(1):39-45.

MELLOR P H. Hub-mounted electric drive-train for a high perfor-
mance all-electric racing vehicle[ C J//IEE Colloquium on Machines
and Drives for Electric and Hybrid Vehicles. IEE, 1996: 1-3.
MR A . B B LR S R BT S IR M Ak M S0 15 SR Y i3t
HHD] M AR TR %, 2012 34-42.

CHEN Zunyou. Structure design and topology optimization of a
novel in-wheel motor and design of test bench [D]. South China
University of Technology, 2012 :34-42. (In Chinese)
XIHAE X B . — T R A PN 77 i ) 2 A B ML &5
MBS ]. R4 E R, 2022(1) :30-37.

LIU Huanian, LIU Xuyang. Structural design and optimization of
an external rotor permanent magnet synchronous hub motor for a
light pickup truck[J]. Automobile Parts,2022(1) : 30-37. (In Chi-
nese)

B RO, 5 5, 55 TR MR R B MLse kA
AR BESELT]). HLAEET, 2022,39(1) :105-110.

ZHAI Hongfei, HOU Junjian, FANG Zhanpeng, et al. Research on
lightweight design of the hub motor’ s shell structure based on to-
pology optimization[J]. Journal of Machine Design,2022,39(1):
105-110. (In Chinese)

UL XU 17 8x4 41T 4 Z RS 1205 B Bt M R BT R
[D]. BB ALFRHLKRE,2006:7-9.

LI Mingbing. Multi-body system dynamics simulation and dynam-

[12]

[13]

ics system development for twin-steering-axle 8 x 4 truck[ D]. Wu-
han: Huazhong University of Science and Technology, 2006: 7-9.
(In Chinese)

R, E OB, AT PR EUR B A R E H AR
FMEALBLT]. HUEREE ,2022,44(5) :1128-1133.

LI Yanxing, WANG Tie, JI Zhiyong, et al. Multi-objective topolo-
gy optimization design of hydrogen-fueled truck frame[J]. Journal
of Mechanical Strength,2022,44(5):1128-1133. (In Chinese)
YAMADA T, IZUI K, NISHIWAKI S, et al. A topology optimiza-
tion method based on the level set method incorporating a fictitious
interface energy[J]. Computer Methods in Applied Mechanics and
Engineering, 2010, 199(45/46/47/48 ) :2876-2891.

HUANG X,XIE Y M. Bi-directional evolutionary topology optimi-
zation of continuum structures with one or multiple materials [1].
Computational Mechanics,2009,43(3):393-401.

S KB E AR ATHRTE , 55 . SRR MU 85 B IR F 0
SRR OTIELT ] TN B BT 5 IR 24440, 2017,29(4)
759-767.

WU Yifan, ZHENG Bailin, HE Liiyang, et al. Equivalent conver-
sion method of gray-scale elements for SIMP in structures topology
optimization[J]. Journal of Computer Aided Design & Computer
Graphics,2017,29(4):759-767. (In Chinese)

T E 2SR, BYL, 4. BT Abaqus IOV R G R IR ALK
FAMIEALLT]. HUBGREE ,2022,44(2) :362-368.

WANG Shuguo, LI Lijun, LIAO Kai, et al. Topology optimization
of cantilever beam structure of flat sand system based on Abaqus
[J]. Journal of Mechanical Strength, 2022, 44 (2) : 362-368. (In
Chinese)

Strength simulation and topology optimization design of off-road vehicles’ hub
motor housing

QI Chang' MA Yuanhang' YANG Lining® YANG Shu' WANG Bolong'
(1. School of Automotive Engineering, Dalian University of Technology, Dalian 116024, China)
(2. China North Vehicle Research Institute, Beijing 100072, China)

Abstract: Aiming at the issues of fracture and weight reduction in the wheel hub motor housing of an off-road vehicle, a
structural strength finite element simulation analysis and structural topology optimization design were conducted. Firstly, a
multi-body dynamics model of the entire vehicle was established, and a simulation analysis was performed to determine the
load boundary conditions of the hub motor housing. Secondly, based on the spatial position relation between the housing and
interconnected structures, a finite element model of the motor housing and suspension system was constructed for dynamic
simulation analysis. Subsequently, using the OptiStruct software platform, with the objective of minimizing structural
compliance and constraints on volume ratio before and after optimization as well as the maximum stress, a mathematical
topology optimization model for the motor housing under various typical operating conditions was established and solved to
obtain the optimal material distribution scheme. Finally, the optimization results were verified by simulation. The results
indicate that compared to the existing design,the optimized hub motor housing structure experiences a stress reduction of over
40% and a weight reduction of 2.6%. It addresses the original fracture issue and eliminates the phenomenon stress
concentration, thus providing the valuable reference for the design of similar hub motor housing structures.
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