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Fig. 1 Optimal flow chart
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Tab.1 Material properties of the components of
axle housing
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Fig. 2 Diagram of boundary conditions and

loads of axle housing

WNE 2 PR, 9K B ¢ A5 80 58 2o 43 A #2931
Al A 1 Bl R AN b O R A SR A
WHE I FFER B B L R . Mroc ik BT B W % I8
e RTINSV S N RSB - N (N E R L
A B T80, X N 28 8 A 2,/ = A T 00 Y 3
] 73 F . LLR R A998 23 51 0m, Xk ) 77 1 4 )
SR FH 21l 4 A I 4 DA R i 5 AR 5 4 I AT S R A
Lo A RO ST N3 A e A BR TR R 5 A
480681 A~ FAIG . WNEL 3 s . F) FH S 44 B0 K1) 43 #F
FEHRE B TE 5 T B M 8% L DL FR S B i AR
JE  ORE A3 A TS A

Bi5e i fe KN 26 3 Fios R4 1 itk
D A S RN i N N TR S SN VAR AN
TRE A B T R 9 BE 635 MPa 5 460 MPa, #r
FCUH R OR SR 5T A A Y R I T X A3
A e e B 5 A 5] T, B A th 5 U 3
P i P e 3 X7 T KPR B R A2 51 ) O T 1Y)
B K IME N 322, 2 MPa, W& 4 iR, % 8 2R
AT MR FE A AR 1) de KON 3 s T ) g T
BLI 155. 0 MPa, 2 3CK 3 T ol (il 8h 542 5] T
B, 04T 2 T 00 M A3 T R B 1= 16 7 X



w6 K% S TRTH LW &S 8 A5 3 o0

RINN S SNV
k2 BATIRTHE

Tab.2 Loads under typical working conditions
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Fig. 3 Finite element model of axle housing
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(a) Stress distribution diagram of axle housing
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(b) Stress distribution diagram of axle housing shell
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Fig. 4 Stress distribution diagram under maximum

pulling force condition
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Tab.3 Maximum stress of axle housing
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Fig.5 Design region and structural comparison before and

after topology optimization
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Fig. 6 Stress distribution after topology optimization
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Tab.4 Comparison of stress after topology optimization

: K F1/MPa A AR A K F1/ MPa
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Fig. 7 Design variables for parameter optimization
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Tab.5 Training error of the surrogate model
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Fig. 8 Pareto front of multi-objective optimal design
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Tab.6 Comparison of effects between optimal

N v RN - designs
BEH IR 7 R = 9 P — LA T 5 1 ) a
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Tab. 7 Adjustment of variables of optimal design
Tl TZ T1 TG TS T‘) TI(J Tl 1 T]Z T13 R]
2%/ mm 11.1 10.5 13.2 12.7 8.6 8.2 8.1 8.1 13.6 16.0 227.5
WG /mm 11,0 10.5 13.0 13.0 8.5 8.0 8.0 12.0 13.5 9.0 225.0
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Tab.8 Comparison of stress of solid model between the optimal and the original design

. % KW 71/ MPa A AR AR KL 1/ MPa
T4

R % Ak 5 A Ak B J T % kG A5 Ak,
s AR A 361.2 383.7 +6.2% 281.7 289. 2 +2.6%
=20 3 282.3 266. 2 —5.7% 271.0 243. 1 —10.3%
R #ET| N 457.3 460. 2 +0. 6% 322.2 285.5 —11.4%
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Multi-objective optimal design of drive axle housing of

tractor under multiple load cases

SU Shu-dan,

ZENG Yan,

LI Gang”

(State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment.

Department of Engineering Mechanics,Dalian University of Technology,Dalian 116024 , China)

Abstract: Dealing with the strength-based and lightweight design of a tractor drive axle housing with a

double-rear tandem suspension, this paper performed a topology optimization under multiple load cases to

get a better material distribution in high stress areas; Then Kriging surrogate models between variables

and responses were established, with weight and stress being the multiple objectives. The results of this

paper offers a range of reference designs in axle housing optimization, for example, the optimal design

reduces weight of the axle housing shell by 6. 5%, the maximum stresses under braking and traction

conditions by about 10% ,and the fatigue life of welds is increased by 23. 0% ,which can effectively meet

the needs of lightweight design and fatigue life of the axle housing.

Key words: drive axle housing;topological optimization;lightweight;fatigue life; multi-objective optimiza-

tion



