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Abstract: [Objective] In order to investigate the static characteristics and lightweight optimization of the rear
axle housing of a new pickup truck vehicle, [ Method] a research method combining finite element platform sim-
ulation and bench testing was adopted. Firstly, a finite element model with high computational accuracy was es-
tablished in Hypermesh software. Secondly, the stress and displacement of the axle shell under full load condi-
tion were analyzed using ABAQUS simulation platform, and the location of the dangerous cross-section was de-
termined. Subsequently, the dimensional optimization of the axle shell and the steel plate spring seat and other
components was carried out through Optistruct optimization module, and then the reliability of the lightweight

optimization was verified through vertical bending static stiffness bench test. Finally, the reliability of light-
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weight optimization was verified by vertical bending static stiffness bench test. [ Result]Finite element analysis
results show that the dangerous cross-section of the axle housing is located in the housing steel plate spring seat
and housing connection with the maximum stress and deformation of 307.20 MPa and 1.440 mm. Size optimiza-
tion of the axle housing weight decreases from 59.07 kg to 52.55 kg and the weight reduction rate is 11.04%.
The stress rises to 310.10 MPa, but it is still less than the yield strength of 45 steel of the axle housing material,
which is 355.00 MPa, and the deformation is less than the standard 1.400 mm. The results of the bench test show
that the axle housing passes the vertical bending static stiffness test, and conforms to the standard of the automo-
bile drive axle bench test. [ Conclusion ] The established finite element model has high accuracy, and the simula-
tion results are highly close to the results of the bench test. The axle housing optimized by Optistruct has good
mechanical behavior performance, and the module has high reliability in axle housing lightweighting.
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Fig. 1 Mesh quality inspection results of

axle housing
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Tab.1 Mesh quality details of axle housing

Evaluation Failure Number of Percentage of
indicators criteria failed mesh  failure mesh/%
Min size 2.0 200 0.33
Max size 20.0 0 0
Aspect ratio 5.0 0 0
Warpage 15.0 0 0
Skew 40.0 0 0
Jacobian 0.6 0 0
Trias 15.0 1848 3.10

BT MM, TCLr MG, RITER R . Bk
B A HEBR T 1 A G DL AN R 1 s .

W 2 i, TEAEE A Hro AL D 28 5T R A 14
FEAb R RBE2 NI BT iE 47 A4

B T B 25 e bR QT450, BF 5T S AN B 5
JEAL R 45 SN B R . AORHI ) 2 R AU 1
=R 2ME3I PR,

JERAE R —AE 2 B Be A, (i A 2 Z 4
B, 3 RE T FR A A S R A o B G B A 2 R
F2 07 2, WVARE R R AR i A, DSBS 1) R 1A
PEMTIREME . AT A RIS, o T3 M i
R 1D BTk Bl s 4 . AR T
TR A 3 iR .

2 BEBAFERTON

T B0 Bl 4 FroR | FER 52 B 25 45 PR B9 Al
M REAL N T RNk 22 785.00 N H.Jy [ 38 . T
T T, O T SEIA R L SR g AR 3
JeA W EE 7 T 1D-COUP_KIN A5, 31 1 SPC
AT . ZEMIA B T F R EE 2,4, BPBR 1
T XA Z 5 w3l DL Y Sl Z Ay
] Y520 o AT 0 A 29 SRR T L ER EE 4, BIVRR ]

(a) Rigid connection at the center of the leaf spring seat
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(b) Bolt rigid connection of the reduction gear housing
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Fig.2 1D connection unit
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Tab.2 Mechanical properties of axle housing

Poisson’s Density/ Modulus of Yield

Material
ACHAE  ratio (g/em’) elasticity/GPa strength/MPa
QT450 0.30 7.85 210 310
45 steel 0.28 7.30 198 355
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Tab.3 Material properties of axle housing

Component Causality Thickness/mm

Axle shell SHELL 8

Shell cap SHELL 4

Reinforcement ring SHELL 5

Leaf spring seat SHELL 9
Main reducer housing SOLID
Axlehead SOLID

Absorbing bracket SHELL 5
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Fig. 3 Finite element model of axle housing
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Fig. 4 Finite element calculation model for full load conditions of axle housing
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(b) Displacement diagram
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Fig.5 Fullload condition cloud diagram
B/ T 45 3N A i IR 58 B 355.00 MPa, fe KA8JE i (QC/T 533—2020) (R ARARE) , 7E 4 M il 4 i, 4
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Fig. 6 Thickness cloud diagram after size optimization of axle housing
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(a) Stress cloud map

(b) Displacement cloud map
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Fig. 7 Optimized full load condition cloud diagram
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Fig. 8 Axle housing test rig and samples
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Tab.4 Test results of vertical bending static stiffness

strength of axle housing

(3]

Sample

Maximum deformation per meter

Backup failure

64-68.
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