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Abstract

In order to solve the problem of mass redundancy in the design process of the automotive drive axle
housing while meeting the requirements of stiffness and strength. The working condition under the
maximum load of the drive axle housing was determined through static and dynamic characteristics
analysis. The Latin hypercube sampling method was used to select sample points for the design of
experiments. According to the results of the design of experiments, the response surface was con-
structed and the Kriging surrogate model of the objective function was obtained. Under the condi-
tion of satisfying various static and dynamic performance indexes, the multi-objective optimization
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algorithm is used to optimize the surrogate model with the minimum quality of the axle housing as
the optimization objective. After optimization, the mass of the drive axle housing has been reduced
by 11.1%, and all static and dynamic performance indicators still meet the design requirements.
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Table 1. Main parameters of the drive axle housing
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Figure 1. Load condition diagram of the
drive axle housing
1. B RZFHITRE

Z;

TUEAERRTRAT BRI, 41X DL R TURN R LI 00, S 7 (0 B R 52 (0 480407 3 5 S5 RO 43 280
(¥1 2.5 f5[7]. AR4E UL EIRENHFFER2 J3 08T, 15 I HLLPRATINEE DL 2 P

Table 2. Constraints and loads of the drive axle housing under four working conditions
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Table 3. Material properties
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Figure 2. Statics analysis results of drive axle housing under four working conditions
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Table 4. Statics analysis results under 4 working conditions
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Figure 3. The first six modal shapes of the drive axle housing
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Table 5. First six natural frequencies and vibration conditions
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Figure 4. Displacement spectrum of left and right spring seats in three directions
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Figure 5. Total deformation of the drive axle housing under resonance frequency excitation
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Figure 6. Design variables for the drive axle housing
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Figure 7. Sensitivity analysis
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Figure 8. Response surface diagram of target variables and corresponding design variables
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RS IR 3 HMRIETT S, WAL T iR,

Table 7. Candidate points and verification candidate points
7. ARE R RIIEHRIE S

ZH e 1 BrE ik /1 ki . 2 BriE ik 5. 2 ik K 3 BrilE ik 5. 3
Py/mm 20.426 20.426 28.866 28.866 21.413 21.413
Po/mm 8.7348 8.7348 8.879 8.879 8.3553 8.3553
Ps/mm 99.953 99.953 90.147 90.147 96.696 96.696
Py/mm 15.085 15.085 13.589 13.589 14.617 14.617
Ps/mm 3.499 3.499 3.2885 3.2885 3.3562 3.3562
Dy/mm 1.8336 1.8688 1.6059 1.6381 1.7287 1.7267
D,/mm 5.7138 6.1481 5.8352 6.4186 5.3022 6.4154

flHz 345.11 342.52 356.3 343.82 345.37 343.53
S/MPa 229.63 244.89 278.56 283.98 277.82 276.63
D/mm 0.41127 0.41718 0.40108 0.4443 0.41542 0.46465

M/kg 18.225 18.225 17.583 17.583 17.762 17.762

5.5. ML REE

HIE 7 s sk ad,  ARYE S S BCEORAE L P TR L, AR A 1 (OIS R, IF
FREFIIN TR LI EOR, XHZA B BT [ %, 8545 Rk 8 Fius.
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Table 8. Optimization of design variables and rounding results
=8 WIHTERUHREERER

BeHAE & /mm PLALHT AT
Py 19 204
P, 8 8.7
Ps 80 100.0
Py 15 15.1
Ps 5 35

WRyER 8 ARG TR, EE S4ER R ORIt R RS 8L 3 A ANSYS
Workbench 3 B R R AT 70 A, 13 Bl AR EE R & 9.

Table 9. Optimization results of objective variables
9. BFrREMILER

H b e 2 AT BAA)E Xt
Dy/mm 6.408 1.8664 ~70.8%
D,/mm 10.341 6.2059 ~40.0%

f/Hz 331.88 342.55 +3.2%
SIMPa 290.99 242.83 ~16.6%
D/mm 0.377 0.41898 +11.1%
M/kg 205 18.22 ~11.1%

Fh ¢ Ol A, S IR SR FE HEAT OCAK IS, SRS M S S5 B M M 20.5 kg T %% 18.22 kg, J#/> T 11.1%,
BRI, T EIE S A Al S T ER 2 A M RE T & R

6. &

BN SR IR SO HEAT SRR AR AN 22 T 00T RUBR S AS R E AT, IF ST AR SO0 RS e AT
TREAR. dERIT:

1) B R BTN, BOREERN R AR K25 S T, Hir B R AR AR R i S e i i it
WA, AR/ TR R ARGRAZ, 2 9 R

2) WD HIAE R MG, WEFTEsh SERE R, A AEMRIILR, A S RIER U A

LR,
3) TERRSE K RIBESE P AEEI R ORI, (EH 2 FARI M SR FE IR LD T 10.0%, 2 it

R
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