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Fig. 1 3D model of gearbox
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Tab.1 Main parameters of gearbox

ZH{ Parameter {H Value
{5 8fj Lt Transmission ratio 23.8
Hii A Input speed n/(r/min) 3000
H§y Y9 Output torque T/(N*m) 40.0
i AT Input power W/kW 0.6
i 35 B4 8 Material for upper cover #4H Cast aluminium
T i 55 A4 B Material for lower cover 42CrMo Y 42CrMo steel

A2 #4 4L Bolt material 4557 45 steel
BT i Ml i JEE 210.0
Yield strength of cast aluminum R /MPa ’
42CrMo it R 2 e 930.0

Yield strength of 42CrMo steel R /MPa

R 247 6 46 — e AR 7E Romax H HE7 WIZR TR &
SRR, LB R G R 6 e SRR T S Uk
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MR IEAT f AL A B, HEBR 20 IR AE , WAL FLIR S 5]
45 R4 RS 5 T2 37 rhe2 rhe3 ST TS 24 o
FNZE AT | bar B ERIEAR 14 122 5 f J F W A AR 232 1k
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Fig.2 Node position distribution
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Tab.2 Material parameters

S8 42CrMo %N FEAR 455K
Parameter 42CrMo steel ~ Cast aluminum 45 steel
¥ Density p/(g/cm?) 7.85 2.80 7.85
VA
Modulus of elasticity E/GPa 212 70 206
A EL Poisson ratio v 0.28 0.33 0.27

®3 HREHAMAE

Tab.3 Forces and moments of nodes

A5 71 Force/N 715 Moment of force/(N+m)
Node X y 7

1 1.0 2.5 0

2 -1.1 49 -38.3

3 0 0.8 0

4 -0.4 6.4 0

FEIR BRI S129 0 4. 8 MPa, T KRS 24 56. 50 wm.,
FE AR ARAT R 1 I R38R 3 i i i 1) S5 255 1 g A
(R 2Ok N o o N o =g 1 s ) N WA N R S
IEFE AL BE (H8455) T e,
2.2 #E..,\ﬁﬁﬁ

BT R A B [ A3 T Ak 2

oK FEHTR )
von Mises stress/MPa
4.791 613
3.993 011
3.194 408
2.395 806
1.597 204
0.798 602
0.000 000
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(a) Stress nephogram of the box before optimization
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(b) Displacement nephogram of the box before optimization
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Fig. 3 Stress and displacement nephogram of the box before

optimization
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Tab. 4 First four-order natural frequencies and mode shapes of the

box before optimization

W EEEEIES PRIBURFAIE
Order Natural frequency/Hz Mode shape characteristic
S X e A R )
1 657.4 Top cover swings left and right along
the X-axis
ST Y A A 12
2 660.2 Top cover swings left and right along
the Y-axis
i 2L ;
3 8007 v Uy Z e .
Top cover rotates along the Z-axis
LR Z 6 R BkEh
4 3290.2 Top and bottom covers jump up and

down along the Z-axis

WA A4 h 3 000 o/min, f R

DRSS i Al 50. 0 Hz, /7 A2 10. 4 Hz,
iAh2. 1 Hz,

2) 5 A WA AR 5 1 AT FE R 1 000. 0 Hz, 26
20T R F MGG M4 142. 8 Hz,
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Fig. 4 First four-order natural frequencies and mode
shapes of the box
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Fig.5 Four-node displacement magnitude response and modal
flexibility
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Tab.5 Numerical value of single target topology optimization index

E RN e e S D) e SR I SR g T

A=a. =

Y

C =

EEEL7D 1st order 2nd order 3rd order 4th order xE

Index  frequency/ frequency/ frequency/ frequency/ Flexibility
Hz Hz Hz Hz
e
N 1

i 555.7 556.3 695.4 935.0 22.8572
Index 1

g

W2 e 875.2 10870 10936 169177
Index 2

e

83

fir 869.7 889.9 1091.3 1 094.6 17.153 6
Index 3

e

fifra 871.0 871.0 1089.1 1144.1 16.962 1
Index 4

g

S 715.8 729.8 921.8 2 436.7 16.683 3
Index 5
BT
Mother 872.1 889.9 1091.3 935.0 16.683 3

sequence

R

%EIE 0.19 0.20 0.10 0.16 0.35
Correlation

B 6 XM X, 357 H — A A BRAS B X R X, oK
BF 3 91 FiEE: e 50 6 I 50 ) 246 % 224 S IRk He 4
Xt B ) B KA S, Al /IME S,... , XI5 R FH B 248K
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HJ T ikE KA E AR RIS B R R, L C 5 C
B 22/ ME R H R -
min||C - C||,. k= 1,2 (6)
Ao BURPERCE 280 L=(1/2,1/2) o S35, e &AL
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Tab. 6 Weight values of three weighting methods for index

Jrik febr1 f8bR2  9RER3 fEbR4 MRS
Method Index I Index2 Index3 Index4 Index5
ERA AT AHP 046 0.07 0.08 0.17 0.22
TR R 1
Grey correlation 0.16 0.19 0.20 0.10 0.35
method
A AL
Combination 0.37 0.16 0.10 0.10 0.27
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(a) Stress nephogram after optimization of box
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Fig. 11 Static and dynamic analysis of optimized box
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Tab.7 First four-order natural frequencies of optimized box

B4 Order [#145 551K Natural frequency/Hz
1 696.3
2 700.6
3 873.9
4 35717
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Tab.8 Comparison of mass and static and dynamic characteristics

of box before and after optimization

_ PeAbHT ALE o
i Before Afterﬂ et
Index L. L Variation/%
optimization  optimization
Jii i Mass/g 1433.8 1272.6 11.2
N7
4.8 2.9 39.6
Stress/MPa
i 56.5 53.6 5.1
Displacement/pm
WAl
B 0.29 0.05 82.8
Displacement response/pm
ol MRS B
% 1 B 657.4 696.3 5.9
1st-order frequency/Hz
50 i %
5 2B 660.2 700.6 6.1
2nd-order frequency/Hz
5 3%
B3 800.7 873.9 9.1
3rd-order frequency/Hz
55 A i
5 4 i 32902 35717 8.6

4th-order frequency/Hz
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Static and dynamic characteristic analysis and multi-objective topology
optimization of gearbox

LIU Wei'> ZHU Xiang'> GAO Ting'? FANG Weidong’® LI Hao'> CHEN Xuehui'? HAO Shuai'’

(1. School of Mechanical and Electrical Engineering, Anhui Jianzhu University, Hefei 230601, China)
(2. Anhui Province Key Laboratory of Critical Friction Pair for Advanced Equipment, Hefei 230601, China)
(3. Hefei Bolin Advanced Materials Co., Ltd., Hefei 230601, China)

Abstract: To address the issue of gearboxes’ vibration and noise, multi-objective topology optimization was adopted to
optimize the box structure. First, a combination weighting method known as game theory comprehensive analytic hierarchy
process and grey correlation was proposed to allocate optimal weight values to sub-objectives. At the same time, the iterative
curves of the optimization results of the three weighting methods were compared to verify the advantages of the combination
weighting method. Then, the compromise programming method was used to normalize the sub objectives to obtain the
comprehensive objective function. Finally, based on the topology optimization results, stress displacement nephogram, and
modal shapes, the box structure was improved. Compared with the original box, the improved box reduces the mass by 11. 2%,
the maximum stress of the box decreases by 39. 6%, the displacement decreases by 5. 1%, the node displacement amplitude
response decreases by 82.8%, and the all first four-order frequencies increase. The proposed weight allocation method
improves the disadvantages of low reliability of sub objective weight value allocation and ignoring subjective judgment,
realizes the lightweight of the box. After the improvement of the box structure, the static and dynamic performances are
significantly improved.

Keywords: Multi-objective topology optimization; Gearbox; Compromise programming method; Combination weighting
method
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