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Optimization strategy of wet clutch based on response surface test design

LIU Wen, WANG Qingsong . LIN Tengjiao, WEI Jing, LI Rui
(State Key Laboratory of Mechanical Transmission , Chongging University, Chongqing 400044, P.R.China)

Abstract: In order to improve wet clutch’s reliability, a parametric finite element model with the diameter
of six outlet pipes as variables was established, and the heat-flow coupling analysis was carried out based on
CFD. According to the characteristics of heat flow field, optimization strategy was designed. The sampling
principle of CCD was analyzed, the formulas for the factorial coefficient, the number of sample points, the
level and corresponding test times were deduced respectively, and applied to the response surface test
design. Single factor simulation tests were adopted to determine the minimum axial displacement of clutch
plates as the target variable, and test point arrangement table was further arranged. Based on least square method,
the response surface model was fitted, three optimization schemes were obtained by different tools. The results
show that, in the optimum scheme, the target variable increases by 38.472% , the error between forecast and actual
simulation is 7.291% , and the thinnest oil-layer thickness increases by 18.828 %.
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Fig.1 Optimal design flow of wet clutch
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Fig.2 Structure diagram of lubricatingoil circuit of wet clutch
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Fig.5 Parametric finite element model of wet clutch
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Fig.6 Oil-temperature and flow rate of wet clutch
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Fig.7 Axial displacement diagram of wet clutch flow field
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Fig.8 Thickness distribution of oil layer between plates in initial structure
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4 1 1 -1 -1 -1 —1 —0.074 7 27 —1 1 —1 1 1 1 —0.121 0
5 —1 —1 1 -1 —1 1 —0.100 8 28 1 1 —1 1 1 —1 —0.110 7
6 1 —1 1 -1 —1 —1 —0.077 5 29 —1 —1 1 1 1 1 —0.118 1
7 —1 1 1 -1 —1 —1 —0.087 5 30 1 —1 1 1 1 —1 —0.114 7
8 1 1 1 -1 —1 1 —0.075 8 31 —1 1 1 1 1 —1 —0.103 1
9 -1 —1 —1 1 —1 1 —0.109 0 32 1 1 1 1 1 1 —0.108 1
10 1 -1 —1 1 -1 —1 —0.089 5 33 —B 0 0 0 0 0 —0.087 4
11 —1 1 —1 1 -1 —1 —0.085 3 34 B 0 0 0 0 0 —0.077 0
12 1 1 —1 1 —1 1 —0.087 7 35 0 —p 0 0 0 0 —0.089 4
13 -1 —1 1 1 -1 —1 —0.078 9 36 0 B 0 0 0 0 —0.084 6
14 1 —1 1 1 —1 1 —0.085 1 37 0 0 —pB 0 0 0 —0.093 1
15 —1 1 1 1 —1 1 —0.087 6 38 0 0 B 0 0 0 — 0.084 7
16 1 1 1 1 -1 —1 —0.074 8 39 0 0 0 —p 0 0 — 0.089 8
17 -1 -1 —1 —1 1 1 —0.127 7 40 0 0 0 B 0 0 —0.070 1
18 1 -1 -1 —1 1 —1 —0.122 4 41 0 0 0 0 —p 0 —0.078 2
19 —1 1 -1 —1 1 —1 —0.111 2 42 0 0 0 0 B 0 —0.126 3
20 1 1 -1 —1 1 1 —0.106 6 43 0 0 0 0 0 —8 —0.082 0
21 -1 —1 1 —1 1 —1 —0.111 0 44 0 0 0 0 0 B —0.110 2
22 1 —1 1 —1 1 1 —0.114 9 45 0 0 0 0 0 0 —0.092 4
23 —1 1 1 —1 1 1 —0.104 9 46 0 0 0 0 0 0 —0.090 6

P xe=d, .
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2 5 R R 5 A A ¥ F P
LY 0.01 13 7.965X10" 12.49 <£0.000 1*
Bk 22 2.040X10* 32 6.375X10°

I I 2.038X10° 31 6.575X107° 40.59 0.123 7°
aliiR 2 1.620X10 ¢ 1 1.620X10°° — —
AR S 0.012 45 — — —

U« AW B I 3 0 B R

H1 2% 5 WA AL P << 0.000 1, PEWZAC AL R W2 09 . SR AUy 7 J7 R &aE T 0, BRI P
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Fig.12 Comparison between predicted and Fig.13 Comparison between predicted and

observed values (Design Expert) observed values (ANSYS Workbench)
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Table 6 Optimization scheme

s, S,
S, HXF
2 R di/mm d,/mm d;/mm d,/mm d;/mm d;/mm FAE/ {iE(E/ A i/ MM
W2/ %
mm mm
WIh
15.000 0 15.000 0 15.000 0 15.000 0 15.000 0 15.000 0 — —0.110 8 — 0.319 2
Zh
Rta
15.261 1 15.261 2 14.862 9 15.257 1 12.738 7 12.7423 —0.069 0 —0.077 4 12.227 0.350 3
FE1
itk
15.261 3 15.261 3 14.846 8 15.261 3 12.738 7 12.7387 —0.069 0 —0.069 2 0.364 0.376 2
VEY/
itk
15.237 2 15.194 6 15.212 1 15.249 7 12.987 9 13.628 5 —0.0735 —0.068 2 7.291 0.379 3
FHE3

15 3 B 7 G0 LLFEAU I oy TR U8 & A8 A U0 AL SR T 3 3 3 88 5 i 7 Bl 1) R /N RS S, of 1] e 3%
RS e 7 6] 5 W 2 5 JEE i BT AL S 6 T 5 T8 P B SE BRI B B . Ph 26 6 WAL, 500 3R 445 4 A
F .3 BAAL DT R RA —E LA BOR . o Ak 77 %8 3 B9 SEBr 5 BAH S, + e 73 503N T 0,042 6 A1
0.060 1 mm, 2 Ay MR B B R T 53 Sb B AL 77 52 A BOR S o BT . IR JE 4 07 58 3 AR O Bt
45H
53 EM&EN

DA B9 3R G A5 U 0 Bl 1) 52 L () 9k J2= 5 E A 23 i e 15,16 T .
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Fig.15 Axial displacement diagram of flow field in wet clutch after optimization

h/mm

1 2 3 45 67 8 910 11 12 13 14 15 16 17 18 19 20

m

16 RAFIRHREHEREESH

Fig.16 Thickness distribution of oil layer between plates before and after optimization
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