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Abstract: In order to solve the thermal failures such as thermal buckling caused by excessive radial
temperature difference of friction elements in the wet multi-disc shifting clutch, the numerical simulation
and experimental research are made on the homogenization of radial contact pressure and the gradient
design of friction coefficient of friction elements. Firstly ,based on the compact structure of clutch,a back
plate is designed and topologically optimized. The stiffness of the optimized back plate is improved and the
deformation trend of friction elements is reduced , thereby reducing the maximum pressure difference and
temperature difference of friction elements by 28. 64% and 28. 48%, respectively. Then the texture
treatment and test are carried out on the surface of friction plate. It is found that the friction coefficient
decreases with the increase in the texture line density. A gradient design method for the texture density
decreasing along the radial direction of friction plate is proposed, reducing the maximum temperature
difference by 17. 69%. Finally, the optimized back plate and textured friction plate are comprehensively

applied to homogenize the radial contact pressure and decrease the radial friction coefficient. Compared
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with the original design,the maximum temperature difference and thermal bending moment are reduced by

41.73% and 45.33% ,respectively. This study provides a theoretical basis for the design of higher power

density clutches.

Keywords : multi-disk clutch; contact pressure; structure optimization; coefficient of friction; temperature

field
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Fig. 1 Schematic diagram of wet multi-disc shifting clutch
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Fig.2 Radial heat flux density of friction components
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Fig.3 Finite element model of clutch
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Table 1 Material and geomatic parameters of
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— Wit/ MR REE/ o PR/
mm mm mm Pa
15 7€ 86 125 6 0.3 216
WA 86 125 2 0.3 216
JESERS 2 86 125 0.6 0.16 4
RS 86 125 2 0.3 216
JER 86 125 5 0.3 216
o 116 125 3 0.3 216
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Table 2 Grid independence check

i AL TRE TR /min EAE R %
A 5 202972 900
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D 1/6 69 174 158 0.2~1.0
E 1/6 & 77 006 230 0.05~0.1
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Fig.4 Radial contact pressure distribution of original design
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Fig.5 Flow chart of topology optimization
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Fig.9 Fitting results of genetic aggregation
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Table 4 Standard deviation of initial and optimized designs

i H S, s, s, S, S, S S,
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RACTRE 24.3% 24.5% 24.2% 25.0% 23.8% 28.7% 25.4%
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Table 5 Test conditions of textured friction plates
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Fig. 15 Temperature field experimental results of optimized back plate
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