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Temperature field and its influencing factors of friction pair of
wet clutch of hybrid electric vehicle
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Abstract: The sliding process in the friction pair involves highly nonlinear behavior, and the temperature field of
the friction pair is affected by numerous parameters. To gain a comprehensive understanding of the temperature
field distribution in the friction pair of a hybrid electric vehicle clutch, a thermal structure coupling analysis model
of the hybrid electric vehicle clutch was constructed to simulate the sliding process. Building upon this model, an
in-depth study was conducted to analyze the impact of various parameters, such as initial speed, engagement oil
pressure, dual steel plate thickness, and friction lining material, on the temperature field of friction pair.
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Fig.1 Transmission system structure of hybrid electric vehicles
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Fig.2 The clutch model and partial view dimensions (unit: mm)
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Fig.3 Assembly drawing of friction pair
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Table 1 Geometric dimensions of friction pair

FEERIMAE O N ER/mm AAER/mm JEEE/mm P 5 il E
XF A5 A 104.2 138 1.84 26
JE A 105.4 139 5.10 26
R 131.0 139 2.10 26
JEE BRI )y 104.2 138 0.80 32
JE SR 104.2 138 0.49 56

2.1.2 Eya i
PEEE L R R A A e 2 B A PR A I 1 BE A B R S B 3R 2 R .
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Table 2 Properties of friction pair materials

FEEERIAE B E p/(kg m”) RIMEBAH/(W-m K" HHAFc/(-kg'-K") FERE E/GPa AWty KR

X B 7 800 54 452 200 0.30 1.15
FEERS R 750 5 1610 1 0.05 1.00

FEHEIE R 7 800 54 452 200 0.30 1.15
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Table 3 Cooling oil parameters

HE (kg m”) WA /(T kg K" B EE/(m* s  SFREF/(W-m'-K")
880 1900 43x10° 0.144
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Fig. 5 Cloud diagram of steel sheet temperature Fig. 6 Cloud diagram of Mises stress of steel
distribution at #= 0.5 s under working condition C sheet at 7 = 0.5 s under working condition C
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Table 4 Working condition parameters of friction pair
T WG E/(r-min™)  BHWME/MPa  WERTE/s  PIHRIEE/SC WIS TEE/mm
A 800 1.5 0.5 70 2

1200 1.5 0.5 70 2
C 1500 1.5 0.5 70 2
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Fig. 7 Cloud diagrams of temperature of steel sheet under working condition C
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Fig. 10 Cloud diagrams of temperature of friction lining under working condition C
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Fig. 11 Radial temperature points of steel sheet at = 0.5 s under working condition C
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Fig. 12 Temperature variation curves of different radial Fig. 13 Variation curves of Mises stress at different radial

points of steel sheet in 0.5 s under working condition C points of steel sheet in 0.5 s under working condition C
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Fig. 15 Temperature variation curves of different radial Fig. 16 Stress variation curves of different radial points of
points of friction lining in 0.5 s under working condition C friction lining in 0.5 s under working condition C
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Fig. 17 Comparison curves of maximum value change of  Fig. 18 Comparison curves of maximum temperature change

steel sheet temperature under various working conditions of friction lining under various working conditions
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Table 5 Working condition parameters of friction pair
T VIR /(r-min™)  $E 50 E/MPa T B B[R] /s WERIRE/PC A FE E /mm
THC 1500 1.5 0.5 70 2
T4 D 1500 1.0 0.5 70 2
TAHE 1500 2.0 0.5 70 2
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Fig. 19 Comparison curves of the steel sheet temperature's Fig. 20 Comparison curves of the friction lining's
maximum value under various working conditions maximum temperature under various working conditions
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Fig. 21 Comparison curves of the steel sheet temperature’s Fig. 22 Comparison curves of the friction lining’s
maximum value under various working conditions maximum temperature under various working conditions
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Table 6 Parametersof friction material

BEBBH kg m ) (imj %;"/) (;iﬁj ) MEBUEEGR MBI ARG
AR KL 750 5.0 1610 0.21 0.05 1.00
i HE A R 8 960 405.0 390 115.00 0.32 1.70
FEHEIE 5600 9.3 536 2.30 0.25 1.21
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Fig. 23 Comparison curves of the steel sheet’s maximum Fig. 24 Comparison curves of maximum temperature of
temperature with different friction materials friction lining of different friction materials
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