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Abstract : The drag torque of a wet clutch is generated by the shear resistance of the transmission fluid in the gap between
clutch plates during a disengagement period, thus reducing transmission efficiency. To lessen power loss in the transmission,
drag torque should be reduced in the different aspects of the design. In general, oil groove patterns of a double-sided friction
plate do not necessarily match the oil groove pattern phase of each side due to manufacturing difficulty and productivity.
However, a double-sided clutch plate with non-phased patterns rotates with a certain gap distance from the steel plate by
randomly directing the transmission fluid to the outer radius through the oil groove patterns. If the outflow is well guided
through the phased groove patterns on the double-sided clutch plate, then the drag torque is lessened. In this study, the drag
torque of the double-sided clutch pad is investigated with the phase aspect of the clutch pad pattern on each side of the clutch
pad. Phased and non-phased, double-sided clutch pads are produced according to the drag torque measurements under
various operating conditions related to flow rates, temperatures, operating speeds, and groove patterns.
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(a) DSFP oil grooves of the different phases

(b) DSFP oil grooves of the same phases

Fig. 2 Phase of oil groove patterns on DSFP
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where T : Drag torque (Nm), 1 : Dynamic viscosity of the
ATF (kg/ms), 1; : Inner radius of FP (m), rp : Outer
radius of FP (m), r,, : Mean radius (m), h : Clearance
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where T : Drag torque (Nm), L : Length load-cell to tester
shaft center (m), F : Measured load by load-cell (N)
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(a) AY(Asymmetry) oil groove pattern
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(b) RY(Round Y) oil groove pattern

Fig. 4 Oil groove pattern model

Table 1 Friction plate dimensions

Item Conditions

Outer diameter 168.5 mm

Friction pad Inner diameter 142.5 mm
Surface number 8ea

Gross area 60.87 cm®

Friction surface area Net area of sample AY 35.88 cm?

Net area of sample RY” 35.59 cm?

Clearance (all test samples) 0.4 mm
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(a) Phased oil groove pattern of AY sample (front & back view)
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(b) Non-Phased oil groove pattern of AY* sample
(front & back view)

(d) Non-Phased oil groove pattern of RY* sample
(front & back view)

Fig. 5 Images of the DSFP test samples
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Table 2 Test oil conditions

Item Conditions
Temperature 50,100 °C
Flow rate 0.5, 1.0, 1.5 ¢/min
Oil Density(@15 °C) 850 kg/m’
Kinematic viscosity(@40 °C) 38.6 cSt
Kinematic viscosity(@100 °C) 7.38 cSt
o B A G,
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Table 3 Difference of average drag torque values of 1.0 and
1.5 £/min comparing with that of 0.5 ¢/min

Tt T Difference with drag torque
em emp.
i Ave. at 0.5 {/min
50°C A152%
AY
100 °C A232 %
50°C Al14.1%
RY
100 °C A11.6%
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(b) Oil drag torque of DSFP test sample AY* (b) Drag torque of DSFP test sample RY*
Fig. 6 Images of the DSFP test samples Fig. 7 Images of the DSFP test samples
Table 4 Drag torque test results of sample AY & AY” Table 5 Drag torque test results of sample RY & RY”
Test oil oil Torque (Nm) Test oil oil Torque (Nm)
samol temperature flow samples temperature flow
€S . .
P ©C) (Umin) | Min. | Max. | Ave. P C) (Umin) | Min. | Max. | Ave.
0.5 0.4 22 1.5 0.5 0.0 1.9 1.5
50 1.0 0.0 22 1.7 50 1.0 0.1 2.0 1.6
Test 1.5 00 | 23 1.8 Test 15 03 | 20 1.8
sample sample
AY 05 | 00 | 16 | 12 RY 05 | 00 | 15 | 13
100 1.0 0.0 2.0 1.6 100 1.0 0.1 1.8 1.5
1.5 0.0 2.0 1.6 1.5 0.2 1.9 1.5
0.5 0.1 2.7 1.7 0.5 0.6 29 1.7
50 1.0 0.6 3.6 22 50 1.0 0.1 3.0 1.8
Test 15 | 06 | 37 | 24 Test 15 | 11| 40 | 26
sample sample
AY' 0.5 | 00 | 27 | 15 RY' 0.5 | 04 | 29 | 15
100 1.0 0.0 3.0 1.6 100 1.0 0.0 29 1.5
1.5 0.0 2.8 1.5 1.5 0.1 32 1.6
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Table 6 Standard deviation of the drag torque average

Oil flow Drag torque Standard
Item | Temp. . . .
(¢/min) Ave. (Nm) deviation

0.5 1.5 0.4

50°C 1.0 1.7 0.5

1.5 1.8 0.5
AY

0.5 1.2 0.3

100 °C 1.0 1.6 0.4

1.5 1.6 0.4

0.5 1.7 0.6

50°C 1.0 22 0.8

. 1.5 2.4 0.7
AY

0.5 1.5 0.6

100 °C 1.0 1.6 0.7

1.5 1.5 0.7

0.5 1.5 0.3

50°C 1.0 1.6 0.3

1.5 1.8 0.3
RY

0.5 1.3 0.2

100 °C 1.0 1.5 0.3

1.5 1.5 0.3

0.5 1.7 0.6

50°C 1.0 1.8 0.6

. 1.5 2.6 0.8
RY

0.5 1.5 0.8

100 °C 1.0 1.5 0.7

1.5 1.6 0.8
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