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Analyzing Responsiveness of Lock-up Clutch
by Applying Three Dimensional Computational Fluid Dynamics
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ABSTRACT

Three dimensional Computational Fluid Dynamics is
applied for the select of proper turbine holes with the
torque converter. It has been analyzed that a lock-up
delay during the accelation is caused by the decrease of
lock-up operation pressure governed by the reduction of
internal pressure. Consequently ,JJock-up operation range
has been successfully enlarged by the selection of proper
turbine holes.
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Fig.1 Operating range of lock-up clutch
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Table 1 Torque converter specifications

Hydarulic Turbine holes
diameter Diameter Pitch diameter
232 (mm) (mm) Number (mm)
With
turbine holes 5 5 130
Without
turbine holes None
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Table 2 Test conditions for response time

measurement
Rotation speed of input shaft (rpm) 2 850
Speed ratio 0.85-0.95
ATF temperature (°C) 85
Supply pressure  (kPa) 150

Pressure sensor

({QH “F;

Fig.4 View of torque converter tester
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Fig.5 Influence of turbine holes
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Table 3 Test conditions for oil pressure measurement

Rotation speed of input shaft (rpm) 1850
Speed ratio 0.40-0.95
ATF temperature (°C) 85
Supply pressure  (kPa) 0
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Fig.6 Relationship between speed ratio
and oil pressure
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Fig.7 Factors of lock-up response time
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A: Addition of computational grid
B: Addition of boundary conditions

Fig.8 Sample of computational grid
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Fig. 9 Pressure distribution around LC
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B: Operation pressure

Fig.10 Pressure distribution of type
without turbine holes
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Fig.11 Pressure distribution of type with turbine holes

Table 4 Calculation results of LC OFF side force
156.4 N
960.0 N

Without turbine holes

With turbine holes
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Fig.12 Relationship between OFF side force
and speed ratio
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Fig.13 Comparison of oil pressure between
actual measurement and calculation
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Table 5 Torque converter specification
and test conditions

Torque converter specification

(Hydraulic diameter: mm) 232

Rotation speed of output shaft (rpm) 1500 -2 000

Speed ratio 1.1

ATF temperature (°C) 85

4.0

---l--- Conventional
—@— Optimized

3.0

2.0

LC response time (sec)

1.0
1 500 1750 2000

Rotation speed of output shaft (rpm)

Fig.14 Effect of turbine holes optimization
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