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Clutch torque estimation in ball-ramp dual clutch transmission with self-
energizing mechanism
Jin-Wook Kim" - SeiBum Choi *?

Y Department of Mechanical Engineering, KAIST, 291, Dachar-ro, Yuseong-gu, Daejeon, Korea
*2 Department of Mechanical Engineering, KAIST, 291, Daehar-ro, Yuseong-gu, Daejeon, Korea

Abstract : In modern transmission control, fast and smooth shifting is the most important issue. Efficient power transfer requires
fast shifting, and accurate slip control is necessary to improve the driver's ride comfort. In order to improve the slip control
performance, it is very important to know the clutch torque. A clutch torque can be known from the clutch disk pressure and
torque friction coefficient. The pressure applied to the clutch disk can be measured from the motor current and the force sensor.
However, the torque friction coefficient cannot be measured by the sensor. Also, the friction coefficient is unknown because it
changes with temperature, slip speed, and pressure on the clutch disk. Therefore, clutch torque estimation with the indirect
method has been actively studied. In the forward-direction clutch torque estimation through the engine torque, the exact clutch
torque cannot be estimated because the engine torque is inaccurate. Also, the backward-direction clutch torque estimation method
using the compliance model has a disadvantage in that the clutch torque cannot be estimated when there is a backlash of the gear.
Thus, in this manuscript, we propose a clutch disk torque friction coefficient estimation with a ball-ramp self-energizing
mechanism. In the self-energizing mechanism in which the torque caused by friction reinforces the normal force, the gain of the
actuator force to the clutch normal force varies according to the friction coefficient. Apply the actuator's position and force to the
model to obtain the change in gain and estimate the clutch disc torque friction coefficient. he ball-ramp actuator is modeled for
the torque friction coefficient estimation, and the test bench experiment verifies the clutch torque estimation performance during
shifting. Finally, verification of the proposed model and estimation of the clutch disc torque friction coefficient during shifting
are conducted via test bench experiments.

Key words : Self-Energizing Mechanism(A}7] 748} ™A U<), Clutch torque(Z & X E=1), Clutch Disk Torque Friction
Coefficient(Z 2] %] t]j2~= EA n}2HA]492), Cushion Spring(F-4 2~ &), Slip Control(ZH A ])
Nomenclature R, :equivalent radius of clutch

a :ramp angle

F; : actuation torque

F, :actuation force

F,, :ball actuating force

J :inertia of plate

N :normal force

R, :ball location radius in plate

* 1712 E-mail: jinwookkim@kaist.ac.kr

T, : clutch torque

u : slip coefficient

a, b : lever length

G : self-energizing coefficient

¢ : torque friction coefficient
Kcushion: cushion spring stiffness
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Subscripts

DCT : dual clutch transmission
MT : manual transmission
AT : automatic transmission
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Table 1 282 E3 4 A5 ZI(rms error)

Nominal Proposed
method method
Rms error 65.6302 7.5690
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