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Abstract: Clutches are an integral part of the automatic transmission for changing gears. Modern automatic
transmissions make extensive use of wet multiple-disc clutches employing hydraulic actuation mechanism with
electronic control. Although nowadays, highly advanced shifting algorithm implements the superior shift quality
and transmission efficiency, its performance should be based on smooth, reliable engagement with a reasonably
durable friction material as well as stable clutch piston dynamics. Particularly, clutch filling control is the
crucial part of shifting process because only the open-loop control is available due to the lack of measurement.
In this paper, the effect of clutch-fill control parameters on clutch piston dynamics is experimentally
investigated by using clutch piston test equipment which enables the clutch piston to actuate similar to real
shifting conditions. The experimental analysis results can be expected to be utilized for the calibration of

proportional solenoid valve as reference current profile data in vehicle test.

n: Number of disk
R, Effective radius of clutch disk, m

7l MY

X,, X, Clutch piston stroke, end play, m
x,. Clutch piston displacement, m

m,,: Clutch piston mass, kg

¢, Viscous friction coefficient, Ns/m

k,: Return spring rate, N/m

F,,.. Pre-compression of return spring , N
A" Clutch piston area, m’

F,: Normal force on clutch plate

<: p(/’Ap - kr (Xe + Xe ) - F})re - Ff)

pe Clutch piston control pressure, N/m”
T Clutch torque, Nm

Aty i, - Fast fill time and current

At y, i+ Fill compensation time and current

F;: Clutch piston friction force, N 1. M
—

w: Clutch disk friction coefficient
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Table 1 Specification of proportional solenoid valve

Data Unit Value
Pressure ranges bar 0-20
Nominal flow Ipm 40
Coil voltage v 12
Control current A 1.5
Coil resistance n 5.2
Dither frequency Hz 150
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Table 2 Specification of clutch piston
Parameters Unit Value
Piston stroke X, mm 3.6
End play X, mm 0.6
Piston area A, m 0.013
Return spring rate k&, kegf/em 54.25
Return spring preload 7, kef 94.15
Number of disk n - 5
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Fast fill Fill compensation
Parameters
i, [MA] | At [sec] |i,,[mA]| At [sec]
Reference 740 0.40 600 0.20
640 0.30 560 0.10
. 690 0.35 580 0.15
Perturbation |5 0.45 620 025
840 0.50 640 0.30
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