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Axial Stiffness Analysis of a Clutch Diaphragm Spring
in Passenger Cars
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Abstract © This article deals with the numerical analysis results of stiffness of diaphragm spring used in the clutch
of a manual transmission. In order to investigate the relationship of the force and displacement in a diaphragm
spring, we have established a numerical model of diaphragm spring using a well-known analytic model of
Belleville spring and a cantilever beam model for the finger part of diaphragm spring. Using the stress and strain
relations of Belleville spring and cantilever beam, we propose the analytic equation of motion of diaphragm spring
for the use of a clutch automated actuator in an automated manual transmission. The proposed analytic model
represents the typical dynamic characteristics of diaphragm spring along with the release bearing travel. And it is
characterized in a closed-form equation, therefore it can be used for the further study of development of actuator
and control law of clutch automating mechanism.
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Fig. 1 Cross section view of a
clutch diaphragm spring

Fig. 2 Free body diagram of a diaphragm spring
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Fig. 4 Free body diagram of a Belleville spring
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(a) Axial view of a Belleville spring
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(b) Deformation of a Belleville spring

Fig. 5 Deformation diagram of a Belleville spring
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Fig. 6 Finger in a diaphragm spring
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Table 1. Specifications of the diaphragm spring

Finger tip distance from axial center(r;) 0.022 m
Pivot point distance from axial center(r;) 0.07] m
Clutch plat tact point dist from

%lc plate contact point distance 0.0893 m
axial center(rs)
Thickness of a finger(h) 0.005 m
Thickness of a Belleville spring(¢) 0.00233 m
Young's modulus(E) 200 GPa
Poisson's ratio{u) 0.2
Number of fingers(¥) 18
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