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Research on the Vibration and Noise Reduction Design of Clutch
Friction Pad Based on Bionic Design Theory

TANG Peng, HUANG Chaohui

( Chongqing Industry Polytechnic College, Chongqing 401120, China )

Abstract : Based on the idea of bionic coupling, three kinds of clutch friction pads with bionic characteristic surfaces,
namely circular pit friction pad, straight groove friction pad and wavy groove friction pad, are designed respectively. Both
the complex eigenvalue analysis and explicit dynamic analysis are performed by using ABAQUS to study the vibration
properties of the clutch system from two aspects of frequency domain and time domain. Complex eigenvalue analysis results
show that the friction-induced vibration generated from the clutch system during engagement is characterized by multi-
frequencies and it exhibits the superposition of multi-frequencies vibration response. With the increase of friction coefficient,
the vibration intensity of the clutch system increases gradually, and the number of the vibration frequencies increases as well.
The results of the tendency of instability (TOI) analysis show that the bionic friction pad can effectively reduce the vibration
tendency of the clutch system, especially the friction pad with wavy grooves on its surface exhibits the best ability in
improving the vibration of the clutch system. Explicit dynamic analysis results show that the vibration amplitude of the
clutch system decreases obviously when the friction pad is treated with bionic design, especially for the pad with wavy
grooves, the corresponding vibration amplitude of the clutch system decreases significantly. The friction pad with wavy
grooves on its surface shows the best vibration reduction effect among all the bionic friction pads. By analyzing the interface
stresses of different friction pads, the results show that the bionic friction pads can mitigate the stress concentration
phenomena in the friction interface, which causes more uniform stress distribution in the interface, and accordingly reduces
the energy accumulation in the friction interface. Especially for the pad with wave grooves on its surface, the stress
amplitude of the friction interface is the minimum, indicating that the clutch system has the best stability. This study provides
a theoretical basis and a new idea for the bionic design of the friction pad surface to reduce the vibration and noise of the
clutch systems.
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