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ABSTRACT

This paper presents an optimal design of a magnetorheological(MR) fan clutch based on finite element analysis and also
presents torque control of engine cooling fan using a sliding mode control. The MR fan clutch is constrained in a specific volume
and the optimization problem identifies the geometric dimension of the fan clutch that minimizes an objective function. The
objective function for the optimization problem is determined based on the solution of the magnetic circuit of the initially
designed clutch. Under consideration of spatial limitation, design parameters are optimally determined using finite element
analysis. After describing the configuration of the MR fan clutch, the viscous torque and controllable torque are obtained on the
basis of the Bingham model of MR fluid. Then, a sliding mode controller is designed to control the torque of the fan clutch
according to engine room temperature and control performance is evaluated through computer simulation.
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Fig.1 Schematic configuration of the proposed MR fan
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Fig. 3 Geometric parameters of the MR fan clutch
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Fig. 4 Optimal design results of the MR fan clutch
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Tablel Design parameters of the MR fan clutch

Design Parameters Values
Height of disk T 0.013m
Depth of coils W 0.012m
Width of housing dh 0.0085 m
Vertical gap size {J, 0.001 m
Horizontal gapsize g, 0.003m
Max yield shear stress T y 49.23 kPa
Max controllable torque Tc 29.32 Nm
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Fig. 5 2D magnetic flux lines of the optimized MR fan
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