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Design of a Magneto-Rheological Fluid Clutch
for Machine Tool Application

Ock Hyun Kim"
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ABSTRACT

Magneto-Rheological(MR) fluid composes of a base fluid and ferromagnetic particles less than tens of
micrometer size dispersed in the fluid. It is called as a smart material because its rheological properties are
changable by a magnetic field. Its important applications are active devices such as controllable dampers and
controllable clutches. The merit of those products is that their functional characteristics are controllable such that
they enable active control strategies.  This paper proposes an idea for machine tool applications of the MR fluid
clutch as a safety device for power transmission. FEM has been used for magnetic field analyses and the results
are compared with some former experiments. Some design syntheses of the MR clutches are suggested and
hopefully considered that it may be an effective safety device for power transmission of machine tools.

Key Words : MR fluid(Z}3-f-A), Clutch(Z212]), Machine tool(&%}7]17]), Power transmission(‘s = H2), FEM
(Fr3t2.AH), Magnetic field(AHE)
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Table 1 Properties for designing a MR clutch™ | Iy
; r >
Property Value Material M —n v
i i v
Yield shear 3828 kPa ‘ ! ’ ] -
stress, Ty,max | *
Magnetic flux ) | ; Ay Y W
density, Bgmax 0.676 T MR fluid ‘ : [
Magnetic field MRF-132AD !
strength, Hemax 150 A/mm | coil —
Permeability, 1 [4.506 x 10° H/m L MR fluid
Bs,sat 1362 T
Fig. 2 Magnetic analysis model
Hs,sal 1.989 A/mm SS41 steel
s 6.667 x 10" H/m
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Table 2 Conditions for MR clutch designingm

Parameter Symbol Value
Max. torque Tmax 5 Nm
Coil Max. current Tmax 5A
Coil Turn number N 81
width x
Bobbin cross-section . 0.01 x 0.01m
hight
MR fluid gap h 0.00Im
Disc thickness ta 0.005m
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Table 3 Designed parameters

Parameter Symbol | Value
Inner radius of disc ri 0.008m
Outer radius of disc To 0.0317m
Inner radius of housing R; 0.0427m
Outer radius of housing| R, 0.0482m
Wall thickness of
. t 0.0077m
housing
T;nax = 2/ Tg/,771am - 271'7"2 - dr
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