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Abstract

One of the most promising semi-active devices proposed for structural control is magneto-
rheological fluid (MR) dampers. While many researches are making too much of application to
structural control, few of papers are considering how to design the MR dampers having good
performance. In this paper, the sub-optimal design procedure for MR dampers is presented.
This paper shows that an MR damper having the capacity of about 5000 N is designed

according to proposed procedure, as an exmple.
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Fig. 1 Hlustration of force decomposition of MR dampers®
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Fig. 2 Conceptional design for MR dampers
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“h : gap size (= (D»-D1)/2)

cw : mean circumference of the damper’s annular flow path
© Ty : fluid yield stress

‘n : plastic viscosity

- Ap @ cross section area of the piston head

) : piston head velocity

: volume flow rate (= A, x vp)

- L . effective axial pole length (= XL, i=1,3)
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Constraint condition
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- Controllable force F,

T

= 5000 N @ 60 mm/s

F
- Geometric constraint Eq. (4) wh®= %‘(’}')(#)Q
0

"
Design variables
- Dy : Diameter of the piston head
- Do : Diameter of the piston rod
- L : effective axial pole length (= ZL; i=1,3)
-h : gap size (= (D-D1)/2)
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- v9 = 60 mm/s

- Ty = 40 kPa @ 150 KA/m (Fig. 3 #&x), -ns =15Pa-s
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Fig. 3 Shear Stress vs. Magnetic Induction for MRF-336
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- 10 mm < D; < 50 mm - 10 mm < Dy < 30 mm

-3 mm < L <100 mm ~05 mm < h <2 mm
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b : thickness of outer ring
by : thickness of the frictional material (plastic)
"t : thickness of the piston core
» L1z : effective axial pole length
- Ly : length
- N : coil turns
Ly L g L L L t
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Fig. 4 Conceptional design for 5,000 N MR dampers
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Fig. 5 First simulation results in the 2nd design stage
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Fig. 6 Second simulation results in the 2nd design stage
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Fig. 7 Third simulation results in the 2nd design stage

10 30 23 30 20 30 23 30 10
e i it

| o] =

2 5 1
T
¢22 46 is
@l I
? ¥ 62
~ 40:] }_ &

1
Ejpure iron [:]Aluminum -Plastic ﬂ]II]CoH'
Fig. 8 Final conceptional design for 5000 N MR dampers
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Fig. 9 Design flow chart for MR dampers
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