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Abstract

This paper presents an electromagnetic design method for magneto-rheological (MR) valves. Since the
apparent viscosity of MR fluids is adjusted by applying magnetic fields, the MR valves can control high-level
fluid power without any mechanical moving parts. In order to improve the performances of the MR valve, it is
important that the magnetic field is effectively supplied to the MR fluid. For the purpose, the magnetic circuit
composed with the yoke for forming magnetic flux path, the electromagnetic coil and the MR fluid should be
well designed. In order to improve the static characteristic of the MR valve, the length of the magnetic flux
path is decreased by removing the unnecessary bulk of the yoke. Also, in order to improve its dynamic and
hysteretic characteristics, the magnetic reluctance of the magnetic circuit should be increased by minimizing
the cross-sectional area of the yoke through which the magnetic flux passes. After two MR valves, one is a
conventional type valve and the other is the proposed one, are designed and fabricated, their performances are

evaluated experimentally.
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Fig. 1 Schematic configuration of the MR valve
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Table 1 Magnetic properties for designing the MR valves

Property Value Material

Ty max 38.25 kPa

Bfmax 0.676 T MRF-132DG for

Hy o 150 A/mm MR fluid®?
1 (permeability) | 4.51x10° H/m

Jysu L3261 SS41 steel for

Hssu L9BIAIMM | \ove and Casing
1 (permeability) | 6.667x10™* H/m

Table 2 Specifications of the MR valves

Parameters Symbol Value
Desired pressure drop Py 1500 kPa
Gap for the MR fluid h 1.0 mm
Shaft radius 7 5.0 mm
Outer radius of the bush I 7.0 mm
Outer radius of the yoke ¥, 21.0 mm
Inner radius of the casing 7 22.0 mm
Outer radius of the casing Ty 26.4 mm
Core radius 7. 16.2 mm
Magnetic pole length L, 10.0 mm
Throat length [, 6.6 mm
Core length I 10.0 mm
Washer thickness 1, 3.0 mm
Coil diameter d.oil 0.5 mm
Available coil current Loax 5A
Number of the coil turn N 80 turn
Electric resistance of the coil 1.24Q
Valve (1) L d Valve (2)
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Fig. 2 Design parameters of the MR valves

4, MR ®=9o| XM=t

2 AFdA ARE T FY MR HH FERE
Fig. 2 o AAEAT o5 T st 7159 MR
el fAeE FElE 7= W, thE b
SHA AAIE A el 7] xske] AlQME 3 H
th HJY & =iollAe HAAE “Valve (1)'=,
S “Valve (2)'= 1 3o},
oA AFEEl MRFA|E= Lord Aloll A
¥ MRF-132DGoH, @59} #Ao]d& ¢
BAI A 2= A (Ss41)0] AHEE AT A A ©
A7) EskE WAetal WMH ol HF ARl Y=Y ¥
AsE 271 AsiA, 24 AP A e AA x3 &=
A BA4x9 eF 85%ol ) dst= ghEol
H MRYEHO MHA o]&F AL} o] &
=2 Table 1 o] A|AFHAL}, T3 =&
stal7] Qe AR F9F ofM = A EA
A B A A ob A (acetal) = A =<FFA T

WA, F MREB O FEAQ A WHE7 24
Atk 8799 WAE = MR MEHO 78 8
TEE gt Ar|E et A4detA A
AEA Aol 83 Aol kS h= WMH I
g3 Alzke] goldhs aelste] 1mm= AR
shlth. W Aol d e WE REAIE & rthE
FolxIth, g AFZES WA F 8 F-5]9) 9 F
WA 5, 283 Ao FA [ Azl golAd
I AA GAe] A7E aHete] Ads] AAHEHU
otk 2 (10)ellA AA- " Aol A A A 9

1

o o

N o,
L o bN

il

I
=
PSS eN
==

Al
g

45 e

o
(g e N9 r1r r

]

A4 wude welery, 2olo WAE 3t Aol
el 9% WA ne 77 g o] AAd
5+ o
v, = Sqmm/ﬂ+rb2 (12)
"o Sy, min I7+1 (12)

Valve (1)3 #A1H & <)o),
Fig. 2 ol A|x € A ﬂ% T %o MR MHE 87
o] ZWA(flange)oll HFaHE A ro<r <, oA
T4 zbel7b ZHEth Valve (1) AA g T <]
Z WA (flange) = 2HE uHA, valve (2)9 ZUAE
A7 237 TAEA ke 1S el A=<
s Hastelr] Y8l g (iixtze A

o]Z Zo|7] Yl 879 BHQ3 FES A A5



MR el 7474 AASE 4557t as

(a) Parts

(b) Assemblies

Fig. 3 External appearance of the MR valves
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