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A Study on the Design of Valve Mode MR Damper using Permanent Magnet

Jung-Hoon Kim*, Jun-Ho Oh **

ABSTRACT

Lots of semi-active control devices have been developed in recent years because they have the best features of

passive and active system. Especially, controllable magneto-rheological(MR) fluid devices have received significant

attention in these area of research. The MR fluid is the material that reversibly changes from a free-flowing, linear

viscous fluid to a semisolid with a controllable yield strength in milliseconds when exposed to a magnetic field. If the

magnetic field is induced by moving a permanent magnet instead of applying current to a solenoid, it is possible to

design a MR damper consuming low power because the power consumption is reduced at steady state. This paper

proposes valve mode MR damper using permanent magnetic circuit that has wide range of operation with low power

consumption and small size. To design a MR damper that has a large maximum dissipating torque and a low damping

coefficient, a design parameter is adopted. The magnetic circuit, material of choke and choke type are selected

experimentally with the design parameter. The behaviors of the damper are examined and torque tracking control using

PID feedback controller is performed for step, ramp and sinusoidal trajectories.
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Fig. 5 Magnetic circuits used in the experiment
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Fig. 6 Experimental setup for testing MR damper

AHFAE Fig. 67 2] MR 37 #riet 2
El7} EANEE Alolol T3 A Z % (coupling) S
2 dZ=e ok Yu Edimiy A2t ZEA
o]7]8 ol&EAH LFZAE 100° oMo B 4
A EES AFIE BarlolA XidEE ETZ
EFuleoA HH AT

FIkA e Fd iy 23 x A4 =
23% 234mm, "2 203E 123mm) 3} A
Az wxE sEEAS T-w ARG ER O
ZHEe AE)E File 488 3. @, A4
Ede §x7} A E(steady state)ol] ©lEXS

W ghEe BFES ol FHn

52 AN
521 A7\ 5 2ol MA

AR We #HrE AAste
A BEFolmg, ZAHAF ¢ #S Fa, AP
o7 Jd £ e HU 24 EFF TBmax% AT
E AdA o 3ttt whebA TBmax/C 2 A7 W4
2 a3t 4YAAE Table 1 & YEIR ST 3
Z(a)9 ¢t BARMSge] WA HE2RY A
o2 A7|32E FHE 712 3t

Aol A



HAE - 2735 #39UFHIA A 17U A10E

Table 1 Comparision of T, /c for various magnetic o] €A A v zFd 3y
circuit 7. 7} 23Nm AE HE HE3E Aiste Zbzt

Bmax

14mm, 1.8mm & 3 F7FA] 2239 A5< H

2@ | FEZ®) | 2@ | S2@ | ode AFL St AL 2e=9 BeE A
M2 g= 33.6 17.7 16.2 16.4 #e] FAE T W A & F JoE2E tmm Y
V23 g=6 54.9 36.0 28.0 24.2 TA9 A$x A Byt
N2 g=7 | 645 422 28.7 25.1 Table 29 A@AAN 7, /e ¥EL F
A g=2 | 405 32.9 252 25.6 AR eu, ZHAT oo 71E717 vE 2e4
Xte g3 | 481 | 393 | 36.1 349 Hoy Atz 2e39] Aol o Ad¥Holdn. =
N g4 | 351 | 217 | 212 | 257 | b 2 A3 AYAEeIMe] B3 WFTEE

AVt 2937 He Wolold zear I
L4mm ¢ AVt 2932 AAsso

522 =239 MA MY - ,
A0 H 2mm 3ol HalA 2ed shw Table 2 Comparision between labyrinth type choke and

S AAPAZ v A LS SEste A rectangular type choke

& e AF 1, Ic7t 36% FIHEST AHS 2

QoA RS AAARZ w A Hd KA F o, ¢ | Ta.lc
U] A4 ASEET FUHsHA Ao

1.8mm Y& %297 | 230 | 0503 45.7
2257 2mm)
L4mm AV 223 | 251 0.486 51.6
A7 1mm)

o]Z4 MR Al AAAYe] FA & o &
g e ZA Hol HuANEIZ}L FUlEA H
= Rolth. ml2xe A tslAE Fig 79 A%

5o BES B ¢ 4 UEOl, SAHE A4 :

REER) 7 lo |
AZ S A BEE AClA frpdge g7 | LT T BER 21T 0480 ) 44T
2 o0 YHHL YW ANAYL 259 3} (ST 2mm)
NA HLAEAZo] 728 "B, waby A}

72 293 st AL AAGAR da vz 2

e HAAZ sk _
23 XL AARAZ ST 53 xp|2l2 TSR M

Ay 223 Rl AVFEE F3
TEFE WHARZ 75 Jbed AXEY &~
2 R E| 2 hitec i-S] HS-605BB power servo & AF-&
319t PWM (pulse width modulation) X122 9]
7t Ale] =™ 21ms &) ¥FE-F 3} (carrier frequency)
o Aty NS E YolFd H2 Zd fgsie
ez FHoA dd. A2 AT FAY
S AaA A7 E R FAd 427 35 Wk &
gratglom 23 4w #FA9 FHo] do
UAl @& 0% FA9 15mm 2HAd 2 Fog
8ldt). Fig 82 HFHo=z dAE 7719 9
Fo|t}. o] wWf ze A Tyl EAe WA
523 X3 =& MH 127mm & §#o 2 AA3

o Tr

stte] Aol E A 2o st st A

ox, iy

(a) lower plate-stainless steel  (b) lower plate- steel

o
{]

Fig. 7 Magnetic flux density for labyrinth type choke
( black color means high density )

73



N
o
ol
to
i
fol

@ ARFSEA A 17A AE

]
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