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The design of low-power MR damper using permanent magnet
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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.

1. M &
1A A9 ]% gavt olvAl ALNEI,
dissipation) & 3 A =2A HbFF A&
TF A "Jil*éﬁr 558 MagY H3HE
2% Ao, VA HHol ANzt =FE
F 7] Wi FEERYG £2 54 A%
Ay, Aojsts Aadd U E AR ¢
HEo] TEFRTG HL Ao JYAE Bag 3
0.0 ol oz st A8 A wEE A
A7 ALHATG BEY SEkols WEE AMS
) 23719 Q23 2 (orifice) A7 E WE A
7‘&4 AFE wire 7t sl s @7t o
% shdolth.@ 2 =32 A7) ¥ FAMR fAl
EF_-; Magnetorheological Fluid)yt 7] 38 3

fijo
N
)

*

B aa|
NEEE

29 AAFHS AR T
&2 AT

*k

(ER # A T+ Electrorheological Fluid)e} Z-& 7HA|
©}4 & l(controllable fluid)E AH&3% w5F A
of tiat A7t @A D8 Folth o] & MR
A= 271 Z s8] 50 7Hsd mm A7)
9 YAES vdFE odojy HEE 29 &
B4 A Edolt) Aol ZHEiAIW A
ko g zy) AEo] AU(chain) S BA
z_; mak,; OEo]L} ﬁ\;_}e_ﬂ‘q] 7
o

O H ooX 2
>
x
N
o
¥

-IO_!
OQﬂ‘vﬂA FEgH G2 v
YA PozA RANUA B of
Hg 088 & Y& FHl W7
o) W5y 247

2o -yt o S N gy
5
i

A P oMok o

M
Hd
9
RNe
rir
b
9%1
2
rN
1 ﬂl{ﬂl
oft
E

|"l kt
oX
ofr
=
ofr
oft

£ Z o



£ 33 A 203 W PAL AYPHos
AAskgich =9 49 MR #2379 54L& ¥
15133, PID A& AA7E o]8F B3 FF
2ﬂ‘ﬂ(torque tracking contro)& 3t F=F 45 & &
obx gk
]9—} e "“HE‘: MR #H71= 23, %%
22 AN EL2 EFE 9 F 1, A2
94 AR8E EZJ% T Aen zFAe vbE

=

[s]

zupgetol A wh WAk TAle BE AE 24, =

# Aol gHAE 24T & Q= A% 3

24, 3 ey 22
31e.

> Hit e

2. A7) 7 waAlel 4D AEEE

MR FAIE A71Fo] 7tAA ¢L of Her o
&Y S BAN AY¥Hd RE
(newtonian fluid)®] A AL 7txn], z7)|%o] 713l
A™ FEol AFEH7] A AdHo] Frtg o
Zosit dwtFow ol Ay g yad Zag
28 - Al(bingham plastic fluid)2 299 A},

v
2 r
o
2

T =1, (H)sign(y)+ny (N

A7V, 1, 7 (H), 7, 2 AT BESE, A
%} 371011 g3 7td Jbed gBESE, A7)
2 o FA AR, AT WP Stk B AP
A}%E&/%iﬂ% Lord iit9] MRF-132LD 4] Ax &=
0.2~0.3 Pa-s F=0]5 0.9 Tesla &} =}7]3o] Qir}E

AE o AFZHL oF 50 kPa o]t MR 59
AEFREE WY 2 E(valve mode = flow mode),

M FX(shear mode), =72 FE X Z(squeeze
film mode)2] A} 7}x]7} Jt® (Fig. 1) WE mco
AFo] 17 Holglm o Aol FA7F 32
AAd o W AVFE FA Ad(flow
resistance)?] FFL WA AY == A= A
HEFE st F A7) FH/ Alold FAlE ¥

A ddieEel g AFPL GAA 7= Aoluh
AYRE=E o]&3to] AFF Lod iite] Zele] B
dolae 149 HF A7 A 67 Nm EA
25 A £ ded ok Az 2w FxY
ol At O A7)FL A{=E A8 @&
FTANE FHA A7EgE B Ay
oz AAY & g a3y Adrz=9 AL
A71%4E A7sEFE Wol Yolof 2 EFg

ool

rlr oBL ki r... m]m

9 Qomg FFaAY e o] 8st] 2PLE A
Zst7) ol = X““ﬁ}zl &t 99 AY T B
£ AUAE 24 Al F e AL 2E BE
thowe 2= FHEZ Agdnd 49 @474
zetglg 2rlel zedd AUFE AsEkd

223 A Fo gxe 2INA 7L 5+
th © olu z/]FL QAsE FE 2o FdA 2
otelatul w0l @ 4 Qo 28 o0g% I o
UAE A2 Al & 9ok watbx] 398 2Ee
ol 70| 0] E| (rotary actuator)®] ¥ X E(por)E 92
Bl 203 $2E HAHAF|I 2QTo] AAL
SR ANFE CeEE Wwn v Py

#H71e AFstrl2 sk

Valve Mode Shear Mode
disptacement
force
Pressure -@
appned field appned field

Fig. 1 Operational mode of controllable fluid device®®
3. MR #4#/7|e =Y

719 JhagdrIE LEdAe AV|E &9
wolm EE ofdEa e Ze JAH FA=
A A FHATE Ao}, vhvie]l MR 7
H7le A9 FESHE Aodrh o e

& A Zol vEid + A

T = cw+ sign(wi{T, + T(B)} )]

AAM, T, w, T/E‘ 2z AXNEI, 72437
ZE&T, vpREFo|, o = A7|Fo] %L o
7] W FRAA A dHEgs =
e #HAFoIt rpy e ANF g8 v
He@ EaZH £edolSE 08T A9
A7 gola, FFAAG ol gsly &F o

Aol ANe A2AYY Paoloh

id
rir rlr RN

4. #27|°] 44

TUE W d9re e vy @
EE(por)el F71E ZtgstdE Hid(vane)e] W
™ol 7tAA Fo] FHHstE Rolth & A9

dAE FA A3 YR MREAE Aex F

-434-



TEZ dA3Yd FEGHEE FAANA FHR
Mzath Fol FAA FRoA L&A
dojupa s AHo] AgstA B FUE HA
Adde]  AH ¥ (Volumetric  displace-ment)=
54937 mm®, UHREAE 05512 NmolH, 779
A4 EA 9 gt Aol @A A TEATH o
3 g en

APy, L +T, =8.74x107 AP +0.5512 3)
/3

(E299E Nm ¢4EH99E Pa)

T=

& zo30 dsiNT 3
Aevtd, gEAse Ao frd fA

FEHol A7 AR ap 9 Fig. | F 7L
FE2E AYu= B4 F3(viscous flow)ol W& &
g st ap Y FUHAE FAH4RY. 69

AP = AP, + AP, @)
APt=C”TL )
g
_12n0L ©)
! g3‘vducl
A7)M, ¢, = ap/ap7t 138 HE o 2
ap/ap 7t 10020 2 o 3 g 2t 4
AU, o, Ly gy w,s n Q% AR A B
2ea AnNF 017}_,—.,] o), =37+ A, Apzt

HE Z &9 AL, 4 (flow rate)o] o

A7l o8] s Zhed Eaw A @)
A (5) 2RY g3 Zo] g,

T(B)=8.74x10° x 2= M

obed 7hal= 1}7];g¥gfd7}-‘?—°' Zo AR
o} Ao] o|AHolme s M A7) 9
ARAR G FEAEE HrPoz Foly] 98
Aol 2 AF/E ARG AE AZE A
717 A7HE-s 7:}&47]91 AdE EFo] Fig. 29
ekt AjgE = Fig. 39 o] L=
50mm, %, = 10mm, ﬁ g= 2~4mm 9 &
ARl 2032 whES o = ;e wiz
g JEE AASNY. £F 2037 V20K

Bmeoletd fAY Wr A713E AHE 2

2,

AZHAN o & A& 4L &4& ol &3},
Azt dEEZE njg rogo g u}cq 28 2AT
& QA Fig. 4 ¢ Zo] 2717 AJME % Fla=—a e )

2939 A& A/ A (paramagnetic material) Q!

T U)F(y =1.00002) &2, BHEHS FEE 13t

o] B} A A (nonmagnetic material) ¥ 2H A 2

Zoz ARaRen FA= 474 2mm 2 SR

u];ﬁg 2039 A%, 5/ EF®lock)d AP
79 ss41 2 s

Fig. 2 Damper body and choke

Upper plate

Fig. 4 Labyrinth type choke (cross sectional view)

T3 JFAAY AL ol 438t Fig. 59
74 & 7] 3] F(magnetic circuit) & e 223
of AAAL A7tstel FAGO AFZ (a)b)E
293 A% oA A7FL JEFE FEjold,
©ODE A7 2 Lol 2038 AFSE 3
golct. 7132 (acels AA 15mm, T
10mm 2] YLPAAL AAsL B)dde A7
10x20x5t Q1 AP A S AZsto] (Mo &
Ay FA] olE T AP 2 AT

-435-



242 Neo 3008 el S22 vgF, I,
B4 5oz ofFojzx glon, IAF LU
(residual flux density)= 11000 Gauss, X A8 (coercive
force)Z 9500 oersted & 2HET

il = B
(a) (v)
(c) (d)

Fig. 5 Magnetic circuits used in the experiment
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Fig. 6 Experimental setup for testing MR damper

HA8FAe Fig 67 Z°) MR 3A @3ris =2
El7} EFvEE Alojo] T3 A E % (coupling)
2 AZ50 Ak U EQimit) 29X ZE A
71 ol 43lA 2F4E 100° ol T4 A=
I HEFE AIIE FH7)olA 24tEE EaFo)
EAvgdra 39 F7HR 2230 dis)A
249 = (AH 223E 234mm, ME %
24% 1.23mm) & A2 wfx g viH i
TwAEGZAN B O 445 AE)E il A
& 3%k °, A7 EdE &£571 A4
(steady state)ol] o]23L wio] FEL HFE o]
TR

52 A#HZAN
521 X7iElze M

AEWHIL e AyE AAsE Aol 44
2gong, AANAL ¢ @2 F1, ArAReR
2 F e Al & EaR r, & AEF 4
Ao gt wetal 1, /e & HA RFE "}
Act AFADE Table 1 & UEIR o0 32 (a)9]
A97F AAMSge] Yoz slzrg 328 2
NHZ2E @BHE 372 3

Table 1. Comparisionof 7, /¢ for various magnetic circuit

2@ | H20) | A2 | H2d)

W2 g=5 33.6 17.7 16.2 16.4

v 23 p=6 54,9 36.0 28.0 24.2

H 24 g=7 64.5 422 28.7 25.1

A48 g=2 40.5 329 252 25.6

Az g=3 | 481 393 36.1 349

A2t g=4 35.1 27.7 27.2 25.7

522 Z239 MEH MF

tjo

A}Zt2© 3 2mm HFo) tElM 223 B
ZARAZ v T4 2AEL FESE 4YES
sl® dat 1, /c7h 36% F7HEEACh ARz A
oA stee FAALAE A HE FA 5%
Fol Ay AHAE7} S84 A o)z
A MR FA9 Agdgo] 44 F5 o & A
FEe 2t Hol AWAANEII FileA He
Zolth. 2290 Fo] M= Fig. 79 AEHLE
9o BXE Y & F %], 39S AAAR
s Al EEE AloloA fewad 2zhg o)
2o FAHD YW Ad2FE 238 4AA
HUrAEAgo]l ZasA At w2t AbZ 2
23 3% AFEL FALAANZ stz vE2 23
sge v AR At

(a) lower plate-stainless steel

(b) lower plate- steel

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



523 Z23 &F 4%

o] Aol HA Az xo 3¢k @ X
Aol 2udEA A w2 £039 BitA
7,. 7t 3Nm AE HEe 33ge AN 2z
1.4mm, 1.8mm & ¥ 717 2939 A%E v

o399 A A

wate AgE g A %
g JorF Imm 9

B FAE % o gkHA
FA AL A 2ottd Table 29 24¥ A
& FAbstg o, B AF

Fol A 7, S
cd 7@7]7} a2 %93 B Alg 2939

AL o M¥Ao|). EI & =Ad AX
AejollA el ET T gE Al 2037 AL H
ojojr zeHE I 14mm o A x2e3E®

Table 2. Comparision between labyrinth type choke and
rectangular type choke

c T, lc

Bmax Bmax

t8mm W& 293 1| 230 | 0.503 45.7
(3257 2mm)
L4mm AFZ 293 | 251 0.486 51.6
(BBFA 1mm)
ldmm AFZ 293 | 217 | 0.486 447
(3857 2mm)

53 AUlEz +3

Ro| A

Fig. 8 Appearance of damper system
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Fig. 14 Closed loop sinusoidal response

( Initial magnet angle = 30° , w = Irad/s constant )
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Fig. 15 Closed loop step response for varying angular
velocity (0.4 Hz sinusoidal excitation with
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