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Modeling and Vibration Control of Small-sized Magneto-rheological Damper
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ABSTRACT

This paper presents a new small-sized damper featuring magneto-rheological (MR) fluid which
can be applied to vibration control system. The proposed MR damper consists of cylinder, piston, a
couple of bearings, oil-seals and magnetic circuit which has two coils. In this damper,
approximately Scc of MR fluid is used. The damping force of the MR damper is designed to be
followed by linear shear-mode Bingham-plastic model. In order to verify the performance of the MR
damper, an experimental apparatus is established. In the experimental test, the damping force of the
MR damper is measured with respect to time, displacement and velocity. In addition, the time
response of MR damper is measured when 1A of step current is applied. Finally, The proposed small
MR damper is applied to vibration control. In this process, a simple 1-DOF system is modeled and

controlled using PID controller.
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Fig. 1 Configuration of the proposed MR damper
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Fig. 3 Dimension of the proposed MR damper
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Fig. 4 Damping force characteristics

Fig. 5 Photograph of the proposed MR damper
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Fig. 5 Damping force characteristics (experiment)

Damping Force (N)

25 15

—— Damping Force
- ---1.0A Step Input

10 1 1

0.

0.00 0.05 0.10 0.15 0.20
Time (sec)

Fig. 6 Time response of the MR damper

Input Current (A)



B A% BAT 4+ gew, At SR
RisingA] 11ms, Falling?], 45ms2 HF{FE A A3}
o SEHAIZRe] T 21 2S94 o
mstf ] SHEAS B ZsAoe] -3 A
H9E S Aol 7lgiEh

off v 32 A
tlo > o rlo

4. ISHA

Ak MR ®39] Alfds s Frteb] 918k
obefe] Fig. 77 e 1AHTE AR-x YT
g TH] AeAelE FASAL o] Bd
ALY M3t mdAzH o R TPk, el
A7l Agkehs MR By FAdstlon], 3
T ﬁié Flall A gl ldx Jel 7}

2HoR skl ok #e R o
A 27 WAl o2 UERd 4= glgh,

a4

-

dlo A

&

ml >
rlo
O

x =Ax+Bu+LF 4)

ext

0 0
i)
M M

o7|A Aoy uE MRYEF O e o= 1)
4 5 gtk E9 F, = RRRE 9F e,
7= 1A E Rdo] 2k tﬂ_r] ojt}, & o] o)
A a7t hdetal Alojdsel -3 PID o]
715 A-g3l9ith PID Alo)7)E zﬂoM% ZA o] H]
oA 7] wFEol A A oF 80% o]AS =}
A& AEg Wo| ALgE I 9t} 1AGE T
FALE = 2o digte] Ao 42 v 2

u(z) =K, 2(0) + K,J.z'(t)dt +K, ©)

dz(t)
dt
7|4 K= HlE o]5olH, K& A% o5, K=

nE o] 5olt} Ztzte] | o] 5gkS Trial & error
WMo s q@lg] o] EzkE ztol AAHQT)

@, MR 99E WsE Alol7] olmE thed
o ung wag wean

Jz

Fig. 7 1-DOF spring-mass-damper model with MR
damper

0 foru-z<0 @)

{u foru-z>0
u=

Fig. 8& 982 92 A7ksge Mol Ao
Ag YR 2efZolt) Fig 8(a)oll EAlE HRe}
2ol MR ®H o Alo]deE A7Fsk S wf, Aoy

0.02
------ Uncontrolled
I Controlled

€ oo01f
€
()
£ 0.00
()
Q
<
o
D -0.01H i
a i

_002 I 1 I 1 I 1 I 1 I 1 I

0.0 0.5 1.0 15 2.0 25 3.0
Time (sec)
(a) Displacement vs. time

2.0 T T T T T

15F
<
c 10H
o
3

0.5 H

0.0 " (\I(\ 1A 1 N 1 N 1 N 1 N

00 05 10 15 20 25 30
Time (sec)
(b) Current Input

Fig. 8 Control performance of the MR damper

-348-



2o QUlskAl 29kS wjHt} Fo] FAH A
AR wEA FEeE A4S 3¢ & 4 ok
w3k ojuje] Q1E HFIE Fig 8(b)ol YFERAATH
el 495 nigoz Aotd MR 9HE 3E
FE W UellAe] 7hxle] wASHE A Eof A
A5S Adsrle S8 AeS ¥ 5 e AS
gol g 4= i}

58 E

2 drelAE 4% MR FAE AHEE 48
MR ®¥E Atstal dd&
S5 Ao Wrtsksich. Adel A Bingham-
plastic 2% 7]¥ke] MR ©¥] o] RES F&3hal
Aol AZARMeE =EFst] MR B E AlFei
A MR ©e] 935 54 8 SR E 3
7Feb7] flstel AdAAE Ao, deAdst
AHAFA e WFHe] Asd A h #
AAA, W FEAE Hels AE AT + 9l
Atk B3 PID Ao)7]E o83 AeAo] Mgl

a1, AlEdeld A3E Fstel MR ®iH 9] & o
B dlellA wEAZE el AEHR st
Aol we AFES ST + AT F
T MR A9 o]HddS | As7] 913l Hysteresis
TeS Agste] MR 99 =qtH A HEY 5
e Adska B Hugk MR HY REs 5
g ogelnt. Eg FAdagEs s
MR #HH 9 WFAo] A5HdPE Sl H71E A4
ol olglgt AnE Vo r FHHor A E
Asts 71AA2=Ee] MR 93 E 483 AojAl~
H9E 75T 44tk
ZF 7

o] E=EL 201295 AR (LI ER)] Y
oz AT AdEs ol P A
(N0.2012-0005613).

(1) Carlson, J. D., Cantanzarite, D. M. and St. Clair,
K. A, 1995, Commercial Magneto-rheological Fluid
of the
Conference on ER Fluids, MR Suspension and
Associated Technology, pp. 20~28.

Devices, Proceedings S5th International

(2) Spencer Jr., B. F., Dyke, S. J., Sain, M. K. and
Carlson, J. D., 1997, Phenomenological Model for a
Mangetorheological Damper, Journal of Engineering
Mechanics, ASCE. Vol. 123, No. 3, pp. 230~238.

(3) Ha, S. H., Choi, S. B., Rhee, E. J. and Kang, P.
S.,2010, Lee, Y. K., Choi, S. K., Yoon, K. C. and Lee,
Y. S., 2003, Design and Control of MR Military
Suspension System Considering Friction Force,
Transactions of the Korean Society for Noise and
Vibration Engineering. Vol. 20, No. 1, pp. 58~65.

(4) Seong, M. S., Choi, S. B., Kim, C. H., Lee, H.
K., Baek, J. H.,, Han, H. H. and Woo, J. K.,
Experimental Performance Evaluation of MR Damper
for Intergrated Isolation Mount, Transactions of the
Korean Society for Noise and Vibration Engineering.
Vol. 20, No. 12, pp. 1161~1167.

(5) Noh, K. W., 2009, Design and Control of Haptic
Cue Device for Accelerator Pedal using MR Fluids,
Master thesis, Inha graduate school.

(6) Aydar, G., Evrensel, C. A., Gordaninejad, F. and
Fuchs, A., 2007, A Low Force of Magneto-rheological
Fluid  Damper: Design,
Characterization, Journal

Fabrication and
of Intelligent Material
Systems and Structures. Vol. 18, No. 12, pp.
1155~1160.

(7) Tsouroukdissian, A. R., Ikhowane, F., Rodellar,
J. and Luo, N., 2009, Modeling and Identification of a
Small-scale Magnetorheological Damper, Journal of
Intelligent Material Systems and Structures. Vol. 20,
No. 7, pp. 825~835.

(8) Sung, K. G. and Choi, S. B., 2008, Effect of an
Electromagnetically Optimized Magnetorheological
Damper on Vehicle Suspension Control Performance,
Proceedings of the Institution of Mechanical Engineers
Part D: Journal of Automobile Engineering, Vol. 222,
pp. 2307~2319.

(9) Wereley, N. M., Cho, J. U., Choi, Y. T. and Choi,
S. B., 2008, Magnetorheological dampers in shear
mode, Smart Materials and Structures. Vol. 17, 015002,
pp. 1~11.

(10) Wang, D. H. and Liao, W. H., 2011,
Magnetorheological fluid dampers: a review of
parametric modeling, Smart Materials and Structures.
Vol. 20, 023001, pp. 1~34.

(11) Ogata, K., 2002, Modern Control Engineering,
4™ Edition, Prentice Hall, Inc., New Jersey.

-349-





