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Abstract

Normally in order to build a semi-active control system equipped with MR damper, the
dynamic modeling of the damper is required to numerically predict its dynamic damping force
and also its behavioral characteristics. For the dynamic modeling of the MR damper, this
paper attempts to predict and evaluate its dynamic behavior by applying specifically both a
power model and a Bingham model. Dynamic loading tests were performed on the squeeze
type of damper specially designed for this research, and force-displacement hysteresis loops
confirmed the effectiveness of the damper as a semi-active control device. In the meantime,
in order to evaluate the effectiveness of each model applied, the model parameter for each
model was identified. On the basis of the parameter, we derived the error ratio of the
force-velocity relationship curve and the dynamic damping force, which was contrasted and
compared with the experimental results of the squeeze type of damper. Finally, the squeeze
type of MR damper developed in this research was proved to be valid as a semi-active
control device, and also the evaluation of the two dynamic models showed they were working
fine so that they were likely to be easily utilized to numerically predict the dynamic
characteristics of any dampers with MR fluid as well as the squeeze type of MR damper.
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1. M Z(Introduction)

A7) 1= Yol TS E= A
st 3l tigst Hx gk au 2A wdely =
1T 8y FERES A 3 AR 9 FeseR
Qe Aztet A1A-E4 EdE 2 glo] o3
W] Hoh HSHos txsta, FRellE
< FHos Aojstaa B2 A7vt I HAG

T Aode]l EYEWA AnlES A2
o] Al2<gll Aol Z-gjF o2 Z |7} Ha 9}
H(Datta, 2003). 53], 1990ddl E°] Carlson
(1996)5°] EXFEckl +5%3d MR(Magneto-
Rheological) AR & =atir B2 dTAER
stodad MRFAGAE o] &3 Alo] Alxgle] A7rt
ttH o R Faua JIthEE X 5, 2003). A71A,
MR #A#% F2E9 AFAAE 93 349 A%

2L

3 A& (Smart material) 59 sht=EA, 1 2FA
1 BAL AEA feshd AF A4 fAVE A
ol ZFiAA R A % Alold] FHAEE 2zt
£ WtuA dEE dgEds 9 2A)Fe] gls o
de 27 4 FEdHE EAYTE Holg w3
A9 FEAEE AL HAEtory Wo] rhsat
3, 7F A1l Al wet fA e 24
ol 7] wjie] olg{gt MR FAIE ©]&g A7
= A FxE9 2T AdE 93 aHAA e

2 FE 23 9g.

714, Spenser(1997) ¥ Dyke(1998) &< ©|
23 MR FAE 283 7141719 o] (Hysteresis)
AT 54 2dE JEsl] Add Ao 83
o}, w4 Yang(2001, 2002) & A2 QU ¥
o] 27| 2t 20tf & &% MR 7712 7
Wsle] O e Frielaa. a8y o] X HA
A AlzElo] QAT el fIXstn glof FAE
GEIF Al vtnA e MR A= ] HdA

Aol ZIAHR £l AT 5 glu, £

T

o] WAEA =M, A= o|Yet 2EWsE MR #
Ao AsAQ] BAAE BgAIE =71 vk ufEhA
olgfgt ZAH T AT FX AVIRE AL Al T
gAY BT 5 ik ol M Bekebr] 9138t
o] Sodeyama(2003, 2004) 5 Bypass eI
MR #4718 /Wdsisich. e, o] x| 9A] S
g Aolge BAXTIZ] deiAE FAAA (Electro-
magnet) ] AolE ZA sloofk dfar ol A Ao
7191 AA Aolg VM o] wg) o] Ao
79l 43 937 matel 94 Eoz dyE Skl
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Fig. 1 Concept of SM MR Damper
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Table 1 Design Specifications of SM MR Damper

AAAE AAR
Ho 749 1000N
EN=EE] 30mm(+15mm)
A9 U4 30mm
AE 2= 27 15mm
229 oA 38mm
g9~ WA 30mm
LoXel i 7530] 35mm
AN 3P 400turns
AR i‘,’:}ﬁ% 0.23mm
MR Fluid LORD MRF-132DG

A4AA. 1719

Table 1049} 2o] F2E o 2EZ3IE= 30mm
(£15mm)elm, wIAAY B A7 e rd=
"= LordAtelA 73 MRF-132DGE 43+
ot wd-Ap|# EG7H9 1.0mmel 7H4
(Gap)= Z&=% 31, 2 A Zol= 35mmelt}.
A7 e A7 (Low-carbon steel) &2 A|2}H
23d duadeRr ol 2pE FAsIG e, 28
g0 AA AFEol= 28mmeltt. A7) AlYS 6}
goz 7|dH Prototype $E4 AvFE MR 7H47]

€ U Photo 13 2t}

==
—l‘_\f

de 4 Y JELFS A8 f11H (Wear
ring) S A438l91, BER 2 7+ BRo| AR

de MR A9 T4 2 WI%e HEE Ausp)
SI3le] 48 22(Oring) & AYelel ZYaisich

Photo 1 Prototype SM MR Damper
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(b) Equipment System
Photo 2 Dynamic Loading Test Setup

A AgEolE AY9S 719 A AELES
ekl A w9 +1.0inch £3F9 7RIZI(VTS-
600)E ol&sl¥x, T 7 ASS 98l Hul&
#Z 5kNe| ¢1/94%% Load cell(DBBP-500)< ©]4
o, 7R7|e] WS A3 Hdte] HAl 2~
Ez3 &&o] 50mme! LVDT(CDP-50)& °]&3
Aek. =g, ArHe] A BRE A% AF FEdt
7] 93te] LordAtelAl Ak 0~2 Ampere®] &8
WS 2= Current driver(RD-3002-03)5 A&
STt e, ASAIAE AL ASIAZEH
o] delElE E531] 95t FHulo|H =4 (DRA-
107A)E AHESI R, old dlolEl= 0.01%9 A&
g 7712 g536it

MEE 7o) 54 AFEEE A8 Y8t
£ dAPellME Fole A3 20 IA 7RIS
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/sec 2 80mm/sec %2 2Hz ARITE MR 74
710 7kete] &mol HTAE EL HrlstaAl s
om FAld A7PAF Al71e] Wk AuAde] o
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13 ¥ Power 2dl 2

71T A WAR, Power REE I-5& BARE
B A A 22719 54 Ase Fdsk] sl 3t
@3] AHLH Ak Sodeyama, 2003, 2004). °|3
Power 299} 3-&% A= 21(1) 3 2o] mddnt,

F=CgV" (1)

714, F= MR #4719 AA Aogelx, C=
HAY Aol Vi 742]7]9] AR S5
Aoz ng Aot} 7|2 RE WE ()
1 n g FEY Faped gidl] SYFela, o] WFE
APgT A gk Atelo] Haxls oAbyl o8 4
ZFEh =3 no] G(zero) o2 FHIE= AJE]olA
T AR A ol 24fEe] zEsteR MR 74
719l AsE BARR: ol AR 4 Sl

F WA 2, Bingham 29 MR 74719 54 7
TE BAlP| 9 UisEAd A BdFo sholrt
(Gavin, 1994"®). 1714, 74143 (Dashpot) 2
w72 (Coulomb friction slider)& A2 H3HA

haj

Mo M

TRERCHsEX| M13H M2&(2009. 3) 175



AAd=] ok 7HEsh | o] 4§ o]21d Bingham 3. Als gl A A3}
2de] 3-&& WA= 2(2)9 2ol FdHTH
31 XA 2o o 24
F:FFsgn(m);l-cO:'c (2)
B =idlAe /idE 422 MR 241719 244
AN, Fe sl AA AdlEoln, & £ % e wjeud 228049 A9 Hgos T
4719 MR S, ¢t AN, MR A4S +AAT oM ARe Ane ok
Fpe v}, o5 § vdEe BF 1 ¥4 Fig. 2¢ 2] 2t SRRz 7Este] o= &=
o] M 048 %S Holowa] MR 74 H gP-we] olg e s grleigla, oM 459 7
B9l 4 AFENE SNHor mAebl) mz  HREDHE D AAR % WA WAL B Table
Aol 4= 9lr}. 20l eI
( 0.150A (@) 02000 (r) 0250 () 0.500A ) 1,000
Fig. 2 Force-Displacement Hysteresis Loops
Table 2 Experiment results of SM MR Damper
A7PAF(A) 0.000A 0.025A 0.050A 0.075A 0.100A
AHE(N) | A (mm) | N mm N mm N mm N mm N mm
A S 40 268.3 | 6.268 | 274.9 | 6.080 | 283.2 | 6.025 | 294.0 | 5.945 | 310.1 | 4.935
(mm/sec) 54 323.9(7.230 | 329.9|7.160 | 343.0 | 6.988 | 353.8 | 6.890 | 363.9 | 6.775
80 548.0 1 10.15 | 560.5 | 12.14 | 569.5 | 9.958 | 581.4 | 9.800 | 580.8 | 9.753
A7FF(A) 0.150A 0.200A 0.250A 0.500A 1.000A
ZHE(N) | EA¥9 (mm) N mm N mm N mm N mm N mm
. 40 338.8 1 5.265 | 352.0 | 5.088 | 383.0 | 4.610 | 453.5 | 3.883 | 556.9 | 2.965
(m;l/;ev;) 54 1400.4 | 6.355|427.9|6.085|439.2]5.983 | 506.7 | 5.380 | 640.0 | 4.303
80 602.919.250 | 618.5 1 9.250 | 647.8 | 8.923 | 717.1 | 8.063 | 843.2 | 6.775
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2 pudd olyd FH4ganzyE, 27 MR
#a71e) e RAGT S gage v
£ Sud 99 ARdT PANE 54E AL e
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% B3 5 U9
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Ag 7Fed sARIS FAs] SlEl 71E Power
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Bes WRIGAT A7IA, 7 FARD H FARA
o] Ak oty st & AfolAe 7] Table
204 Bl AdAR F iAoz A fhaEo] 9l
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Table 3 Model Parameters of SM MR Damper

Power Model Bingham Model

Curren
t(A) G " <o
(N/(mm/sec)) (N/(mm/sec))

0.100 9.999 0.919 6.966 14.22
0.150 | 14.704 ] 0.842 6.752 55.73
0.200 | 16.817 ]0.819 6.746 74.81
0.250 | 21.632 |0.769 6.797 95.76
0.500 | 36.750 |0.672 6.779
1.000 | 59.167 |0.603 7.240

Force - Velocity relationship (Used Power Model)

0.150A (Exp)
0.200A (Exp
0.250A (Exp
0.500A
% 1.000A
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(a) Used Power Model

Force - Velocity relationship (Used Bingham Model)
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(a) Used Bingham Model
Fig. 3 Force-Velocity Relationship Curves
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Table 4 Analysis Results of Power Model

A7 F(A) 0.000A 0.025A 0.050A 0.075A 0.100A
AHAE(N) | A& (%) N % N % N % N % N %
AR 40 | 256.3 | 4.47 |262.1| 4.65 |271.6| 4.09 |282.0| 4.08 |297.3 | 4.12
(mm/sec) 54 1350.9| 8.33 | 358.6 | 8.69 |369.1| 7.60 |380.5| 7.54 |391.8| 7.66
80 |529.3| 3.41 |540.5| 3.56 | 551.6| 3.14 |563.3| 3.11 |562.4 | 3.16
A7 (A) 0.150A 0.200A 0.250A 0.500A 1.000A
2= (N) QA& (%) N % N % N % N % N %
Axl & 40 | 328.4| 3.06 |345.6| 1.81 | 370.1| 3.36 |438.8| 3.24 |548.4| 1.52
(m‘r;/;e; 54 | 422.8 | 5.59 |441.9| 3.27 |466.3| 6.17 | 536.9| 5.96 |657.4| 2.71
80 |588.8] 2.33 |609.9| 1.39 | 631.1| 2.57 |699.3| 2.48 |833.4| 1.16
Table 5 Analysis Results of Bingham Model
A7 (A) 0.000A 0.025A 0.050A 0.075A 0.100A
4= (N) QA-&(%) N % N % N % N % N %
AR 40 | 250.5| 6.63 |255.9| 6.91 | 266.2 | 6.00 | 276.8| 5.85 |292.8 | 5.57
(mm/sec) 54 | 351.2| 8.42 | 359.0| 8.82 |369.1| 7.60 |380.2| 7.46 |390.4| 7.28
80 |538.4] 1.75 |550.3| 1.81 |560.3| 1.61 |572.1| 1.59 |571.5| 1.60
7HAF(A) 0.150A 0.200A 0.250A 0.500A 1.000A
A48 (N) A& (%) N % N % N % N % N %
A s 40 | 325.8| 3.83 |344.6| 2.10 | 367.6 | 4.02 | 437.0| 3.63 |549.7 | 1.29
(man/;eJc‘) 54 1420.3 | 4.97 |439.1| 2.61 |462.8| 5.37 |531.9| 4.97 |651.0| 1.71
80 5959 1.16 |614.5| 0.64 | 639.5| 1.28 |708.2| 1.24 |839.3 | 0.46
pEe R AFdMe 2t FAHRGS| FARAL 9 FUHAE Ade BAE 5 7] Wil A5
Aes AEAeR Fristas 2+ Az dist] 284 FHM 3 Rdz ke & Aow A
A3z dbl Ml eakes Ategla, ol SH
olgl Table 49} Table 5 YERNAT}
714, Table 49| Power =49 3|Xdz= H84 4. 4 =2
7 v Hdl 8.69%, A 1.16%9 oAa&s HA
31, E3 Table 59 Bingham 249 sj4Z7= A4 B mRoAl A4 12E FLE o] 2o
Az ¥ Al 8.82%, HA 0.46%9] Wad oA 2 712 AloE MR 7239 A% 2 Hx Lo|A
= =i 52 I £ Jus ¢4 Feel MR 1718
e el A8 F UM AR B spdeln, =9 ok 2e MR #4gA ud Av
T2 AN AR AL A BT SR ey 2udae) anHel SHARDYS 9 % 7t
IA=E BolozH, MR #4FX9 SAAEEA A BARAS Agsle] 7t HAmdd SR A%
= Ao RARS Sdleigla, B3 ol Bl g 9 43 o 2o 4B 9
< MR #4279 FARdg s fa) 48 s

Cheta|X| 133 M2 (2009. 3)
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