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Characteristics and Dynamic Modeling of MR Damper for Semi—active Vibration Control
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Abstract

This research is aimed to evaluate characteristics and dynamic modeling of MR damper for semi-active vibration control. A MR
damper of semi-active type was designed and made for the purpose of controlling the vibration of a real-size model structure.
Usually a semi-active control system equipped with a MR damper requires a dynamic model which expresses numerical data about
the damping capacity and dynamic characteristics generated by a MR damper. To fulfil the requirement, a Power model and a
Bingham model were particularly employed among many dynamic models of MR damper. Those models being contrasted with
other ones, a dynamic test was carried out on the developed MR damper. In the test, excitation frequencies were conditioned to
be 0.15 Hz, 1.0 Hz, and 2.0 Hz, and three different currents were adopted for each frequency. From these test results, it was found
that displacement affected control capacity of the MR damper. The test results led to the identification of model variables for each
dynamic model, on the basis of which a force-speed relation curve and expected damping force were derived and contrasted to
those of the developed MR damper. Therefore, it was proven that the MR damper designed and made in this research was
effective as a semi-active controller, and also that displacement of 2mm at minimum was found to be secured for vibration control,

through the test using various displacements.
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Fig. 1 Concept of MR Damper

Table 1 Design Specification of MR Damper

Stroke 140mm (£ 70mm)

Maximum force (nominal) 30 kN
Cylinder bore 100 mm
Piston rod diameter 50 mm

Coil diameter @0.55 mm

Coil turns 3 @ 280 turns

Separated electro magnetic Quter diameter o 28 mm

Inner diameter @ 26 mm
magnetic field length 58 mm
Gap 1.0 mm

MR fluid LORD MRF
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Fig. 3 Dynamic Loading Test Setup

ZAsktE 289 Al AA 2psdol= 58mmolH, E3
A7) (23)e] Az A FAT EYo] JdsH
WY He= hagrdo] W AR (Low carbon steel)
o7 AFEE AZE MR 247 Fig. 29} #oh

22 MR Z4]7|9) SHARS oI5t | 4

5= FH7s] Slske] AT |edTge] HAdt F4
A1 Fig. 3(a)ell AAE 2FE<lx o g oA #|z3t
BAIG7E ol&3Gitt. o] 4 A3 A= Aol AE
AEZ 7} +200mm, ] T3 10Hz 283 HoH )7t
+10mm7H| 2445 F7PF 7hsettt 1ela Hol 39
sks& FEWske R 2Hss 4= Qith Fig. 3(b)= 54 A%
& A0 HHE 788 4= 9li= KRS RN 0006-06 #|01A]
2Ellojo

MR Hzof] 27t 7He& FHsh7] 215t 0~3 Ampere
o] ZYW9E Zh= Kikusui AF] PMCI18-3A2] AFa5
FA& ARSI

MR 7471¢] 54 A5 918 54 292 Bouc-Wen
Model (Spencer, 1997; Yang, 2002), Power -2 (Involution
Model by Sodeyama, 2003) 12|13 Bingham 5.2 (Stanway
et al., 1987)0] A 7tE]o] AR 1 Qlu} (Fig. 4 3.

Bouc-Wen Model> Spencer (1997)%} Yang (2002)°] €]
3l MRAA12] v AEE o5sh7] 21 2do] 7= gl
i1, Bingham X2 Stanway et al. (1987)7F MRG-A2] 4
AAEe BEPE] SlsiA Jisieith 1 glel Bl E
58 YERA Power X237} Iwata$} Gavin et al 5©| ThF
3t AF SAS vehile BEs Jidste] ARgskal itk
Power B2 S-Hi wAloll NS 2 FAIR o] Fo

=%

7 7k7)0] B4 AES mHs)e] Asker nulw 3.2

Bouc-Wen

i %

Bingham model
Bouc-Wen
e [ | & f
3 WV
I _i ¢
— A ——

Model proposed by Ilwata

AONOMVMNNNNNNNNN

gl .

Power law model

¢, Fem

Model proposed by Spencer et al.

Bouc—Wen model

Model proposed by Gavin et al.

Fig. 4 Analytical Models of MR Damper
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0.15 Hz 1 Hz 2 Hz
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Fig. 5 Experiment Results of MR Damper

Table 2 Experiment Results of MR Damper

Current (A) 0.0A 1.0A 2.0A 3.0A
Frequency Velocity Force Displacement Force Displacement Force Displacement Force Displacement
(Hz) (mm/sec) ) (mm) ™) (mm) ™) (mm) ) (mm)
471 1478 5.163 8737 5.196 19800 5.223 30160 5.167
0.15 28.27 3306 30.14 10990 3018 21620 30.21 30870 30.13
37.60 4005 40.19 11640 40.17 22060 40.23 30500 40.06
12.48 1983 2.099 10260 2.140 20540 2.111 27060 1.825
1 37.44 3955 6.080 11850 6.134 23990 6.123 31980 5.831
50.00 4910 7.962 12370 8.082 24770 8.132 33060 7.752
12.26 1749 0.943 8884 1.044 10860 0.946 6309 0.617
2 36.78 3448 2.896 12140 3.013 24090 3.047 29830 2.317
49.04 4378 3.829 12960 4.004 25520 4.002 32110 3.344
33 34 2YE Ay o 24 97} Bingham R 22 285101 314] (Analytical) E&} 2
# A9 A5 vwE eI B4 REEE 0.15H.9)
SAEA H7E 91 2E AE2 Power (Involution) 5 ALE g uA Aoz ARSI o] ALE 2Lslo] A
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Table 3 Model Parameters of MR Damper

Power Model Bingham Model
Current
™ % \ £
(N/ (mmy/'sec)) (N/(mm/sec)) )

0 711.498 0.469 76.979 1118.604

1 7028.967 0.135 89.696 8345.416

2 18288.392 0.051 70.374 19504.336

3 29815.818 0.008 14.188 30176.207
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Fig. 8 Force—Velocity Relationship Curves
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Table 4 Analysis Results of Power Model

Current (A) 0.0A 1.0A 2.0A 3.0A
Frequency Velocity Force Error rate Force Error rate Force Error rate Force Error rate
(Hz) (mm/sec) N) (%) N) (%) ™) (%) ™) (%)
471 1471 0.473 8724 0.148 19791 0.045 30191 0.102
0.15 28.27 3410 3.145 11103 1.282 21685 0.300 30632 0.770
37.60 3898 2.671 11537 0.884 22002 0.262 30703 0.665
Table 5 Analysis Results of Bingham Model
Current (A) 0.0A 1.0A 2.0A 3.0A
Frequency Velocity Force Error rate Force Error rate Force Error rate Force Error rate
(Hz) (mm/sec) N) (%) N) (%) ™) (%) ™) (%)
4.71 1481 0.202 8767 0.343 19835 0.176 30243 0.275
0.15 28.27 3294 0.362 10881 0.991 21493 0.587 30577 0.949
37.60 4013 0.199 11717 0.661 22150 0.407 30709 0.685
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