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Real-time Vibration Control of Cable Bridges using a Shear-type MR
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/] ABSTRACT /

In this paper, an experimental study was carried out for vibration control of cable bridges with structurally flexible characteristics. For the
experiment on vibration control, a model bridge was constructed by reducing the Seohae Grand Bridge and the shear type MR damper was
designed using the wind load response measured at Seohae Grand Bridge. The shear type MR damper was installed in the vertical
direction at the middle span of the model bridge, and dynamic modeling was performed using the power model. The tests of the vibration
control were carried out by non-control, passive on/off control and Lyapunov control method on model bridge with scaled wind load
response. The performance of the vibration control was evaluated by calculating absolute maximum displacement, RMS displacement,
absolute maximum acceleration, RMS acceleration, and size of applied power using the response (displacement, acceleration, etc.) from
the model bridge. As a result, the power model was effective in simulating the nonlinear behavior of the MR damper, and the Lyapunov
control method using the MR damper was able to control the vibration of the structure and reduce the size of the power supply.
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Table 1. Maximum response of model bridge

Kinds of Response Accelergtlon Velocity Displacement
(m/s?) (m/s) (m)
Maximum Response 4.3122 0.1255 0.0036

Table 2. Maximum force of model bridge

Kinds of Force Inertia Force Dampmg Force | Restoring Force
(V) (V) ()
Maximum Force 139 3.61 0.74
2
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(b) Magnetic strength vs. yield stress

Fig. 1. Material property of mr fluid (MRF-132DG)
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(c) Body fixture of MR damper

(d) Prototype shear type MR damper

Fig. 2. Design and development of shear mr damper

o} Fig, 2(d)= Qb4 el ole] A7 g whedstol 44 Ffe)
AEHI MR afolch, 7ek MR 9]9] A48 414 2510 474 0.4
mm ] of Ll Enamel) 512122000 ¥(Turn) 7o} AlHaHAL, HAH &
10k ol 1218 6 mns: Sl MR} el S
eItk el mAAA o)
(RD-3002-03)2 0| 8515ItH7]

REEA

23S 8l vl=r Lord Abe A5+

2.2 HojEx|2| mMofzd ot

B =B A AT MR 9] Aol ds- Brlelr] §lete] Sl
A& YIS 2558 MR 5] Ao} d 52 "Jﬂﬁ%—Off%
B} 0] 2|2 HhAY Ao} 017FAE-0n Abele] 2T Wy AlojelL neko.

2 AJo] 7F5-8(Controllable Force) ¥ 523 2](Dynamic Range, DR)
S A H7E AR LERIC o} 4597 A the Fig 334 ol
L5

Alo) 7RsB(F)L TR A ()3} Zo] E@E 2= glom, £,
rmin - MR T 2] Z{off Wl X4 A Ajojo|ct

N

Fo=Foaw = Lonin 0]
= WA WA #2 Carlson[1] 52

TR AA 8L, EREMR R4 2] 7/ %LLUH‘—;V 54 5 11101 el

QU= Sl AAIEH A o] sfaF 2 4 ik X Afstck S 4

Fh= A (DoflA] Hel 2o 5 22 2y Ao=] o] A4 Q] v](Ratio) = AT

29 4 90w, 4 )9} 2ol BAUN DR S LeRd 4 ek

Magnetic field applied

Maximum force

Controllable force
Yield stress

Shear stress

No magnetic field .
Minimum force

Shear rate

Fig. 3. Controllable force and dynamic range (DR)
DR = e @

ok 58l TS skl /e MR W o e nk A
A GG 2O AP S ERISISIL) Sl A A 7Pl £ Y
Fupo] Hskz SEsklaL, 2 9ol tisi e 7k = AR AVIE
0A(Of) 2} 2A(On) AFE] Atk HA 1 Hz2] AR17K(Sine wave)
7421 A 21215, 10, 15, 20, 25, 30, 35 2 40 mm/sec 0] 7}HLE & 5%
15 4-a05le] T-119] ol 25 (Fig. )3 A1) AN Table 3 2
=
83, 7 k0] k=40 mm/sec 0|4 24212, 3,4 25 Hz
o] Fade 27102 Bol5 AL St Az, 19 o ETM(Fig. 5)
o} A1519] ZAR(Table 4y ATk

Fig. 4 9 Fig. SollA], &= W3}, Suld= w3} T12] a1 Q171 459
wislol Sl MR wisle] 2 Alofelo] gl wislals AL o 4 ek

HU
X
o
ofr
o
2,

S~

A

217



) | September 2017

=

18 55 (8¢ A8

2

Displacement vs. Control Force(1Hz, 10mm/s)
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Fig. 4. Disp. & control force to velocity
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Table 3. Control forces & DR to velocity

Velocity (mmy/s)
1Hz Avg.
5 10 15 20 25 30 35 40
Passive off Force (N) 3.26 3.51 3.59 3.98 425 4.30 442 3.76 3.88
Passive on Force (N) 8.95 9.97 10.45 10.97 10.80 10.96 11.57 11.74 10.67
Controllable Force (N) 5.68 6.46 6.86 6.98 6.54 6.66 7.15 7.97 6.79
DR 274 2.83 2.90 275 2.53 2.54 261 3.1 275
Dlsplacement\,s Control Force(ZHz 40mm/s) Displacement vs. Control Force(3Hz 40mm/s)
20 20 T T T T T
: : Passwe off(0A) : : : : : : Passlve off(OA)
15 — — — — —— g ——— === Passive on(2A) || B == == ——— T —— T Passive on(2A)
| | | |
| = | |
l
= —_ |
< <
|
,
1
Displacement(mm) Displacement(mm)
(a) 2 Hz (b) 3 Hz
Dlsplacement\s Control Force(4Hz 40mm/s) Dlsplacementvs Control Force(SHz 40mm/s)
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Displacement(mm) Displacement(mm)
(c)4 Hz (d) 5 Hz
Fig. 5. Disp. & control force to frequency
Table 4. Control forces & DR to frequency
Frequency (Hz
40 mm/s i Y {He) Avg.
1 2 3 4 5
Passive off Force (N) 3.76 4.26 4.463 4.573 4.346 4.28
Passive On Force (N) 11.74 12.25 11.43 11.83 12.07 11.86
Controllable Force (N) 7.93 7.98 6.97 7.26 7.72 7.58
DR 31 2.87 2.56 2.58 277 277
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Table 5. Parameters of power model

Parameters of Power Model
Current (A)
¢, (N/(mm/sec)) n (N)
0.0 2.6569 0.1279
2.0 7.4545 0.1213
Table 6. Analysis results of power model
Case of Velocity (mm/sec)

Power Model Avg.

5 10 15 20 25 30 35 40
Predict 7, 3.26 3.56 3.75 3.89 4.01 410 4.18 4.25 3.83
Predict 7., 9.06 9.85 10.35 10.72 11.01 11.26 11.47 11.66 10.53
Predict 7. 6.79 6.29 6.59 6.82 7.00 715 7.28 7.40 6.71
Predict DR 278 2.76 276 2.75 275 2.74 274 2.74 2.75

W ———fF-——F-———F———F———F———9

Force(N)
Force(N)

Force(N)

Displacement(mm)

Fig. 6. Power model results to Freq. cases
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Table 7. Performance index
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Fig. 8. 3D-FE modeling of model bridge
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(a) 1 bending mode (Freq. 9.171 Hz)

(b) 2™ bending mode (Freq. 11.254 Hz)

Fig. 9. FE analysis results of model bridge
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Fig. 10. Time and spectra data by modal test

(a) 1% bending mode (Freq. 9.089 Hz)

(b) 2™ bending mode (Freq. 11.255 Hz)

Fig. 11. Modal test results of model bridge
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o} o} el HPAI( )R LA, BlAlo] A] 71202 SE-Off A
0}, Z~%.0n Ao}, Lyapunov Ao} A] & 2k86.05%, 54.06%, 47.28%= Table 904 RMS #9]9] 749, B]-A|o], 4=5-Off Ao}, 4~5-On A},

Btk onff Aloj&ul= v]-Ao] A] 7]F 02 4=%-Off A|o], ~%-On A Lyapunov A|¢] A] 2F0.49 mm, 0.38 mm, 0.23 mm, 2F0.20 mm7} 223

224



Table 9. Comparison of vibration control test results

Estimation Response

Results| peak RMS Peak RMS Input
Disp. Disp. Accel. Accel. | Voltage
Control Case (mm) | (mm) @ @ | (sample)

Un-control 3.642 0.495 0.431 0.067 -

Passive-Off 3.134 0.387 0.378 0.055 -

Passive-On 1.969 0.232 0.311 0.037 5000

Lyapunov 1.722 0.202 0.279 0.034 2348

Estimation
Results

Performance Index

Control Case \| 4 | £ | L) | 5 | (%)

Un-control 100 100 100 100 -

Passive-Off 86.05 78.11 87.68 83.18 -

Passive-On 54.06 46.93 72.24 56.39 100

Lyapunov 47.28 40.83 64.84 50.59 46.84

Estimation Control Effect
Results|  peak RMS Peak RMS Input
Disp. Disp. Accel. Accel. Power
Control Case (%) (%) (%) (%) (%)

Un-control 0 0 0 0 -
Passive-Off 13.95 21.89 12.32 16.82 -
Passive-On 45.94 53.07 27.76 43.61 0

Lyapunov 52.72 59.17 35.16 49.41 53.04

ek o]2 RMS W9|(4) 2 UERH, B]-Alo] A] 7] 0.2 45-Off A],
2=%.0n Ao}, Lyapunov Ao A] 9F78.11%, 46.93%, 40.83%2 K4
t}. oleff Ao ATR= Bl-Alo] A] 7] & 4-5-Off Ao}, $-5-On Ao,
Lyapunov A|o] A] 2F21.89%, 53.07%, 59.17%2] AEA7t A3}E 1
frt.

5.3.3 Hrlf Zci 718 (Js)

Table 90]/4 Z/cf 7}s=2] 9, 140}, 4-5-OfF AJo], %-5-On 7]
o], Lyapunov A|o] A] 2F0.43 g, 0.37 g, 0.31 g, 0.27 g7} &AL} o] &
AR ()R e, wlAlo] A) 71202 S5Off Ao, 4
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o Ao} &= H]-Ao] A] 7|02 5-Off Ao}, 5>5-On Ao}, Lyapunov
Ao] A] 2F12.32%, 27.76%, 35.16%2] A5A7F £115 Rk

5.3.4 RMS 7K&T (Jy)

Table 90l|4] RMS 71420 749, H]-7 o, =5~Off Ao}, 5~5-On A
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