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Real-time Feedback Vibration Control of Structures Using Wireless Acceleration Sensor System
— System Design and Basic Performance Evaluation -
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Abstract

This is a preliminary study for the real-time feedback vibration control of building structures. The study developed a wireless
acceleration sensor system based on authentic technology capacities, to integrate with the Prototype AMD system and ultimately
construct the feedback vibration control system. These systems were used to evaluate the basic performance levels of the control
systems within model building structures. For this purpose, the study first developed a wireless acceleration sensor unit that
integrates an MEMS sensor device and bluetooth communication module. Also, the study developed an operating program that
enables control output based on real-time acceleration response measurement and control law. Furthermore, the Prototype AMD and
motor driver system were constructed to be maneuvered by the AC servo-motor. Eventually, all these compositions were used to
evaluate the real-time feedback vibration control system of a 2-story model building, and qualitatively measure the extent of
vibrational reduction of the target structure within the laboratory validation tests. As a result of the tests, there was a definite
vibrational reduction effect within the laboratory validation tests. As a result of the tests, there was a definite vibrational reduction
effect within 1st and 2nd resonance frequency as well as the random frequency of the model building structure. Ultimately, this
study confirmed the potential of its wireless acceleration sensor system and AMD system as an effective tool that can be applied
to the active vibration control of other structures.
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Fig. 1 Wireless Accel. Sensor Unit (MEMS)

Table 1 Spec. of Wireless Accel. Sensor (MEMS)

5 HES PCY EFFA AA|A EOE (MSP), 54 ¥
71, 748 wiEy & WSk olol, A5 ol
S 1HEH B Hol 14 S TA AETE F Us
= Al oH, FAY 55 ek steAlo]~E Al
skoitt olgAl Aket 24 EAl= F A 59 o0FE

Sfol AES T glol, A2He] B 84 W A
840 A 8ol F2 Lel@ Zolth Folwrke A
o A BA 25 AA el sk gle M
gPRAgle] ol 5 ARNERE | o), A%, ¥4, By)
E%o] TFsstch olefat T4 AZAABE 1E fA AS
A2seiate) WEe AR, B o) (benefin 3 5 9

th olelst JidoR sk 7EEE AN AAIEE =A
B9 A= Fig. 2 9 Table 28} 2tk

At 2 sk Bl ZRSEAlY fl 0 R HE G Hlo]
E] =4 @ 22 98] Fig. 3 Y Table 33} o] Hlo]g &
A L2 7S s} olu) ke T2 e 7h g
dlole] 25 A] thafet SAREE AlFsty, Ay &
Bl o5 Wdskalon, RUER Al 1hds] A

i =
= ol =
$T 5 9E AN B89 APHIE 9 ARG B

& =rolie 88 ANARE ] Slet] &

Index Spec.
Internal Sensor MEMS 2—-Axis Accel.
Range + 1.2¢g
Sensitivity 1000mV/g Fig. 2 Unity Logger of Wireless Accel. Sensor
Measure Distance up to 1.2 km
Measure Freq. 0.2~50 Hz
Operate Mode Wake/Sleep Table 2 Spce. of Unity Logger
Operate Voltage 3.4V No Spec.
Power dissipation 300mW 1 Bluetooth Access Point Including
Resolution 16 bit 2 Serial, LAN, PAN & Dialup Networking
Internal Flash 32 Kbyte 3 Wire/Wireless Shear Point Including
Measure Accuracy 1.0 mg (rms) 4 12° Wide Touch Panel Tablet PC Including
Battery Life 10 hr 5 Battery Including (Duration : 5hr)
Size (bxXhXd) 48X65%40 mm 6 Mult—Point Access Support (7CH.~14CH.)
Body Weight 150gram 7 Carrying & Water—off Case

SR XSFTSA|pE| sk =28 H17d M25(2013. 3) 23



Fig. 3 Logger Program of Wireless Accel. Sensor

Table 3 Spce. of Logger Program

Index Spec.

Measure Mode Manual / Trigger / Period

Hanning / Hamming / Blackman
Butte—Chebyr Worth LFP / BPF
Power Spectrum / FFT / Integrate

Window Func.

Filtering Func.
Signal Anal.
etc Auto Save / CH—Battery Check
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Fig. 4 Prototype AMD Body (Including AC Servo—motor &
LM—Actuator)

Fig. 5 Prototype AMD Control Rack

Table 4 Spec. of AC Servo—motor

Index Spec.
Rated Output 50W
Rated Torque 0.16N *m
Max. Torque 0.48N - m
Rated Rotate Speed 3000RPM
Max. Rotate Speed 6000RPM
Rated Current 0.9A
Max. Current 2.7A
Body Weight 0.35kg
Table 5 Spec. of LM—Actuator
Index Spec.
Move—Axis Type ball—screw
Ball Lead 6 mm
Body Length 209 mm
Outer Rail Length 150 mm
Stroke Range 91.5 mm
Body Weight 0.58 kg
Positioning Accuracy +0.01 mm
LM-=Friction Factor 0.001~0.003
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Table 6 Wire vs. Wireless Accel. Response using Prototype AMD
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Table 7 Model Resp. & Control Index & Control Effect to Real—time Feedback Vibration Control using Prototype AMD

Estimate Results

Model Response

Control Index

Control Effect

Control Scenario Max. Accel. (g) RMS Accel. (g) J, (%) Jy (%) Max. Accel. (%) RMS Accel. (%)
Uncontrol Isty Resp. 0.2186 0.1150 100 100 0 0
(1st Mode) 2sty Resp. 0.3442 0.1790 100 100 0 0
1st Mode Isty Resp. 0.1653 0.0858 75.61 74.60 24.39 25.40
(Isty Con.) sty Resp. 0.2329 0.1110 67.66 62.01 32.34 37.99
1st Mode Isty Resp. 0.1007 0.0476 46.07 41.39 53.93 58.61
(2sty Con.) sty Resp. 0.1472 0.0755 42.76 4217 57.27 57.83
Uncontrol 1sty Resp. 0.5213 0.2348 100 100
(2nd Mode) sty Resp. 0.3996 0.1810 100 100
2nd Mode Isty Resp. 0.3098 0.1192 59.42 50.76 40.58 49.24
(Isty Con.) 2sty Resp. 0.2186 0.0872 54.29 48.17 45.71 51.83
ond Mode Isty Resp. 0.3802 0.1391 72.94 59.24 27.06 40.76
(2sty Con.) sty Resp. 0.2984 0.1094 74.32 60.44 25.68 39.56
Uncontrol 1sty Resp. 0.4166 0.0965 100 100
(El—centro) 2sty Resp. 0.5760 0.1374 100 100
El—centro Isty Resp. 0.2158 0.0506 51.81 52.43 48.19 4757
(Isty Con.) 2sty Resp. 0.3020 0.0688 52.43 50.07 4757 49.93
El—centro 1sty Resp. 0.1878 0.0440 45.08 4559 54.92 54.41
(2sty Con.) sty Resp. 0.2889 0.0636 50.15 46.28 49.85 53.72
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