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Sensor Placement in Structural Vibration Control

For the Performance of Modal Filter

Jai-Hyuk Hwang",

®Joon-Soo Kim",

Seung-Ho Baek™

ABSTRACT

In this study, the effect of modal filter error on the vibration control characteristics of flexible structures is
analyzed for IMSC(Independent Modal Space Control), and optimal sensor placement in the structural
vibration control with consideration of performance of modal filter has been studied. An Lyapunov
asymptotic stability condition has been derived, which depends on the magnitude of the modal filter
errors. The extent of the response deviation of the closed-loop system is also derived and evaluated using

operator techniques. A sensor placement technique has also been suggested to maximize the performance
of the modal filter. It has been found by a series of simulation that the suggested sensor placement

technique is very effective on the determination of the number and placement of sensors of modal filter in

the structural vibration control.
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Table 1

Comparison of Optimized Sensor Placements,

Real Part of Closed-loop Eigenvalues,

Performance Indexes and Upper Bounds for Case 1

Before Optimization After Optimization
Real Real
K | Sensor . | Sensor R
Place- Pe.m of J H] | Place- Part of J 1 H”
ments | F1BS™ ments | E12€n-
values values
-0.0721 -0.0627
s o2 s (022
3| 6.67 ’ 2.8281|2.6887| 6.64 ' 2.8309|2.6915
10.0 -0.0263 10.0 -0.0000
-0.0161  [-0.0205
0.0088 -0.0000
1.67 [-0.0728 1.62 [-0.0733
3.33 |-0.2974 333 [-0.2934
5.00 |-0.4038 499 |-0.3986
6 667 1-0.3905 0.454610.4322 667 |-03757 0.430710.4095
8.33 {-0.3509 8.35 [-0.3386
10.0 }-0.3698 10.0 [-0.3605
1.00 1.04
2.00 1.97
3.00 |-0.0727 3.00 [-0.0729
4.00 {-0.3032 3.99 [-0.3031
5.00 {-0.4308 5.00 [-0.4286
10 600 |-04461 0.222310.2037 599 |-0.4410 0.175310.1606
7.00 {-0.4291 7.00 [-0.4216
8.00 [-0.4009 8.00 |(-0.4101
9.00 9.00
10.0 10.0
Table 2 Comparison of Optimized Sensor Placements,
Real Part of Closed-loop Eigenvalues,
Performance Indexes and Upper Bounds for Case 2
Before Optimization After Optimization
Real Real
K | Sensor Sensor R
Place- Pi.m of J “I-Alﬂ Place- me of J IH‘
ments | C18¢0" ments | L1861
values values
-0.0721 -0.0653
55 [4227 o [ 429
3| 6.67 ' 1.8201]2.6887| 6.65 ' 1.7411]2.6992
10.0 -0.0263 10.0 -0.0178
-0.0161 -0.0307
0.0088 -0.0000
1.67 [-0.0728 1.64 |-0.0720
3.33 |-02974 3.38 |-0.3012
5.00 [-0.4038 5.02 [-0.4093
6 667 |-03905 1.6591)0.4322 668 |-03832 1.637210.4426
8.33 1-0.3509 8.33 [-0.3552
10.0 {-0.3698 10.0 1-0.3643
1.00 0.97
2.00 2.00
3.00 |-0.0727 3.00 (-0.0725
4.00 [-0.3032 4.00 |-0.3014
5.00 (-0.4308 5.01 [-0.4320
10 600 |-0.4461 1.303810.2037 601 |-0.4500 1.2833(0.2000
7.00 1-0.4291 7.01 [-0.4332
8.00 }-0.4009 8.02 [-0.3927
9.00 9.00
10.0 10.0
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