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Time delay compensation results with different sampling intervals

Vibration reduction rate

by LQR algorithm( % )

Sampling interval(s) Time delay(s)

LOQR reduction rate with Vibration reduction rate by

time delay (% ) delay compensation( % )

0.06 55.84 59.80
0.12 42.68 56.84
0.02 61.42
0.18 18.90 53.40
0.22 -64.20 51.51
0.12 42.93 54.22
0.04 0.20 58.79 9.66 50.08
0.24 -85.21 48.75
0.12 49.14 56.63
0.06 60. 64
0.24 -11.84 53.54
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Table 2 Time delay compensation results with different o,

a B o/ Vibration reduction rate LQR reduction rate Vibration reduction rate by
(10%) (107%) (107) by LQR algorithm( % ) with time delay (% ) delay compensation( % )
2.00 0.50 49.98 12.43 42.32
3.00 0.75 54.66 14.21 46.86
4.00 1.00 58.52 0.67 50.02
5.00 4.00 1.25 61.42 -11.80 52.36
6.00 1.50 63.64 -19.36 54.16
7.00 1.75 65.49 -22.48 55.69
8.00 2.00 67.00 -22.63 56.29
2.00 2 00 1.00 58.52 0.67 50.02
1.00 0.50 49.18 12.43 42.32
2.00 1.00 2.00 67.00 -22.48 56.29
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Table 3 Time-delay compensation results with different time delay of displacement and velocity

Time delay by Time delay by displacement

velocity feedback (s) feedback (s)

Vibration reduction rate by
LOQR algorithm (% )

LQR reduction rate with  Vibration reduction rate by

time delay (% ) delay compensation (% )

0.08 0.10
0.10 0.12
0.12 0.14
0.14 0.16
0.16 0.18
0.18 0.20
0.10 0.08
0.12 0.10
0.14 0.12
0.16 0.14
0.18 0.20
0.20 0.22

61.42

48.24 56.37
42.68 54.85
35.80 53.52
27.67 52.29
18.90 51.18
-11.80 50.33
52.47 60.39
48.24 59.74
42.68 58.90
32.80 57.90
27.69 56.76
18.90 55.53
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Table 1 Time-delay compensation results with time — delay variation of displacement and velocity

Time delay by Time delay by

velocity feedback (s) displacement feedback (s)

Vibration reduction rate by

LQR algorithm( % )

LQR reduction rate with
time delay (% )

Vibration reduction rate by

delay compensation( % )

0.16 18.90 51.18
0.14 0.18 18.90 48.80
0.12 18.90 46.03
0.10 61 42 18.90 42.91

0.16 27.69 56.76
0.18 0.14 35.80 60. 11

0.12 42.68 63.10

0.10 48.24 65.06
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ANALYSIS ON TIME-DELAY COMPENSATION OF ACTIVE CONTROL
SYSTEMS BASED ON PHASE SHIFT METHOD®

Li Jiangiang Wang Xiuyong' Sun Hongxin Chen Maosheng
(School of Civil Engineering ,Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract The signal transmission and electromechanical conversion of actuator cause time delay of structural con-
trol. Definitely, it adversely affects the control performance. In this paper, a phase shift algorithm for the time-de-
lay of active structural system was proposed. The random earthquake response of structures with single degree of
freedom subjected to E1 Centro was studied. The compensation effect of time-delay size, sampling interval , active
control weighting matrix values, structural damping ratio, delays of different speed and displacement were analyzed
based on the phase shift method. The results showed that the phase shift method is absolutely effective. Time-delay
size, active control weighting matrix values and the delays of different speed and displacement affect the compensa-

tion effect, but the sampling interval and structural damping ratio make little influence on the compensation effect.

Key words active structural control, time delay, time delay compensation, phase shift method
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