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FREQUENCY-DOMAIN ASSESSMENT FOR TRACKING
SERVO-HYDRAULIC ACTUATOR DISPLACEMENT IN REAL-TIME
HYBRID SIMULATIONS
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Abstract: Real-time hybrid simulation is a novel and effective technique for seismic tests. Servo-hydraulic
actuators play an important role in a real-time hybrid simulation, where they serve to maintain the boundary
conditions between the experimental and analytical substructures. Accurate actuator tracking directly affects the
reliability of hybrid simulation results. Existing methods for actuator tracking assessment are often based on
time-domain analysis. This paper proposes a frequency-domain actuator tracking method, based on use of the
Fourier transform, which only requires the input and the output of the actuator and can simultaneously evaluate
the phase delay and the amplitude error. To minimize the effect of the fast Fourier transform (FFT) and spectrum
leakage on the analysis results, a Hann window is used to improve the accuracy of the method. The effectiveness
of the proposed method is validated experimentally using a real-time hybrid simulation system which subjects the
actuator to predefined sinusoidal and random signals.
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Table 1 Theoretical and analytical values of
frequency-domain analysis
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Table 2 Results of frequency-domain analysis of random

waves
BENLYE 7/ms ARIPAREN A o/rad  fYHz  d/ms
0 BHEHT 1.0038  0.0616 18.0389 0.5
I HT 0.9989  0.0695 1.0313  10.7
RDI o
BT 1.0123 02846 18.0389 2.5
50 i
T 09708 03261 1.0313 503
0 BHEHT 09882 0.1999  3.3161 9.6
RD2 IEHHT 09924 02026  3.0055 107
s HESHT 08268 09161 33161 44

M HT 0.8433 094 3.0055 489
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Table 3  Sine waves used in the tests

ity ﬁ‘iﬂ]%%jﬁ %J?ilﬁ“ ER7N E PR ii\ﬁ%l%ﬂj(
{7 %% /mm 7 /mm 4 48/mm {7 % /mm

0.5 124.585 10 10 30

1 69.275 5 5 15

2 48.285 5 5 10

3 31.495 5 5 10

4 23.100 5 5 10

5 18.060 5 5 10
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Table 4 Properties of random waves

KA i i /mm RN 7))
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RD2 20 30, 50, 75, 100
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Fig.5 Test results for sinusoidal wave with an amplitude of
10mm and a frequency of 0.5Hz
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Table 5 Experimental results for sine waves

W% /Mz  W@{E/mm A @ /rad fYHz d/ms
10 1.004 0.073 0.501 23.2

0.5 20 1.002 0.076 0.501 24.1
30 1.007 0.095 0.501 30.1

5 1.013 0.131 1.002 20.7

1 10 1.012 0.134 1.002 21.3
15 1.017 0.149 1.002 23.7

s 5 1.013 0.183 1.503 19.4
10 1.021 0.197 1.503 20.9

) 5 1.015 0.237 2.004 18.9
10 1.048 0.268 2.004 21.3

5 1.030 0.347 3.006 18.4

3 10 1.101 0.393 3.006 20.8
4 5 1.049 0.452 4.008 17.9
10 1.156 0.516 4.008 20.5

5 5 1.077 0.558 5.009 17.7
10 1.204 0.632 5.009 20.1
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Table 6 Analysis results for random waves

Bl 45 LG A pirad  f/Hz d/ms
0.15 0.999  0.125 1.031 19.2

0.20 1.002  0.123 1.030 18.9

0.25 1.002  0.122 1.030 18.8

71 0.30 1.005  0.124 1.030 19.1
0.35 1.007  0.126 1.030 19.5

0.40 1.012  0.131 1.030 20.3

0.45 1.019  0.140 1.030 21.5

0.30 0.98  0.334 3.030 17.5

0.50 1.001 0.330 3.006 17.5

2 0.75 1023 0.340 3.006 18.0
1 1.048 0359 3.006 19.0
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