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Influence of acceleration harmonic distortion on
shake table calibration for velocity seismometer

Ma Jiemei”'* Teng Yuntian” Zuo Aibin® Fan Xiaoyong"” Zhang Lian"

1) Institute of Geophysics, China Earthquake Administration, Beijing 100081, China
2) National Institute of Metrology , Beijing 100013, China

Abstract: Acceleration and velocity harmonic distortion are theoretically ana-
lyzed, and then based on laboratory virtual instrument engineering workbench
(Labview for short) digital measuring system is designed for the low-frequency
vibration signals. Deviation between testing data from this system and the refer-
ence value provided by National Institute of Metrology is minor. Seismometer
calibration results indicate that acceleration waveform and its distortion reflect
the actual condition of the shake table in a much harsher way, providing more
precise information for the seismometer test on the shake table.
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1 Hz

-2
2
( 4.99 mm/s)
\ 0.3%.
( )
SA704 MSA-1
1
Table 1

2

Fig. 2

1 Hz

Acceleration waveform of the
shake table at 1 Hz

b

0.1 Hz—50 kHz
( , 2007)

Measurement results of the standard set on the vertical shake table of China Seismograph Network

Equipment Testing Center and comparisons with standard values of National Institute of Metrology

/Hz /(mes ?)

/(mV +s? em /(mVes?em 1)
0.10 0.01 130. 30 0.68% 130. 11 0.15%
0.20 0.03 130. 33 0.89% 130. 30 0.02%
0.50 0.32 130. 42 0.82% 130. 34 0.06%
1.00 0.65 130. 36 0.77% 130. 36 0.00%
2. 00 1.27 130. 36 0.83% 130. 36 0.00%
5. 00 3.13 130. 35 0.56% 130. 36 —0.01%
8. 00 4.99 130. 36 0.48% 130. 37 —0.01%
16. 00 4.99 130. 51 0.22% 130. 55 —0.03%
31.50 4.99 131. 67 0.24% 131. 31 0.27%
40. 00 5.07 131.70 0.19% 131. 28 0.32%
63. 00 4.98 133.55 0.18% 133. 45 0.07%
80. 00 5.01 134. 90 0.17% 134. 59 0.23%
1 1%
b
Labview >
Guralp CMG-3ESPC , 1 Hz.
Guralp 983 V/m/s. 2
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2 1 Hz

Table 2 Output of the shake table and seismometer with the velocity at 1 Hz

/(mmes— 1) /(Vesem™ 1)
0.1828 7.02% 1.56% 1.52% 970. 31
0.2289 4.96 % 1.21% 1.18% 976. 51
0.3186 3.58% 0.69% 0.68% 978. 16
0.4519 2.45% 0.56% 0.56% 979. 38
1.1381 1.65% 0.36% 0.34% 983. 39
2.2702 0.78% 0.15% 0.16% 983. 38
3.4042 0.60% 0.14% 0.13% 983. 46
4.5391 0.51% 0.12% 0.12% 983. 47
5.6329 0.41% 0.11% 0.10% 983. 49
6.7610 0.37% 0.12% 0.11% 983.53
7.8924 0.39% 0.13% 0.14% 983.51

b b ~
. ’ b
50%—90% ;
1%. 0.1828—1.1381 mm/s ,
7.02%; ; 0.1828 mm/s  0.2289 mm/s
1%, 1%
b b
b b
s 3
3

Fig. 3 Comparisons between output acceleration and velocity of the shake table

( , 2000). 3 0.05 Hz
, 4
3 4 ,
5a, b 4 mm 23.9 mm
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3 0.05 Hz

Table 3 Waveform distortion data of the shake
table with the displacement at 0. 05 Hz

/mm
4 3.64% 0.27%
6 2.28% 0.18%
8 1.66% 0.13%
1 12 0.96% 0.10%
16 0.67% 0.10%
Fig.4 Distortion attenuation of acceleration 20 0.60% 0.10%
waveform (circle) and velocity waveform 2397 0.56% 0.10%
(square) with the displacement
5 4 mm ( ) 23.97 mm ( ) (a) (b)

Fig. 5 Changes of acceleration waveform (a) and velocity waveform (b) with the

displacement increasing from 4 mm (left) to 23. 97 mm (right)
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