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Design and Application of Ultra—low Frequency
Vibration Laboratory

WANG Yuwei, HAN Jin, SUN Wei, HE Wen
(1. Sichuan Earthquake Agency, Chengdu 610041, China; 2. Zhejiang University, Hangzhou 310058, China)

Abstract: According to the current research status and application requirements of ultra—low frequency vibration
standard devices, a vibration standard device is set up in Sichuan Earthquake Agency, whose frequency range
is from 0.002 Hz to 160 Hz, and amplitude of peak to peak is 0.Im, and load is 15 kg, and waveform
distortion is less than 1%. The paper analyzed the design proposal and parameter selection for the ultra—low
frequency vibration standard laboratory, and introduced in detail the structure of the device and the design of
the base. Finally, the test results show that the device could meet the demand of calibrating seismometers in our
bureau.
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Tablel Ultra low frequency vibration table of basic parameters
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‘ (K ERE <05 <3
EHE 0002-160 0.1 0.2 10 ®300 15 Buigfg;il,EH\%Q (SONISGS Ha)
(f =0.1Hz) , (<80Hz)
(B REEE <05 <2
AKFE 0.002~160 0.1 0.2 10 350%280 15 Duﬁg%ig;;sl (<823HZ> <1
(f =0.1Hz),  (80~160 Hz)
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Fig.1 Schematic diagram of the system structure of ultra low

frequency vibration table
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Table 2 Equipment list of base noise test
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Fig.2 Diagram of background noise test platform
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Table 3 Noise data of basic background test of shaking table

M C R TR UD [Fhg EW [fk = NS [fing =
19:00 1.15E-08 1.75E-08 1.68E-08
20:00 1.37E-08 1.72E-08 1.91E-08
21:00 1.34E-08 1.74E-08 1.78E-08
22:00 9.16E-09 1.28E-08 1.13E-08
23:00 8.85E-09 1.09E-08 6.99E-09
0:00 1.04E-08 1.24E-08 1.31E-08

1:00 5.52E-09 8.45E-09 7.86E-09
2:00 8.88E-09 9.06E-09 1.19E-08
3:00 4.79E-09 6.39E-09 7.43E-09
4:00 4.65E-09 6.33E-09 7.48E-09
5:00 4.57E-09 6.46E-09 6.43E-09
6:00 4.95E-09 7.22E-09 6.87E-09
7:00 6.42E-09 9.58E-09 9.57E-09
8:00 1.12E-08 1.67E-08 1.57E-08
9:00 1.34E-08 2.05E-08 2.02E-08
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M TR UD [ S EW A= NS [

10:00 1.44E-08 2.29E-08 2.30E-08
11:00 1.32E-08 1.91E-08 2.07E-08
12:00 1.43E-08 2.24E-08 2.16E-08
13:00 1.21E-08 1.84E-08 1.77E-08
14:00 1.40E-08 1.89E-08 2.06E-08
15:00 1.34E-08 1.96E-08 2.14E-08
16:00 1.13E-08 1.73E-08 1.83E-08
17:00 1.19E-08 2.03E-08 2.06E-08
18:00 9.61E-09 1.55E-08 1.77E-08
19:00 1.23E-08 1.77E-08 1.91E-08

EEE 1.03243E-08 1.484E-08 1.517E-08
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Fig.3 Basic noise histogram of ultra low frequency vibration table
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Table 4 The distortion in horizontal and vertical of ultra low frequency vibration table

ZKSETA] TEH
7%/ Hy IR KEE /% %/ Hz PRI KEE %
0.002 49.51mm 0.020%* 0.002 49.55mm 0.046*
0.005 49.50mm 0.019% 0.005 49.52mm 0.048%
0.01 49.48mm 0.020%* 0.01 49.45mm 0.045%
0.02 49.46mm 0.021* 0.02 49.42mm 0.048%
0.05 49.45mm 0.022% 0.05 49.34mm 0.050*
0.1 49.43mm 0.92 0.1 45.94mm 0.97
0.4 48.98mm 0.90 0.4 47.61mm 0.55
0.8 200.33mm/s 0.90 0.8 196.27mm/s 0.50
1.0 201.60mm/s 0.88 1.0 202.71mm/s 0.83
2.0 205.55mm/s 0.76 2.0 208.65mm/s 0.80
4.0 194.22mm/s 0.57 4.0 195.51mm/s 0.76
8.0 10.02m/s, 0.75 8.0 10.04m/s* 0.64
125 10.09m/s 0.68 125 10.16m/s* 0.46
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KA HEH ]
%/ H e K% R He e KEEI%
16.0 10.10m/s? 0.65 16.0 10.21m/s? 0.33
20.0 10.10m/s? 0.65 20.0 9.86m/s> 0.32
31.5 10.08m/s? 0.58 31.5 10.09m/s? 0.29
40.0 10.03m/s? 0.53 40.0 10.26m/s? 0.29
63.0 9.95m/s> 0.46 63.0 10.05 m/s? 0.24
80.0 10.06m/s? 0.44 80.0 9.95m/s? 0.22
100.0 9.87m/s 0.42 100.0 10.10m/s? 0.18
120.0 10.023 m/s? 0.37 120.0 10.04 m/s? 0.32
160.0 10.038 m/s? 0.35 160.0 10.02 m/s? 0.33
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Table 5 Vertical station sensor test

ks IR KR REUE L[z
0.1 50mm 1.73 123.77 -0.38
0.2 50mm 2.07 123.7 -0.68
0.4 50mm 2.2 123.661 -1.36
0.8 200mm/s 0.95 123.43 0.04

1 200mm/s 0.75 123.395 0.04
2 200mm/s 0.81 123.34 -0.08
4 200mm/s 0.84 123.31 -0.17
8 10m/m? 0.69 123.318 -0.34

12.5 10m/m? 0.45 123.366 -0.54
16 10m/m? 0.38 123.106 -0.69
20 10m/m? 0.33 123.478 -0.87
31.5 10m/m? 0.31 123.988 -1.45
40 10m/m? 0.32 124.038 -1.96
63 10m/m? 0.28 124.519 -3.21
80 10m/m? 0.25 124.837 -4.31
100 10m/m? 0.23 125.181 -5.66
120 10m/m? 0.27 125.039 -7.44
160 10m/m? 0.32 122.979 -10.151
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Table 6 Level sensor test
RS R RERE REE Gi=TA
0.1 50mm 0.73 124.585 -0.53
0.2 50mm 0.73 123.893 -0.69
0.4 50mm 0.78 123.692 -1.36
0.8 200mm/s 1.06 123.404 -0.04
1 200mm/s 0.7 123.38 -0.06
2 200mm/s 0.83 123.315 -0.09
4 200mm/s 0.89 123.321 -0.17
8 10m/m? 0.8 123.288 -0.36
125 10m/m? 0.63 123.333 -0.54
16 10m/m? 0.57 123.37 -0.7
20 10m/m? 0.53 123.433 -0.88
315 10m/m? 0.48 123.867 -1.44
40 10m/m? 0.45 123.84 -1.9
63 10m/m? 0.37 124.559 -3.22
80 10m/m? 0.33 124.564 -434
100 10m/m? 0.31 124.513 -5.71
120 10m/m? 0.37 124.221 -731
160 10m/m? 0.42 122.67 -10.06
=7 WikiRE
Table 7 Test report
H= % He PR (em-s™) RS /mVms BB/ (mViem-s™) FAGIZ /() KL /(%)
1 1 10.02 1235.31 174.41 -0.01 0.18
2 1 10.02 1235.05 174.37 -0.1 0.19
3 1 10.02 1 235.04 174.36 -0.04 0.2
4 1 10.02 1235.23 174.41 -0.02 0.19
5 1 10.02 1235.27 174.38 -0.04 0.2
S 1 10.02 1 254.097 177.061 -0.045 0.194
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