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Passive servo feedback multi-output low-frequency vibration sensor

Chi Qinglei, Yang Xueshan, Shang Shuaikun

(Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics ,
China Earthquake Administration, Harbin 150080, China)

Abstract: In this paper we introduce a new passive multi-output low-frequency vibration sensor that can measure acceleration and speed
of the waves. Using the passive servo feedback control technique, the sensor shows the characteristics of a speed pendulum, which,
however, is not the usual speed pendulum in large-damping state. A detailed mathematical analysis is carried out on the characteristics of
the pendulum body. Simultaneous measurements of both acceleration and speed can be achieved using only one transducing mode. It is
proved that the speed output is the output of the speed pendulum speedometer and the acceleration output is the output of the speed
pendulum accelerometer. We also analyze the characteristics of the sensor, especially analyze the acceleration output characteristics in
detail. Finally, the sensor was tested, and good frequency-response characteristics of acceleration output and speed output of the sensor
in the frequency range from 0. 1 Hz to 100 Hz were obtained, which satisfies the requirement of low-frequency engineering vibration
measurements, and the goal of using one sensor to measure both acceleration and speed at the same time is achieved.
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Fig. 1 Schematic diagram of the structure of passive

servo multi-output low-frequency vibration sensor
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Fig.2 The frequency response curves of the pendulum
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Fig.3 The acceleration range curve
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Fig.4 Consistence comparison between the speed

outputs of the multi-output sensor and the 941B pick-up
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Fig.5 Consistence comparison between the acceleration

outputs of the multi-output sensor and the 941B pick-up
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Table 1 Frequency response test result

% T AR 3 bR T i ey e
FE LS/ m EEAGIE/(V-m™' 7)) MMEREE RERBE/(V om T st AR R YR
0.1 0.062 305 0 0.479 1 89.79 0.27138 48.69
0.15 0.060 505 0 0.6335 55.83 0.310 0 25.55
0.2 0.058 317 0 0.677 7 37.42 0.309 0 13.99
0.5 0.042 701 0 0.691 1 9.32 0.297 8 -8.57
1 0.025 713 0 0.693 0 3.71 0.294 8 -3.97
2 0.012 1370 0.694 1 -2.07 0.294 8 -2.37
5 0.002 067 6 0.695 4 -3.24 0.2937 -2.78
10 0.001 790 0 0.697 8 -4.02 0.293 2 -3.23
20 0.001 369 9 0.696 3 -5.04 0.293 7 -3.12
30 0.001 092 8 0.702 6 -17.01 0.296 3 -16.51
40 0.000 898 7 0.710 6 -23.56 0.299 1 -21.69
50 0.001 053 8 0.7199 -25.71 0.308 9 -27.58
60 0.000 931 5 0.687 2 -34.1 0.288 2 -35.9
70 0.000 921 0 0.669 8 -40.11 0.2819 -42.5
80 0.000 849 9 0.660 0 -44.9 0.275 8 -47.51
90 0.000 798 2 0.650 1 -50.68 0.2725 -53.83
100 0.000 753 8 0.6313 -56.76 0.264 7 -59.84
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Table 2 The test result at 5 Hz

Prabbrofe  SEPRIERE/  fRikEsid (PR R U/
REAB/m (m-s7?) HWHE/mVo (Vem™ s7?)
0.000 203 0.200 4 58.7 0.2928
0.000 405 0.400 1 117.0 0.292 5
0.000 606 0.598 7 175.2 0.292 7
0.001 012 0.999 0 292.6 0.2929
0.002 037 2.009 588.2 0.292 7
0.004 054 4.003 1181.6 0.295 3
0.006 079 5.996 1772.5 0.295 4
0.010 122 10.00 2952.7 0.295 6
0.015 170 14.98 4419.9 0.2952
0.020 568 20.32 6027.5 0.296 9

*3 10 Hz K& R
Table 3 The test results at 10 Hz

PRBbRE SRR, fRiERR R R/
2B/ m (m-s7?) i,/ mV (V-m™'-s72)
0.001 270 5.0161 1 500.4 0.299 3
0.002 570 10. 145 3036.2 0.299 3
0.005 044 19.9150 5960.7 0.299 3
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