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Measurement range extension of vibration velocity sensors

based on paasive servo technology

SHE Tianli, GAO Feng, SHANG Shuaikun

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

Abstract ; Passive servo technology is introduced to extend the measure range of vibration velocity sensors. Based on
the principle of a traditional vibration velocity sensor,the paper presents the principle of the passive servo technolo-
gy to extend the measure range of vibration velocity sensors. The actual measurement data show that the linear rela-
tive error of the system is less than 1% . It shows that the displacement range of the vibration velocity sensor is ex-
tended based on passive servo feedback system. And it can be effectively used to measure ultra-low frequency and
large displacement of high rise buildings and logn-span bridges.
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Fig. 1 Mechanical principle of a traditional speed gauge
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Fig. 4 Frequency response curve of Fig. 5 Measurable displacement curve of
speedometer 941 at fourth file speedometer 941 at fourth file
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Table 1 Test results of low frequency amplitude frequency characteristics of the velocity senor Model 1971 ( H10107)

413 Hz 0.125 0.15 0.17 0.2 0.5 1.0 2.0 5.0

H—1k 0.791 0.936 0.995 1.032 1.000 1.000 1.000 1.000

®2 MFERO.17H HERAAHNERHIINER (B RLBRE 2 mm)

Table 2 Test results of the maximum measuring range (2mm limit displacement zone) at the frequency of 0. 17 Hz

4%/ Ha 0.17
5 U4 L/ 0.2 0.5 0.8 1.0 1.2 1.4 1.6
T LR/ mV 117.5 292.5 468.8 587.5 706.2 825.0 931.0
B 7%/ mm 144.0 357.7 573.0 719.0 864.0 1 009 1139
X)) gm) 37.15 45.05 49.14 51.11 52.7 54.06 55.11

x(s)
mm/V 720.0 715.4 716.5 719.0 720.0 720.7 711.9
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Table 3 Test results of the maximum measuring range (2mm limit ~ Table 4  Test results of the maximum measuring range (2mm
displacement zone) at the frequency of 0. 2Hz limit displacement zone) at the frequency of 0. 5Hz
i/ Hz 0.2 $i/Hz 0.5
5 U R TRV 0.5 1.0 1.5 1.8 2.0 FEUEEIEERE/Y 0.5 1.0 2.0 3.0 4.0 6.0
T 4 H L/ mV 256.8 511.7 769.2 920.5 1017 A E E/mV 103.1 204.7 409.4 612.5 825.0 1219
PN/ mm 266.9 531.9 799.6 956.9 1057.2 AN/ mm 42.9 85.1 170.2 254.7 343.0 506.9
%/((IB) 40.5 48.5 52.0 53.6 54.5 %/(dB) 26.62 32.50 38.60 42.10 44.69 48.08
mm/V 533.9 531.9 533.1 531.6 528.6 mm/V 85.80 85.10 85.10 84.90 85.75 84.48

RS MER L0 Hz BHERXAIMNERANKER (FHEMCBIRE 2 mm)

Table 5 Test results of the maximum measuring range (2mm limit displacement zone) at the frequency of 1. 0Hz

Wi %/ Hz 1
ERea RN A 2.0 4.0 8.0 10.0 12.0 14.0 16.0
T LR/ mV 203.6 407.2 814.3 1016.2 1209.1 1 420.2 1 602
PN/ mm 42.30 84.60 169.30 211.2 252.0 295.2 333.1
f((:; (dB) 26.51 32.53 38.55 40.47 42.00 43.38 44.43
mm/V 21.15 21.15 21.16 21.12 21.00 21.09 20.92

FO6 MEHR2 H: MEAATMNERNMKER (FEMLBRE 2 mm)

Table 6  Test results of the maximim measuring range (2mm limit displacement zone ) at the frequency of 2Hz

Wi/ Ha 2
ERea/ LR N VAY 2.0 4.0 8.0 10.0 16.0 20.0
LT L R/ mV 101.7 203. 1 404. 1 503. 1 812.5 1 006.0
PrE A%/ mm 10.6 21.1 2.1 52.3 84.5 104.6
%(dB) 14.49 20.47 26.46 28.35 32.52 34.37
mm/V (F475.26) 5.30 5.28 5.26 5.23 5.28 5.23

B2 2 - 22 6 Hp I I A% AR G0 IO Fre R ABLS AR 8.

£7 ZNBHRANHEME R8 BEERIRKAIMCHINELER

Table 7 Linearity at several frequencies Table 8 Measurement results of the maximum measurable

displacement at several frequencies

%/ He 0.17 0.2 0.5 1 2

LR VERE/ % 0.78 0.45 0.74 0.75  0.56 B/ Ha 017 02 05 1O 20
B /mm 1139 1057  506.9 334.7 104.6
f((‘:))/(dB) 55.11  54.5  48.08 44.47 34.37
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