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Research on a novel quasi-zero-stiffness sensor system for
vibration measurement
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Abstract: In order to solve the problem that the absolute vibration displacement is difficult to directly
measure in many engineering practices, a novel quasi-zero-stiffness-based sensor system is proposed.
Firstly, the static characteristics of the Euler beam and the sensor system are analyzed and the condition of
the quasi-zero-stiffness characteristic of the sensor system at equilibrium position is obtained. Secondly, the
dynamic model of sensor system is established and solved, and then the effects of equivalent damping,
stiffness ratio of compressed Euler beam and spring, the amplitude of measured signal on the measurement
accuracy are discussed. Thirdly, the time-domain responses under different excitation signals are
studied. The results show that the sensor system can be used to measure the absolute micro-vibration
displacement directly, accurately and real-timely. The novel quasi-zero-stiffness sensor system should be a
feasible or better measurement scheme for various vibration control with full system states feedback.

Keywords: vibration measurement; quasi-zero-stiffness; absolute displacement; dynamics; micro-vibration

W B #A:2017-11-05

EEWHE - R BRI R (86371 1) Il H (2012AA111803)
Supported by the National High Technology Research and Development Program of China (863 Program)
(2012AA111803).

EE RN F (1992 B IR R =W V5L, FENF AL IR VFF . (E-mail) 876991737 @qqg.com.,
ABIEFECBER A B R KRR 14 T 00 . (E-maiD) zxdeng@cqu.edu.cn,



2 TR KXKFFR %41 %

P 3h R e b 2 05 IR Sl B B R AR Bh T S R R A TR S P R SCHEIR Y . A a0k
PR R BA TN 5 5 Ik 80 6 00 2 S 4 ], 75 B S v Y 2 0 IR A (02 B8 LR I8t A RE RS
RGF i S FERIBOR T AEPRSD R GE L 38 N A 2 % o A EAR A R LR
YRS I 246 X 4R B 2 B ) A SRR o T LA B I 58 A v AR 22 2 58 T 0 00 o B 5 5 e Al 3 B2 4 X A7
FoA 5 I 2 T 10k S B o142 X8 (57 B8 1% 5 7 A A 75 AR AT 98 PR L FR 2090 s {0 LA S B 3 e &5 [ R
RIRAT A 24 Y S AT i T I Sl (R G e AR 0 8 I A O A B 194 S i X DL R L HLE R T B
P ) T AR B A A R P TR T O B X 4 X L RS R AT I A L7 A% R R G I A2 R T
IR 3 8 SR 45 7 T AP AEAR 2 [

UL JUAF A7 5 35 R M W JEE B R BT 446 X iR 3 3 76 A% TR 8 X i R 44 0 i 3l 3 8% k47 T4 L ME B L 52
0 00 ek, Sun S5 UTS3E Sk I I K P T 45 R S R 15 T MR 9 B T e X 1) I B RS AL IR
3o - HR T 406 B B G R R S R 5 BT 1 = A e R Bl 2 X IR B R AR R BE . AR, 208 X 3 6] ik
B AR IR GEAE L B v K 5 — AL T R 4 RS EL A /NI B4 e e o 3y 33k 28 7K1 T 4 008 114 22
Peri ok TIRME, Bl AR T AN A RS VR BRI o R W BE AR B A AR R G T AR /N IR
LG IR 3 #0082 BEAT FLAR I 4t

B R 2 AR PR 2 2 A IR R AT S G W 2 AL o B T — il ) o 2 M B2 s iR B0 67 B A% TR R
GE . MG IR G AR R T ELAT AR /N B4 2l R A A T B R RS (IR 248 X I 3 8 A% E AT A L 5K
i A 0

1 IR BERRSEH TIEVE

WAL 1 BT s 4 0 57 B A S 2R 8 ol BOCHE TR AT 18 MR e 3L 3 | T ) A SR i L T BRI S R e AR e AL
e PSR K W B D ks S SR B AR T T S S TR AR SR AR AR I L TR Ty A SRR R AR R AR LA i
JEE PR o 2 AR IR A X ik b 22 258 7 o B TR 0 N s B e 7 B B B b A BB TEAR IR R iAo B R
PR P 2 0 B . 5y T8 . AR IR GERY 238 W0 4n (o B ] 1 Ca) BT 7R 68 L 990 S MR IR AP 24 4k 1 A iR
ARAS 2 ML AT ) L AR L ABURE A D 0 5 A5 B G2 ) 1 67 B A P 1 (b)) s o 2 RICHE s FF A9 4 A4 S i Ab
TR KPR L B R AL TR GRS RN A

ERR G
(a)ZEEVR P E (b) i E

1 BXNRHUBERRFFEER

Fig.1 The schematic of absolute vibration displacement sensor system
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Fig.2 The compressed Euler beam with hinged— hinged boundary
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