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Abstract: When the structure identification algorithm was applied to practical engineering, the structure angle

information was difficult to accurately measure and the degree of freedom of rotation was often neglected. The method

of measuring dynamic signals with gyroscope sensor and the identification of structural physical parameters under the
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condition of incomplete output information were studied in this paper. Firstly, a commercial Micro Electro Mechanical
Systems (MEMS) gyroscope sensor was proposed to measure the angular velocity and angle responses, and the theoreti—
cal formulas of structural physical parameters identification method based on the least square recursive method were
deduced. Then, taking a four—story frame structure as an example for analysis, two working conditions that the rotation
angle reconstructed by the generalized inverse method and the adoption of the true value of rotation angle were set up,
and the physical parameters was identified. The correctness of the theoretical derivation was verified. The results of
physical parameters identified under two working conditions were compared, which reflected that the effect of physical
parameter identification was not very ideal when the angular response was reconstructed, so we can consider measur—
ing the rotational responses. The dynamic accuracy of MEMS gyroscope sensor under impact vibration was verified by
experiments firstly. The results demonstrated that the accuracy of dynamic angle measurement was 0.1° when the ini—
tial displacement of the structure was less than 10 mm. On this basis, the measured dynamic test data and analysis re—
sults of a three—story and two—span steel frame model verified that using MEMS gyroscope sensor to directly measure

the rotational response was better than using reconstructed rotational response for the time domain identification of

stiffness parameters for the bending—shear structure.

Key words: gyroscope ; angle of rotation ; parameter identification ; timedomain ; frame structure
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Tab.1 Main parameters of HWT901B gyroscope sensor
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Fig.1 Dynamic rotational angle measurement system
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Fig.2 Beam element model
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Fig.4 Calculation model of frame structure
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Fig.6 Parameter estimation convergence of stiffness

and damping parameters for case 1 and case 2
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Tab.4 Comparison of identification results of stiffness and damping parameters

under angle reconstruction and measured conditions
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Fig.15 Parameter estimation convergence of stiffness

and damping parameters for angle reconstruction

and measured conditions

I AR S T T MR S BN A TR 28 7 A
A8 SRS LA ] 38 5 He— e o s J38 e iy B A
PEAZ RS AR A, o T AF A ST 7 | 22 15
R AR 22 Lt T RE SRS M A e B 7
JEARIN, 1 MEMS BERR{SCHL AR ) 31 2500 oA A
9 0.1°, IR ARCRANE BAR . =, 52 5000 25 PFRR
i, i T MEMS FER{UAR AR M fih XA et , ANBE
SEAMRTT R TR, HAELITT A
WE T e S A S AR, (B ] MEMS BEARIUAL
SR IR AR AR B SR s T ) G 7 i R
FRE AR 3 e s I MR I B AL 137 B0 S8

6 & it

BT G R E A AR BAR FH B th 242
G REWEAGEE, RIESRAE LA MEMS
B IS A R ) i £ R A BE MR N, 2R T AR B
(AR A A% 28 g (4 3, X A B AT T B
AN FE. SR 5 3 /N R a4 S U S g A A
PRI EE FNRHJE S50, A R IS5 8 I T

D) FETHM LIS T L% MEMS FEB2{UL B as
(%) £0 B T R FE RS, R DR Y80I 8l F13R0 86 25
TN B R RS MER. AR SR R R BRI
HWT01B 7EHWI (#8410 mm PN A] AR IE 3 25 £f BEKS
B 0.1° RGBT, DA AR HE AL S5 04 (1 e KA Fe 4
mm 2247, 52 3N I ERS IS W i KRS A 0.3° 4
fi, HohSAERKEA R 0.02°, KEIREAN
6.67% , AL IR FEAT] DL 2 S0 2ER.

2) bR TR P A 25 AT 2 2 2%, Wt R
FESE PG st 107 4R W /N, BRI S8 ] ) A% e
RAE TR 5, AE T AR5 e A B AN A
HEREAR I HE F WA AERA I & . A eT R A 5 b PR
2 R AR ZEAME L AR = MEMS BRI PERE , T
P v R BE AT R (A A — 2 o Y IR

3) MR UG43 B A I A 5% e PR, 6 1) S
B FAGH S5 B AT B AR (R
JEE M) 107 43+ 90 A A RN RS A TR | A D T
TR A 3 L0 57 % A 7 H 14 o R e 7 o
SR O RS G E . R M I ) R R A R AR R
2. A R 2 1 AL R e By ) s A R, SN
RS 2 1 SRR R 25 ARG f 2 . [RIRs, 7
ST ARG WA R E. VUL R, SECEAE A
A NI SO AR AN T A A A PR

4) KA MEMS ISR A B0 S5 sy iy



22 PN A S RS R DY)

2020 4

TESSMAE SR rh P Y158 2250 11.13%. AT H)™ X
107V AR Sy O () IR 2% 17.07% , iR 22D
T 5.94% b W FH e/ Iy 3 36 4530 1 X 4 B AR 25 44
AT BE SR S RO R, A P o e 1y 3000 (1)
DAL M H S S R Sl v i 5 AR L
Toie AT 24 AL 52573l [0 52

AR SCAEH RN 2 S5 SR BR Al b 7e T
e s (5 B ST EE , FEHEGR  AY S5 R P B S8
AR X A5 R R W B — e 2B A

225 S

[1] HART G C,YAO J T P. System identification in structural dynamics
[T]. Journal of the Engineering Mechanics Division, 1977,103( 6):
1089—1104.

(2] ZElEam, 2. TRAEH S DR e S5 R M ). Jeat: Bloe i
JE#t:, 2002 185—191.

LI G Q,LLJ. Theory and application of dynamic tests in engineering
[M]. Beijing: Science Press,2002:185—191. (In Chinese)

[3] k. 25030 1% RGN EHHARS 51T (D] Kib:
IR 1R TAR2ABE, 2005 : 1—2.

XIE X Z. Theoretical and experimental researeh ondynamic sys—
temidetification in time domain [D]. Changsha: College of Civil
Engineering, Hunan University,2005: 1—2. (In Chinese)

(4] BT TREZMRRSEBUNVIEID ] Bl W AT
F2ABE,2003: 7.

ZHAO X. Research on time domain system identification of engi—
neering structures [ D ]. Shanghai: College of Civil Engineering,
Tongji University,2003:7.(In Chinese)

[5] WS, SRR KRR GBS P HaR N iR I ).
PR AR A SRR ,2002,29(3) - 137—142.

PAN Q,YI W J. Application of extended Kalman filter toidentifica—
tion of structural parameters|J |. Journal of Hunan University (Nat—
ural Sciences) ,2002,29(3) : 137—142. (In Chinese)

[6] LIJ,ROBERTS J B. Stochastic structural system identification , Part
I:mean parameter estimation [J]. Computational Mechanics,
1999,24(3) :211—-215.

(7] W5, w2 SEi gk i 2 6 Soiame Siksarsg (D] -
¥« [P R AT TSR L 19991 63—66.

CHEN J. Compound inversion theory and experimental study on
damage detection of tall buildings[ D ]. Shanghai: College of Archi-
tectural Engineering, Tongji University , 1999:63—66. (In Chinese)

[8] R, BN, B MR BRAERM T S5 SR I R 0rE[ ).
TR J1%%,2003,20(4) :55—59.

ZHAO X, LI J. Structural parameter estimation with unknown rota—
tional response [1l. Engineering Mechanics,2003,20 (4) :55—59.
(In Chinese)

[9] DIMSDALE ] S. System identification of structures with joint rota—
tion[ M . Berkeley : University of California, 1983:34—35.

[10] EWINS D J,SAINSBURY M G. Mobility measurements for the vi—
bration analysis of connected structures [J]. Shock and Vibration
Bulletin, 1972,44:105—122.

[11] MOTTERSHEAD J E,KYPRIANOU A,OUYANG H. Estimation of
rotational frequency responses [J]. Key Engineering Materials,
2003,245/246: 157—166.

[12] RATCLIFFE M J,LIEVEN N A J. Measuring rotational degreesof

freedom using a laser Doppler vibrometer [J]. Journal of Vibration
and Acoustics, 2000, 122 12—20.

[13] SUNJH,ZHANG J,LIU Z,et al. High-dynamic angle measurement
based on laser displacement sensors [J]. Applied Optics,2013,52
(23) :5676—5685.

[14] LEE JJ,HO HN,LEE J H. A vision—based dynamic rotational an—
gle measurement system for large civil structures [J]. Sensors,
2012,12(12) :7326—7336.

[15] XIA Y,ZHANG P,NIY Q,et al. Deformation monitoring of a super—
tall structure using real ~time strain data [J]. Engineering Struc—
tures,2014,67:29—38.

[16] HOU S,ZENG C S,ZHANG H B, et al.Monitoring interstory drift in
buildings under seismic loading using MEMS inclinometers [J].
Construction and Building Materials, 2018, 185:453—467.

[17] XU B,CHEN G,WU Z S. Parametric identification for a truss struc—
ture using axial strain[ J |. Computer—Aided Civil and Infrastructure
Engineering, 2007, 22(3):210—222.

[18] SERDAR S,MARIA Q F. Instantaneous damagedetection of bridge
structures and experimentalverification [J]. Journal of Structural
Control and Health Monitoring,2008, 15 (7) :958—973.

[19] #lk %, s, AR E - 15 rh PGSR EOAR 14 5 S BUIR A1

WESEL) ] R, 2011(2) :72—79.

YANG Y F,SHENG W T. Development and application of gyroscope

technology in inertial stabilization platform[ J ].Aerodynamic Missile

Journal ,2011(2) : 72—79.(In Chinese)

VISWANATH A, LI T, GIANCHANDANI Y B. High resolution mi—

cro ultrasonic machining (HR-USM) for post—fabrication trimming

of fused silica 3—D microstructures| C ]// IEEE International Confer—

[20

[l

ence on MICRO Electro Mechanical Systems. San Francisco,CA,
USA:MEMS 2014,2014:494—497.

[21] SINGH T P,TSUCHIYA T,TABATA O. Frequency response of in—
plane coupled resonators for investigating the acceleration sensitivi—
ty of MEMS tuning fork gyroscopes [J . Microsystem Technologies
2012,18(6) : 797—803.

[22] Wrte ks, 50k R . BT IEACIR 22X HER) MEMS g SR04

Bt (V] IRRA . (AR ,2017,44(10) - 114—
121.
CHEN H,LAI Q T,GUO G L. Design of MEMS gyroscope interface
circuit based on quadrature error alignment [J]. Journal of Hunan
University (Natural Sciences),2017,44 (10) : 114—121. (In Chi-
nese)

[23] 4G, FhEE. 2T UKF A9 MEMS 2SR S8 R 40 1], 1%
JEHARZAAR ,2011,24(5) :642—646.

ZHAO H,WANG Z Y. MEMS sensors based attitude measurement
system using UKF [J]. Chinese Journal of Sensors and Actuators,
2011,24(5) :642—646.(In Chinese)

[24] HRAATE, J8 BORS VAT, TS IBTR BT EE (M ], BRI b
MR FEOR AL, 1982 173—184.

ZHU B L,TU C S,XU Z M. Seismic design principles of engineering
structures [ M ]. Shanghai : Shanghai Science and Technology Press,
1982:173—184.(In Chinese)

[25] AISC-LRFD99 Load and resistance factor designspecification for
structural steel buildings [s]. Chicago: American Institute of Steel
Construction, 1999 :1—5.

[26] AN EL, VRS, IR, B F i R 3 (it B A5 b 3 ) .

AP RO R (B A RRR) ,2010,38(1) - 1—4.
CHEN W Z,WANG B W,HU X Y. Acceleration signal processing
by aumerical integration [ J].Journal of Huazhong University of Sci—
ence and Technology (Natural Sciences) ,2010,38 (1) :1—4.(In
Chinese)



