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Optical testing of dynamic characteristic of
vibrating wheel micromechanical gyroscope
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Suzhou, Suzhou 215011, China;
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Abstract: To evaluate the dynamic characteristics of vibrating wheel micromechanical gyroscope, an
optical test system based on high speed camera system combined with microscope and digital image
processing technique was set up. A sequence of real time images of the tested object were recorded by
high speed camera (32 000 frame/s) equipped with a microscope. Then, based on the angular vibra-
ting characteristics of the tested object, the corresponding image processing method was applied to fig-
ure out the displacement of vibrator at any time. Through the analysis of displacement-time curve, the
dynamic characteristics of vibrator such as nature frequency, damp coefficient and quality factor could
be obtained. The experimental results show that the measurement error is less than 0. 01 % , which in-
dicates the test system has high precision in dynamic characteristic measurement of vibrating wheel
micromechanical gyroscope, and it is an available method to study dynamic characteristics of micro-
structure as well.
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Fig. 1 Structure of vibrating wheel micromechanical

gyroscope
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Fig. 2 Diagrams before and after displacement
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Fig.3 Subsets before and after displacement
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Fig. 4 Attenuation of damping vibration
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Fig.5 Displacement-time curve of vibrator

0.020 2109.12 Hz
0.0151
0.010

0.005 |

0-000==5566—"2000 3000 4000

fIHz
B 6 Ik %8 ksl g

Fig. 6 Frequency spectra of driving vibration of vibrator
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Fig. 7 Displacement-time curve of free vibration
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Fig. 8 Amplitude distribution at different time



42 i

B 45 < i 3l 56 SUROD LA PE B3R 3 25 R Y D't 2 Il sk

299

IR 3h 58 AU P B2 19 IR 3l s /)N BELJE A% DL -
00 A Xk L AR R Sy O 0 R s B —
] B (3 Y. 24 0,002 ) BU— A% 3l 037 B% & e i
LA TA 0 D AN [ I 20 57 5% 5 i {1 B R0 2% [
niEl 8 fron . WS IR E AL R AR 15

A5 7 D I A5 RN (D BUIR T (0 B A SR
2108. 75 Hz, (2)%#& 778 2 109 Hz #ih T
SZAHHR B AT I 25 R R 2 109, 12 Hz, iR 2%
R 0..005 7 %6 G T L [ A 59 3 1) ) ek 2 R ]
TR . GOIRTER T W& R 96. 33,

FHJE &% .6=5.190 5X107°;
R F . Q=1/(26) =96. 33;
TG BH Je ¥z 3h & A 5%

bR R S R N AR ST A T IR B g 5K
TRCATLAE FE R A P 00 o A 502 w4 19 i HL 2 AT A
HARTEE . U SRR — 2P 4 SR R AR T B G )

= N E=NES
S 5 108.75 Ha. B v R R A A 2

I AR ST i B A B S Y I BT B T —
R
5 % ®
AR SO IR Bl %8 =LA B AR 1Y 3h 2 R v

B 30k

(1] k&4, s, BB, 5. MEMS MR AR MK EAR L], A %3 &, 2002,32(4) :545-562.

ZHANG T H, YANG Y M, ZHAO Y P, et al.. Measurement of mechanical properties of MEMS materials[ J].
Journal of Mechanical Strength, 2002,32(4):545-562. (in Chinese)

(2] F%. Z&@%F. MO REM AR LI kJ]. k% #% 142, 2003.11(1):37-42.

LI ZH, WANG X J. MEMS measurement technologies and methods[ J]. Opt. Precision Eng., 2003,11(1):37-
42. (in Chinese)

[3] RAEE. REAL, FEE HOCTWHE RN LI L% 4% T4, 2003,11(3): 245-249.

SONG K, ZHAO Y L, JIANG ZH D. Laser profilometer[J]. Opt. Precision Eng. ., 2003,11(3):245-249. (in
Chinese)

(4] EAF%. AHAREE4AEEZ S AIM]. B AR R AL, 2000.

WANG SH R. Theory and Applications of Micromechanical Silicon Inertia Com ponents[ M]. Nanjing: Southeast
University Press, 2000. (in Chinese)

(5] #9. #iath. 5 R.F. LT R RO EIRSIPER I AR [T]. b5 4% 42, 2006.14(1) :121-126.
JIANG M, YANG F J, DONG E L, etal.. Analysis of mechanical characteristic in the double linear vibratory gy-
roscope using high speed photograph[J]. Opt. Precision Eng. , 2006,14(1):121-126. (in Chinese)

(6] £, %, Aw4A. AT BN MR A E AL EAR T, + BRHE K FHH|, 2000,8(4):75-79.

QIU AP, SUY, ZHOU B L. A tunneling based micromechanical angular rate sensor[J|. Journal of Chinese In-
ertial Technology . 2000,8(4):75-79. (in Chinese)

(7] #%. A84, 2HR. WA B L ESES o 548000, alds3 A, 2000,19(6) :22-23.

SU Y, ZHOU B L, WANG SH R. A silicon micro-mechanical vibratory angular rate sensor[J]. Measurement and
Control Technology . 2000,19(6) :22-23. (in Chinese)

(8] Z&, HAb#, Ruk. BV BORL B I PERE 0 BT[], 4 BB R F 3R, 1998, (4):28-36.

DONG Y Q. GAO ZH Y, ZHANG R. Performance analysis of a vibratory wheel micromechanical gyroscope[]J].
Chinese Journal of Sensors and Actuators,1998,(4):28-36. (in Chinese)
[9] Zi&fk, makl. TREFHRBSANIMI Jbat 35 K= AL, 2004

LI D B. LU Q H. Analysis of Experiments in Engineering Vibration M]. Beijing: Tsinghua University Press,
2004. (in Chinese)

[10] CHOA S H. Reliability of vacuum packaged MEMS gyroscopes| J 1. Microelectronics Reliability , 2005,45:361-369.

1E&

B

B (1961 —) , 20 VLR B0  fE i L W A 32 22 NS BRC FHLE R 58 (MEEMS) 4 RL 5 45 4 5 i 25
St gy s R ER A B R 1 F 5T . E-mail: cemjiang(@ tom. com





