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Response modeling and failure analysis of MEMS ring gyroscopes

under high overload
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Abstract: Regarding the shock failure of a micro-electro-mechanical system (MEMS) vibrating ring
gyroscope (VRG) under high overload, structural dynamic response modeling and failure mechanism analysis
are conducted. Based on vibration and elastic wave theories, a dynamic response model of gyroscopic
structures to high-g shocks is established. Based on the established dynamic impact response model of the
MEMS ring gyroscope, the adhesion and fracture failure mechanisms of the MEMS ring gyroscope are
analyzed. The equilibrium displacement for adhesion failure and the sensitive location for fracture failure are
derived, and the impact expression at the point of failure is obtained. Through high overload experiments, the
impact amplitude and pulse width at the critical failure of the MEMS ring gyroscope a re determined. Raman
spectroscopy is used to test the surface stress of the MEMS ring gyroscope after high overload application,
and the stress-sensitive locations are found to be consistent with theoretical derivations.
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Fig.8 Fracture failure of MEMS VRG under inertial shock in

plane
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Fig.9 Fracture failure of MEMS VRG under inertial shock
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Fig.10 Fracture failure of MEMS VRG under stress wave
shock
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Fig.11 Raman spectroscopy stress testing system

522.07
o1 84 A
521.8 A L oso
521,64 A
521. 4 A A
az1. 47 -
R, 200
~_ 52l.241 ® <
g e s
@ 521.0 [ 150 5
& 52081 B
[ ]
520. 6 [ 100
520. 4 " /‘
- 5
520.2 — 5 B
i ¥
520.0 T T T
0 2 4 6
I R
(@ PN PEEsR
(a) Result of in-plane shock
522.0
521.8 A 250
521. 6 A
521. 4
- 200
- 521.21 a
5] /\\\ z
S o
R 520,81 A L 150 2
520. 6 A
520. 4
520. 2 | A 100
520.0 T T T
0 2 4 6
HIRE

(b) “FHEAb TSR
(b) Result of out-of-plane shock
B 12 Rl ny o a1

Fig.12 Raman spectroscopy stress testing results
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