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Table 1 Structural parameters of ring gyroscope
after optimization

¥ 1 2 3
R, /um 3065.8 3063.3 31452
R, /um 3999.8 3998.9 3999.5
b,,/um 23.8 25.4 26.9
b /um 20 20.5 20
b/ 20 20 20
Py (°) 2 2 2
W, /T 300.1 302 300.1

T2 MLEHERIBIREIREXITEESH
Table 2 Key performance parameters of ring gyroscope
after optimization

2= 1 2 3
S/F/((°)/s)) 1.339x107"2 1.337x107" 1.331x107"
S /(m/((°)/s)) 5.388x107° 5.383x107° 5219x107°

S/(F/m) 2.486x107 2.484x1077 2.551x107

£z 8044.7 8014.0 8076.5
f,./Hz 10019.8 10 004.3 10 618.0

O 17 0842 16 9866 16 6026

Af/Hz 1975.1 1990.3 2541.5
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Fig.7 Maximum displacement response, displacement cloud map, maximum stress response, and stress cloud map of the

optimized ring gyroscope structure under horizontal shock
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Design and Optimization of a Ring Gyroscope with High Sensitivity Using
Differential Evolution Algorithm

Ge Xiao', Chen Xuhui?, Ding Xukai', Li Hongsheng'
1. Southeast University, Nanjing 210089, China

2. AVIC Xi’ an Flight Automatic Control Research Institute, Xi’an 710062, China

Abstract: The Micro-electro-mechanical-system ring gyroscope, as an angular velocity sensor with navigation-grade
application potential, exhibits a close correlation between its performance and its structure and geometric parameters.
However, due to the high complexity of the dynamic model of ring resonators, systematic design guidelines remain
absent. Additionally, under constraints of limited device area and fabrication precision, significantly enhancing
detection sensitivity poses a critical technical bottleneck. In this study, a micro ring gyroscope with high sensitivity and
environmental adaptability is proposed, and the sensitivity expression of the gyroscope is derived based on its
geometric model. To further optimize the structural parameters of the ring gyroscope, an improved differential
evolution algorithm is employed on a co-simulation platform. The goal is to maximize the detection sensitivity of the
ring gyroscope, while incorporating a mechanism for handling infeasible solutions to ensure that the gyroscope meets
both environmental adaptability and process feasibility requirements. The results indicate that the optimized ring
gyroscope structure not only satisfies the process requirements but also demonstrates good shock resistance. More
importantly, compared to the initial design, its detection sensitivity is enhanced by a factor of 3~9. This method fully
exploits the mechanical performance potential of the ring gyroscope.
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