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Abstract: The hemispherical resonator is the core component of the hemispherical resonant gyroscope, and its quali-
ty directly determines the performance and accuracy of the gyroscope. The hemispherical resonator made of high pu-
rity quartz material has been widely recognized in the industry, but it is difficult to process. The hemispherical bare
oscillator is the incomplete machined state of the hemispherical harmonic oscillator. The residual stress on the ma-
chined surface determines the resonant Q value, frequency difference Af and other parameters, and then affects the
resonant performance. In this paper, the technical methods and characteristics of micro-stress manufacturing of
quartz hemispherical bare oscillator are analyzed and discussed, and femtosecond laser processing equipment is used
to realize micro-stress manufacturing of quartz hemispherical bare oscillator. Femtosecond laser processing has the
advantages of high speed, small thermal deformation, non-contact, micro-stress and so on. The processing efficien-
cy, cost and surface stress state of hemispherical harmonic oscillator can be obviously improved. Femtosecond laser

processing provides a new way for the processing of high-precision quartz hemispherical bare vibrators.
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Fig. 1 Schematic diagram of the structure of

quartz hemispherical bare oscillator
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Tab.1 Common mechanical properties of quartz glass
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Fig. 2 Performance comparison among hemispherical resonant gyroscope, fiber optic gyroscope and ring laser gyroscope
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Fig. 3 Relationship between accuracy of hemispherical bare oscillator and machining stress
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Fig. 4 Traditional mechanical manufacturing process
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Fig. 5 Traditional machined surface and subsurface conditions
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Tab. 2 Comparison of polishing technology for special-shaped complex curved surface
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Tab.3 The relationship between Q value, frequency difference Af and manufacturing
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Tab. 4 Characteristics of precision and ultra-

precision manufacturing
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Fig. 6 Process and phenomenon of energy change in femtosecond laser glass processing
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Fig. 7 Phenomena and types of femtosecond pulse width laser processing
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Fig. 8 Principle of femtosecond laser processing
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Fig. 9 Femtosecond laser processing equipment for

quartz hemispherical bare oscillator
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Fig. 10 Bare oscillator machined samples
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Fig. 11 Surface and subsurface topography

machined by femtosecond laser
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