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ABSTRACT

Modern solid-state gyroscopes (HRG) with hemispherical resonators from high-purity quartz glass and special 
surface superfinishing and ultrathin gold coating become the best instruments for precise-grade inertial reference 
units (IRU) targeting long-term space missions. Designing of these sensors could be a notable contribution into 
development of Korea as a space nation. 

In participial, 40mm diameter thin-shell resonator from high-purity fused quartz, fabricated as a single-piece 
with its supporting stem has been designed, machined, etched, tuned, tested, and delivered by STM Co. (ATS of 
Ukraine) several years ago; an extremely-high Q-factor (upto 10~20 millions)  has been shown. Understanding of 
the best way how to match such a unique sensor with inner glass assembly of the gyro means how to use the high 
potential in a maximal extent; and this has become the urgent task. 

Inner quartz glass assembly has a very thin indium (In) layer soldered the resonator and its silica base (case), but 
effects of internal resonances between operational modal pair of the shell-cup and its side (parasitic) modes can 
notable degrade the potential of the sensor as a whole, instead of so low level of resonator’s intrinsic losses. 
Unfortunately, there are special combinations of dimensions of the parts (so-called, “resonant sizes”), when 
intensive losses of energy occurs. The authors proposed to use the length of stem’s fixture as an additional design 
parameter to avoid such cases. 

So-called, a cyclic scheme of finite element method (FEM) and ANSYS software were employed to estimate 
different combinations of gyro assembly parameters. This variant has no mismatches of numerical origin due to 
FEM’s discrete mesh. The optimum length and dangerous “resonant lengths” have been found. 

The special attention has been paid to analyses of 3D effects in a cup-stem transient zone, including 
determination of a difference between the positions of geometrical Pole of the resonant hemisphere and of its 
“dynamical Pole”, i.e., its real zone of oscillation node. Boundary effects between the shell (cup) and 3D short 
“beams” (inner and outer stems) have been ranged. The results of the numerical experiments have been compared 
with the classic model of a quasi-hemispherical shell band with inextensional midsurface, and the solution using 
Rayleigh’s functions of the 1st and 2nd kinds. 

To guarantee the truth of the recommended sizes to a designer of the real device, the analytical and FEM results 
have been compared with experimental data for a party of real resonators. The consistency of the results obtained by 
different means has been shown with errors less than 5%. The results notably differ from the data published earlier 
by different researchers. 
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Figure 1 Scheme of the mesh for resonator’s 
assembly (half of the axial cross-section):  1 – outer 

and inner stems fabricated together with 2 – a resonant 
shell cup, 3 – a connecting indium layer, 4 – an element 

of a glass case (not shown completely). 
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Figure 2 Rayleigh’s analytics for a complete 
hemisphere (blue curve), for a polar zone (appr.16 ) 

(red curve), and data of the FEM numerical experiment 
(greens).
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Table 1  

Figure 3 STM’s resonator for HRG made from 
high-purity quartz glass, as a single-piece of 40mm-

hemispherical cup and stem through it 
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