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relations; (b) For accurate prediction of frequency changes, the third-order
elastic stiffness coefficients, the nonlinear terms, must be taken into account.
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PARAMETRIC STUDY OF ACELERATION-INDUCED STRESSES
AND FREQUENCY CHANGES IN DOUBLY-ROTATED CRYSTAL RESONATORS

Peter C. Y. Lee
Department of Civil Engineering & Operations Research

Princeton University
Princeton, NJ 08544

I. STATEMENT OF THE PROBLEM STUDIED

The objective of the research is to predict the acceleration sensitivity,

i.e., the changes of resonance frequencies in crystal resonators due to

applied, steady accelerations, and to identify the effects on the acceleration

sensitivity from various parameters, such as the direction of acceleration,

crystal plate orientation, plate thickness, support configuration and support

structures.

The ratios of the frequency shift to the thickness-shear resonance
-8.10o

frequency are in the range of 10 to 10 These frequency changes,

although very small in numerical values, are regarded very significant in

applications in ultra-precision frequency control.

The complexity of the problem mainly comes from the constitutive

equations of the crystal: (a) For doubly-rotated cuts of quartz resonators,

the stress-strain relations possess triclinic symmetry, the most general

anisotropic relations; (b) For accurate prediction of frequency changes, the

third-order elastic stiffness coefficients, the nonlinear terms, must be taken

into account. Accession For
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II. SUMMARY OF THE MOST IMPORTANT RESULTS

1. A numerical-analytical approach has been developed for studying force-

and acceleration-sensitivities of crystal resonators.

In this approach, complex initial fields of stress and deformation

are obtained from the numerical solutions of six coupled equations of

equilibrium for doubly-rotated crystal resonators based on the finite

element method (see the third paper listed in Section III as 1113). The

frequency equation for thickness vibrations is obtained from the

two-dimensional equations of motion of incremental vibrations. This

frequency equation, in which the initial strain and initial deformation

tensors appear as given spatial functions, is solved analytically by a

perturbation method.

This numerical-analytical approach is employed to predict force

sensitivity of circular crystal resonators subject to a pair of

diametrical forces. The predicted results are compared with experimental

data with close agreement for all of the eight doubly rotated cuts (see

111 6).

This same approach is further employed to predict acceleration

sensitivity of circular SC-cut quartz resonators. The effects of plate

thickness, support configurations, and support structures on the

acceleration sensitivity are studied systematically. It is found that

the sensitivity can be reduced by carefully controlling these parameters

(see 1117).

2. Two-dimensional equations of motion for piezoelectric crystal plates are

derived from the three-dimensional equations of linear piezoelectricity.

These equations are shown to provide accurate predictions of thickness
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resonances and can accommodate electric boundary conditions for plates

with electroded or unelectroded faces (see 1115).

These equations are employed to calculate the resonance frequencies

of energy trapped thickness vibrations in rectangular or circular

piezoelectric crystal plates with electroded or unelectroded faces. The

predicted results are compared with existing analytical results and

experimental data with good agreement (see III).
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