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ABSTRACT

In this paper, we present the principle of virtual work, from which the exact non-linear equations of motion of a rotating
ring can be derived, by using the theory of finite deformation. For a thin ring of which the effect of variation in curvature
across the cross-section is neglected, the radial displacement and the extensional stress are determined from the principle of
viriual work at the steady state where the ring is rotating with a constant angular velocity. And also we formulate
systematically the governing equations concerned to the in-plane vibrations and the out-of-plane vibrations at the
disturbed state by using the principle of virtual work which is expressed with the disturbed displacements about the steady
state. The formulated governing equations are classified by four models along the cases of considering or neglecting all or
partly the secondary effects of flexural shear, rotary inertia, circumferential extension, and twist inertia. The natural
vibrations of thin rings are analyzed, and its results are compared and discussed.
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k S5 T Inplane vibration's R Out~o’i~plane vx"“”"'txon
o Case - ;Degree oF Fooedom | Secordary effects Eaquation | Degree, of freedom
' 71 of the cross-Section'] . neglected " 13 uSed Fof the, crosfs~sectxon
Model D3 Yue, “u,, ‘b, Eq.(16) YBe, %0, “u;
Model D2A Yue, ‘u, e Eq.(24) Y%, “uy
Model D2B “ue, “u, Ye, oI, Eq.(24) ‘b, “u Yye, oI,
Model DI “u, Ye, oI, ‘e, | Ba(®) “uy Ye, oIy, oI, | Ea.(29)

Table 2 Comparison of the natural frequencies of the

in-plane vibration for b/a=02

Table 3 Comparison of the natural frequencies of the

out-of-plane vibration for b/a=02

n
1
¢ 0 7373 | 7429 | a8 | 62 | 7478
20 o |7034F | 78S F | 7A3F | 745F | T3 F 1000 | 76I0F [ 7663 F | T740F | 795 F | 714 F
840 B | 8791 B | 8313 B | 8345 B | 8818 B 7656 B | 7711 B | 7140 B | 95 B | 7% B
0 21250 | 22150 | 22380 | 20500 | 22380 0 20710 | 21270 | 21570 | 2190 | 21570
31 o0 | 20770 F | 21670 F | 21880 F | 22080 F | 21880 F looo | 20880 F | 21430 F | 21780 F | 22130 F | 21770 F
21990 B | 22890 B | 23130 B | 23230 B | 3130 B 20060 B | 21510 B | 21780 B | 22130 B | 21770 B
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Fig. 3 Natural frequéncies w, of the out-of-plane

vibration for &/a=0.02



