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An Eigen Analysis with Out-of-Plane Deformable Ring Element
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Abstract

This paper presents the theoretical natural frequencies of out-of-plane deformable ring based
on the variables such as out-of-plane deflection, torsional rotation and shear rotation. Based on
the same variables, a finite element eigen analysis is carried out by using the C°-continuous,
isoparametric element which has three nodes per element and three degrees-of-freedom at each
node. Numerical experiments are performed to find the integration scheme which produces
accurate natural frequencies, natural modes and correct rigid body motion. The uniformly
reduced integration and the selective reduced integration give more accurate numerical fre-
quencies than the uniformly full integration, but the uniformly reduced integration produces
incorrect rigid body motion while selective reduced integration does correct one. Therefore, the
ring element based on the three variables which employes selective reduced integration is
recommended to avoid spurious modes, to alleviate the error due to shear locking and to produce

correct rigid body motion, simultaneously.
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Theoretical Frenquency [Hz]
n| Bending Torsional Transverse
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0 0* 15824 97437
1 0* 20462 100908
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3 17639 43716 123419
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Table 3 Theoretical natural frequencies of com-
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frenquency(wns) frenquency(wn) | frenquency(wns) | frenquency(wss)

0 0* 12921 3595487 0 0* 20116 55559

1 0* . 17215 3595548 1 0* 23173 65869

2 138 26164 3595733 2 15416 36757 86256

3 395 36491 3596040 3 33785 52772 109656

4 761 47302 3596469 4 52358 69425 134462

5 1235 58323 3597022 5 70643 86412 160135
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Table 4 Percentage error of theoretical bending frequencies with respect to experimentél frequencies of
complete cirrcular ring by Kuhl®
d/R=0.4618 d/R=1.1298
n Frequency[Hz] Percentage F requency[Hz] Percentage
Experimental | Theoretical error(%) |Experimental| Theoretical | error(%)

oy - 0 - - 0 -
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wn 6620 6924 4.59 13485 15416 14.32

2 W22 32150 31172 —3.04 46050 36757 —20.18
W V- 110234 - - 86256 -
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Ws3 - 123419 - - 109656 -
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4 Wiz 58650 56850 —3.07 - 69425 -
W3 - 138969 - - 133462 -
Ws1 41200 43424 5.40 54500 70463 29.62

5 Ws2 72250 70243 —2.78 - 86412 -
wss - 156019 - - 160135 -
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Table 5 Integration schemes of quadratic out-of-
plane deformable ring element
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