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A Thin Circular Beam Finite Element for Out-of-plane Vibration Analysis

of Curved Beams

SERS AR Qs ST

Kim, Chang-Boo Kim, Bo Yeon Song, Seung Gwan

ABSTRACT

In this paper, we present a thin circular beam finite element for the out—of-plane vibration
analysis of curved beams. The element stiffness matrix and the element mass matrix are
derived respectively from the strain energy and the kinetic energy by using the natural shape
functions which are obtained from an integration of the differential equations of the finite
element in static equilibrium. The matrices are formulated with respect to the local polar
coordinate system or to the global Cartesian coordinate system in consideration of the effects
of shear deformation and rotary inertias. Some example problems are analysed. The FEM
results are compared with the theoretical ones to show that the presented finite element can

describe quite efficiently and accurately the out—of-plane motion of thin curved beams.
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pl)

w9

;70 a.=0
o./P (rad/N) | 2.7759x107° | 2.7759x<10°°
/P (rad/N) | -1.5863x10"° | ~1.5863x10"°
u /P (m/N) | 3.1736x<107°| 3.1698x10°

* a,=0 - T ATy FA

T 20 AT Fe We] afrle

(I)\Ifurr?obde;1 Theory F.EMM.(Hz)/ Error(%)

diameter (Hz) 16 elements 32 elements 48 elements 64 elements
2 37.283 37.289/ 0.016 37.283/ 0.002 37.283/ 0.001 37.283/ 0.000
3 105.11 105.24/ 0.123 105.13/ 0.014 105.12/ 0.005 105.12/ 0.002
4 200.70 201.58/ 0.436 200.80/ 0.050 200.74/ 0.017 200.72/ 0.009
5 322.89 326.40/ 1.089 323.30/ 0.129 323.03/ 0.044 322.96/ 0.022
0 413.84 416.50/ 0.643 414.51/ 0.160 414.14/ 0.071 414.01/ 0.040
6 470.72 481.11/ 2.208 472.00/ 0.271 471.16/ 0.094 470.94/ 0.047
1 585.27 592.75/ 1.278 587.15/ 0.320 586.11/ 0.142 585.74/ 0.080
7 643.22 667.68/ 3.804 646.43/ 0.499 644.34/ 0.174 643.79/ 0.088
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L3 3. HEE S s AR "Je We] afdEs
Number aF0, 1 A0 a,#0: 1 =0 a,=0, u#0
of nodal " Theory | F.EM.(Hz)/ | Theory | F.EM.(Hz)/ | Theory | F.EM.(Hz)/
diameter (Hz) Error(%) (Hz) Error(%) (Hz) Error(%)
2 37.283 37.283/ 0.000 37.305 37.305/ 0.000 37.312 37.312/ 0.000
3 105.11 105.12/ 0.001 105.25 105.26/ 0.001 105.41 105.41/ 0.000
4 200.70 200.71/ 0.005 201.17 201.18/ 0.005 201.86 201.86/ 0.001
5 322.89 322.93/ 0.014 324.05 324.09/ 0.014 325.97 325.97/ 0.002
0 413.84 413.95/ 0.026 413.84 413.95/ 0.026 413.84 413.95/ 0.026
6 470.72 470.86/ 0.029 473.11 473.24/ 0.029 477.37 477.39/ 0.003
1 585.27 585.57/ 0.051 585.27 585.57/ 0.051 585.79 586.09/ 0.051
7 643.22 643.56/ 0.053 647.55 647.91/ 0.054 655.74 655.78/ 0.006
8 839.33 840.09/ 0.091 846.53 847.32/ 0.093 860.72 860.82/ 0.011
2 925.91 927.09/ 0.128 925.91 927.09/ 0.128 927.22 928.41/ 0.128
9 1057.9 1059.5/ 0.143 1069.1 1070.7/ 0.148 1092.0 1092.2/ 0.017
10 1297.9 1300.7/ 0.215 1314.3 1317.2/ 0.223 1349.1 1349.4/ 0.027
3 1309.8 1313.2/ 0.257 1309.8 1313.2/ 0.257 1311.9 1315.3/ 0.257
11 1558.0 1562.8/ 0.308 1581.0 1586.1/ 0.321 1631.6 1632.2/ 0.039
4 1708.0 1715.4/ 0.437 1708.0 1715.4/ 0.437 1710.8 1718.3/ 0.437
12 1837.0 1844.8/ 0.426 1868.1 1876.5/ 0.447 1939.0 1940.1/ 0.055
* q,=0 ¢ wd AEHG FA, =0 ¢ W IAAWAE FA
L% 4 0[S AAES TR AR "Je Hel afEs
Number .70, 10 a.#0, 1=0 a.=0, pFo
of nodal Theory F.E.M.(Hz)/ Theory F.EM.(Hz)/ Theory F.EM.(Hz)/
diameter (Hz) Error(%) (Hz) Error(%) (Hz) Error(%)
2 37.336 37.337/ 0.000 37.359 37.359/ 0.000 37.366 37.366/ 0.000
3 105.30 105.31/ 0.001 105.45 105.45/ 0.002 105.60 105.60/ 0.000
4 201.10 201.11/ 0.005 201.57 201.58/ 0.005 202.26 202.27/ 0.001
5 323.55 323.59/ 0.014 324.71 324.76/ 0.014 326.66 326.67/ 0.001
6 471.70 471.83/ 0.029 474.10 474.23/ 0.029 478.42 478.43/ 0.003
7 644.56 644.90/ 0.054 648.92 649.27/ 0.055 657.21 657.25/ 0.006
8 841.07 841.84/ 0.091 848.32 849.11/ 0.093 862.71 862.80/ 0.010
9 1060.1 1061.6/ 0.144 1071.4 1072.9/ 0.148 1094.5 1094.7/ 0.016
10 1300.5 1303.3/ 0.215 1317.0 1320.0/ 0.223 1352.3 1352.6/ 0.025
11 1561.1 1565.9/ 0.308 1584.3 1589.4/ 0.322 1635.6 1636.2/ 0.037
12 1840.7 1848.5/ 0.427 1872.0 1880.3/ 0.448 1943.9 1944.9/ 0.052
* q,=0 ¢ wd AEHG FA, =0 @ W IAABAE FA
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