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A Study on Vibration of a Cantilever Beam with
a Rigid-Mass at the Free End
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(Received May 31, 1968)

Abstract

With regard to vibration of a cantilever beam with a rigid-mass at the free end, we
found some difference between practical periods and bending theory’s periods. Especially
case of second and third mode periods this effect is very remarkable.

With respect to this point a theoretical equation was introdnced in addition to the
bending theory of beams considering the effects of moment of intertia and secondary
stress of bending caused by the vertical force assuming that the beam has not small
deformation. Model testing of the above was carried out. The values of theory and
test were in good agreement. We suggest that these considerations are indispensable
when we calculate the high mode periods, in top-heavy structures.
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>y rED 7y bEL Fy IR | 7w PEL Fa
(gre-wt) (sec) (sec) (sec) ! (sec) (sec)
1% 0.0529 0.051 0.0523
. 2 0.0085 0.008
3
4 0.0015
| 1% 00890 | 00887 00895 | 0087 | 00880
" 2 0.0106 0.0105 0.0105 0.0101
3 0.0036
4 0.0019 0.0018 0.0019
1% 0.202 0.2030 0.2092 0.204 0.196
2 0.0183 0.0156 0.0184 0.0149
290
3 0.0069 0.0049
4 0.0021 (0.0009)
1% 0.2525 0.2505 0.2692 0.264 0.242
0 2 0.0225 0.0176 0.0228 0.0173
3 0.0073 0.0052
4 0.0029
1% 0.2955 0.2929 0.3283 0.321 0.285
600 2 0.0279 00208 0.0279 0.0204
3 0.0079 0.0056 0.0076 0.0052
4 (0.0015)
1% 0.3461 0.3415 0.396 0.389 0.328
060 2 0.0357 0.0254 0.0357 0.0246
’ 3 0.0096 0.0066 0.0076 0.0054
4 (0.0019) 0.0021 0.0028
1 % 0.3897 0.3872 0.4697 0.463 0.370
160 2 0.0452 0.0319 0.0457 0.0306
- 3 0.0112 0.0078 0.0078 0.0058
4 0.0021 0.0030
1% 0.4672 0.4693 0.6626 0.644 0.445
4000 2 0.0723 0.0515 0.0743 0.049
- 3 (0.0174) 0.0129 0.0079 0.0056
4
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(gr-wt) (sec) (sec) (sec) (sec) (sec)
1 % 0.0504 0.0504 0.0504 0.0504 0.0504
0 2 0.0079 0.0079 0.0079 0.0079
3 0.0029 0.0029 0.0029 0.0029
4 0.0014 0.0014 0.0014 0.0014
1 % 0.102 0.0875 C.0875 0.0873 0.0882
0 2 0.0104 0.0104 0.0105 0.0105
3 0.0033 0.0033 0.0034 0.0034

4 0.0016 0.0016
1wk 0.206 0.200 0.200 0.198 0.209
200 2 0.0112 0.0167 0.0176 0.0176
3 0.0034 0.0066 0.0067 0.0067
4 0.0016 0.0028 0.0028 0.0028
1 % 0.256 0.252 0.252 0.246 0.265
2 0.0113 0.0216 0.0213 0.0215
470 3 0.0034 0.0071 0.0072 0.0072
4 0.0016 0.0028 0.0028 0.0028
1k 0.305 0.302 0.302 0.291 0.333
690 2 0.0113 0.0271 0.0268 0.0271
3 0.0034 0.0074 0.0074 0.0075
4 0.0016 0.0029 0.0028 0.0028
1 % 0.358 0.356 0.356 0.336 0.407
960 2 0.0114 0.0345 0.0343 0.0349
3 0.0034 0.0075 0.0076 0.0077
4 0.0016 0.0029 0.0028 0.0029
1 & 0.409 0.406 0.406 0.376 0.481
1260 2 0.0114 0.0450 0.0438 0.0448
3 0.0034 0.0078 0.0077 0.0078
0.0016 0.0029 0.0028 0.0029
1 % 0.512 0.512 0.512 0.454 0.678
2000 2 0.0114 0.0715 0.0706 0.0725
3 0.0034 0.0078 0.0077 0.0079
4 0.0016 0.0029 0.0028 0.0029
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