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Vibration Analysis of Rotating Cantilever Beams Considering
Concentrated Mass Effect
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Abstract

The equations of motion for rotating cantilever beams with a concentrated mass located in an
arbitrary position are derived. For the modeling of the concentrated mass, the Dirac delta
function is used for the mass density function. Parametric studies are performed with five

dimensionless variables; natural frequencies, angular velocity, hub radius, concentrated mass, and

the mass location. The concentrated mass, wherever it may locate, lowers the natural frequencies
of a stationary beam. However, when the beam rotates, the natural frequencies (if they increase

or decrease) are dictated by the location of the concentrated mass.
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Table 1 Convergence of dimensionless natural
frequencies

2eid 57 o AEe4

No. of modey 1st Freq. | 2nd Freq. | 3rd Freq.
1 14.9555 * % % J * %k k
2 14.4283 60.4901 * % ok
3 14.2969 60.4666 122.384
4 14.2290 599.7721 122.038
5 14.2045 59.7014 120.710
6 14.1889 99.5716 120.709
7 14.1822 09.5457 120.429
8 14.1774 59.5083 120.425
9 14.1752 59.4989 120.336
10 14.1735 59.4855 120.334
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Fig. 3 Concentrated mass effect on the natural fre-
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Table 2 Comparison of first and second natural

frequencies
First natural frequency Second natural frequency
y | Present Ref. [9] Present Ref. [9]
0 1.5573 1.5573 16.2527 16.2500
1 1.9017 1.9017 16.7594 i 16.7570
2 2.6696 2.6696 18.1932 18.1910
3 3.5823 3.5823 20.3524 20.3504
S
4 4.5429 4.5429 23.0246 23.0229
5 5.5219 5.5218 26.0431 26.0415
6 6.5091 6.5090 29.2933 29.2917
7 7.5007 7.5005 32.7002 32.6984
]
3 8.4947 8.4945 36.2156 36.2134
T
9 9.4903 9.4899 39.8079 39.8048
10| 10.4870 10.4864 43.4561 43.4517
(a=1, B=1, §=0)
20 (@ = 1.0, 6 = 1.0)
—_y = 0
______ Yy = 5
-=-=-7 =10
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Fig. 5 Concentrated mass location effect on the first
natural frequency
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Dimensionless Length of Beam

(b) Third mode shape variation
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