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Vibration Analysis and Experimental Study for Rotating Structures
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Abstract

Comparative study on the analysis and experiment for the vibration of a rotating cantilever

structure was made in this paper. Analysis results were obtained by using the modeling method

which was developed in the previous work. The cross-section thickness variation due to the

sensor attachment was additionally considered. In order to verify the accuracy of the analysis

results, experimental results were obtained. The analysis and experimental results were found to

be in a good agreement. It was also shown that the aerodynamic and cross-section thickness

variation effects significantly influenced the dynamic characteristics of the rotating structure.
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(a) Cantilever beams

(h) Plastic epoxy boxes

Fig. 3 Cantilever beams and plastic epoxy boxes
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(a) Piezo-ceramic sensors
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(h) Slip ring assembly

Fig. 4 Piezo sensors and slip-ring assembly

(a) Motor and its driver

(b) Assembled system with motor

Fig. 5 Motor, driver, and the assembled system

(a) Slip-ring assembly configuration

(b) Total system assembled configuration

Fig. 6 Slip-ring and total system assembly
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Table 1 Theoretical and experimental results for chordwise bending vibration
Angular velocity Mode Theoretical Theoretical Experimental |Discrepancy (%)
result 1 result 2 result
Ist 5.48 Hz 5.73 Hz 5.74 Hz 0.27
0 rpm
2nd 34.29 Hz 35.29 Hz * ok ok X % & % %k
1st 5.53 Hz 5.79 Hz 5.90 Hz 1.88
50 rpm
2nd 34.29 Hz 35.37 Hz 35.63 Hz 0.74
1st 5.68 Hz 5.93 Hz 6.10 Hz 2.88
100 rpm
2nd 34.67 Hz 35.63 Hz 35.31 Hz 0.92
1st 5.92 Hz 6.18 Hz 6.40 Hz 3.53
150 rpm
2nd 35.10 Hz 36.07 Hz 36.50 Hz 1.21
st 6.24 Hz 6.49 Hz 6.80 Hz 4.80
200 rpm
2nd 35.73 Hz 36.66 Hz 37.20 Hz 4.80
1st 6.63 Hz 6.88 Hz 7.21 Hz 4.75
250 rpm
2nd 36.49 Hz 37.42 Hz 37.91 Hz 1.29
1st 7.08 Hz 7.43Hz 7.60 Hz 3.83
300 rpm
2nd 37.41 Hz 38.31 Hz 38.90 Hz 1.54
1st 7.55Hz 7.81 Hz 7.89 Hz 0.10
350 rpm
2nd 38.48 Hz 39.35 Hz 39.90 Hz 1.38
Theoretical result 1 : Without considering thickness variation
Theoretical result 2 : With considering thickness variation
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Table 2 Theoretical and experimental results for flapwise bending vibration
Angular velocity Mode Theoretical Theoretical Experimental | Discrepancy (%)
result 1 result 2 result
1st 12.33 Hz 13.17 Hz 1.89 Hz 2.13
0 rpm
2nd 77.16 Hz 81.15 Hz * % k % * %k ok ok
1st | 12.36 Hz 13.24 Hz % % k% * % % %k
50 rpm
2nd 77.23 Hz 81.19 Hz * % ok % % % % ok
1st 12.54 Hz 13.41 Hz 13.10 Hz 2.35
100 rpm
2nd 77.37 Hz 81.36 Hz 79.76 Hz 2.01
1st 12.85 Hz 13.66 Hz 13.48 Hz 1.28
150 rpm
2nd 77.65 Hz 81.61 Hz 80.21 Hz 1.72
1st 13.24 Hz 14.08 Hz 13.91 Hz 1.24
200 rpm
2nd 78.00 Hz 81.96 Hz 80.70 Hz 1.54
1st 13.73 Hz 14 .57 Hz 14.40 Hz 1.20
250 rpm
2nd 78.49 Hz 82.42 Hz 81.50 Hz 1.11
st 14.33 Hz 15.13 Hz 14 .89 Hz 1.62
300 rpm
2nd 79.05 Hz 82.98 Hz 81.99 Hz 1.18
1st 14.96 Hz 15.80 Hz 15.41 Hz 2.44
350 rpm
2nd 79.72 Hz 83.61 Hz 82.31 Hz 1.55
Theoretical result 1 : Without considering thickness variation
Theoretical result 2 : With considering thickness variation
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