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Theoretical and experimental study on the vibration characteristics of

rotating pre-twisted beams

XIONG Xingxing, SU Zhu, MA Xiaohu
(State Key Laboratory of Mechanics and Control for Aerospace Structures,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Aiming at the vibration problem of rotating pre-twisted beams in engineering, an effective modeling method is proposed
to study their vibration characteristics. Rotating experiments are designed to verify the accuracy of theoretical research. By adjusting
the boundary spring stiffness, different boundary conditions are simulated. The displacement field is expanded using the modified
Fourier series method, and the motion equation of the rotating beam is derived using the Rayleigh-Litz method. Based on the theo-
retical research, vibration tests of rotating straight beams and pre-twisted beams with different sizes are designed. The accuracy of
this method is verified by comparing the theoretical calculations with finite element simulations and experimental results. The possi-
bility of elastic boundaries is also verified through error analysis. The results show that the natural frequency of the beam increases
with the increase in rotating speed and thickness. The increase in pre-twist angle has a minimal effect on the first-order natural fre-

quency but significantly reduces the second-order natural frequency.
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Tab.1 The first five order natural frequencies under

different truncation numbers (a=45°,x=0. 25,6=1,

y=5)

u I 47 %

1B 25 3B 4By 5B
9 7.399  8.321  22.337  28.369  45.757
11 7.396  8.316  22.334  28.365  45.733
13 7.395  8.314  22.333  28.363  45.722
15 7.394 8310  22.332  28.362  45.712
17 7.394 8313  22.332  28.362  45.711
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Tab.2 Material parameters of two Kkinds of beam

specimens
ikt Wegm e BIREES e
(g-em ?) GPa
H# 65MnisER 7.81 198.6 0.26
WP MS1HHEN 8.00 170.0 0.26
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Tab.3 Experimental and theoretical results comparison of the first two order natural frequencies of a rotating straight

beam at different rotational speeds ( Thickness is 1 mm)

e/ LI &4 404 /Hz 2 B A I 22/ H 2

(remin ") T s COMSOLfH 2%/ % S it COMSOLE  #2/%
0 19.531 20.365 20.476 4.10 125.625 127.622 128.290 1.56
200 19.844 20.581 20.798 3.58 126.250 126.981 128.570 0.58
400 20.938 21.621 21.734 3.16 127.031 128.753 129.400 1.34
600 22.812 23.105 23.208 1.27 128.906 130.139 130.790 0.95

R4 TRAEETHEERZRVIANEEMELHIMIBILLERNL(FEEHR 1.5 mm)

Tab.4 Experimental and theoretical results comparison of the first two order natural frequencies of a rotating straight

beam at different rotational speeds (Thickness is 1. 5 mm)

FeH/ LB [ A B3R /He 2 W A 59 2%/ Hz,

(r-min ") By Bt COMSOLfE  i2/% By i COMSOLfij 2 %%/ %
0 29.219 30.5475 30.715 4.35 189.219 191.4382 192.41 1.16
200 29.531 30.7637 30.931 4.01 189.375 191.6261 192.60 1.17
400 30.469 31.4031 31.569 2.97 190.000 192.1887 193.16 1.14
600 31.250 32.4396 32.603 3.67 191.562 193.1229 194.09 0.81
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Fig. 13 Acceleration %1gnal of 1.5 mm thick, 15° pre-twisted Fig. 14 Frequency response curve of 1.5 mm thick, 15° pre-

angle beam at different rotational speeds twisted angle beam at different rotational speeds

x5 ARAEETHHROATFEMEAMEIRMIPILERTLIL (EEHD 1.7 mm FH A H 30°)
Tab.5 Experimental and theoretical results comparison of the first two order natural frequencies of the pre-twisted

beam at different rotational speeds ( Thickness is 1. 7 mm, pre-twisted angle is 30°)

e/ LB [ A 45 % /Hz 2 By i AT I 2%/ Hz

(r-min ") Sy BLieT COMSOL i & wE/% S g COMSOLfiE  #®%E/%
0 29.219  31.7573 32.079 8.69 175.469  172.0874 175.33 1.93
200 29.844  32.0056 32.284 8.24 177.500  173.9092 175.48 2.02
400 30.469  32.5863 32.889 7.24 178.438  174.3523 175.93 2.29
600 31.563  33.5893 33.874 6.42 179.219  175.0910 176.67 2.30

6 AREERTHHARZHNAMEERERIRMERLERTLL(EEN1.7mm FHfHH 15°)
Tab. 6 Experimental and theoretical results comparison of the first two order natural frequencies of the pre-twisted

beam at different rotational speeds ( Thickness is 1. 7 mm, pre-twisted angle is 15°)

I gkt / 1B A5 4505/ Ha 2 v A5 9% /H
(remin ') S it COMSOLE  #®2%E/% S it COMSOLiE  #®2%E/%
0 29.219  31.7003 31.957 8.49 185.156  190.8238 192.49 3.06
200 29.531  31.8487 32.164 7.85 185.781  190.9905 192.66 2.80
400 30.313  32.4726 32.775 7.12 186.094  191.5024 193.17 2.91
600 31.406  33.5184 33.769 6.73 186.875  192.3442 194.01 2.93

R7T FAREETHHAZNAAEMEAMELRMBILERYIL(EEA L5 mm FHH A A 15°)
Tab.7 Experimental and theoretical results comparison of the first two order natural frequencies of the pre-twisted

beam at different rotational speeds (Thickness is 1. 5Smm, pre-twisted angle is 15°)

gt/ 1B A7 93 %/ He 2 B [ A5 4% /H 2
(remin"") S8y it COMSOLMiE  i#%/% S8y i COMSOL i B 8%/ %
0 26.401  28.0471 28.211 6.23 164.844  168.8401 170.44 2.42
200 26.563  28.3014 28.445 6.54 166.094  169.0337 170.64 1.77
400 27.500  28.8482 29.131 4.90 166.250  169.6077 171.21 2.02

600 28.750  30.0207 30.247 4.42 166.719  170.5751 172.17 2.31
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Fig. 15 Comparison of theoretical and experimental errors under different boundary conditions (&, =4, =K, =10")
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