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Modelling of pre-tightening force in rod-fastened rotors and it induced

vibration localization
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Abstract: In order to explore the mechanism of the vibration induced by the pre-tightening mistune
of the rod-fastened rotor considering the mechanical characteristics of the contact surface, and viewed
from the elastoplastic theory and the microscopics of the contact surface, the deformation laws and
mechanical characteristics of a single asperity in the contact process were analyzed in detail, and the
macroscopic mechanical contact model of the contact surface was obtained through Gaussian distribution.
First, an equivalent contact layer was established to ensure that the main characteristic parameters of the
original model could be kept unchanged and its thickness was determined, based on the mechanical

properties of the contact surface; then, the variation law of critical speed and natural frequency when the
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pre-tightening force was reduced and detuned in the circumferential direction was further analyzed by this

equivalent contact layer model; finally, the mechanism of vibration mode localization of rod-fastened rotor

induced by circumferential detuning of pre-tightening force was revealed by means of wave transmission.

The results showed that the equivalent contact layer stiffness and the critical speed and natural frequency

decreased as the pre-tightening reduced. Moreover, the critical speed and natural frequency of the rotor

became lower, as the number of pre-tightening detuning rods increased. As the fluctuation frequency of the

rod-fastened rotor was within the frequency stop-band, the vibration energy cannot be transmitted

throughout the whole structure. The research results can provide a reference method for the dynamic

analysis and optimal design of complex rod-fastened rotors.

Keywords: rod-fastened rotor; equivalent contact layer; critical speed; pre-tightening detuning;

vibration mode localization
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Fig. 14 Roulette-equivalent contact layer strain energy

cloud diagram
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Table 3 Critical speed and natural frequency of the rotor

under different pre-tightening

ik It 94 13 /Hz A 455/ Hz

Bk F=300kN F=600kN F=300kN F=600kN
1 2.85 3.56 1.42 1.78
2 22.44 27.54 11.28 13.87
3 24.22 29.73 11.31 13.89
4 356.18 363.82 179.65 182.94
5 671.63 709.51 367.69 388.88
6 791.31 828.24 367.7 388.89
7 998.85 1033.55 450.25 467.28
8 1484.2 1570.22 826.96 865.01
9 1684.1 1765.98 827.3 865.33
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Fig. 15 Six types of pre-tightening forces are detuned
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Table 4 Critical speed and natural frequency of six types of pre-tightening detuning

Il %% 1/ Hz A7 41 /Hz
BiZs
I I I v AY Vi I il I v AY Vi
1 2.36 2.36 2.36 2.36 2.36 2.36 1.18 1.18 1.18 1.18 1.18 1.18
2 24.22 23.77 23.32 22.86 22.39 22.14 12.32 12.19 11.96 11.73 11.50 11.26
3 25.99 25.52 25.04 24.55 24.04 23.76 12.41 12.20 11.97 11.74 11.51 11.27
4 353.06 35243  351.89 35135 350.61  349.88 17932 179.11 178.86 178.61 17824 177.93
5 721.99  721.41 720.3 719.92 71896  717.82 382.13  381.41 380.69 380.45 379.8  379.09
6 764.77 76438  763.72 76235 76238  759.99 382.65 382.27 381.78 380.85 380.71 379.2
7 974.76 974.5 974.12 97377  973.61 972.81 463.9  463.03  462.6  462.21 46195 461.13
8 16315 16309 16287 1627.6 16262 16244 806.77 805.23 803.62 803.05 801.87 801.16
9 1806.8 1805 1802.5 17992 1796.5 1791 809.31 808.1 807.39 805.72  804.8 801.7
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Fig. 16 Principal mode shape as the natural frequency

is 178.86 Hz
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Fig. 18 Wave propagation
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Table 5 Quantitative assessment of vibration localization

under preload detuning

EN el HROIRE/10° LR T/107
A 9.16 9.92
B 9.25 19.85
C 9.34 29.77
D 9.43 39.7
E 9.62 60.64
F 9.71 70.56
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