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Fig. 1 The model of rotating hard coating double thin-walled cylindrical shells coupled structure
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Table 3 Effect of truncation number on traveling wave frequency of coupling structure
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Table 5 Comparison of traveling wave frequencies of rotating hard coating thin-walled cylindrical shell
HIAT P40 %/ He JE AT A%/ He
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1,2 1424.6 1424. 2 0.028 1500. 1 1499. 6 0.033

1,3 946. 1 945, 8 0.032 1003. 4 1003.0 0. 040

1,4 942.0 941. 8 0.021 987.1 986. 9 0.020

1,5 1272.2 1272.6 0.032 1309. 6 1309.5 0.008
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2,4 1570.7 1569.7 0.019 1615.6 1614.6 0.062
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Table 6 Comparison of natural frequencies of hard coating double thin-walled cylindrical shells coupled structure

[ 3 [ % 65 i
Bk - -
ek X D.(%) 1 RE % X D.(%)
1 468.0 466. 3 0. 36 164.6 164. 2 0. 24
2 529.8 529.3 0.09 279.8 280. 1 0.11
3 748.0 743.5 0. 60 379.9 378. 1 0. 39
4 785.1 783.5 0. 20 476. 4 474.9 0.31
5 861.8 857.5 0. 50 551.5 551.3 0.04
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Table 7 Natural frequencies of rotating hard coating double thin-walled cylindrical shells coupled structure
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Traveling Wave Vibration Characteristics of a Coupled
Double-Thin-Walled Cylindrical Shell Structure with
Hard-Coating Damping at High Rotational Speeds

Peng Wang Yu Wang Yufeng Chang Liping Wang

(School of Mechanical Engineering and Automation , University of Science and Technology Liaoning , Anshan, 114051)

Abstract  The connection conditions and vibration suppression methods of coupled shell structures
have received much attention, particularly as these structures play a crucial role in aero-engine compo-
nents. In this paper, the vibration characteristics of a rotating hard coating damping double-thin-walled cy-
lindrical shell coupled structure under bolt connection conditions are studied. First, a discontinuous arc
connection is constructed to simulate actual bolt connection conditions by improving the artificial spring
distribution method of the continuous entire circumference. And the artificial spring technique is used to
define the boundary conditions of the shell structure. Next, the strain energy of the hard-coating shell
structure is determined based on Sander’s shell theory. The effect of rotational speed is considered, and
the Rayleigh-Ritz method is used to derive the dynamic equations of the shell structure. In addition, the ef-
ficient state space method is used for calculation. The rationality and accuracy of the theoretical methods
are validated through literature comparisons and finite element analysis. Additionally, the effects of rota-
tional speed, connection stiffness, hard-coating thickness, and boundary conditions on the traveling wave
vibration characteristics of the shell structure are analyzed. The results show that the traveling wave fre-
quency increases significantly when the connection stiffness is in the range of 10* ~10'. Besides, the rota-
tion leads to a separation phenomenon and an overall increasing trend in the traveling wave frequency. A
greater hard coating thickness notably impacts the traveling wave frequency, exhibiting a maximum in-
crease of 5.87% in the traveling wave frequency when the hard-coating thickness rises from 0 to 0. 85 mm.
These findings provide valuable theoretical insights and data support for the engineering design of hard-
coating coupled double-thin-walled cylindrical shell structures.

Key words  double-thin-walled cylindrical shells, hard-coating damping, discontinuous arc connec-

tion, Rayleigh-Ritz method, state space approach, traveling wave vibration





