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Fig. 1 Rotor element, base and their coordinate system
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Table 1 Comparison of free-vibration frequencies

f+/Hz f-/Hz
w/(rad/s)
10 1h85E 15 MR W At 1080 15 A HoT G W
244.54 244.09 243. 83 —238.10 —237.92 —237. 80
200 1 654.62 1 653. 00 1652.07 —1259.93 —1259.48 —1 258.09
247.92 247. 28 246.48 —236.11 —235.68 —234.42
400 1892.75 1 891.01 1 890. 96 —1106.95 —1104.48 —1103.03
249. 14 248. 47 248. 94 —234.44 —232.39 —230.75
600 2 158.72 2 156. 98 2 155.29 —980. 56 —976. 50 —973.47
253.82 252.18 251. 20 —229. 31 —227. 32 —226.79
800 2 445,43 2 443.12 2 441.94 —869. 90 —867.03 —866. 34
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Fig. 3 Model of a rotor-bearing system Fig. 4 Base shock excitation in acceleration form
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Table 2 Comparison of natural frequencies Hz

b 507 5 1 2 3 4 5 6 7 8 9 10
AEETHERM  23.038 24.055 40.286 55.108 61.876 92.176 110.69 115.22 138.91 145.07
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Fig. 5 Time-varying stress response at the same position
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Shock response modeling and computation of shipboard rotating

machinery subjected to base-transferred shock force”

HE Shao-hua, WU Xin-yue
(Department o f Mechanical Engineering , Naval University of Engineering ,
Wuhan 430033, Hubei, China)

Abstract: A rotor-bearing system under base-transferred shock excitation was established by applying
the Galerkin finite element model to simulate the shipboard rotating machinery subjected to underwa-
ter non-contact explosion. Based on the Newton’s theorem, moment-of-momentum theorem and
Timoshenko beam theory, the dynamic differential equations of this system were derived by syntheti-
cally considering the rotating inertia, shear force, gyroscopic effect, axial force, axial torque and oil
film force. The dynamic differential equations were solved by using the finite difference methods in
the time domain and the finite element method in the space domain, respectively. And the time-var-
ying shock responses of this system were obtained. The accuracy of the proposed model was verified.
Finally, an application example was given to analyze the influences of the gyroscopic effect and steady
work loading on the shock responses of this system. Investigated results show that the accuracy of the
proposed modeling and computation method can meet the engineering requirement and the gyroscopic
effect has an obvious influence on the shock responses; and that the work loading can tone up the sys-
tem response, but the overall response with the steady work loading being considered is distinct from
the sum of the steady response and the shock response without the steady work loading being consid-
ered.

Key words: solid mechanics; rotating machinery; modeling; shock response analysis; shock
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