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Abstract

This paper addresses the needs for dynamic analysis of composite propeller cowling structures in
new-energy aircraft propulsion systems, conducting research on the dynamic modeling analysis of
combined spherical-conical-plate structures (CSCPS). Based on the Donnell shell theory, the energy
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functional of the CSCPS is established, with the governing equations for the disk derived by taking
the limit of the semi-vertex angle of the conical shell. Distributed spring technology is employed to
simulate the connection interfaces and generalized boundary conditions of the structure, while the
Rayleigh-Ritz method and Hamilton’s principle are applied to derive the dynamic governing equa-
tions of the composite blade casing assembly under elastic boundary conditions. The influence of
spring stiffness on the natural frequencies of the system is investigated through parameter analysis,
and the effectiveness and computational accuracy of the proposed modeling method are validated
via finite element simulations.
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Figure 1. Three-dimensional simplified model of the composite material propeller cowling (CSCPS)
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Figure 2. Schematic diagram of fiber angle
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Table 1. Geometric parameters of composite material structure
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Figure 4. Frequencies at different spring stiffnesses: (a) Connecting spring; (b) Boundary spring
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Table 3. The natural frequency of the composite material CSCPS structure

2 3. E&ME CSCPS HE B InZE

R PRI (Hz) AR W2
XA m ! NT=6 NT =8 NT =10 NT =12 NT =14 (Hz) (%)
6 1285.43 1284.17 1284.07 1284.06 1284.06 1280.7 0.26

7 1537.27 1536.55 1536.49 1536.48 1536.47 1532.5 0.29

C 1 8 1883.56 1883.07 1883.04 1883.04 1883.04 1878.2 0.26
9 2297.18 2296.46 2296.44 2296.44 2296.43 2291.8 0.20

10 2764.93 2763.06 2763.02 2763.01 2763.01 2759.2 0.14

6 2253.97 2249.62 2249.27 2249.24 2249.23 22482 0.05

7 2347.94 2343.42 2343.11 2343.08 2343.08 2339.8 0.14

S 2 8 2584.01 2578.09 2577.74 2577.72 2577.71 2574.1 0.14

9 2945.04 2934.48 2933.92 2933.89 2933.89 2930.7 0.11

10 3412.61 3391.72 3390.63 3390.61 3390.60 3390.9 0.01
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