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Effects of Cone Angles on Nonlinear Vibration Responses of
Functionally Graded Shells

ZHANG Yuhang, LIU Wenguang, LIU Chao, LU Zhipeng
( School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, P.R.China )

Abstract: The nonlinear vibration responses of functionally graded materials (FGMs) shells with different cone angles
under external loads were studied. Firstly, the Voigt model was employed to describe the physical properties along the
thickness direction of FGMs conical shells. Then, the motion equations were derived based on the lst-order shear
deformation theory, the von Kérman geometric nonlinearity and Hamilton ’s principle. Next, the Galerkin method was
applied to discretize the motion equations and the governing equations were simplified into a 1DOF nonlinear vibration
differential equation under Volmir’s assumption. Finally, the nonlinear motion equations were solved with the harmonic
balance method and the Runge-Kutta method, and the amplitude frequency response characteristic curves of the FGMs
conical shells were obtained. The effects of different material distribution functions and different ceramic volume fraction
exponents on the amplitude frequency response curves of conical shells were discussed. The bifurcation diagrams of conical
shells with different cone angles, as well as time process diagrams and phase diagrams for different excitation amplitudes,

were described. The motion characteristics were characterized by Poincaré maps. The results show that, the FGMs conical
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shells present the nonlinear characteristics of hardening springs. The chaotic motions of the FGMs conical shells are
restrained and not prone to motion instability with the increase of the cone angle. The FGMs conical shell present a process

from the periodic motion to the multi-periodic motion and then to chaos with the increase of the excitation amplitude.

Key words: nonlinear vibration; bifurcation; Poincaré map; functionally graded materials; conical shell
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H Fwo/(2m). 3 3 ST 4l TR IR HE TR A AR B A 1 S RO AR AR D A5 SRR, AR SO B i T 5 45
FISCHK [16-17] 25 R LI
&1 FGMs HFEFERIFEI S
Table | Material parameters of FGMs cylindrical shells

material elastic module £/ GPa Poisson’s ratio v density p/ (kg/m®)
stainless steel 207.788 03177 8 166
Ni 205.098 0.3 8900

%2 FGMs FFZHIFERXT L (R=1, R,/h=500, L/R=20, m=1)
Table 2 Comparison of frequencies of FGMs cylindrical shells (R=1, R,/A=500, L/R=20, m=1)

fHzZ
" ref. [1] present
6 16.455 16.655
7 22.635 22.827
8 29.771 29.952
9 37.862 38.029
10 46.905 47.056

£ 3 AR BHFEIEN L (Ry=1, Ry/h=100, Lsin(yo)/R,=0.25, a=30°, m=1)
Table 3 Comparison of frequencies of pure metal conical shells (R,=1, R,/A=100, Lsin(y,)/R,=0.25, a0:30°, m=1)

Q=woRy((1-V)p/E)'"”

N

ref. [16] ref. [17] present
2 0.794 3 0.790 4 0.840 2
3 0.708 5 0.727 4 0.7412
4 0.6199 0.6339 0.642 1
5 0.543 7 0.5514 0.558 6
6 0.4896 0.4930 0.4993
7 0.462 3 0.463 2 0.468 2
8 0.462 7 0.462 3 0.465 4
9 0.488 2 0.4870 0.488 3
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Fig. 2 Variations of ceramic volume fraction exponents along the thickness direction
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Fig.3 Effects of ceramic volume fraction exponents on nonlinear amplitude frequency responses of FGMs conical shells
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Fig. 4 The bifurcation diagrams of FGMs conical shells for different excitation amplitudes under different cone angles
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Fig. 5 The time history diagrams, phase plots and Poincaré maps of FGMs conical shells under different excitation amplitudes (a0:15°)
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