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Fig. 1 The structural model of functionally graded annular

plate
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Tab. 1 The values of spring stiffness of different boundary
conditions

LT (Ni[;r{") <Ni”n/*> (N/f;n/’l) <N.£’r£d*'> (N-ni{-;gd’l)
C 10" 10" 10" 10" 10"
SS 10" 10" 10" 0 10"
SD 0 10" 10" 0 10"
E1l 10’ 10" 10" 10" 10"
E2 10" 10° 10" 10" 10"
E3 10" 10" 10’ 10" 10"
E4 10’ 10° 10" 10" 10"
E5 10’ 10° 10’ 10" 10"
E6 10" 10 10" 10° 10"

R2 FEBREMHTIIEE
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285 TR TR ST T Re R R (B B A 1)
HI 10 B [ A 4% (Hz) o BRI 6 BE 35 % p=1.0, 1R
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Tab.2 Comparisons of first ten order natural frequencies of functionally graded annular plate with different boundary

conditions(Unit: Hz)

B %
MBEM Tk
1 2 3 4 5 6 7 8 9 10
. SGM  326.33 337.26  337.26  377.76 377.76  460.40  460.40  585.63  585.63  742.83
e FEM  326.76 337.65  337.65  378.05  378.06  460.70  460.70  586.25  586.26  744.23
SGM 159.47 178.96 178.96  241.01 241.11 343.48  343.70  476.60  476.60  593.41
59788 FEM 159.54 179.03 179.03  241.10  241.10  343.74  343.74  476.99  477.00  595.16
. SGM  326.32 337.26  337.26  377.75  377.95  460.40  460.40  585.63  585.63  742.83
CEl FEM  326.76 337.65  337.65  378.05  378.06  460.70  460.70  586.25  586.26  744.23
. SGM  293.46 326.33  337.26  337.26 377.75  377.95  460.40  460.82  585.63 586.19
Cr FEM  293.57 326.76  337.65  337.65  378.05  378.06  460.70  460.70  586.25  586.26
SGM  293.46 326.32  337.26  337.26 377.75  377.94  460.40  460.79  556.71 556.71
e FEM  293.57 326.76  337.65  337.65  378.05  378.06  460.70  460.70  556.89 556.91
_ SGM 98.881 118.31 143.40 143.40  205.33 20542 29490  295.06  410.22  410.43
E2ED FEM 98.910 118.35 142.82 143.01  204.05  204.06  293.05  293.08  408.07  408.08
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Fig. 3 Comparisons of random vibration acceleration response at the response point of C-C functionally graded annular plate with

FEM results
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Fig.4 Comparisons of random vibration acceleration response

at the response point of functionally graded annular plate

with FEM results considering different boundary conditions
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Fig. 5 The influence of different gradient indexes p on the stationary random vibration response characteristics of functionally

graded annular plate
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Fig. 6 The influence of different outer radius-inner radius ratios R,/R, on the stationary random vibration response characteristics

of functionally graded annular plate
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Fig. 7 The influence of different boundary conditions on the stationary random vibration response characteristics of functionally

graded annular plate
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Fig. 8 The influence of different thickness 4 on the stationary random vibration response characteristics of functionally graded

annular plate
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Stationary random vibration response analysis of functionally graded

annular plate under complex boundary conditions

ZUQO Peng'*, SHI Xian-jie’, GE Ren-wei’, LUO Jingrun’
(1. Department of Modern Mechanics, University of Science and Technology of China, Hefei 230026, China;
2. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: An effective method, namely spectro geometric method-pseudo excitation method (SGM-PEM), is presented to investi-
gate the stationary random vibration characteristic of functionally graded annular plates with complex boundary conditions. The
boundary constraint springs are uniformly arranged along each boundary edge of the annular plate to stimulate the complex bound-
ary conditions. The stationary random excitation is transformed into the pseudo harmonic excitation by using the pseudo excitation
method (PEM). The displacement admissible functions of the annular plate are described based on the spectro-geometric method
which only contains concise trigonometric function within the framework of the first-order shear deformation theory. The dynamic
analysis model of functionally graded annular plate under stationary random excitation is established with the Rayleigh-Ritz method.
Compared with the results obtained with finite element method (FEM) , the effective and accuracy of the proposed method are
demonstrated. The influence laws of some factors which include gradient index, thickness, and boundary conditions on the station-

ary random vibration characteristics of functionally graded annular plates are analyzed.

Key words: random vibration; functionally graded annular plate; stationary random excitation; spectro geometric method-pseudo

excitation method (SGM-PEM) ; complex boundary conditions

fEFERA: A 995—), B 04, ik 132575599765 E-mail: zuopeng@mail.ustc.edu.cn,
WIRES: GEA(1985—) B it g TRR R A+ AR S UW . HiE . (0816)2493287; E-mail: 411shixj@caep.cn,



