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Dynamic analysis of a functionally graded material beam

undergoing large overall motions
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(1. College of Civil Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225127, P. R. China;
2. School of Science, Nanjing University of Science and Technology, Nanjing 210094, P. R. China)

Abstract: The deformation field of the flexible beam was described by using the assumed mode method and
the finite element method and the dynamic characteristics of a hub-functionally graded material beam
undergoing large overall motions were studied. Assuming that the physical parameters of functionally
graded materials followed certain kind of power law gradient distribution and varied along the thickness
direction, considering both the longitudinal deformation and transversal deformation of the beam, and
taking the nonlinear coupling term known as the longitudinal shortening caused by transversal deformation

into account, we derived the rigid-flexible coupling dynamics equations of the system described by two
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different discrete methods with a uniform form via employing Lagrange’s equations of the second kind. The
validity of the finite element method established in this paper was verified by comparison with the
numerical simulation results of the assumed mode method. The limitation of the assumed mode method
based on small deformation assumption was illustrated by the example of large deformation. On this basis,
the influence of functional gradient distribution rules on the dynamic characteristics of flexible beams
undergoing large overall motions was discussed. The results show that the assumed mode method cannot
deal with large deformation problem. When other physical parameters of functionally graded materials
beam remain unchanged, the maximum displacement of the beam increases with the increase of functionally
graded materials index while the natural frequency of transverse bending of beam increases with the
increase of rotational speed, and when rotational speed is constant, the natural frequency will decrease with
the increase of functional gradient index.

Keywords: functionally graded material beam; rigid-flexible coupling; dynamics; natural frequencies
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Fig. 1 Deformation of the FGM beam
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Fig. 2 Finite element discrete model of the FGM beam
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2 4.390 8 4.390 7 0.003 0 76.177 2 76.891 8 0.929 0
3 4.494 9 4.494 3 0.013 0 76.724 3 77.450 4 0.937 0
4 4.630 9 4.629 6 0.028 0 77.483 4 78.225 3 0.948 0
5 4.791 7 4.789 6 0.043 0 78.448 1 79.209 7 0.961 0
10 5.772 6 5.764 9 0.133 0 86.048 7 86.953 7 1.040 0
20 7.869 0 7.8150 0.690 0 111.131 3 112.397 9 1.126 7

%2 N IR D 0, T BEAS KE BT RE G B s AR S L SR AR e B 250k A BROTIA 45 3 1) 2 RE A J3E 44 BL
S 1) 25 i 1 7 2505 ) B B 4 N S AV L. FHBEIE $=151/7059 =3 000/2 707,7 =3, W% 2
AT DL B B I AR 23 B A T RE B AR R N 3 ORI e/ BT N R S B AR G R
MR, 510 FroR g —3.
R2 DEBEMHREARIEEEEE TAMARER A ENEFMELLE
Table 2 Comparison of natural frequencies of FGM beams with two different

discrete methods under different FGM indices

T RERS BB ARG BB AR IE Rk ARTE

HBH N (—FM (—F (ZB (ZB (=FD (=D
1 4.494 9 4.494 3 27.865 9 27.949 8 76.724 3 77.450 4
2 4.375 2 4.374 5 27.109 9 27.191 0 74.556 6 75.262 9
3 4.312 4 4.311 8 26.713 6 26.793 3 73.419 4 74.115 3
4 4.264 4 4.263 7 26.410 2 26.488 8 72.548 1 73.236 0
5 4.223 8 4.223 1 26.153 9 26.231 6 71.811 9 72.493 1
10 4.085 8 4.085 0 25.2817 25.356 2 69.303 5 69.961 8
20 3.958 3 3.957 5 24.475 8 24.547 4 66.982 2 67.619 3
50 3.844 8 3.843 9 23.758 7 23.827 6 64.913 0 65.531 2
100 3.797 8 3.797 0 23.462 2 23.530 1 64.056 6 64.667 0
300 3.763 4 3.762 6 23.244 7 23.311 8 63.427 9 64.032 6

500 3.756 2 3.755 3 23.199 2 23.266 0 63.296 1 63.899 6
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