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Abstract In this paper, the rigid-flexible coupling dynamics of the rigid-flexible beam system under large overall rotating
motion is studied. The flexible beam is a functionally graded material (FGM) tapered beam, and its material properties are
assumed to vary along the beam axis with a power law relation. The geometrical displacement relationship of the flexible
FGM beam is described by the arc coordinate. The transverse bending and longitudinal stretching of the flexible bean
are considered by the variables of the slope angle and the stretching strain, respectively, and tlkeshisataken into
account. The assumed modes method is used to describe the deformation field, and Lagrange’s equations of the seco
kind are used to derive the equations to obtain the rigid-flexible coupling dynamic model considering theffebear e
Based on the new rigid-flexible coupling dynamics modeling theory, dynamics of the FGM tapered beamfaevihtdi
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axial gradients are studied. The influences difelent rotating speeds, gradient distributions and variable cross-section
parameters on the dynamic characteristics of the system are analyzed by numerical simulations. The results show th:
the dfect of shear on the deformation of FGM tapered beam with depth-span ratio is obvious. The distribution of the
material gradient and the selection of the cross-section parameters will have a great influence on the dynamic responst
and frequencies of the rotating FGM tapered beam. The rigid-flexible coupling dynamic model considering the shear
effect is a further improvement of the previous non-shear model, which can be applied to solve the dynamic problems of

the Timoshenko beam structures.
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Fig.1 Flexible beam deformation
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Table 1 Cross-sectional FGM beam system transverse bending dimensionless first natural frequency

a by SAMTB Ref.[21] Ref.[19]
bp = 26, by = 16
ap=1 by =6, bg=-4 18.97367 18.97366 18.97367
bs=1
bp = 324/5
ap=1,a=1 by = 214/5, by = 104/5 2244673 22.44639 22.44994

b3 =-6/5, by =-11/5, bs =1
bp = 587/5, by = 406/5

a=1la=1a=1

by = 45, bs = 44/5

25.92167 25.92105 25.92296

bs=3/5, bs=-2, bs=1

% 2 Rk TimoshenkoR Byt [ 2 th T 240
E—EHME
Table 2 Transverse bending of wedge-shaped timoshenko

beams Dimensionless first natural frequency

A 0 1 2 4 8
Ref.[20] 3.4804 3.6464 4.0978 5.5320 9.1524
SAMTB 3.3566 3.6556 4.1271 5.4675 9.1476

3.2 [ bh IR R E B SR E AT L

DL R WFFEASTA] ) 58 5 BRI = 5 L 5 FGM AR
TR ) 25 i T A [ A A TR S T, R R ORI
PER R BRI H U a0 = 1 1 by = 26, by = 16,
b, =6, bg= -4, by =1 73R =1,R =1
R, = 08,R, = 06; R, = 05, R, = 05; R, = 04,
Ro = 0.2. fEAA o, A TEOLT, THEASH Bk
WA, L 3 4R BB A B 4
FIAN ) 58 FE bb B i B B 25— B JE s 4 il A A

RIAMAREEREEZHE M T EREBINE LK
Table 3 Comparison of the first order non-dimensional natural

frequencies of four dierent cross-section beams

. Ry=1, Ry=08, Ry=05, Ry,=04,
Ry=1 R, =0.6 R, =05 Ry, =0.2
2 19.0013 21.7587 25.3759 29.8625
0 5 191390 22.0748 25.8960 30.0087
10 19.6170 22.4306 26.0297 30.5922
2 19.0797 21.8700 25.4750 29.9229
05 5 19.9230 22.7650 26.8567 30.5897
10 21.3236 24.0257 27.4847 31.9658
2 19.1564 21.9026 25.5057 29.9843
1 5 209785 23.8964 27.0989 31.8965
10 23.0705 25.6802 29.0150 33.4241
2 19.1564 22.0530 25.6415 30.1120
2 5 228461 26.0534 27.9085 33.8799
10 26.2129 28.6994 31.8514 36.1595
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