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Fig. 1 The model for a continuous multi-segment beam under arbitrary boundary conditions
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Fig. 2 Potential discontinuity of the displacement function at the endpoint and the solution way
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Fig. 3 Schematic diagram of a 2-segment cantilever heam
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Table 1 The Ist natural frequencies of a 2-segment cantilever beam with variations of L, /L,

L/L,

d, /mm item

8 35 2 1.75 1.25 1 0.5 0.2

analytical solution
9574.61 11217.2 12654.7 13055.7 12584.2 11691.9 8 198.11 5 656.26

o /(rad/s)
20 this paper
9568.0 11220.8 126569 12860.3 12588.9 11694.1 8199.35 5 656.58
 /(rad/s)
error 8 /% -0.07 0.03 0.02 -1.5 1.5 0.02 0.02 0.01

analytical solution

8 876.48 9556.34 10044.8 10 125.6 10191.1 10090.8 9 109.15 7 580.81

w /(rad/s)
30 this paper
8 886.36 9 560.53 10049.8 10 132.2 101949 10094.6 9 111.47 7 581.9
 /(rad/s)
error 8 /% 0.11 0.04 0.05 0.07 0.04 0.04 0.03 0.01

analytical solution

8494.57 8796.66 8994.52 9027.12 9062.28 9038.4 8707.97 8015.87

o /(rad/s)
35 this paper
8 518.43 8808.71 9002.26 9 035.01 9069.37 9043.32 8711.3 8017.29
 /(rad/s)
error 8 /% 0.28 0.14 0.09 0.09 0.08 0.05 0.04 0.01

K2 C-FAFPRBERN— A IRIRI d,/d, B2

Table 2 The Ist natural frequencies of a 2-segment cantilever beam with variations of d,/d,

d,/d,
item
8 7 6 5 4 3 2 1
analytical solution
13088.0 13048.9  12981.1 12 864.7 12653.0 122225 11 184.0 8 108.31
w /(rad/s)
this paper @ /(rad/s) 13092.4 13 057.1 12979.7 12 869.5 12 654.7 12219.0 111845 8125.35
error 6 /% 0.03 0.06 -0.01 0.04 0.01 -0.03 0 0.21

o3 EEDANREEmAES, L, =117mm, L, =33 mm, p, =p, =7 800 ke/m’ , Wik
REPIRTT LR d, =40 mm, d; = 38 m HESWILEL B,1,/(E.l.) SO ASCHR S
— B AR L2 3, ST IR R X TN AR IR 22N T 0.13%. LR SSUBHE R BR i A
TRATRBE £, 1,/ (E,1,) FU/INTT AR B K,

F3 C-FUATREBREN— ARBRE E\ 1,/ (E, 1) M7

Table 3 The 1st natural frequencies of a 2-segment cantilever beam with variations of E,I,/(E,I,)

w /(rad/s)
E, /GPa E, /GPa E1,/(E,1) error 6 /%
analytical solution this paper
127 70 2.227 6 508.14 6 513.20 0.08
206 120 2.108 8 289.24 8296.17 0.08
108 68 1.949 6 002.42 6 007.26 0.08
145 103 1.729 6 955.79 6 962.05 0.09

206 173 1.462 8 291.84 8 302.74 0.13
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L ITER NG BN R IET 45 R 22 1% 4 = BOR S M A — IS IR & 5.6 s,
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Fig. 4 Schematic diagram of a 3-segment beam with 2 ends clamped
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Table 4 Natural frequencies of the 3-segment beam with clamped-clamped boundary conditions

o /Hz
frequency error 8 /%
ref. [15] this paper
o8 16.13 16.11 -0.12
w, 41.10 41.00 -0.24
w; 78.68 78.68 0
[N 130.55 130.55 0
s 195.01 195.01 0
X
o 0.2 0.4 0.6 0.8 1.0 1.0
-0.2 0.5
~ 0.4 =
= - O
3 z 0.2 0.4 0.6 0.8 1.0
- -0.6 x
-0.5
-0.8
-1.0 -1.0
5 7 i ] 2 1) = BRI — B S 14 B 6 s E Y =Bt iy s A
Fig. 5 The Ist-order modal shape of the 3-segment Fig. 6 The 2nd-order modal shape of the 3-segment
beam with 2 ends clamped beam with 2 ends clamped
:l: >
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Free Vibration of Multi-Segment Beams With
Arbitrary Boundary Conditions

BAO Siyuan, ZHOU Jing, LU Jianwei
(Department of Engineering Mechanics, Suzhou University of Science
and Technology , Suzhou , Jiangsu 215011, P.R.China)

Abstract: The vibration characteristics of continuous multi-segment beams were studied. Other
than classical boundary conditions ( such as simple supports) , the elastic constraints were con-
sidered to analyze the free vibration characteristics of multi-segment beams. Firstly, according
to the spectro-geometric method, 4 auxiliary functions were added on the basis of the tradition-
al Fourier series to construct the lateral displacement function for each segment of the beam.
Secondly, new expressions of the Lagrangian functions for the beam structure were obtained by
substitution of the supposed spectro-geometric form into the Lagrangian functions. The free vi-
bration problem was transformed into the standard matrix eigenvalue form from the Hamiltoni-
an principle, and the natural frequencies and modes of the beam under arbitrary boundary con-
ditions were obtained. For 4 numerical examples, the natural frequencies and modes of the con-
tinuous multi-segment beams were calculated under different boundary conditions of variant
spring stiffness values. Comparison of the results between existing literatures and this work

shows correctness, standardization and efficiency of the proposed method.

Key words: spectro-geometric method; arbitrary boundary; continuous multi-segment beam
free vibration
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