Fa8t 1M R K E Al CA R R E R D) Vol48,No.11
20214 11 A Journal of Hunan University( Natural Sciences ) Nov.2021

XERS :1674-2974(2021)11-0142-08 DOI:10.16339/j.cnki.hdxbzkb.2021.11.014

Timoshenko 22/ 5 —$nik o547

BAHEET
(KIbHT 2 A T AR, W Kb ,410114)

# ZE.IEF Timoshenko BIRFN My H AR MBI IE AL REH LM I REWME
FAZ. S EARE DT ETIRER, REFEAUEEZEHHS = A EZIHZRGA X, %
B A 90 K Tl Rom et s B X B R A R = A B 52 % 502 A7, B BP Timoshenko 2 = 4 % —
SRR LR . AT R 5 AR T 951209 2~3 B iE 4 Timoshenko 699 542, M b
TR A IR I G0 25 M. 5 5T ) & Timoshenko 2% — . =& 6997 F it LA K.
BT T IR S IR B, BT S AR KRR, B E T e SR BT L5 M B IR R G R 2k 4l
PR, B3t R B AL AR A RS A AL AR A IR NG ARG IR A AT, B T
T REMABT IR Z6 R, PTIRREIE IR R AR £ T R S e AR S A RN A S

S
KEEIR I F 5 6 IR FE ; B =R ; Timoshenko £
hE 435 . TU3TS X HEkFRERD: A

Analysis on the Second Frequency Spectrum of Timoshenko Beam

XTA Guiyun'
(School of Civil Engineering, Changsha University of Science and Technology, Changsha 410114 ,China)

Abstract : Incorporating the boundary conditions, initial parameter solutions of vibration differential equations for
Timoshenko beam are used to derive the frequency equation of a simply—supported beam. When the natural frequency
is less than the critical frequency, the frequency equation can be factorized into the hyperbolic sine function and the
trigonometric sine function, while, when the natural frequency is greater than the critical frequency, the frequency e—
quation can be factorized into double trigonometric sine functions, which is the crucial reason for the existence of the
second frequency spectrum. Frequency equations for two—span and three—span continuous Timoshenko beams with u—
niform cross sections and equal spans are derived. Other structures with the second frequency spectrum are forecasted
theoretically. The formulas for the first and second frequencies are deduced for simply—supported Timoshenko beam.
The existence of the second frequency spectrum is confirmed through the examples. Through solving the differential e—
quation of motion, the critical frequency is proven to be an efficient part of the natural frequencies for the framed
structures. The corresponding mode shape of the critical frequency contributes to the displacement mode shape with

zero amplitude and rotation mode shape with constant amplitude. Due to the truncation error of the computer, the criti—

% MR HER:2020-09-22
BELWA : 1K A RBIEFE 4V BT H (51278072) , National Natural Science Foundation of China(51278072) ; [l 5 £ 2 £ 4x 75 ¥t By 70 H
(201808430114 ), China Scholarship Council(201808430114 ) ; 5445 2 & )T 8 450 H (18A131) , Key Project of Education Department of Hu—
nan Province( 18A131)
PEREN: = (1972—), 53, WIRTIIA, KPP TR 8ER, L OF)
+ BIEP AR N, E-mail : xiagy72@163.com



5114

KFE 2 : Timoshenko 2 A58 — 55 4 Hr 143

cal frequency predicted by the finite element method shows error, and the mode shape of the displacement is very ir—

regular.

Key words: frequency analysis ; cutoff frequency; second frequency spectrum; Timoshenko beam
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