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Lateral Vibration Analysis of a Nonuniform Beam
by Ritz's Method
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ABSTRACT

This papei’ discusses the lateral vibration of a beam with boundary condition of one end fixed
and the other end free. The uniform beam has a solution by summation of some simple
exponential functions. But if its shape is not uniform, its solution could be by Bessel's function or
mathematical solution could not exist. Even if the solution of Bessel's function exists, as Bessel
function is a series function, we must get the solution by numerical method. Author had proposed
the solution of the matrix method by Ritz's method and a new mode shape function, and had
earned the good results for a wedge beam. Hereby a vibration analysis for the tapered beam with

circle cross section was executed, and so good results were showed.
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v(x,t) =V (x)cos(wt — P)

AU FoUA S HHA AR =

Brhe AIAREYHOERE AHAFS

% gl
—-;-J:EI(ZZ—Z)%
T, =“’72 [ pavidx
g J1Er
“p LAVde

Ritze] 2AEIE 471 93t A%
o Fr¥HZ AT & Slvhx 3AL

Fl

V= Zakvk (x)
k=1

=av'

e,
a=[a a,a,
v:-[v1 vz...v"]
A7)NH BE o y= B9 AAZD

3, o 9lolg] Agrolt), 4 )&
og T AFAFTE T T

Ritzg ]2t gt

dv
(10

Oay ﬂAVzdx =0

aJpA

z=2 (-

da, v dx? I

¥)]

Az golo}
g 7%

3

@

32 et 2

)

6

& wEo}

HAZ 3=
A olE

)

®

A7l A AEg 4AE F A=F 4 845 T

3o B o3 g

Vi=v,a, 10)

an

2
'a,,]

2 2 2
v, [v, VY, VY, Y, v2v3---vn:|

2
a’2aa, --2aa, a, 2a,a, -

d
D=—
9, &
a =Dva' a2
dx
2
‘:;:2/ =D?va' (13
2
(—‘j—ixl—[—z—)2 =v,a, 14
%J
(D)’
(Dzv]Dzvz)
D*vD?
v On zv") > 5
(D)
(D*v,D%;)
L (Dzvn)z J
2] (14), (1008 A @ digste ezt ohs
7 o] Wk,
2
z =[ —“’—BD}a; a6)
E
& 7]e A,
C=[kn k- k, kzz'“knn] an

D=[m11 my comy, My +-m,,

=22/A 178 A10&E, 20073/947



s

18
m; = EAvivjdx

ojt}.
A (16)9 A ®)% Hgshd oLy e 143
TAZ AZd

Ka— o*Ma=0 19
%)
ku k12 "'kln
K= k12 kzz "'an
1n ™2n nn (20)

my mycmy,

M= my, My, =My,

ojt}.

29 ean 9
o 29 vgel Bel

T2 A D A 25 HYst
3 7F dojzirt.

V(x)=Ce” +C,e ™ +Ce™ +Ce™ D)

g7 A g9 cE BARPReEREH ¥

¥, Rizs] WHE B3] SAstel bt ol
2 g7 ASITHE AE3od gk

V(x)=2ak(§>z(1—§)*" 24)
k=1
2 o] #4e) BHL 49 e IA HshW,
AolA & & Y%o] A5} Bold v(n)el gl B
e_vgarﬂ 93, g 22 n4ANESY 24A
F2 T ojgA Bk 1AM ARe et
@& AEDTAL A v} Yok

V(ix)= Z a, sinh px sin(%z x) (25)
k=1

e g S o

o$=°e
g‘L
rlr

3.2 1P-X7

2o 4US

7)) Kirchhoff7h ald& vl & 953
B Zgayol thste] dufot.

ol §3 HEE 71 3A

Fig. 13} Zo] g%l 1235401 S, sese
o) AfEe AAEAE AW, 950 wAgol
roliL 922 wxgo] 03l %J g no 9%
o] Wate] uAskA 2 24 (24)3 (25)4 A5y WA
Ag A8l Te A (207 2L FHoz 1432
£48 BASD, o2 Wyd g T¥ 58

Table 1] B3It}

W, = ,B_,;r\/E (26)
F\p

Table 1914 hsing A7} Aokt A (25)E o]
£33l Ritz8e HE3 AoL, polys HEHoZ

Fig.1 A cone type beam

av
(V),,:o =0, ( "d_x—),;:o =0 .
dawv d d2
(Eldxz)_l—O dx( dxz)x-l 0
cos Sl cosh gl =—1 23
948/8=2 43U S3E3 =2 8/A 17 A 105, 2007



Ritz ol o]& vl o due A F 34

Table 1 3, for the various deflection functions

Or hsin-12 Poly-11 Etr. hsin-11 Err. Wrinch. Err.

1 8.7194 8.7192 0.00 8.7196 0.00 8.7180 -0.02

2 21.1456 21.1456 0.00 21.1456 0.00 21.1400 0.00

3 38.4528 38.4526 0.00 38.4528 0.00 38.4600 -0.01

4 60.6730 60.6712 0.00 60.6736 0.00 60.6800 0.01

5 87.7962 87.7892 -0.01 87.7966 0.00 87.8400 0.05

6 119.763 119.800 0.03 119.778 0.01 119.920 0.12

7 156.484 158.383 1.21 156.494 0.01 NA. NA.

8 197.766 216.984 9.72 198.745 0.49 NA. NA.

9 244.926 335.394 369 249.650 1.93 N.A. NA.
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