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Vibration Analysis of a Rotating Cantilever Beam
with Tip Mass Using DTM
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ABSTRACT

The vibration analysis of a rotating cantilever beam with tip mass was studied by using DTM(dif-
ferential transformation method). DTM is one of the numerical methods, for finding series solutions
by transforming differential equations to algebraic ones similar with Laplace transform. The advan-
tages of the DTM are that it is easy to understand and is effective in finding numerical solutions.
Applying DTM, the natural frequencies of a rotating cantilever beam were obtained taking into con-
sideration the effects of tip mass. Also, convergence study of DTM was performed to decide the
number of terms used in eigenvalue problems. Numerical results obtained by DTM show good agree-
ment with those by other methods. As a result, it is expected that DTM can be a useful method in

vibration analysis such as that of a rotating cantilever beam with tip mass.
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Table 2 Comparisons of nondimensionalized natural
frequencies of a rotating cantilever beam

First Second
! DTM FEM"? DTM FEM"?
0 3.5160 3.5160 22.034 22.0345
1 3.6817 3.6817 22.181 22.1810
2 4.1374 41373 22615 22.6149
3 47973 47973 23.320 23.3203
4 5.5851 5.5850 24273 24.2734
5 6.4496 6.4495 25.446 25.4461
6 7.3604 7.3604 26.809 26.8091
7 8.2997 8.2996 28.334 28.3341
8 9.2569 9.2568 29.995 29.9954
9 10.2257 10.2257 31.771 31.7705
10 11.2023 11.2023 33.640 33.6404

when, =0, § =0, N=30(DTM)

1062/3t=2288 83

o

Sl=28/A20H A 11 &

ofy
N

[e2]
N

g wrk 1003 = y7k 1, aga 3
Fogl A, Bd oane) ufplss A
3= Fig. 30l EAE T F49 &9 sl No
bl W 24557 SRS B s
_"’:Eﬂoﬂ F93 N E3l =718 Eo

o =

=

o
7

—|_"
1o,

S omd RoofN mY on mX
N
oo
—10

iy 7/4\3 Rayleigh-Ritz method®] 7%, No]

Frs LfA A 7F A2 o sk v,
DTM9 749+ & Wde d3ds 3] &
= Aolt},

AFE ek FEAS BEUE, T | A
&9 7k o AfFETE Ao, &
8 4814193} Rayleigh-Ritz methodZ ©]&3 2

= /\;\D}(Table 2 7‘9'}_)

wleb, DTMS o] &3 A gdait} & 4 9)
oum, NEA Al F&3 WHOE ALE THsEE

O~
& = 9tk

Frhom, 4% A%l Fhl WE nHAES
sk ohs] A1 a7 oolat Vel 40%) el
Ak

SRR

thsto] % =
kit Xd Al 9RO IfETE daldgel
2 7 A F(stiffening effect) 2 13} A A

90

60

50 [

40F

Nondimensionalized natural frequencies, A

Nondimensionalized tip mass, p
Fig. 4 Nondimensionalized natural frequencies with
respect to nondimensionalized tip mass
(when, § =0, N=40, dashed line for Y=0,
and solid line for y=1)

, 2010



e f13 ds s 3 o #u o DIMS °]83 e &4

)

%

R=)

o

k1

o

™

offt

-

N

UT‘
o Proml
ol Ko

N
1] =

i

oy =

offt B w

2L (

B W 4

o
i)
ot
o
=
o
iy
o
o
K
rir
=]
o
2

o

sk BgolA DTMS Hlu A o

off

N
) A
o ¢
I
o
o
w)
H
<
o
o
ofo
ol
9
:Oé
A
o
32
o
¥ My ko

+ &
o
<
"y
o
fitl
:(lDL_r‘
i
2 ne
[o
-
%9
o &

oo fop X o

w45 A% 37 % A4 Sud Be 9
2o N4UEFE DIME A83le] alasi.
AP But 9F Aol F 1

=
FHmass effect)el]l 2ot THH
gelatgion, 3|dshe R =
’d AT (stiffening effect)?} A 2]
of oJste] s Rto weh Aoldt ifizlEad
W3k gl

offt
&
N
o
Ex
oo

ol e,
i
2
o
o
o

o
1o,
ox
}0{'
5
ofp

#Ael =

o] RS 20109% AR (WSHET|ET) A
Ao SaAFATe] A YS vrol FefE 72
T-AF S (No. 2010-0006654).

il

3

Fo
ra

o
4

B
0jo
M

(1) Zhou, J. K., 1986, Differential Transformation
and Its Applications for Electrical Circuits, Huazhong
University Press, Wuhan China(In Chinese).

(2) Ozdemir, O. and Kaya, M. O, 2006,
“Flapwise Bending Vibration Analysis of a Rotating
Tapered  Cantilever Bernoulli-Euler ~Beam by
Differential Transform Method,” Journal of Sound
and Vibration, Vol. 289, pp. 413~420.

(3) Southwell, R. V. and Gough, B. S., 1921, “On
the Free Transverse Vibrations of Airscrew Blades,”
British A. R. C Reports and Memoranda, No. 766.

(4) Lee, J. H. and Yoo, H. H., 2009, “Vibration
Analysis
Tapered Cross Section,” Transactions of the Korean

of Tip Mass Cantilever Beam Having

Society for Noise and Vibration Engineering, Vol.
19, No. 4, pp. 363~369.

(5) Bhat, R. B., 1986, “Transverse Vibrations of a
Rotating Uniform Cantilever Beam with Tip Mass as
Predicted by Using Beam Characteristic Orthogonal
Polynomials in the Rayleigh-Ritz Method,” Journal of
Sound and Vibration, Vol. 105, No. 2, pp. 199~210.

(6) Hoa, S. V., 1979, “Vibration of a Rotating
Beam with Tip Mass,” Journal of Sound and
Vibration, Vol. 67, No. 3, pp. 369~381.

(7) Yoo, H. H., 1994, “Dynamic Analysis of Tip
Mass Cantilever Beam Undergoing Rigid Body
Motion,” Society for
Aecronautical & Space Sciences, Vol. 22, No. 6, pp.
86~91.

(8) Chen, C. and Chen, S., 2004, “Application of
the Differential Method to a
Non-linear Conservative System,” Mathematics and
Computation, Vol. 154, No. 2, pp. 431~441.

(9) Meirovitch, L., 2001,
Vibrations, McGraw-Hill Companies, Inc., NewYork.

(10) Wright, A. D., Smith, C. E., Thresher, R. W.
and Wang, J. L. C, 1982, “Vibration Modes of
Centrifugally Stiffened Beams,” Journal of Applied
Mechanics, Vol. 49, pp. 197~202.

Journal of the Korean

Transformation

Fundamentals  of

NEZSS| =28 /42038 A 11 &, 2010/1063





