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Dynamic Analysis of Cantilevered Curved Beam using Model Analysis Method
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Abstract

The Paper presents three methods for calculating the natural frequencies of cantilevered curved Beams.

A summary is given of the development of two techniques: theoretic value and the result of the experiment. Theoretic
value of curved beam vibration analysis are derived from complementary variational principles assuming as unknown
stress-displacement result fields. In order to perform free vibration analysis of curved beam, Aluminum-made cantilevered
curved beam is used in experiment. Experimental input and output signals are derived from the impact hammer and the
one accelemeter are amplificated by an amplifier. The validity of the modal analysis method
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Curved Beam Normal Modes
at 4 B 4+2a%B%cosal
Natural Fre\/‘ﬁncy . costh +2ﬂﬁcs(i)zrs1flL
o (1)1;2 EJl. - sinhBL(a*—B%)=(
S oL | B,L | AHz
1st FAB(5=2em) | 1870 | 1.869 14.28
s
SAE(5=8cm) | 1760 | 1759 1265
ond TAE(5=20m) | 4690 | 4.680 89.98
FTAE(5=8cm) | 4700 | 4690 89.92
2d K (6=2cm) | 7855 | 7854 | 25166
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ESE F @) L5255 (Ho)
1 j]— =4 E].((S = 2(:/71) 14.61
FH (5= 8em) 14.60
- ZA R (5= 20m) 91378
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=4 .‘_ﬂi@ = SCm) 253.58
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Accelerometer

Impact hammer

(a) BME 5=2cm

Accelerometer

Impad hammer

(b) FME 5=8cm

(28 8) TNl 2R= My

y

A A ¥
Cantilevered Size 420mm x40mm
Curved Thickness 3 mm
Beam Material Aluminum
Accelerometer Model PCB, 353B17
Impact Hammer Model PCB, 086C03
Amplifier Model PCB, 480E09
A/D Converter Model rtd 2210

60

H7H ME 3 23%F, 2007. 2



&
oA egoziE AFFTE FIAL AF
oM dojA ZAWY THAFFE T E 59
ety Atk AR nHHES QoA A
ANA L AR so] AATE AFsT7t FATE
¢ g Utk ol ARAFFY Gae THAF
& A7t EAEFE 14 2HAFFAMAE 20%
o] ZAE 27 AFIFFAAE 1% 32 I/ F
Foll A= 03%E 7HAasta gglc

TR Ist(Hz) | 2nd(Hz) | 3rd(Hz)
AR (5=2m) | 1367 88 | 25195
M (5=sem) | 1074 8789 | 25097

ojo} Zo] WA Hdre| o]B4ol ofsf
@3 Agel 93 o= gAY A 1

=
AF5o it & 63 2T FRasdLA>
2
al

|

T

o

]

a>dgs) ez TRNFFIL IA

T

AT AR AFHLY 2
AR Boke 8om A A EAWEE 143
o] Aol7k A YEMY AAT AHF 2emY
8 asfdo] o] &gt Y 2%HE A
el 6% 8 E A YERI YA T HHe
2 Z7MtAA e ss| el s o] &) Aw)
13%FE A div) 26%3= A Yeln 9
o AP Agte] o2 Ay AR HES
AESHA ThEA &L oxgy #dHT,

A n n
A A T Y i) [oed()| )
oyag | FaR(=2m) | U | 9B | 166
T H(5=sam) | 1265 | 8992 | 25166
wag A=) | 1367 | 8886 | 251%
ZHH(6=scm) | 1074 | 8789 | 25097
i A=) | 1461 | 9138 | 25691
=M E(& = 80m) 14.60 89.72 253.58
52 E
A B ol B AURE MLt
549 A4 AAse THUESE WTP A3
1) AEEH FAAE g 1/F2EF o] B/
ARgs vwdl £ 47 gAE & A HD
2 F2ge FE4E FRsld 29T o
el Hgao] T
(@ F4uBe AfTolNe Ao| F4F D4
Foe gagy
) 2HBY SEAS H423, oy A4
gkl vlmel A7le eabs TR v
g A ZHA abebal dgE
UAlel 2

B 97e DARTT AERANEAY S AT
4 R&D BO3)ell ofsf =Y

1. Timoshenko and Gere."Theory of  Elastic
Stability” Second Edition, McGraw-Hill, Co., 1961

2. ]. T. Oden, E. A. Ripperger. "Mechanics of Elastic
Structures” Second Edition, Hemisphere Publishing
Co.1981

3. Charles G. Culver, Natural Frequencie of
Horizontally Curved Beams., ASCE, Journal
of the Structural Division, April, 1967, pp
189~203

3. Chai Hong Yoo, Flexural-Torsional Stability

61



o
02

Mo
=i
N
=]

of Curved Beams., ASCE, Journal of the
Engineerin Mechanics Division, December,
1982, ppl351~1368,

Young J. Kang and Chai H. Yoo,
Thin-Walled Curved Beams- | :Fomulation
of Nonlinear Equation.,, ASCE, April, 1989,
pp 2072~2101

Chai H. Yoo, Young J. Kang, and James S.
Davidson, Buckling Analysis of Curved

Beams by Finite-Element Discretization.,

ASCE, Journal of Engineering Mechanics,
August, 199., pp 762~776

. Sophia Hassiotis and Garrett D. Jeong,

Identification of Stiffness Reductions Using
Natural Frequencies., ASCE, Journal of
Engineering Mechanics, October, 1995, pp
1106~1113

. Walter D. Pilkey, "Formulas for Stress,

Strain and Structural Matrices", 1994.

62

HM7H H1E &3 23%, 2007. 2



