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Study on Cantilever Beam Tip Response with Various Harmonic
Frequencies by Using EDISON Co-rotational Plane Beam-Dynamic
Tip Load
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"Mechanical and Aerospace Engineering, Seoul National Univ., Seoul, 08526, Korea

Abstract

In this paper, Euler-Bernoulli beam theories(EB-beam) are used, and Fast Fourier Transformation(FFT) analysis is then employed
to extract their natural frequencies using both analytical approach and Co-rotational plane beam(CR-beam) EDISON program.
EB-beam is used to analyze a spring-mass system with a single degree of freedom. Sinusoidal force with various frequencies and
constant magnitude are applied to tip of each beam. After the oscillatory tip response is observed in EB-beam, it decreases and
finally converges to the so—called ‘steady-state. The decreasing rate of the tip deflection with respect to time is reduced when the
forcing frequency is increased. Although the tip deflection is found to be independent of the excitation frequency, it turns out that
time to reach the steady state response is dependent on the forcing frequency.

Keywords - euler-bernoulli beam, FFT, Co-rotational plane beam model, steady-state, dynamic tip load

1.M B < Timoshenko beams #3LAZE dfAlsle] 1/
=

g Tote A= skt

W

9]&H (cantilevered beam)w PIAE 2FE 714 HA=
ot 97
2, 3 AR A % (micro-surgery) el AME-
71A Aule] 94 aRla FUdE ashe TRt 4t
ofe] ARgE T Qih thFEe] 7%, ﬂ*‘llﬂ-_«l Aol
3} 7lE WA E a3, 7RIFaE7E G 24 B2
Sttlets JZ A A= osok(transverse direction) &
ZlEo] Ao Hrt.
Pratiher®t Dwivedy(2011)= F714 22
Aol B e Fike B4 HAPACR
F3tdeh. =3 Thomas, Wilson 2|3 Wilson(1973)

ZZFZ}F(micro-robotic manipulators) 2

S ()

W—EPNEEL‘NEFX‘E

Hal= A7)

e HAY e 2d ] de] AMgEI e
total Lagrangian, updated Lagrangian 324790l
Hlg] < Rankinol 93] ¥4 Co-rotational (CR)7IH
2 22 HyE 2 2 IALFS zte 2l 7|5 |

‘”T/} Crisﬁeld(l990)-‘£— 32 1ol

A 2ol 54 74501] "415 ?i:r"f‘— ﬂ%}‘ﬁv}

£ =FdM+e Euler-Bernoulli beam theorys 283}
12} A% spring-mass model2 A% 3l
d4-& AdPstal, CR beams AHE3le] doixl o &ZA7)
2 BA3lo] spring-mass model® Blwsldth, =3k CR

' Corresponding author:
Tel: +82-2-830-1901; E-mail: ssjoon@snu.ac.kr
Received April 21 2015; Revised July 29 2015;
Accepted September 7 2015
©2015 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work
is properly cited.

ZEATRTEE =22 H28H M55(2015.10) 477

L(.)l



EDISON Co-rotational Plane Beam-Dynamic Tip LoadS ©]-&3F 7}12F<=

beam= &3] 4

Pi=

& Z9E vgos 7434 g 2 A

il

2.2 E

z3 Aoxe] A3} Hlw
= 6}04 CR ¢#r Deﬂ.lgl AHYE HFh w13 7
Z24 72527 a2 =R 22 Euler-Bernoulli beam ©]
¥ ofgE Fdy 724 % ﬂiﬁﬂrﬂ 22" CR7IY= ©&
gk olEE mdl gt A 1F gl wslele sl Fas
el 22 A Il gk ® %:% selgit.

2.1 o|&4 w7

2.1.1 Euler-Bernoulli beam ©]& %4

g28e PAZ e A8 ke deshe fFE AP
m ZF Al 29 ole FEE JPe dv o] 2l
AHFIFE A (DI Zo] AT 4 9lon, Hol B4

g 5 34 k9N 78 & g

k 3ET
k = —3
Mgy L

o el e 8 A9
2ol & = T (714 «q, I
AelAfe] 3 AR Reg oxe] AlFE Yehdth).

21 (2),(3)5 &3l okl

q
QA&A A2 e Fol e

2o

L
Kol
—

o 3EL _QQ\/ BL__ o | _EI 2)
o/t L3wsz’ o "V pAL* "V omr?
EI mL®
M= 3[/—3 m4E[: %m (m =beam mass) (3)
aQ, a,

n n

meh SBRE okglel 4 ()5 2ol 13 A%E o
2 yehd ¢ 9

m g+ kr =0 (4)

o7|M, Bl Afetel Z8 7S M ZWEF(transverse
direction) 2.2 ®etiy AZsid 4 (5) oz Yehd 4 3l
Al Fof ZHFAQ o]2AE F& 4 it

meffi'-f- kx= Fjsin (wt) (5)

478 st=fATAEBsts] =28 M28H H55(2015.10)

W] w2 ojBrel AT AE AT -

2.1.2 CR-beam =4

Co-Rotational Beam =@ 7]3}8H4 u]dg A
BAATH F2HEY T AR SHHCRE o] &
th. FH840A Euler-Bernoulli ©]& 7%k Z4Jd
Tas] MYE dS3ta, FAATAAME 33 E ol
AlxFeTh(Battini, 2011).

Fig. 13} #o] Hejd
g 7Pdde] #AZ CR-beam
(6)2 2ol vepd &+ 3t

(

m&‘ﬁ 1% offl
O e o

229 $ENIAS 2YHo] 9
2] PHAE ofelel A

Ma+ Cp+ K = F(t) (6)
_ 9, of, of
My=—n G= e B = 5 (7
21 ()& B3k] CR-beam W42 7] &3 (damping
effect) S ¥3Haic}
Deformed
frame

Deformational motion

Motion separated to

Co-rotated deformational and rigid

frame

Rigid bocly motion ('

Undeformed
frame

Global frame

Fig. 1 CR-beam

2.1.3 34 =
Fig. 25 % o o
CR beamelX 7Pgek mdd tigh 23e Z&Z=a3<l

Fig. 2 Analysis model

Table 1 Numerical information of analysis model

Numerical Value
Area(m?) 0.05
Length(m) 4.57033
Young's Modulus(GPa) 210
Density(kg/m”) 7.85x10°
Force(N) 10%sin(3¢)
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Table 2 Comparison of theoretical and analytic frequency

Excitation Frequency | Natural Frequency
[Hz] [Hz]
Theory 3 4
Analysis 3 3.954
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Fig. 6 Comparison of frequency by using FFT
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Harmonic Period of the model | steady-state time
frequency (Hz) (s) (s)
1 1 2500~3000
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3 1 2500~3000
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8 0.25 2500~3000
10 0.5 2500~3000
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