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ABSTRACT

Modeling and verification for stability analysis of axially oscillating cantilever beams are

investigated in this paper. Equations of motion for the axially oscillating beams are derived and
transformed info dimensionless forms. The equations include harmonically oscillating parameters which

are related to the motion-induced stiffness varation. Stability diagram is obtained by using the

multiple scale perturbation method. To verify the accuracy of the modeling method, several points in

the plane of the stability diagram are presented and solved. The present modeling method proves to
be as accurate as a nonlinear finite element modeling method.
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Table 1 Numerical data used for the simulation
. Notation Description Numerical data H
P Mass per unit length 1.2 kg/m }:( "
. E Ui
E Young's modulus 70 GPa ‘ ¥=(d Y=,
A Cross section area 40 E-4 m® 45 P
I Area moment of inertia 20 E-7 m* & 2(‘)1
Fig.3 Eight parameter positions in the stability
L Length 10m diagram

S=ASESHE=RE/A 169 A 23, 200610/179



7‘_‘])\&15.

3.0x10"

CASE A(0.2,0.1)

20x10” |

1.0x10*

a.0

-1.0x10"

20x10" - Present modeling

Nonlinear F.E. modeling

LATERAL DISPLACEMENT (m}

-3.0x10" L L
[ 5 10 15 20

TIME (sec)
(a) Position A with parametric values (0.2, 0.1)

a0’
i CASE B (0.75, 0.3)
e .
z
]
E 1x10°
g
o
1] 0
[=]
-
<
x o
Wo.1x10
= Present modeling
S -------- Nonlinear F_E. modeling
210" " L L 2 L
0.0 05 1.0 15 20 N 25 3.0
TIME (sec)

(b) Position B with parametric values (0.75, 0.3)

8.0x10"
£ CASE C(1.7,0.5)
= 40x10"
z
i
=
o
5 a0
o
@
[«
-
& <o’
w
= —— Present madeling
3 ~~~~~~~~ Nonlinear F.E. modeling
8.0x10" 1 - L L
0 2 4 [ 8 10
TIME (sec)

{(c¢) Position C with parametric values (1.7, 0.5)

1.5x10% 1
E CASE D (3.1, 0.5)
= toxta?
4
w
5 500" -
W s
<
-
a
73 00
o
-t
ke
& soxie" |-
’5 ——— Present modeling

Y Nonlinear F_E. modeling

o 1 1 AR 1 Il
[ 20 40 60 700 800 900 1000
TIME (sec)

(d) Position D with parametric values (3.1, 0.5)

LATERAL DISPLACEMENT (m) LATERAL DISPLACEMENT (m)

LATERAL DISPLACEMENT (m)

LATERAL DISPLACEMENT (m)

%% 9

3.0x10"

2.0x10"

CASE E(3.2,0.5)

1.0x10"

X9

-1.0x10"

-20x10" -

Present modeling
~~~~~~~~ Nonlinear F.€. modeling

3.0x10" - L L
0 2 4 6 8 10

TIME (sec)
(e) Position E with parametric values (3.2, 0.5)

4.0x10° F
CASE F (4.6369, 0.5)
20x10° |-
0.0

-20x10° -

- Present modeling

-------- Nonlinear F.E. modeiing
-4.0x10° L L L —L L -

0 200 400 7717 mse 771.9 7720

TIME (sec)

(f) Position F with parametric values (4.6369, 0.5)

CASE G (6.3, 0.5)

x10°
[
-1x10°
~—— Present modeling
»»»»»»»» Nonlinear F.E. modeling
2210 L . 1 " L
0.0 05 1.0 15 20 25 30

TIME (sec)

(g) Position G with parametric values (6.3, 0.5)

3.0x10"
20x10" | CASE H (8.2737,0.2)

1.0x10"

00|

-1.0x10°" |

.

-2.0x107

—— Present modeling
-------- Nonfinear F.E. modeling

-3.0x10" L
0 5 10 15 20

TIME (sec)

(h) Position H with parametric values (82737, 0.2)

Fig. 4 Dynamic response simulation results

180/3t=2 4 SNETss =2 F /A 16 A Al 235, 2006



5 W A8 S 3§

< o dojR AFAZ IHoA HFH REES BSL
e g49E 1 99 FEEL BT 49 A4 o
Bhdich o Q493 B 49s TR Ae A
o] ZAo)2Htransition curves) 3dh=H ¥=0,+0,
g y=(@,+0,)/2 ZH A Jehdth Fig 3ee
4 ubs NS FIE 7 FEY HAAE0
FAIEo] I Fig. 49l o] AES] miAEs IES
st aidstd SRS é#ﬂ nAE F3es
34 Aol vinso] ok WMEY fHLAS
s 4 ~%ui:@ﬂL5DYNAEM-}ﬁGIZ
FA o) AHEE HOJHES Table 13 2o &
u RoaE SAHE /‘}3’6}‘315} 2NzAe g2
B ARl e HAE 01mE FHAh o] &

-v—°ﬂ/\1“ 3 ‘%} W7t AR Aol L9 10 %% Im

Y JERe §F e B

FHell AT Fig. 39

AT HE UE 53 Wg FX%4 A wa
g faesd4 232 et 458 92 T 7
T2 270 £58 S gk i34 2 23

5 s H"*«] 1}01 Ao} % ?l @J«L-— Fig.
4(c) 9} 4(e) oA BAAF3 gtk Fig 4(b) S 4(g) ol
A BEo] B7A Yo Zo B godd $x3%
Fig. 3¢ BA# GEL F 814 A3 25 2719 34
s Warshs 3 W d9E Bt F 9 ¥
A 99 913 Fig. 3¢ DA FHL Fig. 4(d) <
HHAN BRo] F 4 A3 BF GAE e B
ojthrt ARAIZE o]F M3 ZFetn] WidT 1
U vidE §3a A4 e XA EY A4 Wit
ot HAY ey Z2IHM £3 FHE7)
L XA dAAL BAs] 98 4% damping
& AT, 270l F48A) B"/‘Pa]--— 73
damping®] @¥o] o} FAs 4 HdY FHLL
d|4o] vlKelA WAk Iy o}gs;:l_ HJ%% ]
olt}7l A& A7 T AMA)E AEsty walsls AL
o) H)AE FIARAHAL oHE AR Ao|2 F
A BT A E_;] ot A o] wAlgic}

oz g

_{

5.8 2
of =RANE ZSFFT & 4 925 o
E oowny 72EY 54 R4S FE] A%

o

Fe o) oy A9 A% 2YY @ A3

a8 2 Az g 977t SRR F A
48 z3pEFo @ FHEA A st
FEEeH o2 ZAZ multiple scale perturbation
method & ©14% <¢BA Aol FY=UT XA
A EE A g AFE WFLE X fME A
Ego)ld AAE AL Z2 YL o)L BHY &
SassNat vwFoEy Ay 2dgy de] A
gL ZAEIAL AT B 99 EFAA
=R A8 A M Ede] vdY I8
28)a Astel BLE 54 wkgo] Yeds A8
F gk

o

7|

fo

of g7E BFAUANG AY FIANL HH4A
A71EAEY A7H) Aoz FAHAEUT,

Xt
[=]

R

o =
T'__on_{

(1) Leissa, A., 1981, “Vibration Aspects of
Rotating Turbomachinery Blade,” Applied Mechanics
Reviews, Vol. 34, pp. 629~635.

(2) Rao, J.,, 1987, “Turbomachine Blade Vibration,”
Shock and Vibration Digest, Vol. 19, pp. 3~10.

(3) Kane, T., Ryan, R. and Banerjee, A., 1987,
“Dynamics of Cantilever Beam Attached to a
Moving Base,” Journal of Guidance, Control, and
Dynamics, Vol. 10, pp. 139~151.

(4) Yoo, H, Ryan, R. and Scott, R., 1995,
“Dynamics of Flexible Beams Undergoing Overall
Motion,” J. of Sound of Vibration, Vol. 181, No. 2,
pp. 261~278.

(5) Yoo, H. and Chung, J., 2001,
Rectangular Plates Undergoing Prescribed Overall
Motion,” J. of Sound of Vibration, Vol. 239, No. 1,
pp. 123~137.

(6) Hyun, S. and Yoo, H. 1999, “Dynamic
Modeling and Stability Analysis of Axially
Oscillating Cantilever Beams,” J. of Sound of
Vibration, Vol. 228, No. 3, pp. 543~558.

(7) Kim, N, Hyun, S. and Yoo, H. 2003,
“Nonlinear Modeling Employing Hybrid Deformation

"Dynamics of

JE N e R LY

/A 16 9 A 2%, 2006%3/181



ARE-# %9

Variables and Frequency Response Characteristics
of a Cantilever Beam Undergoing Axially Oscillating
Motion,” Transactions of the Korean Society for
Noise and Vibration Engineering, Vol. 13, No. 3,
pp. 210~216.

(8) Eisenhart, L. 1947, An Introduction to
Differential Geometry, Princeton University Press.

(9) Kane, T. and Levinson, D., 1985, Dynamics,
Theory and Applications, McGraw-Hill Book

182/ 2SN ESBSHEA=RE/A 16 B A2 35, 2006

Co.

(10) Nayfeh, A. and Mook, D., 1977, “Parametric
Excitations of Linear Systems Having Many
Degree of Freedom,” J. Acoust. Soc. Am., 62, pp.
375~381.

(11) LS-DYNA 670 Keyword User's Manual,
Livermore Software Technology Corp.,, CA, 2003.

(12) LS-DYNA Theoretical Manual, Livermore
Software Tgchnology Corp., CA, 2003,



