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Vibration Analysis of Rotating Cantilever Beams with
an Elastically Restrained Root

Kyung Jae Yun and Hong Hee Yoo

ABSTRACT

This paper presents a modeling method for the vibration analysis of cantilever beams with an
elastically restrained root. Mass and stiffness matrices are derived explicitly by considering the
clastically restrained root coupling effect between stretching and bending motion. Numerical results
show that the two effects influence the vibration characteristics of rotating beams significantly. The
results also present the magnitude of the elastic stiffness of the root to avoid the dynamic buckling.
The method presented in this paper can be used to provide accurate predictions of the variations of
natural frequencies of rotating beams with an elastically restrained root.
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Fig. 1 Configuration of a Rotating Cantilever

Beam with an Elastically Restrained Root
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Table 1 Comparison of the first natural
frequencies
y=2 y=10 =50
5=0 362 (R) 497 (R) 755 (R)
o 362 495 5.60
s=1 4.40 (R) 13.05 (R) 41.38 (R)
B 4.40 13.01 38.85
§=5 6.64 (R) 27.28 (R) 74.19 (R)
6.64 27.14 67.91
Table 2 The range of elastic stiffness in pra-
ctical system according to hub-ratio
é K.® K, K,*
0.1 |1.2945x10°] 1.1117x10° | 8.3358x10°
1 |3.7070x10°| 3.0658x10° | 9.5347x10*
10 | 8.3018x10*| 7.3292x10*| 5.7519%x10*

vlizs] detdn o # 1944 (R)& F2@

5 @ozte|
sich

aHA
el K.°
dg e BoFE

SRS

Al 2HE UErT, HAAEEA FHUS
5 Aol7t o Axe
_T.

RE B¥ ¥

A Ao =Z7E
IZI213<¢ ANSYSE ol 83lad Fan
AxE E 29 7o
vm x84 K, K, Ks°9

-10%2 ¥9=2 3o
g WAy A0 B3 A
%11%—?4] Mg QA% HANE A
‘e #BYY 4 AU 2¥W 2+ 1
gl R xeke] 7o) 10° 1Ay A

ol @ A3

LT

ol 2 el A AR 2 olse W9
AHE nRAEFE Wael YFE 9% 6N
v oRg %A% 47 Yk @ Axe
K., K,"9 2717 B A$el= 19 29 A9

22 4348 dede A

ZK," Ky'o usg

of Walxiz Al WstelA et
% & gk 2@y AEHA
2ol % Aol dolde ¥ 47
4 A2 M7l A o= A9
o ¢ AANE T Byeh

AHdE &<
F7tetd 2
Ao ¥
24€ 7HA

U A " . H
0 20 w0 o0 80 100 120

Dimensionless Angular Speed

Fig. 2 Variations of Dimensionless Ist
. Natural Frequencies vs. K, "

»
50t e NG COpling
i =+ » - Coupiing
wl
[
i
¥l
E“’/\\
( 0 i 1 L s 1
0 20 “ 0 ® 100 120
Dimensioniess Angular Speed
Fig. 3 (a) K,"=10°,K,"=10",K,"=10°
80
soL —“'NOCDUPMD

=10°

Fig. 3 (b) K,"=10°.K,"=10°, K,*



8o

e N Couling
- Coupling

@
-3
T

-
-3

~
°

Dimensionless 1st Natural Frequencies
- w
3 8

o

° 20 40 60 80 100 120
Dimensionless Angular Speed

Fig 3. () K.'=10°, K,"=10°, K,"=10°

@
S

~—— No Coupling
- - - - Coupling

8

Dimensionless 1st Natural Frequencies

0 20 40 60 80 100 120
Dimensionless Angular Speed
Fig. 3 (d) Fully-Fixed

Fig. 3 Comparison of Natural Frequencies
Coupling vs. No Coupling ( §=0.1)

dz, y=50 o2 AY o K,"'=3x10°
K., =3x10% K;,"=00l49 ey 53

Fg AT 5 YLE FANY FARH ¢ 5

24 32 AMAERE FAST 2 Y Fs

AHYETHE T HNANE yo| W] we
24 A w4 AAwg vad dehac,
AQETE Dedd Aot neAN Ye AR
ot 223 ZFYATT HAldSE 24

AE A ¥ & AU

4 um

2 ERdAE BAARNTE 2t fse oB
wel 933 3% $529 ANENE D@ 2
84 2ddo) AR, AUAET & W
Zul, AR, 2ZYRAY WHE R 2o
e +9sdch edxAee K, K,"20) @
golt LHVEF7E A d¥e mANYon
K,' o AM¥ez 4ue ¥ae #Ag & 3
A 1dn X BELE UYL £ YLK,
K" K,"9 #4918 ANadY. 2oz d4an

of me nEVESS WsE ¥ Lo
o,

Lreb 2

% 71
of A7E FTHYAVAY FFURT HYAHA
A7 AEY A7y ARoE FYFAGh

a1 28

[1] Southwell, R. and Gough, F., 1921, “The Free
Transverse Vibration of Airscrew Blades,
“British A.R.C Reports and Memoranda No.
766.

[2] Putter, S. and Manor, H.,1978,
Frequencies of Radial Rotating Beams,”].
Sound and Vibration, Vol 56,pp.175-185.

(3] Bhat, R.1986, "Transverse Vibrations of a
Rotating Uinform Cantilever Beam with Tip

Rredicted by Using
Characteristic Orthogonal Polynomials in the
Rayleigh-Ritz  Method, "].
Vibration, Vol.105(2), pp.199-210.

[4] Hoa, S., 1979, "Vibration of a Rotating Beam
with Tip Mass,” J. Sound and Vibration
Vol.67, pp.369-381.

[5] Wright, A., Smith C., Thesher, R., and Wang-
J. ,1982,"vibration Modes
Stiffened Beams,"”].
Vol.49 pp.197- 202.

[6] HH.Yoo, S.H.SHIN,1998 “Vibration Analysis
of rotating cantilever- beams, “J. of Sound
"and Vibration, Vol212(5), pp.807-828

"Natural

Masses Beam

Sound and

of Centrifugally
of Applied Mechanics,



