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Vibration Analysis of Cantilever Plates Undergoing Translationally
Accelerated Motion
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Abstract

A structure which is accelerated in the chordwise direction induces variation of the bending stiffness
due to inertia force. Thus, the characteristic of natural vibration is also changed. This paper presents a
modeling method for the vibration analysis of translationally accelerated cantilever plates.” The
"dependence of natural frequencies and modes on the acceleration changes of the plate is investigated.
Particularly, a natural frequency loci veering is observed and discussed in the present study.
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Fig 1 Configuration of a transiationally accelerated
rectangular plate

S, [; oo ),

H{ LD G bt b1y 81
FVim bt 21— D iy 1. )iy g,
o[ [ a8, ),

- ay( fobfoap( b—)¢:.%; dxdy)q,] =0

(i=1,2,, p)
o))

T, VI I4EE 37

9714 a, ,a, & X4

$2 x= FW AREE AL oAuat 4 9
¢i= WR WYF W wE EASI A
Agse BEGSS QusEeln Nz g
ze BAE 20

w(x,y, b= Z‘.Im(x, »gq; (D 2)

A7 pe 2AHEE ALEE RE9 Jfgolth
ADNME 7He5e Bdd 52 Qs A

28 Aol Watste AE BoFh

22 WEA e PAIE} XA Of7iHS
i

A(DE F223 37 98 Fxd b9 o)
AWF, 2P G52 487 2o] Foart.
=L _x
= = a
a;
7 E%, 8=
2 3)
=a _ %x
0= po = 2,
— ay —
a, =", {1 =¢{x3)

5 4
=_a_ =-0

a, = TZ ’ a, = 7—‘2
4@ olgd HM)e v go Fag

Bejz vebd 4 Yok
31, f o dean)s,
+ { fol fol(%, e Pieet 0" Qi @y
+ 180, g 0.+ 2(1 = 1) %0, ¢, 05,4, )dEd }§j
~a fol fol(l~é)¢,-,5¢,-_5 dédy)9;
- "y( fol fol(l — @i P dEdn)0,] =0

(5)



HB)E o&dd AFANe Sy YA
FAdsE AR YPL S L e 2y
F2 e

o T AFAeFS T o Feog Vveln, @
= 4 ZRAFFAM 2edHE JehlE )
FT®HoIth AGNM ;= 34 (imaginary
numben) & YWEIE 7122 AMEAT
A6)% HG)H ddstd g2 gL 243
FAE 95 4 stk

o’MO=K @ (N

A7 M3 K¥ pxpd A7E zve= Aw
FgEZ 71 848 L O3 2o}

M= fol fol @ip;dSdn (8)

. :
— 4

K; —fo fo (@i Picet 8 00 Pim
+ V82¢i,55 Pim

+2(1 =) 8%, ¢, 0;.¢, )dEdy @)

—ax( folfol(l-f)qoz;g*?/,g dfdi’i)

~a(f, [, A= D00,, dsct)

3.5 Zn ¢ E9
2 AdAs 2%dd xR JAEwFA s
FEEHES AHEE FAHNL Fygsgon
RESRLEL 7129 AW B3454E L (beam

function)o] &3t} FA 3w 1 4 3
A3 F v QY B o=E3 B3
o AHEdE H¥F AgE st2ws 67, A2
T he weEtq F 42709 AREE e
714 F@e] stEA AHAEF) B was
aHE ARE /M Bl glo] AT £ glo
YA E g 2dlel 4A4L sl gl

deie] Agel deiME FnEI0)S £3
ojn] AZHAY. Table 1& AW FIA

-351-

o YEAd AT 8
Solm, A4 mEsol ol Wi FAUs

4 7hg we

BoFa 9.
@M=

o F¥el R A& & 5 on, REsE
X¥E 54, Y'HE 67 Age anss was)
¥ At 007 HAE ALY #ad Folg ne
ohwEA, B o=ReAE Bee g we 5
o NRAEF L REPYUS B Hoe
A7 AR AFEE FANHAD e 53
off 2@ Aolet vtk Yol AgE ol
% ¥ v = 0305

Table 1 Convergence of dimensionless natural
frequencies ( @,=4, a,~0, §=1)

No. ofjNo. of
< v Ist | 2nd | 3rd | 4th | 5th

modes|modes Freq. | Freq. | Freq. | Freq. | Freq.
1 3 | 3511|8080 |27.032 Sl
2 3 | 3501 | 7.003 21.276|25.988131.966
3 3 3498 | 6.997 (21.249|25.866|31.407
3 4 | 3498 |6.954 |21.241|25.825|30.855
3 5 13.491 | 6.951 |21.177(25.803!30.854
4 6 | 3.489 | 6.920 {21.168{25.725.30.777
5 7 | 3485 6918 (21.131]25.686|30.745
6 7 | 3.484|6.914 |21.127|25665|30.740
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Fig. 2 Variation of non—dimensional natural
frequencies vs. Y directional non-dimensional
acceleration
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(b) Lowest five mode shapes with acceleration

Fig. 3 Nodal line patterns of lowest five mode
shapes with and without acceleration

Fig. 2 289 67} 19 B4 da vig
29 A&y F7kd WE g e 57
AFRES HEE HAFn g o X
B tEEe Z77F EE nRAE
HALE AE BYF3 vt ol
AxH %ol stEES F7hE Bue
71 Wgfog AIYPFHEZT 3
zYgt, 2 A FrRE
A A8F5F AFY H©Natural Frequency
Loci Veering) @73oith 194, 295 n&2A%
F AN ¢F9 B2N N2 AAG BARA
et A BojAe A4S mAE:

Fig. 3 (% #H¥e] YWgoz s&=Hy] A
BE AAES vz gln e F3Y k&
= o0,,108 Wel REE9 HHES Jehan
Atk Fig. 3 (@A AAA

—

(R fo o of

o P jo b

-
REE

Ist Bending,

FHA 2=+ 1st Torsion, A¥A R=E 2nd
Bending, Yl¥1# ==& Chordwise Bending 2

-352-

£
3L

e

Bending Torsion®

9

x M
a

o

=
¥oo o2

2

N

= o
-t mzl_',

ot
=

oo |

to
K-
i

js9
=
R
S'l',

Py
lo
Rulgp

(T hT for
2oy A
mﬂ*g
LA
l{l‘q’} t
i

ke

o -

tlo s 2z ox (o ot M

ZA 57| "oy =3 JHE
o] ¥ 1st Torsion EE=9
2 "ojyu} ol YW FA
Yol E Rz dojds 9]

Xl

(2, 80) (a=8.4)

]

——

(a=8.6)

(a;=8.8) (a=9.0)

—

(a,=10.0)

(a=9.2)

(a) Nodal line variations of lst mode shape

(a,8.0) (a,8.4)
—
poommosmas et =] —"/
(az=86) (a~8.8) (a,=9.0)
(2,%9.2) (2,710.0 )

(b) Nodal line variations of 2nd mode shape

Fig. 4 Nodal line variations of 1st and 2nd mode
shapes with seven different accelerations
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Fig. 5 Variation of non—-dimensional natural
frequencies vs. X directional non—-dimensional
acceleration
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Fig. 6 Nodal line patterns of lowest five mode
shapes with and without acceleration
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