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Flexural Vibration of a Plate with Periodically Ndnuniform

Material Properties

Jin O. Kim, Byung Hwan Moon

ABSTRACT

The paper describes a theoretical study on the flexural vibration of an elastic rectangular

plate with periodically nonuniform material properties.

The approximate solution of the

natural frequency and mode shape has been obtained using the perturbation technique for

sinusoidal modulation of the flexural rigidity and mass density.

It has been shown that

distributed modes exist in the plate which is a two-dimensional model of the flat panel

speaker.
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Fig. 1 Schematic diagram of the flat-panel
speaker.



Fig. 2 A rectangular plate model with periodi-
cally nonuniform material properties.

I3 HEUHE EdE B =8 & Fig. 29 &
ol up9} o] 2z HoE YA -4 F714 B4
AE 1R F4dHor HAANANE doedEy

7Y AEe A @

2. ZRS 3AG

Fig. 20 291 ule} go] Fg Aol Dixy),
S9idEG AF] p(xy), E4EHI pvoli 7}
2 M2 dol7t 7z} g, b AAZE ©A #HHe
2% AFe WAL ‘jr%ﬂ} o] ¥,
xZ, y&Fd 3 Yo ALl FYRAEE &
Z‘]’ Mx, Mv,ul’g’g ED“EE MWE} 3}'-'—1 g%ﬁc}
HUHE wiye 3, thda e o 39y &
ANE Adsp

*M, . *M, M.,
a2 oy Zaxay = o NG a:z M
o 7] A '
—D(x,y)( dw y‘;’) (@)
=~ D=, y)(—%ﬂ axg)) ®
2w
M= D(x,)(1—v) ox dy (4)

H2)-4E A ddsta, Y &5 AFF
woZ A wE =3}EFL e Ae A4z
wixyt) = Wixy) explivt) 2 & w, SE4HA
< Wixy) 28 g3 Zo] x¥d

Gk
Slaso(5F0-21)

+2(1— ”)_a;@[D(x' ») axay ]= o*o(x, NW

0<x<a, 0<y<b (5)

o] vjo] AfFER U ZXE7 g AR
o Jded, AAzdL chg3 go] gL

Wixy) =0 at (0,0, @), (Ob), (ab) (6a-d)
2 2w
_Q__ZW+ v T =0 at x=0, a (7a,b)
ox 3y’
otw, W -
"oy’ + P ={ at y=0, b (8a,b)

Hel Ado]l 712 N2 wEgoez 9o u
2l #7140z WEstE AL, Dxy)st p(x,y)\_

7zt o gt ol 2FYFZ ol&dtd PG
At
D(x, v) = Dy(1 + ¢ sin&)(1 +¢ sin zy) 9

o(x, ) = 0y(1 + edsin &x)(1 + edsin ) (10

A71M ¢ HAF DE vIFe2 § A W
ZolR, g5t HIF pvF 7IFLE §F 9w
g 2y @5} Zojry, =3I £9 pE @0
T B W AN, B £a = CkHD o,

= QD (ke b AF) & AASY, sin
ga =0 sin7b = 0 28 %t} olg} Po| £3
A% Y=t 9 x, vy wtet ¥Esle Fe o
UHE 7 £ goerg tgmy Po| IAHE
Ealia= 3

3. dEJ1¥ol o 2AGH

HE-B)R " FAX EAE 4(9)-10
L2 HH Y EH4ANE U IUHE 7 5 ¢l
ooz ZAEYE AHESHA sHed, g4 @
A x, yoll wet HEFNFg Fridez wslsin
Aol HEANGM Agdn.  ojg Ad A9
VE Wiy)sh THAET wE g Zo] ¥F
F ed g2 "AEc

Wo(x, y) + eWi(x, y) + € Wy(x, y) + -
(11

W, y) =

- 738 -



w = (1)0+ €w1+€2(l)2+"' (12)
A(1D-(12)8 HG)-@) U 9 LEAE
oz AYsd, 9 A+d LFHAYY FAx
Aol dsl e ol dAHE HE TE

3.1 oY @
HExF O(eel dals g3 go) zA
2 #3 AF AN AAZAE dE

=<

W, A W,
ax40 +2 2802 + a 40 "'/34% = O (13)
Wi(x, =0 at (0,0), (a,0), (Ob), (ab) (14a-d)
*W, W B
2 TV 3 =0 atx=20a (15a,b)
3w, 3*wp B
P +v P =0 aty=0b (16a,b)
o} 7] 4
2
Py
= —=7 17
I D; an
2(13)-(16)2.2 AHeolg EA9 #= ¥ us&

AAE Pl Ul HE Foe AT fAR
wralo] oja) the3} 2ol AR

Wo(x, ) = Ay SiR@ X SINT,Y
mn=1213 (18)
Dy 2 Dy, 2, 2
— — — X +
W0, mn o0 P \/ o0 (ai+ 7)) (19
_ mx _ _nm
Ay = a’ Tn b
A714 m, ne AFEEE YEHI, Ame IE

224 Am=1 & At8E
3.2 o) o

124 OCe ol g A AL Wilky)
24 &3 o] Yeldo.

3
A

3714

W

'm
et T ey F =Rz @0

3°W,
Ax,9) = —Ecoséx{ P - axa;z]

2
+ Ezsm&(—ng + v aa;g{) )

— o [ W o 63%]
s 3y v ooy
32 W, %W
2_: (] (]
+ 7 smm:( 3y + v Py )

+ 88 (sintx+ sinw)%+2ﬁ‘% W, (1)

2(18)& AH@CDA dPF ¥ B

Ax,») = Dycos(a+ E)x sinyy
+ Dycos (@a— &x sinyy
+ Dssinax cos(r+ p)y

+ Dysinax cos(y— )y

+ 2%;' ﬂ“sinax sinyy (22)
o714
= 2{-ga-9
+da° - &+ 177 +2(1 — vy arl}

D= ${8(1-9)
+d 5+ e+ v +2(1 - Vel

D= +(-p1-9
+ 7l =+ we?)+2(1—- ) rd?]}

D= ${B1-9)
+ 7P+ WA+ vd®) +2(1-v) re®1}

a8l 2 Wilxy)ol digh AAxAL &9 g

W(x,»=0 at (0,0), (a0}, (Ob), (a,b) (23a-d)
3w . W )

p +vy % =0 atx=0a (24a,b)
*W, W,

P +v pw: =) aty=0b (25a,b)

4(20)-(22)¢} AAZUERI-2/5)= A8 73
AXEA e dutsle oS 2ok

Wi(x,y) =

"7.1,7[ (a+ 8*C;+ (a— &*C;) cos ax sinyy

_739 -



- “717[ (r+ D*C;+ (y— p)*C ] sinax cos 7y

+ Cicos(a+ Exsinyy + C, cos(@— Ox sinyy
+ Cysinax cos (y+ 7))y + Cysinax cos (y— 7y

+ Csxcos ax sinyy + Cgysinax cos yy (26)
LU 2 4G5+ 7Cy) @n
Wy
7]
C = Dy
' eQ2e+ O (a+ 0%+ P +27)
C,= —D,
1T EQ2e-9(a— %+ +27]
Cy= Ds
3T @y (r+ )P+ £+ 2%
C4= _D4

72y— D[ (r— ¥+ P+ 22%]
Cs = L—CICTO:EE[ (a+8C,+ (a— O2C,)

Co= ‘l;fj(fﬂ[ (r+ D*Cy+(r—n*Cy]

4o @ne @7 (mpEEY UF Ry
Wiy THAESF wol e AlHE 2ol
.

3.3 ARASSQ Y
AE7HA 2L AHAEREH (maE=9 I
V5T ey A A& +A480

R N ) (28)
(4]

Wy
Wx,y) = Wyx,y) +eWilx,y) + 0(?) (29

Hy A F714 fa 7b, ¢ R % ESF
vl p b FolX ", A(28)% 29)2FH F74 £
Y A2 HHe nHAFTY ZEFFE ALY
g+ Atk

4. 29 ¥ €9
gollM 7 £ &7 oujsie €343

g4e g7l H3o, fa = 217 (F ke=10),
7b = 157 (& k»=T), €= 05 6=0, v=03 ¢

Aol W TRAFTS R Adsd

4.1 ARESH

2(28) ol&3 ZIERE=2XE Ao g
2ed dis] LHEAEFE w/weE AN AT/E
Fig. 3¢] 83t 299 (a)& n=l°l mo|
179 207tA19] WYl AFst= /€9 G52
AxdE BEFY w/weE Ve Aotk 1Y
(b)E m=1°132 no] 1%€ 1474 x128] Hg ol sda}
Eor/79 352 ANE w/wed UERA FHolt}

o) aYEol FEHoZ HAgFUAY, A
9 FrIAHe dFgoz N{HAFFE YREYg w
Sl A 10~20% A2k dejHes o/€=05
B y/p=05 BIA AZsEd, ok 4
@2nd B8E G ol BRI} 0o Ho veht
= #@X4old.

1.8
o
@ :
\70 - 5
3 000qg °°oo
°°O o000
o
L
02 A A M " [« X1 "
0 0.5 7
¢
(a)
1.8
o
@ -
37‘0 - °
F © 0 o ° o ° o © o o
o
0.2 Al
o 0.5 7
&/

(b)

Fig. 3 Natural frequency of the periodically
nonuniform plate, @, normalized to the
natural frequency of the uniform plate,
wo. The frequency ratio @w/wo has been
calculated for several modes and depicted
(a) as a function of a/£ and (b) as a
function of 7/7.
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Fig. 5ol & Fig, 49 o] 334422 Yeg
W 2go] U ERMAE Syl oA, B
o B4 dd y = b2 M JF REIHYE Y
2205 4 Y Zlﬁ‘%%ﬂl*‘l g F Aok, F7134
Ba4Y A2 #HA 3{HAFRE=AE F7I4Y
FH¥ol TERER Eﬂﬂoi Atk oHE =y
Ae& vbA nARRESY AFo] AHARE=AA FA
Bt RAAY vEiun, BaagAdN 3
4 922 FE3te Aot

0.0
-0.1 }
X
X g2t
§ “
-0.3
_0.4 - 2 r's 2
00 02 04 06 08 1.0
x/a
(a) (1,1) mode
0.4
o2}
>
= 0.0 e
2
-0.2 |
_'0.4 Il 'S Iy i
00 02 04 06 08 1.0
x/a
b) (2,1) mode
0.4
X 0.0 /~ﬂ\‘\/”/ﬁv\
X
2
"0.6 i 2 A .
00 02 04 06 08 1.0

x/a
() (3,1) mode

Fig. 5 Mode shape corrections Wilx,y) of the
periodically nonuniform plate at y = b/2.
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