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Wave Transmission Analysis of Co-planar Coupled Semi-infinite Mindlin Plate
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ABSTRACT

At high frequencies,

the statistical approach such as statistical energy analysis(SEA) and energy

flow analysis(EFA) has been applied for estimation of vibroacoustic responses of various built-up

structures. The energy coupling relationship between finite coupled structures is required to estimate

vibrational energetics of built-up structures.

Mindlin plate theory includes the rotatory inertia and

shear deformation effects which are dominant as frequency increases. In this paper, the wave trans-

mission analysis is successfully performed for EFA of co-planar coupled Mindlin plates.
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Fig. 1 Coupled coplanar semi-infinite Mindlin plates



Young-Ho Park ; Wave Transmission Analysis of Co-planar Coupled Semi-infinite Mindlin Plate

WA Fig 19] B3 oA, ?Mlﬂ%?ivk =2
Fog 4oy A4S 49 A7E M 9AY WY
Al far-field OPSW)7} F ] ZAAZ 69 7}t

-
B2 QAR W) B gl EAleks WAk o

93} o] AT 4 T

Ze’fkl,\ Xk iy

oy Be;fkl,\.yx’fkl il

v (xy)= (19)

A7NA 6,=0. k. =k, cosb, k, =k, sing o]t}
AR H oA co AR 01/\}3}1 D

o Az Wl AAY FESALRE S
o ekglol ot Ak
{¢L } _ {pihiwz - KiGihikZZ,i}
- 2
Wi _KiGihikZ,i (20)

(Ee(—ﬂw— %)y plitasss=ite ;,y))

o] 7] A k2“.=k cosd, k

2p.i

=k2,.sin6’, o]t}

= HL2~
=2 T4 o

el 4% Fel 22 Qs £ a2 W
s QAT AuTAFse Fase gaglel o
23} 2.

_ pha’ ~ K/G/h/ksz,,f
_KiGihikzzz
’ (21)
(Ee(—/kh_lx—/kj,,,y) +Fel Mot ..y))

A7\ ky,, =k, 0080, ki, =k, sing, o]t}

3y,i
B oA JAkgE ohse] TR Qs Hat ol

A ek Fohs o) o] RaHch
v, (x’y) _ Ge*/knﬂ*/hv,,y (22)
¢t pz 0 Kthhtkz ki X= K2y 4
{w | —xGnk, ) e
¢z pr Kthh kz s %= ks 1)
{w ol Kthzt o @9

714 BANA yBF v v (matching) 2 ARk

A 24% nefsh
kly,i = kaA,I = k3y,i = kly t ka t = k}y@t (25)
k,

kiasans flias) =sin*6, (koo 2, >sind)

_jkl,2,3\/Sin2 0, _(kl,2,3y/kl,2,3)2 (kl,z,sy/kl,z,z < Singi)

oJt}.

Mindlin #¢] AAZAL
y_qﬂE x{l:]—‘ﬂ:],] g : 7}
o] AN AAZAE o2 fdEH v
2}

w,(0,) =w,(0,y) @7
a,.(0,y)=a,,(0,y) (28)
a,;(0,y)=a,,0,y) (29)
M, (0,y)=M,,(0,y) (30)
M, . 0,y)=M, (0,y) (31)
V(0.0 =V, ,(0,y) (32)
o] 7]4]
% ov , 9% v
Tooax o ooy T oy ox
[60[“ 8(1‘,1.]
M\’ '] = D — bl
X oy
o0
=(1-v) %Jr a,, ’
2y ox
. da,
V\’ i _(liv)B aa}m + a}w
Y 20 oy ox

etk
dsk g ool AARAL AgHA 5

41948l 679l vIA5E 2

ol AP RE 0P A e gol

FAd

Transactions of the KSNVE, 23(4) : 574~580, 2013 | 577



Young-Ho Park ; Wave Transmission Analysis of Co-planar Coupled Semi-infinite Mindlin Plate

Pg}%w,i :%{%(1_Vi)wklx,iklz,i}x|‘q|2: (33)
. 1] D,
Poiw, = 5[7’(1 - Vi)wklx,iklz,i:| x|B[", (34)
Py = %[D[ ( pha’ —kGhk;, )2 ok, ki +
(3%)
(phe) @k, )G, )’ /T
Pt;gl{-“W,i = %|:Di (pzhia)z - KiGihikZZ.i)z a)ku.ikzz,i +
, (36)
(e )k, )(x Gk, ) <]
P, = %[D,. (phe’ - kG, )2 ok, k7, +
(37)
(phe*)(wks,, )k Gk, )’ || E[
P, = %[D[ (phe’ - ,([G[h[k;[)z ok, K2, +
(38)
(phe)(oks, )k Gk, ) < FI
1
P(t)rlggl}/t = E{%(] -V )a)klx,tklz,t:| x |G|2 > 39
Pz;;;w; = %[Dt (pzhth - Kthhszz,z )2 mkz,r,zkzz,z +
, (40)
(pho )k, ) (<G, )ZJ <|H[
P, = %[D[ (phe -KG K, )z wk, k2, +
, (41

(phe?)(ok,,,)(xGhk,) <1

3.2 Mindlin el B19| 09| BEkAA &
wargel Hla SEIAASE 4 (33)-@ el
9o B QA dF BT Ak et
e 2] e HYFRWAATT FEE.

S

T
-2 42
(P e IO P(6)do (42)
frans rans frans
T _ Popsw 4 _ Peprw 4 _ Psprw
0012 = pinc OB12 _—Pi”” »Los12 = pinc_—
OPSW i OPSW ,i OPSW ,i

578 | Transactions of the KSNVE, 23(6) : 574~580, 2013

Preﬂ refl Preﬂ
R _ LYopsw i _ Tpprw i _ Lsprw i
0011 — Pinc > *0B11 — pinc > fos11 — Pinc
OPSW i OPSW i OPSW i
trans trans trans
T Fopsw _ Peprw, _ Bsprw
BO2 = e > IBBI2 T pine 2 IBSI2 T e
BDFW ,i BDFW ,i BDFW ,i
refl refl refl
R _ POPSW,[ _ PBDFW,[ _ PSDFW,[
BO11 — P,‘,,C > YBBI1 — Pinc > ABS11 — P,'nc
BDFW ,i BDFW ,i BDFW ,i
trans trans trans
T - Fopsw _ Peprw, _ Psprw
SO12 = e > ISBI2 T i 2 18812 T pine
SDFW ,i SDFW ,i SDFW ,i
refl Preﬂ Prc{ﬂ
R _ Lopsw.i _ IppFw i _ Lsprw i
SOl — e > BYSB11 — e > 1RSS11 — Pl—,w
SDFW i SDFW ,i SDFW i
43)

A71A Tz & OPSW7F YA 49 BDFWE &

HE = 39 vES RS, Ropi = OPSW7H

YJAFste] BDFWE HRALE = T49) v]&-S yepdoh

Ld Y FHAA AAdE Mindlin #He] F
(e}

Ho

(

]

1

1%

& 98 Fig 19 22 wHEE HrrE
F2u) Ao ZH7E 0.04m, 0.02me] UAFEH,
Fabg o]l AEE A
248 kHz, 493 kHzo|th.
Y HudolA AA¥ Mindlin ol ot 3}

a

o
L
o

7 mwe] GAFRE

AAIG=e] @& 10|t} Figs. 2~49A R 3¢ F3}
WMHAFES] e BE T35 diooa] 483 1
o] & AT & i o5 B3l cklA i
olZ29] BdAdS AT 4 Utk Fig.3& 3 W

A Hake] o AF942(248 kHz) o} FH<] 9%
HJAATZE & Tprn, Rpaii -+ 7FARE 00] o}

He S 5 olrh ol YAk, FAEE 2
T WA SBDFW)REe] Qg Tte]7] o]y

Kirchhoff ¥ o]2¢] 79-¢} Fdslc}

ol9} =] Fig. 4ollxet 2ol Yapdde] AT
o elME st JdatEoe]l EAlsh 1o w
& T FHAAIFTE S5 Fig. 40 493 kHz
ool M= YRR FHEEe] BE AT
Hrh 58 Fo g9o)7] wide] 18719 BE ¥
AFEIAIAG=2] ko] 00] ofd FS zZHA Hu
248 kHzOl A 493 kHz7HA 9] Sk GoaE= &
g dol A 3 $-AFIHBDFW) I Fguto]7] u)
ol ATt A FERATR s T



Young-Ho Park ; Wave Transmission Analysis of Co-planar Coupled Semi-infinite Mindlin Plate

of Coplaner Mindlin Plate
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Fig. 2 Power transmission and reflection coefficients
of coupled coplanar Mindlin plates

of Coplaner Mindlin Plate
T T

4 49 4 4 4

4 949 4499494494499 4d 4444
Roo11
Rob11
———Ros11
08 —~~-Too12 4
< Tob12
@ Tos12
+ Rbol1
Rbb11
Rbs11 ,
Tho12
Tbb12
Ths12
Rso11
Rsb11
—&—Rss11
—=-Tso12
—&—Tsbh12
+-Tss12

SumOPSWm:

Power Coefficients
BB OAV+ &

SumFDBWm:

- s ——SUMepeine |,
P S S S S
05 ki 15 2

frequency 108

Fig. 3 Power transmission and reflection coefficients
of coupled coplanar Mindlin plates below crit-
ical frequency(248 kHz) of incident plate
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