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Equivalent Plate Model and Acoustic Power Radiation of the
Corrugated Panel Structures for High Speed Train

*1 24 "2 "3
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Chang, Joonho, Lee, Sangyoon, Hong, Sungchul and Lee, Usik

ABSTRACT

The acoustic power reduction method can be used to design a quiet structure. To calculate the
acoustic power radiated from a vibrating structure, the dynamic responses have to be determined. It
is not easy to analyse the structure composed of the corrugated panels because of the structural
complexity and the long analysing time. To make up for these defects, the equivalent orthotropic
panel is presented. Also the acoustic power prediction method of the vibrating structures is proposed.
As examples, the equivalent material properties of the corrugated plates are obtained and the acoustic
powers of the floor structure are calculated at several frequency regions for the Korean High Speed

Train.

Keywords : Corrugated Panel(F&®3)), High Speed Train(3147d3),
Equivalent Plate Model(57}3#24), Acoustic Power Radiation(¥}A}2A2)

1. ME2 AAZ Basith FANEGLALL A
7171 1% e 3}\4;&1 WAlE = L 8tule
AFANL LSS ARZREH fFYHE 28, A 2 Azee gy A0 4 o w3 24
e &gdozRE BAdE 48 2dn o IFSHHS J}e}s—z—a o1 M, A7} o
A7z AFel d8) fEse £ Foz 7 89 FEWY(corrugated paneh) 2 o] Foj F
2E 5 ok AADEFLLeL FLdY ¥ A AP BN =AY AFH 4D HAA
ole] $48 Fo] AANE MEHUA LA Zto] 2 7€ a8y FEANE F5E 7+
AAAFA 7103ke A2g oAt o] &% A BENS ZE oA Sr¥vos wugyst
9 A7) A VEEHT AFAY Y54 °oZM ol HUAZEL A2 & oy, 4
o os) AAAY. HH AETEAHE faidy  AZNDANA B wE TzEAY WA 5
AUE B3 ATl sMsaich wekd, FF w ol s
9 %%k%*é% selbstn o] £EA 1y weA, B dRAE 2239 e =7}
g FHATSLASS 23] e syeyg 0 BBz HBIE SAFAL 2RE A9
1 84, Asthgn 71A g} wg 71ME v, 2&HFHE FRAA N A E&E
2 A A 4 9 FEwde 5AR4L Do 7B

26/t2HE S =R / M2A/ M3%/ 1999



HEG FETE IIY S HIY L FAMLS

9 FrEsl wet dojeuol2d StH
zZ%5d 98 fEHe SFAAE AEn
d&3t7] et SFolEE AHsta 71EY
A 4ejA LP(lumped parameter)2d-g 283}
of /MeE HAIZE= SoundPOWERE 7538t
2y ng&HdH nigrze ST S
ALg- gk

7 Ade 7z2& ¢Fvly A wPrE A
& 729 ZAFFHE AN M FEHD Qe
wdolt)h ey @FEnEe FAL Fo] nis)
A 1/374Eel7] W @] FFEAE Tl
Zrze 5 A& RAEE T F doev,
A £ ZF7E oyl 2/3 R FFOE F
d & ATH1] Fig. 13 & FEAA7 2 o
EAHQ deolth FEHASt 2o W=HH 7=
= 244 Fxedo] BEgstn 2L At g
A B} o3 T2 ;‘71 BH-V]Z_}% A
7] 8, BEFUENA F2E FLT 24
ENS 2= ouby —57]—%‘%,‘12 md e
B FrrERe U ERAE =88] 9
& AL AFTh

l;lnw
Crms-M’uhinc
Direction (CD }
Fig. 1 Shape of Corrugated Panel
2.1 SIIE24A RxO0|E2

Fig 13 2& 43 ol Bael g Auy
Az 2o

[e]
AL

I 5w
s =Dy O+ ADpt2Dy) 0
tu
+ Dy 3y
4714, w e HBY AF, v FHTW FA,
ox, e B3 Zgsle dFoln, D oW A
(orthotropic) #$e] FYRPLEZA, thga 2
o] HoJHd}.
_ 1. w
Du = 1_’/121‘21( 12511)
_ 1., n
Dz = 1”‘1/121/21( 12522) @
_ Tvpva, B
D L—vpvy 12512)
I
Dss = o5,

&7]M, Dge vlER ZA(torsional rigidity)o]

, S;= Agel ZHEe o] A (compliance)o]t}.

7tEs 2d2lold B FERAY Tz

YT AAE Ze TEY ol HE
. ZE F/HERoE dA s

o depl7] Asie ofet 22 x7[3]0 8

TE}

1) Zole] F7dolst AAZA Ale] AglY
vl 7} A e] FY A (homogeneity) S HAE
B2 Zojof ot

2) T e W ol daix Z=rt Fdst
A X o e} gt

3) ¥ % HIEY AAEe AAxHNY, Y
X wetr WA e tEo

4 Zolst 8 e Wue st nFEol
Rojof Fhot

deA dolF olEE vgoZ B EAX

737l A #Re odeHy 2o FrrE e

AAF} Eotgule 4] /128,38 45 F
FEWY AH[4]el s FEAEH NEY

Ago 2 RE Ttk FYPAES JME=E Fig

26 vpehAiT).

Ho| HEExe o2& 0|83l ¥y WY o

WA Pie Foll Poll digk Tl HP

Fl

A

L
3

tlo o ofi
[o%

2]
&
v/
¥
ofy
23]
2
4

o o}i i

Slxm @ stal =2 / H2A/ H3B/ 19998 /27



BEY - OI¥E - FEE -0ILY

PR 13)

‘L‘ - ;’__’_’_’?"_*_:,,:ii - ;><——>d7 . l
hl v /’/’ \\\\ v

g \\\ i

F3 3% BAE OG-8 22 ved & o
P

_ 16y Ry
= (s s &)

4714, P2 & ¥% B e goln, D
= ANA Aol A, w, & U A, 4
£ AAWH Yol AHAL AE A Aol A
om, b BB ABY Folth S, & ¥
opbatol B Az AEGIALEA, AR

Zolwrsr wAAS E o BAE e

A

_\Bm\‘

Zt.
See = é (@
zzgdol ALy F7A EF A]Ho]
oo, Fig. 19 MD%ake] AHe 2HHE A}
g8t /125,% 78 ©l AR H, Fig. 19
coggel  AEE A4 A@E  AEsA
K125 Fohsd 29
HEY FAe &A4e Fig 39 JeEld R
2ol A L gaAR 3, YA §#%d 43
3¢ psta Ao

Fig. 3 Schematic Diagram of Torsion Test

#3423 7hed NPl AP BAE of
de] o2M Yehd 5 Aok

28/ tRE LS =28 / H2d/ H3=/ 19998

_ 16, K
P= g2 Ciggg e &)
2(5)l A Pe 2o 78]z 3 = BA}

=
Al RABOIG. Se FEBA TolREY P
ol G
2o
Se = 2mn(m + n)2S, — 8mn’Sy,

— 2mn(m — n)’Sy + (m® — n%)%Sy ©
A7V, m = cose ©|3, n = sine °jt} 1E
I, « € Fig 3% Zo] 71& FEZH xyst FF
BAe =o] BTE VEE E(12)e] o]FE
Ate] ztolth. AEA ¢ o AZEE YWHSE
0°, 45°, —45°% AMRITh A% ¢ & 2HFS

2H WY BEgAa Sc& R FHAFE
% ges BAE pADG
Se = Sk at a = 0°

SG = Z(S“ - S\z) at a = 450 (7)
Se = 2(Sn — Sp) at a =—45°

21(6)2] h*/12S % K /12(Sp— ST 44X o §
Zzh oo} —45°2 AAsA HEY BE 53
NEe BA4 7T 5 Ak

FERITZE U BAS v 4D

oz Azl s @A S (elastic equi-
valence method)[2]$ Z&3}d S7} o¥td H
oz 3¥E F Utk gy FEHIFZE
SASERAAL A A@AFRe FAHE)ANA
FEAR AP/ (12S)), K/ (12Sy), BAXAG)AM T
;R K128y, K1 (12Sx)E 22 hA sk
7% 4 glen §7F Tolgule o AHE ol
43t A& F A

S S
Vg = — _S;;f N Vg = "":S{Z (8)

571848 Foen oM A ABe
2 A¥e st YU FPeaAde Age



v Wyol ok B AFdME T4 HHoen
ANSYSE AL&3 A4 PE FH3RL, 2d
PA AHoN AAHA BEY TIEE /A
&7 AslM AAl F;olg} Aol € £ w7 10
v ool % Elm, 3ol FUY FTL
How BMA) ZRwWFPo] ojsfa Fo] A
Bt ¥4 HulE 4 JoEZR o9 MFE F
23 nstdth QoM A58 FUHEARA F
Z9lo] whe} Fig. 40 Fo¥ FEBFAY F0]
(n), 219 Z=(6), FstBAHR I8 FA(s,

) W] W& T X e Fopgule W
2 FEAY. olw ARE FE SAY EAAE
Table 10|8 2 Z#}+= Table 2, 3, 48} 2o} &
VAR FoM Eolgvle & FAX(E,,
En GpES B8 f3842de 3BT 7
AAZA A AP WHEIHEZ ol§ F
o AgsA FE £ Ae Wl dFH o}
& Zolth

foct— —+
-

—

. KB
h

-9 it
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Table 1 Material Properties of Corrugated Panel
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Table 2 Equivalent Material Properties of Corrugated Panel ( §=30°)

Dimension (mm) E, (GPa) Ey (GPa) Gy (GPa) Vio v
h 765 | 80.5 | 845 | 765 (8051 845 |765| 805 | 84.5 | 76,5 | 80.5 | 84.5 | 76.5 | 80.5 | 84.5
1.9 13611293 | 12.32 | 1558 |14.82| 14.12 | 4.50 | 4.28 | 4.07 10.501 | 0.477 | 0.500 ; 0.574 | 0.546 | 0.573
25| ¢.] 22 ||13.62]12.94 1233 15901512 14.41 | 4.54 | 431 | 410 |0.478 | 0.454 | 0.477 | 0.558 | 0.530 | 0.558
2.5 [[13.63 1295 | 12.33 |16.21 | 1542 | 14.69 | 4.56 | 4.33 | 4.13 | 0.458 | 0.435 | 0.457 | 0.544 | 0.518 | 0.544
2.2 115251449 13.80 |17.53|16.67 | 1589 | 509 | 4.83 | 4.60 |0.496|0.472 0.494 | 0.570 | 0.542 | 0.569
tp 28| I.| 25 (15.26]14.50| 13.81 |17.85[16.97 | 1617 |5.12| 4.86 | 4.63 |0.476|0.452 | 0.474 | 0.557 | 0.529 | 0.555
2.8 ||15.26 | 14.50 | 13.81 [18.16 [17.27 | 16.46 | 515 | 4.89 | 4.66 |0.458 | 0.434 | 0.457 | 0.545 | 0.517 | 0.545
2.5 || 16.89 | 16.05{ 15.28 |19.48 | 18.52 | 17.65 | 5.64 | 5.36 | 510 |0.492 { 0.467 | 0.490 | 0.567 | 0.539 | 0.566
31| £.| 2.8 |[16.90|16.05f 1529 |19.79|18.82| 17.94 |5.67| 539 | 513 |0.474|0.450 | 0.473 | 0.555 | 0.527 | 0.555
3.1 [16.90 | 16.06 | 1529 {20.11{19.12| 18.22 | 5.70 | 541 | 5.16 |0.458 | 0.434 | 0.457 | 0.545 | 0.517 | 0.544

Table 3 Equivalent Material Properties of Corrugated Panel ( § =50

Dimension (mm) E, (GPa) Ey (GPa) Gy (GPa) Vio Y
h 76.5 | 80.5 | 845 | 765 | 80.5 | 845 |76.5]80.5| 84.5 | 765 | 80.5 | 845 | 76.5 | 80.5 | 84.5
1.9 ||13.69}13.011 12.39 | 16.23 | 15.42 | 14.70 | 4.25 | 4.04 { 3.84 | 0.562 | 0.556 | 0.568 | 0.667 | 0.659 | 0.674
25| L. 22 |13.71113.02} 12.40 ;16.65|15.82 | 15.08 | 4.30 | 4.08 ] 3.88 {0.527 | 0.519 | 0.532 | 0.640 | 0.630 | 0.647
2.5 13.72]13.03 | 12.41 | 17.07 1 16.22 | 1546 | 4.34 | 4.11 | 3.91 |0.497 | 0.488 | 0.502 | 0.618 | 0.607 | 0.625
2.2 }115.34114.58 | 13.88 }18.27 | 17.37 | 16.55 | 4.90 | 4.66 | 4.44 ;0.533}0.547 | 0.560 | 0.660 | 0.652 | 0.607
£y 28| £, 25 {{1536|14.59| 13.89 |18.69117.77 | 1693 | 4.95| 4.70 | 4.48 |0.523 | 0.515 | 0.528 | 0.636 | 0.627 | 0.644
2.8 1537 | 14.60 | 13.90 | 19.12 | 18.17 | 17.31 | 4.99 | 4.74 | 4.52 | 0.497 | 0.488 | 0.501 | 0.618 | 0.607 | 0.624
2.5 |16.9916.14 | 1537 {20.32 119.32 | 18.41 | 544 | 5.17 | 4.92 [0.547 | 0.540 [ 0.553 | 0.654 | 0.647 | 0.663
31 £, 28 }17.00(16.15| 15.38 | 20.75|19.72| 18.79 | 549 | 5.21 | 4.97 |0.520 | 0.512 | 0.525 | 0.635 | 0.625 | 0.642
3.1 [|17.02]16.16| 15.39 |21.17|20.12| 19.17 { 5.52 | 5.25 | 5.00 |0.497 | 0.488 | 0.501 ! 0.618 | 0.607 | 0.625

Table 4 Equivalent Material Properties of Corrugated Panel ( §=70°)

Dimension (mm) E, (GPa) Ey (GPa) Gz (GPa) Vig Vg,
h 76.5 | 80.5 | 845 | 76.5 | 80.5 | 84.5 [ 76.5|80.5] 84.5 | 76.5] 80.5 | 84.5 | 76.5 | 80.5 | 84.5
1.9 [ 13.83|13.14| 12,51 | 1855 17.63 | 16.79 | 3.90 | 3.70 | 3.51 |0.432| 0.419; 0.433 | 0.579 | 0.563 | 0.582
25 t.| 22 §13.86]13.16¢ 12.53 | 19.34 | 18.38 | 17.51 | 3.97 | 3.76 | 3.57 10.399 0.386 | 0.400 | 0.557 | 0.540 | 0.559
25 [13.88]13.18| 12.55 | 20.13(19.13| 18.22 | 4.02 | 3.81 | 3.61 |0.371] 0.359 | 0.372 | 0.538 | 0.521 | 0.540
22 {15501 14.72 1 14.01 [20.97 [ 19.92 18.98 | 4.65 | 4.42 | 4.21 10.4240.411 | 0.425 | 0.574 | 0.556 | 0.576
ty 281 f.| 25 [1553]14.75] 14.04 | 21.76 | 20.68 | 19.70 | 4.72 | 4.48 | 4.27 |0.396| 0.383 } 0.397 | 0.554 | 0.537 | 0.557
2.8 [ 15.55|14.77 | 14.06 | 22.55 | 21.43 | 20.41 | 4.78 | 4.54 | 4.32 |0.371| 0.359 | 0.372 | 0.538 | 0.521 | 0.540
2.5 |17.1716.31 | 1552 | 23.38 | 22.22 | 21.17 | 5.17 | 4.91 | 4.68 |0.418]| 0.405 | 0.419 | 0.569 | 0.552 | 0.572
31| £, | 28 |[17.20)16.33 | 15.54 | 24.18 | 22.97 | 21.89 | 5.24 | 4.97 | 4.74 |0.393} 0.380 | 0.394 | 0.552 | 0.535 | 0.555
31 [117.22116.35] 1556 | 24.97 1 23.73 | 22.60 | 5.29 | 5.03 | 4.79 |0.371{0.359 | 0.372 | 0.538 | 0.521 | 0.540
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Table 7 Acoustic Powers of Floor Panels
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