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ABSTRACT

In this paper, the vibration characteristics of the trapezoidally corrugated plate are investigated by

the analytical method. The corrugated plate is widely used as the structural elements because of its

high stiffness and light weight. Because the corrugated plate is flexible in the corrugation direction

and stiff in the transverse direction, it is treated as an equivalent orthotropic plate to analyze the

corrugated plate simply. This equivalent plate must include both extensional and flexural effect to

obtain the precise solution. The effective extensional and flexural stiffness of the equivalent plate are

derived to consider these effects in the analysis. To demonstrate the validity of the proposed ap-

proach, the comparison is made with the previously published results and ANSYS solutions. Some

numerical results are presented to check the effect of the geometric properties.
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Fig. 1 Trapezoidal corrugated plate, its corrugation unit and its equivalent plate

Transactions of the KSNVE, 23(10) : 928~934, 2013 ‘929



Young-Wann Kim ; Vibration Analysis of Trapezoidally Corrugated Plates

& agsiglon, vaat 22 248 WS

(Ul X2(2) Y,
U(«THZ/) = Z E wm(wm,nt) )(f”f(x) Klb(y) (7)
) == gy (o 1) X (2) Y (y)

mn mn

K—«*M=0 ®)

714 MK+ #o] A7 5 AgAHolth 4 (8)
2HEH frleret 7 AgreeMe] dEs o
kel

2.2 NELEAS
Fig. 2()A 8 @ F5o Wgoz a5 PE
7Fetd soid dole v

2Pl, PlLA* 2PlL,h* 2Plycos’d
+ +

0, = )
T AE EI 3EI AFE
A71M &9 Foll s A=t, 1=1/12°]¢}.
W FERY FEECIE FA s Aoy
P
P
(b)
Fig.2 Cross section of corrugation unit and its

equivalent unit

930 | Transactions of the KSNVE, 23(10) : 928~934, 2013

HFig 200)°l Tlal BAFE OIS 24 W
F oe et g,
Pl
%= AE a0

71N B Bk SR AzIM, Bl Eof
oal 4, =holth. o] W WP 5% g A 2
oo} Smi o] EozNE Auolyel v
2 SRS Tt o] fEdr

Et* (1, +1,c0s0)

E = 11
“ R (6l,441,) +ht* (1, +1,008%0) an

Fig. 3ollA x5 Zol7b pdl @8 58 yiFde
2 APAAS W FE3] g HYF 59k Gt
F g AE gEolof gtk o] wo

it

47 e}
Est

13
E, i (13)
STPASEA AR E Fig 304 E yEH A
9 v EE oy 288 A FER L Auoly
ol e AugsEe] M Prhs zHomy
H 78 4 itk oy st v, 2 el o dd
MRES A En et ey 35
FHEERY A FE PP F0R & A
HRASE Hgstelol SuR AWY 1,2 4§

M p
B

Fig.3 Corrugation unit of corrugated plate under
various loads



Young-Wann Kim ; Vibration Analysis of Trapezoidally Corrugated Plates

ARG W FER S AVEYASE AgI o] €k
st Ef 1

Gz =G— (14) D =——— 21

Yo th C12(1-4) s @D

HEoR Foke ME Telelof Ik Fig 3N 2ot g FUBAASE Fig oA AR 2

2483w B E HA7e] A= Pu}

4
b xoRyy FE of 2UomvE %
3

&
€]
of Itk uebd Srhdel Ui oW WHES A o guer FARAASE B9 226 giek o 2
(15)% o]&3td 2 (16)7 #o] & 4 Utk A RElEd nlgdits ARo] yth wEA B
P 7b 3 w98 AsE o 2k
5 ﬁ(l—i-cosé’) (15)
El(31,+1,)th* + (I, +1,c05°0)t*]
_ 1Tl 1Tl )
vP D, = 2 (22)
- :l—(1+cose) (16) 12(1—27) (1, +1,c0s0)
©ItE
b sz e HIEY ZAASTE Fig 39 @9 FEo nEH
yF MRES G=pE)IRR TR pge ) e o 2Ew 9 guoluy B
g Fobd M= v o] Hrk nEeze ot 7t
€ st Th Th
- 22 1 = =
v, g v(1+cosh) T 17) 0y i @, G, (23)

= (18)
v, =V, ,
E D, == 4)
ool A gt FTHIEEAES the Aol A&
&t 57 AAAEATE et A Fig. 304 w3 EHE Mol 93 Folg H]
v, =c/e, s vk FOBE D2 yeat ol &
L —— & ol
T 1-vw ey Tyt
- (19)
Eyh _ Dy =vD, (25)
= , G, h
1 1—v v TY Ty
Yy
3. #X[&3
2.3 FEUZBYAS
wejdol & AoddF 7 AT Fig. Aord A W) A=37] 9

o
Adzel & 8 Liew T A3t 9 o] AFM itz 3

=
M. Ml S
b,= 00, = EHE a=b=2m, t=002mol¥, F
v 2

7S 0=15", 7% ¥ol

=
s, T |
Wt Zolwd 57 FEAAASE 083 2 h=003m % FE S 1000tk o A7b Liew

Transactions of the KSNVE, 23(10) : 928~934, 2013 | 931



Young-Wann Kim ; Vibration Analysis of Trapezoidally Corrugated Plates

200
180 |-
160 |-
140 |-

120 |-

80 [
60 (2,

40

Natural frequency (Hz)

alb=1, a/t=500
(1,1) Nc=10, 6=45°

U R [ R R R |
1.0 1.5 2.0 25 3.0 35 4.0

Corrugation height-to-thickness ratio, h/t

Fig. 4 Effect of corrugation height on the natural fre-
quency

Table 1 Frequency comparison of corrugated plate*

q Present Present-ANSYS Liew et. al.[9]
Mode Freq.(Hz) |Freq.(Hz)| Error** |Freq(Hz)| Error**
1 28.1498 27.486 2.42 28.588 | -1.53
2 38.9525 39.439 -1.23 | 40468 | -3.75
3 60.3538 61.644 -2.09 | 63.276 | -4.62
4 72.3478 69.059 4.76 | 72.597 | -0.34
5 79.7186 79.358 0.45 80.888 | -1.45
6 91.6409 93.285 -1.76 | 95.947 | -4.49
7 95.4471 98.703 -3.30 | 98.058 | -2.66
8 121.347 127.84 -5.08 | 125.51 | -3.32
9 132.004 130.55 1.11 137.85 | -4.24
10 139.757 133.42 4.75 139.07 0.49

* EF=30GPa, v=0.3, p="7830kg/m?
Present —Ref

** Error = Ref
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