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ABSTRACT

In this paper, a numerical case study is carried out on the hydroelastic vibration of rectangular

plate with various fluid field. It is assumed that the tank wall is clamped along the plate edges.

The VMM(virtual mass method) of Nastran is used for the simulation of fluid domain and

calculating natural frequency of fluid—coupled structure. In this paper, natural frequencies are

calculated and compared for rectangular plates with various fluid field such as infinite fluid and
finite fluid, length change of finite fluid field and various fluid contacting conditions.

Zl
fAlelM e Hde uf

+

)k

(1979) S Fg A
FE 74]’\1-01- , BF PEQ} HE1(1996), o34
984), = 64(2002) S AR f8d &
AAAA}; g, Ul =N AeASITH
E-mail : kuksu@dsme.cokr
Tel : (066)680 5048, Fax @ (085)680-2174
B39, thS2ANWE) VE2EATH

oh-? iﬁ‘jsﬂ"k(—r) AeaS97d

o] =B 6 FA 25E

FHEME

SEUIIN oz

A
a}

e ECEER e

@ g

x93 A5 e wE 22
254 WHE AEST ¥4 ABS 4BF
2 Agasit, 0|24 ATLE o5 (2000
&24 AT ALY B39 44 T2 A4
g8 A3, Zhou(2000), 73 (2005)+
3 2ol Aol WFoz FHE fAlol BT B

T Fq g ATE 3
AF4 5(2005 )3 A BFe] B o
FATZE AHEAES Raylelgh R1tz”“§§ﬁr AA
5 4& (2003,

fo re $owE o 2 rlo o R 32 o

olel A7t Adslel = B¢
LHFAFFS Tkt

WA (2003) S AHA) A gEe A mE
a8S olfate] HW HBITR )
Askalth

o g oj2Hal



N3 449. 2985

o) skl ShE AFE A9 QG 02, ol @ U FRold

FoqE Aee ¢ 19} W aen AeHE S NSS4, SEH olARAe g AW BRI

B B e FIGADAEDA A 5 ek vk

& B 722 14540} oj@A A% T 2

2 nastazt ?IS_W} V2<p..az? 62? 62(D 2
o] A= kg fARL wdYsirlo] # oy a

AT U8 AN R Nastrand VRN B iy or 4w mwde fAd A88E 24

A% Wkl mE AR B9 THNES A5E S CeET -

B nA s WA 2E ey aq Aok SAd AN E 5 3T ol A S

aetna 1RE AAR BEE RE pae gag geix wne 2 AP, ww

S A%o] dhao} Awe n4AES5e Aol N

S AR Polg E, Fol Wzl oE n{AF
F H3E 81, fA% &9 s AR PR
iﬂr AdHE Aol dish el n/AEF Ao
£ vlastuat g}

2. 2EWHA

A T2 HEAE0Z AW LPPINL O
5 24,

[M, {0} +[K, 1 X0} = F,0) M
A7IN M, K= TRES A BYudold, £

FAgolt,

of gAFA &zl s F& ALY
%, o] Aol &) FxEo] ¥ B IR T
xge APl Rato BETFEEY LHAESE
AxkaA B,

Gud B4 P 29 clgdel it Uus
Adtahe g Adsd o

Fig. 13} Zo] A4 @ae] &
3 =% B AL §A49 27 I Amas
It wge Thedt 2ok o7l @, b, H L
47 29 BWe) 23 gol 18D 449 Fol 9
A9 Zololth. ei7lq WA Bio) FU Fuo)

i

-

» -

A L >
Fig. 1 A rectangular tank filled with fluid

o

YBFAZUSIEB=2//A 17 A1 3E, 20074

o
k=1
e+ WY ST 00n, AFEPINE
Zago] 0oln, 59 W3} Heka 9
= @3} 2ol DEHE 202 71

29 o] ZgalE HAEL £5 THA
Bernoulli's equation® #§38o} th&3 o] A
& = 9

=- 62{ ®
PP

29 B A3 FA9LS QA AL 4

)
2 o Bl e ARael A (0% 2ol A
g & 9ok
Fo={ [ pauy @

A @el gs A% FAH FolA HEEe B
Aok Fol FA s Bl FEe A7 &
27 4 (99 2t

F, = M5(1) ®)

A 274 A l
g M, 2 §ATZ 4 E”%-Oi Ag

SEWRA
(Do) sk hed 2ok
M, + M X KX O =F,®  ©
3. Crabsh QA FO| Wato) mE
MZVY BE0 NE
31 SESATY HSAF 4 £99
OE LRSS HI



FrA A A3kl

2 AAE B9 JFol B3 A

Fig. 29} zro] R A «15&
]

1% A% 248

°l f&%iﬂ%oi] —‘r—o]%
AAsl= 442 v
(1) Nastrand 534 29
Nastran®|A &3 siale] AFL3H
Zo| 54 B FAE 1.4mmz
9 A FAEZ 20mmE F &
osle] =9 H@pe A

e Fﬂ
o ki ME
A o flo
& (T

[tje}
w

flo mo Mr &

[‘9,“"1]

o "
U
=
—z rin
= g N g
:>|40 oA o

N

S

n}L' o

32

e

>

o

f

4,

21!{

N

do
oot T of
ob o

il
=y
2
B
(2
o
__)é
ol
o
o
[«0
rlr
o,
Jo 1 &
rr
o

fu to
=
@]
=
=S
=R

boundaryE §lefl L,
T 4 e FYsdch

NastranolX AFEHE 1&8l= card¢! MFLUID
= ARSI

%
I
+ Infinite fluid \‘~5 -

-

Fig. 2 Infinite and bounded fluid

Nastran®] B3 2% 59 Hdds 29
IRRAEFTFE FYEE ANtst
Table 13 21 A% vlwd 9x&L Fig.
el 492 29, 83 2d a§f3Fsrt
P 2de] 1/5F Boh dh ok
A7F BT E Aol7t AR RE & T
53] H@ol 90% FAHE A¢e ¥Ha REAREH
A7H e 1/FAFFE B 2AFSHRAD S 1
FA5F B 50 % A% @A YERd, ol B
ol 28de FA9 FeaAe 2dde] 27|
wgolth wmetd #wagE i e EARE

=
g Fole Fogk nddsie] JFans 1
A Zo] ohlet WAE AR mds| 2 F
A asks ool ot AFE eake 13 3L
FRFFE a7t /M A3 uat AFFE ArE

QAR EolEs B ¥l lth

Fixed Boundary Condition

Normal vector direction
And water contaction

except side wall
Thickness

20mm

0.6m
Side wall
Thickness

L4mm
I Draft

Fig. 3 F.E. model of tank

Table 1 Natural frequency difference of plate in contact with finite and infinite fluid Unit: Hz

Draft Air (0 %) 0.06(10 %) 0.15(25 %)

Mode |NAS.Tank|NAS.Plate| EPR.(%) |NAS.Tank|NAS.Plate| EPR.(%) {NAS,Tank|NAS.Plate | EPR.(%)
1™ 128.0 128.1 - 0.1 127.9 127.9 - 0.0 87.0 93.1 - 71
o 151.0 151.3 - 0.2 150.2 150.3 - 01 132.0 132.9 - 0.7
3 194.0 194.5 - 0.3 190.9 191.3 - 0.2 167.0 168.6 - 1.0
4" 259.0 259.2 - 0.1 205.1 251.1 - 04 221.0 224.2 - 15
5" 345.0 341.0 1.2 327.4 329.2 - 0.5 214.0 225.4 - 53

Draft (M) 0.3(50 %) 0.45(75 %) 0.54(90 %)

Mode |NAS.Tank|NAS.Plate| EPR.(%) |NAS.Tank |NAS.Plate | EPR.(%) |NAS.Tank|NAS.Plate | EPR.(%)
¥ 44.6 54.4 - 220 35.8 45.6 - 38.9 29.1 434 - 49.3
ond 91.7 98.0 - 6.9 60.5 66.6 - 10.0 52.6 59.3 -12.9
3 143.0 145.0 - 14 97.2 102.3 - 5.2 81.3 86.5 - 6.4
4t 160.0 172.6 -79 149.0 155.0 - 4.0 122.6 128.2 - 46
5" 182.0 187.0 - 2.9 149.0 162.0 - 8.7 145.7 159.4 - 94
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Table 2 Natural frequency change of plate due to

different tank width Unit : Hz
Length
tel O ald al2 a 5a
Mode
1 27.2 31.1 33.5 35.8 37.8
2 51.7 54.7 55.7 56.2 56.4
3 80.5 82.8 83.3 83.6 83.8
4 1234 125.4 125.8 126.0 126.2
Top plate
Side plate

:Y Bottom plate

Fig. 8 F.E. model in contact with different side of
fluid
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Table 3 Natural frequency change of plate in contact

with different side of fluid Unit : Hz
Fluid| Side plate | Bottom plate | %% 22
ontact| (top plate (tpp plate cé)nt[; ot
Mode in air) in air) with fluid)
1 27.2 23.0 8.6
2 51.7 47.4 48.5
3 80.5 76.2 77.1
4 123.4 118.6 120.7
Fluid Side plate | Bottom plate | Top plate
ntact (top plate (top plate (top plate
Mode contact with | contact with | contact with
fluid) fluid) fluid)
1 8.2 8.2 8.6
2 47.2 47.3 48.5
3 75.4 75.5 77.1
4 118.6 118.6 120.7
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Case 1

Case 2

Fig. 10 F.E. model for different height of tank

Table 5 Natural frequency change of top plate due

. . . to different tank height Unit 1 Hz
Fig. 9 Vertical and horizontal tank Tk
eight b b/4 b/8 b/16
Table4 Vertical and horizontal tank in contact Mode
with fluid Unit : Hz 1 8.6 8.4 7.9 7.1
E %uﬁ Vertical side plate | Horizontal side plate 2 485 2.2 344 26.9
Mode a (top plate in air) (top plate in air) 3 77.1 75.3 68 55.6
1 279 355 4 120.7 118.8 112.6 97.2
2 51.7 52.8
3% 80.5 795 323 o W
o e o U #ARY Bol7k Aol HRe) nHAES
= o},
Fluid| Vertical side plate | Horizontal side plate 5 o
ntact (top plate (top plate o FARE Fol gojdel wet R ui
Mode contact fluid) contact fluid) Z2 olAt)
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2 47.2 47.1 © ydopalth
3 75.4 75.1 vl ZUF BohE SRR 1/ F5F7E B
4" 118.6 117.3 ub, @Al Bl BE ¥yo] Ay Hol & A
& FAY Yool Zow AT Yol AH
sk AAZAC] ol Teldo] 27] WRolc}, °f ZAAFFE L ols A Eddol I
7] w#olth

3.6 KA F0| W0l WE 4eEe)
IRTSS #g

Fig 103} o] #3739 gol/l Wake A% 4

2@ TEAST WRE Avsgn AE 23

& Table 5049 Po] B Fols} vtobgel u

AR DRUFTF RolE L Bk

4. 2 E

il’a}ﬂ Halo] uhE 3
= Heahd the st 2o

h AU RpUERE Pofilgnd Bad

oM nRFFFE

e

= E/A174E A1 %, 20073

o] dFoMe FAF W3l wWE e ARzt
Hyo] 1RATFHEIE AusGin, AxE F9
ARl Al FA82] J3& oldshe o Fu
7} 8 & e RoR ) &5 A9y o=
S %3 olEg d4E s dTE Ay
o Yo}

FoE
(1) Kim, K. C, 1978, “The Effect of the

Boundary Condition on the Added Mass of a



FAR sl BE A 90 o] Be AT

Rectangular Plate” , Journal of the Society of Naval
Architects of Korea, Vol. 15, No. 2, pp. 1~11.

(2) Kim, K.C., 1977, “Vibration of Rectangular
Plates” , Journal of the Society of Naval Architects
of Korea, Vol. 14, No.1, pp. 1~10.

(3) Kim, B.—H., 2005, “Natural Analysis for
Stiffened Plate of Ship Tank Side in Cantact with
Water Using Assumed Mode Method” , Journal of
the Society of Naval Architects of Korea, Vol. 42,
No. 4, pp. 396~401.

(4) Lee, D.Y., 1998, “A Study on the Sloshing
of Cargo Tanks Including Hydroelastic Effects” ,
Journal of the Society of Naval Architects of
Korea, Vol. 35, No. 4, pp. 27~37.

(5) Lee, H.S., 1984, “Transverse Vibration of
Rectangular Plates having an Inner Cutout in
Water” , Journal of the Society of Naval Architects
of Korea, Vol. 21, No. 1, pp. 21~34.

(6) Choi, S.-H., Kim, K.-S. and Son, S.-W.,
2002, “Analytical Study on
Vibration Characteristics for Rectangular Tank

and Experimental

Structure Filled with Fluid” , Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 12, No. 3, pp. 195~203.

(7) Zhou, D. and Cheung, Y.K., 2000, “Vibration
of Vertical Rectangular Plate in Contact with Water
on One Side”, Earthquake Engineering and
Structural Dynamics, pp. 693~710.

(8) Jeong, K.H., 2003, “Free Vibration of Two
Identical Circular Plates Coupled with Bounded
Fluid” , Journal of Sound and Vibration Vol. 260,
pp. 653~670.

(9) Jeong, K.H., 2004, “Hydroelastic Vibration
of Two Identical Rectangular Plates” , Journal of
Sound and Vibration, Vol. 272, pp. 539~555.

(10) Kim, K. S., Kim, D. W,, Lee, Y.B., Choi, S.
H. and Kim, Y.S., 2005, “Hydroelasticity Vibration
of a Rectangular Tank Wall” , ASME 2005
International  Design  Engineering  Technical
Conferences, DETC2005-84222.

(11) Meirovitch, L., 1967, “Analytical Methods
in Vibration” , The Macmillian Company.

(12) Leissa, A.W., 1969, “Vibration of Plates” ,
National Technical Information Servie.

(13) Timoshenko, S.P. & Woinowsky—Krieger,
S., 1959, “Theory of Plates and Shells, McGraw,
2nd edition” .

TRLASUSSAR=H/A 173 A1, 2007d/9



