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In this paper, the generalized hydrodynamic force and response of a flexible body are calculated at different reference coordinate

systems, We generalize the equation of motion for a flexible body by using the conservation of momentum (Mei et al,, 2005).
To obtain the equations in the generalized mode, two different reference coordinates are adopted, The first is the body—fixed
coordinate system by a rigid body motion, The other is the inertial coordinate system which has been adopted for the analysis,
Using the perturbation scheme in the weakly—nonlinear assumption, the equations of motion are expanded up to second—order

quantities and several second—order forces are obtained, Numerical tests are conducted for the flexible barge model in head
waves and the vertical bending is only considered in the hydroelastic responses, The results show that the linear response does
not have the difference between the two formulations, On the other hand, second—order quantities have different values for which

the rigid body motion is relatively large, However, the total summation of second—order quantities has not shown a large difference

at each reference coordinate system,

Keywords : Hydroelasticity(SEHA), Perturbation method(td=4), Generalized mode method(EHSE ZEH) Equation of motion(2=
BIXMAL Body—fixed coordinate system(ZA| 078 ZHH 7))
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Table 2 Comparison of hydrostatic restoring stiffness(C) (3: heave, 5: pitch, 7 & 8 & 9: two & three & four—node vertical

bendings)
Restoring stiffness C(3,3) C(5,5) C(7,7 C(8,8) C(9,9)
Inertial coor. 14722 7232 3892 3973 3999
Body—fixed coor. 14722 7444 3536 3461 3401

JSNAK; Vol, 58, No. 6, December 2021

353



7|&E =tEAoll wE ehdxo| dbtel niEh kS 5 SEol et

ret

S AFE AlMSI, Zrks Table 20 FEAISINACE

Table 20l 20{ F=0|, 7| Z8l(vertical bending)oll th5}o{

\ o
AR IR
081\ Ry
\ - o /
06F\ 2T 7l A
\ / \, {
\ / \ .
0.4 N 5 VAN B
N/ \ o 4 !
v \, /o
02 N . P b
. VRN : /
S / \ / /
3 or /'/ A / // 1
! N 4
) N / /
02 7 N // / 1
! »'&.r‘ , p /‘/
N N /
~ > / .
\ Se_ o7\ N | =1
o ~. - i
. -2
_____ =3 H
Il 1 1 1 Il 1 L .]:4

0
2z/L
Fig. 3 Mode shape from Euler-Bernoulli beam equation

JlE HEAE LRlSIge 1 SH 22 Ao Ko7t Hel
LIEILIR| ebofct M 2X[oIA & 7|= ZtEA | Xjol= KA
SHHoz LieJ| mzof A (17)2f (26)2 0I&3101 229
7|7 SBAIM T3 S5 SEo| M RAOTF SU3H ZDHE

16

Kim et al.
AT ® Present
o EXP
12 i

Wave frequency(rad/s)

4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

1.6
Kim et al.
141 ® Present
o EXP
12 1

=
0.8
S

4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9
W ave frequency(rad/s)

x| o4 Z2IE Fig.
EEAl| e o]

7

=

7} oh o} sh-fe| ZnjRre TAISILT, B7l ofelofls Ak
o

~
=2
T
m
=
2
N
r
re
4
1o
N
§

b
Kl
F[F

——

Ch2o =2 7|&F ZEA ol w2 Ubis|E 5 J
£ AHET| Qaf, A (2002 (27)9 2+ MEo| Hgre 5}
1 H|msi 2kt

Fig. 5ol M% SQ(surge)oll CHet "t SES(mean drift
force)S LIERHQICE o] ZE FHgolM ofF =39| xfo|7t
LIER-H= AE 2 F= Aot MmoiM M5 S0 s 2kkst
2 stE2 5 7|F FEAIAM of2f &l xfo|2k EXsict

=
F 7

(33.1)

//pm(gﬂ' - NV)as at inertial coor.
5

// pV(S « 72")as at body-fixed coor.
5y

J2le Al (33.1)2} (33.2)5 EAISH ZO|

Fig. 59 2=2#& o
= T URO0[, =M 1Y FEAE 7|ELR Fot

C}. J&lollA
16
Kim et al.
14r ® Present
o EXP
12+

4 4.5 5 55 6 6.5 7 7.5 8 8.5 9
Wave frequency(rad/s)

1.6
Kim et al.
14 oy ® Present
oo P
P ] o EXP
1.2

1

0.6

0.4

0.2

0

4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9
Wavefrequency(rad/s)

Fig. 4 Vertical displacement response amplitude operator (RAO) at 3,5,9,12 points in head waves. Subscript in y—axis

label means (1,2,3) = (x,y,z) direction.

354

[
==
il

AMEHS|=2Z! | 582 H6S 2021 12€



o
o
Ho

ﬁ
r0

-

3 T T T T T T T

— ® —|nertial coor.

Body-fixed coor. |

1 L L L L L L L L L

1].(2)
pgA*B? L

4 4.5 5 55 6 6.5 7 7.5 8 8.5
Wave frequency(rad/s)

9

2 T T T T T T T

— ® —|nertial coor.

151 Body-fixed coor. | 1

2 | . 1 . )
4 4.5 5 55 6 6.5 7 7.5 8
Wavefrequency(rad/s)

8.5 9

Fig. 5 Surge mean drift force in head waves at inertial & body—fixed coordinate in head waves (Right figure shows different
component at each coordinate.). Subscript in y—axis label means mode number of motion response.

8 T T T T T T T

n — ® —|Inertial coor.

Body-fixed coor. | ]

55 6 6.5 7 7.5 8
W ave frequency(rad/s)

8.5

6 T T T T T T T T r

— ® —Inertial coor.
sl Body-fixed coor. | |
4} i

55 6 6.5 7 7.5 8
Wave frequency(rad/s)

Fig. 6 Second-order time-harmonic pitch & two—node vertical bending hydrodynamic forces at inertial & body—fixed

coordinate in head waves

4 T T T T T T T " r

— ® —Inertial force at Inerial coor.
sl Inertial force at Body-fixed coor. | |
2|

2 L L ' L L ' L L L

5.5 6 6.5 7 7.5 8
W ave frequency(rad/s)

4 T T r T T T T T :
— ® —|nertial force at Inerotial coor.
sl Inertial force at Body-fixed coor.
— — —Gravity force at Inertial coor.
Gravity force at Body-fixed coor.
o |

a4+ ]

2 I ) . ) | . ) | L
4 4.5 5 5.5 6 6.5 7 7.5 8
Wawve frequency(rad/s)

Fig. 7 Second-order time—harmonic pitch & two—-node vertical bending inertial & gravity restoring forces in head waves

at each reference coordinate

A

5
o
v

ol

o] A= TFoie 2ot 2k

AEA 2| 27t ol K50 iR E =2

o|:|

= FEZ =A 2

1=
=
2 Z0E F =

10X 1

Fig. 62 &ZQ(pitch) T2|1 28™ £==23(two—node

vertical bending)oll CHEF 2&F Z=sH2nd-harmonic) Z
(hydrodynamic force)a LHERHRACE =21 Shelo]| Chet 2|
0| & "o FulgoflM =22| Xjo|7} LiEf-k= Qict,

Fig. 72 35(pitch)2t 22H =278l (two—node vertical

0 ob
ol

r
0

A
NEEEF

JSNAK; Vol. 58, No. 6, December 2021

355



7|&E =EAO| w2

EhdA|ol etsl ulE skS 5! SEol tist

— ® —|nertial coor.
Body-fixed coor.

»®
pgAQB 3/L

4 4.5 5 55 6 6.5 7 7.5 8 8.5
Wave frequency(rad/s)

Fig. 8 Total second-order time—harmonic forces for pitch & two—node vertical bending head waves at each reference

coordinate

bending)oll CHEF 2A1sH 24| 22 (inertial force) 2t
2(gravity restoring force)2 LIERARACE 047|A, 2AFst

1%fate] oz 0l20fF ZDke T, FS L0k
X

LT

Mo r~o 2 o rlo o

SE
2 SfHo| & ztEAol w2t xol7t =z =4 2k
oh ?M Zos2 e skl vish 3717F At
H 4 ZeloMs SX 2hdedol uiE sist 2ol ZH|
0| & FE20M xfo|7} LiEtton] A FEAH oM EXfsiH
2 5220 2H 1 FHEAOIME HEK] 2 =IAck

(]
NS

J

LSS
d
o
R

o ofn

BH E=Q(ptich)2t 2&HE &
ending)oll Chst 2xtsh MEE2| &2
S5 v Wl 2A4S W F 71F ZEA wWE Xfo|7h Bchs
& 4= Qlch ol mE sEEoMel xio|7t =4 2hazn)

=
S AMERAT| m2olch HOR AL ZulE &
d 5

gl
o
:
2
o
o
D

<
@
=
Q
o
o
ol

I

k

2ol Ho
0 1T ofn

3} Taylor 5= MIHE 0|85t "o RO 1&}Ek}

o| EC[ZoZ ZAIEUCE EMMAel FEM SEE F5P| ¢
sl uist REMO| ARSEQI, 2 ZhEA It 2| 230 2
st 24 1Y HEAE 7|F FEAZ Slo] FEE AlS H|WS|
RAct 71E =EATE E2RH MY 2XoMe Al S22 A
F7+ctEA ZoE0| Sl=dT, 2AFske Zi2te| &E0| ch2

r

Folet barge 222 0|&310{ Rl Aol thet AlMS M
“iihead wave)oll 25101 RUSIICE 7|&E EEAOf w2t

9

)(2)

7
pgA*BE[L

— ® —|nertial coor.
Sr Body-fixed coor. |

4 4.5 5 55 6 6.5 7 7.5 8 8.5 9
Wawve frequency(rad/s)

orcke

4| —

2 dM=o] MEDE 20| HO| RO|E EoFX| A FQUct
29 M =HE CF0| FEM

. & Z8l(horizontal vending)
torsion) ot 22 CiE FE SHEol| ofst H|X A70 =
Zojc}, gt B

A
[S1= =

—

T AS o, MY 2=do| AlLloll= F&|Hol Tl
Mot zetEion, Cof2 HiMEMol isiM = et Tt
UE A= AZECE

O =22 20219 HR(usF)o| Moz sh=od iyt
| 7] &4 LA 21(2020R111ATA01065411)

References

Bishop, R.E.D. & Price, W.G., 1979. Hyaroelasticity of ships,
Cambridge University Press.

Choi, Y.-R. 2004. Analysis of wave drift forces acting on a
hydroelastic structure, Froceeding of the Annual Spring
Meeting SNAK, pp.162—167, Tongyeong, Korea, 22-23, April.

Huang, L.L. & Riggs, H.R., 2000. The hydrostatic stiffness of
flexible floating structures for linear hydroelasticity. Marine
Structures, 13(2), pp.91-106.

Kim, Y., Kim, K.H. & Kim, Y, 2009. Analysis of hydroelasticity
of floating shiplike structure in time domain using a fully coupled
hybrid BEM-FEM. Journal of Ship Research, 53(1), 31-47.

5 o1 Eolzd HA= ol Ate % =3 =04 2 , , . . )
& A SEH ATE ofF XE Holake 201 Folul, 1 2 Malenica, S., Malin, B. & Senjanociv, |., 2003. Hydroelastic
356 CHgtRMSte| =27 M| 587 MBS 20214 12¢



2t
=

1852

el
40

response of a barge to impulsive and non-impulsive wave
loads. Proceeding of 3rd International Conference on
Hyadroelasticity in Marine Tech., Oxford, UK.

Malenica, S. et al., 2009. Some aspects of hydrostatic restoring
for elastic bodies, Froceedings of the 24th International
Werkshop on Water Waves and Floating Bodles, Zelenogorsk,
Russia, 19-22, April.

Malenica, S. & Bigot, F., 2020. On the generalized
motions/deformations of the floating bodies, FProceedings of
the 35th Intemational Workshop on Water Waves and Floating
Bodles.

Mei, C.C., Stiassnie, M. & Yue, D.K.P., 2005. Theory and
applications of ocean surface waves: linear aspects. \World
scientific, Singapore.

Newman, J.N., 1977. Marine hyarodynamics, MIT press.

Newman, J.N., 1994, Wave effects on deformable bodies.
Applied Ocean Research, 16(1), 47-59.

Price, W.G. & Wu, Y., 1985. Hydroelasticity of Marine Structures,
Theoretical and applied mechanics, 311-337.

Remy, F., Molin, B. & Ledoux, A., 2006. Experimental and
numerical study of the wave response of a flexible barge,
FProceeding of 4th international Confererice on Hyaroelasticity
in Marine Techrology, Wuxi, China.

Riggs, H.R., 1996. Hydrostatic stiffness of flexible floating
structures, Froceedings of the Workshop on Very Large
Floating Structures, pp.229-234.

Shabana, A.A., 1989. Dynamics of multibody systems, John
Wiley & Sons.

JSNAK; Vol, 58, No. 6, December 2021

357





