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Fe«: Froude- krylov force v Assumption
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[1) Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch 12.1 (pp 535~538)
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Fe «: Froude- krylov force

A l:"'o I o C O E UI-I-I AI o l Fp: Diffragtion force
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F,: Diffraction force @, : Incident wave velocity potential
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Al @ W]
A5 BE0l Jrot= & added Damping
d4ds oA o mass Coefficient
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n: [” _I_I Normal El MX ( gravity + Fstatzc) Fwave exciting M X BX + Fexternal dynamic + Fexternal static
T
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. EX) Heave motion of ship — step 2

static

Fstatic = J:[ I)SmﬂcndS = pgl/ok v Archimedes’ Principle ¥ = ngOk
Sp

v Mass-Spring-Damper system

N

vyk

© 1110/

. 7 1
Vo Ve /

m : mass p : density of sea water F
V,: submerged volume gravity

Sz : submerged surface area

=-mgk

mz =F

T Fgravity +F

static

=-mgk +pgl k

=0 (- Z=0) : static equilibrium

= mgk—ksk

dS s infinitesimal submerged surface
area

dF: force exerted by the infinitesimal
fluid element on dS

N : normal vector of dS
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. EX) Heave motion of ship — step 3
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P;xternal ,static ‘
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1k§ X 7
= Z ] /.
I V l ZT M
0 8 F
external ,static
m : mass p : density of sea water F
V,: submerged volume gravity

Sz : submerged surface area
Awp : waterplane area

mz =F

=—mgk

T gravity +F +F

static external ,static
il _mgk +pgl/0k _pgApr +Fexternal,static
=-pgd,,z +F

external ,static
= —kZ +Fexternal ,static

—0 (. 5=0)

2008_Hydrostatic pressure and Force/Moment on a floating body
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additional
buoyancy caused
by additional
displacement z

v Archimedes’ Principle F = ngOk

static
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® LN

restoring
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. EX) Heave motion of ship — step 4

statzc = J.J. I)statzcndS v Archimedes’ Principle Fstatlc = ngOk
F ; e e e
2 ERIETRaL siatic ‘ = p gV K+ F, sionatbourancy | v Mass-Spring-Damper system
Lk* I v // additional i @
= ] buoyancy caused
M yancy '
S 1% lg ZT / by additional :
0 F displacement z ! restoring
external ,static . force
m : mass p : density of sea water o ! — ks, —kz
V,: submerged volume Fgmvily if, z is small : 0
Sz : submerged surface area _ F . .0
Awp : waterplane area =—mg k addtional bouyancy K ¢ E
.o — 1
mzZ=F =—pgA, 2z .z
Iz . Fgey) mg
= P 1
gravity +Fstatlc Fexternal static k A : —
LIREL _ = pg. ! T
mgk +ng k pgA Z +F ternal static : we : mZ - F
~N 1
i _pgApr +F xternal ,static Linearized i _mg.l( kS' k l@k external static
F k _ A ReStorlng Force ) : :_]ak +Fexternal,static
external ,static 1™V — 10 g wpP :
! ” — () |oscillation b
: mz + kZ — O thstflr:stlg::ngyforce
1
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e
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Ex) Heave motion of ship — step 4

-
Fstatic = J.J. PsmﬁcndS v Archimedes’ Principle Fstatic = ngOk
S Fmmmmm e e oo
7 = pgVok — pgd,pz i Mass-Spring-Damper system
Lk* X v // = pg Vok —kz :
= I 1
—— v l ZT M :
|
0 g : restoring
\ force
m : mass p : density of sea water F A ST — ks, —kz
V,: submerged volume gravity i
Sg : submerged surface area _ 4 b L ol S i
Awp : waterplane area = —mgk o%¢ s )':JEL% Z_.?I.I.I_I._ R A 777 [ v E
el 280 ofsl st & |
mz = F 1
b | | me
i gravity +Fstatic |
|
=-mgk +pglk —pgd,z |z =F
= —pgApr : =mgk—ksk—kzk
i Radiation Force : — ik
——kz e L=
B i‘; Ship will oscillate forever? K caiation = .” B tiaiioMAS : " + Jkz = ( |oscitiation by
Sp : mz_+ — the restoring force
Energy is dissipated by radiation wave :
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Ex) Heave motion of ship — step 5

Fstatic = J.J. PsmﬁcndS v Archimedes’ Principle Fstatic = ngOk
SB e e e e e e e e - ———————
] 7 = pgVk — pgd,z i v Mass-Spring-Damper system
v & S | S 7 = pgVik —kz © LU
— l zf M
I/0 g F — —Ci restoring
radiation force
m : mass p : density of sea water F - kSo —kz
V,: submerged volume gravity .
Sz : submerged surface area _ = —CZ
Aivp: waterplane area N _mgk °%¢ S Ao Z_EI.H_I__
7 230 25| et &
mz =F !
i = = I mg
[t gravity +Fstatic +Fradiation | . Dashpot\
=-mgk +pgV,k —pgd,z —ci - TTIITT7
. : " __
=—pgA,,2—CL — | mz” =F
- _kZ_Ci Radiation Force ! _ mgk —ksk —kzk —cz'k
opposite tw Fradiation = .” ])radiatioy,ndS : = —ka—CZ'k
Sy :

¢ : damping copffit 2
s
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. EX) Heave motion of ship — step 5

Fstatic = _” Pstatz

= paVok - pgdy,

ndS

c

v Archimedes’ Principle Fstatlc =

7 Z R4 Mass-Spring-Damper system
k 4 _ :
L EieiE B — 7 = pgVik —kz © LU
—— l Z T M :
I/0 g F — —Ci . : restoring
radiation —maZ ! force
m : mass p : density of sea water F R — - kSo —kz
V,: submerged volume gravity | 1[50 .
S : submerged surface area > 09— off g 4
Aivp: watelgilane area ~ —mgk 0%45-13"3 |+JHEE|%AH%?“ I i kf z ﬁ
= 9|5 st E | n |
mz =F © =° TAGIEL
5 = = i I 1 I \ mg
gravity +Fstatlc radiation . . i . Dashpot
=-mgk +pgV )k —pgd,z —CL—mZ v LT
. "
= - = wmz" =F
=—-pgA,,2—CcZ—m,Z — :
i ) . Radiation Force ! = mgk —ksk —kzk —cz'k
=—kz —cz—m,Z _ |
a opposite tw Fradiation - II I)radiationndS : - —ka_CZ'k
Sp :
opposite to w :
c: dampmg copffitie
: added masy SDAL
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. EX) Heave motion of ship — step 6

Fstatic = J.J. PstatzcndS ¥ Archimedes’ Principle Fstatzc - ngOk
Sy P m o m e e
= pgVok — pgd,pz i v Mass-Spring-Damper system

g Z.7
= 1 R = pgVk —kz

]
I I/O lg ZT / M " Fexciting

© 11111110

I
I
|
:
. : restoring
J— i |
radiation — €L —-m,Z ! force
m : mass p : density of sea water F ! y —ksy —kz
V,: submerged volume gravity 10 | So ,
Sz : submerged surface area — —mok : k t- —Cz
Awp : waterplane area g i Z 1 3 1% _ F, cosar
m7 =F Wave force i
...r ! mg
graVZty +FSfath radiation +Fexc[tlng *» + : /////// DaShpOt
|
=-—mgk +pgV )k —pgd,z —CZ—m Z+meng‘ \ |
A Z CZ m 7 +F Froude-Kriloff Force Diffraction Force | jp7z" = F
= o i
PE exeiting . ! = mgk —ks,k —kzk —cz'k +F, coswt
wave excmng |
=—kz —CZ — m, z +F, exciting . = _kzk —cz'’k +F, cos wt
=|| P nds i
wave exciting N
Sg :
1
¢ : damping coefficient (: Fexcmng)
m, : added mass SDAL
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. EX) Heave motion of ship — step 6

= _pgApr CZ m Z +Fexcztmg

= mgk —ks,k —kzk —cz'k +F, coswt

=—kz —CZ — m, Z +F,

= —kzk —cz'’k +F,coswt
exciting

Fstatic = J.J. PstatzcndS v Archimedes’ Principle Fstatlc = ngOk
B e e i
2 7 Z = pgVk — pgd,z i v Mass-Spring-Damper system
,Jg X TI t A~ = pgV,k —kz '\ © L2111
l V l g z T / M Fexciting . i restoring
0 Fradlatlon =z _mai i kforce k
m : mass p : density of sea water ! y —HRSq —HzZ
V,: submerged volume Y Fngi’y i 0 S 150 '
Sz : submerged surface area _ Kk : K | t~ —Cz
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Fe«: Froude- krylov force v Assumption

l Shear Force & Bendlng Moment Ez%ﬁfiﬁﬂﬁ?ﬁfgﬁe ® w8 |Hl (Newtonian fluid)

@ Stokes Assumption

x:f A Y ARe] A kel w2 RTT : Reynold Transport Theorem
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‘ a ctl n g On the Shl D dx d*x 2) SWBM : Still Water Bending Moment @ HIE S 7S (Invicid flow)
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.— shear Force & Bending Moment acting On the ship

v Newton HI2¥{Z] : MX Body Surface

ﬂ//

Mx=F +F,  +F, —AX—-Bx

Gravzty
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Statlc
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Static
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Fe«: Froude- krylov force v Assumption

E Shear Force & Bending Moment =i o 8 8A cewonian o

(@ Stokes Assumption
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