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x'y'z' : Body-fixed coordinate system.

6 D.O.F Equations of Ship Motions x:: wateriane fixed trame

ater Surface fixed frame(O-xyz)
(Waterplane Fixed fixed frame)

(Q) Which motion are displaced volume and
center of buoyancy changed by?

Displaced volume and center of buoyancy are changed by
heel, immersion, trim only. So, they cause external force
of equations of the motions (buoyant force, hydrodynamic
force) to be changed.

D.0.F : Degree Of Freedom
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Archimedes’ Principle

® Archimedes’ Principle

H “The buoyant force on an immersed body has the
same magnitude as the weight of the fluid
displaced by the body!. And the direction of the
buoyancy is opposite to the gravity”

@ Archimedes' Principle
Buoyant force = Weight of displaced water by body (displacement) (F; =A(=pgV))

@ Equilibrium Condition (Sum of the forces in vertical direction is equal zero)
Buoyant force — Gravitational force of the body’s mass=0 ,(F; =F;)

3 ..Weight of the displaced water by body = Gravitational force Ege body's mass (A= F,)

G: Center of mass AV . G AV
B: Center of buoyancy i
Fs: Gravitational force, Fg: Buoyant force : B
Density of fluid
V: Volume of the body below waterplane
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Example 4>

Question) A chunk of ice floats in water. What percentage
of the volume of ice will be above the level of the water?
The density of ice is p;=0.917 Mg/m?3 and the density of sea
water is p,,=1.025 Mg/m?3 1

Gravity Force=Buoyant Force (. Because iceberg is ‘float’ in the water)

(LHS) Mg = pV,g

I:
$; v | RHOF=p, gV,

G o Lose your g,
B © pr'avl = pwg\/w
ini = pWVW’ VW pi
B Vi ViV,
oV, Exposured Volume V-V, vV, o
M, : Mass of iceberg oy Vi Entire Volume V. V. V,
V, : Total volume of iceberg, 1_&
V,, : Volume underwater 0.917
p; : Density of the ice, = Pu_q ~0.105, 10.5%
py - Density of underwater 1 1.025
g : Acceleration of gravity ~.The fraction of ice above the water level is therefore 10.5%

2009 Fall, Ship Stability - Physics for Ship Stability
—= sRef 1) Ohanian, H. C, Ph sics (2M ed), W. W. Norton & Company, p478.
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r : displacement of particle with respect to time v Assumption

P ressu re a n d FO rce vodr o d’r Fr «: Froude- krylov force (® Newtonian fluid*

a=— S =R q
“o Fo: Diffraction force @ Stokes Assumption*
i

o [ o
a Ctl N g on F I ul d Pa rt 1C I e 1) RTT: Reynold Transport Theorem @ invicid fluid
2) SWBM : Still Water Bending Moment @) Irrotational flow

3) VWBM : Vertical Wave Bendidng Moment .
) e ® Incompressible flow

v'Equations of motions | Lagrangian & )
of Fluid Particles Eulerian Description Shear force curl & Rotation
Newton’s 2" Law — = :
. onfm . Cauchy Navier-Stokes Euler Bernoulli
() L F=> F=(Body force : : : )
Teast equation equation equation equation
____________ + Surface force) @ ® ® e
: v
r=[§1§ 1831641651 & ]T Microscopic/ Mass @ 245 i od 1 2
£isige Eiroll [ Conservation Lapla_ce oy V=0 | p—+P +—p‘VCD‘ +pgz=0
& sway & :pitch Derivation(RTTY) Law Equatlon (V = V(D) i at 2
& theave & :yaw - ! J

* A Newtonian fluid : fluid whose stress versus strain rate curve is linear.
**Definition of viscosity coefficient(u,4) due to linear deformation and isometric expansion
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1)Kundu,P.k.,Cohen,I.M.,Fluid Mehcanics 4t, Academic Press,2008

De rivati on Of B U Oya nt FO FC@ * ANewtonianfluid : fluid whose stress versus strain rate curve is linear.

**Definition of viscosity coefficient(u,4) due to linear deformation and isometric expansion

- Equations of Motions of Fluid Particle (Cauchy eq. ~ Bernoulli eq.)?

Cauchy Equation : pd_V:pg+Vo(7 ,(V:[U,V,W]T) Continuity 5_,0+V. V=0
dt Equation ot P
(® Newtonian fluid* . .
J L@ Stokes assumption** . @ mcompressﬂgle flow
_ 4y TR p = constant, (a—’f = Oj
I\!awer-Stokes Equation : P = pg—VP+u —V(V-V)+V2V
(in general form) dt 3 VeV =0
(/U = 0)@@ Invicid fluid [! ® i(rrotatio)nal flow
V=VO v,
Euler Equation : pa = pg—VP Laplace V2 - 0
- : Equation -
p=p(P) ! ! @ barotropic flow
: MV x
Euler Equation : oV 1., dP 2i 2 .2 2 o -0 (i -
- — | B== Z+|— , gi=u +Vv +w If =0, (irrotational flow) .-
(Another form) 5t +VB=Ve [ 2 49 +I P a T tlr]:e VVX\Y =OO th VVcD
: xV =0, thenV = .
©® Steady flow o (q2 :|Vq)|2) ! ! Unsteady,.... .=
along streamlines o :
8_V —0 and vortex lines %~-...,Irr?tatlonal ﬂ(_)__W ......
at - BernOUIIi a@ 1 2 :.:. .......... dﬁ ............... Newtonian fIUid
: . | equation "5~ v §|VCD| TOZ+ j— = F (1) Stokes assumption
sernoulli g _ constant Ly @ P Invicid fluid
equation i - | e flow Unsteady flow
(casel) ( 1 O+ g2+ I dP _ Cj | (p = constant) &.@.__!ncompressml.e flow/ Irrotatiosrqal Flow
2 p . | Bernoulli o 1 2 P Incompressible flow
equation E+§|V®| +0gz+—=F(t) /9
2009 Fall, Ship Stability - Hydrostatic Pressure, Force and IMo (CaseB) - - /33




Derivation Of Buoya nt Fo rce 3}f?auge prefssure : The pressure result out of the
. o o o ifference of total pressure and atmosphere pressure
-Meaning of F(t) in Bernoulli Equation
and Gauge Pressure T P_=P

atm,
;ﬁfﬁﬁﬁﬁ AV4

Bernoulli Equation
8CD P 1

8t,0

= An identical equation

\V®\+gz—Fa)

v'How is the pressure on the bottom of object expressed?

atm aq) P . l , B h
Wil at Ty T ey g
QOO000O v
?????? Sl PF'“"’ \VCD\ +g2 —4
ot
If a fluid particle is inPequiIibrium condition "ot 0 H‘E‘Vq)‘ +9z=0

at free surface (z=0) ‘gauge pressure’

oD

~—~=0,Vd=0, P=P

p % In case that R.H.S of Bernoulli equation is expressed

by zero, pressure P means the pressure due to fluid
which exclude atmosphere pressure.

0 P 1 2 P
%?/+;+E|yé|+9/ F(t) — 2o E =F(t)

If the motion of fluid is small, square term could be linearized.

(Atmospheric pressure(P;.,)) = 8;) n PFIuid _,_W +gz=0
o,

(Pressure at z=0)
oD
a(D P 1 ‘VCD‘ -|— = Patm PF|UId - pa_pgz -

8’[ p o, s a— Linearized Bernoulli Equatvm10
dynamlc Pstatic /33

i K GCD _I_E'I:)Fluid,I
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r : displacement of particle with respect to time v Assumption

P ressu re a n d Fo rce voar oo d’r Fe «: Froude- krylov force (@ Newtonian fluid*

dt dt? Fp: Diffraction force @ Stokes Assumption**

o o o Fs: Radiation f
acting on Fluid Particle DRI R o 5% e ® invici T
2) SWBM : Still Water Bending Moment @) Irrotational flow
3) VWBM : Vertical Wave Bendidng Moment .
® Incompressible flow
v'Equations of motions | Lagrangian & N
of Fluid Particles Eulerian Description Shear force G G BT
Newton’s 2"d Law —_ : :
) Cauchy Navier-Stokes Euler Bernoulli
— mi' = > F = (Body force : : : .
sue equation equation equation equation
+ Surface force) @@ @ @@
7 |
r=[£.668.4] | Microscopic/ Mass . @® Laplace qu) =0 | oD 1 2
&surge &, :roll Macroscopic Conservation - o-- - P + P+ —,O‘VCD‘ + ,Og z=0
£:sway - pitch Derivation(RTTY) Law Equation (V=vo) (" ot 2
£ ‘heave & :yaw - 3 ! 3 J
(" Velocity potgntial O v Calculation of
® = @, (Incident wave potential) Fluid Force
+ @, (Diffraction potential) Linearization
(lp\qu =0]
+ Dy (Radiation potential) 5 2
'k P=-pgz—p—
. / ot
I:Fluid (r’ r’ r) = J.J.SBPndS = I:Buoyan(:y (r) + I:F.K (r) + I:D (r) + I:R (r’ r’ r)
\_ ( Sg: wetted surface) Y
* A Newtonian fluid : fluid whose stress versus strain rate curve is linear.
2009 Fall, Ship Stability - Hydrostatic Pressure, Force and Moment on a Floating Bod **Deinition of viscosity coefficient(u,4) due to linear deformation and isometric expansion
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Pressure and Force acting on Fluid Particle

- Fluid Force acting on ship

oD 1 2
—+P+—pVO| +pgz=0
P 2pl "+ g

Z/> , v' Pressure due to fluid particle around the ship in wave
\-\.7 y _ - Velocity, acceleration, pressure of the fluid particle are
tatic Disturbance changed due to motion of fluid, then pressure of fluid
particle over ship that acting on ship is changed.

-

Linearization

l_ Incident wave velocity potential ((I)I )

v Velocity potential of Incident wave that is
independent of the body motions and
defined with the body fixed in position?

v Velocity potential of disturbance of the
incident waves by the fixed body?

. Radiation wave velocity potential (CI) R )

v Velocity potential of wave which induced
by rigid body motion, In the absence of
the incident waves.?

v’ Total Velocity Potential
O, =D, +P, +D,

Superposition Theorem

For homogeneous
linear PDE,
superpositon of
solution is again a
solution of PDE?

o0,
ot

Friig = _”Sﬁlds

=Fic TFex +Fp +F5

— ' static

Pegz —-p

1) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 287

200 2)

Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch 12.1 (pp 535)

12
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Pressure and Force acting on Fluid Particle (@ :midentwave velocity potentiai
- Fluid Force acting on ship Fr Froud. koo force | P * DIFracton potentie

F.: Radiation force CDR : Radiation potential

. v/ Bernoulli Equation v’ Laplace Equation

’ ,i Vi =0
p%)+P+/%}%\v2+pgz:O [l

| D=0, +D,+D,
i : ) ) )

i Linearization . Linear combination . .

. of Basic solutions Basic solutions

i - L R o0, o0, oD

| Frusg (NT20) = —pgz = p - =zl p( o atRj
1

i| Pressure of fluid r _____________

i particle acting on ship PBuoyancy (r)H_ s K(r) + P (r) _|_P (r g r)
E i i i denamlc i
5 - = v v v y

dF : Force of one fluid particle E oy (1, F ) = Hs PFIuidndS = FBuoyancy (r) ar FF.K (r) + FD (r) + FR (r, r, r)

acting on ship

dS : Differential Area ( Syt wetted surface)
N : Normal vector of
differential Area

r= [511‘52153'684’685’986]T

& surge &, :roll

& sway & pitch

&, theave & :yaw ! 13
2009 Fall, Ship Stability - Hydrostatic Pressure, Force and Moment on a Floating Body /33

Integral over wetted surface of ship
(Force and moment acting on ship due to fluid particle)



% Pressure : force per unit area applied in a direction
perpendicular to the surface of an object

Derivation Of Buoya nt Fo rce So, in order to calculate force, we should multiply pressure

by area and normal vector of the area.

.r According to frame, (-) sign is added because
'\ value of z is (-). : Force acting on upper differential area
v What is the force acting on the bottom of objéct ?
What is the force acting on the bottom of object dFTop Top ‘N dS PTOID P.,—9-0
Z I/II nl - _k
I I:)Top = I:)at‘ . ,'I
> ot "** 28 29 N Y K n,: Normal vector
yan SR | R N R +
-0 JA atm dsS : Area
o] ——— D
PBottom
/ I:)Bottom atm —pP gZ
/ d':Bottom - I:)Bottom nZdS rl2 =K
: Force acting on lower differential area

dF = dFy,, +dF / F=[dF= Hpnds (P = Py =—p02)

Top Bottom

-n,dS + Py .o - N,0S

Pure static pressure that total static
pressure minus atmosphere pressure.

Top
————>»

:/Rﬂﬁ({‘zjds +%_ ng)de =—,00 andS Cf) Linearized Bernoulli eq.

oD

= —ngde = k(—ng . dS) Sg P=—pgz— pE

: Force due to atmosphere pressure is vanished. = 'P_‘_'
static dynamic 14
733
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Derivation of Buoyant Force
- Hydrostatic Pressure and Buoyant Force acting on Ship

In case that ship is heel about -x axis

(Front side view)

( Sg: wetted surface)zﬂ .

dM =rxdF
(Moment acting on

differential area)

(Force acting on differential area)

dF = PdS = PndS

P=P

static

= —pgzndS

(Differential area)

r

» Hydrostatic force (Surface force)
: Hydrostatic force is calculated from integral of force over wetted surface.

v’ Force acting on differential area :

dF =P-dS=P-ndS

P is hydrostatic pressure, P ic-

P=P,. =—p0Z
dF = P, -NdS =—pgz-ndS
v’ Total force : ( Sg: wetted surface)
FzﬂPndS |:> F:—pg”zndS
S Sg

- Hydrostatic Moment : (Moment)=(Position vector) X (Force)

v Moment acting on differential area :
dM =rxdF =rxPndS = P(rxn)ds

v Total moment :

M= [[P(rxn)dS = [M =—pg[[z(r<n)ds|

/33




Derivation of Buoyant Force
- Hydrostatic Pressure and Buoyant Force acting on Ship

1) Erwin Kreyszig, Advanced Engineering Mathematics 9t ,Wiley,Ch10.7(p458~463)
2) Erwin Kreyszig, Advanced Engineering Mathematics 9t ,Wiley,Ch9.9(p414~417)

F = — 00 II zndS ( S : wetted surface)
Sg

v’ Hydrostatic force (Surface force)

By divergence theorem? ,

ll Usjf ndA= jVUVfdvj

F=P9fVHVZdV (VZZ):& oy o
=kpngHdV ------------------------------------------------------------------- :

: The buoyant force on an immersed body has the same magnitude as the weight of the fluid
displaced by the bodyl). And the direction of the buoyant force is opposite to the gravity
(=Archimedes’ Principle)

% The reason that (-) sign is disappeared

: Divergence theorem is based on outer unit vector of surface.

Normal vector for calculation of buoyant force is based on inner unit vector of

surface, so (-)sign is added, then divergence theorem to be applied. 8
20 33




Hydrostatic Moment

v' Hydrostatic moment

M =—pg [ (rxn)zds = pg [[ (nxr)zds

Vv

M =g ”_[(V x I )zdV
V

2)

Vxrz=

2009 Fall, Ship Stability

By divergence theorem? ,

[ (oxrav - J;IandAj

1) Erwin Kreyszig, Advanced Engineering Mathematics 9t ,Wiley,Ch10.7(pp.458~463)

2) Erwin Kreyszig, Advanced Engineering Mathematics 9t ,Wiley,Ch9.9(pp.414~417)

(Sg: wetted surface) 24

y
— —>
O, Ol 55555 _)_9_54
! q-»
1
/ S, y
1 \A

Because direction of normal vector is opposite,

(-) sign is added

i ] K
o 0 O
oXx oy oz
X2 yz 17°

(a

—zz—iyz

oy 0z

FG

9,
— Xxz——17°

0z OX

.-.Mz—pgjvjj[—iy+jx]dv ‘

- Hydrostatic Pressure, Force and Moment on a Floating Body

R

0
— Y7 ——XZ
X

|

—1y + JX
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r: displacement of particle with respect to time

6 D.O.F Equation of ship m?)tl‘bn

v’ Assumption
(® Newtonian fluid*
@ Stokes Assumption**
@ invicid fluid

Fe : Froude- krylov force
Fp: Diffraction force

S Fq: Radiation force

RTT : Reynold Transport Theorem

N Z

2) SWBM : Still Water Bending Moment @ Irrotational flow
3) VWBM : Vertical Wave Bendidng Moment .
® Incompressible flow
v'Equations of motions | Lagrangian & N
of Fluid Particles Eulerian Description Shear force curl & Rotation
Newton’s 2"d Law — : .
% Cauchy Navier-Stokes Euler Bernoulli
F=2.F = (Body force equation equation equation equation
+ Surface force) @@ @ @@
——— Mass @O :
Microscopic/ ] Laplace 2q I oD 1 2
Macroscopic Conservation P . VD=0 | Oo— P+ —p‘Vd)‘ +p00 7= 0
Derivation(RTTY) Law Equation (V=vo):(" at 2

\

v . -
v'6 D.O.F equations of motions

(D Coordinate system
(Waterplane Fixed & Body-fixed frame)

(2 Newton’s 2"d Law

Mri = Z F =(Body Force)+ (Surface Force)
= I:gravity(r)
F

graV|ty

_|_
Buoyancy (r) + |:F K (r) + F (r)

+ |:R,Damping (r’ r) + FR,Mass (r' r)

Non-linear terms — Non-linear equation
— Difficulty of getting analytic solution

Numerical Method

(  Velocity poténtial @

v'Calculation of
Fluid Force

(Incident wave potential)

D= P,

o (Diffraction potential) Linearization

[%/)‘V(D‘Z - Oj

+®; (Radiation potential)

P=—poz— 82
PE '08’[

Buoyancy (r) + I:F.K (r) + I:D (r) + FR (r, r! r) }

]

Fluidzr7 rF)= J. SBPndS =F

(F

2009 Fall, Ship Stability

- Hydrostatic Pressure, Force and Moment on a Floating Body

9 ( SB: wetted surface) )
(displacement : r=[&,&,.&,.6,.&.&] )
& surge &, :roll
&, isway & :pitch
& theave & :yaw
18
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Fe «: Froude- krylov force

Derivation Of T . ®, : Incident wave velocity potential

° o e Fg: Radiation force C A . .
6 D.O.F Equations of ship motions i £ PITIEEHOA T

@, : Radiation potential

Z [ g
- . . |

[ v Fluid force acting on ship A}

| Frig (N, 1, 7) = ”ss PndS = Fgppane, (N1, 1) +Fe (1 F, 1) +Fo (P F) + R (r, £ F) !

1 |

! : Fluid force is obtain by calculating pressure acting on one fluid particle from body force :

: and surface force, then integrating the pressure over wetted surface of ship. |

L 71

v' 6 D.O.F equations of motions |
Newton’s 2"d Law 1 Acting on ship as surface force

|
......... ' A——
M = Z F = (Body Force) +§(Surface Force) :
= |:gravity + |:Fluid + |:external

Body force Surface force

------------------------

................................................................................................................................

dF . Force of one fluid particle | | i

acting on ship ' ' ' '
Assumption that forces are constant or proportional to displacement, velocity and

dS : Differential Area acceleration.
N : Normal vector of e, L st s, :
differential Area Mt I I:gravity + I:Buoyancy (r) + I:F.K (r) + I:D (r) + I:R,Damping (r’ r) + I:R,Mass (r7 r) -?_EFext, dynamic ext, static

------------------------------------------------------------------------------------------------------------------------------------------------------

r 2[51’52153’54155’56]T

& surge &, :roll
. L M, :6x6 added mass matrix
& sway & pitch B :6x 6 damping coeff. matrix

& -heave &, :yaw  c:6x6 restoringcoeff. matrix
G : Gravity Constant

k 19
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6 D.O.F Equation of ship motio

ns

r: displacement of particle with respect to time

v’ Assumption

_dr __d’r Fe«: Froude- krylov force (® Newtonian fluid*
Tt dt? Fp: Diffraction force @ Stokes Assumption**
Fq: Radiation force o )
1) RTT : Reynold Transport Theorem ® invicid fluid
2) SWBM : Still Water Bending Moment @) Irrotational flow

3) VWBM : Vertical Wave Bendidng Moment

® Incompressible flow

v'Equations of motions
of Fluid Particles

Lagrangian &
Eulerian Description

Shear force Curl & Rotation

Newton’s 2"d Law
%r = F =(Body force

Microscopic/ Mass

Macroscopic
Derivation(RTTY)

Law

N Z

@
ﬁ:onservation

)

+ Surface force)

Laplace
Equation

V %—
Cauchy % Navier-Stokes Euler @? Bernoulli
equation equation equation e uatlon
o--{VZCDZOJEanEJrPJF—p‘VCD‘ +pgz:OJ
(vV=ve): [ at 2"

VvV . .
v'6 D.O.F equations of motions

(D Coordinate system
(Waterplane Fixed & Body-fixed frame)

(2) Newton’s 2nd Law

- |:gravity (r)
=F

graV|ty

T I:Fluid (r r r)
Buoyancy (r) + FF K (r) + F (r)

+ I:R,Damping (r’ r) + I:R,Mass (r’ r)

Non-linear terms — Non-linear equation
— Difficulty of getting analytic solution

Numerical Method

Mr=>'F =(Body Force)+ (Surface Force)

S

-

Velocity poténtial @ v'Calculation of

® = @, (Incident wave potential) Fluid Force
+ @, (Diffraction potential) Linearization
1 2_
+ Dy (Radiation potential) [E”‘VD‘ Oj
P=-pgz—p——
A~ ot

FIder r r) - J‘ Pnds I:Buoyancy (r) + I:F.K (r) + I:D (r) + FR (r’ r! r) J

( Sg: wetted surface)

-

2009 Fall, Ship Stability - Hydrostatic Pressure, Force and Moment on a Floati

J
-m(X)a,, foraiy v'Shear force(S.F.) &
(a,: Acceleration of bending moment(B.M.)
z direction .
ﬂ)B M. by heave& pitch motion) | Shear force(S.F)
_X:I.% S.F. few s fo o —aga, , ! WV Integral
—b,yv, , fStatic \ Bending moment(B.I,)

/33 )




-Pressure and Force acting on Fluid Particle

-6 D.O.F Equations of Ship Motions

: Relations among Undergraduate Lectures
Ship H)édrodynamics, Dyna\mics

Fe «: Froude- krylov force
Fy: Diffraction force
Fg: Radiation force ® invic
1) RTT : Reynold Transport Theorem
2) SWBM : Still Water Bending Moment
3) VWBM : Vertical Wave Bendidng Moment

v’ Assumption
(@ Newtonian fluid*

@ Stokes Assumption**

id fluid

@ Irrotational flow
® Incompressible flow

Equations of motions | Lagrangian & )
of Fluid Particles Eulerian Description|ear stress |CUI’| & Rotation
H] nd [/ / .
I\Le_wz’c:an_s(éo dy"f(‘)‘?ée $ Cauchy $ Navier-Stokes Euler Bernoulli
- - equation equation equation equation
____________ +Surface force) ) ® @G e
________ (V=Vd): v
r= [églaéz’gyé Mass i 8(1) 1 2
e ] Canservatf enigneering Math Vo =0 [i|p—+P +_'0‘VCD‘ +pg2=0
&, 1sway , & pitch Microscopic/ aw ang % d : at 2
&, :heave , &, : yawg Macroscopic Derivation(RTTY) (2r¢-year undergraduate) | /)

v . .
v'6 D.O.F equations of motio

(D Coordinate system

(2 Newton’s 2nd Law

=F

grawty Buoyancy

naval architecture and
ocean engineering

Behavior of ship and its control
(3" -year undergraduate)

(Waterplane Fixed & Body-fixed frame)

Mi' = > F = (Body Force)+ (Surface Force)

ocity potential @

v'Calculation of
Fluid Force

Dynamics (2" -year undergraduate) D = CD| (Incident wave pOtentiiJ)
@, (Diffraction potential)

+®; (Radiation potential)

9, FRGEE

P=—pgz—p—
pgz—p—

Ocean environment
Information system
(3 -year undergraduate)

s

= Fgravity (r) + FFIuid (r r r) = I:Fluid (r’ r’ r) = I SIBDndS = I:But:)yancy (r) + I:F.K (r) + I:D (r) + I:R (r’ I", r)J

Fundamental of maritime
Structural statics —
(2nd -year undergraduate)

K

(r) + FF K (r) +F (r) \_ Ship Structural Design system \
. . ?:fd d duat
Planning procedure of R ,Damping (r’ r) + FR,MaSS (r’ I ( —— e)

(2M-year undergraduate) s — Non-linear equation ﬂ)
m8f getting analytic solution B.M.

Numerical Method

Computer aided ship de5|gn
(3rd-year undergraduate)

T2 rGraviy
(a,: Acceleration of

bending mom\ent(’B.M.)

z direction
by heave& pitch motion)

fex. s » —Agd, , E
_b33vz 1 fStatic i

Shear force(S.F.)
WV Integral

Bending moment(B.IVi,,
/33




Hydrostatic Force & Moment
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Hydrostatic Force & Moment

Hydrostatic force and g.ravitatipnal.force[:> Which direction dose moment due to buoyancy
are applied in perpendicular direction(k) and gravitational force applied in?
to waterplane

v Hydrostatic Moment

1. In case that F,is applied on (r,,r,,0) 2.1In case that F,is applied on origin of the frame

KF, i ¢ KF,
J Xz
O y> O y>
Ir, F, r r
ry
X X

Moment about x axis (11, F,), moment about y axis J1 F, Because moment arms about x axis and y axis are zero,
are applied F,does not result in moment.
Force in z direction dose not result in moment about z E
axis inherently. i J k

€
CJ.; Why moment is defined as Fxr, not rxF ?
rxF=(r,r,0)x(0,0,F,) = O|=ir, F,-jr,F,

F

z

o <

0

2009 Fall, Shlp Stablllty
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Sign Convention for Moment

e
(;‘; Why moment is defined as Fxr , not rxF ?

1. Consistent with reference frame

F

M HZ Move F, into
or|g|n of frame. (+
S
(y.2) (y, z)
¢y, 1

Direction of rotation (+) Direction of moment: I X F, (+)

Move F, into
or|g|n of frame. (|’ (+)
r(y, Z)
Direction of rotation (-) Direction of moment: er =)

2. Convenient if we define something variant about reference frame(position vector) in the first place.

Position Vector(r) is variant
about reference frame.

Force(F) is invariant about
reference frame.

So, moment is consistent if we
define position vector first.

2009 FaII Ship Stablllty

24
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Hydrostatic Moment

\/ Hydrostatic moment

g M=ol ik = o]
: =pgmwdv—pgmxdv

J{Jyav mydv f[fav mxdv

HJ v

<In case that a ship is heel in positive direction about x axis(+)>

\Y

IHdV oV

M. <0
Ys<0,

2009 Fall, Ship Stability

so moment is negative.

jX dV

..............

= e
/ ............ N

Transverse center

Buoyancy e to buoyancy

Longitudinal center

&' sway ﬁz
v, X \ & Immersiomy [ x
- >
B EZeI j y 4/55: trim 3
Base Line % Base Line
(r=[0,0,£&,5:4.01") y* &t yaw
& 1 surge & hee [ %:gfl SUF%
&, sway & trim
&, immersion & : yaw

A moment about A moment about

longitudinal axis transverse axis

of buoyancy of buoyancy

ZAZ'
I
T
I Y 4 %‘y
T/ “ (Ft"‘\k—_ L '
i >y
]
B ¢¢p—>0B
\ e
] 1L
1|
1 1
¢
M.z >0

ys>0 , moment is positive.

due to buoyancy

25
/33

<In case that a ship is heel in negative direction about x axis(-)>




Hydrostatic Moment

v' Hydrostatic moment

:i’) M =—pgm[—iy+j><]dv =pgm[iy—

&' sway ﬁz
v X \ & Immersiomy /‘;x
Ei EZeI j y 4/55: trim 3

Base Line Base Line

(r= [0053?—55 or") v+56 yaw
&isurge &:heel [ %__gfl surg‘e\
&isway &:trim

& - immersipnyaw

A moment about | A moment about
longitudinal axis transverse axis
due to buoyancy  due to buoyancy

...... 2. /

—pg”_[lydv pg”jjxdv ogVii yB JogVixgi=iMg + jMy,

...........................
.............................

HvavJIf de flIE Iﬂde Transverse center

de v mdv Y, of buoyancy

<In case that a bow is immersed more than stern due to trim(+) >

YAV bow

20009 Fall, Ship Stal

Longitudinal center
of buoyancy

Mg <0

Xg>0 , so moment is negative.

Mg >0

X5<0 , so moment is positive.

g e - | g 2 Seoul
- S = . T National 25
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Governing Equation of Ship Hydrostatic

2009 Fall, Ship Stability
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Governing Equation of Ship Hydrostatics
: Ship Hydrodynamics vs Ship Hydrostatics

Ship Hydrodynamics

The objective of ship hydrodynamics is to find force & moment and position in
state of equilibrium that hydrodynamic force & moment, gravitational force &
moment and external force & moment are balanced

(Ship hydrodynamics is the case that acceleration and hydrodynamics forces &
moments exist in 6 D.O.F equations of motions)

...............................................................................................................

Mr=) F= FBody(rrr)+ E.S.Hffﬁ??..(.r..f...li.)..fjr E?.X.E..f!.vnﬁwm..ff?.x_t...s_t_a_ys.
= Foravy (17 7) % Fagugancy (1 7 1) + Fyyarogynamic (1 7 F) 3P, aynamic + P, st
Mr —-..I..:.Q_KEV_!W + ..... Buoyancy(r)+FFK(r)+F(r)+FRDampm9(rr)+FRMass(rr)+extdynam'C+Fextstat'C

r=[&.6.6.605.&]

& isurge , &, :roll

&, 1sway , & : pitch

&, theave, &, : yaw

2009 Fall, Ship Stability - Hydrostatic Pressure, Force and Moment on a Floating Bod
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Governing Equation of Ship Hydrostatics

: Ship Hydrodynamics vs Ship Hydrostatics

Ship Hydrodynamics

z

£, immersiom /$x

&' sway
V[ )\
&y heel

“{ y 4/55: trim 3

Base Line g Base Line
(r=[0,0,&,5:4.01") +§6 yaw

& surge &, : heel

&isway & :trim
& - immersipnyaw

%:51 surg‘e\

The objective of ship hydrodynamics is to find force & moment and position in

static equilibrium that hydrodynamic force & moment, gravitational force &
moment and external force & moment are balanced.

(Ship hydrodynamics is the case that acceleration and hydrodynamics forces &

moments exist in 6 D.O.F equations of motions)

---------------------------------

Mr=) F= FBody(rrr)“L 'FS_ur_facg(r _[_E)_ |
i L
Gravitatjoral- M, o — . —. i _____ | _______ J ________ N
roree ._...EF?.E‘?‘){!F.Y. (r,r,r ..)..+_F_Flwg (r.r,r r)+ Faina + Fourrent + Fivooring -++
oD
Frpig (1,7, T) USB PndS , Ppgz _pE
oD
= J.J. B —pgzdS + ”SB —pEdS
(S Al SR LR —
£ Foraiy (02 F) Py () + P (1)1 [+F Ext_em_a'_(f FF) |
d) D, +d> + @,
o0
Il -pSrds= H——' ISB H— RdS
F.K (r) I:D (r) FR,Damping (r1 r) + FR,Mass (r, r)

o + Fex staic

@SDAL
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Governing Equation of Ship Hydrostatics v_éﬁrﬁ = immeyrjffp —
: Ship Hydrodynamics vs Ship Hydrostatics il 1} [<am )

Base Line Base Line * £ yaw
(r=[&.% &% & &1T) YT 6 ;
Ship The objective of ship hydrodynamics is to find force & cflf:\tllvrge &: ?ge| - Z%;_gl. surg'e\ﬂE
Hydrodynamics moment and position in state of equilibrium that _";; immirgz)h\:;v“\: |

hydrodynamic force & moment, gravitational force &
moment and external force & moment are balanced.

( Ship hydrodynamics is the case that acceleration and hydrodynamic forces & moments exist in 6 D.O.F
equations of motions)

f Mr = I:Gravity + I:Buoyancy (r) + FF.K (r) + I:D (r) + I:R,Damping (r’ r) + I:R,Mass (r’ r) + I:Ext, Dynamic + I:Ext, Static
Ship IThe objective of ship hydrostatics is to find force & moment and position in static
HydrostaticsS  |equilibrium that hydrostatic force & moment, gravitational force & moment and

=0 external force & moment are balanced.

= _ (Ship hydrostatics is the case that acceleration and hydrodynamic forces & moments do
not exist in 6 D.O.F equations of motions)

)MZ = FGravity + FBuoyanCy (r) + F/F«M"'EDM' EB/,Dam/ping (I’, f) +Wr’ r) + Wﬂic i FEXL Static

0 = I:Gralvity + I:Buoyancy (r) + I:Ext, Static (r)

Hydrodynamic

Equilibrium condition E

O = |:Gravity (r) + |:Buoyancy (r) + I:Ext, Static (r)

(Find) Force & moment and position in (Given)
static equilibrium External force or

(r = [O’ 0, 53’ §4’ 55’ O]) moment

( Fauoyancy () is changed due to Immersion(&;), Heel(,), Trim(&) only.

Y

2009 Fall, Ship Stability
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Governing Equation of Ship Hydrostatics

: Change of Position of Ship — 1. Immersion

Change of Position of Ship — 1. Immersion

Immersion due to external force

(Ship Hydrostatics) Equilibrium condition
0 = FGravity(r) + FBuoyancy(r) + I:Ext, static
(Find) Force & moment and position (Given)
in static equilibrium External force
(r=[0,0,4,.¢,.4.00) or moment
.
(r=[§1,§2,§3, Sas ‘55’666] )
y, & surge
...... Xy  sway
oV X/ S
(=L p &, theave
i /y/ ! &, croll
L v .
5 & 1 pitch
&s 1 yaw

)

(Given)

12 External force k I:Ext,static
G ¥,
o@

v )

- vl -
0
Base Bl ‘
| Line t .
ase
t I Line
G : Center of gravity (Find)
B : Center of buoyancy Equilibrium position(&;)
F : Force
d : Immersion k I:Gravny +k I:Buoyancy + kFExt,static =0
2009 Fall, Ship Stability - Hydrostatic Pressure, Force and Moment on a Floating Bod

e e by 5
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Governing Equation of Ship Hydrostatics S e e e
h Change Of POSitiQn Of Ship —_— 2. Heel (Find) Force & moment and position (Given)
in static equilibrium External force
(r = [0101‘53154’ 9551 O]) or moment
Change of Position of Ship - 2. Heel (r=[£.5.8, & &.5])
& 1surge
i &, 1sway
....... i A 5. h
Heel due to external force ZI "X/ | 9; :rf,iv e
/'/ - ‘ - pitch
: y : 55 . pitc
: 2 ¢ 5 - yaw
| | y
| |
i (Given)

P External moment
i k I\/IT,EXt,static
' YA

l YA

G | G : Center of gravity
! B : Center of buoyancy
O.LlXx \V4 ‘y ' \V4 ‘y F : Force
= - - ¢ Heel Angle
Bg i (Find)
Base | Equilibrium position (&, )
| Line

L I I\/IT,gravity +1 I\/IT,Buoyancy +! MT,Ext,static = O
rG x kl:gravity + rB X kI:Buoyancy +1 MT,Ext,static = O

D Seoul 32
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o o o o (Ship Hydrostatics) Equilibrium condition
Governing Equation of Ship Hydrostatics 0= R+ R () R
: Change of Position of Ship — 3. Trim (Find) Force & moment and position (Given)
in static equilibrium External force
(r = [0101(:31541 9551 O]) or moment

Change of Position of Ship — 3. Trim

Trim due to external force AT j'fz‘f:'v_ ''''''''''' |

(Given)
External moment

/ M L,Ext,statick

d

o

b |
G |

v OLY X X
B,
Base i
Line }%{ !

(r=[&.&.& & &.&])

& tsurge &, :roll

G : Center of gravity
B : Center of buoyancy

&, sway & pitch F : Force Equilibrium position (&)
éf * heave éf : yaw 6: Trim Angle : M : : _
3 - 6 o+ M + M =0
.20_09 Fall, Ship Stability - Hydrostatic Pressure, Force and Moment on a Floating Bod -LF L,Gravity J kll_:,Buoyancy J M L,Ext,static 0
' el | YD 3 Sy i Ig X Gravity +Ig X Buoyancy +] L Ext,static — . 33
= : . /33
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