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. 1) RTT : Reynold Transport Theorem v" Assumption
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RTT : Reynold Transport Theorem v" Assumption

SWBM : Still Water Bending Moment

VWBM : Vertical Wave Bendidng Moment @ HI=A
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£ (Incompressible flow)

(Invicid flow)
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. 1) RTT : Reynold Transport Theorem v" Assumption
I ntro d u Ctl 0 n 2) SWBM : Still Water Bending Moment ® %8 QM| (Newtonian fluid)
3) VWBM : Vertical Wave Bendidng Moment @ HIRZEM S (Incompressible flow)
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Strip Theory
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S 2Ixto] 25 WwaAl Mg
*[Cauchy ed. ~ Bernoulli eq.) e e e S e T o
‘Cauchy Equation : p%:pg+voa =(V:[M,V,W]T) oy a_p+v.pV:O

Equation(&ZHE) o
HH QMY (Newtonian fluid)
(2 Stokes assumption?)

—_
~

@ incompressible flow

4 . i dV 1 ................. » P = constant (aa_p = Oj
Nav1er-Stokes Equation : X = pe VP4 u V(V-V)+V2V t
(in general form) dt 3 VeV =0
/U O GC@ HEAM 83 (Invicid flow) ® irrotational flow
N (V=V0) >,
Euler Equation : p; = pg—VP Laplace V2 —
: Equation
p=p(P )@@ barotropic flow s——1
Euler Equation : 5V 1, dap z_ C N T I
(Anotherform FVB=Vxo ’[B_2q et p q_u |
! ! ® Steady flow | [ Y =VP ] ! !@ Unsteady; irrotational flow "
1 2 _ 2 L U A TR
' g’ =|VO[ ,0=0
Bernoulli B = Constant .| Bernoulli 6 1 - dP Newtonian fluid
equation P | equation - +—|VO| + gy + _[— =F(1) Stokes assumption
(case) (5 g +gy+ j —= C] | (case2> o Invicid flow
P U (= conctantld L Tnearmnraccihle flaw Unsteady flow
along streamlines and vortex lines | | (p = constant) @mcompreSSlble flg_\_/x_‘ |I’I’Otat1.03I/13[ flow
| Bernoulli o 1 2 P Incompressible flow
. | equation EJF_‘VCD‘ +g+—=F() J
i (case3)
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[ 1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401

i 2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93
. Cauchy Equation? |5
W onr

oA Sdl 24 v OlA sHl QA1 2= & (Newton’s 21 Law)

A X JIBE  » Lagrangian &YEulerian description]

1
1
1
1
T
1
: I
1
d : /” ~\\ PACEEREN PAGEEIREN
d CAV e e e N
R
,’L _________ T I\ m ,’_ ZF j\: FBody/’-l-l\FSurface/’ (x." S5t J-'-E _I)
y ,’ d - \\\ —//
// -
dx
X

Surface forces are exerted on an area element

Action at a distance by the surroundings through direct contact?

without physical Contact?

ex) gravitational force , magnetic, electrostatic,...
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1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401

[ C a u c hy Eq u a ti 0 n 1 ],2] 1?r E 2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93
‘- Body Force
) 4

Ol& |Hl 24 v’ Gravitational force is a body force on Earth.

Fyois = Foraniy = mg = pgdxdydz (m = pdV = pdxdydz)

d i (Fx,Body = Fx,Gravity = mg - IOg dXdde :: O i
y L :
/L _________ e 3 Fy,Body - Fy,Gravily = mgy Iogdedde: mg :
y ’,/ dz sz,Body - sz,Gravzly = mg ,Og dXdde = O i
de s TTTEEETT
X I|-_rlM0||k|_| HAE
z g=9.81 3’
(cf) S0l o|o ZHIA (IUXl: [I=gy
B2 H=E conservative force))|2 F,
S0 oI5t ZHIA (I XIO] Gradient2EFH A& = AUS
g=-VII =-V(gy)
o 0 o
=—|1 + K =
{ <5 aZ}(gy)
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1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401

[ C a u c hy Eq u ati 0 n1 ],2] 19r E 2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.30-32,88-93
'~ Stress at a point
Ul v BF HOIAC] 2= (Stress at a point)

o “ — » — > o
XX O-xx XX
dy | [ __[
J, 4 dz » = O0j| O YO = 8l0] £120=Xl ZOJ0HOF &
Orientation Direction Ol HISE IO
g of the surface  of the force 2)ie] 88 &1
z \ |

oy

» pointE elementE ZIF0H0 Sl Z2HE0l=
232 ™MO|Bt | ax.dyd-It HOl o0l IRt
(dx,dy,dz—0)= HOZRH S8EE M|

= 20| YXIOIDZ,
= 21, wele HE Mol

» 02 l[H,
52 31

15



[Cauchv Equation!2 %

N :_S_EI’@SS at a point

»
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:
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<
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qQ

zX

y
X
1
1
Z 1
L dx
|
1
1
Gxx :
<+ ]
!
1
y Oy ¥ Lo .z [
dz
v
X o,

ot "olMel S5
» 0l= B0l o= Wz a0l 2E0k=X1 ZloH0F &

Orientation
of the surface

g

%

» O H(j| =201 MB
310 2

xx 2

SHHIN :
(stress tensor)

» SEHC M 201l THoH =

(a 0.,30,.,0,,0,,,0

O =

Direction
of the force

XX

q

yx

zX

xz?

(Stress at a point)

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.30-32,88-93
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[Cauchv Equation?}?

— Stress at a point

S
o—  NSHAYEE
O-xyi T 0o, dy
l i_ ______ _O:)ﬁy Toox 2
,”;_O' E ~—
........................ "
o0, dx o,
> ax 2 L
y Point, |
s 90, dy
Z ox 2
®» rotational equilibrium of the element
I o=M,
M(dxz +dy’ ) = (axy - ayx)dxdydz

%(Wa)z o, —0,

pointOIBE dx — 0, dy— 0

=0

(ay=o

(0.0

zx? 7 yz

-o.)]

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93

dx
—_—
0 d
- o, GO @y il dxdz 4
g ox 2 2

¢ Total moment

0 0
M=o +Z2 5 i X | 5 L0 g Y
g 2 2 g 2 2
0 0
+l o, - Ou X dydz@— o, - On 27 dxdzdy
Y x 2 2 g 2 2

=0, dxdydz - o, dxdydz = (O'xy -0, ) dxdydz
% Mass moment of inertia
_my 2 2\ _ pdxdydz (. , 2
—E(dx +dy )—T(dx +dy )
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| Cauchy Equation'2 %

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93

*—Surface force on Element

HOE I = Wigr ol SHHOZHH i@ 02 QX 20N o= 2O = A201= 8
2
@ xZ0| 2R O - [
o T
oo .. dx o ..---““j_‘f_'_’fff.' o o e
Gxx_ xx_ddZ: it > + xx_dd
( ox j 4 @ : . ( T ox as
oint
dy P
dz
Yy
dx
X
z

XX XX

Ox Ox

= 9% iy 18
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1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401

[ CaUChy EUuation]],Z] 1?r E 2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93
| S_urface force on Element

HOE 3 x5 42 8 ZaHOERH + Y OHE Q0{% 20M x= HSOTE XE0l= &
2
@ y=O0l ==t ™
0
[ _ [ny + ny QJdXdZ
oy 2
J D [ P
y & ......................... :O-yx_>
] b

0T A |y :
=0y 2 :

< dz e --

Y J
dx A
X
0, d 0, d
z F.=|o,+—2Llixdz~| o, ——2 |axdz
Oy Oy
oo
= — 2 dxdydz 19
Oy



1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401

[ CaUChy EUuation]],Z] 1?r E 2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93
*— Surface force on Element

=
HHY S =

o
0%

dz
ol . SAHOZRH i; O3 90X 20N <= Bigo g A20i= ¢

® z=0l =25t ™ .
o
E —0,,
(% = %Jdm'y “ _ T
0z 2 s
@ a sz dZ
. » (sz 6 —)dxdy
dy Z
y dz
dx
X
oo.. dz 0  dz
z sz = sz + 2 N dxdy_ sz _ zx e dxdy
oz Oz
oo
= —=dxdydz 20



[Cauchv Equation!2 %

*—3Surface force on Element
L s

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93

i §:{-EF P15
(0')_) - %%)dydz : [O‘XX + ag;“ %)dyd
D : & x,surface = Fxx + Fyx + F'zx
. ZM 2X18F XH
7 @ )C:I;O'“ T = 60 8O.yx aa
oo = o + —= |dxdydz
F._=—"dxdydz ox oy Oz
ox
[O'yx + %%)dxdz @
vEUS )= 88
ZM 2AX1S —
) @ y&0ll 253 o e = Fo +F +F,
F = 50'yx dxdvd oo, OCc o
w T T Az =| 22 2 xdydz
Y ox oy 0z
2:iEF PR
[oz,(+%%)dxdy @ Z§0'|| ¢£=6|_|' E Z,surface - FXZ + yz + F;Z
oo 0o, 0o
0o, =| —=+—E+—= |dxdydz
F=—=dxdydz Ox Oy Oz
YA




[Cauchv Equation’’? K&
*— Surface force on Element

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93

B
(3) Ol /M 240 £20l= EHH
o x X W el  @H é*.%;ys;tg: . © BHE 5 X W
oo, 00, do,, : do, 0.,
x ,Surface ( ax aZ dea’y dZ i y Surface ( ax @y + aZy dedy dZ i z Surface [ ax aZ \]dXdy dZ
@H-*aa SEHZ LIEHA®
FSurface =1 F x,Surface + ] F ¥, Surface k F, z,Surface
i oo .~ [ Oo oo 0o ). oo A
_ 60'xx 4 X + ao—zx I + Xy + Yy + zy j+ ao—xz + Yz + aO-Zz k dXdde
| Ox oy 0z ox oy 0z ox oy 0z
_ A A ) A N s A A A
= g(axxi +0,,J +0xzk)+i(0'yxi +o, j+o k)+—(02xi +Gzyj+622k) dxdydz
| Ox oy 0z
_Gxx O-xy O-xz 1 ; |
2929 5 o || dz =V e o] dxdydz
ox oy oz || 0 Ow T LT
GZX O- O-ZZ k
|_> oa:| | 22
BN : Symmetric Matrix (o =0, ,0.=0.,0,=0,)



1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.88-93

.Cauchy Equation! & U
-

1]

M A v OlA M A1 8= 8 (Newton’s 21 Law)

v _ (8V N +v 8V 8V jdxdydz (m = pdxdydz)

i m = p| - tu
| i oy e
dy i RO pTTENL TN
e 'mﬁ‘.tZF FBOWFSW‘: MM - Eoa)
y / \odt ) N
// Z \\—‘ o \
dx
X
2
FBody — pngdy dZ FSurface = lV.GU dedy dz
e
p[aa—v+uaaV+vaaV+waavjdxdyd2=pgdxdydz'+[voa]dxdya’z'
dxdydz & U5 g * 4 -

oV oV oV oV _
Yo, +u +v +w = pg+Veo =>Cauchy Equation 23
ot ox oy 0z
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|

.Navier-Stokes Equation & *= """

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, pp46~50,pp426-431
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2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.118~122

-Euler Equation’? %
 S—

v Navier-Stokes Equation (general form)
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[Bernouui Equati0n1],2]gl %E 2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, p17 ,pp.118~122
‘— Euler equation®] ¥&
) —

*SUERD : fHIC HEZIL 0L &S, 2 301 20X % 1l(adiabaitc), OF&0] 8IS (frictionless)

dV VP = As ou Ou Ou ou 1 OP

—=g—— > tU— VW =g~

dt Jo, ot Ox Oy 0z p Ox
ou O(1 , 1 oP
—+—|=q |—-vo,+wo, =g ———
ot ox\2 g p Ox

‘ Body force® HHIM 0LXIQ| gradient® EY (g=-V(gy))

@ barotropic flow

(SHI9 UEI} o=

p=p(P)
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| Bernoulli Equation29] S

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p179~182
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.118~122

T

'— Euler equation?] ¥3

v’ Euler Equation

ﬂ:g—ﬁ kel '8u+8 1 ot +fd—P =V, — W
dt 0 o ox| 2 TV
yRAE o o1, dP
+ —q- +gy I— = WO, —U®,
ot oy\2 Yo,
= o= w, oL, +Id—P—ua)—va)
L Ot 74 2q & Yo, g '
oV . :
[ 8_+VB:VX(D : Another form of Euler equatlon]
t
V:[u,v,w]

po(2H9 ALY 2S0UXI, ZHANEX, LSHLXIO B




1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p179~182

I Bernouui Equati0n1],2]o 19|' _EL 2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.118~122
‘= AIHNKIC] IS Sl
) —

ion: dV
Cauchy Equation pE — pg+Veo

HH 28l (Newtonian fluid)

(2 Stokes assumption

Navier-Stokes Equation : dV _ 1 }
(in general form) P——=P8~ VP+,U(§V®+V Vj

dt
@@ HEAM S5 (Invicid flow)

Euler Equation :

p— = pg—VP
dt % Euler equation® ST 07| NHX|
HI 2 =AM Q= (Incompressible flow)2 JFEOIX] SEUS

® barotropic flow

5V Ct20ll tHOH Bernoulli equationE 8%

/ +VB=Vx0 1) Steady flow / rotational or irrotational flow
50
2) Unsteady flow / irrotational flow

Euler Equation :
(Another form)




1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p179~182

[ B e rn 0 u I I i Eq u a ti 0 n 1 ],2] 2' 'I?I' _EL 2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.118-122

* 1] Steady flowOll {2l Bernoulli equation
— v

Euler Equation : E+VB=V><(D B:lq2+gy+ il

l steady fl0\</>v _ ( v _ Oj

(RN Xt 2S01 AlZHl ) | 5
VB=Vx®m
22l o0l vstea’mline . B =constant : ZBM(surface)
vortex line <~ . VB VB : 28 (surface)lfl %21 HE]
C XN A \% X EEEE
Ve ®  :QNAKI W (@M= WEH)
AT T AL VB =V ol =%
B = cor’;starfi sur-'iiace

» B = constant @1 2™ (| stream linell} vortex lineE EEOI1] US

» =, stream linell vortex line 0] O|F= HMWIA B=constantE U5

I dP : :
S B= Eq +gy+j — = constant along streamlines and vortex lines
P 51

=» Invicid,steady,barotropic flow



[Bernoulli Equation™<2] = jametme i
. 2) Unsteady irrotational flow OllA{2] Bernoulli
gauation

v irrotational flow9| 2% OIS uixst

I

» V=Vg¢
» curlV=o=0

v Euler equation(f] [H&l&t

a@—V+VB Vxo —) (V¢)+VB 0 — Va¢+VB:O

¢ dap
|:>{at+2q +gy+j _F()J

=» Invicid,unsteady,barotropic,irrotational flow
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1) Young,D.F., Munson,B.R., Okiishi,T.H., 11®Z 9 A brief introduction to Fluid Mechanics, S8 1let=MAL,2004,pp.219-233

iy X] 2= A Bernoulli
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U X S3A

W

v KA (system)Q] HO : HF0| 0] &=

surroundings
: g boundary

Energy

» SHH AlA " (closed system)
I X|(Q, )0 Bl

=

a2ol 510t &S
» AIAEIO| B9l RS HILIX)

V2
e=u +7+gZ
/ 1 \
WHFE &SE HHAE

(E:Energy)

JtsotL

cragl el

- surroundings

» JiE AlA
Iy X (g,

zgol &Y

gqoiu

boundary

Mass

Bl (open system)

)O *OI le

T JI%

» A|AHIO| S AFZ MY XI
P| V?
e=uH—t—+gz
ol 2
/SE
Aol QE0| ISt AR,
QEE SXAIZIII AT i X
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9l

o]
o

54



|

Oy X B33

1Al

-
surroundings boundary
v HIdX 34 - |
ANHE ST0) | [ AMHZHE S o) §
\ / i Mass
d |
7 ey PV H Mo = E, ~Q-W = - % A2 T Y HIUXI
I I \ i PV’
: e=u+—+—+gz
control volume(CV) AF0AM | [ AFUM | o 2
LHOI Tl Ol LI X1 219} Iz E || 338 (!
2 2
a4 epdV +m + L +—2—tgz |—m, |u, + Ll +Vi +gz, |[=0+W
dt ¢V P out P in 2
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AMHH (steady state)dtdd JHAEOIH, cv LSOl I X] Y} 812

d . [Pj v 2 , [
T + mout uaut T — T+ gzout o min uin +
'0 out 2

S W2l OIS0l 22, RAS EH0ls MS (Veg A

2

+V§1 +gzinj:Q+W

SRS

in

—m| u. +

m

Al
]+%+ j O+W

v |

__Tin + out in +g(20ut _Zm)j — Q+ W

2
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!OIIL-III diX AN Bernoulli equation Hjul

W

v HIUX HEANM AFZFEH O 0] Z=01LE 20] 81t OFH,

3 ( B)ut Bn Vout2 in j

m uout _uin ur o + + g(zout o Zln =
p P 2
2 2
Uom _um + ])out _ })m + Vout Vin + g(zout _ Z ) O
p P 2
P t V t2 P IV g e
Z + 05 +gzout — ,0 2 +gZ _(uout _u ) » LH'I'OIIL-III |:|:|§I.(["-I|'0" —Ial‘ OIIIL-III AAEI)

» steady,incompressible Bernoulli equation

‘mgou o|3t (f| 4 X| 2&10] SiCt] JH=OIH,

B)ut \fout2 Bn \Zz'n2
+ +gz,  =—"+—"—t gz
o, 2 yo, 2
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1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005,pp.396~401
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.30-32,88-93

[Cauchv Equation’’? K&
: :_S_E!‘@SS at a point

v BF HIAMO] S&(Stress at a point)

P oint @ ......................................
T » 0= B0l 0L weto = 810| XE20H=XI MOJoHOF &

: Direction > ZJHQI tgg‘ %9

Orientation
of the surface of the force

o 93kl ® it HHHOIE =,

/ ﬁ B @0l A= Normal vector
®@ . C S| WS HHHZ O (sign convention)
, Xy
, O T/ O H Ol @ 83 E0H A 20 LUHo= SHO|OE
O-xx 4——/ Gxx < :Gxx C
'l O ‘O/'lxz pointO|IBE dx —» 0> F, 5 H2 M= XS
59
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.Bernoulli Equation &

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p179-182

ow 0Ov ), ( ou GW) ov au
curlV=| ———li+| ——— |j+| ———
oy Oz 0z Ox ox 8y

| — ow_ov ou_ow ov_ou
oy 0z 0z ox ox Oy
(V=voD)
v' Euler Equation
gy, VP x%é‘!—E—» a”t+uéu+vau+wau = %P
il Ao ax oy o pgxax
_ 0D 8u_6w ou ol
l”‘ax’az ox oy ax ;e
0 (oD +u8u+vﬁv+wéw B _8_P
Ploalar ) ox Vo Vo) P8 o

O [ 0D 1 0 1 0 1 0 OP
P[ax(atj 55(“2)+55(V2)+5a—(w2)j:/’gx‘a—x
OL NE
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[ 1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p179~182

.Bernoulli Equation!! %
| —

, o(o®\ 10(, , , oP
continue) p| —| — |+==—W’ +V+w’)|=pg, ——
it p(@x(@t} 0 (u ’ W) PE:

J.p{a—i(aa;(;j+%§(uz +v° +w2)}dx = j[pgx —%}dx

oo 1

p§+2p(u +v +W) Pg.x—P+ f(y,z,1)

@ 61
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iBernoulll Equation!” %

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p179~182

s
= NE :p%?;p(u Ve e P pg s fi(7. 200
oD 1 ;
yE NME . pEanp(u v 4w )+P;=pgyy+f2(x z,t)
oD
ARl e P p st £
D B0 2E ZOTF, QHT UL
pPg.x+ f1(y,z,0) = pg,y+ fr(x,2,1) = pg.z + f3(x, y,1)
@ YOS 11HeHM, g, =¢,=0,8. =—g cl & 5+ UL
fl(y,z,t)=f2(x,z,t)=—pgz+f3(x,y,t)
Q f1t 1,& HlulOtM, x,y0] &I} OlHE & = UL ;2 9 &I .
fi(z0 = fi(z,0) =—pgz + £ (1 - scers ac ZHNZ Dol
'—'|'_|_o§ =T (L — . —)
@ QU Al o161,
dag 10|I e P L Vel + Pt pgz= £
pEanp(u Vv +w )+P+pgz—f(t) — 'Oat 2'0 PEZ= o

=> Bernoulli Equation



1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p179~182
B I I - E - 1 ]
.bernoulll equation W)

ob 1 2
p—+=plVO +P+pgz= f(t)
or 2
=> Bernoulli Equation
HMA 5 (Steady flow)Z} OFH
%g?. , f(t)=C (C:const)
N
_p‘VCI)‘ +P+pgz=

R

Pressure Potential — Constant

Kinetic
_|_
Energy Energy Energy
=> Mechanical Energy conservation
»w 63
4 i), SDAL
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1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, pp46~50,pp426-431
2) kundu,P.K., Fluid Mechanics, Academic Press, 2008, pp.100~105

H = 3) =S, “3SITE T ZE0] fH3SUZE" , E2Y, 2002, pp258-264
S K" INewtonian Fluid)” = :

v 78 MY (Newtonian Fluid)

A4: HEWHH

- = p—r mogay. L
| i % AIZH0] 28H0] XI LI,
V =010 [t 25 SX I}
SQHIO SEEE : y(y)=— M@xoZ ot
7
du

oo aguy: U _V
(BEA dy H

No-Slip condition

A El

dl = Vdt (assump.da (1) dl v ”
ors - > MUMEE (shear strainrate) : da ~tanda =—=—dt =—.dlt
7 H H dy
do du
H |da MEHHAS (O AIZIHR}E)* — =
dt dy

Hgae MowEE HAY | o ad
% lse - AMNCE)  dI

du du
=, MOIgES A% T HIAS: e — W) T=pu—
(Newtonian Fluid) a’y a’y 64

TYRE, SHB YR, 225200404 0|22 HEr

29| A7tz 0|2t FHI|
[Cengel, FIU|d Mechanics, Mc Graw Hill,2006],[Whilt,Flui

S
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Mechanics 6t edition]2 FEHHSE S0|2t= 0{AL2
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[ 1) HIJ| e : MA| AI0A IS o=

' Bernoulli equation®| &%= <> 9] °|0|Q% HIT| g )
-

Bernoulli Equation
i q I PTop :I)atiy.,
oD | P o ot YYY ¥V \V/
,07"—+P+—,Q‘.V"CD‘ +pgz=C Y N T
. g < h\
= YSA (ST EAE A
PBottom ’
(aq) j
v B MH: ¢=0 | —=0,VD=0
t
P+pgz=C

v ENl HI50IM2 2822

oD 1
SISAI 0|0, ;=0 2 HE M P+ Posan + 5 VO 4 pgz =P,
P, =C

oD 1
=02 O o - [HjlgI'(Pt,,m) /OE—'_(Patm +PFluid)+5p‘ch‘2 +pgz :%

ob T | 2
Sp—HP, i+ —plVD| + poz =0
P T P Vol +pg

‘HD| &= 65

p%)+1>+%p\vq>\2 +pgz=P

% Bernoulli equationQliA] W10 A== C=0CF HJ|B}
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[ Coordinate P X3 @™ Midship, (+): A% | XE - #E: Midship, “’:ﬁ:%m% Zoto} 1l AME Mol B
‘= -an: Centerline, (+): Xpd i +d3 A0[ w s :
H HE (] . : .
5 System P E M AN () Mol 9f V& - 13 Centerline, (+): Z &1t x =9] Q1A qisk
- : P ZE-HE T, () U S Y BY

= : S S ¥4
X = translation (Surge) T

' o=
z z \ \
V..y

ody Fixed Coordi Surge Pitch

Heave
Water Surface Fixed Coordin| \l/

(Global Fixed Coordinate T
X= [517%294:395494:5»%]

Y = translation (Sway) Az 47 T
ol e : 1
I | Sway Yaw
Y D) Roll
o T
]
!, T




[A1|:u_| GAISE S5 Ui Al

O OO

: Force & moment acting on the surface

_n._-

IHMOE J|S 01X A

(Sy: wetted surface) =

(S5

v A Xl EG:IEI Al HI E
(MutS "B HIZLE) X7 O XEH O-xyz M BESHE
Mut 2

At}
=¥

: wetted surface)

I s, V' >

|(Z' MUt 23 HA x [glagzagsagwgsa ]Tgl

Inertial frame
(O-frame)

"y

>
="
in
kO
oM
<« Egtég

r, =T, + Rot(&,)r,

X113 X HA
. [ O' A
—sin &}{J’p} A1)I:I);-Z](:)[“IJ:|12| X p

a
(=)
=3 B%E HH

Vp 2 COS 54
nese MAEQ Zp 53 sing,  cosg,
My w=g  HY
e gaes) (@Ees)
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[Muro| 6XIRE

‘I Force & moment acting on the surface

s .

HEHOZ J| 20X AlEy HO0| 2t20l= 2 o
Murs UM HidtE) o
o

(=N I:II-I-IAI
o OO0

[ |

(S;:

= Force :
v 0|4 MAEY 220l= 99 201

dF = PdS = PndS
b=l M = [[ P(rxn)ds
dM =r, xdF (Ol BH) Sp
(14 2= o]
agols 2HE) \T
(r=[x.y.2]")

(012 SE 2Z20t= &)

= Moment : (BHE)=(Hd]) X

dM = rxdF rx PndS = (

v" Total moment

o r0l X =08 (2t

B0IM 20| were 12eh

AL

St wetted surface)
=010 72!
Q .

dF =P-dS =P-ndS =—pgz-ndS

5. wetted surface) z, 4z’
7@& v’ Total force
F = [[ Pnds



[Muto] X1 E 25 WHA

*:Notation [ ik ]
v rxn=\x y z :i(yn3—zn2)+j(zn1—xn3)+k(xn2—ynl)
n,n, n,
v" Fluid force (j=1,---,6)

acting on the surface

4 R
F=([Pnds [H282 \|F = ([Pnds _
|Jrnas | §E8E D) Fi=llPnds | == |F, = [[ Pn,ds
op S
(n:[n1»n29”3]T) F2 = PnzdS £
5 A\
F, = ([ Pn,ds
N /

v Fluid moment —
acting on the surface

M :HP(rxn)dS e M, :”P(J”% —zn,)dS | Fy = ._“P”4dS

L2, o 5,
r= [x, y,Z]T Sp S

M, ”P xXn, — ynl)dS [F :”Pn6dS

Sp 70
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F,: Froude- krylov force @, : Incident wave velocity potential

Fp: Diffraction force @ ,, : Diffraction velocity potential

Fr: Radiation force
R @, : Radiation velocity potential

v’ Laplace Equation

1 2 i qu)ZO
+/?/p\96‘v+pg2205 ;

P=D,+P,+D,
R 7 )

Linear combination
of basic solutions

Basic solutions

Pom—par— pO® L 0, , 0, acDRj
=TS ¢ PSP Ty T
SHAXII ESH i .
z'ng ord ZIPStalicE + Py + P, + B
i i ])dyniamic i
— = v v v v
dF : OILOl SHl X1t Friia :”sB P ndS =Foe + Frye + Fp + F,
o8 HEO0 Viok= & ( S, wetted surface)
ds :Hik S Muro] A1 HE MR (HOH0] HE (Hm=)
n - Ol S50 Normal M8 Y QMK Mutol 2t2ots it FHE) 7

v SHIXI OLLI 22 0l= Body force QF Surface force2 £ E 718t &2 Mut
O] &z HY MMI0fl LHOH = 20101 MEH0ll 2 20l= SHIEE HAret

> ot



[ A-I u|.OI BI oL F, Froude- krylov force @, : Incident wave velocity potential
— 1 -1 Fp: Diffraction force @ ,, : Diffraction velocity potential
Fr: Radiation f
h —8— % uollxo-l &! 19|' Cl r- Radiation force @, : Radiation velocity potential
= r————————————————————————————————————————————————3—
W R CEEEEYE

dF - OtU2l |Hl XDt

Alep B0 JHots o

10| Normal #E

x=[£,8,,8,86,.6.E)

& isurge & :iroll
4,:2 Lsway §4 : pitch M, :6x6 added mass matrix
53 - heave {;:5 s yaw B :6x 6 damping coeff. matrix

C:6x6 restoring coeff. matrix

N - —-'---" " - e

\_

FFluid = ”Sf nds = Fstatic + FF.K + F, + K,

: SHI XL otLI0 X2 0l= (Body force) 2} (Surface force)25E| 718 2
Muio] A+ HOM M0 (HOH = E0H0 MUl £20l= fHIEE HiLte

v MHIO| 6XIRE 2SWHA

Newton’s 24 Law

= Fgravity + FF luid + Fexternal
Body force Surface force JIE QIFOIM ZHE0H=
MXx = FGMW + sta"0+ ...... F FK+FD ..... +FR 5?!?_?3)5@{4{{ , _c_lxr}_cf{r}_i_c;_f_qufﬁﬁ?_qu_ffg{{é
FRestoring F wave exciting FR = —AX — BX
” N
added Damping
mass Coefficient
MX = (Fgravity + Fstatic) + Fwave exciting AX-Bx+ Fexternal, dynamic + Fexternal, static
. . . e
@ Linearization > (Eﬂestoring - (Fgravity + Fstatic) ~ _“g CEE D Yol
. . OEH &2
(M + A)X +Bx+ CX - Fwave exciting + Fexternal , dynamic +F

external ,static 72
"/




[Muto] 6XIRE 25
': Heave 230IA2 53

v Mass-Spring-Damper system

mz=F
=m —kz —cz +F,cosat
= —kz —cz +F,cosat
mz +cz+ kz = I, cos wt

p: density of sea water

Ay, - Waterplane Area

u * I‘I AI Frestoring = (FgraWZy + Fstatzc)
o O ~_Cx
AL T
= Al C+10bI
v MHIO| heave 2 HEA] (Of
lF;xternal static
W | F:zxternal dynamic
7 T 7
z
: 11 )
1
- Ax - BX wave exciting
W = ZF = (FGravity statlc) + Fwave exciting - AZ o bZ
restoring + Fexternal ,dynamic external ,static
vVMHO] heave2SUHIMO SASHO| O
HLA0ll CHoH HIHYSO=
— 2| 28 0
Frestoring T ( Gravity + Fstatzc) | =/l
R — A SO S .
! i 1 MUE)| heave2SA| W zJF 2HCHD JHA
: Fgravily :Mgk i :F - —— °V A A .Za( :
! |7 static PEV T PE wp E
| M MBS o : heave B19] z0i 2|3t |
S B S R8s
restoring :ngAWP Z )k 73
= —(pgd,,)-zk=—Czk (C=pg4y)



Muto] GIIRE 25 WA

‘. Uncoupled equation of mOtIOH

= ZF = FBody +FSurface

- Fgravzly + FFluld
S S
a%?)'l?_l' _?_]II _Fgravzly + Evtatlc + FF.K+FD + FR
;L X N v // N Mg Fl:xciting,3
T“T ZV pgVy—pgA,, - & — 43365 — By,
F I I F - _M(pgl()/_' pgAWp§3) + F exciting, 3 33'/33:.3 - B33é;3

damping B restore

[ (M + A33 )53 + B33§3 + pgAwpé:S excztzng 3 ]

v’ Surge 25 YWHA | v Sway SE Al o

(Heave(flM S JE T HIQl) (Heave(llM S JE 0t HIQl)

[ (M + All)gl + Bllél - PTexciting,l ] [ (M + AZ2)§2 + B22§-2 = P;xciting,z J

Kine 74
& (QsbAL
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[ Muto| GIIRE 25 WAL

' Uncoupled equation of motion
W

]xx§4 = ZM = MBody +MSurface
=M iy T M

gravity Fluid

=M, . + M, . + M, . +M, + M,

gravity static

{ l b l
r; xWk M exciting,4

ry X Ak - A44§4 - B44é4

=A-GZ+ Mexciting,4 - A44é?4 - B44é4

£y SDAL ”
"Jﬂﬁﬂ.{ ced Ship Desian Automation Lab
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AL P A o d(Transv. Stability) — 2Hs &l (3)
’ : z 4 _ _ _ )
oy ol SR *) ©®-2)2 8= O KILtL, y-z OO
M4 Kb* PSR I e
i . 5t PHEE JHEH,
e
b @ T=T,+T,
| :1‘G><W+I'Bl><FA
. w||/ o
g% -- : i j k| i k
===t = >V =10 Zo|+0 vy, z
r ! P~ -8, = VG G B, B,
‘( IZ y/ O O sz O 0 FA,Z
| AN . .
B\ ! =y. Wi+y, -F, i
! G B "TA,z
B e i B] T
)
. C T T:(_yG+yBl)'FA,zl
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' Uncoupled equation of motion

]xxé:4 = ZM = MBody +MSurface
=M + M

gravity Fluid

AN
[H0
OH1

gravity Static + MF.K +MD + MR

no ||
r; xWk M exciting,4

ry x AK _A44‘§4 _B44‘§4

R — @ =A-GZ+M, g4~ A44$4 - B44§.4
GZ =-GM sin¢, ) .
=—A-GM sin 54 + Mexciting,4 o A44é:4 o B44§4

'I}M =M + M

siné, =& S .. .
' ' @ ~ _A ) GM§4 + Mexciting,4 o A44§4 o B44§4

[ (. + A44)54 +B44§4 +A’G—MT§4 =M

exciting,

(=)
v Yaw 235 SHA %

(RollHeaveQlIM S 20 XI2)

[ (Iyy + ASS )55 + BSSéS + A ) G—MLé:S = Mexciting} [ ([zz + A66)§6 + B66§.6 = Mexciting,6 ] i

o
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z
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1)
2)
3)

Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program“ Seaway for Windows”, Delft University of Technology, 2003, pp38-~42
Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 307~311
Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,pp8-1-~4

MY x=[&,. &)

) P )
ﬂ H_I.QI GII.'l?rE E% tél.xo-lél (M,A,B,C:6><6Matrix)
-- :

v 6DOF Equations of Ship Motion : 6 coupled equation <}:F (&, Hl=ABCRRAFF, ;.2
= ol xdi
Given l l l l Find FOH ACk jl'o)
(M +A)x +Bx +Cx =) X, X, X

v Assumption

1. Small amplitude water wave (IIFEH0| H|OH Mi2J} £12)
2. small amplitude motion (MH0] 25| &)
3. Slender body (41919 Z0|0fl HIOH =0l F, Strip theorylIAl XIMIO| &3H)
=2 SHIQ M SQ(Surge)= SEHAE2E FHa (Coupling 11cd 92
4. Lateral symmetry (symmetric about xz-plane)
2> EHl 250] E2= (Longitudinal motion) I} &&= (Transverse motion)2 & L}&
surge,heave,pitch < > sway,roll,yaw
Mz BZE T B3
Za Z A 7: (ex) }_I-_?_ [Hg Al_u_!'
AVA | I / ’ 3 H o =)l Ol M2 HI= =9,
= | 7 eave2 S0 20 SSE B= 221

/
= > ,’ny .
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1)
[2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 307~311
3) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,pp8-1-~4

M| XIS E 25 HHAl
[
v' 6DOF Equations of Ship Motion
: 3 kinds of coupled motions (surge / heave-pitch / sway-roll-yaw)

M 0 0 0 Mz, —My.]|, ‘B, 0 B, 0 B, 0
0 M 0 -Mz. O Mx,. || 0 B, 0 B, 0 B,
i 0 0 M My, -Mx, 0 | B B, 0 B, 0 B, 0
0 —Mz. My, I, 0 —1,. E 0 B, 0 B, 0 B
Mz, 0 -Mx. O I, 0 | B, 0 B, 0 B, 0
My,  Mx, 0 ~1 0 I | |0 B, 0 By, 0 B
f_‘ 4
I
(M+A)K+Bx+Cx=F, .
| |
i ] ] y i
A4y 0 Ay 0 4y 0T, 00 0 O 0 0
0 4, 0 4, 0 A,| ! 00 0 O 0 0
A= 4, 0 43 0 45 O i C- 0 0 C,; 0 Cy O
0 4, 0 4, 0 A4, i o0 o0 C, 0 0
ASl O A53 0 ASS O E O O C53 O CSS O
0 A4, O A, 0 Ayl 00 0 0 0 0
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Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program“ Seaway for Windows”, Delft University of Technology, 2003, pp38-42

B
L2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 307-311
3) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,pp8-1-~4

N o (=

MEO| 6XIS T S5 WAA
L
v' 6DOF Equations of Ship Motion

: 3 kinds of coupled motions (surge / heave-pitch / sway-roll-yaw)

Surge Pitch
\l/ Heave \L

x=[&,&,,8,E.808 ]
f i

[ M 0 0 0 Mz, —My.], B, 0
0 M 0 Mz 0  Mx | 0 B, e
s 0 M My, -Mx, O | g_|Ba1 O 0 B
0 Mz, My, I o I | 0O B, 0 B, 0
.
Mz, 0 -Mx. O I, 0 | B, 0 Ul
| —My.  Mx, 0 —L, 0 I, | I | 0 By, 1
L‘ 4 F,
[
25 WHA: (M+A)K+Bk+Cx=F,,, |6
|_* | exciting F4
4, 0 4, 0 4, 0], o0 o0 0 Fy
0 4, 0 Ay 0 Ay 1 00 0 0 F,
A= 4, 0 4, 0 4, 0 i C= 0 0 G 0 -
0 A, 0 A, 0 A,|' 00 0 0
4, 0 4y 0 A5 O i 0 0 G 0
(0 4, 0 4, 0 A" |00 0 0
= heave-pitch M + 4, — M. + 4 }{ }4_{ Gy G }{é} ! [Fﬂ
motion of equation . _ch + A53 Ass + ]yy 4 C53 Css 655 Fs 80

(v, =09% JIH)
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v' 6DOF Equations of Ship Motion
: 3 kinds of coupled motions (surge / heave-pitch / sway-roll-yaw)

Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program“ Seaway for Windows”, Delft University of Technology, 2003, pp38-~42
Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 307-311
Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,pp8-1-~4
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b2}

c M 4ot
00
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S

ot
®

b2}

J00H

e

el

SO0
r=p=i

x=[§1,%a§3a§4>§5»§6]T

[ M 0 0 0 Mz, My, ‘B, 0 B, 0 B, 0
1
0 M 0 =Mz My, |! 0O B, 0 B, 0 B, NER MeEQ
| HeY s  HY
Hoies 0 M My My 0 |} B, 0 B, 0 B 0 A
0 Mz My, I, —I. | 0 B, 0 B, 0 By
Mz, 0 -Mx., O I 0 | B, 0 By, 0 B, 0 F,
|—My. [Mxg 0 -1, z : 0 B, 0 By 0 Bg | F
f_‘ 4 2
(M + A)X + BX + CX = Fexciting > exciting = F
|_$ | 4
] _ v F
4, 0 4, 0 4, 0], Joo 0 0 0 O] 5
0 4, 0 4, 0 4y i 00 O 0 0 0 _F6 .
A O N . P C 00 G 0 G O
= I =
0 Ay 0 4y 0 [4y| ' "Tloo 0 ¢ 0 o0
A4y 0 Ay 0 4; 01 |00 Cy, 0 Cy O
0 4, O A4, O Ag| ' 00 0 0 0 O]
= sway-roll-yaw : m+ Ay —mz, +A4,, mx, + A4y | S, B,, B, By|S, 0 0 03 F,
—mz, + 4, I.+4, — [+ A, | S, |+ By By By ||+ 0 Cp 0f&, |=|F,
mx,+ A4, -1, +A4, I+ A4 || S By, By B | S 0 0 0]S F B1
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Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1977, pp 307-310

A1I:II-_| BAISE 2= HIXAI

o OO
- Heave 28 884 S0/ (A ssuntlon Harmonic motion)
A1I:II- XIS E S HHAI
(M+A)X+Bx+Cx=F,
ex) Heave AZH0l S20] E4 A8 FI | &2 258 ¢
ﬂ (Harmonic motion)
=> X J| Transient motion2 112 0tX| &%

(M Vi A33 )53 s B33§3 + C33§3 excztmg 3
&) =& e F

exciting ,3

_ A ot __ A it
=F'e" =n,f;e

A za)t
53 (1) =i ( 77, : Wave Amplitude, Real)
E () =-aEle™ | (£ Wave exciting force Amplitude/1m wave amplitude, Complex)

ex) If @A is not a complex (real)

Let §3A =a Let &'=a+ib
A za)t
= a(cos @t +isin ot) = (a +ib)cos wt +isin ot )
= acos wt +iasin wt = (acos wt —bsin wt)+i(b cos ot + asin ot )

.......
.
o o,

Re{é} a cos wt —bsin wt = ¢ cos(wt;- 8) 82
Phase)l LIElS

Re{Z, } = acos ot

: A iot
3 € _l (Euler 84}) & =48e” _l(Euler Al



[ Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1977, pp 307-310

A1I:II-_| XISE S5 HIMAI

: Heave 23 WA Al Z(] (Assuption : Harmonic motion)
di

[

A1|:u Y (=1=§=

(M + A )% +Bx +Cx

ﬂ ex) Heave

(M Vi A33 )53 s B33§3 + C33§3 excztmg 3

A
(o N o Ry |

F,

exciting

1 OHl

&) =& F

_ A ot __ A it
exciting,3 ~ F;’ € - 770]% €

A za)t
53 () =iw ( 17, : Wave Amplitude, Real)
E () =-aEle™ | (f': Wave exciting force Amplitude, Complex)

A4

(M+A33)(—C() 5/1 za)t)+B33(l-a)§A za)t)+c33(§3 eza)t) 770.f3A iot !

{

{ @ (M+A33)+la)B33+C33} Je' 770ng la)t

v" RAO(Response Amplitude Operator)

: 1m wave Amplitude & JIXl=

-.-III @l wavelfl tHSt
MulO] 6XIRE 25 W

4 T o

{ o’ (M + A,) +ioB,, +C33}§3 =1f5" |:>§3 770f3AD |:> 53 f3 D_I

— D (=& Complex)
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Bhattacharyya, R. , "Dynamics of Marine Vehicles", John Wiley & Sons, 1978, pp.183-191

5ol 6T 25 A

: Heave-pitch A d 23 34 =01

W

v Assumption : 23 FJ1JI AE OHZIH O] F)| 0@ STt

Wave exciting
I}1l force amplitude
(real)  (complex)

v Given : heave-pitch motion of equation O] Hl= N

M + 4, — Mx . + 454 53 { B35} 6é3 +[C33 C35:||:§3:|:|:F'ext3:| {770 FA le/
— M. + 4 A55+]yy 55 By, Bss || & Cs; Css | S5 Fo.s Un FA “

v Find : heave, pitch F HY, &, JISE

Motion amplitude(complex)

C_,%(t) ::§3A| iot 53(2() — la) A la)t 53(1() ! a) A la)t , , UI‘
| o > &,& g Ao =
55(1) A m fs(t)_la) e 55(1)— a) e =

w : Wave frequency

...........

o 25 wENN wI S HAE B
M + A33 _MxC 4+ A35 _ Aezwt +|:B33 B j| i A m)t +|:C33 C35j| A za)t _ UOF;Aeiwt
_ch +A53 ASS +Iyy CO A za)t 853 B i A za)t C53 C55 A za)t nonsAeiwt
AC AT o
OIE) pes (9) a4
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Bhattacharyya, R.
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A1I:II-_| leoc Q= HEX Al
_—_0 OO M
: Heave-pitch Hd 23 HHA 0|

W

(continue)
O 2F WHA Motdy  —Msc+d
E%;-J—EIE)JléE r—H% _ch+A53 A55+Iyy
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Q ()
@ o:tqg ia)tE LI_L _a)Z M+A33
[ =Ll — | e — = ; —MXC+A53
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4 .
o|® 2 goM R (-0 0P
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— @’ (~Mx, + Ay,) +iwBg, + Cy,

|
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, "Dynamics of Marine Vehicles”, John Wiley & Sons, 1978, pp.183-191
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— o’ (A, +1,)+iwBg +C;

la)§5

mlEHe

3

Cis | &

C53 Css §3A
_ 770F3A
B 770F5A

_ 770F3A

B 770FSA

P=-&(M + A,;) +iwB,, + C,
O =-’(—Mx, + A;,) +iwB,, + Ci,
R=-w"(-Mx, + Ay;) +iwB,, + Cq,
S=-w'(1,,+ Ay) +iwBs + Cs;

&'

|

85



[ Bhattacharyya, R. , "Dynamics of Marine Vehicles", John Wiley & Sons, 1978, pp.183-191
=] Jo) o l: d A
Mulo] GIIR S 25 WHA
: Heave-pitch Eéi =3 434 =0l

W

(continue)

% e ol [mF] (P’ (Mt Ay +ioBy +Cy
®|: Ai| Z JF0AM Ed |:R S:| §3A 770F5A Q:—a)z(—MxC+A35)+ia)B35+C35
: R=-&"(—Mx, + A;,) +ioBy +Cq,
S=-w’(I,, + As;) +iwBs + Css

°
@ AW S L0} 4 _{P Q}l G {S —Q} mFy! |
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< > .
e g4 FAS—_FAQ
® 1m D00 CHSt L=
25 9] (RAO) T BT
&' _F'P-F'R
n, ~ PS-OR 5
*RAO(Response Amplitude Operator) :.1m vOil S ME0] 25 SH g—&’ SDAL %
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[ Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1977, pp 307-310

A1I:II-_| XISE S5 HIMAI

: I " 9(Frequency domainlOiiM el 6XISE
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exciting

HO
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0!
1z
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General Case
-0 4T [ 4]
sl _~Complex amplitude /
&l e 1
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X = §3 — §3A eia)t — XAelwt, X — lC()XAelwt X — _a)ZXAezwt Fexciting — 770 ?A eiwt — 770fA iot
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gl e s
e e oy

AV 4
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AIZE 99(Time domain)OilAC] 25 WAA E()

o O
N
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<

6XIQE MO 25 WA
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)
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| 611 Strip theory® AI2010! Added mass.

= - . = 0 0
» Damping coefficient, Wave excitng force }IAt (Ajk = Lajkdx,Bjk = Lbjkdx)
S
_ [0 A U U
Ay = La33dx e — b As, I xa33dx+ o = By, +— x by,
e .
B;; = Lb33dx +Ua;, B, = —IL xb33dx — UA303 —Ux Aa;},
U U L, U’ A R U? U 1?2
A5 = _-[L %?figzx__zBB X ibss = a)_ B3| A5 = )t %3dx+ 2 A303 _;xAb;é an33
....... U? 2 2
a YU o4 o« U U
By = ij33dx+UA —Ux ,a;; " b3, B, = Lx§b33§{x+ ~ By +Ux, ajy +—x b}
F, = pa J f3frh3)dx+ pa—h
7Y y
F= —pa'[ {x(]% Jr;h3\);+ po—nh }dx po—x ,h
U: MUO| MXl &¢ h, : Sectional Diffraction force (j*" mode)
o wHo 8% @ : Encounter wave frequency
o . Wave amplitude X, aﬁ{,bﬁ{ : Values at the aftermost section 89
f]. . Sectional Froude Krylov force (jt mode)




oy

Cf) Strip theoryE AI2010{ Added mass,
» Damping coefficient, Wave excitng force HlAt

(A](.)k = JL a;dx, B](.)k = JLbjkdx)

i
....... ) U o e U U U?
_ " il “ 0 A A
------ 0]
2
B, = J b.dx+UaZ | L 0 U™ 4
22 22 22 B, = xb24dx UA,, +Ux ,ai, + — b,
U - W
Ay = Ay = [{ari - b U U
24 42 : 404 7 Y24 _ 0 A
B, =B :'[-:_"b dx+Ual |
* ...""'u‘ U 0 U A (]2 A .. e U U
= ; S - — 0 A
Ay anzzdx"' 7 By =~ x,by, + e | A, = Lyga%dx — B, ——x,b;,
o e aet a)
_ bd 49 U Y pA B, = ib,dx+UAL, +U
By = ) x 724X~ UAy, +Usx a3, + o 2 64— J; x.__%_‘} x 2+ Ux s,
PUEPOT Y IR " JERRLLITN U 0 U 271 4 Uz
Ay = |iadx—— b, Age = ], i azzdx+ e 7 Ay =%, by + e —5 X,d5,
o ot o JRCIII U2 U2
—5p 4 * _ 2y 0 4
. h.: ; ; ; ith
U: MHIO| MXl && j + Sectional Diffraction force (jt" mode)
o wHo 8% @ Encounter wave frequency
' A 7.4 . .
o . Wave amplitude X4@5>D% " Values at the aftermost section
S+ Sectional Froude Krylov force (j*h mode) B: : Roll Damping

20



| Cf] Strip theoryE AFE0101 Added mass, ( A = [ apde. B = [ b, dx)
» Damping coefficient, Wave excitng force Hl&t = » "~ © *~°

R

o e U )
F, = pa{f, b )dx+ pa—h;

. 7 T U )
Fy = pa| {f, ¥ h, Jix+ pa —h

F, = paj x(fz%hz}+ pa ghz dx + pa Y, i

RT S

>

L MuO| MX A%
QHlol U

Wave amplitude

. Sectional Froude Krylov force (jt mode)

h

(0

j + Sectional Diffraction force (jth mode)

Encounter wave frequency
A A, .
xA’ajk’bjk - Values at the aftermost section

B: . Roll Damping
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) Dennis G.Zill, Michael R. Cullen, “Advanced Engineering Mathematics” 3¢ Edition, Jones and Bartlett publishers,2006, pp 281~284
) Erwin Kreyszig, “Advanced Engineering Mathematics” 9t edition, Wiley, 2006,892~895

‘(cf) Fourth—-Order Runge-Kutta Method
| —

The most commonly used set of values for the parameters
h
yn+l — yn +g(kl +2k2 +2k3 +k4)
k= f(x,5,)
1

1
k, = +—h,y +—hk
2 f('xn 2 yn 2 1)

] ]
k, = +—h,y, +—hk

k4 :f(xn +h’yn +ﬂ6hk3)

.‘@ 92
LJ} SDAL
el Adva dShpD g A utomation Lab.
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Erwin Kreyszig, “Advanced Engineering Mathematics” 9t edition, Wiley, 2006,892~895

.[cf) Fourth-Order Runge-Kutta Method
| —

O = X h AO|E 65 & 0t Improved Euler method 2t Hl =&t HRH O 2
y(x)a o} L 9.

!) Dennis G.Zill, Michael R. Cullen, “Advanced Engineering Mathematics” 3 Edition, Jones and Bartlett publishers,2006, pp 281~284

rI

@ xn 3yn ’f(xn’yn)

¥y A
yn+1 1 1
® gkla yn+1:yn+gk1
@ h-f(x,+1ihy, +1k)=k,
2 1 1 1
@ gkzzgkz’ yn+1:yn+gkl+§k2
+lk
Y 5 |
LIS
0 ' >
‘xn X +lh xn+1 X
"2

J
"0

88 (@spaL_”
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Erwin Kreyszig, “Advanced Engineering Mathematics” 9t edition, Wiley,2006,892~895

.[cf) Fourth-Order Runge-Kutta Method
| —

x, Ok x . =x, +h AMOIE 6= Ot Improved Euler method 2t Hl =8t ZHHO =
y(x)a -1 ot E gea g

I) Dennis G.Zill, Michael R. Cullen, “Advanced Engineering Mathematics” 3 Edition, Jones and Bartlett publishers,2006, pp 281~284

A © 5,0, 10500,)
1 1
€ gkla yn+1:yn+gk1
@ h-f(x,+1ihy, +1k)=k,
2 1 1 1
@ gkzzgkz’ yn+1:yn+gkl+§k2
1
1
lyn+5k2f @ h-f(x,+1h,y, +1k)=k,
S el 4, Ot /
2 B ; . 2 1 1 1 1
Vo[l /27: gk3:§k39yn+1:yn+gk1+§k2+§k3
6 ‘
0 X, X
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Erwin Kreyszig, “Advanced Engineering Mathematics” 9t edition, Wiley,2006,892~895

. [cf) Fourth-Order Runge-Kutta Method
| —

O = X h AO|E 65 & 0t Improved Euler method 2} Hl =8t HH O Z
(X)E - of L =U=a

yA

E) Dennis G.Zill, Michael R. Cullen, “Advanced Engineering Mathematics” 3" Edition, Jones and Bartlett publishers,2006, pp 281~284

rI

n’yn ’f(xn’yn)

h.f('xnﬁyn):kl
1

1
gkl > Vi1 =Vn +gk1

hf(xn +%hﬁyn +%k1): k2

2 1 1 1

gkz :Ekz s Va1 =Vn +gk1 +§k2
1

yn +§k2

yn+1

Y, +k;

A A

h-f(x,+3h,y, ++k,)=k,

2 1 1 1 1
Ek3 :§k3 s Vi1 =V +gk1 +§k2 +§k3

A A A

@@@@@@@@

©

yn+k3

h-f(x, +h,y +k)=k,

D 4,

-

@ y,. =y, +L(k +2k,+2k,+k,) %
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.Nonlinearity

Nonlinearity of the nature
TE—

— »Nonlinear Mathematical Model

@ Linearization
Linear Mathematical Model

I:> Numerical Method

>

Analytic Solution

Ex) Heave Motion of a Ship — step 1

z4

)

m : mass

mZ=F

= Fgravity

=-mgk

=

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load

v Mass-Spring-Damper system

@

|k

~ (

| \ | g

i mg

E By Newton’s 2" law,

| mz" =F

= mgk
QLEP® 97/66
() (COSDAL |
P W Advanced Ship Design Automation Lab.

NAOE/SNU

http://asdal.snu.ac.kr
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.Nonlinearity

Nonlinearity of the nature |:>|Non|inear Mathematical Model |:> Numerical Method
TE—
@ Linearization
Linear Mathematical Model E> Analytic Solution

static

Ex) Heave Motion of a Ship — step 2 F .= ” P .ndS = pgl k v Archimedes’ Principle F__ = pgV k
SB

v Mass-Spring-Damper system

I
, :
k l
X 1 1
Tt i L B @ LI
Vo g / |
|
m : mass p : density of sea water F :
V,: submerged volume gravity | ks
J . -
SB b Smeerged Surface area — _mgk : .........................................0
L1 : ISO
e Y s B -
! k
— T gravity +Fstatic ' % mg
v Z
=-mgk +pglk :
e I
=0 (" Z=0) : static equilibrium ' mz" =F
1
1
1
: = mgK—ks k
dS s infinitesimal submerged surface :
1 —_ o o ” —
:?’gerie exerted by the infinitesimal |! - 0 ( . Z = O)
fluid element on dS : . ayep s
4 Static equilibrium
N :normal vector of dS %‘\ R 98/66
. . . . . . Advanced Ship Design Automation Lab.
Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load NAGESNU http://asdal.snu.ac.kr
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.Nonlinearity

Nonlinearity of the nature |:>|Non|inear Mathematical Model |:> Numerical Method
TE—
@ Linearization
Linear Mathematical Model E> Analytic Solution

Ex) Heave Motion of a Ship — step 3 tF,,... = ” P, .ndS 7 Archimedes’ Principle K . = pgl kK
F A Sg P TS s s s s T s s s s s
3 | o
1 external static ‘ = PEV K+ F ionatsousancy | v Mass-Spring-Damper system
1k§ X 7 additional ® £//////1/1/
= l , buoyancy caused |
— l i / M by additional ! ctorin
0 g ) ! g
lF , displacement z ! force
external ,static |
m : mass p : density of sea water £ e —ksy —kz
V,: submerged volume v Fgmvily if, z is small : [S 0
Sz : submerged surface area . Kk F ddtional b : 0
___Awp : waterplane area . =mimg addtionatbouyancy : z
.o —_ |
mz =F = —=pPgAypZ ! -
_ ! Set || ME
i3 gravity +Fstatic +Fexternal static B _kz I | l
= _mgk +ng/()k _pgApr +Fexternal,static . W : mz" =F
1
=-pgA 7z +F :
wp external ,static ! = mgk - ksok —kzk + Fexternal static
! ;
I
= — kZ +Fex ternal ,static : = —kzk + Fexternal JStatic
. =0 (-z"=0
0 220) | (2" =0)
|

QLEPD 99/66
&) (Q)SPAL

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load L) e S ihomatics.
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.Nonlinearity

Nonlinearity of the nature
TE—

—— »Nonlinear Mathematical Model

@ Linearization

Linear Mathematical Model

I:> Numerical Method

>

Analytic Solution

Ex) Heave Motion of a Ship — step 4

F;xternal ,Static
Zi

1 statlc = J.J. thancndS
= ng k+F

addtional bouyancy

additional

by additional

...... ] Z" // M
V be 71 /

buoyancy caused

v Archimedes’ Principle anc = ngOk

1
1
1
1
|
1
|
1
H 1 tori
lFextemal,static displacement z i 4 restoring
m : mass p : density of sea water l'F i zis small > —ks,—kz
V,: submerged volume gravity ' |
Sg : submerged surface area . TS culi Ay Sttt
= — ddtional b
__Awp: waterplanearea = mgk aadonatbotyancy CKY Fad YA m
oo — |
mz=F = —pP8AypZ ! F
Iz | Gy ME
=) —_—— 1 i vV
gravity +Fstatlc Fexternal ,Static k A :
—_ — K = P8ayp ' ==
mgk +ng k pgA / +Fexternal static : mz = F
™ 1
3 3 I
= _pgApr +Fexternal static Llne.arlzed : - mgk kSOk ka external static
— F k _ A ReStorlng Force ) : = —kzk +Fexternal,static
external ,static >V — IO g WP :
! " — Oscillation by
— O (... 'Z — O) : mz + kZ — O the restoring force
:
=3
;&f ;;.4 D AL 100/66
A
;’ -beﬂ‘- Advanced Ship Design Automation Lab.

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load
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Nonlinearity

—— »Nonlinear Mathematical Model

I:> Numerical Method

Nonlinearity of the nature
T—

@ Linearization
Linear Mathematical Model E> Analytic Solution
Ex) Heave Motion of a Ship — step 4 tF .. = ” P, .ndS 7 Archimedes’ Principle K . = pgl kK
SB P m e e e e e e e - —————
Z = pgVik—pgA,pz i Mass-Spring-Damper system
Lk$ 1X v // = pgl/ok —kz :
=. ] : |
— 7 I 71 M |
0 g : restoring
. force
m : mass p : density of sea water F | — ks, —kz
V,: submerged volume v Sgraviy |
Sz : submerged surface area _ > :
Aﬁ/vp: waterplane area = —mgk o;g¢_ S 92 72”!'.. : m
vy s =ic e G 280 ofsl st & |
mz =F :
&= = ' "e
=) I v
— T gravity +Fstatic i
=-mgk +pgV k —pgd,,z \ |mz"=F
= _pgAsz | =mgk — ks k — kzk
. Radiation Force : _
1 , =—kzk
= ke 1 Ship will oscillate forever? Fradiation = U PradiationndS E " —_—
' s, Mz + kz = Ogietonty

Energy is dissipated by radiation wave ————)

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load

101/66

SDAL

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr
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Nonlinearity

Nonlinearity of the nature
TE—

—— »Nonlinear Mathematical Model
@ Linearization
Linear Mathematical Model

I:> Numerical Method

>

Analytic Solution

Ex) Heave Motion of a Ship — step 5 tF .. = ” P, .ndS 7 Archimedes’ Principle K . = pgl kK
Sp s
] 7 = pgVik — pgd,,z i v Mass-Spring-Damper system
v & S | S 7 = pgVik—kz © LU
...... ” l = T / M i
2 s 1 Fmdiation = _Ci i re?;:(:ieng
m : mass p : density of sea water 1 : - kSO —kz
V,: submerged volume gravity | 0 '
Sz : submerged surface area _ > : k —CZ
__Awp: waterplane area e mgk }ﬁﬂil’;ﬁiﬁ‘l, : f vz %
.o o — = - o |!
mz =F ° | 5
i <= = : I I \ mg
Fg’” avity +Fstatic +Fmdiation ] i . Dashpot
= —mgk +pgV,k —pgd, z —c N
=—pgA, z—CZ — | mz" =F
. . Radiation Force ! = mgk —ks,k —kzk —cz'k
= — _CZ . 1
opposite tw Fradiation - J.J. })radiationndS : = —ka—CZ'k
Sy |
¢ : damping copfficieht 102/66
ik SDAL

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load

Advanced Ship Design Automation Lab.
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.Nonlinearity

Nonlinearity of the nature
T—

—— »Nonlinear Mathematical Model
@ Linearization
Linear Mathematical Model

>

I:> Numerical Method

Analytic Solution

Ex) Heave Motion of a Ship — step 5

Z

A

static

1Ko = ”P nds
S

= pgVk — pgdy,z

= pgVk—kz

______ T
be 1

Vo

M

//

m : mass
V,: submerged volume
Sz : submerged surface area
Awp : waterplane area

mZ=F

- T gravity +F +F

static radiation

~pgA,,2—CZ —m ZL

~kz —cz —m,Z

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load

p : density of sea water

=-mgk +pgV,k —pgd,z —CZL—-mj

1 Fmdiation =—CZ —maZ

v gravity
=-—mgk Ha 5 Muto| Z
""""""""""""""" =230 2o Z st &
&= =

Radiation Force

Fradiation = J.J. PradiationndS
Sp

opposite tw
~Cdn.

opposite to ecceleLiom

¢ : damping copdfiti@

Wi
NAOE/SNU

v Archimedes’ Principle | =

static

i v Mass-Spring-Damper system

\© /1111111

Z'“

restoring
force

[ e

/111777777

mz" =F
= mgk —ks,k —kzk —cz'’k
= —kzk—cz'’k

|
|
|
|
1
1
|
|
|
|
1
1
|
|
|
|
1
1
| Dashpot
1
1
1
1
1
1
1
1
1
1
1
|
1
1
|
|

103/66

((1) SDAL

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr
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.Nonlinearity

Nonlinearity of the nature |:>|Non|inear Mathematical Model |:> Numerical Method
TE—
@ Linearization
Linear Mathematical Model E> Analytic Solution

Ex) Heave Motion of a Ship — step 6 tF,,... = ” P, .ndS 7 Archimedes’ Principle K . = pgl kK
S === m oo mmmm e
S 7 Z = pgV k- pgd, z i v’ Mass-Spring-Damper system
,\l;\? > t R~ = pgV k—kz \© L//111111/
...... ; V l g z T / L FeXCiting i restoring
0 1 Fmdiation =—CZ _mai i foree
m : mass p : density of sea water d : —ksy—kz
V,: submerged volume gravity | '
Sz : submerged surface area — —mok : ¢z
___Awp : waterplane area e g : |- F cosar
o} | ext — 10
7 F Wave force i
i--r : mg
— 7 gravity +Fstatic +Fradiati0n +Fexciting ‘ *e \ + : W
= _mgk +ng/()k _pgApr —CZ — maZ+F€xcit5ng |
Hi A 7z CZ m Z +F Froude-Kriloff Force Diffraction Force || mz" =F
P&y a exciting . E = mgk —ks,k —kzk —cz'k +F, cos wt
. .. wave exciting |
=—kz —cZ —m 7 +F _ .. i = —kzk —cz'’k +F, coswt
a exciting _ P dS
- wave excitingn :
Sg :
|
¢ : damping coefficient (: Fexciting) .
m, : added mass SDAL 104/68

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load N:O’\E{i‘;U ;‘Zﬁ’,’,‘jﬁ,ﬁ',’_’fng_";i?,’:r"“‘""’"“"" Lab.
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.Nonlinearity

—— »Nonlinear Mathematical Model

Nonlinearity of the nature
T—

@ Linearization

Linear Mathematical Model

I:> Numerical Method

>

Analytic Solution

Ex) Heave Motion of a Ship — step 6

static

1Ko = ”P nds
S

= pgVk — pgdy,z

K 7.7
rv$ X 1T /AA = pgV k—kz
...... ] :
I y l o ZT / M Fexciting
0 1 Fmdiation =—CZ _maZ

m: mass p : density of sea water 3

V,: submerged volume gravity

S : submerged surface area = —mgk

Awp : waterplane area

mZ=F

= gravity +Fstatic +Fradiati0n +F

exciting

= —mgk —{—pgl/ok —pgApr _Ci - mai+Fexciting

=-pgA,,2—CcZ —m,Z +F

exciting

=—kz —cZ —m Z +F

exciting

=F

exciting

(m+m, )Z+cz+kz

¢ : damping coefficient
m, : added mass

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load

[\

e

) SDAL

A

/‘é‘-!bxﬂ‘-' \ Advanced Ship Design Automation Lab.

NAOE/SNU

v Archimedes’ Principle F = ngOk

static

i v Mass-Spring-Damper system

© LL11111000/

restoring
force

— —cz'
-~ | Z T
.‘ F. 114m = F,coswt
H Dashpot\

mz" =F

0
{
Z .

zy

= mgk —ks,k —kzk —cz'k +F, cos wt

= —kzk —cz'’k +F, coswt

mz" + cz' + kz = F, cos ot

http://asdal.snu.ac.kr
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. Homogeneous / Particular solution &
Zero Innut [/ Zero State
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‘Comparison : example

‘ "0 +35(0)+ 290 =sin 2 2(0)=1,5(0)=5 }

solution Notation changed in the example
1] Homogeneous Solution
Homogeneous z(2) — y()
F(O)+37(0) +20(6) = 0 Z'(1),2"(1) wmm V'(1),)"(2)
T(IZJFS.):; i_t)z)eni 0 Z transient > “steady ~wm—mp ) (t), yp (t)
(m+D)(m+2)=0 Zzero—input > Z ero-state _—) ), (t), W (f)

Som=—1lm=-2
yit)=e"

et and e : linearly independent

Ly, () =ce +c,e””

¥ 107
@gﬂﬁ SDAL ...

+Zill & Cullen, Advanced Engineering Mathematics,3¢ Edition p204, example 5 modified NACL'SNU hetp://asdal.s



TCOITIDaI’iSOI’I . example

"0 +35(0)+ 2y(0) =sin2t ¥(0) =1, 7(0) =5 }

Solution

2) Particular Solution
Y()+3p(¢)+2y(t) =sin 2t
Try : y,(t) =Asin2t+Bcos2t
V,=—4A4sin2t—4Bcos2t
y,=2Acos2t—2Bsin2¢

L.H.S.: —4(A4sin2¢+ Bcos2t)+6(Acos2t — Bsin2t)+2(Asin 2 + Bcos 2t )= (—2A—6B)sin 2t + (64— 2B) cos 2t

R.H.S.: sin2¢
L.H.S.=R.H.S.
—2A-6B=1
> d=—L p__3
64-2B=0 20 20
I . 3
Sy, =——=—sin2t——cos2t
20

K 108
hid SDAL

/‘“—!bxdé- Advanced Ship Design Automation Lab.
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‘Comparison : example

ex?.mnle . .
y(@)+3y()+2y()=sin2t »(0)=1,3(0)=5
solution

3) General Solution

y, (&) =ce’ + cze_zt
i 3
= ———8In 2t ———Cos 2t
AEEE 20

2t

3
=ce ' ' +c,e” ———sin2t——cos 2t
y(2) 1 2 20 20

Initial condition : »(0)=1,»(0)=5

3 37
0):c,+c,—=1 -
y(0): ¢ 2750 c 3
E | 2 E,[: 25
y(O)'_Cl_ch_z_O_S 02:—7
37 _, 25 _ 1 . 3
yv,)="—e"'—=e*, y,(t)=——=sin2t———cos2t
5 4 20 20
37 ., 25 _ 1 . 3
J/(t)z?e t—je 2’—2—051n2t——0052t P
po R 109
&) (SPAL
Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load - Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr
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‘Comparison : example

example . . . 37 ., 25 ,, 1 . 3
y(@)+3y()+2y()=sin2t y(0)=1,p0)=5 | y®O= e m e —ogsin2t—— cos 2t

Zero Input Zero State

() +37(2) + 2p(2) %LO $(6)+39(t) + 2y(t) = sin 2¢

y0)=1,5(0)=5 (0) =0} y(0) =0

ol Talal il VO +3y@0)+2y()=0 @) -3y@)+2y(t)=0
Solution yo_h (t) — emt )/1_;, (f) — emt
(m+1)(m+2)e™ =0 (m+1D)(m+2)e™ =0

Yo n (H)=ce’ + Cze_zt Y n (H)=ce " + Cze_Zt

%ﬁ@ﬁ A§DAL 110

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load L) T e e
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‘Comparison : example

example

< . . . 37 _, 25 o2 1 . 3
y(t)+3y(t)+2y(t):s1n2t y(O):],y(O)ZS} y(z‘)—?e _T —%sm%—%cos%

Zero Input Zero State
() +37(2) + 2p(2) %LO $(6)+39(t) + 2y(t) = sin 2¢
y0)=1,5(0)=5 ¥(0) =0 y(0) =0
ol Talal il YO+3p)+2y()=0  y(O)-3y()+2y()=0
Solution
Yo »() = ce’ + Cze_zt )= ce’ + Cze_zt
i PO +39@O) +2y(#) =0  $(0)=339(t)+2y(¢) =sin 2t

Y, =Asin2¢+ Bcos2t

LHS.: (-24-6B)sin2t+(64—2B)cos2t
RH.S.: sin2¢

1 3
LHS. = n.|1+.s. A=‘5’; ~ 20
£)=0 = ———sin 2 ———cos 2¢
yO_p( ) ylfp 20 20

K 111
m ggi SDAL
Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load N:—gﬁg’w hﬂp fee ‘LS'I'PD ign A tomation Lab.
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‘Comparison : example

Oll i

PO +39(0)+2y(t) =sin 2t y(0) =1, 7(0) =5 } vy =L 22 _ Lging, —%cos 21

5 4 20

Zero Input
$(O)+35() +2y(1) =0
»(0)=1,y(0)=5
S lenian P(t)+33(t) +2(t) =0
Solution
Yo s(O)=cie” +c,e
“souton FO+39(0)+29(1) =0
yO_p (t) — O
3) General % (l‘) —c e—t +c e—zz
Solution 0_g 1 2
Initial y(()) - 1,)7(0) -5
condition
¢ +c, =1 c, =7
=6 =26, =3 o c,=-6

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load

Zero State
P(2)+3p(t)+2y(t) = sin 2t
y(0) =0; y(0) =0

V(O =3y()+2y(1)=0

J(t)=33(t) +2y(t) = sin 2t

1 . 3
= ———S1n 2f ———cos 2t
Vi 20 20

V()= ce’ +c,e” _ZLOSin 2t —icos 2t
¥(0)=0,7(0)=0
y(0): Cl"'cz_i:l 01:§

20 5
y0):—c, —2¢c,——=5

20
112

",\

NAOEISNU

SDAL

dShpD gAtmat n Lab.
http/l sdal.s
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‘Comparison : example

example

2 . . , 37 .,
y(@)+3y(t)+2y(t) =sin 2¢ y(0)=1,y(0):5} YO ="et—re

25 —Lsin 2t —icos 2t
20 2

Zero Input
F(O)+35(0) +2y(6) =0
¥(0)=1,»(0)=5
1)Homogeneous y(t) + 3y(t) + 2y(t) =0
Solution
Yo n (1) = C1e_t + Cze_zt
on | y(O)+3y()+2y(1) =0
yO_p (t) — O
3) General Y (t) —c e—t T+ e—zz
Solution _& 1 2
Initial y(0)=1,y(0)=35
condion
Soluton Yo (()=Te" —6e7

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load

Zero State
P(2)+3p(t)+2y(t) = sin 2t
»(0) =0; y(0) =0

V(O =3y()+2y(1)=0

y()=3y(t)+2y(t) =sin 2¢

1 3
= ———8SIn 2t ———Ccos 2t
Vi 20 20

—t -2t . 3
Y () =ce’ +c,e —2—051n2t—2—0c052t
¥(0)=0,y(0)=0
» g(t)z—e_t—%e‘z’—isin%—icos%

0
SDAL '™

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr
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‘Comparison : example

example ] 37 ., 25 ,, 1

a : : : . 3
y(@)+3y()+2y()=sin2t y(0)=1,7(0)=5 V() ="e ' —Tre ——osin 2t —— - cos 2t

Zero Input -
$(O)+35() +2y(1) =0
¥(0)=1,»(0)=5

Zero State
(t)+3p(t) +2y(¢) = sin 2t
¥(0) =0; y(0) =0

_ _ I 2 1
_ t 2t . _ 2

1)Homogeneous yO_h(t) =Te —6e i V1o (2) = ge t _Ze ‘

Solution
2) Particul _ : 1 . 3

)‘Solaut:glrJ\ar yO_p(t) =0 SRS SO _2—05111 2t —2—0005 2t

I
_ o1 1 2 ., 1 _ | 3

hicton Yo o (=3, (0)=Te" =6 1y, () =y()=TZe" — e —osin2r——cos 2

K 114
@& (SDAL
Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load N:gﬁéﬁu :Z‘;ﬁy;:gji',{'fngf;;_ggr/‘utomatw" Lab.
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‘Comparison : example

example . . ., 25 o2 1 . 3
y(@)+3y()+2y()=sin2t y(0)=1,7(0)=5 (t):(—e — € 0o sin 2t ——cos 21)

Zero Input Zero State
FO+35(0)+2y() =0, F(O)+37(0) +2y(t) =sin 2t

¥(0)=1,3(0)=5 ¥(0) =0; (0) =0

I
_ _ | 2 ., 1 5
1)Homogeneous yO_h(t) =Te"' —6e o : V1 () = ge _Ze g
Solution I
R Yo_p (1) «(0) LV, = —Lsin 2t ———cos 2t
| 2 20
ner - : 1 _,, 1 . 3
g)oclajti:nal yO_g(t):yo(t) =7e ‘—6e 2t) Y O=30) :(_ Ze 20—2—0S11’12t—2—00052t)
o) = +
| | |
Yo(t) = +
+ + +

yi(t) = + e



TCOmnarison > example—proof

my(t)+cy(t) +ky(t) =u(t) ,u(t)#0 ---(1)
- y(0)=a,y(0)=>b ,az0,b#0 ---(2)
/Zero Input solution : ¥, (?) [ Zero state solution 3, (2)
[ (0) + iy () + k() =0 ] my,(0)+ ¢, () + k() =u(D) )
{ 20(0)=a},(0)=b; 1(0) =045, (0) =0
assum. : y(£) =y, () + y,(¢) Sy(@) =y () + (@)
yi=2 (1) : Y2 (2):
S 1(0) =[y, (0)}+,(0)] =la [0,
)+ o)+ by(0) 3(0) =3, (0) #+,(0): =b1+0

= m(§o(0) + 5,(0) + () + 5, (0) + k(o (1) + 3,(0)
=m0+ e () + kyy O] #mi (0 + 00, (0 + oy 0]
=0 JHu)

R.H.S.: u(?)
. - “ L ” %‘g‘;ﬁ:' 116
o LHS RHS (1) SatISfled g‘& AérgéDéignAutomationLab.

Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load NAGESNU http://asdal.snu.ac.kr

~y(0)=a “2) satisfied”
y(0)=>b

ZEs

%



Comparison : graph

05 I I I I
i

YO =0 OFy,(O) 30T e g e

BB ()sbAL '
. . . . . . ,@% Advanced Ship Design Automation Lab.
Computer Aided Ship Design 2008 - PART II: Ship Motion & Wave Load NAOE/SNU hetp://asdal.snu.ac.kr



TCOmDaI’iSOH . graph

\1 i i

05 L L

— =YY

e ZEFO-iNpUL (S
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