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ABSTRACT:

The development of maneuvering simulation is usually employed in ship design. In
addition, it can also be applied to port planning, harbor transportation, estimation for|
simulated models, and shipwrecks. Owing to the fact that the maneuvering simulation
model is an essential element to the navigation simulator, the ship design committee and:
academia pay attention to the estimation of the model.

Transformation of waves, currents and winds causes more difficulty in estimating the]
external forces acting upon a ship in the area around or in the harbor than in the deepwater
region. The purpose of this research is to develop a suitable simulation model to predict!
ship motions in that region. Model theory follows Mathematical Modeling Group’s results,
and will be employed to predict ship motions around or in harbor region.

Three items will be discussed under the fundamental frame of the simulation model.
The first item contains hydrodynamic derivatives of hull forces, which are the effects of
propeller and the main engine. The second item includes forces due to winds, currents and
waves. And the third item is the effects caused by natural or artificial boundaries. In the
past, the maneuvering simulation system usually only focuses on the study of ship|
characteristics and the natural environmental forces will be ignored or simplified. As for the
third item, impact on ship movement is considered even less. The purpose of this research
is to develop a suitable simulation model to predict actual ship motions, and at the same
time, expand its scope of application.

In this year, we focus on the effects of the ship when it is sailed in the shallow water
region. In addition, ship motion is also considered when the ship moves forward or|
backward. Finally, the validity of the method is adequately verified by results in real ship
tests.
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\\\
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FHIEHS O RNREA2FF-FRTEREN S pd RES S AR50
E2pd RE®R LB 52 BRAMEEH > ApHNE & B L 5e B 5 G

#% (surge) ~ % # (sway) ~ 4= K (heave) %2 = B & *zg& > T 585 (pitch) ~ #
FH(roll) ~ T H(yaw) » feEidn 4>t % /3 ¢ ST P2 8 H > B4k k ALFH
A b Ay da bt U F RGE R AR > BRI B R LA A
AR E R > A4t P Bk 4] 4 (Exciting
force) » e 7 » &k 3 4] # (Froude-Krylov force) ~ 3k &4 4 38 ] #
(Diffraction force) o ¥ ¢t » I & g |4, 4g 38 # #1734 4 2. radiation
force » MHAH I & UH A L AH > BT W RETERE
b BBz sERHES A R A RIPR o L d A bR ARG
k4] > F)pt Korvin-Kroukovsky % &8 % & iﬂ” An s B K I8
(Ordinary Strip method,OSM) > OSM 2 /i #8 4 3t 5 + 5 34
[ S =N '??*i’;’ié Bty b fi:%‘,;-f;,zél%]' OSM /= #4v 11 2L
i < KRB E N e fARTE o strip method (NSM) o

V- g i@ e AR50 0 H AR Bt Rdvdgdk At ahrt g &
Pl TP w O M R ST A e A AR T B A2

BRI o d R PR A Y T AR AR 2

AR R R B BB RS oW 3.0 4 o B ALy A
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B2 A28 0 B oH G AR gk e T LT R M o T b s o

25



WA A RE R R F T A R E YR o S ER
PEE TN HFRE AR PR 28T e P28

(heave ~ pitch ~ roll) = @ 132 5."1 AAPM A T4 BB R FE A

iz BES G ARSI E R R ELE N AR P
B b i (7% E&mgaégz@«’ GRURIE S R R SR LN R
IR i S AR o PR AR A S R Y

Bgsadld on  F RAp e i MF I H T E o AL TR Y D0
BERHN 2 219N EE 2 N R AFE S RFFE LY P A
MMG(Mathematical Modeling Group) 7% & 2_ fic3" 4 U IFE - #cH i
AR TR ARAE, 2 CRMARAE, A B LS FR
H
(a) lﬁﬁﬁ"’b’ '\ﬁ ﬁ?ﬁ‘]‘-’?’ -EE]J}ﬁ' K@'ﬁv ;,f'gz«ﬁ ’J‘ ’?&ﬂ% °
(b)# 4y i 47 @ 2 4= K (heave) 2 4ids(pitch)i@ & H /] » 7 £k o

() 4 HL B R - i 02 45 R 2 A AL i
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3.1 #pdadk 53 f250
dpdg dnfT P od At b4 2 GEH s F| gL A AR El d R 2
(G ESAETE SIS G R S S S
Yy Nz 2 R A A NS4 0% oo P REER R
AR R p g
p=d—ysinf
g =y singcos@+0cos ¢ 3.1)
r =y cosgcosd—Osing

PR AR E R G - e E R RGN T e

p=9-y0=9
g=yp+0=0 (3.2)
r=y-0p=y
AP R C Eh Rt HER S ENT AT S
F:i(mljc):mi(lj+fl><§c)
dt dt (3.3)

M:MG+ﬁGxﬁ:di(ﬁG)+ﬁGxﬁ
1

W BB T B R 4 24 dp T a5t

4 IS AN
sz[u+qw—rv—xG(q2+r2)+yG(pq—ff)+ZG(pr+Q)]
Y:m[f/+ru—pw—yG(r2+p2)+zG(qr—p)+xG(pq+f)] (3.4)
Z=mpw+ pv—qu—z5(q° + p*)+x5(pr—q)+ y;(rg + p)]

3BT S AR5
Kzlxpr+(IzzG_[ny)qr+m[yG(W+pV_qu)_ZG(‘)+ru_pw)]
(3.5)

M=1 .9+, —1.c)pr+mlz;@+qw—rv)—x,(W+ pv—qu)]
N =167+, —1.c)Pg+mlxc(V+ru—pw)=ys @ +qw—rv)]

X(33) (34~ (3.5 L HEL £ AT

27



R:i4pag Z— ghAp bt Btk R Bb2 AR £ (= xi +))+2k)

Ry 4yt iE— BhAp 30 &0 Bl BAR B (= xo + 3] +26K)
Q  ¥BEAAREREZ 33 B(Q=pi+q+rk)

U : ﬁ'f@"‘f;’?}—}%’Pléisi}i(lj=u;+v]+wl€)

Foie® gz 4 F=Xi+Yj+7Zk

M . 8% 3482 4 5B M =Ki + M+ Nk

FRAERERNEGHME L T ET BRI e 2 FH P
(3.4) ~ (3.5)F #eff i &

m(u—vr)zX
m(f2+ur =Y

(3.6)
IZZG‘/7 =N

@ FR(1997)P] £ % J& Roll i@ #5 » F)pt e 4838 6 > 425% 52 ¢

m(b't—vr):X
m(\'/+ur):Y (3 7)
I, =N -

I, $6=K
RS N TR S SR R -2
X:XH+XP+XR+XW+XWV+XE+Xc+XB+XF
Y=Y, +Y, + Y+ Y, + Y + Y ++Y + Y+ 1

N=N,+N,+N,+N, +N,, + N, ++N.+ N, + N,
K=K, +K,+K;+K, +K,, +K,++K_.+K,+K,

(3.8)

N (3.7) 5 & Bl g 5H (surge) ~ # A (sway) ~ T Hi(yaw) ~ % # #-(roll)
B R B2 AR EER S A2 o (3.8 THEH PR W -
WV-~E~C-B -FAau i Lis8x484 (Hull) -~ 2%

(Propeller) ~ 4 (Rudder) -~ & (Wind) ~ /& ;3(Wave) ~ 1
(Engine) ~ # 7 (Current) ~ if B (Bank) ~ 2 # s 2.4 J& (Force) 4o
Fiy s RSB
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T A A2 BRI F AR
sy W3

ERHATHRHFH IS LT R o @ (7% 0 dgda2 Laf 4

a4 w4 TSR
(1,0p+1,,)1=0 (3.9)
RGP E TR SR g > HP 5 Q ; e g iEdn k(5 48
2 AE(0=0,4+0,) 5 Loy 6 B2 R IAE S [ 530 i s
2 phif 124 o
iR s AR ) 2 (1, +1) R B 2N e
VA
I,,+1,=0424pD> (13+q) 4, /(ZDpzj (3.10)

]2 (Diesel Engine
7= 20 (Steam Turbine

)
)
BT A, 2R EE @ f#f (expanded area) ©

¥ AN

RGP oM T Ao 5

X, = —me'Hrmyvr+%L2U2(X;vv'2 + X vr+ X P+ X, vH+ X, @) (3.11)

Y, =—my+mur+ %LzUZ(Y,; B+Yr+Y, +Y.,) (3.12)
N, =—J. r+;pL3 *(NyB + N + Ny + Ny ) (3.13)
Ky ==Ju+N(@)-mg-GZ($)-Y,Z, (3.14)
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H

mx

H o myr Z_F] 4 B8 om, 51422

B =—tan"' (v/U)
r =vL/U

! 1 21712
X=X/(5pLU)

! 1 2r 72
Y:Y/(EpLU)

: 1 50
N:N/(EpLU)
Vv =v/U ©°
U:EZwfdii
m, A TR

£ )}’,Kﬁﬁ ?ﬁ’—g‘

P AR %*‘E_'}? 354
T S TR

X, >~ X, ~ X, ~ X, - FlgdaT g @ rrilde 2 | F]=U R 4 B 4
% #ic

Xo(u) * dpda B e A4

Y, ~ Y ~ Ny~ N, @ & F]=x MM REIER 4 B4 e R #K

Yy N, + £ F|Z 2RI R 4 B4 5

YI;oll > Negr - EFXFHFFE T4 S A BT HA E

~N(¢) * RHILL 4 4B

.ﬂ/”“'gﬁ Jfﬁ 7]:

Sde2 y S a4 o
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FLAM AR R A B RS E NEERYy IS R 23 %
3 apz BRI ER(1997)30 % ¢ PV ik Inoue & 4 (1981) =ik

% 57 AT

Yo =Yy B+ Y B |+ 7 || (3.15)
Ny =Nyr|r|+ N,y B2 + N, B (3.16)
Vi =Yo8 + Y, 8|6+ ¥ |4 (3.17)
Ny = Ny + Ny B |8+ N, |4 (3.18)

WH T Em s BB T Em 2 TR TR RS,
¥ #d Motora ® (B 3.2~34) 2 & Fl=x fhdfc > d 431 & ¢ 44
R oo Hap A B R BC,  08 22 WAl g 2 o T ik
Mikelis B 3.5~%] 3.10 o 4533 & = ~F K48 o F 4588 i ¥ (trim) PF 2.
PRSI A (Y s Yy~ X ) B R A T (N N,
N,, ) » ¥ ik Inoue ¥ 4 (198la) 2 = 2 &t & B.R# > 4@ 3.11~H
3.16 #77% o

Voo B R AL G R HAY B L2 S
Nye :_JZZG’:—F%pL}UZ(N'ﬁﬁ'+N;r'+N]'\7L+N1'€all)+YHO'x® (3.19)
¢
Juo P ARFE o G2k T R M
%, DApa 2 X Bk
Yo ' i BEFER 4 5 ¥ AT 4

Y, = % PLU(Y,B +Yr +Y,,) (3.20)

RO R R AR R
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0.1

0.08 -

0.06 -

0.04 4

0.02 -

yd/B=Const
\,

\\\\ Key
AN

L/B

0.25 0.3 0.35 0.4 0.45 0.5 0.55
dB

W32 ZHB4FE (m ) & E B (Motora,1959a)
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ol
d I I = Const ,/

—

5 6 7 8 9 10

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

B33 B HFE (m ) &E B (Motora,1959b)
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'JZZ“ZZ

L o B A

0
0.4

0.5 0.6 0.7 0.8

W 3.4 T FERLE (J,) &5 B (Motora,1959a)

5

S0

N LiB=757569

12 14 16 18 20 22 24

B 3.5 % iy Al i 2 FH 4 TR (m) %5 B (Mikelis, 1982)
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LiE=4.105

5 —

2 l l l l l

12 14 16 18 20 22 24

B 3.6 57 i A2 A e FE (m,) & 8 B (Mikelis, 1982)

-1 LiB=6.833

2 l l l l l

12 14 16 18 20 22 24

%

W 3.7 snis A2 F B TR (m) &3 8 (Mikelis,1982)
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L/B = 5369

0.08 —

0.06 —

0.04 —

0.02

LT

B 3.8 s g o2 T s FRAFE () B E
( Mikelis,1982)

1 L/ =6 83

0.12 —

0.08 —

0.06 —

L/T
W) 3.9 9 sip Al a2 T ke FRATE (U,) 75 W
( Mikelis,1982)
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0.14

L/B=46108

0.12 — w
0.10 —»

-, ®
0.08 —
1.5
0.02 i i | |
: 8 12 16 20 24
LT
B 3.10 57 iy Al g2 T FRERE (J,) BEW
( Mikelis, 1982 )
08 -
04
0 1 , |
0.00 0.05 0.10 0.15

g (RN

2 ]
A )

B 31148 E w4 2L e 4 hdk ( Yﬁ',‘ﬁ‘ ) (Inoue et al.,1981a)
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Br

0.6 | T
04
02 |
o Qo0
0 | | |
0.00 0.05 0.10 0.15

> . I
“_{g}' 7 4

Bl 312 4p R i) 4 2bpdre £ 4 hdc (v, ) (Inoue et al.,1981a)

H
r

0.10

0.05

0.00 | | |
0.00 0.05 0.10 0.15

:' P |:
F] i

W 3.13 480w 4 22 R 4 28 (V) (Inoue et al.,1981a)

“ - {.g]"
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0.06

0.04

0.02 -

B 3.14 - T LM ER 4 BRI (NM ) (Inoue et al.,1981a)

“Vasr

T

06 |-
04

02

B 3.15 4pRp T stamiire & 4 &2kl (N, ) (Inoueetal,1981a)
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0.1 |- T

-01 |-

B 3.16 4, T HEAMIER 4 2ihdk (N

rr

\N' '

s © N

Py SN ™

£ IR AR FYIAIN 4 o

W
Y=Yy =1, =0
Ny =181N,
N, =2.575N,
N, =-0.17925

Ao RS

L , C e _ ..
mX, X,y X, e T A 5

X', =0.4(TB/1*)-0.006

X, =4TB/L)-0.002

vy

X, =0.0003
INN@) T AT AT
N($) = 22l +J ) K¢
TR

40

'g ? 5&’ gﬂ%ﬁ ’
Hirano (1980) #+% b s 2 (738 % % & 71 ¢

) (Inoue et al.,1981a)

"\:T‘rj

(3.21)
(3.22)
(3.23)

(3.24)

(3.25)
(3.26)
(3.27)

(3.28)



hud
Ar

. 1.108
Q-ﬁ%ﬁ%ﬁﬁ(— J )

K: ¥#IEL 2 (=03)

GM @ %_" % (metacentric height)

X,() Bl ¥ F]* %3t 2 (Holtrop & Mennen,1978, 1982) & & » 7~ &
d B EPFLRHE G s n Rl g il B2 RAE o

3.4 4 4
Pehpprag 4 <o) d dp 2 By s AT o FEHERAE S
iy AP gé‘ﬁﬁ"‘f*”“i AR P A EA S ¥ - R Ji(cross flow) 0 @

FH LA BT B A A - 4955 MMG B %

B o B30T r ikt 3wz ot BAE T A 40T
X

= —(1—-1,)F, sin& (3.29)

Y, =—(1+a,)F, cos& (3.30)
Ny = —(x + a5, )Fy 0SS (3.31)
K, =—(z, +a,z,)F, cosS (3.32)

s
hn'S

R CES LR

ay * M2 B e 2 E
S LIS N

Xy DEECP A IEY Bhenx AR

Zp P Fw A IR Bz AR

z, CEECH e 4 B Bhehz Rk
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R ol

F, : #t e » i¥% 4 (normal force)

B 3.17 & 4 7 & BI(ES 0 1997)

B (o) A3 078 0.8 2 FF » W v B 0.75 0 & eht & 1%
AV AT AT
F, :% pAUC, (3.33)

v sy RO RV Y Y g , 22
AP fpaoBMafF o UpaBng e r i@ R > Cy % s 800 w4 Thiico

2N

3 ’ 24 N + —
ket AHC 2 FT E AT

C,=———sina, (3.34)
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% - %' n>0,u>0
% = %2 n>0, u<0
% = % : n<0, u<0
%z %' n<0, u>0

e BRY 2 fad Bpd WA LT

=(1-1,)- —p{[u(l )]’ +(0.7znD,)’ }>< Z D, B, (3.35)
Q, ==21J o1t —% pl[u(1—w,)) +(0.77nD,)* } %D;CQ By (3.36)

B o nded B0 Gl o 5 WG g Gl J, 5 U4
&7 14 4E(added polar moment of inertia) * C, ~ C, R ik 4,4 FTHL P} & 5

. (Lammeren et al.,,1969 ) ° A ¥ SiF AT » T H - T n>0,

w0 BR 2 Jgd B d T A AT

X,=(1-t,)pn’D}K,J, (3.37)
Op =—27J ppit— pn° DyKCyJ (3.38)
J, & ¥} % @ i 1L (advance ratio) > K, ¥ od i Etf‘p“‘ By (55

£,1987)
3SR

ST g S - PR TR b X RS 2 T o S
AR R e R MR AT 2 W IR L AT ke

L

Xy = XWV:BR ngPPé/z (339)

Y B ngppé/ (3.40)
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v Br - ngppg (3.41)
K, =0 (3.42)

;\‘ v élai’%‘/ﬂr.g ’ XILVV N YV;/V N WV F“ /ﬁ\/\/v‘r‘l;:- 4 l/?:a;: ’ {ﬁ;f@ N /ﬂ"‘r\‘é;
EVZ ppHl e & B2 Sk o

AL F TG ok Y o SEeBR Y 30 0o 2 BORAE ok 1 R
WG ERIRPIAEE 2 S 2 PR ITY T2 RS e
¥ Hirano(1980) 5 2. L % 4n 5 v i » SR B AR iFr = > #
B A B RAPRE 0 A ARPIATTF R AR 0 RPIAEG A TR
Bk % 4o B 3.18~8 3.20 #71 > A B 3.21~B 333 i HE 2w
PRPAERSES OB R RARERTERSE A F AR

PR BEHRTE RS o

R 3.1 a4
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measure
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2408 =

-0.5 —

B A8 AP 8+ 4 0 R Z XPhEH 4 W R
PR R 90 B2 Y hiEA 4 0t R
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Hirano(1980)
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1 2
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/)N T Hirano(1980)
\052 measure
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_____ Hirano(1980)
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05 1 15 AL 2
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3.6 ;‘é‘_; ‘/‘;l‘\“ 4

FEH A dp a2 iR A B4 BT A AT

Xe=Xeay pAT; (3.43)

Y. =Ya, % pA T (3.44)

Ne = Nocty A Ly P (3.45)
Ke =Kot p(2 Ly )V (3.46)

He o XL~ Y s N~ K, spind Gl AP & a2 Sl 4,
Eog s bR ARG TAMZ e 2 Qe G oV, 5 R i

BriE o

3.7 k4

v

B 3rdgdg2 b+ B R 4 BT AT G

Xy = X3 AV (3.42)
N T (3.43)

Ny =Nyt s pALYE (3.44)
Ky =Ky (A Ly Vi (3.45)

P b4 GERX, LY, N, K 5 AR R MRiEx:ﬁ'x’ A5 AR ]

Zokm Picm2 t e 2 R R B o p, s T F BRSO Mﬁ;g A
R 4 xBcPF5]* Isherwood(1973):# 5k #7118 b o4 ¥ Eﬁ: TaiE R
3 _iz;hj,; o

54



T oo dfT I N R HREPE 0 o S ORERE S AR
B Binagd GiEapiai@ e BT RAE KRR BB A2
Uk R 0 B AT ’ﬁ;@g' $o2 ek R E N B 0 B 3454y
2 E B JF LR AR E R S AR e R R p AFE
FHER KR ALY R RS l"*#&%ﬁ-“’
N,Y,—N,Y, +(m +m,)N,

R e (3.46)
kp(N,Y, =N, Yy )+(m +m )N,

0
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(1) pe. 4

pdym B R L oupE o

e

3
Ry =Cy( pu®) (3.47)

HOR GRS S LR kARA G R RIS Bl S E T
C, =(1+K)C, +C, (3.48)
.ﬂﬂKﬁﬂ;ﬂ*ﬁ?lﬁﬁi C,5THe 4 hdic~ C, 5 B4 thidic o

- A T dpda B N ST < R < o AR L F,<0.1 pF o B
I BEARE L > T AR A a2 4 4R d Ak R
BTl 0 2t GlRT R AR R SR RE o
(2) fi e FR £ v e ff 4LAE

PHFSHERBHRLEEET 0 AP T Blic AokiREdidav
KIFEV h)d B oo ~ 2.0~ 1.5~ 1.2 BF > R A0 A 2 A e E’fﬁt T Bem_ m
Y% 00701301602 m H s A#HO7T NRHS 52 ABT B

BE2
(E)EUERE | FLNARHE S
A BRI R AP o o Ao
Y, = %k +1.4C, (g) (3.49)
' T
Y =2k .
=7 (3.50)
N, =k (3.51)
N, =-0.35k (3.52)

Hoe pa2d Be RIEBA R W 5 T2/ > A B A SRR %
Higt 2734 @ Hu bR -KERE o

ko=t (3.53)
b k+ [— cot(—)]
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He Q5 9%F8 RHEEIHES > (349 ~(3.50) ~ (3.51) ~(3.52)
LN iRz W HAA N5 2350451.7~0.7¢
(GBS Tedmt I L S ;3

B 2 Pk E 2% Rk 2 2L e R i iF kg2 2t
ST ER LS o

T2 B &

% ~1 +14(%)3-5 (3.54)

YY—(@ =1 +3(%)2~5 (3.55)

I/Yﬁ;@ =1+3(%)2-5 (3.56)

N%érna%“ (3.57)

N%f%5=1+a%f5 (3.58)
B0 G ARG o R A IR AR AR 4

Wpp = copo(oo)+0.35(%)2 (3.59)
0, = @y () + 0.35&)2 (3.60)

7

H
B g GHR RIS  RIT A

B

=) o

B P wpp(0) ¥ @ (0) & ] B RIS ERHE B A 2 g s Tl 0 3T
- 1

—\
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