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Abstract

The Mathematical Model, which can describe the maneuvering motion of a ship in low
speed, 1s highly required these days because it is directly related to the safety of ship in
confused harbour,

Kose has presented a new model for the low speed maneuvering motion, but the useful-
ness of it is not confirmed widely. Lots of difficulties are revealed in the case of low speed
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maneuver, The first is the fact that a ship moves the stirred water region for the longer

time than in the case of high speed. So, the hydrodynamic forces, exerted on the hull need

to be treated strictly, not by the ordinary differential equation with constant coefficients,
Another difficulty is arised from the fact the lateral motion is relatively large comparing
to the longitudinal motion in low speed. And, by the result the effect of cross-flow drag or

vortex sheding effects are dominant,

Besides, the captive model tests of low speed motion has lots of problems. For example,
the hydrodynamic forces do not converge to a certain values for the long time, And the ab-

solute values of measured forces are very small, so we must expend lots of efforts to raise

up the S /N ratio of the experiments,

In this paper, a new mathematical model for the maneuvering motion in low speed, is

built up, and the usefulness is discussed, comparing with other models, for example, Kose's
model or M.M.G.model or Cross-Flow model, The CMT data for a PCC model of 3.00 M
length, released from the RR-742 of Japan, are used for the validation of each models.
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Fig. 1 Coordinate system

2. Bare Huli2| a8 H2| R#E

2.1 MMG Model(=h - %% F)

AA el 28k FAH Faxrt FE(Lift)o]
i %, AAEF vt 52 1 Order?} Fot
wteE ZHY sl A o3 & A Modelo] A
A= ATH3L

X, =X, +X v X, vr+X, r?
F Xoow VX v 37

Yy =Y, v+Y, r’ Y vY, VI
+Y,. vr =4Y,, r?®

Ny =N, v +N, r’+N,,, v 3*+N,,, v 2r’
+N, v 4N, 173 (1)
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2.2 Cross-Flow Drag Model
Bt e A E(N) o] sl Behe Yv, Yrd
Nov, Nr& B A, JEMF = Cross-Flow Drag
o MdE =lehat e E T4 59 2%
o] Yl&l 3= Cross-Flow Dragd Fedyaersky$}t
Sobolevis [4] £ ZH Cp(x) & AHE-3}o

Yau=-1/2 pd_/lL/f,Z,_, {(v4xr) [v+xr|Cp{x) dx

L/

Na==1/2 pd [ 2 (v4x0) lvxr|Cp(x) dx  (2)

2 JFAsta g}
Aq71M, Cplx)=CpE 7}H3ln EEH.L x,=
—v/rE& R R(2) &,

Yn=—1/2pLdC, {2(x, /L)viv+2 [(x,/L)?
—(1/2)*1Lvir] +2/3(x, /L)L |r )}
Nu=~1/2pLdC;, {[(x, /L)~ (1 /2)*]v]v|
+4 /3(x, /LY Lvir+1 /20 (x, /L)'=
(1/2) )l 1} (3)

9} gojgTy,
A= Cross —Flow Drag 7ol o8t MA 9] &4
A Yo vl E N& o}8-3} o] EA T}

Y=Y, vV+Y, 1" +Yn v v

FY o VI Y7 ]
N'=N,"v'+N, 1" +N, ;' v |v'|

FNoor v +Ny,, 17 e 4)

2.3 Kose2| Model({&:E )

Kose fHfibs LrgEH O Mt HS Btk
Al BsES &, wE 2§ 448 PMM ®REgo s
ket HEE A3l o9 Model & #%E3H9 o}

X*= (X, *m, ) v Y, % u* | u* +
X Fukv¥t /U*

Y*=Y *¥U*v¥*+ Y, *, | v¥ [v¥+ Y *r¥+Y, Fu¥r®
va*,v*zr*u* /U*2+Yvr,*v*r*2 /U*

N*=N, *u*v¥+N* ¥+ N, *r¥+N_ *u*r

+ Ny Fv¥ar* (5)
A7) A, *= EARTTALE g =810, Koser A&

REERERCE R20% 3% 19924 8H

U o4l o83 ko] wiol(L), 8714 5(g) & AF
gato] RS Bahar,

X*=X /(1/2pL%), N*=N /(1 /2pL'g)
m*=m/(1/2pL%), 1, *=I1,,/(1/2pL°g)

w=u/vLg, r*=r/Vg/L

u*=u /g, rk=r Ng/L (6)
ol ZFd o MMGo 9% #EKRTk FEog vy
H R(6)>

X=X, X v +X0 v 24K v Vv 2
Y=Y, ur+Y, v +Y, . v Iv']

Y r’+Y,, vir+Y,, vir?
N’=N, r'+N,uv -+N, ut+N, r?

N, v 1’ (7)
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Rk o] BMEERIEE ol = RUHESY) o S FRESHo)
MO E A F, @ e i ES) (Service Speed
piik) el A9 AY Kh, ELHEWE FiEeko §j
HEE(WE sHES A AT = ok YS Y, NY
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9] Cross-Flow Drag”l & oz Bfady}, a8
2, q71A 712 ez A, HA WAl o8 &
A& & Liftell 2§ %4> 7 Cross-Flowoll ¢]3F Drag
By 0.2 o] Aztsla, theof gEmol o3 ks
& F718E S aE s BA)

Uz AAE BHME Bol, AsMmpE HIiTR
% 773 3% 71 (Induced Drag)2(5, 6]

L:CL -1 /2pUZS
D=Cp, - 1/2pU’S (8)

A 71,

C.=C, sinf/(1+C, sinp) /(a+C, /=A),
Co=CH/rA
(A:Aspect ratio, C, : 247, MRE S 29 C,=2n)

olmz, A= vt 2ol Brh
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L=C, sing
D=C, sin* g (9)

202 Cross—Flow Drags % BiEolA
Cross—Flow @ 7F U - sinfo]ln g

R=C, - (U sing)? (10)

]

1 Rel 389 sl e R, 8o F472 &

R,=C, - sin’B cosf
R,=C, - sin® (11)

1 8ol Drag sy om A EEEY A&
Fp=const& n#}&l A3 AA7) QAR B Ay,
5 EH ¥ & Fb 289 2720 P9
A Foe=

F,=L+R,
FZ:D+R2+F[) (12)

@ol Atk ol F, Foll slaf dale] £% % 9%
FFe e

X=F, sinf—F, cosf
Y=F, cosf—F, sinf (13)
N=lever - Y

olng, d=

X=X, sin*f+X, sin’sin’g cosf+X, cosp

Y=Y, sin’f+Y, sinf cosf+Ysin’f +Y, sinp
N=N;,sin’f+N, sinff cosg-+N, sin’f+N,sinf

(X, Xy Xy, Yy, eeerenes N,&= ®#golth) (14)

o7 A u=U cosp, v=—U sing, u=V U?*—-v* o]
22 R(14) & o33 ol g,

Xy =X vt Xy VAN 1I-v'?

+X,Vi-v'?

7120k ol

Y=Y vV iHHY, vVVI-V i+ Y, v
+Y,)v’

Ny=N,,” v+N, v'V1-v N, v ?
+N, v’ (15)

Plbe 9wz Eaere NS W2 Aol
ELESO] tukE 739l ks S Krns)of ok &
ol e MZE el ol o] HMhE File
4l 2.3 4 KoseZ7} PMM Al@ 2.2 #7 beld
o o3 iy K-S IR Bsta R (15)9) &
mrl= el uhebM, Es6d K% 2 Bare Hull
of gt f4 52 chg ) o] EIHE 4 v}

X=X, v 4+Xuw vVI-v?+ X,/ V1-v~?
+ X, v'r

Yo=Y, v i +Y, vV1I-v?+Y, v*?
+ Y r+Y, r'V1I-vi+Y, v’
F Yo VI VI-V Y, VR

Nu=N, v+ Ny, vV 1-v*+N, v
N, v AN NN v

+ N, r’'vi=-v'? (16)
3. CMTOll 2| St ARft AR 02 Fitting

HA 2] RR74285€rol A 178k 3.00M#k PCCHs 2l
CMT ##(F,=0.06, Rt 2 %8, B8 Kl
H)E 28dlA 42713 47}A] Model5& o] &3td
Fittingsl 1 1 ¥ & H&str] &)
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7 Foenz Hpissgel S/Ni(Scale to Noise
Ratio) ol & 2 o] spodof shr}.
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Fig. 2 Fitting of the hydrodynamic sway force of hull from CMT
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Table 1 Standard deviation of each fitting(U>0.0) Table 2 Standard deviation of each fitting(U<0.0)
Model Name Y N X Model Name Y N X
MMG Model 0.02992 0.01121 0.001935 MMG Model 0.01804 0.00844 0.00298
Kose’s Model 0.02793 0.01186 0.001853 Kose’s Model 0.01836 0.01015 0.00305
Gross-Flow 0.03097 0.01164 u Gross Flow 0.01905 0.00980 ™
Model Model

New Model 0.01914 0.00557 0.001881 | New Model 0.01327 0.00711 0. 00304‘]

X Cross-Flow Model

Fie. 3 Fitting of the hydrodynamic yaw moment of hull from CMT
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Fig.4 Fitting of the hydrodynamic surge force,of hull from CMT
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