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Abstract

The interim standards A.751(18) for ship manoeuvrability were adopted at the assembly of
International Maritime Organization in 1993, as one of measures to avoid marine casualties by a
ship with poor manoeuvrability performance.

The standards were interim, and review of the standards was started based on survey of validity
and applicability of the standards. The survey was made by several IMO member countries
including Japan.

The purpose of this study was to provide technical information useful to make the standards more
reasonable in its review work, and to develop techniques necessary to judge whether a ship satisfied
the standards or not.

The performance as the standards object is manoeuvring performance of a ship in still water,
so the technology which evaluates performance of a ship in still water is required in the design
stage before construction. After construction, sea trial for performance validation is usually carried
out under disturbances such as wind and waves, so the technology which estimates the performance
change due to disturbances is required.
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We developed calculation methods of manoeuvring hydrodynamic forces and disturbance forces by
wind and waves, then summarized them in the usable forms in order to evaluate the performance by
simulation calculation of a ship manoeuvring motion.

While, in the review work of the standards, present state of manoeuvring performance of real
ships under operation becomes important basic data. So we made manoeuvring performance
database of real ships from sea trial data, examined the standards on the basis of the database, and
submitted technical date to the committee RR74 which examined the Japanese correspondence to
the standards review.

Furthermore, we developed a simple method to estimate ship manoeuvring performance roughly
from the ship dimensions based of the above database.
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Table 2.1.1 Principal Dimension of
Model Ships

Container Tanker
Ship (SR221C)
(SR108)
L (m) 3.00 2.97
B (m) 0.435 0.539
D (m) 0.163 0.180
L/B 6.90 5.51
B/d 2.67 3.00
Co 0.572 0.803
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G(&) =(sSnB+0d)SE)+ [ ¢n,ds

Cg+Cy

R =(E-&) +1)

n,¢ <0(e)

(2.3.18) inner limit

__08p )1 S(E)-S()
e {L B

/)’ 17
S(©&-Inry— P 0 —G(&)

d§’+S'(§)~In4(1—§2)}

(2.3.19)
(2.3.15) (2.3.18)
2nd order
outer limit (2.3.16) inner

limit (2.3.19)

9= {jls@) s@)dé +S(&)-In4(1- é)}

e-¢]
F(&)=G(&)
(2.3.20)

(2.3.16)
(2.3.19)

o)

= o+ 005/3 () Inr —g(§)+5lF(§>

0

p ()
-¢2D—4—{28(§> e+ [ 3 de‘}

]2 FE) o
*E{EF@ Lige dcf}

(2.3.21)

P (2.3.15) Pour
(2.3.18) /98

(2.3.15)

2nd order
(2.3.21)
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Pap
cosf-S(&) source
F(&)
doublet
(2.3.21)
2nd order
leading order
(2.3.21)
(2.3.10)
{=-a a=0(¢g)
(2.3.14)

[B] 4,=0 on (=zxa

L [ (20 4%
¢_5c()(6_N ¢ adeS‘Ff(f)
E(7.¢:7".¢")

= —%In{coshzla(n—77')—0052161(4—5')}
—%In{coshzla(n—n')+coszia(§+§')}

o)

f(S) 9(%)

(2.3.22)

1p , 1.,
p=5 [, m&) In"d¢
== e’

1 o r r
‘gL"(?)r—zd? (2.3.23)



2nd order

— 40 -8 geyintag
#=to - [, SE)In"d¢

—oos/i'-S’(g){l%—%ln(%j}

A S ORI e
4ra’-tl r 4a

F()=(Snp+0)SE)+ [ ¢, N, ds

C()

G

(2.3.24)
P (2.3.22) (&)
(2.3.24)
a=0(s) én
F(&)/4a(sin g + wé)

blockage coefficient ¥

(2.3.10)
(2.3.21)
WD], [WK ]
Fig.2.3.6
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dry/dt

Us

%r: J;ws.udq: j%mh:%[ﬂz =%U; (2.3.25)

49 5
o u n
d—rzlu;.cy (2.3.26)
a2
C}/
C}/

C, = £,(G,)- ,(H/d)

Fig.2.3.7

Kutta
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sway , yaw , surge
O-2ng én
G
¢ én
G
G- xyz X
y
Z Xy Xy
n
L B d
X u vy v
VA r
U B
7% o
Fy T
m 4
X,Y,N
m(&—vr) = X
m(&+ur)=Y (2.4.1)
| &= N
U, =Ucos(y - ) =u-cosy —Vv-siny (2.4.2)
U, =Usin(y — ) =u-siny +Vv-cosy
§(t)=§(O)+.[;(u~cosw—v~siny/)dt
n(t):77(0)+_[;(u~siny/+v~cosw)dt (2.4-3)

()= (0)+ [ r-t

(128)

Fig.2.4.1 Coordinate System

X=X, +Xp+ Xg+ Xg

Y=Y, + Y + Y+ Ye (2.4.4)
N=N, +N,+Nz+N;
H :Hull P:Propeller R:Rudder

E :External Force

H

Xy =—m, - @+ X,,, (U)+(m, + X, )vr + Xy
Y,

b=y Y B Y, v+ (Y, —m-u)r Yy

N, =—J-8+Ng-¥€+N,-V+N, -r+ Ny

J

m,
J
XGY

2

:my'xa ’ Y&:N&:_my.xa
(2.4.5)

lmy: X’y

4

X

Xy =X, VV+ X, 12+ X, v+ X, V'

Yy =Y, V+Y, VT +Y, w4y, -r?

Ny =N, -V’ +N,, -Vr+N,, -w?+N,, -r®
(2.4.6)



P
Xp=(1-1)T=(1-t,)  pn°Dp* - K; (Jp)
Yo = anPZDPZ 'YP" (‘]P)

N, = pn®P?D,’L-N," (J;)

Jp =Up/nD, = u(1-w,)/nD,

(2.4.7)
t: T: n:
D;:
K;:
Yo =N, =0
R
Xy = —(1-tg)FySind
Y, =—(1+a,)F, coss (2.4.8)
Ng = —(Xg +ay, X, ) Fy cos8
=§AR~f(/1)-UR2~sinaR
2
(1)=813% ,_He
225+ 1 A,
U =Ug? + Vg O = Y
UR
2
e=="Wr _De o= K
1 w, " TTH, T
3 U ~Ucosp-(1-w,)
" nD, nD,
’ ’ ’ L
szvR(ﬁ’R):vR(,B—IR Ar) LT :rU—
A Hy: Ug:
Og: o :
1-w,: 1-wg:
K, :
Ug
u
u—: ﬁ 1-2(1- 77K)S+{1 nx(2- K)}S (2.4.10)
g
nP
S: P

(m+m, )&= X, (u)u?+(m+m, + X, )vr

+ Xy +(1-t,)T—(1-t5) Ry sind + X = Xg
(m+m)&rm -x, 8=, -v+{Y, —(m+m)ujr

+Yy —(1+a, )FycosS +Y, + Y. =Yg
(I+3)&+m,-x, &= N, -v+N,_-r+ Ny

—(Xg +ay X%, ) Fy €058 + Ny + Ng = Ng

(2.4.11)
(m+m, )&= X,

{(m+m/)(l +J)—(my~xa)2}‘&

(2.4.12)
=(1+J)-Ys—m,-x, - Ng

{(mem)(1+9)~(m,-x, )} &
=(m+m)-Ns=m,-x, Y5
X, =0
x,=0
r_ P 2 r_ P 2
X_X/ELdU ,Y_Y/ELdU

N':N/Bdeu2

2

u=u/U=cospp , V=v/U=-snpg
r'=sr-L/U , ds=dt-U/L , X=x/L

m’:n/£L2d=2CB~B/L , I’:I/EL“d
2 2

xuu’zxuu/ﬁl_d , xw'zxw/Bde
2 2

YV’:YV/BLdU , Y,':Y,/%deu
Y, =Y, u/’Z’Ld Y, =Y, u/pl_“d
u/ L°d

N, = V/Blfdu , N,':N,/BBdU
2 2

Y. =Y -u/ﬁlfd ,
2

N, = qu/ﬁ d , N, =N, -U/g L°d

N, =N, -U/g Cd , N, =N, -U/g L*d

(129)
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2 2
T':T/%Lduz :2[’%) Be_ K (35)

Ld
_2D° Y -6
_JSZ Ld KT(‘]F’) ’ ‘JS_nDP 10
r2 P2 P2 PP
P :T;G'YP (‘]P) o N :Tszrd'NP (JP)
, U\
Fy =%f(ﬂ)(f] -Sinag
(2.4.13)
x,=0
(m’+ ’)d—“/—x '-u’2+(m’+ "+ X ')v’r’
M Fas = R mom J X
+ Xy +(1-t)T' —(1-t;)F, sins + X,
" NL ( P) ( R) N E Xa:O
(m’+my')_V:YV’.v’+{Yr'—(nf+mK')u’}r’
ds
+Yy —(1+a,)F, coss+Y, +Y,
(I’+J')d—rS=NV'-V/+N,'-r’+NNL' Xoo (U), 1= W , 1ty , 1= W, B, Xy, 1-tg &
—(XR'+aHxH')FN'cos5+NP'+NE' X, (U), 1-w,, ,1-t,
(2.4.14)
0.5 0.8
X (U)
n
1-w,, 1-t,
( ) T:pnzDPA'KT(‘]P)
u
( ) > Jp o 1-W(J,) JA:nD
b
(L B)da di Gl | S X (WU +(1-1,)T+X =0 — 1-t,(J,)
Ak Hg 4 (2.4.15)
( ) X N 1-w,, 1-t
D, P
( )
X)) 1-wp 1-t, K;(J;)
k T=0
o =10°, 20°, 30° Fu
1-w, a, Xy

(130)



- AU o > 1o
(P Yo Ny > 2y, % )

(2.4.16)

X Y N a,

X .u2+(1_tP)T—(1—tR)FN sind + X
=X-(1-tz)Fysins =0

Y- (1+a,)F, coss =0
N — (% +a,x, ) Fy coss =0

(2.4.17)

[‘LJJR)Z =(1- wR)z[n {1-"'/(( 1+ EJK} —1]}2 +(1—’7)]
(2.4.18)
R ——

(2.4.19)

. 1-w, (B.r')
R A
Xy WYy Ny (V1)
1__VVP(/9’rj X
-
U n
r' Vi 4

Table.2.4.1
Table.2.4.2
U n
Up
Ks (35) T
body force Up
u T
1-w, = (1-w, —AW( —I%j
b = b0) VA (2.4.20)

or 1_Wp0'C(ﬂ_IP,r’)

r'=0

Xtotal = XH +(1_tP)T _(1_tR) FN S|n5
Yoa = Yu —(1+a,)F, coss
Ntotal = NH _(XR+aHXH)FN caso

(2.4.22)
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Table 2.4.1 CalculatTabion Points

for Full Ships like Tanker

full
) r'(
( ) -0.8 -0.4 -0.2 0.0 0.2 0.4 0.8
-20 -30 -30 -20
-15 -10
-10 -30 -20 -10 0
-5 0
ﬂ -3 0
0 -20 -10 0 0 0 10 20
«C ) 3 0
5 0
10 0 10 20 30
15 10
20 20 30 30
Table 2.4.2 Calculation Points for Fine Ships like Container Ship
fine
5 r(
( ) -0.6 -0.3 -0.15 0.0 0.15 0.3 0.6
-16 -30 -20 -10
-12 -10
-8 -20 -10 0 0
-4 0
ﬂ -2 0
0 -10 0 0 0 0 0 10
¢ ) 2 0
4 0
8 0 0 10 20
12 10
16 10 20 30
X, =X, -u? :(my' + Xw')v’r'
X Yo N Up = (1_ Wp ) u T Fy

X; O

(3.3.1)
(3.3.2)
(3.3.4)

(132)

u

—

V ’
xUU

r

’ ! ’
+ X, VX, 1P X, oV

ww
’ ’ ’ ’ ’ ’ '
Y, =Y, -V +[Y, —m -u'|r
+Y,, VEY,, VALY, vy,
’ ’ ’
Ny =N, -V+N, -r’
! 3 T2t ! 13 L
+N,, V'+N,, VTI'+N,, -VI"+N,, -r

(2.4.23)



3 2 ( 15 )
M S
"=0.|p<5 VN C.
p=0°,]r|<02
Yr_rnx1Nr CFS CFM
1-w,
ITTC1978 1— Wg
1_WPM
-~ m m J
' ITTC1978
- X (u) Was = (t, +0.04)
ol-we, 1t +(Wey —tp —0.04)[ {1+ K)Crs + AC, } /(1+ K)Cpy |
(2.4.25)
- l-wy, ¢
1-wy
- A Xy 1ot o« 1-w,
1-w,
S 1-w (B.r) 0.75
1-w, 1-wg
~ VR(B.1)
5 XH’ YHr NHI 1_WRS:1_WP3+{(1_WRM)_(1_WPM)}
(2.4.26)

Xy (U)  1-w, vLee

C, =0.8033
L/B=5517 d/B=0.333

1

=(1+k)C ::XWM/4¢7 u,’ : :

O =(1+)Cen 2 S m, =0.068-m', m=0.728-m
J'=(0.172)*-m (2.4.27)
Crs ={(1+Kk)Cps +AC. }+C,,
1
= qus/ 5 PSS m = n/ g L2d = 2C, - B/L = 0.2012
(2.4.24) J,:J//Zawd
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Table. 2.4.3 Ship Dimensions

L 320 m 3.500 m
B 58 m 0.6344 m
d 19.3 m 0.2111 m
C, 0.8033
|, -2.53 %
S 26342 m? 3.1531 m?
D, 9.40 m 0.1028 m
P 6.22 m 0.0681 m
AQ/Ld 0.01326 (=1/75.41)
) 1.656
n 0.752
15 kt (F,=0.1363)
R 2.17x10° | 2.48x10°
X, (F, <1)
=-0.01111+0.05732F, — 0.3180F, + 0.7033F°
Xy (U) X, (F,=1)

[ ]
Cp (F, 0.0 =(1+Kk)Cp,
=0.007305-0.03769F, +0.2091F > — 0.4624F °
Cn (F,20.2) =(1+K)Cy, +G,
=(1+k)Cyy, +0.00144(F, - 0.1)
=0.007161- 0.03625F, +0.2091F, — 0.4624F °

[ 1
C: (Hugh) = 0.066/(l0g,, R, — 2.03)*
Re=217x10° , R,, =2.48x10°
Crs/Cry = 0.001236/0.003466 = 0.3566
AC, =0.0
C(F, <0.)
=0.002605- 0.01344F, + 0.07457F,” —0.1649F °
C,s(F, >0.1)
=0.002461- 0.01200F, +0.07457F,* — 0.1649F °

X, =-C;-S/Ld =-4.265.C;

(134)

=-0.01050+ 0.05118F, — 0.3180F, + 0.7033F,°
(2.4.28)

K, (J,) = 0.3085-0.2565- J,, —0.1695- J,°
Jp =u(l-w,)/nD, , 1-t,=0.822

[ 1 1-w,, =0561
[ 1
L/B=552,B/d=301 - 1-wq=0.687
(2.4.29)
1-Wg, =0590

&y =(1- Wy ) (1~ Wy ) =1.052



[ ]
1-Weg =1-Weg +{(1_ Wy ) = (L~ Wy, )}
=0.687+0.020=0.716
s =(1—Wgs ) /(1— W) =1.042
(2.4.30)
XY ,N,FR' &
1-t;,a,, X,

Z{Xi'—(l—tR)FNi'sinéi +cx}=0

Z{Yi' ~(1+a, )F, coss, + cY} =0

> {Ni' —(xR' +a, xH')FNi' COSS, +Cy } =0

Z Fy Sing, {Xi' ~(1-ty)Fy sing, +cx} =0

> Fu cosg, {Yi' -(1+a, )F, coss, + cY} =0

2. Fui cosg, {Ni' —(XR' +a, xH') Fy COSS, +Cy } =0

1-t,=08824, a,=0.446, x, =-0428

, (2.4.31)
Fu 1-w,,1-w,
K

S AL+ B~K){FNiI ~A[n( B-K)2+(l—77)}}=0

7& 3 2 .
A= L f(1)(1-wg) sing

B= 1+ 8 1 3, = U= w)
73,2 ’ ’ nD,

(2.4.32)
K k=02:10
x =0.527 (2.4.33)
1-w,
1-w, (B.r) (V,r')

1_WP = (1_WP0)+a'(ﬂ_lplrr)
=1-Wyy)+a-g+b-r’

3 2 (15 )
) e
!
R
0,51 05r) f ~1,r')>0
1w, —0687+ 3p+057) for (B-lpr)
0 for (B-1,1)<0
» =—050
(2.4.34)
Ug , Ve
2 2
R =P p )| Y Ve | gnf5- Ve
Ld U Ug

LY f (ﬂ)(Uer +VR,2j~Sin{5—V—R']
Ld Ug
4]
U
=(1- WR)2 {7]{1+ K[ 1+ 8KT2 —1} +(1- n)}
N

J, =u(l-w,)/nD,

(2.4.35)
!
Ug I-w, 1-w;, &
I:N VR
2
Fy —Bg Uy (1+0%)-sin(6-a)=0
a:VR’/uR’:VR/uR B:= f(/?')'A?/Ld
(2.4.36)
-05<a<+05 (04 .
a vg £ 1
VR,=7(/3—|R’W) (2.4.37)
B
ro,
e
0.6000 for f—I.r'>0
y= , (2.4.38)
04152 for p—-I;r'<0

|, =-0.862

(Xtotal ’Ytotal ’ Ntotal )

(Xu s Y NH)

39

(135)
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’

Xy = X —(1-t)T'+(1-tg) Fy Sins
Y, =VYga +(1+a,)F, coss
NH' = Nmtal'+(xR'+aH XH')FN/COS(F
(2.4.39)
(X, Ya Ny) (23)

r'=0,|8|<5° Y, N
p=0°]r|<0.2
Yr,—n"[x',Nr'

Y, =-028147, N, =-0.11381

Y -m =004364 — Y =006344, N.'=-005443
Y, =-1.39790, Y, ' =-0.00274

Y, =-0.25541, Y, ' =-0.02088

N, =0.07425, N, =-0.24104

N,, =0.00150, N, =-0.01831

’
rr

X, +m,/ =020385 — X, =-0.00814

X,, =-0.03060, X, =0.04395
X, =0.26312, X, =0.06363
X, =-0.03228
(2.4.40)
Xy (2.4.23)
(2.4.14)
2
%z% 1 ,Xw'.u'2+(xw'+n1+m/')\/r’
m+m,
Xy +(1-t,) T —(1-t;) R, Sns+ xE'}
2
BN fy-frome
dt Lerm/’

+Y, —(1+a,)F, coss+Y, +YE'}

(136)

ar U 1
dt 21+

! !

{N, V+N -1’
+N, —(xR' +aHxH') F, 00sS+N, +N.

(2.4.41)

m=02912, m, =00198, m, =0.2120
1'=0.01820, J'=0.00851

-0.01111+0.05732- F,
, -0.3180-F,*+0.7033-F,* (F, <0.1)

X =
" 7 1-0.01050+0.05118- F,
-0.3180-F,*+0.7033-F,* (F, >0.1)

. 2D2(nD, Y’ u(l-w,
T:L_(;(ij 'KT(‘]P) ) ‘]P_M

1-t, =0.822
K; (J,)=0.3085-0.2565- J, -~ 0.1695- J,°

1-w, = 0.687
0.5133(ﬁ— |P’r') (ﬂ s o.o)
+
0.0 (ﬂ—lp’r'so.o)
I, =-0.50

1-w, =0.716, a, =0.446
x, =-0.428, 1-t,=0.882

2 2
F =% f (ﬂ)-(uR' +Vg jsin(é—vR'/uR')

uRyz = (1- WR)Z{”{H K‘( /1+ :‘}](;2 —1}} +(1-7)

x =0.527

|

v, :y(ﬂ—IR'r’) .1 =-0.862

0.6000 (ﬂ—IR'r’ > o.o)
}/ =
0.4152 (ﬁ—lR'r' < o.o)

(2.4.42)
YV! , NV/
(2.4.40)
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35
Fig.2.4.2
Table 2.4.4 Turning Test
Advance IMO Tactical Dia. IMO
35 (Sthd) 3.89 L <45L 3.70 L <5.0L
35 (Port) 3.95L 3.80 L
10 Z 20 z
Fig.2.4.3 L/U=41.41
Table 2.4.5 Z-Manoeuvring Test
1st O.S.A. IMO 2nd O.S.A. IMO
10 (Stbd) 5.67 <20 25.22 <35
10 (Port) 3.25 for L/U>30 15.66 for L/U>30
20 (Sthd) 9.85 <25
20 (Port) 13.67
O.S.A. : Over Shoot Angle
10 10 Track
Reach
Table 2.4.6 Initial Turning Ability
Track Reach IMO
10 (Stbd) 2.38 L <25L
10 (Port) 231L

Fig.2.4.4
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Turnning Test (U =15kt)

5
4
L T L~
. % NN\ §
2 (( ) \\ // ( ))
1 S el
§=-35deg 8 =+35deg
0
-1 1 1 1 1 1 1 1 1 1 1
5 4 3 2 1 0 1 2 3 4 5
Y/L
Turnning Test ( 6=+35deg. , U =15kt
40 9 ( %9 ) 400
= 5 (deg.)
=<
D80 L TN 4300 _
- N e 8
— N et mmmmmmmmm T m oo mm e mE T E T =
8ol R e B (deg.) 4200 1F
= R
~ F,, (ton) =
— =100 S
(o4 U (kt) =
©
& 0
1 1 1 1 1 1 1
0 200 400 600 800 1000 1200
time (sec.)
Turnning Test (3=-35deg. , U =15kt)
40 400
T(ton)
B0 e - 300
€ of + 200
S =
- 2
~ 10} 4100 F
oy U(k) -
S —
= 0 0o 5
—~ 1-\‘ ::Z
K F (t
g 10 - \ N( on) < -100
w \\" ————————
." N ~
20 A (deg) - -200
”.I _________________________
4
30 | 5(deg.) - -300
-40 1 " 1 " 1 " 1 " 1 " 1 " 1 -400
0 200 400 600 800 1000 1200

time (sec.)

Fig.2.4.2 Turning Test
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8 (deg), v (deg), B (deg), U (ki)

8 (deg), v (deg), B (deg), U (kt)

50

40

30

20

10

-10

-20

-30

-50

50

40

30

20

10

10°/10° Zig-Zag Test (Port)

10°/10° Zig-Zag Test (Stbd)

200 400 600 800 1000
X Axis Title

20°/20° Zig-Zag Test (Sthd)

T (ton)
sessseses 1 (deg/sec) * 1000

500 50
3 (deg.) ---F_(ton) 1 i 5 (deg.)
—— v (deg) 1" (ton) - 400 40 - v (deg.)
====-p(deg) r (deg/sec) *1000 1 I |===-8(deg)
—U (kt) - 300 . 30| |—u
Y _ < |
e B B R RS - 200 =} o 20 |-
] g = [
- 100 fg 8 1w}
J = L
0 g = 0
J - B L
- -100 g T 0k
] 200 = 20 [
T 5 g
4-300 .= © .30 |
- -400 -40 |
1 1 1 1 1 1 ,500 ,50 1 n
0 200 400 600 800 1000 0
time (sec.)
20°/20° Zig-Zag Test (Port)
5 (deg.) 500 50
- 400 40
- 300 g 30|
] S L
- 200 < 20|
-
J100 XL = 10}
] B R
0 g 8 o0
4 - ‘; L
4-100 = 10 |
J \:/ g’ L
4-200 . = 20 |
4-300 = 30 |
- -400 -40 H 5 (deg.)
] L v (deg.)
I R I R I L 1 L 1 L 1 -500 .50 LJ==== B (deg)
0 200 400 600 800 1000 —U (k)
time (sec.)
Fig.2.4.3 Z-Manoeuvring Test
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r*L/J , Ul

rl

r, U/l B K.,F/

0
1'2 B B B B B B 30 05 f f f f f f 010

10k |—r=r-L/U

0.08

0.06
0.04
0.02

000 L2

-0.02

-0.04

-0.06

-0.08
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Fig.2.4.4 Spiral Characteristics
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1970

1)2)3)

4

Isherwood?®

PCC LNG

Isherwood

9)10)

7)8)

VLCC 11)12)

Table 3.1.2
(Cargo)
(Passenger)

(Others)
PCC

3.1.1

C Csr

Fig.3.1.2

45

7) 13) 17)

41

68

Table 3.1.1

(Tanker)
(Container)

(Fishing)
(LNG (
)

68

Isherwood

PCC LNG

Isherwood

300m

5

Fig.

Isherwood

VLCC
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R Ho
Isherwood q/qm
3
Fx Fy 3
N K
Wagner g/qm=1.04
Cy =Fy/ 3.1.1
X x () ( ) R a/qm Wagner Blendermann
Cy =Ry I(aA) (3.1.2)
Cy =N/(gLA) (3.1.3)
Ck =K/ H 3.1.4
: (@A H) ( ) W.Blendermann 8)
2 30
q=1/2)pU% H_=A/L
u P
Fig.3.1.3 Wind forces Dynamic pressure
FX; q: qHL (315)
Fv, N, K; q:kq.anﬂL(l_kq).qHL (3.1.6)
qHL Kq
Fig.3.1.4 8) Fig.3.1.5
VLCC 11) q
2 /gHL
gHL m Kq (315)
(3.1.6)
U=25.4m/s
Condition A B 2 11)
(3.1.5) (3.1.6)
Condition A Wagner Blendermann
Fig.3.1.4

Aertssen 7

Table 3.1.1

[A] Hu [B]
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g
2
5
Cy :ZXi cosi
i-0
5
Cy =Y Y;siniy
i1
5
Cy =) Njsiniy
i-1
5
Cy = ) _K;siniy
i1
5
5
(3.1.7) (3.1.10)
p .
Ci=bp+> bxy  (j=12:-n)
i1
cosiy| (Cx)
X =
! siniy (Cy.Cn.Ck)
bi Xij
n

(3.1.7)

(3.1.8)

(3.1.9)

(3.1.10)

(3.1.11)

(3.1.12)

p=5

0
180 10 19
t 18)19)
n-p-1 t 100a
a (n'p'l)
Pr(b [V >t (n-p-D) =« (3.1.13)
Wi b
95%
o =0.05 bil Wi«
0.05
bi/ Wi 68 a’
a =0.05 Fig.3.1.6
i a’ 0.05
(3.1.7) (3.1.10)
Cy = Xy + X  cosy + X5 €083y + X5 COSSy
(3.1.14)
Cy =Y;siny +Y;sin3y + Yz sinby (3.1.15)

Ck =Kisny +K,sin2y + K3sin3y + Kgsinby

(3.1.17)

(3.1.14) (3.1.17)

(3.1.7)  (3.1.10) (3.1.14)  (3.1.17)
(1CImax)
( ) 2
Fig.3.1.7
68
Cv Cn Ck (3.1.7) (3.1.10)
5

(3.1.14) (3.1.17)
1%
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Cx
3% Cx
90
90
(3.1.7) (3.1.10)
(3.1.14) (3.1.17)
(3.1.14)
(3.1.17)
Fig. 3.1.8 Cx
Cvy 90 2
17)
LNG
Cx
90
17) 1
Fig.3.1.1
Fig.3.1.8
Cer
Isherwood
Fig.3.1.1
19 15 C Csr
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34
19
Table 3.1.3
34
(3.1.14) (3.1.17)
my
Xi =Xig + z xImP)gm
m=1
m,
Ni =g +z NimP,,
m=1
my
Yi =VYio +Z YimPy,,
m=1
m
Ki = kiO +Z kimPkim
m=1
Xim Pxim
Xim
=
(3.1.18)
2
F = Xim 2/Vim
VXi Xim
F n-mx-1 F
i 1
PXim F
PXim
=
F F
F Fr
0
Fr
Fr

(3.1.18)

(3.1.19)

(3.1.20)

(3.1.21)

(3.1.22)

Fr



Fr
Fr
Fr=2.0 18)
Xo = Xgo + Xo1 BR+x2H—+x03%
(3.1.23)
A 9] LHgr Aop
X, = AN Top.
1 X10+X11LB+X12 A + X3 A + Xyg A
) )
H
+x15%+x16[%] +X17[LCJ
(3.1.24)
X3*X30+X31[ J +X32K+X33 +x34%
AOD C CBR
+ X + Xgg —— + Xg7 —2R
< h— 36HC 7
(3.1.25)
-1
X5—x50+x51£—j +X52—+x53% (3.1.26)
c  (Ap) . C BHgg |
Y1—Y1O+Y11 +y12 +y13[ A_D] +y14H—C+y15[ ATBRJ
(3.1.27)
LH: Car H
Y3=Y3o+Y31A+Y32 A +y33T Y34( ;RJ
)
BH
+y35%+y36[ A‘—BRJ
(3.1.28)
A Her) ' . G AY!
Y5 = Y50+ Y172 +3’52[ LBRj +Y53%+YS4(BZJ
v Sy HHe
YSSL Ys6 A
(3.1.29)
C LH T oc
lenl0+nllT+n12TC+nl3[%J +nl4H7
c
E]
G
+n15%3+n16%+n17[%j nlg BR
(3.1.30)

C C -
Ny =Ny + n21% + nzzt + n23[%) + nZA%

E] 1

er BHgr A A

+n +n Ny —= +Npg—
25[ L ] 26( A g % 12

3 2 ( 1) 49

AL/LB

(3.1.31)
Corn  (BHxm)' A
N3:n30+n31—+ns[ ArBRj +”33K
(3.1.32)
Hgr LH C
=kgo+kg —= L +k12ﬁ+k13 A +k14L
HoYt El B\t
+ kﬁ% + kle(%j + k17[%] + kls(tj
(3.1.33)
1
Kz—kzo‘*'km[ J +k22A;+k23[%J k24CT?R
H B)™ *
+k25—ZRC+k26(Ij +k27[%]
(3.1.34)
1
C H
K3:k30+k31(%j +k32%+k33TC
A (A A
+k34ﬁ3+k35(|_8} +k35T2D
(3.1.35)
1 -1
LH,
ol o o)
2]
(3.1.36)
Table 3.1.4
Fr=4.0
96 50
27%
AL/L?
AL/L2
2 Table
3.1.3 AL/L? Aop/L2 Hc/L A7/LB
Cx 2 X1
Y1
N2 Csr/L

Isherwood
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Cx Cn
Ck
Isherwood
Table 3.1.5 10%
Fig.3.1.10
Fig.3.1.11
Isherwood
Table 3.1.5
Fig.3.1.11
VLCC 2
Fig.3.1.9
Isherwood
Fig.3.1.12
(b)
Cx Fig.3.1.8 1
VLCC (a) orp
OE
or=0glop (3.1.37)
VLCC C
(b) Cx
Wagner 15
Cy
15 Fig.3.1.10 Cx Cn Cn
Isherwood
Isherwood 0.01 0.02
Table 3.1.5 VLCC LNG
Isherwood
(a)
T1 Ti10 VLCC (L= 300m)
Fig.3.1.11 LNG
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Cvy
P1 P6 PCC (L= 150
200m)
VLCC LNG
Table 3.1.2
2 (1)
20)
1 185m (2)
1 117m
Fig.3.1.13
Cvy Cn Ck (3)
Cx
Cv
(4)
(5)
(6)
(7
(8)
9
(10)

3 2 ( 15 ) 51
34
VLCC LNG
() 45  (1972)
pp.111-128
176
(1980) pp.1-10
158 (1985)
pp.117-128
228  (1997)
pp.91-100 1971
R.M.Isherwood Wind Resistance of

Merchant Ships The Royal Institution of
Naval Architects Vol.115(1972) pp.327-338

86 (1992) pp.169-177
G.Aertssen P.E.Colin Wind Tunnel Tests on
a Model of a Car-ferry I.S.P. Vol.15
No0.163(1968) pp.71-77
W.Blendermann Estimation of Wind Loads
on Ships in Wind with a Strong Gradient
1995 OMAE Vol.1-A pp.271-277

147

(1980) pp.144-153

(147)
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93 (1997)
pp.35-46
(11)
70 1997
pp.142-147
(12)

Vol.17 Suppl. N0.2(1997) pp.217-220

(13) B.Wagner Windkrafte an
Uberwasserschiffen Schiff und Hafen,
1967,pp.894-900

(14)

7 5 (1970)

pp.13-37

(15) C.Aage Wind Coefficients for Nine Ship
Models Hydro and aerodynamics laboratory
Report No.A-3(1971)

(16)

179 (1980) pp.13-17

(17) W.Blendermann  Wind Loading of Ships
Collected Data from Wind Tunnel Tests in
Uniform Flow Institut fur Schiffbau der
Universitat Hamburg No0.574(1996)

(18)
1983

(19)
1983

(20) T.Fujiwara, M.Ueno and T.Nimura An
Estimation Method of Wind Forces and
Moments acting on Ships, Proceeding of
Mini Symposium on Prediction of Ship
Manoeuvring Performance(2001), pp.83-92

Table 3.1.1 Experimental results used for present estimation method with experimental conditions
of the wind velocity profile

Author Published | Samples [Experimental |[A] Thickness of |[B] Mean height R q/4q,,
condition boundary layer (m)| of the model (m) | [A]/[B]

B.Wagner 1967 15 uniform -—- 0.085 -—- 1.04
G.Aertssen 1968 1 above sea 0.60 0.217 2.76 1.27
T.Tuji 1970 15 uniform 0.05 0.138 0.36 1.16
C.Aage 1971 9 above sea 0.05 0.043 1.16 1.30
Y.Sezaki 1980 1 -—- -—- -— - -
W.Blendermann 1996 25 uniform 0.02 0.125 0.16 -—-
T.Fujiwara 1997 2 above sea 0.30 0.100 3.00 1.37

(148)
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Table 3.1.2 Data on samples of ships used in present estimation method
Tanker Cargo Container Passenger Fishing Others
Profiles : !
(example)  —— il ity ensmdiin, N - it
R
Samples 16 8 13 14 7 10
L (m) max 351.40 160.88 216.40 195.00 75.17 274.00
min 50.00 141.10 118.67 84.74 25.05 33.92
mean 273.07 154.87 184.33 156.86 39.66 114.89
B (m) max 58.00 21.34 32.20 32.20 11.04 47.20
min 8.36 18.50 18.13 13.30 5.80 8.31
mean 41.02 19.81 25.79 22.55 6.90 18.96
Ar (m?)  max 1803.93 440.53 857.06 898.21 108.75 1827.12
min 60.02 302.08 385.87 155.56 24.10 53.49
mean 965.85 375.15 654.19 528.11 43.03 472.61
A (M) max 8055.11 1951.56 3773.51 4693.94 446.96 8313.74
min 178.25 1192.46 1455.37 764.54 72.20 141.76
mean 3940.26 1553.85 2705.12 2962.82 149.34 2059.25
Ann (M?)  max 807.71 534.38 2505.00 2679.00 147.59 3417.00
min 40.00 271.00 333.00 271.00 15.00 63.94
mean 566.22 401.68 1009.55 1483.37 38.35 895.04
C (m) max 6.60 0.55 -0.86 6.78 1.20 7.95
min -27.90 -14.72 -13.10 -8.98 -2.77 -3.99
mean -13.54 -5.67 -6.39 -1.90 -0.24 2.23
Ceo (M)  max -17.40 -0.19 -40.40 10.97 8.60 14.40
min -139.70 -61.56 -68.70 -12.20 -5.80 -91.40
mean -100.71 -34.50 -46.86 -3.03 0.85 -11.98
Heo (M) max 38.00 25.00 30.50 30.70 11.03 45.80
min 9.85 14.20 19.80 12.40 4.60 8.40
mean 27.37 19.44 25.64 22.72 6.29 18.89
He (m)  max 15.24 8.04 11.07 14.85 3.78 17.07
min 3.03 5.35 7.11 491 1.65 3.07
mean 8.18 6.62 8.71 9.80 2.12 7.05
Table 3.1.3 Correlation table of non-dimensional independent variables
LHgr BHgr

Ar/L2 ALJL? Agp/L?

B/L Hge/L He/L C/L Cap/L A/A; Agp/AL Ar/B? At/LBA /LB Hge/B C/Hc LHC/A, HgeC/A, /A, /A;

A/L2?
A /L?
Aop/L?
B/L
Hgr/L
Hc/L
C/L
Cgr/L
A /AL
Ao/ AL
A;/B?
A;/LB
A /LB
Hgr/B
C/Hc
LHc/A,
HgrC/A,
LHgr/A,
BHgr/ At

1.00

0.73 1.00
041 081 1.00
0.78 038 0.10
088 0.75 045
0.86 093 0.71
041 036 019
052 056 040
-0.37 032 049
0.16 053 0.90
0.33 057 049
0.88 0.82 054
032 084 079
032 054 044
0.50 058 0.35
0.10 -0.35 -0.31
045 045 0.27
-0.26 -0.75 -0.69
-0.26 -0.40 -0.37

1.00
0.56
0.50
0.29
0.25
-0.56
-0.12
-0.31
0.41
-0.18
-0.26
0.24
0.15
031
-0.01
0.24

1.00
0.88
0.42
0.54
-0.21
0.22
0.53
0.91
0.48
0.65
0.57

0.46

0.10 -

-0.21 -
-0.15 -

1.00
0.41
0.58
0.08
0.47
0.57
0.90
0.70
0.57
0.59
0.01
0.48
0.56
0.37

1.00
0.77
0.05
0.09
0.23
0.39
0.27
0.25
0.90
-0.08
0.98
-0.26
-0.10

1.00
0.09
0.27
0.43
0.59
0.48
0.41
0.74
-0.09
0.75
-0.35
-0.31

1.00
049 1.00
0.32 043
-0.12 0.32
0.70  0.63
029 0.37
0.18 0.22
-0.59 -0.12
0.10 0.14
-0.67 -0.54
-0.20 -0.38

1.00
0.73
0.79
0.92
0.47

-0.11

0.27

-0.41 -0.40
-0.70 -0.53

1.00
0.62
0.68
0.58
0.00
0.45

1.00
0.73
0.51
-0.45
0.35
-0.79
-0.54

1.00

048 1.00
-0.04 -0.19

0.27 0.95
-0.25 -0.49
-0.39 -0.29

1.00
-0.17
0.62
0.12

1.00
-0.39 1.00
-0.18 0.55 1.00]
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Table 3.1.4 Each coefficient of independent variables
m= 0 1 2 3 4 5 6 7 8
Xom -0.330 0.293 0.0193 0.682
c Xim -1.353 1.700 2.87 -0.463 -0.570 -6.640 -0.0123 0.0202
X Xam 0.830 -0.413 -0.0827 -0.563 0.804 -5.67 0.0401 -0.132
Xgm 0.0372 -0.0075 -0.103 0.0921
Yim 0.684 0.717 -3.22 0.0281 0.0661 0.298
Cy Yam -0.400 0.282 0.307 0.0519 0.0526 -0.0814 0.0582
Ysm 0.122 -0.166 -0.0054 -0.0481 -0.0136 0.0864 -0.0297
Nim 0.299 1.71 0.183 -1.09 -0.0442 -0.289 424 -0.0646 0.0306
Cy Nom 0.117 0.123 -0.323 0.0041 -0.166 -0.0109 0.174 0.214 -1.06
N3 0.0230 0.0385 -0.0339 0.0023
Kim 3.63 -30.7 16.8 3.270 -3.03 0.552 -3.03 1.82 -0.224
c Kom -0.480 0.166 0.318 0.132 -0.148 0.408 -0.0394 0.0041
« Kam 0.164 -0.170 0.0803 4,92 -1.780 0.0404 -0.739
Ksm 0.449 -0.148 -0.0049 -0.396 -0.0109 -0.0726
Table 3.1.5 Characteristic of estimation methods for wind force coefficients
Present method Isherwood Yamano Yoneta
Parameters 9 8 5 6
Total number of
of 66 219 36 21
coefficients on C,,C,,Cy| 96 (C,, C,, Cy, C\)
Number of samples 68 49 38 68
Tanker Tanker Tanker Tanker
Samples of Cargo Ship Cargo Ship Cargo Ship Cargo Ship
experimental results Container Ship Passenger Ship | Container Ship | Container Ship
Passenger Ship Fishing Boat Passenger Ship | Passenger Ship
Fishing Boat Research Vessel Fishing Boat
Research Vessel Tug Boat etc.
Tug Boat Hydrofoil
LNG Carrier etc.
PCC
Naval Vessel
Speed Boat
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L : Length over all (m)

B : Breadth (m)

AT : Transverse projected area (m?

AL : Lateral projected area (m?

Agp : Lateral projected area of superstructure (Ass)
and LNG tanks, containers etc. on the deck (m?)

C : Distance from midship section to center of
lateral projected area (m)

CpR : Distance from midship section to center of

the Ass (m)
Hgg : Height to top of superstructure (Bridge) (m)

He : Height to center of lateral projected area (m)

Fig.3.1.1 Definitions of a characteristic parameter
which expresses form of a ship

U, Wind velocity

U ,Angle of attack

K, Heel moment y

X

Fy. Longitudinal force

N, Yawing moment
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Fig.3.1.6 Significance tests on linear
multiple regression model of experimental
results
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Fig.3.1.7 Applicability on a trigonometrical
series for wind force coefficients
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k X =P, sinad
. Yy = §P” cosadl (3.2.17)
V =(Ucosp - yyr-Using+x,r) (3.2.9)
Ng =§Pn(xWI cos + Y, sin6)dl
k = (kcosy,~ksin y) (3.2.10)
| 0
Ohkusu®
4 d dl
f=tan + By /A (3.2.11) 10 Faltinsen ¥ Sakamoto Y
dx, /dl
n ©
s
Vi
V
s=(cosb,,sin ;) (3.2.13) Y wi
0. < 0, for nxV <0
S |lo-x, for nxV >0 0<yyu <7 (3.2.18)
Fig. 3.2.1 Vv (3.2.18) (3.2.5)
Y w
(3.2.5)
y =argVv —6q (3.2.14)
Yw=agk -6, =—y -6, (3.2.15) Vsiny, +cgsiny,, >0 (3.2.19)
V, Cq
(3.2.19)
Sakamoto )
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4 Ohkusu®
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54.7mm 53.0mm 2.7deg

4.47N(0.457kgf) 4.43N(0.453kgf)
2.08Nm(0.212kgf-m)
0.2%
0.03%
1
Xy¢
Table 3.2.2 VLCC
Table3.2.3
A
L 0.2 4
1.5cm 1.1cm
X u
Fig. 3.2.4
w=x-p (3.2.21)
X u Odeg 180deg
r 0.3
Odeg +10deg +18deg
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Table 3.2.4
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(m+ mx)(L&cosﬁ—U/&sinﬁ) —(m+my)(-U sin B)r
= Xhpr + Xwino + Xwave
(m+m, )(-sin g -UKcos B) + (m+m, )(U cos f)r

=Yhpr + Ywnp + Ywave
(1, +3;)&= Nypg + Njunp + Nwave

(3.3.1)
m I,
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L
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Xwave = Xwave (7, T,Hw, U, B,1)
Youave = Ywave (1T, Hy, U, B,1) (3.3.4)
Nwave = Nwave (7, T, Hw,U, B,1)

(3.3.4) T Hu

W w Y
(3.3.4)

Xwave = Xwave (ww, T, Hw U, B,1)
Ywave = Ywave (Ww, T, Hw U, B,r)  (3.3.)
Nwave = Nwave Ww, T, Hw, U, B,1)

(3.3.4) (3.3.5)
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Table 3.2.1 Specifications of measuring
Far region y'FOt'O“ Range of Ranrge of Range of spring | Mass of
OrC€ | motion forces constant moving
carriage
,,,,,,,,,,,,,,,,,, Surge |+ 200mm | + 29.4N Min: under 8.9kg
(3kgf) 0.0294N/mm
((*) 1, Z 1) k1 1 |/1 Sway | 200mm | 68.6N (0.003kgf/mm), | 18.4kg
Y w1 ]‘\“ . (7kgf) Max: over
Tl Near region 49N/mm
T (0.5kgt/mm)
Ship surface Yaw + 30deg + 39.2Nm | Min: under
n (additional | (4kgf-m) | 0.0294Nm/deg
) ) + 20deg (0.003kgfm/deg),
Fig. 3.2.1 Local coordinate system. for anti- Max: over
st-s. wave 4.9Nm/deg
moment) (0.5kgfm/deg)
U X, Xd Heave |+ 150mm 12.8ky
Roll + 30deg
B Pitch + 20deg
Xu
X
R\ ¥
{ % X y=180deg
=-90de
g Xu g
5 "w
(Wave)
Fig. 3.2.2 Coordinate system describing ship X g\ X
motion and wave forces.
X y=90deg X y=0deg

(a)Obligue motion (b)Turning motion with oblique angle

Fig. 3.2.4 Definition of x , in oblique and
turning motion.

Table 3.2.2 Principal dimensions of a VLCC

model ship
Length (L) 2.970(m)
Breadth 0.5383(m)
Draft 0.1791(m)
Displaced volume 0.23215(mq)
. i Transverse 0.060(m)
Fuiériéi.irﬁii;;;zf system for steady wave metacenter height
’ Yaw gyration radius 0.240x L
Center of buoyancy 0.0253x L
(fore from midship)

17
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Table 3.2.3 Experiment conditions.

AL 0.2
¢ (cm) 15 11
U(m/s) 0.0 0.372
Fn 0.0 0.069
r'=rL/U 0.0 0.3 0.6
B (deg) - +18, | +10, | +18,
0, 0 0
-18
X (deg) |0, 10, 20, -
..., 180
X u(deg) - 0, 15, 30, ..., 180
__ 030
N_l
W 015
g p altag®,
o 000 iy e
< -0.15 +
=
03050 a0 60 90 120 150 180 210
X (deg)
g 00 .
02} 3
¥ 04— e .
2 06 A VI B P
S
= -08 ot
< =
3 -10 =
-1.2
230 0 30 60 90 120 150 180 210
x (deg)
020
= 015 -
A 010
oo -
c?i 0.05 .'00";:\
Z_: 0.00 A NX L)
3005 +
~0.10 -
30 0 30 60 90 120 150 180 210
X (deg)
Fn=0.0, A /L=0.2 ® exp. cal.

Fig. 3.2.5 Steady wave forces and moment at

Fr=0.0.
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Table 3.2.4 Comparison of principal

dimensions of a VLCC and a Container ship.
VLCC Container Ship
Length: L (m) 320.0 175.0
Breadth: B (m) 58.0 25.4
Draft: d (m) 19.3 9.5
L/B 5517 6.890
L/d 16.580 18.421
Icb(%aft) -2.530 1417
Cb 0.8033 0.5716
Cw 0.8726 0.7108
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Table4.1.1 Number of Ship of Which Experimental Results Are Reported in Every Indexes
Kind of Test Turning Zig-Zag Manoeuvring Stopping
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Condition | Ship | STBD [PORT | STBD |PORT| STBD | PORT | STBD | PORT | STBD | PORT | STBD | PORT | Reach/L
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Table4.1.5 AStatistic on Both Sides of Starboard
and Port in Zig-zag Manoeuvring Test

track
ovs1(102)|ovs2(102)|ovs1(202)
reach/L
Mean 7.450 18.750 16.010 1.844
Standard|
1.783 4.271 1.716 0.168
Dev.
Var. 3.178 18.245 2.945 0.028
Range 5.700 14.300 5.100 0.558
Min. 4.200 10.700 13.000 1.675
Max. 9.900 25.000 18.100 2.233
Observed
10 10 10 10
Data
Table4.1.6 A Statistic on Mean Value of Each

Side of Starboard and Port in Zig-zag
Manoeuvring Test

10 Zz
10 20%
Range 10 z
4
6 7
Table4.1.5
Table4.1.6
Table
1/3
10 z
14 4
Table4.1.7
(AID9  24%
Mean 3 11%

Table4.1.4 A statistic on Every Overshoot
Angle and Initial Turning Ability in
Zig-zag Manoeuvring Test

track
ovs1(102) |ovs2(10Z) |ovs1(20Z)

reach/L
STB |PORT| STB [PORT| STB |PORT| STB | PORT

Mean |6.720(8.180(22.10(15.40(14.84(17.18|1.809| 1.880
Dev. |1.539|1.858|2.318\2. 760|1.566|0.867|0.118| 0.216
Var. |2.367(3.452|5.375|7.620]2.453|0.752(0.014| 0.047
Range|3.600(4.200(6.300(6.800[4.100|2.300{0.299| 0.558
Min. |4.200(5.700/18.70{10.70/13.00(|15.80|1.675| 1.675
Max. |7.800/9.900/25.00{17.50(17.10(18.10]1.973| 2.233
Obs.
Data

Dev./
0.229(0.227/0.105(0.179]0.106(0.050|0.065| 0.115

Mean

(192)

track
ovs1(10Z)|ovs2(102)|ovs1(202)
reach/L
Mean 7.450 18.750 16.010 1.844
Standara
0.849 1.613 0.629 0.062
Dev.
Var. 0.721 2.602 0.396 0.004
Range 1.950 4.350 1.400 0.156
Min. 6.600 16.800 15.300 1.798
Max. 8.550 21.150 16.700 1.954
Observed
5 5 5 5
Data

Table4.1.7 Comparison of Standard
Deviation/Mean on Table5 and Table6

Standar
track
d Dev. Jovs1(10Z)jovs2(10Z)|ovs1(20Z)
reach/L
/Mean
All 0.239 0.228 0.107 0.091
Mean 0.114 0.086 0.039 0.034
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Diameter in Turning Test
Tactical
advance/L Diameter/L
STB PORT STB PORT
Mean 2.882 | 2.835 2.929 2.788
Standard
Deviation 0.077 | 0.086 | 0.129 0.070
Variance | 0.006 | 0.007 0.017 0.005
Range 0.183 | 0.260 | 0.357 0.191
Min. 2.779 | 2.694 2.779 2.681
Max. 2.962 | 2.953 3.136 2.872
Observed
6 6 6 6
Data
Standard
Deviation| 0.027 | 0.030 0.044 0.025
/Mean

6 12
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0.08 0.09
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Fig.4.1.36b Advance/L and Tactical
Diameter/L

Table4.1.8 A statistic on Advance and Tactical

Table4.1.9 A Statistic on

Starboard and Port in Turning Test

Both Sides of

Tactical
Advance/L |Diameter/L

Mean 2.858 2.859
Standard Deviation 0.081 0.123
Variance 0.007 0.015
Range 0.268 0.455

Min. 2.694 2.681

Max. 2.962 3.136

Observed Data 12 12

Table4.1.10 A Statistic on Mean Value of Each

Side of Starboard and Port in Turning Test

Tactical
advance/L |Diameter/L

Mean 2.858 2.859
Standard Deviatio] 0.069 0.088
Variance 0.005 0.008
Range 0.204 0.243

Min. 2.747 2.730

Max. 2.951 2.972

Observed Data 6 6

(193)
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Table4.1.11 Comparison of Standard
Deviation/Mean on Table9 and TablelO
Standard Tactical
N 10° 20°
Dev./Mean | Advance/L |Diameter/L 7
All 0.028 0.043
Mean 0.024 0.031
4
(Table4.1.11)
(All) 3 4% (5)
2 3%
Cs(B/d)
z
1) 287
(2)
10z
20° 7
(3) 26)
27)
28)29)
r

(4) P

29)

—(m' + n@)ﬁ‘ = {—(r’d+ n’L)+Yr’} r’+Yl;ﬂ'+Y5§;§‘+Y{;5'
(I, +3,)&=Nr'+ N 5+ N+ N’

() £ & &

(194)
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3 2
VY,
Cr (4.2.5) cos35°
c Ug /U
(4.2.7) (4.2.10)
1998
Tablel4.2.1
Table14.2.2
28)(
10° Z

(4.2.10)

Table4.2.1 A Kind of Ship and a Number of Ship Used for Regression Analysis.

Initial . -
. . . Course Keeping Ability & Yaw
Item Turning Ability T;{Jgﬁ].'tnf Checking Ability
20 /20
Test Turning 10 /10 Zig-zag Manoeuvre Zig-zag
Manoeuvre
Tactical Track Ist 2nd Lst
Index Advance/L Diameter/L| Reach/L Overshoot | Overshoot | Overshoot
Angle(deq) | Angle(deq) | Angle(deq)
TANKER 23 23 18 18 18 15
BULK CARRIER 7 7 6 6 6 6
CONTAINER 0 0 1 1 1 0
TOTAL 30 30 25 25 25 21

Table4.2.2 Coefficients of Correlation and Coefficients of Simplified Estimation Equation

Initial ! o
) . : Course Keeping Ability & Yaw
Item Turning Ability Turning ; o
Ability Checking Ability
20 /20
Test Turning 10 /710 Zig-zag Manoeuvre Zig-zag
Manoeuvre
Tactical Track 1st 2nd 1st
Index Advance/L|Diameter/ Reach /L Overshoot | Overshoot |Overshoot
L Angle(dedg) | Angle(deg) [Angle(deq)
Coefficient 0.657 0.718 0.668 0.785 0.815 0.837
of (0.693) (0.728) (0.743) (0.665) (0.825) (0.909)
Standard
Error 0.211 0.288 0.163 3.337 7.022 2.493
Observed
Data 30 30 25 25 25 21
Number of
Parameters 3 3 5 5 5 5
by 6.288 0.356 -0.425 109.824 129.985 54.325
b, 0.112 1.761 -0.456 6.965 -14.023 -1.063
b, 0.290 1.185 4,958 -119.877 -160.810 -59.357
b, 4.096 -2.599 1.152 4.466 -14.474 -13.994
b, 1.638 -76.321 -63.442 -24.287
bs -5.719 197.039 127.863 27.173

(197)
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Fig.4.2.3
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Fig.5.3.4 Output screen on calculation results
of turning motion of a ship

Fig.5.3.2 Input screen on principal
particulars of a ship

Fig.5.3.5 Output screen on the trajectory
calculation result of turning motion of a ship
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Fig.5.3.6 Input screen of the simplified
estimation method of ship manoeuvrability
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Fig.5.4.1 Coordinate system
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— --< - - without wind 45
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Fig.5.5.2 Turning motion with —35deg rudder
angle in uniform wind
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