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Abstract

Especially in the case of a full formm ship, the stability on course can be
considered to become severest among 4 items of criteria in Interim Standards for
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Ship Manoeuvrability adopted by IMO in 1993. The purpose of this study is to
find some ideas for the improvement of stability on course through changes in
rudder area with reference to span distance. In this paper, we established the
formula on the relation between the experimental constants relevant to rudder
normal force and hydrodynamic derivatives of hull-propeller-rudder system. We
carried out various kinds of captive model test relevant to rudder normal force
etc., and evaluated hydrodynamic derivatives of hull-propeller-rudder system,
and analyzed the stability on course with the parameter of changes in rudder
area. Furthermore, we also discussed effects of changes in rudder area on
manoeuvring performance including stability on course, based on computer
simulation. As a result, it is clarified that there is a possibility that stability
on course may become bad through an increase of rudder area. The reason for
the bad stability on course is that the void space between the upper edge of
rudder and the lower part of stern overhang decreases. This space change
exerts a great influence on straightening coefficient of incoming flow to rudder
in manoeuvring motion, which has close relation to stability on course.

1. M o

ko) vldisk(iEA )7t BAstE 196080 ¥

FE 234 @8 EAHo] el A
24k 3, FAG 2FA] AL, Aukeaia 2
AR BAR B 71E BokzA AlEUnh
2% IMO(FAISIA o] o)) HebdAda)s
AL DE)NA ZFAo B BAF HEI} A
ZAHATHLL A7)kl A4 IMOAIAM HER F
g W5 shbe 23A7E A d¥d A}
Fgolgied, 1 Az 19933 11¥9 IMO 304
3473 71¥(Inteim  Standards  for  Ship
Manoeuvrability) A7518 A=I3IAl =ATH2I3].
o] 7]&o] HEgo wets, 1994 79 1Y o F
o AxEe Muke, 71FM atshs 23S
< WE3A] Ratd o] FXHAY 3] A
FE AkE A Pt

T, Z2FAFRNE R FEZF ES b
AAE e 7B BAAE 4 sl R w3
2 BaAsolgln dAdEni4). ¥ 9 234
T2 zigzag Al 23 overshoot angle®
A 7 = (2], oA AAlnel Moy
o] %7} gz A 4 Qv A=A
AR )R S g4 = g #8443 gol
BovR(5)(6). 27EA TA e Mt Hz

%o A2oFge]l BAAE Aol tulstel Al
8702 AL 7hs An] EE

o olgt =kl AN wbEdl BE V1%
By} BRg Hoz QzEn =3 Ly Mubo|
AZY Foli= vl @] AA WAL Ao
Tbsstog AZePHAL AN
o2 Mu] ¥/4E M) E ele] HAb o]
olgh uho] A7 % Ut} o] FojA] M) B
Ve A= Y Zoeh P Aol g3 @

‘_,r\

X
rie
Jo
B
o
~r
L e

e AWE ZsnR, $ARoR 44d 4 3l
= Zo] gel B4 Azel @ Weletn 4z
"ok

oleist Wi alel, B AToIAE 7| EEH B
o 4 Azl g ANHA 23S HA
A ohlstEA, HEoHH MY ARE dng
Foole WHe RAsDA @ gel 84 A=
o RAY, HUHE F7AE 2 wE ol
o o2l 54 gele) BE Adsh A A7
% Qe Zoleh SHEe Ade] mE Yzokd
§ A B 98 el e AEz vEa
2 omgoldE gy S ge Az o)
4 g dat melaplz g pAdew
w4 el gab el slQlek, ElAEst
gyl A% A5l 2ERARERsle
$E AsAt 29 ehel sAel] w

Transactions of SNAK, Vol 33 No. 4, November 1996



B} A@golo] WE WA #WE7} AEQE Lo Bk
£ R At BAgEs ae Ag 55
A e ZAR] A 4T FAEYA
ge ANsgon], 48 2e olgste Yzt
A4 B, vlmslginh E8 Agdeld THe
olg3tel AL LR WA 2FYFE
) sl
2. 2o WlE Y =S8
A Xib;i'.
X
[1] Y

Fig. 1 Coordinate system
Fig. 13 7o} MA1FHmidship)oll =% 93 &
F BHEHEAE O—xyzet € o HFEFoM
ZEEF9 718 uAlAe ogal Zo] FART]

m(u — vr — xc”*) = X
mo+ ur+ xcv) = Y
L,v+ mxg(v+ ur) = N

A71M m

o
L.

Ml Aol
FUIN 13 WY SE AR,
4 Z9]

o

A

y

L zZ &L

re
xee FAFAL
yZ& sk s 2

o
SEEES

KEBEREBGHTE B 33 5 B 1 W 19965 118

Gholj Fich AT 3
Al Y, N& A fFARAeReE 34
4 F den2 sway-yaw AW FFUHAL
o&3 2k

—(m +m VB =Yy B+ (m'xs +m)a)r
—{Y, —(m +m/ )} =Y;6
2
([zz,+]zz') ;r’_(Nr'_mle,)rl
—(m' x5 +m,ad)B —NyB=N;

AN m,, m, e 27t x, yF W §7t
4%, Tt 23 399 RAEAE | ot
m, 9 Fd9 xHEE Yepdck Ty &F
W A% L HAY 5L theT 2ol B
3kl

v =0/ V= —sinfx—§8

¥ = v (L/V), t = t(V/L)

xo ., a = xg allL

m, m,,m, = m, m, m)./—%pLZa’ (3)

L. J. = L Jul 5 oL'd

Yy = Y/é—pLde

N = N/%pdeVz
A7A pe FH9 WUE, t+= AZY LI de
2zt HAReNFAThSG BRFESF VE TE
=, 8t EZ,  ge AEZeth agx
Y., Y, e & Abkowitz¥ 3t e[g]el
o) M3 §H2n) Aol

NN pE 2ASE, 225 SHRY
2 g1 go] FEFI)

TWT, v + (T + T,))»r +7

= K6+ KTys (4

A7iM T, T, Ty B K'E, A9 #49
Ul AFEEA FAEE 2FEASI
N RRE H2ohde] 2d2 thg #AE v

Zsjojo} g



S.D. = Y, (N, —m'x5)
- N{Y, — (m'+ m, )} <0 (B

o7l S.D. & 2R E K (stability discri-
minant term)e|et A 2] g}
4, A2 A9 AL g Po] FNE
L=

N, —mxg Ny
Y,— (m'+ m,) Yy
7| 1/ E HEFG A (stability lever)t
Ao}gir}.

gz AAAAIEA(r — § ) 94 }
2049 7]€718 Yeidie K e, 3=
g S.D. & AA BAISHE oha} 2o

ld' = > 0(6)

K = ( Yy Ny — Y/ Ny)/S.D. (D
Ele] g4} W3l r|Qske H=AAALE B
FAHog Hrkskrl HdA, FAEH0ATE £
2y Fstnd = MMGERE[7]S o]-&3te] JA
shd A (2w o gk

—(m +m,)B —
Y - (m +m )} = Y§
) ®

(Iu' +]zz’) 7 ( Nr HP m'xG’)r’
—(m'xg +m/a’)B’ — Ny B = Ng

A7 Fwe) fAuASel EAR e
HPE E7h XA ofld (S, hull +
propellen)& 9vldtch Telm Yy o Nyt

(rudder)e] Aol 7108k FAE(D, Fards)
= A3 &S 9Jujsict
Elo) 7iQlskE fAge ohga) o] HAjHh
YR = "(1 + dH)FNC055
Np = —(xp + agxy)Fycosé 9

Yy ypBt(m 'z +mya)r

i

i

A3, old%, 4y, dEs sk

[—

Fy = o5 pAg Vi’ f,sinag

o714 Fy2 eElEY48, Ap 2 B9 93, V,
< o fdke 559 FEMHEE ap
el fYske 589 FaYE, f,© EHAYE
Al AL xp < BHAGES FHHH xHH,
ayc AAl Agsh= Ere HHEE vehlle
A, xpv AA ZA&3= Y] 2HgHY 2
A9l x HEE Jepdoh

Elo] f4lske 389 FEYH ap & WSH
2ol FEAIF

ar = 8 — y(B— Ig'7) (10)
of7|A 9 A 238 AAY ZFLEF(sway,

vaw)oll  &j@  E}XelAMe]  #@WE &%
(B— ¥y AAg =Z=zdeje] AHFax
(straightening effect)ol] 213 yul 7HE A4 dh

= AL onjgn o y& ARG FojF
aga Iy = Ilp/Lelth H(10)e2RH ZF
5% ElAYHo] ool e 8§ 68 oz ol
ahe

61@ = 7(}9 - IRI 7”) (11)

A9, 10e2RE vl B nlt 258
of tiside AR Yy, N & o33 2
o] EAIY 4 gltk

Y = )( ) fo(1 + ag)

x{o—r(B—-Ilkr)} (12

N (Ld)( V)(xR +aHxH)
x{8—y(B— Ig7)}
o714 xp’, xg/L
2125 A8l tdste] wwgFo s HPR

Xy = Xg,

Transactions of SNAK, Vol 33 No. 4. November 1996



EtQ] A@golo] WE WE Wiy A2 o=

AFel(Z hull + propeller + ruddenelAe] &=

oAF Yy, N, oo =, HP Aeolre] &
ALUAS Yy, Y e, o o o #
7} gt

Yy = ( )( )f(1+ay)

Nal = )( )f(XR +aHxH)

Y, = Yﬂ’HP+( )( )f(1+CZH)7

NS = NMP+( I )2
X folxp" + agxy )y

Y, = Y/ p ( )( )2 (13)
xfa(l + ag)rly

N, = ,,,,,( £) (R

Xfa(xR + apyxy ) vig

A03)g olgstel, HP Adoide] 42
AR Y s Y g oo ) 2 e
BAY AEASE A4 TaFoeA B g4
Wsjol we HPR Aeleldel FA0ASE

238 =+ A3, ol FAHUAFE o|&dt,
A6), M2FE J2AREE J7ted 5 giok

w
41
I
ta
ogh
=
ogk
¥
ik}
Hu
e
0x
0x

o
)
g
2
rEE
_\<,>L
=9 >J
;}?: E:
S o N
}m
r,;l o_ﬁ
e
tlo
M
1

ol
ﬂ?

2 HE3] H3M, A3 der 3

qolAs EE YRFE T

4y fo g
BN
fr
BN
=2
2
i
>
QL
R
T
s
]
o A
=2,
o b
=
)
>
fot g do 2
o F¢ oMo 2 o

NI &
oL
ia
lo
+ T
»
Ay
e
oft o
[0
Lﬂ 3
>
- F\H‘
w2
o)t o
T
58
3
X
4

4z 1%
{3

Jﬂ;{§
E‘J
w®
oo
2
T
huj
e ©
£ 08
LI£
5 &
=
S -

Ju
&
BN
lo

BENEERTE B 334 B 47 1965 1A

Gl o @7 5

i

/) )-’A\/
oy

?/A\
AN
47
Ao S,
N ] il
T = 1]
P
-

Fig. 2 Schematic diagram of circulating
water channel

(¥=¥m)/¥m * 100 (V=Vm)/¥m * 100
~20% o 0% ~20% c 0%
oy [ S S| . [ R S S
i q
4
E 2 3
£ £
i | ] i
Eﬁi ‘5 &1 :
s - b
£ 3 b
: | 2 -
is
£ B
| : “
s ° 3
J |
@ J ol J

o Pm = 0.643 m/eec o Fm = 0.658 m/sec

Fig. 3 Velocity distribution depth-wise at
working section ( V,, ‘mean velocity)

Table 1 Principal particulars of ship and

model
items Ship Model]

HULL

Length BP L (m) 264.0 20

Breadth B (m) 17.8 0.3621

Mean draft d (m) 16.0 0.1212

Trnm T {m) 0.0 0.0

Block coefficient o 0.8210 0.8210

Midship section coefficient  Cyg 0.9978 0.9978
RUDDER

Height H (m) 10.89 0.0825

Area rano Aw’Ld 1/51.0 1/51.0

Aspect ratio A 1.4323 1.4323
PROPELLER

Diameter D im) 8.0 0.061

Pitch ratio P/D 0.709 0.709

Expanded area ratio AvA, 0.490 0.490
L_No. of blade 4 4
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Table 2 Principal particulars of model
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Kind of rudder ::e:‘;i i:;:[ A:::t LE ~CL
A 576 cm | BZom | 1432 0.356 ¢
A-2 576 cm 735 cm 1.276 0.336 ¢
A-3 576cm | 916em | 1590 0.356 ¢
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Fig. 5 Profiles of model rudders
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