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A Study on the Prediction of Maneuvering Motion for a Twin-Screw
Twin-Rudder Ship at Initial Design Stage
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Abstract

Mathematical model of maneuvering motion for a single-screw single-rudder ship is established and

several applications to the special situations of maneuvering are attempted.

While, the mathematical model for twin-screw twin-rudder ship i1s not studied presented so much,

because that type of ship is not popular.

Lee et al. have examined the characteristics of such ship by captive model tests in 1988, in Japan.

This paper proposes new mathematical models for propeller effective wake (1 — w,) and effective

neutral rudder angle J8y in the case of twin-screw twin-rudder ship. And some maneuvering motions
are calculated with proposed models and compared with exact simulations.

Fatigra 2 Feat
ExsofEa o 2 =AY
FAt g 3l 23

—103—



2 WESEEEE F208 1K 1997

.M B

252 1 MYe) B44 UEe] 254 3
el e B2 A} gk Aol FAY Asy
T S5e 44,
& Faste 299 e

2346 ¥A7} 42
ol et Akl 3 234 Fwe] Ao} Az
o1k,

bt S
P ooy M
o
2
s
[\]

o
oo
o
%,
=

3 255 E #4E A
& =EollAdss, 25269 g Propeller Effective
Wake (1 — w,)®} FEZHe}2HEffective Neutral
Rudder Angle) &g ol & 4= Algkslz, A4
2} fARo) BAAHE Inoved) FAANL AMESl, 2
71 A A | A Adrbe} S8 214 Propeller 2 & A1Y
nre gA sfRAQl 2526140 2EF AR v
=2 sodch
o] AW 2 =FTF AXNAHE Uy T+
%23 Al Datadll 23 A4tz vlwste], £ =
el A Ak AP F448 HEsAnh

)

2. =

O

=28
DS

_J_(ZI_-

I

+=stg

2.1 Hull 7H=

Figlst o] AlAFotel UAdE F 3/
o-xyell Wt $FudAbell A Al &5 At
Surge-Sway-Yaw 2543 4]

mlu—vr—xgrt) =X
m(v+ur+xer) =Y (1)
Lyy+mx(v+un) =N

A74 X, Y, N& Astel s 423
et 29, eholch. A()Y e FAPE
Y, Nol sl od] 7hx] 2 40] Alers oo
ol AE FEEYARS HAT VY £29

A AT Filez s R4
Inoue®) $AA-& 21431712 IH3)
gH (DY X FAF dsiAe o33t zto]
255,

X=XN+X ,ut+(X,— Y Jor+ Xp (2

A(2)ell4] M3 X(U)+= Holtropl4]e] 3311
o3t} FAsAt. 2 AF-E Fig2e Bch

Fig.1 Coordinate System

0.015 -

0.010 A ’\

0.005 - -

0.00Q 1 : S
.00 010 0.20 030

Froude Number

Fig.2 Prediction of Hull Resistance

x X ,,Y 52 Motora Chart2 %8 F3}3}
2 (X,,—Y )32 Hasegawa Chart[5]Z =4
£ 2 Fitting3te] o}-5-3 o] A4bslsdc),

X, —Y/)

S = 1613C, = 0,471 (3)

v

—104—



Z714A dANAN 2%2ebA 9

2.2 Propeller F2i2| st

2%49 Propeller $-29% (1 — w,)e 1534
8} 735} Ads| of 2 FeE Rlrh Propeller]
A 715 ARG v, =

v, = —sinf + x,7

714 B AAFZ, x,= Propeller x33E,
r& A3 ztE o)y,

Z 15349 A% 0,=02 3% (1 —w)e 3
2% Z3 |vl7t ARl wet Flste RS
Bolu} 2549 A% Figlelr RejF& vle}
o] =, % Propeller?] (1 — w,)”t yZdl] ¥jA
Ql HFefolct.

-ola® o027 ~o0/6h 0 .00 D.27 0.45
v

Fig.3 1-wp for Port and Starboard Propeller

w2} Propeller 7l #A271 =+
v E T 7o) A st

KRR

»

Yy
vy=|=t

Xp

x, : Midship ©ll4] Propeller 7}A] xZ 3%
¥, : Midship o4 Propeller 7}# y3 3%
(11— wpf=dv,— vp)2+ (1~ w,,)
(1 —wy)’=c(v,+ v})*+ (1~ w,)
9} zro} =3t mdlls} gk A7|A v, o BIF 2
2] AR AL vy —opdllA Hao He
74 2Ry el §hepolr] wEolcth
AlBYAA  c=06& AH&3Th(H7]4, HA Pe
Port SideZ, S+ Starboard SideZ £»]¥r})

—105—

EFET 54 AR A7 3

23 Efye| $32d

ol[1] 59 742 AY Ao 2spd el o
R E 2&2e}4 9] A9 up 2 FTHY |
Z1etAde] A AL a2 ALt vy F g
U ARG Fee 2dS AN HER 2 =F
ME th&3t L Sgoll #I Ftedg Ak
Lia=

0.48z+ tan ~'| 22 |(8>0)
6{w9=[ . - ®
0.68z+ tan ~!| 22| (B4<0)
R
0.48z— tan | 2£ | (8,>0)
3K (BR) = { ) (D)
068~ tan "'\ 22| (8<0)

ol & 29 o2 el Fig43t et

Se(Br) 5 P
oudo 3 T GrlAnd
n.20 /
= /
—0/d067 20 0 0.90 5. 20 6.40
Br(rad.)
T e
,,/‘,/' 0.20 3
-0.40

Fig. 4 6g( Br) for Port and Starboard
Rudder

Fig4ellA 7zt 2149 7] &7+ A A4
459 AFATE dehlle Aol o] AFAS
= Fn=01~03" =2 A48 A% =yl 439
Zo) 9& wlE= 2F 06, uPRel A& w o 04
9] S 7HRel ©|(1] 59 CMT A¥ A 32l
ul gloeme o]F BdYz 3l Al6), (N3} 2
witedg P59}

LA

2ol AR (1 — wp) 8z (B8R FAF
g2l A}4-3l3, Table 13 & Rajxie] Al
$ A% Inoue ¥ Hasegawa 59 3 A& AME,



4 WEABERE H21 8 B 1% 1907
252ete) 2E 5L A4basch

2 A7} Figh, 6, 7elth. 2”6l & $= 9l5o)
Zig-Zag3-5- A3 A= A FAo] Fesln
A AT - HE FAEES ¢ F QU

=¥ Fig67} Fig.7& nlasbd bzt 35° 439
7S7F 107 g wls] FAY T} ohi s
A3 z4est weld 9SS o4 5 AUtk ole v,
Y Brol S7FE A (1 —w,)t 8 S8R
defl =A4e] S AAkstzm Yt

¥4, Fig82> A3 54 &, Spiral 54& Y
el ez AAAIE Fig7e A3AY 2Aste}
-3t

Table 10 Principal particulars of model

e, 2526449 RS, DA vlE o
Ff R=f] eS¢ Uk wepd B 4
T e F7rA e el Babe] A Sl i@ A3
Ao Yyrhgch A4l 2R 2 WA, (1) F$
Rudderg 25 20" 2 Ze}3]% =9} Starboard
Rudder?t 20" & 2538 4%, (2) 3% Rudder®
RBF =357 2 Zegl& 99} Starboard Rudderst
=352 A A4S oM A4 ARE 7t
Fig.9, 10l vjepdic),

Fig9, 1054 #Zo] 4% et 247 o} 22 zt%
T AT, FHAE ol 43l o= AHx 252eb4 9
AEAAFE FAHYE ¢+ sk

Length between perpendiculars (Lpp) 2340 m
Breadth moulded (B) 0.600 m
Depth moulded (D) 0.140 m
Mean draft (d) 0.077 m
Trim 0.016 m
Hull -
Displacement (A) 80.60 kgf
Center of buoyancy from {3 0.062 m(fore)
Yaw radius of gyration (k) 0.2536 Ly
Distance between two propellers (b) 0.240 m
Block coefficient (Cp) 0.769
Number of blades 4
Propeller diameter (D,) 0.059 m
Propeller Pitch ratio 0.735
x-coordination of propeller (xp) -1.128 m
Direction of turning Port propeller . Left hand
(looking from stern) Starboard propeller : Right hand
Type of rudder Semi-balanced
Rudder area (Ar) 0.004866 m°
Height of rudder (H) 0.074 m
Rudder - T
Gradient of normal force coefficient (fo) 1.2067
x-coordination of rudder (xg) -1.170 m
Aspect ratio (A) 1.1255
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