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A Study on the Maneuverability of a Rolling Ship under Wind Forces*
by

Jin Ahn Kim** . Seung Keon Lee***

Abstract

Up to now, it has been common to treat the maneuvering motion of a ship as a 3-degree-
freedom motion i.e. surge. sway, and yaw on the sea surface, for the simplicity and mathematical
calculation, and it is quite acceptable in the practical point of view.

Meanwhile, considering the maneuverability of a ship under the special conditions such as in
irregular waves, in wind or at high speed with small GM value, it is required that roll effect
must be considered in the equation of ship motion.

In this paper, the author tried to build up the 4-degree-freedom motion equation by adding roll.

And then, applying the M.M.G.’s mathematical model and with captive model test results the
roll-coupled hydrodynamic derivatives were found.

With these, the author could make some simulating program for turning and zig-zag steering.

Through the computer simulations, the effect of roll to the ship maneuver became clear.

The effect of the wind force to the maneuverability was also found. Followings are such items,
that was found.

1) When roll is coupled in the maneuvering motion, the directional stability becomes worse and

the turning diameter becomes smaller as roll becomes larger.

2) When maneuver a ship in the wind, the roll becomes severe and the directional stabiliy
becomes worse.

3) When a ship turns to the starboard side, the wind blowing from 90° direction to starboard
causes the largest roll and the largest turning diameter, and the wind from other direction
doesn’t change the turning diameter.

4) When a ship is travelling with a constant speed with rudder amidship, if steady wind blows
from one direction, the ship turns toward that wind. This phenomenon is well observed in
the actual seaways.
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Nomenclature

; Ratio of the lateral force of hull induced
by rudder to rudder normal force.

; Front projected area of ship above sea
surface.

; Latera projected area of ship above sea
surface.

; Rudder area.

; Breadth of ship.

Criro, Cryy kye7,7; Experimental coefficients
needed for finding out rudder normal force.

; Ratio of the longitudinal force induced on
the hull by the rudder drag force.

Draft.

Diameter of propeller.

Froude number.

Rudder normal force.

Gravitational accerlation.

Metacentric height.

Moving coordinates system fixed to ship.

Moment of inertia of ship about z, z axes.

Distance from sea surface to the center of
As.

Advance ratio of propeller.

Added moment of inertia of ship about z,

T axes.

Hydrodynamic roll moment.

Thrust coefficient.

Ship length between perpendiculars.
Height between C.G. of ship and the center
of the hydrodynamic sway force.

Distance between pivoting point and center

of gravity of ship.
; Z coordinate of the center of ms, my
respectively.

Mass of ship.

Propeller revolutions per second.

; Hydrodynamic yaw moment.
Roll angular velocity (¢)

; Coordinates system fixed to the earth.
; Yaw angular velocity (&)
; Time in general, or effective thrust deduc-

tion factor.
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: Thrust of propeller.

; Steering quality time constants.

; Free rolling period in still water.

; Surge velocity.

; Effective relative inflow velocity in =
direction to propeller.

; Effective relative inflow velocity in z dire-
ction to rudder.

; Sway velocity.

; Effective
direction to propeller.

relative inflow velocity in ¥

; Ship’s resultant speed (v/zZ-f¢?)

; Wind speed.

; Ship’s initial speed.

;s X-coordinate of the center of the lateral
force induced on hull by the rudder inter-
action.

; Distance between C.G. of ship and the
midship.

; X-coordinate of propeller position.

1 X-ccordinate of the center of rudder normal
force.

; Hydrodynamic surge force.

; Hydrodynamic sway force.

. Effective wake fraction cn straight running.

; Z-ccordinate of the cennter of the forces
acting on the rudder and hull due to rudder
deflection.

; Roll damping coefficient.

; Effective rudder inflow velocity.

; X-coordinate of center of m,.

; Drift angle (sway angle)

; Heading angle (yaw angle)

; Heel angle (roll angle)

; Nondimensional roll damping coefficient.

; Circular frequency.

; Natural frequency of roll in still water.

; Density of water.

; Rudder angle.

; Ordered rudder angle.

; Maximum time rate of steering gear.
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Fig. 1 Coordinate system and sign definition
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Table 1. Principal dimensions of SR 108

L Container ship
+ Yo7 Your 0 4 Yoogv? } T T e e e e e
F Yossvd®+ Yorgr¢t YVosgrott Yorror® | Contents | ship | model
Lysst Nust Yusel £3to] A=}, ; Lgp (m) 175.0 | 3.0
o] A=t ko]l k& HEIEL (DR MRANH — i B (m) 25.4 10.435
f2i0el AR B SSRGS BE 5ERd Ro) = d  (m) 8.5  0.146
Displaced Volume (m®) 21222.0 | 0.10686
- M . .
KB (m) 4,615 0.079
. Ar (m® 713.0 | 0.2095
% A& Fig.2 % Table 13 72+ SR 108 — Hull
& el Al Fig.2 3 Table 134 2 108 A (m®) 2881. 412] 0.8468
By Z#) o] el %¥i3F Son{4], Matsumoto[5) 2 # c "\“"(’;%5'9
BRZrkl S FIFMEch(Table 2, Table 3, Fig.3 #z). c, 0. 580
Cn 0. 966
L.C.B. from F.P. 0.518 LBP
Radius of gyration about 0.240 Lgp
zZ axis
Bilge ‘ length (m) ; 43.75 10.7
keel depth  (em) i 45.0 i 0.771
} Ar (m®) | 33.038 , 0. 0097
Rudder | H (m) _.7.7583 0.133
Aspect ratio (A1) 1.8219
| Ad/(Lemd) | 1/45
; D w | 6.53333 0.112
\ Prope- | p \ 1. 009
) : ller | Expanded area ratio ; 0.67
AP 2 8 Sz 7o ’ Boss ratio i 0.18
. . . ) ber of Blad 5
Fig. 2 Lines of SR 108 container ship (L=175m) Number of Blade
Tale 2. Hydrodynamic derivatives of hull only
X' —0.0004226 Y, —0.0116 N, —0. 0038545 L, 0. 0003026
X' —0.00311 Y, 0. 00242 N, —0. 00222 L, —0. 000063
X, 0. 0002 Y’ 0.0 N 0. 000213 L (B OK
X'ss  —0.0002 Y’y —0. 000063 Ns —0. 0001424 Ly —0. 000021
X' —0.00311 Yo —0.100 N oo 0. 001492 L'ww  —0.002843
F. ; 0.2 Yo 0.00177 N, —0.00229 L'y, —0.000046
KG ; 10.09m Yo 0.0214 Nrw  —0.0424 Ly,  —0.000558
GM ; 0.3m Y o —0.0405 N oo 0. 00156 Lty 0. 001056
Yaw moment; Y s 0. 04605 Ny  —0.019058 L'ws  —0.001201
around midship Y 044 0. 00304 N'ugs  —0.005376 L'yss  —0.000079
Roll moment; Y4 0. 009325 N'.g  —0.003859 L'ns  —0.000243
around C.G. Y55  —0.001368 Y ras 0. 0024195 L'y 0. 0000357
m 0.00792 | I 0.000456 | Kr  0.527—0.4557
m's 0.000238 | J. 0.000419 | By 101 (Fa<0.1)
'y 0.007049 | o, 0.05 Lo.2 (Fa20.2)
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j'f g. ggggé;i v, 0.0313 kg F, (0. 1<Fx<l0.2)
U : v, 0.0313 ‘
Ne[ 71 (B 0.2) L | Cix 0.71 G —0.156
118. 64(Fx 0.3) L Che 0.0 | CR.. —0.275
(rpm) 168818(F, 0.4 Cy 0.0 L Crene 1.96
1—t 0.825 L2, —0.52 Ior 1. 09 L 2 0.033
1—wp 0.816 , [ 0.088(x>0) | z'w —0.48 ok 0.631
an 0.237 0.193(v=<0) | ¢ 0.921 ‘
Table 3. Hydrodynamic derivatives for ship
V', —0.012035 ] N, —~0. 0038436 | L, 0. 800314
Y 0.0 ! N 0.000213 | I3 0.2
Y ~0.0000704 | N’y —0.0001468 | L'y —0. 000021
Y ous 0. 046364 * N —0.018191 Lo —0. 0012094
Y .48 0. 003003 : N vg4 ~—0. 005299 L’ 44 —0. 0000784
Y s 0. 0093887 | N rrg —0. 003684 | L1y —0. 0002449
Y40 —~0. 0013523 ‘\ N/ gs 0. 002384 ‘ L’ oys 0. 00003528
Y5 —0. 00257 | N, 0. 00126 L 0. 0000855
m Eml =Y, 0.0052 | N, —0.00243 m'2l'+L,  —0.000069
m' ' 0.01497 ‘1 m' e, 0.0003525 GM: 0.3m
I+, 0. 000875 i m' 0. 0002205 KG :10.09 m
J RN N 0. 000021 ( F. : 0.2
Y Ul enly) FHMERE ms my, Ji J. 5& Motora Chart(6,7)%
lo.ot‘:; K- b= IR
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Fig. 8 Z-mancuver and roll angle

Table 4. Course stablllty index

GM T T, | Ta l Tp
0.1m | 8.964 0. 352‘5 0.086 0. 4391'; 0.086 —0.439¢
0.3m | 5.704 0.342° 0.051 +0.298{ 0.051 —0.298{
0.6m | o 0461 0.334 0.036 +0. 2231" 0.036 —0.2237
1.0m | 4. 798‘ Q. 329\ 0.028 +0.177¢ 0.028 —0.177:
3.0m ‘i 4. 59 Q. 323 0.016840.105/ 0.0168-0. 1057

j 4.443 0. 318 Without roll coupling
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Table 5. Nondimensional form

m'=m/ '%‘ﬂLEBP

Y=Y/ —%—pLSBP &
v=v/V

¢’ =¢/(V/Lgp)
Vy=1y/Lsp

o' =w/(~'g/Lgp)

X =X/ %“PLQBP
X’,,,,:Xw/—%—plzzep
X'54=Xg4/5 PLzsP
Y.=Y./ 7,01/23?
Y= Y&/%—PLSBP
Yoo = uuu/%pLQBP
Y = Yuvy/ pL33P
Y 44— Yr¢¢/7pL35p
Y s = Yiug/ —%—pLzsp
N, =N, /~oL3
N'; :Né/gplfap
vauu:vav/’%—pIdsBP
N'ueg =Nuog/ PL3BP
N g -—ij/ ,OLSBP

N oor :Arzmr,/'? pL4Ep

|
!
|

I/x = Ix/l%pLSBp
N’:N/% (L3 V2
»'=2/(V?/Lgp)
55’:4.5/“ V/Lgp)*
T'g= Te/(V/Lgp)
Xlor /- ‘FL4BP

X’l‘7:XD 7/7PLSBP

Y, =Y./% pL3sP
Yy=Ys/ L oLt
yY,rn: Yrrr/‘Z‘CLSBP

Y/rn: vn/%f'L‘iBP

Y rrg= Yyr¢/~1—pL4m>
Y g= n¢¢/ > eLsp
N, :Nr/ZPL[‘BP

Ny =N¢/~21L35p»

N ppr= m/%pLGBP
Nogs =1 m/%pLSsp
wa/*l' eLigp

N'rgs=

N’/ vyr—A vrr/ PLSBP
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