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Abstract

Generally, the tidal current the velocity of which varies sharply can be formed on
water areas near islands or waterbreaks etc.

A ship advancing across such tidal current has great yawing moment with heavy roll
angle. In that case, capsizing accidents are most likely to occur. But its mechanism
has not been clear yet.

In this paper, the author takes the case that a ship advances across the tidal cur-
rent with varying speed, and the equations of motion are described on surge, sway,yaw
and roll motions, and are solved by Runge-Kutta-Gill Method, using hydrodynamic
forces obtained by model tests of a container ship in calm water.

As a result of calculations, the author suggests the followings.

1) The longer time advancing across such tidal current results in the smaller ship

motions.

2) The smaller angle of ship’s heading to tidal current results in the smaller ship

motions.

3) Ship's GM affects ship motions severely.
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B}: . Breadth of tidal current area with varing speed.

C1,C2.C3: Control coefficients of the auto-pilot.

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

Fn : Froude number.

FN Rudder normalf force.

GM : Metacentric height.

G-xyz :Moving coordinates svstem fixed to ship.

Ix, Iz : Moment of inertia of ship about X, Y axis.

J . Advance ratio of propeller.

Jx, Jz - Added moment of inertia of ship about X, Z axis.

Ix, lv . 7 coordinate of the center of my, my respectively.

m + Ship’s mass.

n : Propeller revolutions per second.

N : Hydrodynamic yaw moment.

P . Roll angular velocity (¢).
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Ratio of the lateral force of hull induced by rudder to rudder

normal force.

Coordinates system fixed to the earth.

Yaw angular velocity (¥).

Time in general, or effective thrust deduction factor.
Thrust of propeller.

Surge velocity of speed over the water.

Surge velocity of speed over the ground.

Efficient relative inflow velocitv in x direction to propeller.
Efficient relative inflow velocity in x direction to rudder.

Sway velocity of speed over the water.
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; Sway velocity of speed over the ground.
; Tidal current.

; Initial tidal current velocity.

; Last tidal current velocity.

; Ship resultant speed (Vu?+v?, Ju*?+v*?)

; Ship’s initial speed.

; x coordinate of the center of the lateral force induced on hull by the

rudder interaction.

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

; x coordinate of the center of rudder normal force.
; Hydrodynamic surge force.

; Hydrodynamic sway force.

; Effective wake fraction on straight running.

; Height between C.G. of ship and the center of the hydrodynamic

sway force.

; z coordinate of the center of the forces acting on the rudder and

hull due to rudder deflection.

; Effective rudder inflow velocity.

; X coordinate of center of m,.

; Drift angle (sway angle).

; Experimental coefficients needed for finding out rudder normal force.
; Heading angle (yaw angle).

; Tidal current angle.

; Heel angle (roll angle).

; Density of water.

; Rudder angle.

; Ordered rudder angle.

; Maximum time rate of steering gear.
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ITEMS ACTUAL MODEL
Hull Length B. P. L(m) 175.00 3.00
Breadth B(m) 25.40 0.435
Draft Fore dF(m) 8.00 0.1371
Aft dA(n) 9.00 0.1543
Mean d(m) 8.50 0.1457
Displacement volume (nB) 21,222 0.10686
Height from keel to tran-
sverse metacenter KM(m) 10.39 0.1781
Height from keel to cent-
er of buoyancy KB(m) 4.6154 0.07912
Block coefficient CB 0.559
Prismavic coef. C 0.580
Waterplane area coef. CW 0.686
Midship section coef. Cy 0.966
L.C.B. from F.P. 0.518L
Radius of gyration about
z axis 0.240L
Bilge keel
Length (m) 43,75 0.75
Depth (cm) 45.0 0.771k
Rudder Area AR(n2) 33.036 0.009709
Height H(m) 7.7583 0.133
Aspect ratio A 1.8219
Area ratio AB/Ld 1/45.0
Propeller
Diameter D(m) 6.533 | 0.112
Pitch ratie P 1.009
Expanded area ratio 0.67
Boss ratio 0.18

Number of blade
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a) HULL ONLY

Xuu -0.0004226 Yv  -0.0116 Nv  -0,0038545

Xvv  =0.00386 Yr 0. 00242 Nr  -0.00222

Xrr  0.0002 Y§ 0.0 N 0.000213

X¢g -0.0002 Y¢  -0.000063 Ng  -0.0001424

Xvr * -0.00311 Yvvy 0,109 Nvvv  0.001492

K, 0.527-0.455 V?rr N, 00177 V%rr -0, 00229
Yr—v 9N.0214 Nrvv -0,0424
Yrrv -0.0405 Nrrv  0.00156
Yvvs 0.04605 Nvvg -0.019058
Yves 0.00304 Nvgg -0.005376
Yrrg 0.009325 Nrrg -0.003859
Yrgg -0.001368 Nrgg 0.0024105

m’ 0.00792 1z 0. 000456

m 0.000238 Jz 0.000419

m- 0.007049 «, 0.05

Tx 0.0000176
Tx 0.0000034

b) PROPELLER AND RUDDER

Np 79.1(Fn 0.2) ay 0.237 € 1.0
118.64(Fn 0.7%) Xy =0.48 k 0.600
158.19(Fn 0.4) Cox 0.7t r n. 4

(1<t) 0,825 : €, -t1.0 xi 0.5

3-2. EMERe Bt

TAL K] Bt WIS BETY oo ERmad) sl 1% 3-30] Vel

1¥ 3-3& GM=0.5m, H5R°| B, 7} Bth20l9 3/49 A2 A RaRaS] BE (Ve WK
o HWHIEKE) V,=8.283m/sec (F,=0.2), #1H& Vyi= 0 m/sec, & 2 ik Vi, =8.283m/
sec, WLFAIY,=60"<l 9] MEKELS] BBfolct ML ALY fERGIE 2T Bk i
L2 [EEHE AL}
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bifEf el AAEE BN 15° RSl Afolle FAdF Ao A3t g3t o] 7HAdhel,
GZ ($) =sin(¢) {GHM+—- 1B_Mtan=¢} (1)
el BRfEfe]l KAE Bl 15° kel Aol REHR—o HkoR cfgak o] F4gc}
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b=ge}t 7tA sk, x=7"—¢a} TR RE K ohgst 2l
GZ (x)=F, (x)a+F,(x)b+F,(x) r+F, (x)m (2)
o 7] 4
F, (x) =2.14359x+4.14997 2% — 7.25756x° +1.65523x°
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)
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