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Simulator Studies of Ship Maneuvering Motions
in Non-uniform Tidal Stream

Keiichi Karasuno*

Abstract

This paper deals with the simulator experiments of transits in the Kurushima

channel which is one of the most famous channels in Japan due to the strength and
eddies of its tidal stream and because it is a main fairway for merchant ships in the
Seto-inland sea.
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This paper aims to explain research on the following items:

the effect of the strength in the stream on ship maneuvering motions

the effect of the ship maneuverability on the transits

the effect of the ship handling capability in deck officers on the transit.

To pursue the above aims, the following experiments were conducted,

the experiments of transits through a straight course (Naka-suido) going
down stream, and through a bent course (Nishi-suido) going up stream by
an unstable on-course ship, where the strength of the stream is changed to nil,
half and full of the highest speed of the stream.

the experiments of the transits by the ships having different maneuverabilities;
the unstable on-course ship mentioned above, a stable on-course ship and an
ultra-unstable on-course ship.

the experiments of transits by three deck officers using the ultra-unstable
on-course ship.

The results of the simulator studies are that

ship maneuverings in the straight course going down stream that give deck
officers mental tension are safer than the bent course going up stream.

three kinds of ships which are stable, unstable and ultra-unstable on-course
are handled safely until the ship is at half of the highest speed of the stream.
But at the highest speed of the stream, it is difficult to handle the ships safely.
the effect of the differences in the maneuverabilities on ship’s trajectories
doesn’t make an appearance until the ship is at half of the highest speed of the
stream, but it makes a clear appearance at the critical state of the ship
maneuvering at the highest speed of the stream.

the differences of the ship handling capabilities in deck officers don’t
make a clear appearance until the ship is at half of the highest speed of the
stream.
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Fig. 2. Visual display systems of the
ship maneuvering simulator.
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Fig. 5. Diagram of tidal stream in Kurushima-Kaikyo at the highest speed: (a) southward

stream (b) northward stream. [ref. 5]
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Fig. 6. Diagram of southward tidal stream Fig. 7. Diagram of northward tidal stream
in Nishi-Suido at the highest speed. in Naka-Suido at the highest speed.
The actual speeds are obtained by The actual speeds are obtained by
multiplier 0.31 k’t. [ref. 7] multiplier 0.31 k’t. [ref. 6]
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Fig. 8. Diagram of northward tidal stream Fig. 9. Diagram of southward tidal stream

in Nishi-Suido at the highest speed. in Naka-Suido at the highest speed.
The actual speeds are obtained by The actual speeds are obtained by
multiplier 0.31 k’t. [ref. 7] multiplier 0.31 k’t. [ref. 6]
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Table 1. Particulars of ship used by simulator.

Length LPP \ 50 m
Breadth B 11m
Draft d 4m
Displacement 1,500 ton
Rudder Area Ratio Ag/Ld 1/45
Rudder Aspect Ratio 4 1.5
Propeller Dia. D 2m
Propeller Pitch P 1.5m
Propeller Shaft Revolut. 200 r.p.m.
Ship Speed 9.8 k't

________ Course-stable
—— - Course-unstable
Course-ultra-unstable

10 k't, 2%
e ~
~ \\ '/ ()U

Vo , ¥

5 k't, 1%/

30° 0° 10° 20° 30
Rudder Angle § Rudder Angle ¢

(a) (b)

Fig. 10. Steady turning characteristics of ships used by simulator. (a) Non-dimensional
yaw-rate (r’) and ship speed (Veo/V,) vs. rudder angle. (b) Dimensional yaw-rate (i)
and ship speed (Vo) vs. rudder angle.
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Table 2. Lists of experiments by simulator for transits of Kurushima-Kaikyo
Course-unstable ship.

Transit of Nishi-Sudio

Transit of Naka-Suido

Navigation
Tidal Stream | Ex. No. | Fig. No. | Tidal Stream | Ex. No. | Fig. No.
Northward Nil 10 20 Nil 1 11
-bound
Southward 11 20,21 | Northward 2 11,12
1/2 highest 22 1/2 highest 13
speed speed
Southward 12,13 21 Northward 3,9 12
1/1 highest 93,24 | 1/1 highest 14,15
speed speed
Southward Nil 20 25 Nil 31 16
-bound
Northward 29 25,26 | Southward 32 16, 17
1/2 highest 27 1/2 highest 18
speed speed
Northawrd 28 26 Southward 33 17
1/1 highest 28 1/1 highest 19
speed speed
Course-stable ship
Southward Northward 23 29
-bound 1/2 highest 30
speed
Northward 24 29
1/1 highest 31
speed
Course-ultra-unstable ship
Northward Nil 1 [W1]
-bound 34
Southward 2
1/2 highest
speed
Nil 3 [W2] Nil 14 [W2]
35 33
Southward 4 Northward 15
1/2 highest 1/2 highest
speed speed
Nil 11 [W3] Nil 17 [W1]
36 32
Southward 12 Northward 19
1/2 highest 1/2 highest
speed speed
Southward 13 Northward 20

1/1 highest
speed

1/1 highest
speed

[W1], [W2], [W3]: Identifiers of navigators
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Nil(Ex.¥o.2)
Half(Ex.No.2)

Course-unstable ship’s trajectories
of northward-bound mnavigation in
Naka-Suido at nil (Ex. No. 1) and half
(Ex. No. 2) of the highest speed of
northward tidal stream.
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Fig. 12. Course-unstable ship’s trajectories

of northward-bound navigation in
Naka-Suido at half (Ex. No. 2) and
full (Ex. No. 3,9) of the highest speed
of tidal stream.
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Fig. 13. Time histories of course-unstable

ship’s heading and affected tidal
stream (Ex. No. 2: at half of the
highest speed) on mnorthward-bound
navigation in Naka-Suido.

Fig. 14. Time histories of course-unstable

ship’s heading and affected tidal
stream (Ex. No. 3: at the highest
speed) on northward-bound navigation
in Naka-Suido.
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Fig. 15. Time histories of course-unstable
ship’s heading and affected tidal stream
(Ex. No. 9: at the higheat speed) on
northwar-bound navigation in Naka-
Suido.
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Fig. 17. Course-unstable ship’s trajectories
of southward-bound navigation in
Naka-Suido at half (Ex. No. 32) and
full (Ex. No. 33) of the highest speed
of tidal stream.
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Half (Ex.No.32)

Fig. 16. Course-unstable ship’s trajectories
of southward-bound navigation in
Naka-Suido at nil (Ex. No. 31) and
half (Ex. No. 32) of the highest speed
of tidal stream.
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Fig. 18. Time histories of course-unstable
ship’s heading and affected tidal
stream (Ex. No. 32: at half of the
highest speed) on southward-bound
navigation in Naka-Suido.
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%.C s Ship's heading, .S ; Current direction, Vc: Current magnituds

Fig. 19. Time histories of course-unstable
ship’s heading and affected tidal
stream (Ex. No. 33: at the highest
speed) on southward-bound navigation
in Naka-Suido.

Half (Fx.No.11)

FUlL(Ex.¥o.23)

Fig. 21. Course-unstable ship’s trajectories
of northward-bound navigation in
Nishi-Suido at half (Ex. No. 11) and
full (Ex. No. 12, 13) of the speed
highest of tidal stream.

Ni1(Ex.No.10)

Half (Ex.Ho.11)

‘-

Fig. 20. Course-unstable ship’s trajectories
of northward-bound navigation in
Nishi-Suido at nil (Ex. No. 10) and
half (Ex. No. 11) of the highest speed
of tidal stream.
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$.C : Ship’s heading, %,5 : Current direction, V: Current wagnitude

Fig. 22. Time histories of course-unstable
ship’s heading and affected tidal
stream (Ex. No. 11: at half of the
highest speed) on northward-bound
navigation in Nishi-Suido.
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Fig. 23. Time histories of course-unstable Fig. 24. Time histories of course-unstable

ship’s heading and affected tidal ship’s heading and affected tidal
stream (Ex. No. 12: at the highest stream (Ex. No. 13: at the highest
speed) on northward-bound navigation speed) on northward-bound navigation
in Nishi-Suido. in Nishi-Suido.

0

MILE

Half (Ex.No.29}

W Full(Ex.Ho.28)
Half (Ex.No.29}

Fig. 25. Course-unstable ship’s trajectories Fig. 26. Course-unstable ship’s trajectories

Nil(Ex.No.20}

of southward-bound navigation in of southward-bound navigation in
Nishi-Suido at nil (Ex. No. 20) and Nishi-Suido at half (Ex. No. 29) and
half (Ex. No. 29) of the highest speed full (Ex. No. 28) of the highest speed
of tidal stream. of tidal stream.
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#..5 : Current direction, V: Current magnitude

Fig. 27. Time histories of course-unstable Fig. 28. Time histories of course-unstable

ship’s heading and affected tidal ship’s heading and affected tidal
stream (Ex. No. 29:at half of the stream (Ex. No. 28: at the highest
highest speed) on southward-bound speed) on southward-bound navigation
navigation in Nishi-Suido. in Nishi-Suido.
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Fig. 29. Course-stable ship’s trajectories of
southward-bound navigation in Nishi-
Suido at half (Ex. No. 23) and full
(Ex. No. 24) of the highest speed
of tidal stream.
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Fig. 31. Time histories of -course-stable
ship’s heading and affected tidal
stream (Ex. No. 24: at the highest
speed) on southward-bound navigation
in Nishi-Suido.
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of course-stable
affected tidal

histories
ship’s heading and
stream (Ex. No. 23: at half of the
highest speed) on southward-bound
navigation in Nishi-Suido.

Fig. 30. Time

Nil(Ex.No.17}
Full(Ex.No.20) \ Half (Ex.o.19)

MILE

Fig. 32. Course-ultra-unstable ship’s traje-
ctories of northward-bound navigation
by W1 deck officer in Naka-Suido at
nil (Ex. No. 17), half (Ex. No. 19) and
full (Ex. No. 20) of the highest speed
of tidal stream.
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N1l(Ex.No.14) Nil(Ex.No.1)

T MILE

Half (Ex.Ho.15)
HAlf (Ex.No.2}

4+
Fig. 33. Course-ultra-unstable ship’s traje- Fig. 34. Course-ultra-unstable ship’s traje-

ctories of northwardbound navigation ctories of northwardbound navigation
by W2 deck officer in Naka-Suido by W1 deck officer in Nishi-Suido at
at nil (Ex. No. 14) and half (Ex. No. nil (Ex. No. 1) and half (Ex. No. 2)
15) of the highest speed of tidal of the highest speed of tidal stream.
stream.

Half (Ex.Fo.4) Half (Ex.No.12)

“fne

+

Fig. 35. Course-ultra-unstable ship’s traje- Fig. 36. Course-ultra-unstable ship’s traje-

ctories of northwardbound navigation ctories of northwardbound navigation
by W2 deck officer in Nighi-Suido at by W3 deck officer in Nishi-Suido at
nil (Ex. No. 3) and half (Ex. No. 4) nil (Ex. No. 11), half (Ex. No. 12)
of the highest speed of tidal stream. and full (Ex. No. 13) of the highest

speed of tidal stream.
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