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A Simulator Study on Validation of IMO’s Ship
Manoeuvrability Standards with Particular Reference to
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Abstract

Recent marine disaster of large ships often causes serious oil pollution. To prevent or
reduce such a disaster, International Maritime Organization(IMO) has been endeavoring to
increase ships manoeuvrability, and adopted the interim standards for ship manoeuvrability
A751(18) in 1993. These standards cover the typical manoeuvrability including turning
ability, initial turning ability, yaw-checking and course-keeping ability, and stopping ability.
Yaw-checking and course-keeping ability in IMO's ship manoeuvrability standards is
reviewed from the viewpoint of safe operation.

In this paper the authors review the manoeuvrability standards particularly focussing the
criterion for the yaw-checking and course-keeping ability. Three types of actual-ship (the
authors take three types of original actual-ship built in Korea recently) are taken as tested
model. Assumed series-ships which have different instability on course systematically, are
generated from the actual-ships. The numerical simulation on Z-test is carried out in order
to examine the correlation between known manoeuvrability and various kinds of overshoot
angle. Next, using the assumed series-ships, simulator experiments are executed in situation
of curved, narrow waterway by five pilots in order to examine the correlation between
known manoeuvrability and subjective rating scale evaluated by pilots. Three kinds of
IMO's criterion concerning yaw-checking and course-keeping ability are discussed in view
of degree of manoeuvring difficulty.
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Nomenclature

Stability discriminant term

Moment of inertia about the 2z axis

Added mass of inertia about the z axis

Turning ability indication

Mass of ship

Added mass in the yx direction

Added mass in the y direction

Yaw moment acting on a hull

Yaw moment acting on a hull induced by propeller
Yaw moment acting on a hull induced by rudder
Yaw moment acting on a hull induced by tugboat
Yaw moment acting on a hull induced by wind
Angular velocity

Quick response & stability indication

Quick response & stability indication

Quick response indication

Longitudinal component of apparent Current velocity apparent velocity

Lateral velocity

velocity of current



Distance from midship to center of gravity

Longitudinal force acting on a hull induced by a propeller

Longitudinal force acting on a hull

Longitudinal force acting on a hull induced by a rudder

Longitudinal force acting on a hull induced by a tugboat

Longitudinal force acting on a hull induced by a wind

Lateral force acting on a hull

Lateral force

Lateral force

Lateral force

Lateral force

Greek symbols

x coordinate

Rudder angle

acting on
acting on
acting on

acting on

of center

a hull induced by propeller
a hull induced by rudder
a hull induced by tugboat

a hull induced by wind

of m,

Relative angle of current

Heading angle

Time derivative

Non dimensional sign
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ABILITY TEST CRITERIA

Turning ability

Turning test with
max. rudder angle

Advance < 4.5L
Tact. Dia. < 5.0L

Initial turning ability

10 deg Z-test

Distance ship run before 2nd rudder

execution < 2.5L

Stopping ability

Stopping test with
full astern

Track reach < 15L

Yaw-checking ability
and

Course—keeping ability

10 deg Z-test

- First overshoot angle

- Second overshoot angle

10 deg, if L/V is less than 10sec

20 deg, if L/V is 30 sec. or more.
(5+1/2(L/V)) degrees,

if L/V is 10sec. or more but less
than 30sec.

values for the first overshoot angle

by _more than 15deg

20 deg Z-test

First overshoot angle < 25

Table 1 IMO'’s Interim Standards for Ship Manoeuvrability
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Table. 2

Principal Dimensions

Training ship

Container ship

Bulk carrier

(3,700 GT) (4,300 TEU) (207,000 DWT)

Hull

Length over all Loa (m) 102.7 283.0 311.47
Length bet. per. L (m) 93.0 274.0 300.0
Breadth B (m) 14.5 32.25 50.0
Depth D (m) 7.0 21.7 25.7
Draft d (m) 52 135 18.0
Trim T (m) 0 0 0
Block coef. Cs 0.604 0.65 0.8388
Prismatic coef. Cp 0.635 0.66 0.8401
Radius of gyration about z—axis k. L, 0.24 0.24 0.25
Longitudinal center of gravity

from midship x6/L,, 0.006 -0.026 0.022
Rudder

Area Ag (m%) 10.11 57.3 86.2
Height H (m) 4.4 10.9 13.2
Aspect ratio 1.63 1.758 1.717
Area ratio Ar/Ld 1/47.8 1/64.6 1/62.6
Propeller

Diameter D (m) 3.55 7.8 8.7
Pitch Ratio (at 0.7R) P/D 0.801 1.130 0.713
Expanded area ratio 0.62 1.0 0.4
Number of Blades 4 6 4

_13_




X/L 5 — X/L 6 —

5 |
4 —
| -
3 — |
— 3 —
5 | |
- 2 ]
1 — 1
0 \ \ \ \ \ 0 T T T
0 1 2 3 4 5 0 1 2 3 4 5 6
Y/L Y/L
Hannara Turning Test V = 15knot Container Ship Turning Test V = 23.5knot
X/L 4 —
3 —
2 —
1 —
0 | | | |
0 1 2 3

Y/L
Bulk Turning Test V = 13.5knot

Fig. 7 Turning test

_14_



Fig. 8 Spiral Test
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2nd overshoot angle of 10 deg Z-test
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1st overshoot angle of 20 deg Z-test
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Fig. 19 Captured 3D view seen from bridge of training ship
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Fig. 20 Captured 3D view seen from bridge of container ship
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Fig. 21 Captured 3D view seen from bridge of bulk carrier
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Fig. 22 Actual front-view seen from bridge mock-up of present simulator
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(a) Training ship
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(b) Container ship
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(c) Bulk carrier

Fig. 23 Trajectories of assumed series-ships during the simulations
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Fig. 24 Averaged-root-mean square values of lateral deviations
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2nd overshoot angle of 10 deg Z-test
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1st overshoot angle of 20 deg Z-test
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Fig. 28 Averaged subjective evaluation rating scale marked on IMO’s
standard diagram
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