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Effects for reduction of roll motion by the control of steering gear
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Reduction of ship” s rolling is the most important performance requirement for improving the safety of the
crew on board and preventing damage to cargo as well as improving the comfort of the ride. It is a common
experience for mariners, to see that steering with a rudder generally induces rolling of the ship, though the
original aim of the rudder is to keep the ship” s heading to the required course. At the first stage, when a
rudder is steered, usually a ship heels in an inward direction, due to the roll moment acting on the rudder. At
the next stage in steering, the main heel may change to an outward. This coupling between rudder and roll
motion has become an attractive problem from the point of view of roll stabilization using the rudder,
because it is a natural in sight that if the rudder action is skillfully related to the change of roll as well as to
the course deviation, the roll can be reduced to a certain degree. The main aim of this paper is to discuss the
results of the actual full-scale sea trials carried out on steer gear No.l and No.1 - 2, the individual quarter-
master and to make clear their statistical properties, using the actual data which included measurement of
roll angle, roll rate and the comparative tests were carried out immediately after each other, in order to
minimize any statistical variation in sea conditions. It can be concluded that the steer gear No. 1 - 2 reduced
the roll motion on average by about 21% in comparison with the No.1 and confirmed the some difference as

per a ability of quarter-master’ s maneuver.
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Fig. 1. Circuit diagram of Auto-pilot the experimental
ship M/S A-RA.

Table 1. Principal particulars of the experimental ship
M.S A-RA

Kind of ship Fishing vessel
Name of ship M.S A-RA
L.O.A 68.50m

Lpp 60.00m
M.L.D 12.40m
Depth 7.30m

Full load draft 4.76m

Gross tonnage 990ton

Main engine 2,600ps
RPM/pitch 730/36

Ship’s draft fore 3.2m after 4.6m
Ag 7.92m’

Ag/Ld 1/34.1

Aspect ratio 1.55

Steering gear capacity 85T—M
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Table 2. Specifications inclinometer sensor system using
in experimental ship M/S A-RA

Specification of magnetic compass

Model VG440CA , Crossbow
Dimensions (L X W X L) 7.62%9.53 X 6.43cm
Weight 580g
Supply voltage 9to42V
Accuracy <2.0
Heading Resolution <0.1°
Range +180°
Range: roll, pitch +180°, £90°
Attitude Accuracy <0.75°
Resolution <0.1°
Connector 15-pin “D” male
X-axis
Inclinometer Y-axis
Sensor Z-axis
Power

RS232C
Multi port

==

DGPS Position & time
Wind direction [
e

Ship’s heading
gyro signal

Fig. 2. Block diagram of measurement system for
experiment.

Table 3. Sea condition during the field experiment
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Fig. 3. Time histories of roll angles in irregular wave using steering gear No.1, No. 1 and No. 1-2 (Ist test).
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Fig. 4. Time histories of roll angles in irregular wave using steering gear No.1, No.1 and No.2 (2nd test).
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Fig. 5. Time histories of roll angles velocity in irregular wave using steering gear No.1 and No. 1-2 (Ist test).
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Fig. 6. Time histories of roll angle velocity in irregular wave using steering gear No.1, No. 1 and No. 2 (2nd test).
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Fig. 7. Comparison of frequency response of roll angles in irregular wave using steering gear No. 1 and No. 1-2 (Ist &
2nd test).

Table 4. Results of statistical analysis for the experimental ship M/S A-RA

Condition of Roll angle Response spectra at
steering gear No. Significant Standard Average period dominant frequency
(deg.) deviation (sec)

1 0.827 0.541 7.304 0.622 @ 0.145Hz

No. 1 2 2.420 1.417 7.217 1.128 @ 0.126Hz

Average(A) 1.624 0.979 7.261 0.875 deg2 - sec

1 0.660 0.429 7.783 0.719 @ 0.145Hz

No.1-2 2 1.916 1.118 7.683 0.547 @ 0.143Hz

Average(B) 1.288 0.774 7.733 0.634 deg2 - sec
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Table 5. Results of statistical analysis of Roll angles by individual quarter-master with steering gear No.1

Roll angle
Condition of Person Maximum Sienifi Standard A
steering gear name 1gnificant tandar verage
Port Starboard (deg.) deviation period(sec)
(deg) (deg)
Kang J.O 3.367 1.828 1.828 1.048 6.909
Ko S.C 1.818 3.510 1.621 0.815 6.781
Manual
Kim W.G 2.406 3.823 1.798 0.974 7.250
Ko .M 1.593 2.873 1.107 0.661 7.234
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