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Comparative Studies of Autopilots on a Fishing Vessel

——Conventional Analogue A/P and New Digital A/P

Keiichi Karasuno*, Shigeo Kawasaima**, Katsuo Yur**

Abstract

This paper describes test results concerning course-keeping performance, using a conven-
tional analogue-type autopilot (CONV. A/P) and a direct digital control type autopilot
(DDC A/P) on a fishing vessel 1,119 GT..

The DDC A/P was of a model reference adaptive type, and for the sake of the
performance tests a CONV. A/P was used together with it on the same vessel.

Conclusions from the experiments are as follows :

1) The DDC A/P on board showed stable performance without being damaged.

2) System identification due to MRAS method of the ship’s maneuverability was
carried out by Nomoto’s K, T mathematical model and the K, T results were obtained
accurately by means of 5 deg. or 10 deg. zig-zag tests.

3) The DDC A/P was superior to the CONV. A/P in that it showed less rudder
movement while keeping the course.
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Fig. 1. Block diagram of direct digital control autopilot (DDC A/P).
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Fig. 2. Arrangement of instruments for experiments.
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Table 1. Principal particulars and condition of the ship for the test

9/18 10:30
Relative Wind
15 a/s, 0

Rolling Angle
22 deg.

Fig. 3. Sea route and weather during experiments.

MODEL SHIP

Length between perpendiculars 60.5 m
Breadth 11.0 m
Depth 540 m
Draft 4.31 m
Displacement 1,803 ton
Gross tonnage 1,119.7 GT.
Block coefficient 0.611
Fore draft (test) 2.65 m
Aft draft (test) 467Tm
Mean draft (test) 3.66 m
Displacement (test) 1,430 ton
Type of propeller C.P.P.
Blade numbers of propeller 4
Diameter of propeller 2.75m
R.P.M. of propeller shaft (test) 210
Pitch angle of propeller blades (test) 20 deg.
Ship speed (test) 11.3 knot
Height of rudder 3.00 m
Area of rudder 6.00 m
Rudder area ratio AR/Ld (test) 1/36.9
7
RUDDER ACTUAL YO,
SHIP
v +
C

31 8:50

i A

4 K

(1+78)S

BLOCK DIAGRAM OF MRAS IDENTIFICATION
Fig. 4. Block diagram of system identification

for ship.
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Fig. 5. Time histories of 10 deg. zig-zag test Fig. 6. Time histories of 5 deg. zig-zag test
for system identification. for system identification.
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Fig. 7. Time histories of steering motions for Fig. 8. Time histories of steering motions for
course-keeping by DDC A/P. course-keeping by CONV. A/P.
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Table 2. Standard deviations of yaw and rudder angles on course-keeping motion

for autopilots

Ttem DDC A/P CONV. A/P
Yaw angle Standard deviation 0.8 deg. 0.7 deg.
Rudder angle Standard deviation 0.4 deg. 1.0 deg.
Mean value —1.2 deg. —1.1deg.
Performance criterion by Koyama 0.00049 rad?. 0.0020 rad?.
(Increase of ship resistance)
POUER SPECTRUM
Yol £¢BI RUDDER [4B1
i f‘ O ww o
% . AP .
" _I Y
\\. AV IO
AN af 1IN
D AP RN L \f\\
0 o} ATV \\,/“\/
-28 . -20 :
6.9 0.1 8.2 6.0 el a2
FREQUENCY [Hz) FREQUENCY hiz]

Fig.9. Power spectrums of DDC A/P and CONV. A/P for course-keeping motions.
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