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Abstract

When an automatic course keeping is introduced, as is quite popular in modern navigation, the closed-loop
control system consists of autopilot device, power unit, steering gear, ship dynamics, and magnetic or gyro
compass. We derive mathematical models of each element of the automatic steering system.

We provide a method of theoretical analysis on the propulsive energy loss related to automatic
steering of ships in the open seas, taking account of the on-off(non-linear) characteristics of power unit.
Also we paid attention to non-linear element installed in autopilot device, which is normally called
weather adjuster. Next we make numerical calculation of the effects of autopilot control constants on the
propulsive energy loss for two kinds of ship, a fishing boat and an ore carrier. Realistic sea and wind
disturbances are employed in the calculation.
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Table 1 Principal particulars of ships

items ore carrier | fishing boat

HULL
Length B.P. L (m)| 2470 2190
Breadth B (m)| 406 630
Mean draft d m!| 160 25
Trim T (m)] 00 00
Block coefficient Ci o83 0633
Midship section coefficient  Cu 09975 0955
Rudder
Height H(m)| 9% 20
Area ratio Aw/Id 160 1765
Aspect ratio X 15 17
Propeller
Diarreter D(m| 65 19
Pitch ratio PO 06 10
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Fig. 5 Body plan and hull end profiles(fishing
boat)

Table 2 Coefficients of characteristics of ship
dynamics, steering gear and power

unit
items ore carrier fishing boat
ayy 0.0282 0.0453
a, 0.8290 0.6166
A 0.1316 0.3008
T, 6.86 2.45
T, 0.35 0.29
T, 0.78 0.72
K 2.48 2.05
Tk 25 sec 25 sec
| & | 3.0 deg/sec 30 deg/sec
28, 1 deg 1 deg
& 2 deg/sec 2 deg/sec_—’
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Fig. 8 The effect of filter time constant on

propulsive energy loss (fishing boat,
Kp=0.5, b= 1.0deg)

Fig. 10 The effect of weather adjuster on
propulsive energy loss (fishing boat,
T. = 10.5sec, Kp= 0.5)
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Fig. 9 The effect of filter time constant on
propulsive energy loss (ore -carrier,
Kp=0.5, b= 1.0deg)
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Fig. 13 The effect of rudder gain on pro-
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