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Practical Gain Tuning Method for Ship’s Autopilot at Sea
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The classical controller is still used for ship’s autopilot system as a basic controller and should be tuned the gains
appropriately. Ziegler and Nichols ultimate sensitivity method is well known as the simplest method for PID tuning.
The method should be carried out experiment to occur self-oscillation in the stability limit and found out the critical
gain and the critical period in point. The critical gain can be calculate using the parameter of ship’s maneuvering
index and rudder actuator. However, the method has a formidable risk for experiments. The ship’s course or rudder
angle cannot be predictable until experiment is conducted, therefore the safety of experiment is not protected. In
addition, if the calculated critical gain is incorrect, the rudder angle and ship’s course increase.

This paper describes the practical method for tuning PID using relay control. The limit cycle method is effective.
In this method, using the relay feedback control, and experiments are conducted safety and easily. The limit cycle is

occurred based on safe rudder angle which is set in advance, and the describing function of relay control and the period

of the limit cycle is equal to critical gain and critical period respectively.
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Wakashio-maru
Length ovar all 53.59 [m]
Breadth 10.00 [m]
Gross tonnage 231 [ton]
Draft 3.20 [m]
Navigation speed 12.5 [knot]
Engine power 1300[PS]
Engine speed 390 [rpm]
Propellor CPP
Rudder Schilling rudder
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Time Constant T 7.38[ sec]
Nomo Gain K 0.13 [1/sec]

Time Constant of
. 336 sec]
Steering Gear Tr
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Gain of P Gain of I | Gainof D
Kp Ti Td
P 0.5Kc
PI 0.45Kc 0.83Tc
PID 0.6Kc 0.5Tc 0.125Tc
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