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Design of PID Controller for
Marine Diesel Engines using RCGA

Myoung -Sung Choi

Department of Marine Engineering, Graduate School

Aorea Maritime University

Abstract

The Proportional Integral Derivative(PID) controller has conducted and
developed as it has been used widely all over the industrial sites based on
lots of researches. There is no exception in shipbuilding industry, most of
the ship diesel main engines and engine room machineries are currently
operated by the PID control mechanism.

As our industry has developed and increased the level of high-technology,
many suggestions have appeared to upgrade the PID controller. Most of
them are mainly based on exXperiences and experimentations. As a result,
tuning of PID controller depends on designer's experience and intuition.
Closed loop tuning method of Ziegler and Nichols(Z-N), Open loop tuning
method, Cohen-Coon(C-C) tuning method and IMC tuning method are well
known to us.

A different approach is in progress in tuning the PID controller with
optimal conditions using Genetic Algorithm(GA) in this work. It adopts on
evaluative function. This scheme deals with tuning PID controller in
accordance with changing set up speed of diesel main engine for ships.

This controller can not use directly Ziegler—Nichols’s open loop tuning
method because it 1s expressed in a 4th differential equation. In accordance

with the terraced change of setting up, we have the same model as original



system. Because models have similar property of reply. From the modeling

point of view, we can get parameters of the model in the reply of process.
The proposed method can help solving the problem of tuning PID

controller. Simulation results showed the effectiveness of the proposed

scheme.



Nomenclature

B Coefficient of friction

€p Back em.f.

1a Armature current

it Field current

Je Inertial moment of main diesel engine
Jm Inertial moment of a DC actuator motor
K Normal gain

Ka Gain of amplifier

Ky Back e.m.f. coefficient

K. Normal gain of combustion system
Ko Critical gain

Kp Derivative gain

Kg gain of diesel engine

K Integral gain

Kn Kp Proportional gain

K Gain of revolution system

K Torque constant

K, Ball-screw mechanism constant

Kra Feedback gain of tacho-generator

L Time delay of combustion system

La Armature inductance

N Rotational frequency of main diesel engine
n Cylinder number of main diesel engine
Per Critical cycle

Qe Driving torque of main diesel engine
ai Load torque

Qs Frictional torque

Ra Armature winding resistance

T Time constant

_iv_



T Time constant of combustion system

Ta Derivative time

Ti Tx Integral time

T: Time constant of revolution system
T Torque of DC actuator motor

Vi Voltage supplied

u Control input

z Rack position of fuel oil pump
Greek

v Air gap flux density

T Time constant

O Rotor angle of DC actuator motor
W, Speed of revolution

Wy Angular velocity of DC actuator motor
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Fig. 2.1 Speed control system of marine main diesel engine
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Table 2.1 Characteristics of a main diesel engine

Parameters Value Description Unit
N ax 65.00 Max. engine speed [rpm]
N in 19.00 Min. engine speed [rpm]
Z max 80.00 Max. rack position [%]

Z min 20.00 Min. rack position [%]
Tg 1.85 Time constant [s]
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Fig. 2.2 Z-N graph of marine diesel engine
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Table 2.2 Parameters of main diesel engine

Engine speed [rpm] 20 30 40 50 60

L [s] 1.35 0.9 0.68 0.54 0.45

Kg [rpm/mm] | 20/20.61 | 30/28.36 | 40/39.24 | 50/53.21 | 60/70.29
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Fig. 24% 7718 A8 AFolol8 Az e el PI Ao}/ &
o300l E] ZE4 Ao]7]o]th Table 23& olul AH&E o]zl oo ojE] A
97 FAES sebug ge vEd el

Table 2.3 Parameter of an actuator system

Symbols Description Value Unit
R, Armature winding resistance 0.25 [V/A]
L, Armature inductance - [H]
T, Torque of DC actuator motor - [N'm]
o Rotor angle of DC actuator motor - [rad]
o Angular velocity of DC actuator motor - [rad/s]
K. Torque constant 0.42042 | [N'm/A]
K, Back emf coefficient 0.42042 | [V-rad/s]
Ky Ball-screw mechanism constant 0.000796 | [m/rad]
K¢ | Feedback gain of tacho-generator 0.03184 | [V-s/rad]
I Inertial moment of DC actuator motor 0.002214 | [N'm-s?]
Ka Gain of amplifier 10 -
Ky Proportional gain 4 -
Ty Integral time 0.5 [s]

_12_
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Fig. 2.6 Block diagram of marine main diesel engine system
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Fig. 2.7 Block diagram of state variable
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Table 2.4 Estimated parameters of over-damped system

20 — 30 1.057 1.869 1.32
30 — 40 1.019 1.877 0.88
40 — 50 0.939 1.883 0.64
50 — 60 0.854 1.887 0.52
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Fig. 3.2 Reaction curve for unit step input

Table 3.1 Ziegler®} Nichols7} Al¢tsk A 1WH el F x2S veldU[11].

Table 3.1 First method of Ziegler-Nichols tuning rule

Type of controller K, T; Ty
P T/KL o 0

PI 0.9T/KL 0.3/L 0

PID 1.2T/KL 2L 0.5L
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Fig. 3.3 Closed-loop control system with proportional control

Table 3.2 Ziegler®} Nichols7} Aotk A2 ¥¥ o F %22 v AH[11].

Table 3.2 Second method of Ziegler-Nichols tuning rule

Type of controller K, T; Ty
P 05 K, 00 0
PI 0.45 K ., /12 P, 0
PID 06 K, 05 P, 0125 p,
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Fig. 34~Fig. 37 Z F#E =2 T3 Z422d3 A Aohadae] &
S A2 vud RHoly, 4 2de ygvEE Table 2.40] YeElW RCGAZF

FAT Fe AT d7tE dEe 4 Rd AevHE FA4F v
=
[¢]

a & kol F R FHo] A dAEE A & F AU
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£ F %3t Tabel 3.37 Table 3.4+ 47 Ziegler-Nichols®] Al 1% 3 2
WS Abgste] 5% PID A7) dEuHE e 9l

Table 3.3 PID controller parameters tuned by Z-N first method

20 — 30 1.32 1.70 1.459 0.553 0.963
30 — 40 0.88 1.05 1.428 0.811 0.628
40 — 50 0.64 0.70 1.396 1.090 0.446
50 — 60 0.52 0.50 1.376 1.367 0.341

Table 3.4 PID controller parameters tuned by Z-N second method

20 — 30 2.60 4.50 1.560 0.693 0.878
30 — 40 3.66 3.71 2.196 1.187 1.014
40 — 50 4.96 2.50 2.976 2.380 0.928
50 — 60 6.57 2.01 3.942 3.940 0.985
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Fig. 3.4 Responses of the estimated model for 20 to 30[rpm]
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Fig. 3.5 Responses of the estimated model for 30 to 40[rpm]
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Fig. 3.6 Responses of the estimated model for 40 to 50[rpm]
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Fig. 3.7 Responses of the estimated model for 50 to 60[rpm]
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Fig 3.8 Optimal tuning of the PID controller using a RCGA

Fig. 3.9~Fig. 3.12= RCGA7} Alojeh7o] 3] d4 Wate] utel PID Alo)7] 3t
g HE A7t FAS HolFa k. AlEdeld 23 100 AvE A5
ol HAe gevHE FHa A5 & 5 Atk Table 35 RCGA®l 7] =3
PID Ajo}7] setv|H S vEbd T

Table 3.5 PID controller parameters tuned by RCGA

parameters KP KI KD
Engine speed[rpm]
20 — 30 0.8495 0.0015 0.4826
30 — 40 1.3601 0.0000 0.5473
40 — 50 1.9627 0.0000 0.6512
50 — 60 2.8431 0.0000 0.6961
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Fig. 3.9 Tuning results for 20 to 30[rpm]
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Fig. 3.10 Tuning results for 30 to 40[rpm]
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Fig. 3.11 Tuning results for 40 to 50[rpm]
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Fig. 3.12 Tuning results for 50 to 60[rpm]
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Fig. 4.1 Step responses of PID controller based on Z-N method for
20 to 30[rpm]
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Fig. 4.2 Step responses of PID controller based on Z-N method for
30 to 40[rpm]
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Fig. 4.3 Step responses of PID controller based on Z-N method for
40 to 50[rpm]
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Fig. 4.4 Step responses of PID controller based on Z-N method for
50 to 60[rpm]
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Fig. 45 Step responses of PID controller based on RCGA for
20 to 30[rpm]
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Fig. 4.6 Step responses of PID controller based on RCGA for

30 to 40[rpm]
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Fig. 4.7 Step responses of PID controller based on RCGA for
40 to 50[rpm]
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Fig. 4.8 Step responses of PID controller based on RCGA for
50 to 60[rpm]
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