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Design of Speed Controller for DC Motor Using RCGA

Woo-Chul Choi

Department of Mechatronics £Engineering, Graduate Sc/ool

Aorea Maritime University

Abstract

Over the past 60 vyears, the PID(Proportional-Integral-Derivative) controller
has been especially popular in industrial processes, such as chemical, petroleum,
power, manufacturing industries, DC motors due to its simple structure and
robustness. Since the performance of the PID controller depends highly on its
three parameters, the proper tuning of the parameters is required to guarantee
acceptable control performance. Therefore, a number of tuning methods based
on experience and experiment, such as the Ziegler-Nichols method, the
Cohen-Coon method, the IMC method, and the Lopez-ITAE method have been
proposed to obtain parameters for the PID controller.

DC motors are also widely used in many industrial fields as the actuator of
the robot and the driving power motors of the electrical vehicles.

In this paper, a methodology for designing a controller for speed control of
DC motors is presented.

Firstly the parameters of a given DC motor plant are identified using the
model adjustment technique and the real coded genetic algorithm(RCGA).
Secondly three parameters of PID controller are also tuned using RCGA.

The two processes are combined for the speed control of a DC motor.

Finally the effectiveness of the proposed controller is wverified through

computer simulation and experiment to a DC motor system.



Nomenclature

error

Back emf of DC motor

Friction (coulomb, viscous) coefficient of DC motor
Armature current of DC motor

Field current of DC motor

Objective function

Inertial moment of the armature of DC motor
Gain of DC motor

Back emf coefficient of DC motor

Derivative gain

Air gap flux constant

Integral gain

Proportional gain

Torque constant of DC motor

constant

Time delay

Armature inductance

Population size

Crossover rate

Mutation rate

Armature winding resistance

Torque of DC motor

Derivative time

Integral time

Control input of DC motor system and adjustable model
Control input voltage of DC motor

Rotor angular velocity of DC motor



Rotor angular velocity of adjustable model
Reproduction constant
Time constant

Air gap flux
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Table 3.1 Z-N open-loop tuning rule

0.25L & AFg-3sF il T

- 14

Prameter
K, T, T,
Cotroller
Tunin
& L2 2.0L 0.5L
rule
Table 3.2 Cohen-Coon tuning rule
Prameter
Kp Ti Td
Cotroller
L
Tuning - (é_,_L) L32+67 L 4 -
rule L3 4r 13+8% 11422
Table 3.3 IMC tuning rule
Prameter
K, T, T,
Cotroller
Tuning 27+ L T+L 7L
rule 2K(A\+L) 2 (2r+1L)
Table 3.4 L-ITAE tuning rule
Prameter
K, sy T,
Cotroller
Tuning 0.965 /T \ 0.550 T L\ o0
(_)OA&»[ L 0.308 (=) 0.929
rule K 'L 0.769 — 0.1465 (=)
o K Aaols




Table 3.5 PID parameters using various tuning methods

Tuning Parameters
methods K, K, Ky
Z-N 0.030000 3.750000 0.000060
C-C 0.033646 3.490249 0.000048
IMC 0.020500 0.250000 0.000040
L-ITAE 0.015390 0.151700 0.000293
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Fig. 3.3 Tuning of PID controller using RCGA
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Speed [rpm]

Control input [V]

Fig. 4.1 Step responses and control inputs of IMC and L-ITAE controller
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Fig. 4.3 Step responses and control inputs of IMC and L-ITAE controller
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4.4 Step responses and control inputs of RCGA and Z-N controller
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Speed [rpm]

Control input [V]

2000

(a) Step response

(b) Control input

Fig. 4.5 Step response and control input of RCGA controller
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Fig. 4.6 Response and control input of RCGA controller to reference input
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Fig. 4.8 Step responses and control inputs of IMC and L-ITAE controller
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Fig. 4.9 Step responses and control inputs of RCGA and Z-N controller
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Fig. 4.10 Step responses and control inputs of IMC and L-ITAE controller
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Fig. 4.11 Step responses and control inputs of RCGA and Z-N controller
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Fig. 4.12 Step responses and control inputs of IMC and L-ITAE controller

_33_



1600
1400
g_ 1200
o ]
@
<
n 1000
800 <
600 : : : : : : :
0 1 2 3 4
Time [s]
(a) Step responses
=
5
o
£ 5 i
T 00 SRR Tl IR
= :
[
S i
@)
0 e Y
1.0 : i : i : : :
0 1 2 3 4

(b) Control inputs

Fig. 4.13 Step responses and control inputs of RCGA and Z-N controller
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Fig. 4.14 Step responses and control inputs of IMC and L-ITAE controller
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Fig. 4.15 Step responses and control inputs of RCGA and Z-N controller
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Fig. 4.16 Step response and control input of RCGA controller
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Fig. 4.17 Step response and control input of RCGA controller
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Fig. 4.19 Step response and control input of RCGA controller
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Fig. 4.20 Response and disturbance of RCGA controller
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