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ABSTRACT

The Direct Current (DC) motor speed (@) or current (I) controls based on
Variable Structure System (VSS) is presented in this thesis. It deliberates about the
introduction the Sliding Mode method to produce a good dynamic and steady state
behavior of the DC motor drive. Switching function estimation mode which is based on
the control error of speed and armature current information is being discussed.
Furthermore, the external torque which is unmeasurable can be estimated by using the
information from current and speed. In additional, it also shows the comparison
Proportional Integral (PI) control and Sliding Mode Control (SMC). The simulation
result of the SMC show that system motion is as it was predicted from theoretician

analysis.
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CHAPTERI1

INTRODUCTION

1.1 OVERVIEW

In industry, Direct Current (DC) motor is an important part to control variable
such as speed (@), torque (T), position (#) and armature current (i,). Examples of
industrial equipment that use DC motor are conveyer, robot arm and DC switching
power converter. However, the problem that arise when using DC motor are steady state
error, low response and high percentage overshoot. For solving this problem, a
Proportional Integral (PT) controller was designed but PI controller is very sensitive to
the controller gains proportional and integral [4]. As a result, Sliding Mode Control
(SMC) technique appeared to solve this DC motor problem [3]. SMC is very suitable
because it is insensitive to system parameter variations, making very attractive for
excellent performance and easy implementation [5]. For speed and current, it can be

controlled accurately by using a simple control algorithm.

This thesis explains about robust control of DC motor drive using Sliding Mode
Control (SMC). First, the switching function constructed based on the error between
references and actual of the controlled variable such as torque and speed. To get an
estimation load torque, a simple estimation using Luenberger Observer will also be
discussed [5]. The robustness of the system using SMC is verified by comparing the
performance of the system with a DC motor drive using PI controller. The design of the



system and performance analysis are performed using SIMULINK-MATLAB. At the

end, simulation result are presented for the improved theory.



1.2  OBJECTIVES

The objectives of this research are as follows:-

i.  To control Direct Current (DC) motor on its speed (o) and torque (T) to
reduce robust control, fast transient response, minimum overshoot and good
dynamic response using Sliding Mode Control (SMC).

ii. To simulate DC motor speed control and torque control using
MATLAB/Simulink.

iii.  Compare between Proportional Integral (PI) control and SMC method to get
the best controller for DC motor.

iv.  To estimated load torque ( T, ) of the drive using Luenberger Estimation.



1.3

SCOPE OF PROJECT

The work undertaken in this project is limited to the following aspects:

ii.

iii.

iv.

To design a proper controller (Sliding Mode Control) for torque (T) and
speed (@ ) control of Direct Current (DC) motor.

Simulation work using MATLAB/Simulink as a platform to prove the
effectives of designed controller.

The Sliding Mode Control (SMC) will be designed as described in Asif
Sabanovic (1988) and Auzani Jidin (2004) [3] [5].

The Proportional Integral (PI) control will be designed to compare
performance with SMC.

Luenberger Estimation methods have been implemented to estimate load

torque.



14

RESEARCH METHODOLOGY

The research work is undertaken in the following this section:

ii.

1ii.

iv.

Vi.

Vii.

The literature reviews important to get information, materials and data for
this research. Many materials will be used for get information about thesis
such as paper, journal, books and internet.

Study and understand about Direct Current (DC) motor characteristic as a
guideline to design block for DC motor.

Design of a Sliding Mode Control (SMC) for torque and speed control of DC
motor.

Perform simulation for SMC torque and speed in DC motor drives.

Design and perform simulation for load torque using Luenburger Estimation.
Comparison results SMC with Proportional Integral (PI) control.

Design of a Proportional Integral (PI) control for get performance of speed
and torque using MATLAB/Simulink.

Performances of the SMC and PI Control will be comparing to get best

controller.
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Figure 1.1: Flow chart of methodology project



1.5 THESIS LAYOUT

The rest of the project’s chapters are organized are as follows:

Chapter 2 review the basic of Direct Current motor (DC motor) theory along
with the modeling of DC motor and its equivalent transfer function or equation. Beside,
this chapter will explain the method to make simulation from designing block DC motor
until getting the relevant result. The modeling and equation of DC motor have already
been explained well. The DC motor needs a controller to produce a good performance.
The basic at DC motor was designed to use at simulation for Sliding Mode Control
(SMC) and Proportional Integral (PI) controller. The Sliding Mode Control (SMC) will

discuss in the Chapter 3 to continue this thesis.

Chapter 3 gives overview about Variable Structure Systems (VSS) using Sliding
Mode Control (SMC). Speed control (@ ) and torque control (T ) technique are briefly
reviewed to give an ideal of the concept and the need for a robust. This chapter, SMC
were designed and mathematically proven. The design of speed control (o, ) and torque

control (o, ) are discussed at this chapter. The SMC equations extensively used for
estimation load torque (T,) are designed. PI controller will be discussing at the next

chapter.

Chapter 4 discuss about PI controller to get speed (o) and torque (T)
performance. This chapter will be discussed how the PI controller values are determined,
the transfer function and the layout of overall system are viewed. After the speed loop
and torque loop was designed, the overall of the PI controller loop will be designed. PI
controller performance will be compared with Sliding Mode Control into Chapter 5.

Chapter 5 reviews main point for this research, about comparisons between
Sliding Mode Control (SMC) with PI control. The simulation results create using
MATLAB/Simulink. The Variable Structure System (VSS) using Sliding Mode Control



(SMC) is a robust control that will give an excellent performance and could control
speed (@ ) or torque (T ) accurately for Direct Current (DC) motor. The objective of this
chapter is to compare the Proportional Integral (PI) controller with the Sliding Mode
Controller (SMC) for DC motor control. Comparison of both controiiers was discussed
in this chapter and it shows that SMC performance better than PI controller. The PI
controller system was very sensitive. The objectives have been achieved for get best

controller.

Chapter 6 gives summarizes and recommendations for future work to continue of

this project are presented at the end of the chapter.



CHAPTERII

DC MOTOR DRIVES

In this chapter, the basic of Direct Current motor {(DC motor) theory will be reviewed
along with the modeling of DC motor and its equivalent transfer function or equation. It
is important to understand the basic of DC motor because DC motor is a main part in
this thesis. Those parts are essential to understand the electric drive. Beside, this
chapter will be explaining the method to make simulation from a design block DC
motor. In addition, this chapter will be introducing about MATLAB/Simulink as an
important simulator to produce the result needed.
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