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ABSTRACT

The aim of this study is to design a sliding mode controller (SMC) for DC-AC
converter to track the desired AC voltage under load variation. In order to design the
controller, a set of differential equations describing the plant need to be established
to obtain state-space equation of the system. The state variables of the control system
are the variables which come from the energy storage elements, such as the inductor
current or capacitor voltage. In converters, the level of current is a function of load
and most of the time is nonlinear. The suggested controller does not need current
sensors and only the desired AC voltage is used as reference. Variation of resistive
load is considered as uncertainty and it causes that system to become unstable, so
that output voltage has not the ability to track reference sinusoidal voltage. The effect
of load changing on the system is compensated effectively by SMC. Two indices are
considered for measuring the existing error between output and reference voltage
which are integral of absolute error (IAE) and integral of total control power (ITCP).
Also, two gains from SMC are optimized by using GA optimization technique in
order to minimize the error. Finally, the results are compared with existing PID
controller which is implemented to the system. From simulation, it is observed that
SMC is more robust, fast and stable against perturbations in contrast to PID

controller in DC-AC converter.
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ABSTRAK

Tujuan kajian ini dijalankan ialah untuk merekabentuk sebuah pengawal
berterusan yang dinamakan sliding mode controller (SMC). Pengawal ini digunakan
untuk menjadikan penukar single-phase aras teras (DC) — aras alayalik (AC)
menjejaki voltan AC yang diingini dengan perubahan beban. Untuk mereka-bentuk
pengawal tersebut, satu set persamaan pembezaan yang menerangkan sistem kajian
perlu diwujudkan mengikut hukum KCL dan KVL. Seterusnya, set persamaan
pembezaan matematik ini digunakan untuk mendapatkan persamaan state-space
sistem kajian tersebut. Sebagai satu sistem fizikal, pemboleh ubah keadaan sistem
kawalan ialah elemen penyimpan tenaga seperti arus induktor atau voltan kapasitor.
Projek ini membentangkan kerja pemodelan matematik dan simulasi dwikutub PWM
yang diaplikasikan kepada satu DC-AC satu fase (inverter) sebagai skema suis
kawalan. Seterusnya, projek ini juga membentangkan kaedah merekabentuk SMC
untuk mendapatkan nilai voltan AC yang dikehendaki dalam pengeluaran dengan
beban yang di variasi kan. Pengawal yang dicadangkan ini mempunyai ciri-ciri
berikut: pertama, pengawal yang terhasil adalah sangat mudah untuk dilaksanakan,
tidak perlu sensor semasa dan hanya voltan output yang dikehendaki digunakan
sebagai rujukan. Di samping itu, ia mempunyai tindak balas yang cepat dan teguh di

bawah beban yang variasi.
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CHAPTER 1

INTRODUCTION

1.1 Power electronics

Power electronics is used to change the characteristics of electrical power to
suit particular applications in the case of current and voltage magnitude or/and

frequency. This is the technology that dealing with different branches of learning.

Some applications of power electronics are in transportation (electrical
locomotives), utilities (HVDC), industrial (motor drive systems), consumer products
(air conditioning) and medical equipment.

Power conversions are divided to AC-DC converter (rectifier) which converts
input AC to variable magnitude DC, AC-AC converter that input AC converts to
variable magnitude variable frequency AC, DC-AC converter (inverter) that converts
input DC to variable magnitude variable frequency AC and DC-DC converter that
input DC converts to variable magnitude DC.



1.2 DC-AC converter

Inverter is an electrical instrument which transforms direct current/voltage
(DC) to alternating current/voltage (AC); the converted AC can be at any demanded
voltage and frequency with the use of proper transformers, switching, and control

circuits. A physical DC-AC converter is shown in Figure 1.1.
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Figure 1.1: Physical DC-AC converter

Inverters can be discovered in a diversity of shapes, including full bridge or
half bridge, three phase or single phases. They must control the frequency and
magnitude of the output voltage. This is performed by Pulse Width Modulation of

the converter switches and therefore such converters are called PWM converters.

Basically, PWM converters have a constant DC voltage in the case of
magnitude. Also, magnitude and frequency are controlled by AC output voltage. The
PWM is the most imperative part of a DC-AC conversion system. Furthermore, it
must also have the ability to improve from transients caused by external disturbances

as rapidly as possible.



There exist many types of inverters such as square wave, modified sine wave,
pure sine wave, resonant, synchronous, solid state and so on. Solid-state inverters are
used in a wide variety of applications, from small switching power supplies in
computers, to large electric utility high-voltage direct current applications that carry
bulk power. They are also used to supply AC power from DC sources like batteries

or solar panels.

Some of other inverter’s applications are AC machine derive, uninterruptible
power supply (UPS), machine tools, induction heating, locomotive traction, static var
generation (power factor correction) and photovoltaic.

1.3 Single Phase Full Bridge Inverter

These days, with the rapid reproduction of power converters connected as
loads, a PWM DC-AC converter is essential to transport non-linear output current
[1]. A single phase inverter circuit and its output example is illustrated in Figure 1.2.
It contains of four switching element which are labeled as S1, S2, S3 and S4. The
processes of single phase full bridge converter can be separated into two states.
Usually, the switches S1 and S4 are turned on and retained on for one half period and
S2 and S3 are turned off at the same time. At this state, the output voltage through
the load is equal to+V,;, . When S2 and S3 are turned on, the switches S1 and
switches S4 are turned off, then at this stage the output voltage is equal to —V,.. The
output voltage will vary consecutively from positive half period and negative half

period.
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Figure 1.2: Single phase converter topology and its output example

The DC-AC converter takes power from a DC source (voltage or current) and
transports to an AC load. The output variable of the inverter is a low distortion AC
voltage or AC current of single-phase.

1.4 Overview on Sliding Mode Control (SMC)

Many techniques to design Variable Structure Systems (VSS) are based on
sliding mode. VSS with SMC was first proposed and expanded in the early 1950’s in

the Soviet Union by Emelyanov and several co-researchers [1].

Nonlinear system model may come from the determined choice of a
simplified demonstration of the system’s dynamics or from actual uncertainty of the
plant (e.g., unknown plant parameters). Control of nonlinearity is one of the main
problems in control science. Stability in control is one of the most significant
approaches to deal with model uncertainty where the method can resolve this

problem by unidentified disturbances of the system or modeling the errors.



SMC is an important robust and stable control approach that is introduced for
nominal and uncertain model. To protect the stability of the system, SMC provides a

organized approach for the class of the system that it has been applied.

There are two key factors which must be considered in the SMC. The first
one is sliding manifold that is used to switch between different configurations.
Switching manifold which is a chosen manifold that system state is forced to move
along, should be used to determine the closed loop system performance [2]. The

other one is control rule which can retain and force the states remain on the manifold.

Figure 1.3 displays an example trajectory of a system under SMC. The
sliding surface is described by s = 0 and the sliding mode along the surface starts
after the finite time when system trajectories have reached the surface. In this figure,
phase plane trajectory of a system being stabilized by a sliding mode controller. The
system states "slides” along the line s = O after the initial reaching phase. The
specific s = 0 surface is chosen because it has desired reduced-order dynamics when
forced to it. In this case, s = x; + x; = 0, relates to the second-order system x; =

—x1, Which has an exponentially stable source [2].

X1
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Figure 1.3: Graphical interpretation



1.5  Importance of SMC

The most attractive characteristic of SMC are robustness and invariance to
uncertainties. These situations are available when the unbounded switching on the
sliding surface is possible. However, this is not possible in practical conditions
because of parasitic dynamics such as external disturbances. These parasitic
dynamics signify the fast actuator and sensor dynamics which are frequently
disregarded in the open-loop model used for control design [2]. Insensitive to a
specific class of uncertainty for closed loop response, stability and good dynamic
response are some advantages of SMC as reported in many established literatures [2],
[7] and [19].

In this search, the procedure of control is such a way that the inverter output
voltage (i.e. load voltage) will be compared at each stage with the reference voltage.
The achieved error, is given as input to the SMC, and the controller output will
effect on four pulses with appropriate changing of their duty cycles as can be seen in
Figure 1.4. Due to this change the output voltage will be maintained constant during

the loading conditions.
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Figure 1.4: A single phase inverter with SMC



1.6  Statement of the problem

The argued problem is that with the load variation at the AC side, the amount
of amplitude and frequency of output AC voltage will be changed, because output
voltage is directly affected by the load variations as its uncertainty. This cause that
output voltage cannot track the reference voltage and system become unstable.

There are several weaknesses to the design SMC for DC-AC converter. One
of them is that, although it can be designed suitable controller parameters, but
sometimes it requires time-consuming trial-and-error procedures. To remedy this
problem, genetic algorithm (GA) optimization is proposed to optimize the parameters
also, reduce the power of controller signal (ITCP) and integral absolute error of

output signal (IAE) in this study.

1.7  Objectives of the study

The objectives of this work are listed as follows:

1. To derive the mathematical model for DC-AC converter.

2. To design a suitable SMC with the aim of tracking reference voltage

beside load variation presented as uncertainty.

3. To optimize the parameters of controller with GA optimization technique

in order to minimize the error between reference and output voltage.

4. To simulate the results and compare them with existing PID controller.



1.8  Scope of Study

In this project the scopes of work are given as follows:

1. Steady-state model of DC-AC converter is re-derived.

2. SMC is designed with considering load as uncertainty.

3. The controller parameters are optimized by GA optimization techniques.

4. Designed controller is verified in MATLAB simulink environment.

5. Results are compared with existing PID controller.

1.9  Chapter summary

In this chapter, a brief introduction about the power electronics and DC-AC
conversion system and their applications are discussed. Also, an introduction about
the importance of SMC in variable structure systems (VSS) such as converter

systems is presented. Finally, the objective and scope of this project is demonstrated.
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