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Abstract

In recent years, there has been a rapidly growing demand for high quality power
inverter. The inverter performs the opposite function of a rectifier, where it is a
high-power electronic oscillator, which converts DC to AC in different shapes.
In light of this fact, this thesis will present the analysis and design of fuzzy
logic control (FLC) of a single-phase voltage source inverter with the utilization
of an L-C filter and voltage sensor. It also presents a comparative study
between classical Pl (proportional integral) controller and the fuzzy logic
controller implemented by Matlab simulation. The research simulation results
show that the proposed FLC can reduce the total harmonic distortion (THD)
under linear loading condition.

Hardware design experiment is presented for a 1kVA, 50Hz power inverter
under various loading conditions to demonstrate and validate the proposed

research study.
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CHAPTER 1

INTRODUCTION

1.1 General Introduction

DC/AC inverters are electronic devices used to produce AC power at a
desired output voltage or current and frequency. Inverters are used for many
applications, as in situations where low voltage DC sources such as batteries,
solar panels or fuel cells must be converted so that devices can run off AC
power. One example of such a situation would be converting electrical power
from a car battery to run a laptop, TV or cell phone.

Most inverters do their job by performing two methods: the first method is
converting the incoming DC into AC, then they step up the resulting AC to
main voltage level using a transformer. The second method is converting the
low voltage DC power to a high voltage DC source, then convert high DC
source to an AC waveform by using H-bridge driver.

The terms voltage-fed and current-fed are used in connection with the output
from inverter circuits. A voltage-source inverter (VSI) is one in which the DC
input voltage is essentially constant and independent of the load current
drawn. The inverter specifies the load voltage while the load dictates the
drawn current shape.

A current-source inverter (CSI) is one in which the source input is DC current
hence, the output current is constant and the load impedance determines the
output voltage.

There are many types of inverters that are different in the output sources such
as: square wave, modified sine wave and pure sine wave as shown in figure
(1.1) [1]. The square wave output has a high harmonic content, not suitable to
AC loads such as motors or transformers; therefore, square wave units are

considered as the pioneers of inverter development. A modified square wave
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or modified sine wave inverter is similar to a square wave output except that
the output goes to zero volts for a time before switching positive or negative.
It is simple, low cost and is compatible with most electronic devices.

A pure sine wave inverter produces a nearly perfect sine wave output (less
than 5% total harmonic distortion) that is essentially the same as utility-
supplied grid power [2]. Thus, it is compatible with all AC electronic devices.

The mathematical model used for calculating output voltage of inverter is

U(wt) = )71 Up.sin(nwt) 1.1

Where, @ =2af . f isthe frequency in Hz, t is the continuous time signal

0=r=T and L', isthe amplitude of harmonics.

4
Voltage |
|
|
+ |
Time
Sinewave
d
| Modified 7 4
| squarewave &
e |
o] =
ke 20 milliseconds .
Squarewave’

Figure 1.1: Square, Modified, and Pure Sine Wave
Most inverters have classical controllers such as proportional-integral, these

controllers are not compatible for some application because the output signal

IS not pure sine wave.
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However the total harmonic distortion influence in the loads causing high
power dissipation. Fuzzy logic controllers [3] have become the most popular
controller compared with conventional controller, since FLC can work with
imprecise inputs, handle nonlinearity and it is more robust.

Actually, power inverters that are used in Gaza strip have high THD so the
qualities of inverters are very low. Therefore, the thesis outcomes focus on
the performance of an inverter output waveform by proposing the fuzzy logic
control as a new strategy of the controller; hence, the new technique is used to
keep the output distortion at acceptable level, as the desired output of an

inverter must be pure sine wave.

1.2 Previous Studies

In_ 2010, Aleksey Trubitsyn [4] proposed high efficiency DC/AC power

converter for photovoltaic application, he presented the development of a
micro inverter for single-phase photovoltaic application. A multidimensional
control technique was utilize to achieve high efficiency, encompassing
frequency control, inverter and cycloconverter by phase shift control.

This work provided modified sine wave so the output have a little harmonic

distortions, which it is not compatible with all devices like motors.

In 2009, Rickard Ekstrom [5] presented inverter system design and control
for a wave power substation, he investigated the design of the inverter, gate
drive, filter, control system and protections for this substation. In addition,
extensive market research was done, resulting in decisions of what
components to be merchandise.

This work used SPWM without feedback controller; therefore, the output
display high drop voltage when a load is applied.
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In 2004, Keith Jeremy McKenzie [6] proposed eliminating harmonics in a
cascaded H-Bridges multilevel inverter using resultant theory, symmetric
polynomials, and power sums. This work studied a multilevel converter with
assumed equal dc sources. The multilevel fundamental switching scheme was
used to control the needed power electronics switches. In addition, a method
presented where switching angles computed such that a desired fundamental
sinusoidal voltage produced while at the same time certain higher order
harmonics are eliminated.

This work used multilevel DC sources to generate sine wave signal so in

practical design the cost of this type inverter is very high.

In_2001, Robert A. Gannett [7] proposed control strategies for high power
four-leg voltages source inverter where it addressed some of the causes of
poor power quality and control strategies to ensure a high performance level
in inverter fed power systems.

This work used conventional controllers; therefore, the harmonic distortion

influence in some devices like fans and sound devices.

1n1998, Obasohan I. Omozusi [8] proposed the operation of a single-phase
induction generator with a PWM inverter as a source of excitation. The
simulation of the single-phase induction generator, and PWM inverter was
done using device model. Matlab/Simulink was found to be a great tool in
modeling the PWM inverter and the single-phase induction generator.

This work used the inverter only to control in a single-phase induction

generator.

In1998, Yuqing Tang [9] proposed high power inverter EMI characterization
and improvement using an auxiliary resonant snubber inverter. This work

deals with electromagnetic interference where it was identified as high

4
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switching (dv/dt) and (di/dt) rates interacting with inverter parasitic
components. The relation between the (dv/dt), ( di/dt ) and the EMI
generation were discussed. The EMI sources of a hard-switching single-phase
PWM inverter were identified and measured with separation of common-
mode and differential-mode noises. The noise reduction in an auxiliary

resonant snubber inverter (RSI) was presented.

1.3 Statement of the Problem:

The conventional controllers that used for power inverter are inaccurate in
some applications; therefore, the motivation was to research into new
technologies to address this problems by reducing the distortion harmonics.
The proportional-integral controller, Pl which is commonly used in power
inverter as power output, is not accurate in some applications such as
transformer, fans and sound devices where the total harmonic distortion
influences the behavior of this devices also may damage this devices for long
time. Therefore, this study will focus on this problem by presenting new
technique of fuzzy logic controller to improve the performance of the
inverter, the system block diagram of the inverter is shown in figure (1.2).
Assuming Vo be the load voltage, Vref be the desired sinusoidal waveform,
and Ve = Vo — Vref be the voltage error.

Choosing x;-1;, x, = v, the resulting error dynamic state equation can be
derived as [5]:

A B
S A
| 0 . L - Ve
11 _ T [.tl ,
= - —|— .I. L
b 1 1 x2 |
- C - RC 0

X] - 1.2
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Where X s the state vector, u is the control input, A is the system matrix, B
is the control matrix. The control objective is to make the output voltage

equals to a reference input.

output

BAT converter DC £ = 11 fiter e f\v

220‘«’?5'3 2
ﬂ y
WM Gt ¥

] cONMrOIlT --(r )(_ »
pe

Comp

Tringalk
I\‘r.'\'y

Figure 1.2: The block diagram for power inverter with FLC

1.4 Research Objective and Methodology
1.4.1 Research Methodology

The research will be implementing as follow
1. Collecting data on the inverters types, application and schematic
circuits.
2. Designing PI controller using Matlab SISO Tool for the close loop
system.
3. Using Mamdani method to design the proposed fuzzy logic controller
with the utilization of Matlab fuzzy tools and identifying the

membership functions.

www.manaraa.com



4. Simulating the system using Matlab and studying the behavior of the
inverter.

5. Comparing the performance of the PI controller and FL controller and
discussing the THD for the inverter system.

6. Analyzing the system and designing the schematic circuit that
contained power drivers and control system using Protuse program.

7. Building up the actual hardware inverter circuit.

1.4.2 Research Contributions

It is a well documented of the shortage of electricity in Palestine, especially in
the Gaza Strip. The people suffer from power cuts on a daily basis for a
period of not less than 8 hours, which leads to the used the small generators
including the occurrence of noise and the risk of accidents, particularly in the
small apartments, and houses. Thus, the situation leads to high demand for
other devices to replace the generators such as power inverter. The current
devices of inverter having high THD which causes problems in the loads.
This study provides the best and creative solution to this problem by
providing a new and safe product for the power inverter specifications to suit
the home devices such as lighting, television and fans and does not cause any
harm to these devices. This inverter is based on a new fuzzy logic controller
design, which regulate the output voltage and reduce the harmonic distortion
in the output signal.

1.5 Thesis Organization

The remaining chapters of this thesis are organized as follows: Chapter 2
covers the review and background for some basic principles of inverter
systems, type of inverter and harmonic distortion for the output signal.

Chapter 3 gives a review and introduction to fuzzy logic and its application,

7
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fuzzy sets operations, the main concepts in fuzzy sets such as membership
functions, and linguistic variable. Chapter 4 presents the design of the system
by applying comparative study between classical and fuzzy logic controller
also the simulation results are presented to show the performance of the
proposed control system.

Chapter 5 demonstrates the hardware implementation for the proposed
system while Chapter 6 presents the conclusions, recommendation, future
works, and finial remarks.
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CHAPTER 2

BACKGROUND & BASIC CONCEPTS

2.1 Introduction

In this chapter, the basic concept for designing power inverter is proposed to
understand the behavior of the system. The design of the inverter system is
based on voltage source inverter and the key of generating sine wave signal is
obtained by using PWM technique. This technique is used for controlling the
power inverter output by changing the modulation index for reference signal.
The pulses are obtained by comparing the reference signal with triangular
signal or sawtooth signal. The frequency of the reference signal is constant
for the inverter where it is 50HZ or 60HZ depending on the loads. The
voltage is regulated by controlling the modulation index, so the amplitude of
the reference signal is changed from 0 to 1 depending on the load.

Historically, inverters have been made with every kind of switching
apparatus, such as rotating or vibrating mechanical contacts, gas-filled
electronic valves, and thyristors (SCRs). However, in contemporary use, the
field is led by two special kinds of transistor. The first kind is the Metal-
Oxide-Semiconductor Field-Effect Transistor (MOSFET). The second type of
transistor Gate Bipolar Transistor (IGBT). For inverter system there is two
circuits topologies half bridge and full bridge. The half bridge contains two
switches and the full bridge inverter consists of four switches. This thesis,
presents the circuit that utilizes full bridge inverter with four MOSFET

transistor[1].

2.2 Type of Inverters Outputs:

Power inverters produce one of the three different types of wave output:
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1. Square wave.

2. Modified square wave .

3. Pure sine wave.

The three different wave signals represent three different qualities of power
output. Square wave inverters result in uneven power delivery that is not

efficient for running most devices.

2.2.1 Square Wave

The earliest electronic inverters produced a square wave as shown in figure
(2.1), which can be seen as a sine wave sampled twice per cycle. A square
wave has a very high harmonic content and a Peak-to-RMS voltage ratio of
one. Because electronic loads are usually sensitive to peak voltage while
resistive loads such as incandescent lamps respond to the RMS value, the

square wave is unsuitable for general use.

Time

Figure 2.1: Square wave signal

2.2.2 Modified square Wave

A modified sine wave inverters approximate a sine wave as shown figure
(2.2) has low enough harmonics that do not cause problem with household.
Modified sine wave inverters are designed to satisfy the efficiency

requirements of the photovoltaic system while being less expensive than pure

10
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sine waveform inverters; these inverters are capable of operating a wide variety

of loads.

voltage

time

Figure 2.2: Modified sine wave

2.2.3 Pure Sine Wave Inverter

For any device that requires sensitive calibration, it is advisable to use a pure
sine wave inverter. This type of inverter provides output voltage waveform,
which is very similar to the voltage waveform that is received from the grid.
The sine wave as shown in figure(2.3) has very little harmonic distortion
resulting in a very clean supply and makes it ideal for running electronic
systems such as computers, digital fax and other sensitive equipment without

causing problems or noise.

11
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voltage

time

Figure 2.3: Pure sine wave

2.3 Voltage Source Inverter and Current Source Inverter

2.3.1 Voltage Source Inverter:

The type of inverter as independently controlled AC output is considered as
the voltage waveform. The output voltage waveform is mostly remaining
unaffected by the load. Due to this property, the VSI have many industrial
applications such as adjustable speed drives (ASD) and also in power system
for FACTS (Flexible AC Transmission).

2.3.2 Current Source Inverter:

The type of inverter where the independently controlled AC output, is
considered a current waveform. The output current waveform is mostly
remaining unaffected by the load. These are widely used in medium voltage

industrial applications, where high quality waveform is required.

12
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2.4 Single Phase Half Bridge & Full Bridge VSI:
2.4.1 Single Phase Half Bridge Inverter:

It consists of two semiconductor switches T1 and T2 as shown in figure
(2.4). These switches may be BJT, IGBT , MOSFET transistor etc. with a
commutation circuit. D1 and D2 are called Freewheeling diode also known as

the Feedback diodes as they feedback the load reactive power[8].

+
+
C, _L Ev* — D,
2 S,
- —_— Jo
A
VvV, L + _
de == 0 ) I V,=V,,
+
V
C_? - %‘ — D.?
— B S} i
N

Figure 2.4: Single phase half bridge inverter

S1 is ON during the positive half cycle of the output voltage, which makes
Vo=Vdc/2 and S2 is ON during the negative half cycle which makes Vo= -
Vdc/2. Both switches must operate alternatively otherwise, there may be a
chance of short circuiting. In case of resistive load, the current waveform
follows the voltage waveform but not in case of reactive load. The feedback
diode operates for the reactive load when the voltage and current are of

opposite polarities.

13
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2.4.2. Single Phase Full Bridge Inverter:

It consists of two arms with a two semiconductor switches on both arms with
antiparallel freewheeling diodes for discharging the reverse current as shown
in figure (2.5). In case of resistive-inductive load, the reverse load current
flow through these diodes. These diodes provide an alternate path to inductive

current which continue so flow during the turn OFF condition [8].

Jeb s

-

Figure 2.5: Single phase full bridge inverter

The switches are S1, S2, S3 and S4. The switches in each branch operate
alternatively so that the never in same mode (ON /OFF) simultaneously. In
practice they are both OFF for short period of time called blanking time, to
avoid short circuiting. The switches S1 and S4 or S2 and S3 should operate in
pair to get the output. These bridges are switched such that the output voltage
is shifted from one to another and hence the change in polarity occurs in
voltage waveform. If the shift angle is zero, the output voltage is also zero

and maximal when shift angle is ©.

14
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2.5 Pulse Width Modulation (PWM)

The most common and popular technique of digital pure-sine wave generation
Is pulse-width-modulation (PWM). The PWM technique involves generation
of a digital waveform, for which the duty-cycle is modulated such that the
average voltage of the waveform corresponds to a pure sine wave. The
simplest way of producing the PWM signal is through comparison of a low-
power reference signal with carrier signal, the reference signal is the desired
output signal maybe sinusoidal or square wave, while the carrier signal is
either a sawtooth or a triangular wave at a frequency significantly greater than
the reference. The advantage of this technique is to minimize the lower order
harmonics, while the higher order harmonics can be eliminated using a filter.

There are different PWM techniques that essentially differ in the harmonic
content of their respective output voltages; thus, the choice of a particular
PWM technique depends on the permissible harmonic content in the inverter

output voltage[1],[8].

2.5.1 Single Pulse Width Modulation:

In single pulse-width modulation control, there is only one pulse per half-
cycle and the width of the pulse is varying to control the output voltage.
Figure (2.6) shows the generation of the input of single pulse width
modulation. The input signals are generated by comparing the rectangular
control signal of amplitude v, with triangular carrier signal v.,-. The
frequency of the control signal determines the fundamental frequency of AC

output voltage. The amplitude modulation index is defined as:

ma = —¢ 2.1

15
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The RMS AC output voltage:

on E
] (F+9) :
t

Vo= | % vidt | = v, Ton

(Z_to_n) 2.2

4 2

or

v, = Us V26 2.3

Where the duty ratiois 6 = t"T"

carviar signal control signal

Figure 2.6: Output voltage of single phase width modulation

By varying the control signal amplitude v, from 0 to v,,, , the pulse width
ton can be modified from 0 sec to T/2 sec and the RMS output voltage

v, from 0 to v;.

16
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2.5.2 Multiple Pulse Width Modulation:

The harmonic content can be reduced by using several pulses in each half-
cycle of output voltage. The generation of gating signals for turning on and
off of transistors is shown in figure (2.7) by comparing a reference signal with
a triangular carrier wave[1].

The frequency of reference signal sets the output frequency (fo) and the
carrier frequency (fc), determines the number of pulses per half cycle (p), the
modulation index controls the output voltage. This type of modulation is also
known as uniform pulse width modulation UPWM. The number of pulses per

half cycle is found from Eq. 2.4:

_ fc _mf 2.4
P—Zf—O—T

where, mf = fc/fo is defined as the frequency modulation ratio.

-«  Carrier signal
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Figure 2.7: Multiple pulse width modulation
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The variation of modulation index m from 0 to 1 varies the pulse width, Kt,
from O to T/p and the output voltage from 0 to v, the RMS output voltage
can be found from Eq. 2.5:

1. T
o = |22 (2%t 2, [208 25
o Ir 1L-s 5 ST

2\2p

2.5.3 Sinusoidal Pulse Width Modulation:

Instead of maintaining the width of all pulses the same as in the case of
multiple-pulse modulation, the width of each pulse is varied in proportion to
the amplitude of a sine wave evaluated at the center of the same pulse [10].
The distortion factor and lower-order harmonics are reduced significantly.
The generation of gating signals for turning on and off of transistors is shown
in figure(2.8) by comparing a sinusoidal reference signal with a triangular

carrier wave of frequency( fc).

Carrier signal
S AAAL )
Ar W7 4 & [ [\ Reference
N
s 30 '
1N ) o
| |i :,
I
N e
° §8
Lidnnnn _noonnn .

Figure 2.8: Sinusoidal pulse width modulation

18

www.manaraa.com



The control signal is shown at the same figure this type of modulation is
commonly used in industrial applications and abbreviated as SPWM. The
frequency of reference signal (fr) determines the output frequency (fo) and
its peak amplitude (Ar) controls the modulation index m the number of
pulses per half-cycle depends on the carrier frequency. The output voltage can

be varied by varying the modulation index m the RMS output voltage can be

found from Eq. 2.6:

P26,

vV, =V e
o S 1T

2.5.4 Fuzzy Sinusoidal Pulse Width Modulation:

A lot of control strategies for regulation of PWM inverters in power supplies
have been developed. Therefor a new approach for combining a fuzzy logic
controller with sinusoidal pulse-width modulator is proposed to reduce the
harmonic distortion and the output signal become pure sine wave , this type

will be explain in chapter four .

2.6 Harmonic

2.6.1 Harmonic History
Before twentieth century, the predominant use of electricity for business and

industry was power motors, lights and heating devices. These uses have little
effect on the fundamental frequency. They called linear loads, because the
current rises and falls in proportion to the voltage wave. In recent years, few
industries use devices such as rectifiers or converters, power supplies and
other device to improve product quality [11]. All of these make the current
sinusoidal waveform distorted, because the current flow was not directly

proportional to the voltage. These loads are called non-linear loads. which
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cause waveforms that are multiples of the fundamental frequency of sine
wave to be superimposed on the base waveform, these multiples are called
harmonics, as the frequency of the second harmonic which it is two times the
fundamental frequency, the third harmonic is three times the fundamental
frequency. The combination of the sine wave with all the harmonics creates a
new non sinusoidal wave of entirely different shape is called harmonic

distortion.

2.6.2 Source of Harmonic

The main source of the harmonics is any non-linear loads that produce the
voltage harmonics and current harmonics. This occurs because the resistance
of the device is not a constant. The resistance in fact, changes during each
sine wave. So, nonlinear device is one in which the current is not proportional

to the applied voltage.

2.6.3 Effects of Harmonic Distortion in Power Systems

The effect of current distortion on power distribution systems can be serious,
primarily because of the increased current flowing in the system. In other
words, because the harmonic current doesn't deliver any power, its presence
simply uses up system capacity and reduces the number of loads that can be
powered. Harmonic current occur in a facility’s electrical system can cause
equipment malfunction, data distortion, transformer and motor insulation
failure, tripping of circuit breakers, and solid-state component breakdown
also, it is increase heat losses in transformers and wiring. Since the
transformer impedance is depend on the harmonic order for the frequency, for
example the impedance at the 5th harmonic is five times that of the
fundamental frequency. So each ampere of 5th harmonic current causes five

times as much heating as an ampere of fundamental current. More

20
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specifically, the effects of the harmonics can be observed in many sections of

electrical equipment and a lot machines and motors.

2.6.4 Harmonic Distortion of Inverter:

The switch in the simple inverter described above, when not coupled to an
output transformer, produces a square voltage waveform due to its simple off
and on nature as opposed to the sinusoidal waveform that is the usual
waveform of an AC power supply. Using Fourier analysis, periodic
waveforms are represented as the sum of an infinite series of sine waves. The
sine wave that has the same frequency as the original waveform is called the
fundamental component. The other sine waves, called harmonics, that are
included in the series have frequencies that are integral multiples of the
fundamental frequency. Fourier analysis can be used to calculate the total
harmonic distortion (THD), which it is the square root of the sum of the

squares of the harmonic voltages divided by the fundamental voltage.

VVE+VE+VE+ -+ V2 ”7
Vi

THD =

2.6.5 Harmonic in Square Wave:

square wave is a non-sinusoidal periodic waveform which can be represented
as an infinite summation of sinusoidal waves as shown in figure (2.9), in
which the amplitude alternates at a steady frequency between fixed minimum
and maximum values, with the same duration at minimum and maximum the
transition between minimum to maximum is instantaneous for an ideal square

wave.
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Amplitude

Resulting
Square Wave
after adding all
harmonics

Figure 2.9: Harmonic waves for square wave

e Examining the harmonic for square wave
Using Fourier expansion with cycle frequency f over time t, we can represent
an ideal square wave with a peak to peak amplitude of 2 as an infinite series

of the form:

4 & sin (2n(2% — 1) t)
) 2k -1)

Isqunre{ }
k=1

= % (sin(Qﬂ-ft] + %Ein(ﬁﬂft) - %Sin[lﬂﬂfﬂ o ) 2.8

The FFT for square wave is shown in figure (2.10) implies that the lowest
frequency is called the fundamental frequency and multiples of it are called

ol Lalu Zyl_ﬂbl ’
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harmonics, also we can compute the THD by Eqg.2.8 and we note that the

THD is equal 43.8%. Actually, these types of signal ave large harmonic

distortion.

1 4’ T L] L] L] L 1 1
“fourier” using 0:3 I

Relative Amplitude

0 1 2 3 4 5 & T a8 S
Harmo nic Number

Figure 2.10: Square wave harmonic analysis
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CHAPTER 3

Fuzzy LoGiCc CONTROL

3.1 History Of Fuzzy Logic

In early 1960s, Lotfi A. Zadeh, a professor at University of California at
Berkley well respected for his contributions to the development of system
theories, began to feel that traditional systems analysis techniques were too
precise for many complex real-world problems. The idea of grade of
membership, which is the concept that became the backbone of fuzzy set
theory, occurred to him in 1964 [12] , which lead to the publication of his
seminal paper on fuzzy sets in 1965 and the birth of fuzzy logic technology
[13]. In 1974, S. Assilian and E. H. Mamdani in United Kingdom developed
the first fuzzy logic controller, which was for controlling a steam generator
[14]. In the 1980’s, several important industrial applications of fuzzy logic
was launched successfully in Japan. After eight years of persistent research,
development, and deployment efforts, Yasunobu and his colleagues at Hitachi
put a fuzzy logic-based automatic train operation control system into
operation in Sendai city’s subway system in 1987 [15]. Another early
successful industrial application of fuzzy logic is a water-treatment system
developed by Fuji Electric. These and other applications motivated many
Japanese engineers to investigate a wide range of novel fuzzy logic
applications. This lead to the fuzzy boom. The fuzzy boom in Japan was a
result of close collaboration and technology transfer between universities and

industries.
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3.2 Introduction

Fuzzy logic is a branch of artificial intelligence that deals with reasoning
algorithms used to emulate human thinking and decision making in machines.
These algorithms are used in applications where process data cannot be
represented in binary form. For example, the statements “the air feels cool”
and “he is young” are not discrete statements. They do not provide concrete
data about the air temperature or the person’s age (i.e., the air is at 65°F or the
boy is 12 years old). It is a superset of conventional (Boolean) logic that has
been extended to handle the concept of partial truth. In the ( Boolean ) logic
we see that the results for any operation can be true or false if we refer to true
by one and the false by zero then the result may be one or zero [16]. For
example binary logic, hot would be one discrete value (e.g., logic 1) and cold
would be the other (e.g., logic 0), leaving no value to represent a cool

temperature (see figure (3.1).

Hot

Cold

Figure 3.1: Binary logic representation of discrete temperature valve

In contrast to binary logic, fuzzy logic can be thought of as gray logic, which
creates a way to express in-between data values. Fuzzy logic associates a
grade, or level, with a data range, giving it a value of 1 at its maximum and 0
at its minimum. For example, figure (3.2) illustrates a representation of a cool

air temperature range, where 70°F indicates perfectly cool air (i.e., a grade
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value of 1). Any temperature over 80°F is considered hot, and any

temperature below 60°F is considered cold.

Grade
1+ - Not Cool Cool Not Cool
Cold Hot
. : -+ ’ Temperature
60°F T 70°F 80°F
65°F means 50% cool

50% cold

Figure 3.2: Cool air temperature range

3.3 Classical Sets versus Fuzzy Sets

The concept of a classical set is very fundamental to pure and applied
mathematics. Intuitively, a set is defined as any collection of definite and
distinct objects that is conceived as a whole, also objects that are included in a
set are usually called its members.

Classical sets satisfy two basic requirements: first, members of each set

are distinguishable from one another, and second, for any given object it

is specified whether the object is, or is not, a member of the set the function
of crisp set is

0 xg¢ A4
11,(x) = 1, (x) € 0,1} 3.1
‘ 1 xe4
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Fuzzy sets differ from classical sets by rejecting the second requirement.
Contrary to classical sets, fuzzy sets do not require sharp boundaries that
separate their members from other objects.

The membership of any object in a given fuzzy set is not a matter of
affirmation or denial, as is required for classical sets, but a matter of degree
which the membership between 0 and 1 z,(x)€[0,1] .

3.4 Fuzzy Set Operations

Basic operations on sets in crisp set theory are the set complement, set
intersection, and set union. Fuzzy set operations are very important because
they can describe intersections between variables for a given element "x" of
the universe, the following function theoretic operations for the set theoretic

operations of complement, intersection, and union are defined[3][17]:

1) Complement (NOT Operation):

Consider a fuzzy set "A" in universe "X". its complement "A" as shown in
figure (3.3) which A’ - X,:(X) =1— Xa(X).

-

Figure 3.3: Complement of fuzzy sets A
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2) Intersection (AND Operation):
Consider two fuzzy sets "A" and "B" in universe "X". as in figure (3.4) where
A N B = Xa~s(X) = min(Xa(x),Xg(X)).

o |
! AN AB

-
0 X

Figure 3.4: Intersection of fuzzy sets A and B

3) Union (OR Operation):
Consider two fuzzy sets "A" and "B" in universe "X". A U B is the whole

area covered by the sets as shown in figure (3.5) where paog(X) =

max(pa(X), us(X)) -

2y
! A B

-
0 X

Figure 3.5: Union of fuzzy sets A and B
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3.5 Fuzzy logic Control Component

In this part of this chapter, the main components of a fuzzy logic controller

are discussed and a simple example is implemented. The three main actions

performed by a fuzzy logic controller are:

* fuzzification

» fuzzy processing

* defuzzification

As shown in figure (3.6), when the fuzzy controller receives the input data, it

translates it into a fuzzy form this process is called fuzzification.

Fuzzy Logic Controller

Input Input
Interfacel] * | Fuzzification j§ |Outcome/Output

A

* Input Data
Association

Fuzzy Rule
Processing and

Calculation

* Rule Execution

* Output Deter-
mination

Outcome/Output Output >
Defuzzification Interface _—

* Output Level
Computation

Figure 3.6: Fuzzy logic controller operation

The controller performs fuzzy processing, which involves the evaluation of

the input information according to IF...THEN rules created by the user

during the fuzzy control system’s programming and design stages. Once the

fuzzy controller finishes the rule-processing stage and arrives at an outcome

conclusion, it begins the defuzzification process. In this final step, the fuzzy

controller converts the output conclusions into “real” output data (e.g., analog

counts) and sends this data to the process via an output module interface.
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3.5.1 Fuzzification Component:
The fuzzification process is the interpretation of input data by the fuzzy
controller. Fuzzification consists of two main components:

(a) Membership functions

(b) Labels

a . Membership Functions.

During fuzzification, a fuzzy logic controller receives input data, also known
as the fuzzy variable, and analyzes it according to user-defined charts called
membership functions (see figure 3.7). Membership functions group input
data into sets, such as temperatures that are too cold, motor speeds that are
acceptable, etc. The controller assigns the input data a grade from 0 to 1 based
on how well it fits into each membership function (e.g., 0.45 too cold, 0.7

acceptable speed).

Grade
14 <«—Grade of 1.0
" Membership
A R ——— \ / /Function
Grade of 0.5
" ' Temperature Input

60°F 70°F 80°F _j
Fuzzy Variable

Figure 3.7: Membership function chart

Membership functions can have many shapes, depending on the data set, but
the most common are the S, A, and IT , Z, shapes shown in figure (3.8).
Note that these membership functions are made up of connecting line

segments with a maximum of four end points.
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Grade Grade

0 ' 0
(a) S-shaped function (b) Z-shaped function
Grade Grad
14 - === 14+ - ==
0 0
(e) A-shaped function (d) NM-shaped function

Figure 3.8 : Membership function shapes (a) s. (b) Z. (e) A. and (d) T1.

b. Labels.

Each fuzzy controller input can have several membership functions, where
the membership function is defined by a name called a label. For example, an
input variable such as temperature might have five membership functions
labeled as cold, cool, normal, warm, and hot. Generically, the seven
membership functions have the following labels, which span from the data
range’s minimum point (negative large) to its maximum point (positive
large):

* NL (negative large)

* NM (negative medium)

* NS (negative small)

* ZR (zero)

* PS (positive small)

* PM (positive medium)

* PL (positive large)
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figure (3.9) illustrates an example of an input variable with seven shaped
membership functions using all of the possible labels. A group of membership

functions forms a fuzzy set.

Grade

NL NM NS ZR PS PM PL

1 :

|

|

|

|

|

ﬂ |
-Min 0 +Max

Figure 3.9: Fuzzy logic input seven membership function labels

3.5.2 Fuzzy Processing Components (Mamdani method)

A fuzzy controller or model uses fuzzy rules, which are linguistic if-then
statements involving fuzzy sets, fuzzy logic, and fuzzy inference. Fuzzy rules
play a key role in representing expert control/modeling knowledge and
experience and in linking the input variables of fuzzy controllers/models to
output variable (or variables). The major types of fuzzy rules exist, namely,
Mamdani fuzzy rules ,which is the most commonly used fuzzy inference
technique. The Mamdani-style fuzzy inference process is performed in three
steps [18]:

1) Fuzzification of the crisp input variables
2) Rule evaluation.

3) Fuzzy outcome calculation
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To illustrate the fuzzy inference let's examine a simple two-input one-output
problem that includes three rules:

Rule (1) ....IF  Xis A3 OR YisBl1 THEN zisC1

Rule (2)....IF XisA2 AND YisB2 THEN zisC2

Rule (3)....IF Xis Al THEN zisC3

Step 1: Fuzzification

The first step in the application of fuzzy reasoning is a fuzzification of inputs
in the controller, which is to take the crisp inputs, x1 and y1, and determine
the degree to which these inputs belong to each of the appropriate fuzzy sets.
It means that to every crisp value of input we attribute a set of degrees of
membership (mj, j=1,n) to fuzzy sets defined in the universe of discourse for
that input as shown in figure (3.10)[17].

Crisp Input

X1

l]T JJSJ A3

e

02
0 .
1l X

05

=02

Hix=41)

Hix=42)

Figure 3.10: Fuzzification stage

Step 2: Rule evaluation
The second step is to take the fuzzified inputs, u(x=A1) = 0.5, u(x=A2) = 0.2,
u(y=B1) = 0.1 and p(y=B2) = 0.7, and apply them to the antecedents of the

fuzzy rules. If a given fuzzy rule has multiple antecedents, the fuzzy operator
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(AND or OR) is used to obtain a single number that represents the result of
the antecedent evaluation. This number (the truth value) applied to the
consequent membership function. To evaluate the disjunction of the rule
antecedents, the OR fuzzy operation is used. The most popular approaches
used for the union to get the maximum value is pAUB(X) = max [uA(Xx),
nB(X)].

Similarly, in order to evaluate the conjunction of the rule antecedents, we
apply the AND fuzzy operation intersection which used minimum approach:
LANB(X) = min [uA(x), uB(x)] .The rule evaluations are clearly appears in
figure (3.11)[17] .

l
U .
Rule 1: IFxis 43 (0.0) or yis Bl (0.1) THEN s C1(0.1)
1 A 1 - 1
2 | =
A== A A LN
: (Min)
0 n x 0 M Y 0 z
Rule 2, [Fxis 42(0.2) AND yis B2(0.7) THEN 15C2(0.2)
1 an
(41 0.5 0.5 \ C
/\
0 x X 0 z
Rule 3 JF xis 41(0.5) THEN 218 C3(0.5)

Figure 3.11: Rule evaluation in Mamdani method
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Step 3: Fuzzy outcome calculation
We take the membership functions of all rule consequents previously (Max-
Min Composition) or (Max-Product Composition) and combine them into a

single fuzzy set as figure (3.12).

0.4
0

2 CL(0)) || i (2(02) [»| 25 BO5) | = | )

Figure 3.12 Fuzzy outcome evaluations

3.5.3 Defuzzification

The final output value from the fuzzy controller depends on the
defuzzification method used to compute the outcome values corresponding to
each label. The defuzzification process examines all of the rule outcomes
after they have been logically added and then computes a value that will be
the final output of the fuzzy controller. Thus, during defuzzification, the
controller converts the fuzzy output into a real-life data value. There are many
defuzzification methods, but all are based on mathematical algorithms. Some
commonly used defuzzifying methods which are Center of gravity (COG),
weighted average method, mean of maximum (MOM) and smallest of
maximum (SOM) [17]. In this thesis the COG method and MOM will be

used as describe below :
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¢ The mean of maximum method (MOM)

The mean of maxima method generates a crisp control action by averaging
the support values which their membership values reach the maximum. In the

case of discrete universe:

Z;
=1 32

)

N
I
Il [ ~

Where | is the number of the quantized i values which reach their maximum

memberships.

e Center of gravity (COG)

The center of gravity method, also referred to as “calculating the centroid,”
mathematically obtains the center of mass of the triggered output membership
functions. Figure (3.13) illustrates the centroid calculation for the example
previously illustrated in figure (3.10). In mathematical terms, a centroid is the
point in a geometrical figure whose coordinates equal the average of all the
other points comprising the figure this point is the center of gravity of the

figure.Mathematically the centre of gravity (COG) can be expressed as:

f:A(x)X dx

COG = 2
J, Alx)dx

3.3

(0+10+20)x0.1+(30+40+50+60)x 0.2+ (70+80+90+100)x 0.5
0.1+0.1+0.1+0.2+0.2+0.2+0.2+0.5+0.5+0.5+0.5

COG= =67.4
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Degree of
Membership

Figure 3.13: COG approach in defuzzification stage

3.6 Advantages and Disadvantages of Mamdani Method
3.6. 1 Advantages of The Mamdani Fuzzy Method:

e Itis intuitive and simple to build.

e |t is widely used for second order systems with both linear and
nonlinear characteristics.

e |t has widespread acceptance.

o |t is well suited to human feeling.
3.6. 2 Disadvantages of The Mamdani Fuzzy Method:

e |t is only suited to the long delay system, such as the temperature
control system, since it is too simple to control the process quickly.
¢ |t needs additional device to improve the efficiency, when it controls

the high frequent input system.
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CHAPTER 4

CONTROLLER DESIGN & SIMULATION RESULT

4.1 Introduction

Power electronic inverters are widely used in various industrial drive
applications such as uninterruptible power supplies (UPS), medical
equipment and communication systems so there is increasing demand for high
quality power inverter. Pulse-width modulated PWM inverter has been used
as a key element for a high performance power conversion system. The
output voltage is required to be sinusoidal with minimum total harmonic
distortion (THD). This is usually achieved by employing a combination of
pulse width modulation (PWM) scheme and a second order filter at the output
of the inverter [1][8]. In industries, the THD value should not exceed 5%
according to IEEE standard. Many control techniques have been proposed for
obtaining pure sinusoidal output with good voltage regulation and fast
dynamic response. Conventional closed loop control scheme employs Pl
controller is commonly used to achieve the desired output. Sometimes, there
is problem using this kind of controller because it needs the mathematical
model and tuning the parameter is very difficult in some application. To
overcome this problem new controller based on fuzzy logic control is used to
solve this problem. Dominance of FLC’s over the conventional controllers
has become tight as it can work with imprecise inputs, can handle
nonlinearity and it is more robust than conventional nonlinear controllers.

In this chapter, the comparative study has been carried out between FLC
controller and PI controller where both controllers are designed for harmonic

elimination in sinusoidal PWM inverters.
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4.2 System Description for Single Phase DC-AC PWM
Inverter

As shown in figure (4.1), the inverter consists of two sides (A, B) which
supplies a single-phase AC output voltage Vout to the load. A certain
switching algorithm is applied to each of the four switch modules T1, T2, T3,
and T4 in order to control the inverter to generate the desired sinusoidal

output with the desired frequency and magnitude[19].

Vout =VAo-VBo

Figure 4.1 :Single phase full bridge inverter

In this study the unipolar SPWM technique is used to drive the inverter
because it gives low THD and decreases the power switches losses.
Comparing a control signal Vcontrol1 with the carrier signal results a logic
signal to control the switches in side A, and comparing of Vcontrol2 with the
carrier signal results in logic signal to control the switches in side B as shown
in figure (4.2)[11].
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Figure 4.2: Unipolar PWM scheme

4.3 Component Selection

The magnitude of the ripple current and ripple voltage in the output of the

inverter is determined by the size of the LC filters. The filter size has been

chosen, and the design specification for the proposed inverter circuit is shown

in Table 4.1.

Table 4.1 : Parameters of PWM inverter

Parameters

PWM output Switching frequency

10 KHz

Input DC voltage

350V

RMS load voltage

220V

Full load resistance

44 Q

Output fundamental frequency

S50 Hz

Rated output voltage

40

220V rms
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4.4 Filter Design

A proper design of the LC filter results in a great reduction of the inverter
output harmonics; hence, provides a very clean power to the load. The
inductor ripple current depends on the size of the inductor and switching
frequency. Figure (4.3) shows the ripple waveform of the inductor current

value of the inductance of the output filter inductor is given by Eq.4.1[20].

T 4f, Al 4.1

] =P

1 el

Figure4.3: Inductor ripple current

where v, is the DC bus voltage, Ai is the inductor ripple current and (fs) is
the inverter switching frequency. The output filter capacitor size is
determined by the allowable output voltage ripple Av, and can be calculated
from Eq.4.2 [20].

.Y
B 8fs Avg

Cf 4.2
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If the DC input voltage is limited to 350 volt and the switching frequency is
limited to 10 KHz, and if the maximum inductor ripple current is limited to
20% of the maximum peak to peak output current, then, Ly obtained such
L = 1.768 mH. The maximum ripple voltage is limited to 1% of the
maximum peak to peak output voltage, then, Cy is obtained such Cr = 0.229

uF.

4.5 The Mathematical Model for Single Phase Inverter

The mathematical model for the voltage controlled single-phase full bridge
inverter based on bipolar voltage switching with Sinusoidal Pulse Width
Modulation (SPWM) is considered here. It is assumed that all components are
ideal. Figure (4.4) shows a schematic representation of the voltage controlled
full-bridge inverter[19].

Modutation s >W_Gmr‘“x
sizgnal +

DC Input

Figure 4.4: Schematic diagram for inverter with LC filter

From figure (4.4) the following deferential equations have been derived

which represents the linear model of L-C filter and z; load of the inverter.
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Vo($) = Vioaa(s) — Ry i(s) = Ly iy (s) 4.3

V, 4 —Rri
il (S) _ 0(s) loid(s) £i(s) 4.4
fS

ic(s) 4.5
Vioaa(s) = Zfs
ic(s) =1;(s) —i1pqa(s) 4.6
: _ Vicad
Lioad = 7 4.7

Figure (4.5) shows the linear model of the inverter system (PWM inverter
plus the output filter and load), in which the proportional gain K represents
the PWM inverter is equal to vy /v, (vpc is the voltage of DC power

supply and v, is the peak voltage of triangular carrier wave).

Rf | I
iload
- iI - ; Vload (5)

£ |1

control _ Vd

Vo
S —
Ve +

L
1 c 1
1 | [ >
Lgs +® Crs

Figure 4.5: Block diagram of the linear model for PWM inverter

Based on the analysis of figure (4.5), the system transfer function can be

obtained as shown in Eq. (4.8).
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1

G(s) = ; =

1] L

since Ry is very small so we can neglect it and the transfer function in

Eq.(4.8) can be rewritten as :

G{‘r} — 1 4.9

Crlps? + E’iu + 1
L,

4.6 Designing Controller

In figure (4.6), single phase load is connected to the SPWM voltage source
inverter, the load voltage, v,, is compared with the reference signal and the
error signals are passed through controller to generate the pulses which are

operated to produce sinusoidal signal output with small harmonic

distortion[19] [21].
Rf o]
ii!oad
- - P Vioad (S)
control VO I! lc
@_ +®

B

. — | controller | inverter [ i »
\/ + C s

Reference

Figure 4.6: Block diagram for the system with controller
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4.6.1 Designing PI1 Controller
In control engineering, Pl Controller (proportional-integral controller) is a

feedback controller which drives the plant to be controlled by a weighted sum
of the error (difference between the output and desired set-point) and the
integral of that value[22]. It is a special case of the PID controller in which
the derivative (D) part of the error is not used. The PI controller is

mathematically denoted as:

t
w(t) = ke(t) + k; / e(T)dr 4.10
J0

where u is the control signal and e is the control error (e =r - y), the reference
value is also called the set point. The controller parameters are proportional

gain k, integral gain k; parameterized as:

r
u(t) =k (f'[!’} - TLE [ e(T)dr ) 411
0

Where k is gain of the controller and T; is the integral time constant. Integral
control action added to the proportional controller converts the original
system into high order. Hence, the control system may become unstable for a
large value of K. Since roots of the characteristic equation may have positive
real part, so the proportional control action tends to stabilize the system, while
the integral control action tends to eliminate or reduce steady-state error in

response to various inputs. As the value of T; is increased:

e QOvershoot tends to be smaller

e Speed of the response tends to be slower
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4.6.2 Selection of Pl Controller Parameter

The parameters of the proportional and integral controller in the voltage loop

is selected by using

the MATLAB/ SISO tools for

the approximate

linearized control model of the inverter by ignoring the resistance Ry as

shown in figure (4.7).

refenance

vollage

clmmens
caniroller

irverter

I

: &
'(:I_" '_Jh
¥,

" ]
x| K11} [F aoment
+ — _.r+~'~.‘-*“’+-j-“ —
* .
I:-’a

V

2 140841

Qa<ed

Aide-Tes

i

outervoliape loop

-

Figure 4.7: An approximate linearized control model

The feedback signal of the load voltage obviously have to be scaled down to

low voltage control signals which the feedback signals are converted to per

unit (pu) values of full load for example (1/unit) voltage represent 311 V

(N2*#220) and the triangular carrier waveform v, also has amplitude of 1 pu.

4.6.3 Closed Loop Control Design

By applying the MATLAB SISO tool as figure (4.8) the PI controller for the

close loop system is implemented and the parameter k,=1.6344 and k;=

28181 which grantee all the poles lie in the left half plane. The stability of

the closed-loop system must be ensured by root locus plot, and step response

where the most important aspect in this design is the steady state error, peak

overshot and settling time.
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_S;;‘—I-:M- J Change the sample time of the design.
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| Show Archtecture || Store Desgn._| | ielp |

Figure 4.8: Closed loop design by MATLAB SISO TOOLS

From the root locus plot as shown in figure (4.9) it is noted that the over all
closed loop system is stable due to the location of the root locus which are
located on the left of the imaginary axis. The step response is shown in figure
(4.10), where the settling time is approximately equal to the required value
which is 0.182 ms. The peak over shoot is 3.62% and the steady state error of

the output voltage is equal to zero.

o
5888830348

-90 |
e 1 -13s
P 80
i . 180 Froeg &5 3%a.004 ray's
-4 -3 o -1 ) 1 10° 10" 10" 100
Raxl A xis - 10‘ Freguency (rad's)

Figure 4.9: Root locus design for closed loop system
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Figure 4.10: Step response for the system

4.7 Design of Fuzzy Logic Controller

FL is a direct method for controlling a system without the need of a
mathematical model. FL gets crisp data from various sensors these data are
changed to linguistic or fuzzy membership functions via the fuzzification
process after that, they go through a set of fuzzy “IF-THEN” rules in an
inference engine and result in fuzzy outputs these fuzzy outputs changed back
to crisp values by the defuzzification.

The fuzzy controller for the inverter system is implemented in MATLAB
using the fuzzy logic toolbox. This toolbox allows for the creation of input
membership functions, fuzzy control rules, and output membership functions
[23]. To implement the fuzzy controller for the system as shown in figure
(4.11), it should have two input and one output and the membership function

is chosen to be triangular shape as it is demonstrated in figure (4.12).
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Figure 4.11: Schematic diagram for the system with fuzzy controller
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Figure 4.12: Fuzzy membership for input and output
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which have PB(positive big), PM(positive mediam), PS(positeve small)
,Z(zero), NS(negative small), NM(negative mediam) and NB(negative big)
the input is taken as error (e) and the change in error (Ae) .

A 7*7-membership function having 49 rules are taken into account, where it

is describe in Table 4.2.

Table 4.2: Fuzzy rules

CEE NB  NM NS Z PS PM PB
NB NB | NB NB  NB | NM NS | /Z
NM  NB | NB | NB | NM | NS Z PS
NS | NB | NB | NM | NS L PS | PM
/i NB | NM NS Z PS ' PM | PB
PS | NM | NS Z PS | PM  PB | PB
PM | NS Z PS ' PM | PB | PB | PB
PB /. PS PM | PB  PB PB  PB

The rule base contains linguistic variables is provided based on experience

and it should have smooth surface as show in figure (4.13).
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4.8 Simulation Result

In this section, Matlab simulation for the proposed system is implemented
with controllers and the comparative study between classical Pl controller and
fuzzy logic controller is discussed with emphasis on the influence of the

harmonic distortion in the output voltage and current for the load.

4.8.1 PI Controller Simulink

The block diagram is shown in figure (4.14) and it contains the universal H-
bridge, LC filter, pulse width generator and the Pl controller with the
parameter of KP=1.6344 and Ki=28181 as designed in previous section. The
feedback gain is 1/310. The aim of this design is tracking sinusoidal signal
with small harmonic distortion. The carrier frequency was selected as a
triangular wave with 10kHz base frequency and the simulation was activated

for the system by applying the FFT analysis from the GUI tools.

L
I
P
g 0))

Figure 4.14: Matlab Simulink for PWM inverter under PI controller
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The output voltage for the load as figure (4.15) is sinusoidal wave with peak
output voltage equal 310.4 volt (RMS value equal 219.48 volt and the
frequency at 50 Hz), and the THD is about 8.04%. This distortion is grater
than IEEE which recommends 5%. Figure (4.16) describe the output current
for the load which has peak value equal 7.05A (RMS equal 4.98A) and THD

IS the same as voltage output distortion.

— Signal to analyze ~ Awailable signals
@ Display selected signal () Display FFT window Shuchae.

Selected signal: 2848 cycles. FFT window (in red): 1 cycles .nilw =
a0l e ,
nput 1 -

n Signal number:
-200 F .1 -

—FFT window——

0 0.01 0.02 0.03 0.04 0.05

[Eb) Start te (s) 0.0
—FFT analysis r
Husmber of eycles 4
Fundamertal (50Hz) = 310.4, THD= 8.17%
0.5 i} . ) '1 . Fundamental frequency (Hz):
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=
E " —FFT settings
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s 01} . Base vale: [10
& .
: Tl
= 005} 1 etz =
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Figure 4.15: Load voltage and spectrum analyzer for full load PWM inverter

under PI controller
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Figure 4.16: Load current and spectrum analyzer for full load PWM inverter

4.8.2 Fuzzy Controller Simulink

By applying the fuzzy tools in Matlab, the model of the system is
implemented with fuzzy logic controller as figure (4.17). This controller is
based on Mamdani method as uses 49 rules as shown in Table 2.

The membership for the input and output is described as figure (4.12) and the

fuzzy output is defuzzyficated by the centroid method to convert the signal

to crisp signal .
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Figure 4.17: Input and output membership by Matlab fuzzy logic control tool

Before simulating the system, it should be sent the file of the fuzzy controller
to workspace to start simulation. The block diagram in simulink is described
by figure (4.18) and the output voltage result for the load is shown in figure
(4.19).
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The output is a sinusoidal wave with peak output voltage equal 309.5 volt

where the RMS value equal 219 volt and the output frequency 50 Hz also it
can be seen that the THD is equal 3.69%, which is well below the IEEE

recommendation. So, it can be observed that the fuzzy logic controller has

resulted in better than Pl controller also the output current result for the load
as figure(4.20) has peak value equal 7.03A ( RMS equal 4.97A) and THD is

the same as voltage output distortion .
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Figure 4.19: Load voltage and spectrum analyzer for full load PWM inverter

under fuzzy logic controller

55

www.manaraa.com



— Signal fo analyze — Myailable signals
@) Display selected signal () Display FFT windaw Siructure :
Selected signal: 5 cycles. FFT window (in red); 1 cycles 'm_m =
T T L] T w
:ml -
Signal rumbser

I -

I % m—
0 0.02 0.04 0.06 0.08 T (Rt

Time (s} Starttme (8 00

— FFT analysis

Murrber of cychs 1
Fundamental (50Hz)= 7.034 , THD= 3.60%

Fundamental frequency (Hz):
50

T T T L]

02

— FFT setings

0.15 posr

Bar (relative 1o fundarenta) v
ho

Frequency axis

Mag (% of Fundamental)

Hetz ".
IMax Frequency (Hz)
0 1000 2000 2000 4000 Epop | 0

Frequency Hz) i I [ o ]

Figure 4.20: Load current and spectrum analyzer for full load PWM inverter
under fuzzy logic controller
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CHAPTER 5

HARDWARE IMPLEMENTATION FOR PROPOSED SYSTEM

5.1 Introduction

In this chapter, the hardware implemented for the SPWM single phase
inverter design is based on four schematic circuit which are: The push pull
converter, PWM generator, MOSFET H-bridge and the fuzzy controller. The
push pull converter is used to convert the low voltage coming from battery to
high voltage where the standard voltage for the liquid battery is 12.6 v. The
PWM generator is the main object in this design and it is done by comparing
the reference signal with carrier signal. This signal is generated by using
operational amplifier such as IC LM324 to generate the pulses that fed the
gate. Actually the gate needs specific voltage to drive the MOSFET transistor
in safe mode which guarantee that the transistor is fully turn on. The IR2110
integrated circuit is used to drive this transistor. Then a microcontroller with
fuzzy rules is used to control PWM generator. The following design was
implemented by the Proteus design suite simulator program and the Micro C

language used to program the microcontroller[1].

5.2 Push Pull Converter

Push-pull converter uses the transformer in a more traditional manner to
transfer the energy directly between input and output. The schematic circuit
for push pull converter proposed as figure (5.1) where the input for the
converter is 12 VDC coming from battery. The output will be 350 VDC this
mean that the transformer to be used is step up type . The output signal for
transformer will be AC squared wave. The bridge rectifier BR1 rectifies this
wave again and the capacitor is used to filter the output DC signal by
removing the ripples.
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BR1

I

2 Th

1 N

Figure 5.1: Schematic circuit for push pull converter

As illustrated figure (5.1), the pulses are generated by CD 4047 which is
capable of operating in either the monostable or a stable mode. It requires an
external capacitor (between pins 1 and 3) and an external resistor (between
pins 2 and 3) to determine the output pulse width, the monostable mode, and
the output frequency in the a stable mode.

A stable operation is enabled by a high level on the a stable input. The output
frequency (at 50% duty cycle) at Q and Q' outputs is determined by the timing
components where it is be (1/4.4*RC) see Appendix( B).

The other component circuit is used to amplify the signal and used to protect

the integrated circuit.
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5.3 SPWM Generators

PWM generator will be implemented by comparing reference signal with
carrier signal, the reference signal will be sine wave signal with 1 volt /50HZ
and the carrier signal is triangular wave with amplitude 1 volt /10KHZ the
result for comparing tow signal is SPWM pulses.

The implemented circuit for SPWM pulses is based on three schematic
circuits where it is bubba oscillator, carrier wave generator and the

comparator circuit.

5.3.1 Bubba Oscillator

The ability to generate a periodic signal without any crystals or resonators and
using only a DC input source is useful for a large number of applications.
This is exactly what the Bubba oscillator is capable of. Using only a single
power supply in the unipolar version, the Bubba oscillator can create low
distortion sine waves using op amps [24].

The implemented schematic circuit is shown in figure (5.2). It uses four

stages to yield a remarkably stable output frequency. The availability of

RS 31.8kQ

Vout
Sine

C | 100nF
VouT
Cosine

Figure 5.2: Schematic circuit for bubba oscillator
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quad op amp integrated circuits makes implementation especially easy. Each
one of the four op amps has a corresponding RC network external to the chip.
Each of these networks contributes a phase shift of 45' for a total phase shift
of 180" which is necessary to put the solution of the transfer function in
oscillation. The most important equation when working with this circuit is the
one that relates how the oscillation frequency depends on the values for R and

C. This equation is found as :

1
~ 2mRC 51

fo

The above circuit has R=31.8 Kohm and C=100 nF so it is easily to find the
frequency for reference signal where it is 50Hz , also the choice for selecting
the signal output from bubba oscillator depends on THD. For more accuracy
and small harmonic distortion the best signal output for above circuit is cosine

wave .

5.3.2 Carrier Wave Generator

Carrier waves can be either sawtooth or triangular signals; in this study a
triangular wave will be used. This wave will be at 10KHz and the generation
of the triangular carrier wave will be done by using LM324. The circuit for
the construction of the triangle wave generator consists of a square wave
generator and integrator, as shown in figure (5.3). The circuit will oscillate at
a frequency of 1/4RtC, and the amplitude can be controlled by the amplitude
of R1and R2.

For this design R1= 100k R2=300K, R3=75k , Rf=2.5K, and C=0.01uF, the
generated square and triangle waves oscillating at 10Khz.
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Figure 5.3: Schematic circuit for triangular generator

5.3.3 The Comparator Circuit
The final step for getting PWM pulses is to make comparison for the signals

above this comparing is based on three procedure:

Step 1

Shift the carrier wave by one to be in positive y- axes side. This step is done
by using adder circuit .

Step 2

Select the half cycle for reference signal and compare it with shifted carrier
wave to get Vgatel.

Step 3

Use the same procedure above to get VVgate2 but it should use the inverse of

reference signal.

Figure (5.4) show the schematic circuit for all procedures by using Protuse
simulator, the PWM generator is tested for 1KHz carrier frequency and the

result signals is obtained by digital oscilloscope simulation as figure (5.5).
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Figure 5.4: Schematic circuits for comparator circuit
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5.4 H-Bridge and Driver Circuit

Generating a sine wave centered on zero volts requires both a positive and
negative voltage across the load, for the positive and negative parts of the
wave, respectively. This can be achieved from a single source through the use
of four MOSFET IRF740 switches arranged in an H-Bridge configuration.
Level translation between PWM signals and voltages is required to forward
bias high side N-Channel MOSFETS, the IR2110 MOSFET driver integrated
circuit was chosen where the high and low side drive device exceeds all
requirements for driving the MOSFETS in the bridge. It is capable of handling
up to 500V at a current rating of 2A at fast switching speeds. This device is
required to drive the high side MOSFETS in the circuit designated HO, due to
the fact that the gate to source voltage must be higher than the drain to source
voltage, which is the highest voltage in the system. A typical connection of a

single IR2110 device is shown in figure (5.6).

Typical Connection 10 500V or 600V
-—
A
HO [ =% T
0 v - . —_/

Hiky & al s M ’.‘ L] 1 T .
5 ) i '_[ WAL
| o——r—— L} 4 pn o *,

5 . -1
ke J-’ ‘-f X ]

Figure 5.6: Typical connections for IR2110 driver
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Operation of the 1IR2110 device will be controlled through generated PWM
signals. The PWM signal will be fed to the HIN and LIN pins simultaneously.
If the internal logic detects a logic high, the HO pin will be driven; if a logic
low is detected, the LO pin will be driven. The SD pin controls shut down of
the device and will be unused and tied to ground. A diagram of the H-Bridge
circuit with MOSFETS and drivers is shown in figure (5.7).
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Figure 5.7: Schematic circuit for full bridge inverter with driver

5.5 Design Fuzzy Controller

In many application the controller is the main part of the system and changing
it depend on the task of application. In this project, the PIC 16F877A
microcontroller is used to implement the fuzzy controller. The PIC16F877A
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provides several advantages over other microcontrollers. Different series of
PIC microcontroller are popular because of high performance, low cost, low
power consumption and small in size. The PIC 16F877A uses 35 single word
instructions, and has 20MHZ operating frequency. The key features of PIC
16F877A are shown in table 5.1.

Table 5.1: Key features of PIC16F877A

Serial No ' Key Features [ PIC 16F877A
1 |t )perating Frequency 'DC -20 MHZ
2 | FLASH Program Memory | 8K
| Data memory (bytes) | 368 Bvtes
| | EEPROM Data Memory | 15
3 . Intermupts | 14
6 | 1O Ports | PORTS(A.B.C.D.E)
7 limers
8 | PWM modules [2
9 | Serial Communications | MSSP.USART
10 | Parallel Commumuications | PSP
1 | 10-bit AD Module | S INPUT CHANNELS
12 | Instruction Set [ 35

5.5.1 How to Build Program in Microcontroller

Microcontrollers were originally programmed only in assembly language, but
various high-level programming languages are now also in common use to
target microcontrollers. These languages are either designed specially for the
purpose, or versions of general purpose languages such as the C programming
language. The most common program for this application is MikroC, a
powerful, feature rich development tool for PICmicros. It is designed to
provide the possible solution for developing applications for embedded

systems, without compromising performance or control.
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5.5.2 The Operation of Fuzzy Controller

Output voltage for the system is sensed and scaled to per unit for the based

voltage 220 volt RMS, then it evaluates the error between the actual and set

value. This result determines the main fuzzy rules of the system. the
following criteria for fuzzy controller operation are as follow :

I.  If the output of the inverter deviates far from the reference, the change
of modulation index must be large to bring the output to the reference
quickly.

Ii. If the output of the inverter is approaching the reference, small change
of modulation index is necessary.

ii.  If the output of the inverter is near the reference and is approaching it
rapidly the modulation index must be kept constant so as to prevent
further deviation.

iv. If the reference is reached and the output is still changing the
modulation index must be changed a little bit to prevent the output
from moving away.

v. If the reference is reached and the output is steady the modulation
index remain unchanged.

vi. If the output is larger than the reference, the sign of the change of

modulation index must be negative and vice versa.

Fuzzy logic processing runs under these rules and the rules related to the rate
of change of the set/actual offset, which allows a very smooth adjustment of
voltage rate. Input data of the offset is calculated by means of taking relative
voltage difference of actual voltage to the set value as shown below:-

Error (E) = (Actual voltage of the System) - (Set Value)

Input data for integral error (IE) is the summation between the current value
of error (En) and the previous value of (En-1):-

Rate of integral error (IE) = ((En) + (En-1))
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The analog inputs is stored in 10-bit A/D converter in microcontroller and the
output of modulation index takes values from 0 to 255 this value is converted

to analog by using external D/A to keep the modulation index from 0 to 1.

5.6 Actual Hardware Implementation

The following implementation hardware circuits are designed based on the
results of the circuit that was designed by the simulation for example; figure
(5.8) shows the actual hardware implementation for the push pull converter
where the input is 12.6 VDC from battery and the output is 350V.

The output signal for the implemented circuit tested by oscilloscope before

rectifying where it should to be square wave signal as shown in figure (5.9).

Figure 5.8: The actual hardware for push pull converter
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Figure 5.9: The AC output signal for the push pull converter

In addition, figure (5.10) shows the actual hardware implementation for the
SPWM generator with fuzzy logic controller, which contains the bubba
oscillator, triangular wave generator and the comparator circuits. The results
outputs of this circuit is obtained by oscilloscope where figure (5.11) shows
the reference cosine wave at 50Hz, figure(5.12) shows the carrier triangular
wave at 10kHz and figure(5.13) shows the results output of comparing

reference and carrier waves .

Figure 5.10: The actual hardware for SPWM generator with FLC.
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Figure 5.11: The result output from Bubba oscillator

Figure 5.12: The result output from triangular generator
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Figure 5.13: The generated pulses for SPWM generator

Also, figure (5.14) demonstrate the hardware implementation for H-Bridge
with MOSFETS transistor and drivers circuit.

: H-Bridge and driver circuit
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5.7 Hardware Results

After collecting all parts of inverter, the new circuit is reconstructed
as shown in figure (5.15) which it is tested under approximated load
at 1IKVA. The result output signal is shown in figure (5.16) which it is
almost sine wave signal and having lower harmonic distortion. The
result of RMS output voltage is (216 V), while the error of the output
voltage is (1.8%) for fully loaded inverter. For more detail about the

hardware implementation, refer to appendix C.

ki R -
=

s 0

Figure 5.15: SPWM full bridge inverter
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Figure 5.16: The result output signal for full load inverter
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CHAPTER 6

CONCLUSIONS AND FUTURE WORKS

6.1 Conclusions

Recently, inverters play an important role in various renewable energy
applications where they are used for grid connection of wind energy system
or photovoltaic system. Much progress has been made in successfully
applying FLC in industrial control systems. Dominance of FLC’s over the
conventional controllers has become tight as it can work with imprecise
inputs, can handle nonlinearity and it is more robust than conventional
controllers. FLC techniques represent means of both collecting human
knowledge and expertise and dealing with uncertainties in the process of
control. The following points are accomplished:

1. In this research, the fuzzy logic and classical PI controllers are used for
controlling inverter system as the output voltage is regulated and the
total harmonic distortion (THD) is reduced controlling the modulation
index also. The PWM technique was proposed to generate pure sine
wave with small harmonic distortion .

2. The controllers fuzzy logic and Pl were tested by using MATLAB
simulink program and the comparison result shows that the fuzzy logic
controller is the best choice for such application.

3. In this thesis, the controller for proposed system was implemented
using microcontroller PIC16F877A and MICRO C program was used
for programming this microcontroller. The hardware schematic circuits
for all parts of the system was implemented and tested using Proteus
program, which contain push-pull converter, PWM generator, H-bridge

with MOSFET transistors and driver circuit.
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4. The result of the hardware design implementation of the experiment

almost matched the results that is obtained through simulations.

6.2 Future Works

In this thesis, the fuzzy controller was implemented based on Mamdani
approach  for a single phase inverter system, it can be used in other
application such as inductance heating and wilding machine also a good area
for researching are multilevel and three phase inverters .

As future works, this study can be use Sugeno approaches along with

optimization methods in order to reduce the rules of fuzzy controller.
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APPENDICES

Appendix (A)
Datasheet for Electronics Components

PIC16F87XA

MICROCHIP

25/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

* PRCIBFETIA
* PECIBFETIA

* PIC1EFETEA
* PICIEFETTA

High-Performance RISC CPU:

= Oy 35 single-wond Instnuctions ko leam
= Al single—cycie Instructions exoapd for program
brancies, which ane wo-cycke
Ciperading spesd: D0 — 20 MHE clock Inpat

DG — 200 ns Irstruction cycie
Up b 8K ¥ 14 words of Flash Frogre kemony,
Up Bo 368 x & bytes of Dat Memory {RAM)
Up o 256 ¥ & bytes of EEBFRCA Data Memory
Pinout compatble to other 28-pin or 4044-pin
PSS amd FIC1 6FXC00E microconinolers

Peripheral Features:

= Timer: B-bit teericounter with 8-08 prescaler

= Timeri: 15-bit tmericountsr with prescaler,

can be Incremented during Sissp via eviema
orystaliciock

TimerZ: B-bit trericounisr with B-bE period
regisher, prescaler and postscaler

Two Captune, Compane, P modules

- Capture s 16-bit, max. resoluton ks 12.5 ns

- Compare |5 150, max. resolution Is 200 ns

- PR o nesolution s 10-bit

Synchronous Seris E'DI'I | SEF ) with SFI™
[Masher mode) and FO™ [Master2iave)
Universal 3ynchronous Asynchronous Receter
Transmitber (UBARTIEC ) with 5-0iE address
defaction

Parallel Jiave Fort (F2FR) - 8 bis wide with
eyiemal RD, W and C2 confrols (400L44-pin only)
Bincawn-out detection drouliny for

Brossn-out Reset (OS]

Analog Features:

10-bit, up B S-channe] Anaiog-to-DigRa
Comwemer (A00)

Bincwn-out Smset (BO5)

Analog Comparator module with:

- TwD anaksg Comparaions

- Frogrammabis on-chip volags refemnce
[UmEr ) moduks

Frogrammabie Input mutipeeing om davics
nputs and irdernal voltage netsrence
Comparator outpuls are exi=mally accesshbie

Special Microconiroller Features:

100,000 arssefwribe cycle Ennancad Flash
program memony hyploa

1,000,000 erasefarite cycle Data EEPRCA
memary brplca

Drata EEFROM Rstantion = 40 years
Setf-rprogrammabls under softaans coniro
In-Cirruit Sefal Progrmiming ™ [ICEF™)

via W pins

Srgie-supply 5V In-Circult Senal Frogramming
Wairidog Timer (NDT) with Bs cwn an-chip R
oscilator for relable opeEradion

Programmabie code protection

Powear saving Saep mode

Seiecable osclator options

In-Cilirout Dabug (1CD) vis fwo pins

CHMOS Technology:

Low-poaer, high-speed Flash/EEFRICA
bechinglogy

Fully stabic design

Wide operafing wolags range (200 o 5.5V)
Commarcial and Industrial i=mperature ranpes
Low-powser consumpbion

Prognm P f b | pnom T Tirmess
i Erytus| ® Sinae Wond IEEIT:-:I ey Ll P gy | Mster UBART | g iy | COMmParatcers
Inwlr==lkans BG
FICISFETAA | 70K FTT] T 2E | = | & T |vma| ves Vi n 3
PIC1eFET4A | 7oK T i N EIRE 2 |ves| v ™ an 2
PICTEFETEA | 14 3K Al a8 =8 xz -] 2 s | e Yirk an .
PICTEFETTA | 143K Al a8 =8 3% B 2 s | e Yirk an .
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PIC16F87XA

Pin Diagrams {Continued)
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RS ENELL -—[ 18 2N - EAsEns e X
HDOPERD e [] 15 22[] s RIS EEE B Eﬁ
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]
FAIRCHILD

I
SEMICONDUCTORTM

CD4047BC

October 1987
Revised May 1999

Low Power Monostable/Astable Multivibrator

General Description

The CD4047B is capable of operating in either the
monostable or astable mode. It requires an external capac-
itor (between pins 1 and 3) and an external resistor
(between pins 2 and 3) to determine the output pulse width
in the monostable mode, and the oufput frequency in the
astable mode.

Astable operation is enabled by a high level on the astable
input or low level on the astable input. The output fre-
quency (at 50% duty cycle) at Q and Q outputs is deter-
mined by the timing components. A frequency twice that of
Cis available at the Oscillator Output; a 50% duty cycle is
not guaranteed.

Monostable operation is obtained when the device is trig-
gered by LOW-to-HIGH transition at + tngger input or
HIGH-to-LOW ftransition at - trigger input. The device can
be retriggered by applying a simultaneous LOW-to-HIGH
transition to both the + trigger and retrigger inputs.

A high level on Reset input resets the outputs Q to LOW, Q
to HIGH.

Features
B Wide supply voltage range: 3.0V to 15V
W High noise immunity:  0.45 Vpp (typ.)

M Low power TTL compatibility: Fan out of 2 driving 74L

or 1 driving 74LS

SPECIAL FEATURES
B Low power consumption: special CMOS oscillator
configuration

B Monostable (one-shot) or astable (free-running)
operation

B True and complemented buffered outputs
B Only one extenal R and C required

MONOSTABLE MULTIVIBRATOR FEATURES

B Positive- or negative-edge trigger

B Output pulse width independent of trigger pulse duration

B Retriggerable option for pulse width expansion

B Long pulse widths possible using small RC components
by means of external counter provision

B Fast recovery time essentially independent of pulse
width

B Pulse-width accuracy maintained at
approaching 100%

duty cycles

ASTABLE MULTIVIBRATOR FEATURES
B Free-running or gatable operating modes
B 50% duty cycle
B Oscillator output available
B Good astable frequency stability
fypical=+2% + 0.03%/°C @ 100 kHz
frequency=+0.5% + 0.015%/°C @ 10 kHz
deviation (circuits timmed to frequency Vpp = 10V
+10%)

Applications

+ Frequency discriminators
» Timing circuits

+ Time-delay applications

+ Envelope detection

+ Frequency multiplication
Frequency division

Ordering Code:

Order Number | Package Number

Package Description

CD4047BCM M14A

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow

CD4047BCN N14A

14-Lead Plastic Dual-In-Line Package (FDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter *X” to the ordering code.

© 1999 Fairchild Semiconductor Corporation DS005969.prf

www.fairchildserm com
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CD4047BC

Connection Diagram

Fin Acclgnmants Tor $04C and DIF

& — U E'l'|:||
] 0]
K= = OSC OuT
1 [F]
B [ N - RETAUGEER
EETHNCE —— 11 g
ll!.'l'!ulL!'—I ll
—TI7IIEI.'.I:FI'—I Lln RESET
1'“—? .—-TFIIHIH
Top Ve
Function Table
Termnilnal Connaotionc Cutpat Pules | Typloal Cutpart
Funation Ta Vigg T Vg, Input Pulcs From Feriod or
Ta Fulcs Width
Astabye WuEvibrafnr
Fres-Sunning 4.5,8 14 7.8,9,12 10, 11, 12 110, 11) =440 RC
Truz Gating 4.8, 14 T.H,9,12 ] 10, 11, 13 iz (13 = 2 RC
Complement Gating g, 14 57,8912 |a 10, 11, 13
Monosiabde MuBvibraor

Fogthe-Edge Trigger 4,1+ & 7,812 |& 10, 11
egaive-Edge Trigper 4,8 14 57,812 & 10, 1 Ty (10, 11) = 248 RC
Refriggersbie 4,14 56, 7.9 5,12 10, 11
Exermal Counidown (Mote 1] 14 5.5 7,8 3 12| Fioue1 Flgare 1 Sigure 1

FKobs 1: Dxdsmal meisior betvssn Ermimaie 2 ord 2 Efsmel cepsciicr betwsss imrmimas | snd 2

Typical Implementation of External Countdown Option

WTREL -
i [T
rmE D.h: & —t-ﬂr- 1
—_— NEFET
llllJ_l_ [at
by = M= 1)1+ 0y + 1,30
FHIURE 1.
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Advanced Power MOSFET IRF740A

FEATURES S = A
+ Avalanche Rugged Technology ~
+ Rugged Gate Oxide Technology Rosion) = 0550
+ Lower Input Capacitance ID - 10A
# Improved Gate Charge
+ Extended Safe Operatng Area
+ Lower Leakage Cument 10pA (Max.) @ Vpe =400V
+ Lower Rpg 04370 (Typ.)
1.Gate 2. Drain 3. Souroe

Absolute Maximum Ratings

Symbol Characteristic Value Units
Vipss Drain-to-Source Voitage 400 v
7 Contnuous Drain Current (T,.=25"C) 10 A
Continuous Drain Cumrent (T.=100°C) 6.3
i Drain Current-Pulsed (1) 40 A
Vs Gate-to-Source Voltage +30 V
Ess Singe Pulsed Avalanche Energy (2) 457 m.J
lag Avalanche Cument (1) 10 A
Em Repettive Avalanche Energy (1) 134 mJ
dv/dt Peak Diode Recovery du/dt (3) 4.0 Vins
= Total Power Dissipation (Tc=25°C) 134 W
9 Linear Derating Factor 1.08 WG
T, T Operating Junction and -55 to +150
Storage Temperature Range
Maximum Lead Temp. for Soidering c
Lt Purposes, 1/8, from case for 5-seconds -
Thermal Resistance
Symbaol Characteristic Typ. Max. Units
Rase Junction-to-Case - 0.93
Recs Case-o-Sink 0.5 - "CIW
Raa Junction-to-Ambient - 625
. Rev.B
FAIRCHILD
SEMIZONDILCTOR™

1588 Mabrdd Semicoreuctn: Corponesion

ol Lalu Zyl_ﬂbl )

www.manharaa.com




. | PO-91279E
Infernationa
ISR Rectifier IRF3205

HEXFET® Power MOSFET

¢ Advanced Process Technology D
s Ultra Low On-Resistance . Vpss = 99V
¢ Dynamic dv/dt Rating —
¢ 175°C Operating Temperature A Rpsion) = 8.0mi2
o Fast Switching
o Fully Avalanche Rated I = 110A®
Description

Advanced HEXFET® Power MOSFET s from International
Rectifierutiize advanced processing techniques to achieve
exiremely low on-resistance per silicon arsa.  This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET power MOSFETS
arewell known for, provides the designerwith an extremely
efficient and reliable device for use in a wide vansty of
applications.

The TO-220 package is universally prefered for all
commercial-industrial applications at power dissipation

levels to approximately 50 watts. The low thermal TO-220AB
resistance and low package costof the TO-220 contribute
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
g @ Ty =25°C Continuous Drain Current, Vg i@ 10V 110 @
g @ T, =100°C| Continwous Drain Current, Vge @ 10V 80 A
Ipwa Pulsed Drain Current (I 360
Po@T,=25°C | Power Dissipation 200 W
Linear Derating Factor 13 WG
Vas Gate-to-Source Voltage 20 L)
lam Avalanche Cument(l) 2 A
Eag Repetifive Avalanche Energyl A m.J
duidt Peak Diode Recovery didt (0 5.0 Vins
T, Operating Junction and 35 to+ 175
Teta Storage Temperathwre Range i
Soldening Temperature, for 10 seconds 300 {1.8mm from case |
Mounting torque, 6-32 or M3 srew 10 Ibfin {1.1M=m)
Thermal Resistance
Parameter Typ. Max. Units
Ras Juriction-to-Case — Q.75
Racs Case-to-Sink. Flat, Greased Surface 0.50 — “ChY
Flaga, Juniction-to-Ambient — a2
wiww_irf.com
01725
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|RF3205 Infernational

ISR Rectifier

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. (Max. [Units Conditions
Vigross | Dran-to-Source Breakdown Violiage | — |— | V | Vas=OV, lp=250p4
ANerpeaidT; | Breakdown Voltage Temp. Cosfficient | — | 0057 | — | VPC | Reference to 25°C, Ip = 1mA
Rpsion Static Drain-to-Source On-Resistance | — | — [ 80 | mil | Vaz= 10V, p=624 @&
Vioam Gate Threshold Voltage 20 | — |40 | V | Vps=Vgs, lp=250pA
Ors Forward Transconductance 4 | — |[— | 5 | Voe=258V lp=62A5
- — | — | 28 Wpg = 33V, Vgg =0V
oes Drandn-Source Leakage Curent — | — | 230 WA Wps =44V, Vige = IV, Ty=180°C
lass Gate-to-Source Forward Leakage — | — | 100 A Vgg =2V
. Gate-to-Source Reverse Leakage — | — |-100 Vgg = -20V
i, Total Gate Charge — | — | 146 Ip =624
Qe Gate-to-Source Change — | — | 35 | nC | Vg =4V
Qg Gate-to-Orain "Mller”) Charge —— | ™ Wgg = 10V, See Fig. G and 13
faon) Tum-On Delay Time — | ¥ |— Wop = 28V
tr Rise Time — | 101 | — e Ip =624
e Tum-Cif Delay Time — | 80 | — Rz =450
fr Fall Time — | 88 | — Wgz = 10V, See Fig. 10 @
. Between lead, _
L Intemal Drain Inductance — | 45 | — " &mm (0.25in.) ‘.’I
ol
L intemal Source Inductance — | 75|— from package /
and center of die contact
s nput Capacitance — |37 | — Vas =V
[ Output Capacitance — | T8 | — Vpg =25V
Cores Reverse Transfer Capacitance — | 211 | — | pF | f=10MHz. S== Fig &
Exz Single Pulse Avalanche Enengyd — [I050E| 264®| md | lug= 624, L =138uH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
5 Continuous Sowrce Current N B T MOSFET symbal
{Body Dicde) A showing the
[ Pulsed Source Cument integral reverse
{Body Diode)d —| | p-n junclion diode.
Veg Diode Forward Veltage — | — 13| ¥V [T;=25C l3=02A Vg =0V @
[ Reverse Recovery Time — | 68| 104 [ ns [T,=25C, |-=524
Qr Reverse Recovery Change — | 143 215 | nC | diidt = 100A/ps &
fon Forward Tum-On Time Imirinsic: furr-zn trme is neghigible (um-on is dominated by Lg#lg)
Motes:

(I Repetitive rating: pulse width limited by @ Pulse width < 400ps; duty cycle < 2%.
max. junction emperature. ( See fig. 11) @ Caleulated continucus cument based on maximum allowable
(& Startng T, = 25°C, L = 138pH junction temperature. Package limitation cument is 754

i This &5 a typical value at device destrection and represents

3 ksp = G2A, diidt < 20TAMps. Voo = Viesioss, operation cutside rated limits,

T,< 175°C

(ZiThis is a calculated value limited fo T, = 175°C.

wwnwirf.com

84

www.manaraa.com



LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with
true differential inputs. They have several distinet advantages over
standard operational amphfier types m smgle supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with gquiescent cwmrents about one—fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range meludes the negative supply, thereby eliminating the
necessity for external biasing components in many apphcations. The
output veltage range also meludes the negative power supply voltage.

Features

#* Short Cocwited Protected Cutputs

True Differential Input Stage

Single Supply Operation: 3.0 Vo 32V

Low Input Bias Cwrents: 100 A Mawimum (LM3244)

Four Amplifiers Per Package

Internally Compensated

Common Mode Eange Extends to Megatrre Supply

Industry Standard Pmouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting

Dievice Operation

Pb—Free Packages are Available®

® NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes

*For additional infomnation on our Pb—Free strategy and soldenng details, please
downboad the OM Semiconductor Soldering and Mounting Technigques
Reference Manual, SOLDERRM/D.

@ Eemiconductor Components Indusiries, LLC, 2005 1
September. 2005 - Rev. 19
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POIF-14
N SUFFIX
CASE 846

SOIC-14
14 D SUFFIX
CASE 751A

TS50P-14
DTB SUFFIX
CASE 943G

FIN CONMNECTIONS

L
Out 1 [[] ] Out 4
o2 LD

Vex [2] 1] Ve, GHD
=] ]
mz{@ﬁ“ ’_@g} bt 3
Ouz[7] 7] 0w 3
(Top Vi)

CORDERIMNG INFORMATION
See detalled ordering and shipping Indormation in the package
dimenslons section on page 10 of this data sheet

DEVICE MARKING INFORMATION
See general marking Information In the device marking
saction on page 12 of Mis dats sheat.

Publication Order Number:
LM324D
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Data Sheet No. PD60147 Rev.T

International
IGR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
e Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
¢ Undervoltage lockout for both channels
® 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground +5V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmlﬁ-tnggergd inputs with pull-dov‘vn Delay Matching (|R21 1 0) 10 ns max.
® Cycle by cycle edge-triggered shutdown logic IR2113) 20
® Matched propagation delay for both channels ( ) ns max.

® QOutputs in phase with inputs

) Packages
o Also available LEAD-FREE

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan-
nels. Proprietary HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction. Logic inputs are compatible with
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

16-Lead SOIC
14-Lead PDIP IR2110S/1IR2113S
IR2110/IR2113 (Also available
LEAD-FREE (PbF))

Typical Connection up 1o 500V or 600V
*
— |
— HO —‘ |/ Ei’ \| T
o A A A J
Vpp © T‘ Voo Vg hd VA _—
HIN o—— — HIN Vg [—e > 1o
SD « sD — A C)LOAD
LIN e LIN Vee —*— /.,-— -
N f \
Vg © Vs COM . ( DE( |
Vee o—‘ — LO ATAVAY -
(Refer to Lead Assignments for correct pin configuration). This/ These diagram(s) show electrical
connections only. Please refer to our Application Notes and Design Tips for proper circuit board layout.
www.irf.com 1
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International
TSR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
VB High side floating supply voltage (IR2110) -0.3 525
(IR2113) 0.3 625
Vg High side floating supply offset voltage Vg-25 Vg +03
VHO High side floating output voltage Vg-03 Vg + 0.3
Vee Low side fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Vee +0.3 v
Vbbb Logic supply voltage -0.3 Vgg + 25
Vss Logic supply offset voltage Vee-25 Vee + 0.3
ViN Logic input voltage (HIN, LIN & SD) Vss - 0.3 Vpp +0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6
(16 lead SOIC) — 1.25 W
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 .
(16 lead SOIC) — 100 Cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vs offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vg +10 Vg + 20

Vg High side floating supply offset voltage (IR2110) Note 1 500

(IR2113) Note 1 600

VHO High side floating output voltage Vg Ve
Vee Low side fixed supply voltage 10 20 Y,
Vio Low side output voltage 0 Vce
Voo Logic supply voltage Vgg+3 Vgg + 20
Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vgg Vop

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of 4V to -Vgg. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.

2
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Appendix (B)

Details of Hardware Implementation

Figure cl

Figure cl illustarate the push pull converter circuit which have six MOSFEET IRF3205
with heting skins also, IC CD4047 is used to generate square pulses.

Figure c2

Figure c2 demonstrate the center tap of transformer which having (13 0 13) voltin
primary and 360 V in secondary, the core of transformer is (40mm*80mm)

ol Lalu Zyl_ﬂbl ’
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Figuré 03 h

Figure c3 shows the square pulses generated by CD4047 for push pull converter using
oscilloscope.

Figure c4 : Testing of push pull converter
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Figure c8: Half wave of reference signal

Figure c9: The controller circuit using PIC16F877A

Figure c10: The output pulses generated by PWM generator

BRE EJLIH
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