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ABSTRACT

Recently, the advancement in power electronic is increasingly growing. Power
electronic circuit is a circuit that uses to converter the source energy from one form to
another. The utilization of power electronic in nowadays application centributes
significantly to produce well-functioning and less complex designed. DC-DC converters
are an essential part of power electronic which focus on changing the DC voltage input
level whether to lughe: or lgwer level. Boost converter is one of DC-DC converters, it’s
also knowrf as a step-up nntput voltage. It can be applied to replace the transformer due
ble, able to promxce a higher output voltage at high efficiency, as well as
the bulldmg ‘of boost converter is simple and easy to be.analyzed, offered at a low price

to more flex

and less nms&, .

This prcgéct aims to design a DC-DC boost converter that will be driven with
utilizing Pulse-Widtt Modulatior (PWN) where the DC 1eyel compared with carrier
signal. In addmon, Proportional- Integral denvatlve (PID) contrc-llers have usually been
applied to the DC-DC boost converter due to its sm‘nphcny of demgn However, this
implementation of this control method cause suffers on the dynamic response of boost
converter output voltage. Thus, the motive of this project is to modify this PID controller

to improve its performance and generate the desired output voltage.



ABSTRAK

Kemajuan dalam kuasa elektronik semakin pesat berkembang. Litar kuasa elektronik
adalah litar yang digunakan untuk menukar tenaga sumber dari satu bentuk ke bentuk yang lain.
Penggunaan kuasa elektronik pada masa kini menyumbang kepada pengunaan sistem yg ringkas
secara optimum. Penukar DC-DC adalah bahagian yang penting bagi kuasa elektronik yang
memberi fokus kepada perubahan tahap input voltan DC sama ada tahap yang lebih tinggi atau
lebih rendah. Pengubah boost adalah salah satu daripada penukar DC-DC, ia juga dikenali
sebagai voltan langkah kelumn, 1a boleh digunakan untuk menggantikan pengubah kerana
lebih fleksibel, mﬁm;:ummghasﬂkaﬂ,vollml yang lebih tinggi dan keluaran pada kecekapan
tinggi, serta pembinaan rangsangan pengubah adalah modah dan mudah untuk dianalisis,
ditawarkan pada haxga yang rendah dan kurang bertindak kepada ganguan luar.

Projek ini dilékls'éhakan' bertujuan untuk mereka bentuk penukar DC-DC rangsangan
yang akan dipandu dengan menggunakaii-plse lébar- modulasi (PWM) di*mana tahap DC
dibandingkan dengan- isyérat pémba-wa. Di _sampin_g -itﬁ-, pengawal, ‘Proporti onal-Integral-
Derivative (PI'D')'""IEi’asaﬁy"a telah digunakan “untuk péhﬁkéf DC-pc "réhgsangan kerana
kesederhanaan reka bentuk. Walaubagaimanapun, pelaksanaan kaedah Kkawalan ini
menyebabkan masalah pada sambutan dinamik rangsangan penukar voltan output. Oleh itu.
tujuan utama projek ini adalah untuk mengubah pengawal PID untuk meningkatkan prestasi dan
menjana keluarga voltan yang dikehendaki.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

DC-DC converters are advice that converts an input voltage to lower or higher output
voltage. It is a sort of electric power converter. DC-DC converters are used in traditional
application such as solar photovoltaic (PVs) system, electric vehicle, DC motor drives, DC
power supplies and telecommunication. DC-DC converters use to increase or decrease the
output voltage from the lower ‘input voltage. There is three general application of DC-DC
converter, the converters are known as boost, buek, and buck-boost converters. Figures 1.1 and
1.2 show the diagram of PVs system and the configuration of DC-DC boost converter,
respectively. The proposed of “designing DC-DC Boost Converter 'is t0 maximize the
unregulated DC voltage that is genecrated by the solar panel to a higher output voltage that
required by batteries.

PY Paned

Figure 1.1: The diagram of PVs system
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Figure 1.2: DC-DC boost converter

1.2 Motivation

This final year project is based on the title “Modified PID for de-dc boost converter”,
Boost converter is also known as a step -down converter where it produces an output voltage
that is lower than the input voltage. Modified PID is being design based on the reference from
the classical PID. The benefit of modified PID is it helps to ensure a better output response and
a more desired output based on the requirement. This DC-DC boost converter 1s designed
specially to boost Tow’ voltages. Therefore, it is useful in boosting low.solar panel (12V) to
higher voltage so that 36 Vdgc.can be generated. At this time, the efficiency is also high and it is
cost effective. It is also a transformerless topology. In order to 5chieve a stablé output voltage
at the output terminal, a modified PID 1s added into the design to produce a better output
response for the system. This design helps the global by producing a high output voltage based
on the demand for usage such as the solar panel by using this design is better than using a
transformer which produces lots of heat and energy that will be loss to the surrounding and
produces lots noise. This design is more convenient to be used in global and the cost of this

design is affordable if compare to use of the transformer.



1.3 Problem Statement

A suitable design of DC-DC boost converter can step-up the voltage from its input
supply to its output load. DC-DC converter contains of power semiconductor devices which are
operated as electronic switches. The process of the switching devices causes the DC-D(C boost

converter to be nonlinear characteristic.

A conventional PID control system not able to produces a desired output voltage based
on the requirement. Therefore, to improve the system, a modified PID is required instead of
classical PID to produce a better output as desired and to enhance the system. DC-DC boost

converter and the switching PWM are simulated using MATLAB.

14  Objectives »'°
The objectivesof this project are:”,

I.  Todesi gn a PWM switching- manner of DC-DC boost converter.
II. To propose -'q__modiﬁed PID as a feedback control system to address issues of step-
changes in referéhte BECIGARI0r DC-DC boost converter.
[IlI. To compare the .syé}em's_ rves_ponsés_ between-the econventional cascaded PID and-

the proposed modified PID controller.

1.5  Scope
The scopes of this project are list below:

i Simulate the DC-DC boost converter that has a specification of V;=12 and V,=36.
il Apply a mathematical Model of DC-DC boost converter.
iii ~ Modeling and simulating the PWM switching manner of DC-DC boost converter.
iv Simulate and design PID controller, and modified PID controller
MATLAB/SIMULINK.

v Compare the results of conventional PID and modified PID controllers.



1.6  Report outline

This report contains five chapters. The first chapter explains about introduction which
includes the motivation, objectives, and scope of this project. Theory and literature review on
DC-DC converters are discussed in chapter 2. In Chapter 3, the methodology of this project is
described in detail. Chapter 4 consists of all results obtained. Lastly, Chapter 5 covers the
conclusion of the project.

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



CHAPTER 2

LITERATURE REVIEW

21 Introduction

Nowadays, the advancement in power electronic is increasingly growing. Numerous
researchers have given a great effort in order to design and develop new and sophisticated power
electronic devices that can be utilized in various applications. Power electronics circuits used to
convert electric power frorn onesource to anther through converter devices. The circuit of power
electronic function consmt of a m;mconductor as switches, so that, adjusting or operating
monitoring a (voltage or current), PoWer electronics applications domains from high-powered
tools, be it dc power transmission, cordless serewdnivers. pewer supplies for a variety of
applications, laptop, hybrid automebiles, and mobile charger| 1]:

2.2 DC-DC Converter -

A DC-D( |converter: is a circuit, that utilized jtoconverts an input DC voltage and
generates an output DC voltage. Usually, the output generated is higher or lower compared to
the input voltage. Furthermore, DC to DC converters is utilized to provide noise isolation, Figure
2.1 shows the symbol of DC-DC converter. There are three familiar types of DC to DC
converter, be it buck, boost and buck-boost converter, they are utilized to step-up or step-down

the output voltage [2].



DC mput DC output

Figure 2.1: Symbol of DC-DC converter

2.2.1 DC-DC Buck Converter

step-down also known as a buck converter is power converter that usually utilized to
reduce the output DC voltage to the desired value which will suit a corresponding application.
the buck converter is a'common non-isolated power stage topology. The buck converters can
convert a vol tage_iﬁﬁm Tvolts into '&'Jgawer adjusted output veltage classically to 0.4volts. the
main component ._ijf'Stepﬂbwn converters circuit 1s a diode, a switch, at least one inductor and
capacitor. those basic components are-able to transfer small packets ofenergy. Buck converters
in most situations propose higher efficiency. The power switeh connected in series with power
supply, while the diode.li'-s connected in parallel. The buck converter can work in different
methods; discontinuous and -ccn_ti'nl]ous- .mode.'Figm 2.2 shows-the circiit of buck converter
[3].

VI =
4 o A =g )

figure 2.2: The circuit of buck converter



2.2.2 DC-DC Boost Converter

Boost converter or voltage step-up converter is the converter that uses to step-up the
voltage of DC supply to meet the required voltage demanded by selected application. Its
powerful device which can easily increase 12V DC in Photovoltaic (input voltage source) to 30-
36V required by the battery charger. The boost is a common non-isolated power stage topology,
the main component of step-up converters circuit is a diode, a switch, at least one inductor and
a capacitor, the basic construction of this components is quite simple, boost converter uses
inductor and diode in series with DC supply while a power switch connected parallel. Figure

2.3 shows the diagram of boost converter [4].

B!

Vs 'ﬁs c o LOAD | y

LT}

Figure 2.3; The block diagramrofboost converter

2.2.3 DC-DC Buck-Boost Converter

Step-up/down also known as a buck-boost converter is power converter that usually
applied to step-up or step down the output voltage, it is a sort of DC to DC converters that
combine two functions of boost and buck converters in one circuit, Figure 2.4 shows a block
diagram of the buck-boost converter, the construction of buck-boost converter circuit is that the
power switch (IGBT) connected in series with power supply voltage and the inductor connected

in parallel, while the capacitor connected in parallel to the load. [5].
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Figure 2.4: The block diagram of the buck-boost converter

I\

2.3 Pulse Width Modulation DC-DC Converters

Pulse Width. Modulahon(PWM) is a technique which converts an analog signal into
digital signal. Pu@: Width Mﬂdulatwh (PWM) signals hayve been widely employed in power
electronic applications, there are many uses for PWM include Telecommunications, DC motors,
RC devices, Audiﬁ(ﬁd'q‘o effects, Voltage regulation and LED (increase and decrease the
brightness). The idea 6f high (1} and low (0) that PWM signally produces is the remarkable
approach of controlling semicondnctors switches. DC-DC converters are power converter which
converts a DC sources from one voltage level to anther lever (higher or lesser) simply by
changing the duty eycle of the power switching in'the converter circuit [6). Figure 2.5 shows
Pulse Width Modulation (PWM) generation.

A duty cycle can be expressed as the percentage of one period in which a signal is active.
A period is a time it takes for the signal to complete an ON and OFF cycle. A duty cycle

expressed as:

D =-Ex100%
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Figure 2.5: Pulse Width Modulation (PWM) generation

24  Feedback copt’iﬁdli& &

Feedback g:(mtmllﬁ can be deﬁned_‘-as a target ﬁsigud--to one or several state-variable
such is output. A" circuitry fmonitors the output voltage deviations with respect to the input
voltage and output mnrents Ifthe output voltage deyiates from its target, an error is created and
fed-back to the power stage for action: The action is 2 change in the control variable: duty cycle
(VM), peak current (CM) or the switching frequeney. Such’a control system is necessary ifit is
desired to change the output voltage Set point, or if the System conditions change (e.g. input
voltage source changes, load changes, €tc)! The most popular feedbadk controller used in DC-
DC converter is the frequency response. The main function of feedback controller is to

compensate the converter shortcomings[7].

Input voltage ‘ DC-DC Boost | Output voltage
» comnverter | -
Vi | Vour
conitrol
Action

Figure 2.6: Feedback controller
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2.5 PID Controller

PID controller is the one of the most common close-loop controller often utilized in
industry. PID controller utilize a three main performance types P (proportional) for an overall
control action, 1 (integral) to reduces steady-state errors and D (derivative) is seldom used on it’
s own in control systems it utilized to improves transient response. PID control is one of the
oldest and classical controllers used for the boost converter. due to the various advantage of
PID, it is widely used for industrial applications in the power electronic field. It uses one of the
controllers including P, PD, P1, and PID. The PID utilized to develop the overshoot, transient
response, and steady state error. The PID combining proportional, integral, and derivative
together to get a stable output. It provides excellent control behavior of boost converter by

obtaining the gain value of P, I and D. Figure 2.7 shows the circuit of PID controller[8].

P dGeton

Erjor » 1 f,‘_[ elrhit |
__ A y

e

Figure 2.7: PID Controller

2.6  Tuning of loop

As one knows the controlled process input can be unstable when the PID controller
parameters such as the proportional gain, integral gain, derivative gain when they are not chosen
correctly. Tuning a controller is just the adjustment of the control parameter to an optimum
value to obtain the desired control response. Generally, the stability of the output response is
required but at the same time the process must no oscillate for other combination of process
condition and set point. There are different methods for tuning PID loops such as the Ziegler-
Nichols, tune by feel, software tools and also the Cohen-coon method. All these methods have



their own advantages and also its disadvantages as done by previous researches[9]. Table 2.1

shows the effect of parameters.

Table 2.1: The effects of increasing the parameters

Parameters Rise time Overshoot Settling time Steady-state
error
Proportional low high Small change low
gain
Integral gain low high high Eliminate
Derivative gain | Small change low low None

2.7  Ziegler-Nichols method

Ziegler-Nicholsifigthed, introduced by John G. Ziegler and Nathaniel B. Nichols. As in
Ziegler-Nichols tumag method, the i:;bind D gains are first set to zero. The "P" gain is increased
until it reaches thﬁ-'." "critical gain" Ke af which the output of the loop starts to oseillate as shown
in figure 2.8 [10]. K¢ and the oscillation period Pe are used to set the gains as shown in the table

below.
Table 2.2: Ziegler-Nichols Method
Control type . K, .Kf Kq
P : 0.5Kc = 3
Pl 0.45Kc 1.2Kp/Pc -
PID 0.6K¢ 2Kp/Pc KpPc/8
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Figure 2.8: Sustained oscillation with period £,

2.8  Modified PID Controller

The positi({'i;l- of mtEgral action has remained unchanged on a forward path which affects
the difference of refermcesigna]and the feedback signal. Though, derivative and proportional
actions have changgdiqrm feedback path to affect only the output sighal. The purpose is to force
the system’s output to f‘c:all"lbw a given bounded reference value.

s T T i I e =TT =« =T FIs

R X <{out)

PR LsaiEw MELRRT

-

System

b e & B
o . T

Moditi=d PID

Figure 2.9: Modified PID controller

The modified PID controller can be expressed as follow:

K, 2
GC(S) oA l—SK;-‘-S Kgq
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It is hard to adjust the system response due to two zeros in the system with conventional PID
controller. The effect of two zeros occurs as higher overshoot. The response by adding
proportional and derivative blocks of PID on feedback path instead of on forward path.
Therefore, a better solution of system response is achieved in modified PID in comparison with
conventional PID [11].

2.9 Previous related works

Nowadays, DC-DC converters have received a great attention by researchers and
industry to utilize them in the power electronic due to their dramatic expansion of renewable
energy sources, advantage features and their ability to produce a simple and good functionality
design. The boost converter is a particular one of the DC-DC converters which could be utilized
to rise-up the small ix_':pﬁt DCto ‘mgher output DC voltage. in order to get maximum performance
and stability of desigﬂed system, vnnous type of controller have been used.

In [12], a Fractional Ordér PID designed to drive boost converter. The controller can’t
derive a suitable Start-up response.-small overshoot and a good settling time are the main
characteristics for a suitlah!'e start=up response. Numerous nonlinear controller techniquies like
Ho, control, fuzzy céntrol, wanalysis and syht}iesisbbnh'ol-could-be applhied, PID controllers fit
to ruling industrial -oontroller_s.. Normall}_r the techniques fo develop the traditional PID
controllers involved the u‘éage of fractional order Confrﬁlleré' within ﬁtfﬂ«'iﬁtégr‘al and integral
derivation parts. the research concludes by proposing FOPID controller for Boost converter may

give a better robustness and a better dynamic response with a perfect start-up response.

While in [13], PID controller designed for solar power system used boost converter with
PID control, system requirements to convert the inconstant dc output voltage of a solar power
into a stable output voltage that will be sent into the connected part. Boost converter (step-up
converter) is the converter that uses to rise-up the output of DC supply. therefore, a boost
converter is needed to rise up the output voltage. Hence, in order to regulate the output voltage
that could be done by modifying the duty cycle that will be supported by PID coniroller.
According to the experimental results, by implementing the Ziegler-Nichols Technique, the

output voltage remains constant for any variation in the input voltage.
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Moreover, in[14], a new explanation to drive boost converter that shows Inverse
Response because of the existence of Right Hand Side Zero, require a limit on the possible
closed-loop bandwidth of the driven thus the controller gain K will be minimized. Different
methods are suggested to design a PID controller such Ziegler-Nichol's (Z-N), as Internal Model
Control (IMC), Synthesis and Equating Coefficient, which can be utilized to control the boost
converter. The study concludes that Synthesis controller is the best controller in term of settings,

very less ISE value and reducing overshoot.

Recently in[15], a new technique is proposed for optimal of modified PID and PID
converter, it 1s important to design a converter to provide an output voltage that must qualify
appropriate steady state error and transient response. The problem of adjustment of the output
voltage have been an issue, in order to control the converters there are different methods are
easily designed and arg simple but are not effective and robust, while some others can be
effective but there are too cnmphcawd to implement such as neural network control, intelligence
techniques, and m_b_t_id predictive conﬁ‘éllcr.' The reseatch coneludes by combines the advantage
of LT spice for siﬁlﬁlatiﬁn of converters using actual components with artificial intelligence.

2.10 Summary

To sum itup, this chapter introducing about DC-DC converter concept, also by introduce
three common type of 'DC‘—T)'C. converters, buck, boost, and buck-boost. The detail of each
converter of buck, boost and buck- boost converter include the circuit construction has been
discussed. The advantage of this dc-dc converter is very useful in our daily life such as in
portable electronic devices such as cellular phones and laptop computers. Moreover, the control
strategies utilized in these converters was discussed as well. The modified PID controller helps
to produce a better output of the Dc-Dc Boost converter. Lastly. a review of previous works

has been discussed.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

From the literature review, DC-DC converters are electronic circuits utilized to change
the input DC voltage from one level to another, there is three popular type of DC-DC converters
like a buck, boost, and buck-boost converters are available in the industry. Each one of them

has its own ability to step—up or step-down the output voltage.

The boost DC-DC canvm Is Bho‘san to be the focus of this project. The simulation design is
developed in MA“_TLABI T s
voltage level to an"gm‘ ther.

.’_40 venfy the operation of DC-DC boost converter one

The methodnlny of this project has been divided into two parts: final year projectl is
about Design and analyzé boost converter circuit and final year project 2 is about analyze and
compare modified PID with g@ny_entxol;@l_ PID:as showmin figure 3.1, wlulg Figure 3.1 shows
the flowchart of this project. | |
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Develop closed loop | | Analyze and compared
P FID and modified PID Modified PID with
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Study on model on:

1 Type DC-DC converter
11 Boost converter

!

Stmulate and test boost

converter using 1 ——_)
MATLAB/Simulink

NO

Analyze the results

Conclusion

Figure 3.2: Project Flowchart

3.2  Principle operation of boost converter

A boost converter containing at least two semiconductors (a diode and a transistor) and at

least one energy storage element, a capacitor, inductor, or the two in combination. the analysis

relationship between inductor voltage and current assumes as:
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# The capacitor very large, and the output is held constant at voltage Vo.

Y

The circuit is operating in steady state.

The inductor current is always positive.

v v

The switching period is T, the switch 1s closed for time DT and open for
(1-D) T.

» The components are ideal.

The main principle of the boost converter is that could be operated by periodically opening and

closing an electronic switch. Figure 3.3 shows the boost converter with its open and close

switches.
L1 D1
i
-
a L A .1._ ] 4
@S Svvi — 1
v - = D
W re— - —1
— - - - - — M

—— 3

(<)
)
X
1)
3
1
Ip

Figure 3.3: Boost converter with open and close switches

< switch closed, diode off

The diode basically prevents the capacitor from discharging. When the switch is closed
current flow from input into inductor straight to the ground. If the switch keeps close for a very
long time basically there will be a short circuit through the inductor, hence the switch is going
to be close for fraction of a second. The switch going to be close long enough for some current

to start flowing through the inductor, this process storing energy into inductor in the form of
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magnetic field. Now there is some current flowing through the inductor, therefore there is some
energy stored in the inductor, the switch quickly will be open. By referring to figure 3.4 and the
waveform in figure 3.5 the voltage across the inductor will be equal to the input voltage which

can be express in equation 3.1

e L B
Y St S
P (] EFRE.wms,
3 "

Figure 3.5: Boost converter waveform of induetor-voltage-and induetor current

V].. — VD
Vi =V, (3.1)
where
g
Visly
Also, the derivative is the changes in the current with time so
Qi D)
dt L
dip _ iy _ Ay
dt Ay DT
S Vo
t &

Hence
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’ DT
(AiL)cLosep = "LEL— (32)

%+ switch open, diode on

when the power switch is open, the current coming from the supplied will flow through the
inductor, through the diode, so energy gets transferred from the inductor to the output capacitor
and the voltage increases, our boost converter now has boosted the voltage. Furthermore, figure
3.6 shows boost converter when switch is open, while figure 3.7 shows the waveform of inductor
voltage and inductor current

UNIVERS$ITI TEHNIKAL MALAYSIA MELAKA

=

R A

ray v

Figure 3.7: Boost converter waveform inductor voltage and inductor current

VL=V =V
where
=1, 3
%) o
Also, the derivatives are changes in the current with time so
dir _ Vp-Vo

dr L



dip_ ol __ah_
dt A (1-DT)

dy_Vo-vo
dt L

Hence

_ (Vp-Vo)(1-D)T
(AiL)opeNED *—‘-L—L

2]

(33)

To obtain the value of output voltage of boost converter by combine equation (3.2) and (3.3)

(Aip)openep*(AiL)cLosep =0

(Vp-Vo)(-D)T K VpDT =0

*th’fS;‘q L L

_,-:r;':u \.:‘:.-w-:tv" um .ﬂ.-u—# I.//. CL--J 8 |
vi=Yo
UNIVERSITI TEKNIK &L MALAYSIA MELAKA
Valy —(1-1:)211
From equation (3.6) the Average inductor current will be:
.
L™ -p)2R

Maximum current:

I l > Vn VDDT
nex z (1-D?R 2L

Minimum inductor current:

(3.4)

(3.5)

(3.6)

(3.7

(3.8)
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P/ _VDDT (3_9)

L and C values:

L 5 0=V (3.10)
: 2fx]°u;

Ripple factor:

DT F

Figure 3.8: The capacitor output current

1AQ| = (?") DT = CAV,

Therefore, the ripple voltage AQ become

. VoDT VoD
ap = RC ~ RCf




20.L N (3.11)
Vo  RCE

where f is the switching frequency. Alternatively, expressing capacitance in terms of output
voltage ripple yield

D (3.12)

33 Transfer function of boost converter

Based on the knowledge obtained in electric circuit theorem applied in order to
calculate the transfer function for a boost converter, it can be calculated by referring to figure
3.3 that shown Boost convertes ,yhen the switch is open.

,:\' r ori_lé—;e*.n.zl” > N
,..J}"\.-D [SEAPASVAEN ) ‘lﬁ-"q-_--“ ,""W}'

= Aot VO 3 d Ao V' -,

UNIVERSITI TEKGERRL MALAYSIA MELAKA
Vos (3.14)

e

G+ Re9)

From equation 3.13 and 3.14 the transfer function of boost converter will be

Vo (@R
Vi (st R+ R)s +)
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34  Response Characteristics

The most important transient response parameters are indicated in Figure 3.9. These
parameters are defined as follows:

» Rise time, Tr. The time required for the waveform to go from 0.1 of the final value

to 0.9 of the final value.
» Peak time, Tp. The time needed to reach the peak value.
» Percent overshoot, %OS 1s stated as a percentage of the steady-state value, refers to an

output greater than its steady-state value.
Settling time, Ts. The time required for the response to reach and within a certain range

b X

’
about (two presents to five present).

whl AYS)q an

! | | -~ o )
s \ J | & t - = ®
; Y " Q/ L i .m -‘-l‘. - 4 - |
Ml — b o b ATe W Lad
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Figure 3.9: Second-order underdamped response

From Figure 3.9 the percent overshoot, %0S, is given by

C —
9505 = 2z — Cotaal 410 il
Crinal
Damping ratio is given by:
%0, 3.16)
~ ¢ {

¢= D
VI + In(R05)?
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Peak time is given by:
T, = LS (3.17)

Settling time is given by:
(3.18)

3.5 Simulation development
The simulations have been done by considering the assumptions of:

» The value DC vaftages(mrc;: is 12 volts.

» Ideal power switeh used 1s IGBT

» The fundamental frequency is 20kHz.

» The main DC-DC converter-used is boost converter.

3.6 Boost converter design (open loop)

Boost conyerter is the converter that uses to.step-up. the voltage of DC supply o meet
the required voltage demanded by selected applicafion. Figure 3 10 showsl the .design of boost
converter using MATLAB software. In the boost converter circuit, a Pulse Width Modulation
PWM stored in MATLAB was utilized to provide a gating signal to semiconductor IGBT.

The duty cycle of the boost converter is produced by comparing a constant duty cycle with the

triangle wave, it 1s utilized to control the output voltage.
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Discrete,
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Figure 3.10: The design of boost converter using MATLAB

3.7  Boost converter design-witha Fixed duty cycle

The open circuit of boost converter shown in figure 3.10 in which the duty cycle of boost
converter is produced by comparing a constant duty cycle with-the triangle wave. In the open
loop design, the output has no relationship to produce the duty cycle, however, the duty cycle

equation expresses by D = 1 — 2L Hence the duty cycle redesilgned to includé the output and

Va
input voltage to produce the duty cycle. Figure 3.11 shows circuit design of boost converter with

fixed duty cycle, which includes the input and output voltage as references
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Figure 3.11: Boost converter design with fixed duty cycle

3.8 Control Mechanism of boost converter

Pulse Width Modulahon PWM1 1s a common tool for controlling power electronic. The
concept of ON (1) and' OFF (0) that \ati-ideal PWM- pmduces is-a remarkable approach to
controlling semxconductors smlbhes A boost converter ;mp]ements one power semiconductor
switch (IGBT) cbnnG:cted in parallel WIth pc source, the main advanfage of utilizing PWM
signal to trigger ON or OFF cycle of IGBT in sequence. Figure 3.12 shows the Pulse Width
Modulation PWM circuit utilized to produce a gating signal to drive the IGBT.



Constant 0 = duty Ratio

ol Flgure312,PWM circuit for boost converter

3.9  Boost converter by changing R Load Value

M :l =
I
Repeating < Scopat
Secuence Y
]- Relational
1 }——apl o615 Cpaator
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The aim of this project is'to design a boost converter by adding different parameters and

controllers to observe the changes in the output and.obtain, the best design circuit. In the main

design of the boost converter R load is fixed in the design. In this section, additional Resistance

R2 will be connected in'parailel with Rl 'as, so'the value of'the load varied in order to observe
the changes in the output voltage. R1 and R2 are selected to be 10ohms and 20 ohms.

The circuit design of boost converter by changing the R load value is shown in figure 3.13. A

breaker is connected and set from open and then close in t secs. So, the R load will change from

10 to 6.67 ohms.



29

Nonnallyathgﬂdut# cycle feﬁb@o&__&g@ﬁ@g{mdaﬁd in between 0. § to 1. Selection

r-"‘-
of duty cycle depends on-input voltage supply and required ‘output ﬁo'lt}fge. When boost
converter used PID; controller it gives high steady, state error. \Using conventional Ziegler-
Nichols can’t give the desired output voltage. Therefore, A Modified PID controller is needed.
Figure 3.14 shows PID controller of boost converter.
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Figure +3.14: PID controller for Boost converter.

311 Modified PID Controller

Modified PID mieans by ones separate the cﬁaraé’t’er_ist_id!;_’ ifra PID. Modified meaning by
changing classical PID controller. There are many ways in modifying PID controller such as by
remaining the propcljf:tional" and integral aétibn and t-nbvl.zes. the c..ie'tivat-ive. action to the feedback
this modification is known as PI-D controller as shown in figure 3.15 another method by
remaining the proportional and derivatives action and moves an integral part to the feedback
this modification is known as PD-I controller as shown in figure 3.16. One method used in this
final year project is by remaining an integral part of the system and then the derivative action
moves to the feedback path so that any change in reference input signal may not involve in the
manipulated signal this modification is known as I-D controller as shown in figure 3.17. A
modified PID controller for DC-DC boost converter using MATLAB/SIMULINK shown in the

figure 3.18.




Pl

INPUT

INPUT

INPUT

s & @

31

POWER PLANT P

>

Figure 3.15: The control architecture for P1-D

POWER PLANT

| €

Figure 3.16: The control architecture for PD-I

> (> [ POWER PLANT

e

-

v —

Figure 3.17: The control architecture for [-D

OUTPUT

OUTPUT

QUTPUT



32

Dol

st

o .
i

ST “ | .
' e ol ol
=

e S 4@ 5
[ ]
: i =—10

*T

Elgﬂi‘ﬁllﬁ:i\«iﬁmﬁed PID controller of boost converter
The advantage of Modified PID.is-to-prevent earlier peak andshigher oVershoot. Besides that,
the proposed momﬁedmwnm}lercan also help to prevent negative effect as well as to
ameliorate system response with a comparison {6 the classical type oF PID.

3.12 Summary

1IN T 1= =
L | =4 r

To summanzcje,thls cﬁaptér préseﬁts a flowchart that shows the sequence hnplemf:ntation
of this project. Theoretical knowledge about boost converter when the circuit works in On and
Off switch. the derivation equations for the inductor, capacitor, duty cycle and inductor current
when the switch 1s an open and closed switch. the derivation equations for the transter function

of boost converter. Theoretical knowledge about different types of a modified PID controller.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

The performance of the output voltage of boost converter i1s analyzed using
MATLAB/SIMULINK.

This chapter particularly presents the results of the simulation generated for the boost
converters when subject to parameter variations. The parameters considered in the simulation

are shown in table 4_,-4_..'

Table 4.1: Parameters are considered -

Parameter " Value
Fi;efq?ue;n_ey 20KHz
input voltage _ | 12Volts
output voltage - : . 36Volts:
Resistor: ‘51,4 110ohm
Duty cycle 0.67
Inductance 70uH
Capacitance 100uF
Switch IGBT

The duty cycle is calculated for value of input voltage is 12 volts and the output voltage
is 36 volts by applying the equation (3.5).
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12
D=1-— =0.666

12
[OU'[ - 13:1.2 A

While inductor and capacitor are obtained by equation (3.10) and (3.12).

0.66(1 — 0.66)x 12

4 = GEi
Lmin 2x20,000%1.2 361y
C= by = 100uF
~10x003x20,000 M

Therefore, in this project, the value of the capacitor and inductor will be chosen as 70uH and

100yF to produce a_gu_i-iaﬁie oﬁtﬁht:’y,gltage.

42  Simulation Results
The simulation results-in DC-DC boost converters have been done for open loop and

closed using PID and mod.iﬁed PID controllers to analyze ifs performances.

4.3  Boost Converter (Open Loop)

The boost converter 1s the main converter utilized for this project. Hence a detailed
analysis will be presented. The comparison of the carrier with DC voltage is shown in figure
4.1. The modulated PWM gating is presented in figure 4.2.
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The comparison of carrier with DC voltage

Aenphiude (v)

T (%) i’
Figure 4.1: The comparison of carrier with DC voltage

P gating signal

Time
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4.4  Boost Converter with Fixed Duty cycle

The boost converter model has been designed with fixed duty cycle and the output
voltage is presented in figure 4.3. To calculate the overshoot, settling time and peak time that
by refereeing to figure 3.9.
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Therefore, the percent ovetsW‘tan be calculate usmg the formula below

|
,.\1\.@’ '!-*--H'ﬁl\-ﬂ k'——-:-.r\--...——-:--‘\-:’ /\-*-.--“ r..-‘n.ﬂ..&)ﬁ'

) o
%08 = Smax = Crinatl 5067 Y
UNIVERSITI TEKNIKEFMALAYSIA MELAKA

Hence
55.6 — 34.47
%0S = W‘ %100
%0S = 61.3%
Daming ratio { can be calculate by using equation (3.16)
- In(2=23)

{= ——(ﬁ;z)—=0154

From the graph, the peak time will be 0.002 by using equation (3.17) to calculate w,
nnoz?1 0.154% = 15807 nai's
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Therefore, to calculate settling time use equation (3.18)

4

Ts = Sisaxiseny 00163

Table 4.2: Time Response property of boost converter of uncompensated system

Response Characteristics Uncompensated value
Overshoot 61.3%
Settling time 0.0163s
Peak time 0.002s

4.5  Analysis the results

The simulation results of the proposed boost converter design with different values duty
cycle shown in Flgum 44&:@ tab E.4 3. As observed from thﬁ simulation, the highest output
voltage needs hi g@d‘dlﬁyﬁyclﬁm the lowest Gmput veltﬁ@ n:eds lower duty cycle.

140 __."—"_ e, . = T m it = |

120 Y -1 : ' =R~
100
80 pa—— .~ et " — Tt

60
40
; nhl I
N TEE N
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8

duty cycle

0.9

® Calculated ™ Simulated

Figure 4.4: Calculated and simulated output voltage
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Table 4.3: Comparison of output voltage with different duty cycles

Duty ratio Vin Calculated Vyy,s | Capacitor | Inductor | Simulated Vi,
0.1 12 13.33 0.00005 | 0.0000225 12.56
0.2 12 15 0.0001 0.00004 14.25
0.3 12 17.14 0.00015 | 0.0000525 16.35
0.4 12 20 0.0002 0.00006 19.14
0.5 12 24 0.00025 | 0.0000625 23.07
0.6 12 30 0.0003 0.00006 29.02
0.7 12 40 0.00035 | 0.0000525 39.07
0.8 12 60 0.0004 0.00004 59.49
0.9 12 120 0.00045 | 0.0000225 117.4

4.6  Boost cony-erter without cqnixoller
Case 1: Reference change

There were two féferqr,we yoltage have been test in order to observe the changes in the output
voltage. From the table 4.4, when the reference voltage is set as 24, the overshoot is quite high,
Fast settling time, the Output ripple voltage is 0.7 and steady state €rror.is not equal to the

reference voltage as shown in figure 4.4.,

When the reference voltage is set as 36v, the overshoot is lower than the overshoot of
V.er = 24v, the Steady state error bigger compare to V.o = 24v, the Output ripple voltage is

1.5 and the steady state error is not equal to the reference voltage as shown in figure 4.4.

Table 4.4: The Response characteristic of boost converter without controller

Response Characteristics Vier = 24v Vier = 36V
Overshoot 50% 10.65%
Settling time 0.015s 0.078 s
Peak time 0.002 s 0.042 s
Output ripple voltage 0.7v 1.5v
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Fl,gure 4.5; Output voltﬁge of boost converter without controller

The conc]usioﬁ, 't'h.é overshoot-variations from high to low, that happened due to the
change in the reference voltage (24v) is quite large; started from.0.to 24 .also the steady state
error is greater when the reference voltage is 36v, that occurred due to the output current is high
(when the voltage:in'éreasé the current also increase), therefore when the current getting higher

the losses will be higher too Py, = I?R.

Case 2: Load changes

The reference voltage set to 36v. As shown in figure 4.6 there is a drop at time 0.04s of
the output voltage, that drop happened due to the switch is close. When the switch closed R1

become parallel with R2 and will produce a new resistance value Ro¢q;-
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Figure 46 Output voltage of boost converter with additional R load

4.7 Boost Converter with Controller

4.7.1 PID Controller "

Case 1: Referencechange

The PID controller is fed into boost converter. The parameters generated by using root
locus as shown in table 4.5 and the output voltage is presented in figure 4.7, PID controller

produce output voltage with high ripple voltage. Therefore, PID controller was not able to

generate the desired output voltage.

Table 4.5: PID controller parameters

Parameter Value
Kp 6.5124
K; 369.9974
Kq 0.0022947
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PiD controller for DCDC boost converter

0 0 01 01 02 0% 03 0% 4
Time

Figure 4.7: Output voltage of boost converter with PID controller

Case 2: Load change

The PID controller is fed into a boost converter with additional R load and the output
voltage still has high ripple voltage but when additional R load connected at 0.05s the ripple

voltage reduced a/bit as shown in figure 4.8,
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PID controller for DCDC boast converter
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Figure 4.8: Output voltage with PID controller and additional R load

4.7.2 Modified PID controller
Case 1: Reference change

The meodified PID contreller'is a modification from.the-classical PID controller. The
type of Modified BID, contreller implement in this final year projeet is I-D where integrator is
remains and derivative is put as a feedback. Modified PID controller is fed into the boost
converter and the paramerters values are considered K;=450 and K4 =0.02. The output voltage
1s presented in figure 4.9. The reference voltage is set to a different value (36, 24 and again to
36) in order to test the modified PID controller whether is able to track the reference or not.

From the figure below it is clear that the controller is able to track the reference voltage.
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A modified PID controller for DC-DC boost converter
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Figure 4.9: Output voltage with A Modified PID controller

Case 2: Load changu

There was:_thi’eb-ré'sisianees- in-parallel R1=1000hm, R2=1000tm, and R3=12 50hm as
shown in figure 5. IZThe systerm was run at 0.3s, R1 connected while R2 and R3 disconnected.
When 1000hm resistancé ‘connected to boost converter the ripple voltage is hi gﬁer compared to
100hm this because boost converter designed using 10ohm, At 0,1s, R1 and R2 become parallel
while R3 disconnected the total resistance became 50ohm. When 50chm connected to boost

converter the ripple voltage is less than' 1000hm resistance. However, the controller still able to
follow the reference voltage as shown in Figure 4.10.
At 0.2s R1, R2 and R3 became parallel so the total resistance became 10ohm the

controller able to track the reference voltage with low ripple voltage compare to 100ohm and
50ohm.
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To summarize, t.h:§j chnp'uerﬂre'boost converter has been simulated usmg MATLAB and

the output voltage.o}}m:vstaonv&er W‘BMWF&@WM variation
has been dlscussedhmmpanngtbamsmobmm&om&mulauonwmthcachatad value with
different duty CW ’6515? IH E\MJ@&F: %&Yo%%t %Meﬂer has been
calculated. Boost converter has been tested without and with controller in order to observe the
best output results. Modified PID controller produced the desired output voltage with low ripple
voltage for the DC-DC boost converter.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

Power electronics is an interesting field for researcher’s due to its significant
contribution in producing small devices that can control large applications, hence it helps to
build simple and flexible designs. DC-DC converters are utilized to convert the unregulated DC
mput to a controlled DC output voltage. There is three types of DC to DC converters for example
buck, boost, and buck-boost. Each type has different principle operation such as buck converter
uses to step down the output ypltage, boost converter uses to step up the output voltage and

buck-boost converter use to wmp:ié‘e_both steps up and step down the output voltage.

Boost converter was the main type of this project. Boost converter gircuit has been
constructed using MATLAB/SIMULINK software with variation.duty cycle and constant input
voltage. A Dc-De boost eonverter is tiging used-to provide aregulated output voltage of 36V
from an input voltage of 12V the boost converter is able to produce a constant output voltage
of 36V from a variable of the-input voltage. However, a 'rr_i‘odiﬁed PID controller is required to
change the steady-state and the time response graph of the output voltage pro__duced by the DC-
Dec boost converter. A mod.iﬁ'ed PID conlrldll'er.hellpé to ensure a more appr(;priéie and to enable
the desired result to be obtained. Based on the analysis being made, classical PID controller
doesn’t give the desired output voltage, therefore a modified PID being tested using [-D
controller. Modified PID seems to be performed better by producing better output response of
the output voltage compared to the classical PID controller. For future recommendation,
Modified PID can be improving to a better state to produce a better result of output voltage.
More practical and researches can be carries out in order to have a better design of the modified
PID for the dc-dc Boost converter. Besides that, Properties of Boost converter can be improve
by adding coupling inductor or other to step up the voltage more successful and involve a new
control strategy such as Fuzzy controller. Greater improvement can be done if more time 1s

provided for the project.
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APPENDICES

Figure 5.1 to figure 5.9 shows the output voltage of boost converter when the duty cycle

change from 0.1 until 0.9
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Figure 5.2: Output voltage of boost converter with 0.2 duty cycle
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Figure 5.4: Output voltage of boost converter with 0.4 duty cycle
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Figure 5.6: Output voltage of boost converter with 0.6 duty cycle
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Figure 5.8: Output voltage of boost converter with 0.8 duty cycle
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Figure 5.10: Boost converter circuit without controller
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Figure 5.12: Modified PID Controller of boost converter with additional R load





