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ABSTRACT

A novel hybrid multi-input dc-dc converter topology is presented in this research. The presented
topology has hybrid energy conversion capabilities thereby diversifying the converters input
voltage sources to a variety of energy sources. There are no restrictions to input voltage sources
with varying current-voltage characteristics. All these properties are achieved with minimum
component number and bidirectional capabilities. When compared to previous multi-input buck-
boost converter, the presented topology has the following advantages; transformers are not
required to produce positive output voltages, bidirectional capabilities and independent

operation in the various categories of buck-boost.

Keywords: Multi-input dc-dc converter; bidirectional; buck; boost and buck-boost.
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OZET

Bu arastirmada yeni bir hibrit ¢ok girisli dc-dc doniistiiriicii topolojisi sunulmustur. Sunulan
topoloji, hibrit enerji doniistiirme yeteneklerine sahiptir, bu nedenle dontstiiriiciilerin giris voltaj
kaynaklarini ¢esitli enerji kaynaklarina ¢esitlendirir. Degisken akim-voltaj 6zelliklerine sahip
giris voltaj kaynaklar1 i¢in herhangi bir kisitlama yoktur. Tiim bu 6zellikler, minimum parca
sayis1 ve ¢ift yonlii yeteneklerle elde edilir. Onceki gok girisli buck-boost doniistiiriicii ile
karsilastirildiginda, sunulan topoloji asagidaki avantajlara sahiptir; Transformatdrlerin, gesitli
buck-boost kategorilerinde pozitif ¢ikis voltajlari, ¢ift yonlii yetenekler ve bagimsiz ¢alisma

tiretmesi gerekli degildir.

Anahtar Kelimeler: cok girisli dc-dc doniistiiriicii; ¢ift yonlii; buck; boost ve buck-boost.
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CHAPTER 1
INTRODUCTION

1.1 Overview

The use of power electronic converters in the last decade has witnessed rapid increase and this
can largely be attributed to the major improvements that have been chalked in the power
electronics based industry. These various converters now come with minimum size, less weight,
less cost, higher efficiency and are more reliability. The term converters is a broad name which
is used to classify all the various topologies of power electronic converters. Basically converters
are semiconductor based devices which are used in conditioning or altering the state of power
to some more desirable characteristics.

DC-DC converters are the simplest topologies of power electronics converters. They are widely
used in almost all electronics systems and high power systems such as electric vehicles, HVDC,
wielding and plating systems etc. By connecting a transformer to the DC-DC converter, it can
be used as an isolating system. A variety of DC-Dc topologies exist; the commonest topologies
are the buck topology, boost topology and buck-boost topology; these classes of converters are
differentiated based on the relationship between the input voltage and the output voltage. These
common topologies have less number of components especially the semiconductor switches
and. They mostly have one or two switches. On the other hand, there are complex DC-DC
topologies where the quantity of switches increases and the general topology is complex. In
other to minimize the switching losses, application of resonant techniques or soft switching
techniques are employed.

The buck converter of the DC-DC topology is able to provide an output voltage with magnitude
less than the magnitude of the input voltage whiles the boost converter topology of the DC-DC
converter has the capabilities to generate output voltages with magnitude always greater than
the magnitude of the input voltage. The buck topology is also referred to as step-down converter
whiles step-up converter is used describe the boost topology. Figure 1.1 shows the general buck

1



converter; the structure is composed of four main components, one switch, one inductor, one
capacitor and one diode. The buck-boost topology combines the characteristics of the buck and
the boost topology; it able to generate output voltage with magnitude greater than, equal to or

less than the magnitude of the input voltage.
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Figure 1.1: Buck converter
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Figure 1.2: Boost converter
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Figure 1.3: Buck-Boost converter

| £




s F_NYY\

A S ¥o Co~ |ilom Vo

Figure 1.4: Cuk converter

The structure of the boost topology is shown by Figure 1.2. The component count is the
same as that of the buck topology, the only difference is the position of the switch and
inductor. Similarly, the buck-boost topology has the same component count when compared
to the two previous structures; buck and boost topologies. The Cuk converter is another type

common DC-DC converter which has buck-boost functionality.

Multi-input based systems especially converters have the capabilities to harness energy
from multi sources. They make use of multiple energy sources hence are able to combine
the merits of these various sources such as PV systems, wind energy, batteries, capacitor
based sources, fuel cells etc. multi-input converters have received a lot of research of the
past three decades and they are very suitable for use in microgrids, grid connected systems,
telecommunication systems, uninterrupted power supplies etc. Several multi-input systems
are able to combine voltages with different features characteristics as the source of
converters, some examples of such useful topologies can be found in (Matsuo et al., 2004;
Montali, 2010; Solero et al., 2005, 1996). These topologies however have some limitations;
multiple energy supply from the source to load is not possible, one source is able to provide
power to the load at one time, concurrent power supply is not possible, this is done in other
to prevent the effects of power coupling. The solutions to these limitations are provided in

(D1 Napoli et al., 2002).



In the case of current source multi-input converters, concurrent supply of power from the source
to the load is permissible and this achieved by the connection of transformer (multi winding
type). Although this topology provides useful application of the multi-input system, the structure
of the converter is bulky and very expensive because of the use of two inductances in each
topology of the parallel connection. Multi-input DC-DC topology with buck-boost functionality,
the component count in this topology is less however the output voltage has a negative reference.
Reversing of the output will require the application of a transformer which increases the cost
and size of the topology. Also it’s unable to provide bidirectional path for the current hence
extra converters are needed to perform this function. Application of multi-input converters
provide efficient applications of varied power sources especially renewable energy; these
converters are not limited to specific locations by virtue of the type of energy source, they can
easily be utilized in locations with more solar irradiations and can adapt easily to locations with
cheaper utility. An example of a multi-input DC-DC converter is shown in Figure 1.4. This
topology is an illustration of the way multiple power source sources can be used in feeding a

DC-DC converter.

Solar Array >

\ i

Wind Generator

Fuel Cell > MIllI::)lstle-
. DC-DC » Load
Converter
Commercial N
AC Line o

Figure 1.5: Illustration of multi-input de-dc converter



Figure 1.6: Multi-input integrated converter

> N

A St

Figure 1.7: Multi-input septic converter

1.2 Thesis Problem

Single input converters are good and efficient but have limitations to the kind of power they
accept at the input or source. If the characteristics of the input voltage for which they were
designed for changes, the converter will not be able to function as desired. Hence they are not
suitable for multi-source functions. Multi-input converters with unidirectional power flow also
have limitations; they cannot provide bidirectional power flow, power is only transferred from

the source to load but cannot be flowed from the load to the source in cases of regeneration, this
5



causes power loss which leads to increased cost and reduced efficiency. Finally, converters
without buck-boost functionality require extra converters to achieve the functions of buck-boost

hence the cost of the system increases and the efficiency reduces.
1.3 The Aim of the Thesis

The goal of this thesis is to design a converter capable of resolving the above numerated
problems. A multi-input converter is proposed, this converter has the ability to function with
different input sources this leads to application of multi renewable energy sources which leads
to improving the environments. The proposed converter accepts multi-input power sources with
different characteristics of voltage and current. The proposed converter also provides multi or
bidirectional power flow from the source to the load and vice versa. Buck-boost mode or
functionality is provided by the proposed converter; also transformers are not required in

generating positive voltage at the output.
1.4 The Importance of the Thesis

The proposed converter performs the functions of multiple converters hence the importance of

the proposed topology can be summarised below as:

e Minimum converter or system cost

e Reduced converter losses

e Maximum converter efficiency

e Less component count

e Less space required for the converter

e Mobility functionality irrespective of the power characteristics
1.5 Limitation of Study

This research investigation was successfully done with the barest or minimum limitation.
The major limitations of this research is that only simulation of the proposed topology can

be done due to the absence of a well-equipped or standard laboratory facility where



experimental results can be generated in other to validate the simulation outputs,
nevertheless PSCAD software provides the minimum differences between simulation

output and experimental outputs.
1.6 Overview of the Thesis
The body of the thesis is segmented into the following categories:

Chapter 1: Introduction, Thesis Problem, Aim of the Thesis, The importance of the Thesis,

Overview of the Thesis.
Chapter 2: Literature Review of DC-DC Converters
Chapter 3: Proposed Topology and Simulation Results

Chapter 4: Conclusion and Recommendation



CHAPTER 2
DC-DC CONVERTER REVIEW

2.1 Introduction

DC-DC converters have long been in existence and are considered as the pioneer and simplest
power electronic conditioning device. They are used in almost all spheres of human life such as
power supply systems, communication establishments, military, academia, health services,
transportation systems (air, sea and land) and electronic devices (mobile phones, laptops and
computers) and wielding and plating. DC-DC converters can also be utilized as an isolation
device when a transformer coupled to the converter (Forsyth & Mollov, 1998). Classification of
DC-DC converters is shown by Figure 2.1 where Linear, hard switching and Soft switching
modes forms the initial stage of categorization. The most common topologies can be found
under hard switching mode which is constituted by isolated and non-isolated topologies. A
review of selected DC-DC converter topologies with emphasis on isolated and no-isolated

topologies will be carried out this chapter. The selected topologies for review are:

e Buck topology

Boost topology

Buck-Boost Topology

Cuk Topology

Multi-input Topology



DC-DC Converters
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Figure 2.1: DC-DC converter classification

2.2 Buck DC-DC Topology

The buck dc-dc converter is illustrated by Figure 2.2. This topology of dc—dc converter has this
main characteristic where the magnitude of the output voltage always being less than the value
of magnitude of the input voltage. This is because the switching architecture (diode and power
switch) cuts (chops) the input voltage Vi. This is why this topology of converter is also referred
to as a chopper. It is also known as a stepdown dc-dc converter. The power circuit of the buck
converter is made up of six components namely source voltage Vi, diode, the semiconductor

switch S (let’s assume MOSFET), and inductor L, a capacitor (filter) C and the load is

represented by Ruv. the diode is given a multiple of nomenclature such as:

a. Catch diode
b. Flywheel diode

c. Freewheeling diode




PWM control technique is used in operating the power switch for the turn-on and turn-off states
by virtue of the switching frequency fs and duty cycle D which are represented by equations

(2.1-2.4). Two states of power switch control exist and these are on-state represented by Figure

2.3 and off-state represented by Figure 2.4.

1
fi=x @
D = lon 2.2
= to 22)
D ="t 2.3
- tonttoff ( ) )
D = fston 2.4)
L

is
—> —>
oT—9 YY\_o
+ Vv -
— +
V/ " —— ° Vp C=< R, V.
a Vo
® ®

Figure 2.3: On-state
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Figure 2.4: Off-state

The converter as a whole has two modes of operation CCM (continues conduction mode) and
DCM (Discontinues conduction mode). These two modes are differentiated by the period of
conduction of the inductor current. The inductor current conducts for the complete cycle whiles
during the CCM state whiles the inductor current only conducts for a period of the cycle and
terminates at zero f or a period of time in the DCM state. The boundary of operation for the

DCM and CCM is referred to as critical mode.

Referring to Figure 2.3, that is when the switch is closed or the switch is on-state mode, the
diode is reversed biased and the inductor current is equivalent to the switch current. The

following mathematical expressions are developed for this mode specifically for CCM:
The diode voltage vp is given by:
vp = =V, (2.5)

The inductor voltage v; and inductor current iz are given below where V, is the output voltage

v, =Vi =1 (2.6)
. Vi—Vo
L (stope) = — (2.7)

The output waveforms for this period of conduction from 0 to DT are shown by Figure 2.5 and

during this period the inductor, capacitor and load receives energy from the dc voltage source,

11



the second state which is the off-state starts by turning off the power switch at time DT. When

the switch is off, the inductor current is given by:

. A
lp(slope) = I (2.9)
v, ==V, (2.10)
v, =V; (2.11)
ip = —=2(t — DT) + iy (DT) (2.12)
Ves A
0 >
DT T t
L A 5
T t
VI_ VO 7// Y
NIV 2 s LY
NN 77757/
i A V-V _ ﬁ ° DT T n
/__L o M _L_J o 4
© Y Aj Iom \\ ,
— — ~ ‘o
S
0 |

~Y
o
~Y

Figure 2.5: Output waveforms (Varesi et al., 2017)
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Figure 2.6 shows the critical mode for the period 0 <t < DT and its expressed by the

expression below:

Vi—-Vo

ip =t (2.13)

Figure 2.6: Critical mode for CCM buck converter

The CCM state maximum stress on the diode and power switch for current (Ismax) and voltage
(Vsmax) are expressed below where Iomax 1s the maximum output current and Vimax is the

maximum input current.

(1=Dmin)V,
Ismax = #ﬂo omax (2.14)

Vemax = Vimax (2.15)

The buck converter circuit with parasitic components are illustrated by Figure 2.7. These

parasitic components are defined below as:

13
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T C < +
Ip Vv
V) = R Yo
AR

Figure 2.7: Buck converter with parasitic components

rdgs = On resistance of power switch (MOSFET)
Rr = Forward resistance the diode

Vr = Threshold voltage of the diode

rL = Inductor ESR (equivalent series resistance)
rc = Capacitor ESR (equivalent series resistance)

The converter power losses and efficiency are expressed below assuming the transistor has a
linear output capacitance C,. therefore the switching power loss PspL and maximum switching

power loss Pspr(max) are given by:
Pspy = CofsVIZ (2.16)
Psprmax) = CofsVitmax) (2.17)
Rr power loss is given by:

PRF = RFIl%rms (2-18)
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Vr power loss is given by:

Pyp = Vilp (2.19)
The total conduction loss of the diode is given by:

Pp = Prp + Pyr (2.20)
rL power loss and maximum power loss are given by:

Pr, = Tulfrms (2.21)

Primax = Tildmax (2.22)
rc power loss and maximum power loss are given by:

Prc = 1cléims (2.23)

Premax = 7 TcDipmax (2.24)
MOSFET conduction power loss Pmosrer is given by:

Puosrer = Tosl§rms (2.25)

Therefore, the total power loss of the converter is given by:

Prorar = Pr¢c + Pyosrer + Pr, + Psp, + Pp (2.26)

Hence the converter efficiency is given by:

Power output P, _ Py

Efficiencyn = (2.27)

Power input P; - Po+PTOTAL

Analysis of the converter during the discontinuous conduction mode is given below. There are
three states of operations in the DCM state which are represented by Figure 2.8 to Figure 2.11.
Figure 2.8 is the power circuit, Figure 2.9 shows the first state when the semiconductor switch

is conducting (ON) whiles the diode is reverse biased (OFF). Figure 2.10 shows the reverse state

15



of Figure 2.9, the diode forward biased whiles the semiconductor switch is non-conducting.

Finally, in the last state, both the diode and the switch are not conducting.

L
|iT AN
Figure 2.8: Power circuit
; .
3 Lt
PR Y Y\
R T L
Vi — { Vo C R, § Vo
-
Figure 2.9: DCM first state
L
P /Y'Y
+ Vs — + V. — l N
Vi — T Ip CT RL§ Vo
Figure 2.10: DCM second state
e ©
Tl
_ +
Vi — { W C Fa’/_§ Vo
+ T )

Figure 2.11: DCM third state
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These three states of DCM operation are given below in terms of the period of conduction of

the various waveforms.

o Statel:0<t < DT
o State2: DT <t <(D+ D))T
o State3:(D+D)T<t<T

The voltage and current waveform for these periods are shown below

Vas A is

DT T

\/

~ Yy

‘<— DT —><— D1T—>|D27'\ T t o7 - t)
o A
0 ' >
DT T i
_VO_ I
- L

Figure 2.12: Output waveforms

17



The following expressions are developed in the first state for the time inverter 0 < t < DT

v, =V, =V, (2.28)
Vv, = -V, (2.29)
ip =i = t- (2.30)

The following expressions are developed in the second state for the time inverter DT < t <
(D + Dl)T:

v, =LTE= -V, (2.31)
i, =ip (2.32)
Vi = Vsy(maximum switch voltage) (2.33)

The following expressions are developed in the third state for the time inverter (D 4+ D;)T <
t<T:

ve =V, -V, (2.34)

vp ==V, (2.35)
The DCM state maximum stress on the diode and power switch for current (Ismax) and voltage

(Vsmax) are expressed below where Iomax 1s the maximum output current and Vimax is the
maximum input current.

(Vimax—Vo)

o (2.36)

Ismax = Dmin

Vemax = Vimax

(2.37)

MOSFET conduction power loss PmosreT is given by:

_ 2
Pyosrer = Toslsrms

(2.38)
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Switching power loss Pspr and maximum switching power loss Pspimax) are given by:

Pspr = CofsV/ (2.39)

Psprmax) = CofsVitmax) (2.40)
MOSFET total power loss

Pyosrer(rorary = Prps + % (2.41)

RF power loss is given by:

Prr = Rpl3,ms (2.42)

Ip =1,(1 = Mypc) (2.43)
Vr power loss is given by:

Pyp = Vglp (2.44)
The total conduction loss of the diode is given by:

Pp = Pgp + Pyp (2.45)
rL power loss and maximum power loss are given by:

Py = 11 rms (2.46)
Therefore, the total power loss of the converter is given by:

Prorar = Puosrer + Pri + Pspp + Pp (2.47)

Hence the converter efficiency is given by:

Efficiency n= Power output P, — Py (2.48)

Power input P; Po+PToTAL
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2.3 Boost DC-DC Converter Topology

The boost converter of DC-DC topology is shown by Figure 2.13. This topology of DC-DC
converter has the main characteristic of input voltage source which is always less when
compared to the magnitude of the output voltage during steady state operation of the converter;
this is why the converter is referred to as Boost converter. Four components constitute this
topology of converter, these are one diode, one semiconductor switch, one inductor and one
capacitor (filter). Operation of the power switch depends on the switching frequency fs and duty

cycle D. The turn on time or period is given by ton.

1
fi=2 (2.49)
p =tn 2.50
=t (2.50)
i ip
L 5 >

Y'Y N

+ Vi— _TliS'f'l;ID— l
+

VI — (_*)_—‘ V+_S CT RL? VO

Vas

Figure 2.13: Boost DC-DC converter

i
L S
N o o
+VL— +VD— l

+
Vi — is ), CT F”L§ Vo

Figure 2.14: Equivalent circuit when switch is off
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Figure 2.15: Equivalent circuit when diode is reverse biased

The boost converter can also be operated in two modes, the CCM (continuous conduction mode)
and the DCM (discontinuous conduction mode) however, in the CCM mode, the converter
cannot be operated when the load value is infinity (00). Analysis of the boost topology in CCM
mode is investigated using Figure 2.13 to Figure 15. The first state of the CCM mode is shown
by Figure 2.14, where the switch conducts whiles the diode is reverse biased, this occurs during
the period 0 < t < DT. The following equations are developed for CCM state during the period
of 0 < t < DT for the boost topology of DC-DC converter:

UD = _VO (251)

v, =V, (2.52)
— %

v, = L= (2.53)

. Vi

i, (slope) = T (2.54)

ig =i+ (2.56)
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Figure 2.16: CCM state output waveforms

The following expressions are developed during the period DT < t < T where the diode is
forward biased and the switch is in non-conducting state. This period of converter mode is
shown by Figure 2.16. The diode voltage and the switch current are both zero in this state and

also the inductor releases the stored energy during this period.
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The following expression are developed by analysing the circuit of Figure 2.16:

vp =0 (2.57)
iy =0 (2.58)
v, =V, =V, (2.59)
ip = i, (DT) + (t — DT) =2 (2.60)
b=V, (2.61)
vs = Veu (2.62)

Figure 2.17: Critical mode for CCM boost converter

With parasitic elements, the power loss of the boost converter due to switching of Figure 2.17

is given by (2.63) where C, is the capacitance at transistor output and P, is the output power:

PSW = POf:SCORL (263)
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Figure 2.18: Boost converter with parasitic components

The conduction losses of the MOSFET switch is given by:
Puosrer = Toslérms
The losses due to the capacitor:
Prc = 7C1Ems
The losses due to the inductor:
Prp = 11 lfrms
RF losses:
Prp = RFlgrms
Diode losses:

_ I3RF
Pp =15 1oVr

The total converter losses and efficiency are expressed by:
PTOTAL =PMOSFET-I_PD +PRF+PTC+PSW

Efficiency n = P

Po+ProTAL
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Analysis of the boost converter during the discontinuous conduction mode is given below. There
are three states of operations in the DCM state which are represented by Figure 2.19 to Figure
2.22. Figure 2.19 is the power circuit; Figure 2.20 shows the first state when the semiconductor
switch is conducting (ON) whiles the diode is reverse biased (OFF). Figure 2.21 shows the
reverse state of Figure 2.20; the diode is forward biased whiles the semiconductor switch is non-
conducting. Finally, in the last state of Figure 2.22 both the diode and the switch are not
conducting.

L D
—_— —_—

/Y YN N

Figure 2.19: Boos t converter

Figure 2.21: DCM second state
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Figure 2.22: DCM third state

The output waveforms for these time intervals are represented below, during the period of 0 <
t < DT, its circuit is shown by Figure 2.20. On the other hand, Figure 2.21 illustrates the period
of conduction for DT <t < (D+,)T. The finally period of (D + D,;)T < +< T represents
Figure 2.22. The components output waveforms during these periods are shown by Figure 2.23.

The major components illustrated by the output waveforms are:

e Input voltage

e Switch current

e Inductor current
e Inductor voltage
e Diode current

e Diode voltage

e Source voltage
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Figure 2.23: DCM boost converter output waveforms

The following expressions are developed during the period of 0 < t < DT, its circuit is shown

by Figure 2.20.

v, =V, (2.71)
v, = % (2.72)
i =2t (2.73)
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Maximum switch current;

DV;

The following expressions are developed during the period of DT < t < (D + D;)T, its circuit
is shown by Figure 2.21:

ve =V, (2.75)
Maximum diode current:

_ Di(Vo=Vy)

IDM - T (2.76)
V; = Vi - Vo (277)
ip =+ (t — DT) =2 (2.78)

L

The following expressions are developed during the period of (D + D;) < t < T, its circuit is

shown by Figure 2.21:
v, =V, (2.79)
vp=V; =1, (2.80)

2.4 Selected Buck Topologies

A buck multiphase dc-dc converter is presented in (Gordillo & Aguilar, 2017) which provides
equal output current sharing capabilities thereby ensuring equality in thermal stresses and power
losses. Several current sharing methodologies have been presented over the years and these
methods require a sensing circuit which eventually increases the total cost of the system and
also increases the complexity of the control system however, the presented method in this paper

does not require a sensing circuit and it’s a simple technique. This technique determines the
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parasitic resistance for each phase and the calculations for the duty cycles are determined which
are useful in current sharing methodology. Analog to digital converters are not required when
using the control loop technique. The five phase buck converter is shown by Figure 2.25. The

power circuit is composed of the following:

e 10 MOSFET switches
e 5 RL load

e One capacitor and one resistance

Sy L, R,
1yl y J_
_I - C ‘
v, = 1= lo®
R,
= Sy L R,
PN AAA
1yl
—
Se, |l
||
S L, R1=
'W_MN_‘
Lyl
= |
| =
S{u L‘ R"‘
SNV ——AAA—
lvl
= |
So| 15
S, L R,
M
1yl
Sps) -
B3 S .
iz

Figure 2.24: Synchronous 5-phase buck converter
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Figure 2.25: DT interval equivalent circuit

A two cell buck converter is presented in (El Aroudi et al., 2008) where its modelling and design
are investigated. The presented buck converter power circuit is shown in Figure 2.26. The circuit
contains the following components: 2 power switches, 2 diodes, input voltage Vi, output
voltage vo, one capacitor and one inductor. Balancing the voltage across the cells will provide
minimum semiconductor stresses and this is achieved by using a controlled source voltage. The
controlled voltage source is achieved by incorporating a capacitor to the topology and controlled
by power switches Si and S>. The two diodes conduct by a complimentary manner with respect
to the switches. When switch S; conducts, D> is forward biased and D is reverse biased. When

switch S; conducts D is forward biased and diode D> is reverse biased.

Sy S, L
4 @mﬁ
J.—Lii N i
v W Cc—=vec +
in t B A%
C) »_____N____ R _0
D, D,

Figure 2.26: Two-cell buck converter
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Figure 2.30: Mode of operation when S; is off and S is off.

An improved non-isolated buck converter is presented in (Varesi et al., 2017). This topology of
buck converter also has multi-input capabilities which enables independent power transfer or
simultaneous power transfer. This topology is released with less number of components which
directly translates to reduced losses, increased efficiency, minimum size and volume and finally
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reduced converter cost. by adding a battery to the structure, bidirectional power flow is enabled.
This feature makes the converter suitable for application in hybrid systems. The power circuit
of the presented topology is given by Figure 2.31 whiles Figure 2.32 shows the modes of

operations.

Lh

T 1w * I +v —¢ S
D S1 2 3

Vn—ll n-1 L_I N N
I-_: C ve RSV,

s - |-

n
4 DI_— Dl'f art icl L4

Figure 2.31: Improved non-isolated topology

Figure 2.32: Modes of operation
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Figure 2.33: Output waveforms

A buck converter topology derived from amalgamation of existing topologies is presented in
(Dc et al., 2019). These existing topologies which are used in presenting the new topologies are
a) interleaved b) series-capacitor and finally c) tapped topologies or transformer based
topologies. Figure 2.34. Shows the series-capacitor topology, Figure 2.35 shows two circuit of
the series-capacitor tapped topology and finally the hybrid transformer based topology is shown
by Figure 2.36. Each topology has its corresponding output waveform.
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Figure 2.36: Hybrid transformer topologies

The presented topology of Figure 37 is amongst several topologies of buck converters that

provide improved performance a feature which is absent in the conventional buck topology. the
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above mentioned topologies are part of these topologies that provide improved performance and

the presented topology combines the advantages of the amalgamated topologies.

Figure 2.38: Modes of operation
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2.5 Selected Buck Topologies

An improved novel boost dc-dc converter (Sahin & Umaz, 2019) is reviewed in this section.
This reviewed topology of dc-dc boost converter has less magnitude of voltage across the filter
capacitor. when compared to other traditional boost dc-dc converters, this presented topology
provides the advantages of higher power density and minimum converter cost because of the
use of lower rated capacitor. Also there’s less complexity in its design because of its simple
structure. Figure 2.39 shows the power circuit of the presented topology. Its composed one
inductor, one capacitor, one switch, one diode and input and output sources. Two modes of
operational capabilities exist in the presented topology, the power circuit of these modes of

operation are shown by Figure 2.40a and Figure 2.40b.

7(‘

C== V¢ D Kf ip

Figure 2.39: Boost dc-dc converter

The first mode of operation is given by Figure 40a where the diode is forward biased and the
power switch is non-conducting, this occurs before the turning on signal is applied to the power
switch, basically the first mode starts when the power switch is conducting and the diode is
reverse biased. The inductor energy increases during this period whiles its current flows through
the switch, when the switch is turned off, this mode ends and the second mode begins, the

following expressions are developed for this mode:
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Figure 2.40: Modes of operation

Aiy, = e (2.81)
Ai, = oen (2.82)
% = % (2.83)
Av, = _% (2.84)
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The second mode is shown by Figure 2.40b and this starts when the switch is turned off thus the
diode becomes forward biased because of the positive voltage across its terminals. The inductor

energy minimises in this state and the following expressions are developed for this mode.

v, = v, (2.85)
Aij = (V";"i) (P (2.86)
Aip = (IL - ‘%) Ty (2.87)
Vo =% (2.88)

A new topology of quadratic boost converter (Veerachary, 2018) is reviewed in this part. This
topology of boost converter is a fifth order topology. analysis of the presented topology is done
with respect to steady state and time domain analysis. The main advantage of this topology is
its capability to provide higher voltage boosting than conventional quadratic topologies. Figure
41 shows the power circuit of the presented topology. its made-up of one power switch, three
capacitors, four diodes, two inductors and input and output sections. It’s actually derived by
adding one diode and one capacitor to the conventional quadratic topology. two modes of
operation exist, in the first mode shown by Figure 42, the switch and two diodes (D2 and D3)
conducts whiles the remaining diodes are reverse biased. In the second mode shown by Figure

43, diodes D1 and D4 conducts whiles the switch and diodes (D2 and D3) are non-conducting.

T |

Figure 2.41: 5" order boost converter
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Figure 2.42: 1°' mode of operation
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Figure 2.43: 2™ mode of operation

Mode 1:

v =V

V2 = Ve
Mode 2:

Vv =V — Vs

Vi = (e +ve2) =V
Using volt-sec method:

DV, + (v; —ve1)(1—D) =0

Dv¢; + (1 - D)vcl = (1 - D)(Vo - ch)
39
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Voltage gain:

24D?-2D
G =
(1-D)2

(2.95)

A review of a non-isolated boost converter presented by (Shahir & Azar, 2018) is carried out in
this part. The new boost converter is derived by utilizing the LV (voltage lift) technique.
Analysis of the new converter is done during CCM state of operation where the its voltage gain
is obtained. Figure 2.44 shows the power circuit of the presented boost dc-dc converter topology
which is made up of 2 power switches, two inductors, three capacitors and three diodes. Two
modes of operation are possible as indicated by Figure 2.45a and 2.45b. These modes occur

between two time intervals:

a. 0<t<T,,

b. Ton <t < Topy

+ V- /

- ;
7 AU B

+ > B
/ e v, 3 C.R I;
T s, el

\[

¢ 71

~Vey t

Figure 2.44: Boost converter

40



Figure 2.45: Modes of operation

The first mode of operation (Figure 2.45a) occurs during 0 < t < T,,, time interval, switch S;
and diode D3 conducts, whiles switch S2 and diodes D1 and D> are non-conducting. The inductor
energy increases during this period and its current also has maximum exponential increase. Also
there’s a series connection between the load, all three capacitors and the inductor L2. In the
second state of operation (Figure 2.45b), switch S1 and diode D3 are not conduction while the

remaining active switches are conducting. Some selected expression for CCM state of

operations are shown below:

v =V (2.96)
v, =Lt (2.97)
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Figure 2.46: Output waveforms: inductor (a) and capacitors (b)
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2.6 Buck-Boost DC-DC Topology

The buck-boost topology of the dc-dc converter combines the advantages of the buck and boost
topologies thus it’s able to provide stepup and stepdown capabilities without introducing extra
converter structure. Figure 2.47 shows the power circuit which is made-up of one diode, one
power switch, one inductor and one capacitor. Analysis of this circuit in the CCM state is shown
by Figure 2.48 where the switch is closed and the diode is reverse biased and Figure 2.49 where

the switch is opened and the diode is forward biased.

is Ip
A B ¢ IL

Vas _
V= & * 3L cxL RL§ v,
+

Figure 2.47: Buck-boost converter

is
o
&0 o/o ®
IL - VD +
+ —_
Vi = LIv T RL§VO
+
@

Figure 2.48: Mode of operation
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Figure 2.49: Mode of operation

The ideal output waveforms for these modes of operation are shown by Figure 50. The first
mode of operation of Figure 48 last for the time interval 0 < ¢ < DT. In this interval the diode
is reverse biased whiles the switch conducts. The following expressions are developed for this

time interval:

vy = —(V; + V) (2.103)
v =0 (2.104)
ip=0 (2.105)
v, =V, (2.106)
i = iy + (2.107)
T (2.108)
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Figure 2.50: Ideal output waveforms for CCM state

The second mode of operation of Figure 2.49 last for the time interval DT <t < T. In this
interval the diode is forward biased whiles the switch does not conduct. The following

expressions are developed for this time interval:

is=0,vp =0 (2.109)
v, =Lt (2.110)
iD=iL+’Z—2—%(t—DT) (2.111)
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Figure 2.51: Buck-boost critical angle for CCM

The buck-boost converter power losses are explained below suing Figure 2.52 which contains

parasitic components. Switching power losses Pspr.

PS’PL — POfSCORL(l'l'MVDC) (2. l 12)

2
Mypc

_ PoDy¢
¢~ Ry (1-D)

(2.113)

Pory,

L = R (1-D)2 (2.114)
Py = Po(E 4 R (2.115)
MOSFET conduction power loss PmosreT 1s given by:
Puosrer = 5 e (2.116)
Therefore, the total power loss of the converter is given by:
Prorar = Prc + Pmosrer + Prp + Pspp + Pp (2.117)
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Hence the converter efficiency is given by:

Power output P, _ Py

Efficiencyn = (2.118)

Power input P; - Po+PT0oTAL

Analysis of the buck-boost converter during the discontinuous conduction mode is investigated
by using the power circuit of Figure 2.52. There are three states of operations in the DCM state
which are represented by Figure 2.53 to Fig 2.55. Figure 2.53 shows the first state when the
semiconductor switch is conducting (ON) whiles the diode is reverse biased (OFF). Figure 2.54
shows the reverse state of Figure 2.53; the diode is forward biased whiles the semiconductor
switch is non-conducting. Finally, in the last state of Figure 2.55 both the diode and the switch
are not conducting. The three modes of operation of the converter exists in the following time

intervals:
0 <t < DT represented by Figure 2.53.
DT <t < (D + D,)T represented by Figure 2.54.

(D + D;)T < t < T represented by Figure 2.55.

Vas -
v = & * 3L C >~ F{L§ A
+

L g

Figure 2.52: Buck-boost converter
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Figure 2.54: Mode of operation
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Figure 2.55: Mode of operation
The mathematical expression developed for the following time intervals are given below:
0 <t < DT represented by Figure 2.53:
ve =0 (2.119)
ip=0 (2.120)
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DT <t < (D + D;)T represented by Figure 2.54:

vD=0
is=0
dif,
v, =L—
L dt
v, =V,

ip=—=2 (t—DT) + =2

(D + D,)T < t < T represented by Figure 2.55:

vp =V
v, =V;
i, =0
ip=0
ipj=0
v, =0
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(2.121)

(2.122)

(2.123)

(2.124)

(2.125)

(2.126)

(2.127)

(2.128)

(2.129)

(2.130)

(2.131)

(2.132)

(2.133)

(2.134)

(2.135)



Converter power losses and efficiency are derived by:

Py, = ﬁsCoVs%n

2¢Ds 2
P.ps = P,M * =5 e
rDs o"vDC 3 RLLfs

The losses due to the inductor:

— 2
PrL - rLIers

Vg |, 2Rp 2
Po = R,GE+5F
Vo 3 ~JRLLfs

The total converter losses and efficiency are expressed by:

Prorar = Pp + Prp + Prps + Poy

Py
Po+PTOoTAL

Efficiency n =

2.7 Selected Buck-Boost Topologies

A novel buck-boost converter referred to as negative output KY is reviewed in this section (Hwu
& Yau, 2009). The presented topology of converter has bilinear features. Figure 2.56 shows the
power circuit of the presented topology, it has two mode of operations which are represented by
Figure 2.57 and Figure 2.58. The power circuit is composed of four unidirectional power
switches, two diodes, two capacitors and a low pass output filter. In the first mode of operation
(Figure 2.57), the lower switches of Sz and S4 are gated on whiles the upper switches remains

off. The following expressions are developed for this mode:

di,
Lo— - =2Vi—=V,
av, Ve
Co—2=—->+1i
0 at R, o
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(2.136)

(2.137)

(2.138)

(2.139)

(2.140)

(2.141)

(2.142)

(2.143)



lop = ip2 (2.144)

i = ip (2.145)

S,(
TG D,y
Cbl Lo
{} »> Y'Y\ °
S, J .
- D, Dy, QI R, 2V,
+

Figure 2.56: Negative output KY converter
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Figure 2.57: Mode 1 operational state

The following expressions are developed for the second mode of operation where the upper

switches of S1 and S3 are gated on whiles the lower switches are gated off.

dig

Loy, (2.146)
Co e =~ Loy, (2.147)
_— (2.148)
i = iy, (2.149)
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Figure 2.58: Mode 2 operational state

Another type of KY topology of buck-boost is presented in (Hwu et al., 2009). This topology of
converter has better rapid responses when compared to the conventional buck-boost topologies.
It also has the feature of output current which is non-pulsating which means that the stress on
the output capacitor is minimised and also the ripples in the output voltage are reduced. Two
types of KY structures are presented and they will be reviewed individually in this section. The
first topology is shown by Figure 2.59 whiles Figure 2.62 shows the second topology. The first
topology has one diode, one capacitor, four switches and an output filter, however, the second
topology has two input voltage sources, four switches one capacitor, one diode and an output

filter. The modes of operation of the first topology are shown by Figure 2.60 and Figure 2.61.

Figure 2.59: First topology of KY

52



Mode 1 of Type 1:

(2.150)

(2.151)
(2.152)

=i—

dt

cdv,

Figure 2.60: Mode 1 operation for first topology

Figure 2.61: Mode 2 operation for first topology
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Mode 2 of Type 1:

Vi1 = Vi (2153)
V2 = Vi + Ve1 — Vep — Vs (2154)
Vi3 = Vs + Vi - I/O (2155)

Figure 2.62: Second Topology of KY

|

|

|
Yy

- mmmrr -

Figure 2.63: Mode 1 operation for second topology
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Figure 2.64: Mode 2 operation for second topology

A new topology of buck-boost converter (non-isolated) with high efficiency is presented in
(Banaei & Bonab, 2020), this converter is derived from the Zeta topology therefore it inherits
all the advantages of the Zeta topology; dc insulation for the input and output sections, buck-
boost abilities and uninterrupted flow of output current. The presented topology uses only one
power switch with low voltage stress and has higher voltage gain when compared to traditional
Zeta structures. Figure 2.65 shows the power circuit of the presented topology and it contains
two inductors, three capacitors, two diodes, one switch and an output filter. There are two modes
of operation. The first mode is represented by Figure 2.66 whiles the second mode is represented

by Figure 2.67.

N
1l
R

Figure 2.65: Non-isolated buck-boost converter
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Both CCM and DCM states of operation are possible in the presented topology however, CCM
state is used in operations. In the first mode which last for the time interval of DTs, the switch
is gated on, the diodes D1 and D2 becomes reverse biased because of the negative source voltage

across its terminal. The following expressions are developed for this state:

Vi1 = Vi (2156)
V2 = Vi + Ve1 — Vep — Vs (2157)
UL3 = vCl + Vi - ‘/0 (2158)

o s oo, el
vl
N
AN
=~

Figure 2.66: Mode 1 operation

In the second mode which last for the time interval of (1-D)Ts, the switch is gated on, the diodes
D1 and D2 becomes reverse biased because of the negative source voltage across its terminal.

The following expressions are developed for this state:

V1 = Ve2 = Ve (2.159)
V2 = =Vc2 = Vg3 (2.160)
Vi3 =V =V (2.161)

Voltage gain is given by:

2D

G == (2.162)

1-D
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Figure 2.67: Mode 2 operation
2.8 Cuk Topology

The power circuit of the Cuk converter is shown by Figure 2.68. The Cuk converter has the
buck-boost functionality and its most applied in controlled dc supplies. The power circuit is
composed one power switch, one inductor, one capacitor, one diode and an output filter. Apart
from buck-boost functionality, the Cuk converter is able to provide output voltage with inversed

characteristics. The voltage gain or transfer ratio is given by:

D
G=— (2.163)
+ —
o /YN - ¢
+ —
O L O

Figure 2.68: Cuk Converter

There are two states of operations of the Cuk converter, the first state or mode is when the power
switch is closed and the second mode is when the power switch is off. In one period or cycle,
the switch is opened for a specific duration and turned off for the remaining duration thus the

on and off periods are determined by the duty cycle. Analysis of the operating is for CCM mode
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which simply means that inductor current doesn’t fall to zero during the period of operation.

The following expressions are developed during the operations of the Cuk converter in CCM

mode.

-
L, C,
V D
|

D

I
pe)
<

Figure 2.69: Mode 1 operating state

diLl _ Vi
at ~ L;
dvcl _ lL_Z
dt C1

dirz _ (Ve1~Vo)
dt L

dv, 1 .. Vo
—=—(1 —_—
e~ ¢, (i R

ls1 =l T2

(2.164)

(2.165)

(2.166)

(2.167)

(2.168)

In the second state of Figure 2.70 when the switch is opened and the diode is forward biased,

the following expressions are produced:

diLl _ Vi—V¢

dt Ly
d'VC _ iLl
at ¢

58

(2.169)

(2.170)



diz _ Yo (2.171)

dt L,

dv, _ l . _ &

i e
iDl = iLl + iLZ (2173)

N
=
O
(@)
|1
"
pe
2

Figure 2.70: Mode 2 operating state

Three state of operation exist for the DCM mode. These state of operations are represented

below.

State 1: Power switch is on; diode is reverse biased
State 2: Power switch is off, diode is forward biased
State 3: Power switch off, diode is reverse biased

State 1 expressions:

diny _ vi

&~ (2.174)
del _ lL_Z

TR (2.175)
dhp _Ye1_ Yo (2.176)
dt L2 L2 :
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dve 2 _ Vo

@ —C TR (2.177)

iSl = iLl + iLZ (2178)
State 2 expressions:

di

%zvi—% (2.179)

dv(;l _ lL_1

praiaty (2.180)

diLz _ _17_0

o - L (2.181)

dvp __ i . Vo

=2 (i —2) (2.182)

iDl - iLl + iLZ (2183)
State 3 expressions:

iLl = iLZ (2184)

Vi1 + Vi, =0+, + V4 (2.185)

2.9 Selected Cuk Topologies

Static high gain Cuk converter is presented in (De Souza et al., 2015). This topology of converter
has the characteristics of current for the input and output sections and also allows the integration
of second stage section with more components. Its suitable for application in grid-tied or
connected systems and also for photovoltaic systems. Multiple control techniques have been
proposed for the control of these types of converter (Axelrod et al., 2008; Li & He, 2011;
Meneses et al., 2013; Pop-Calimanu et al., 2019; Prudente et al., 2008; Tang et al., 2015; Yang
etal., 2009; Zhou et al., 1999). Figure 2.71 shows the power circuit of the presented of topology

which is made up of the following components: two inductors, one switch, three capacitors and
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three diodes and an output filter. There are two stages of operation of this converter which are

presented by Figure 2.72 and Figure 2.73.

Vi il I '
—— S_l D, - — gR"
T [

Voltage Multiplier Cell

Figure 2.71: High gain Cuk converter

In the first state of operation, the switch is off and diode D» is reverse biased, the capacitor
obtains energy from the inductor, the output inductor serves as a freewheeling device for this
section. The function of the inductor Ls is a resonant tank thus the energy transfer involving this

inductor is a resonant energy transfer.

L; C4
_,V_v:_'+ "T‘

Vi

Figure 2.72: First mode of operation

In the second state of operation shown by Figure 2.73, the switch is gated on whiles diodes D
and Dj3 are reverse biased. During this mode of operation, the energy stored by capacitor C; is

transferred to capacitor C3 whiles the inductor L; charges during this period.
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T %R,

—

Figure 2.73: Second mode of operation

The capacitor voltages are determined by:

1
Vereczes =Vi— (2.186)

t1-p

The converter gain G is expressed below where n is the number of stages in the converter

G =22 (2.187)

1-D

A new topology of hybrid Cuk converter (Pop-Calimanu et al., 2019) is reviewed in this section.

This novel converter boast of the following advantages:

e Inverse output voltage polarity

e Buck-boost capabilities

e Wide range conversion ratio.
The power circuit is shown by Figure 2.74. It is composed of three diodes, two inductors, one
power switch, one capacitor and an output filter. The simplified circuit of the presented

converter is shown below.
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Figure 2.75: Simplified topology

The hybrid cuk converter also has two states of operations; in the first state, the power switch is
gated on whiles its gated off in the second state. The voltage conversion ratio is expressed below

as:

M = DD (2.188)

n—nD

A self-lift cuk converter (Zhu & Luo, 2009) is reviewed in this section. This converter employs
the voltage lift methodology in the design of a new cuk converter. The new VL Cuk converter
when compared to the conventional Cuk converter provides the following merits higher
boosting gain, positive output voltage, negative output voltage, reduced component count,

reduced output ripples. Below is the proposed self-lift converter and its modes of operation, a)
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is the power circuit, b) is the mode of operation when the switch is on, ¢) mode of operation

when the power switch is gated of and d) DMC mode of operation.
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Figure 2.76: Self-lift Cuk converter

2.10 Control strategies of TB

In a broader perspective, there are several topologies of multi-input converter. these type of
converter seeks to employ different and multiple dc sources as the input of the converter. This
makes it suitable to harness variety of energy sources especially from renewable energy
(Blaabjerg et al., 2004; Gonzélez et al., 2007; Jain & Agarwal, 2007; Xue, Chang, et al., 2004;
Yang et al., 2009). Basically multi-input converters provide hybridization of energy sources
thereby increasing efficiency, reliability and reducing losses. Advantages of the multi-input

converter is reliability of the source because in the absence or failure of one source, the others
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will function without difficulty. A multi-input converter basically is a converter with multiple
dc voltage sources at the input. The converter input/source can be arranged in series or parallel
as desired by the designer. Various research into the application of multi-input converter can be

found as follows:

PV-Wind (Crescimbini et al., 1996; Solero et al., 1996).
PV-Utility (Kobayashi et al., 2006; Matsuo et al., 2004).
Hybrid Vehicle (Di Napoli et al., 2002; Jain & Agarwal, 2007).

Other applications (Benavides & Chapman, 2005; Chen et al., 2006; Chiu et al., 2005; Dobbs
& Chapman, 2003).

+
Vsi
* | Multi-Input Converter *
. | (MIC) RoV,
. -
Vs

Figure 2.77: General structure of multi-input converter

Some examples of multi-input converters for dc-dc applications can be found in the following

published literatures (Dobbs & Chapman, 2003; Kwasinski, 2009; Liu & Chen, 2009).
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2.11 Conclusion

Review of dc-dc converters was investigated in this section of my research/thesis. Selected
topologies were extensively reviewed with respect to the categorization of dc-dc converters, the
modes of operation and also the type of conduction i.e. CCM or DCM with respect to the
inductor current, various mathematical expressions were reviewed for the various modes of
operation, finally the applications areas of the selected topologies were reviewed. Emphasis was

placed on the following selected topologies:

e Buck Topology

e Boost Topology

e Buck-Boost Topology
e Cuk Topology

e Multi-input Topology
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CHAPTER 3
PRESENTED CONVERTER AND SIMULATION RESULTS

3.1 Introduction

DC-DC converters have long been in existence and are considered as the pioneer and simplest
power electronic conditioning device. They are used in almost all sectors of human life such as
power supply systems, communication establishments, military, academia, health services,
transportation systems (air, sea and land) and electronic devices (mobile phones, laptops and
computers) and wielding and plating. DC-DC converters can also be utilized as an isolation

device when a transformer coupled to the converter (Solero et al., 2005).

Multi-input converter seeks to employ different and multiple dc sources as the input of the
converter and this makes it suitable to harness variety of energy resources especially from
renewable energy. A multi-input converter basically is a converter with multiple dc voltage
sources at the input. Primarily, multi-input converters provide hybridization of energy sources
thereby increasing efficiency, reliability and reducing losses. Advantages of the multi-input
converter is a high reliability of the source, this is because in the absence or failure of one source,

the others will function without difficulty.

3.2 Presented Converter

The presented converter topology for investigations is the multi-input dc-dc converter
represented by Figure 3.1. The circuit is composed of multi-input voltages with corresponding
unidirectional switches, two diodes and an output LC filter. From the power circuit, the

following parameters are defined as:

e Input current i is expressed by i =1,2,3,4. . .
e The input voltage is V;
e The inductor current is i,

e Inductor voltage is v,
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e (Capacitor voltage is v,
e Input and output voltage and current is given by V, and [, accordingly

e The switch number is S;

Figure 3.1: Multi-input dc-dc converter

Analysis of the presented converter will be investigated using Figure 3.2 where two voltage
sources are applied. The corresponding switching waveform is given Figure 3.3 where the
periods of switching for switches S; and Sz are indicated. One period of conduction is segmented
into three parts:

0<t<DT

DT <t<D,T 3.1)
D,T<t<T
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Figure 3.2: Two voltage multi-input converter

s,
A : | :
1 | | |

. I — 1
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A i | |
—

5 .

DT D,T T

Figure 3.3: Switching waveform

The switching waveform for the two switches of Figure 3.2 is illustrated by Figure 3.3. the first
switch Si is turned on for the period 0 < t < D;T and is turned on for the remaining period of
DiT <t < D,T and D,T <t < T. The second switch S, performs the opposite switching states
of the first switch in terms of duration of switching. S2 is switched on for the period of 0 <t <

DT and D;T <t < D,T and it’s switched off for the remaining period D,T <t < T.
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0 <t < DT Switching state:

In this state, the required energy is obtained when switch S; is switched on (as shown by Figure
3.34) and the input voltage is given by V; > V, and the inductor voltage is given by V; — V, >
0. Positive voltage will be supplied to the load. There is a linear exponential increase of the
inductor current (I;;;) and its magnitude is less than the load current hence the capacitor
provides energy in the time interval (0 <t < t;). However, during the period of (t; <t <
D;T), the capacitor discharges its voltage and the inductor current is also less. All these

waveform characteristics are represented in Figure 3.7.

Figure 3.4: Switch S; closed
D;T <t < D,T Switching state:

In this state, switch S2 is closed whiles switch S1 and diode D1 are in no-conducting state. The
circuit equivalence of this state is indicated by Figure 3.5. The inductor voltage is expressed as
V5, —V,. Also there is a linear increase in the inductor current from I;p; and I} p,, similarly the
capacitor current increases from I;p; — Iy to I} p, — 5. The inductor current is greater than the
load current during this state of operation. The capacitor voltage increases or the capacitor
charges in this state of operation. All these waveform characteristics are represented in Figure

3.7.

70



Figure 3.5: Switch S; closed

D;T <t < D,T Switching state:

In this state or time interval, the switches are opened whiles diodes D1 and D are forward biased.
Applying KVL to the circuit will produce the expression below where v is the voltage across
the diode Di. This diode (D1) conducts because of the positive voltage place across it. Both the
inductor and capacitor currents decrease linearly to I}, and I}, — I, respectively. The inductor
current is greater than the load current for the interval D,T <t <t,. All these waveform
characteristics are represented in Figure 3.7.

diy,

vp1 = —L—=1

Figure 3.6: Diode D is forward biased
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Figure 3.7: Voltage and current waveforms

Analysis of the presented topology during CCM mode of operation is provided below where

critical values of voltages and currents provided theoretically. The input voltages are different

in terms of magnitude V; is greater than V, and there’s a 2% difference between them.
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The period and frequency relates by:

T = % (3.2)
Applying KCL during the period of 0 < t < D;T

ic=i,—1Ip (3.3)
Inductor voltage:

v, =Lt (3.4)
The inductor for the time interval 0 < t < D;T:

v =V =W (3.5)
It implies the corresponding inductor current and capacitor current are given by:

iy =20+ Iy (3.6)

lcp = Vl_LVO t+ (v — lo) (3.7)
During D;T <t < D,T, the following expressions are developed:

Vv =V, =V (3.8)

i = VZ_LVO t+1I1p1 (3.9)

ic2 = Vz;VO t + (ILp1 — Io) (3.10)
During D,T <t < T, the following expressions are developed:

vz ==V (3.11)
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i3 =2t +I1ps (3.12)

) v
lez = Tot + (p2 — Io) (3.13)
Vi—Vo
Iipy = (D1T + 1y) L
_ VZ_VO
Ipy = Ipy + (D — D1)T( . ) (3.14)
=" (3.15)
R V. V.

L, =§[(_Df +21)1)V—z+ (—D2 + D? —2D1+2D2V—z—1] (3.16)
VO = D1V1 + VZ(DZ - Dl) (317)

When the number of dc sources (V;, V, and V3) is increased to three, the power circuit is

presented below in Figure 3.8. The power switches also increases to three (S;, S, and S3).

Figure 3.8: Three dc source dc-dc converter

74



The mode of operation of this converter is represented by Figure 3.9 to Figure 3.12. These
figures correspond to the following modes of time intervals 0 <t < D;T, D;T £t <
D,T, D,T <t < D3T, D3T <t <T accordingly. The voltage and current waveforms are
given by Figure 3.13.

.-{/‘\ | (5]
S
[ S
qN
,:
vvv
=

Figure 3.11: D,T <t < D;T
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Figure 3.12: D;T <t<T

;ID:,I D;T D,T r r
Figure 3.13: Voltage and current waveforms

Mathematical analysis of this circuit is similar to the case study of two dc sources, KVL and
KCL is utilized to produce the desired equations. Only the fourth parameter equations are

developed in this section:
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T = % (3.18)
Applying KCL during the period of 0 < t < D;T

ic=i,—1Ip (3.19)
Inductor voltage:

v, = L% (3.20)
The inductor for the time interval 0 < t < D;T:

v =V =W (3.21)

It implies the corresponding inductor current and capacitor current are given by:

iy =20+ Iy (3.22)
. Vi—=V
lCl = 1L Ot+ (ILV_IO) (323)

During D;T <t < D,T, the following expressions are developed:

v, =V, =V, (3.24)
iLZ = VZ;VO t+ ILPl (325)
. Vo=V

ic; =2 7 2t + (Ip1 — o) (3.26)

During D,T <t < T, the following expressions are developed:

UL3 == _VO (327)

iL3 = _L&t + ILPZ (328)
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) -V
lcz = Tot + (Ipz — Ip) (3.29)

V1 - VO
Iipr = (D1T + 1y) L
Va—=Vg
Ipy = I1py + (D — Dl)T(T) (3.30)
I, = % (3.31)
Le = +-[(=DF +2D) 2 + (=D} + D} — 2D, + 2D, 2 — 1 (3.32)
VO = D1V1 + V2 (DZ - Dl) (333)

Similarly, when the dc sources are increased to four, the power circuit is indicated by Figure 3.

14.

Figure 3.14: Four dc source dc-dc converter
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The corresponding equivalent circuits for the sates of operations are indicated by Figure 3.15 to

Figure 3.19. These states occur during 0<t<D;T, D;T <t <D,T, D,T <t<

DT, D;T <t < D,T, D,T <t <T respectively.

Figure3.15: 0 <t < DT

Vv, S,
e o— . ;
I: 'SS _I‘; L D‘ —_—p
+ v, -
_I_.S-._ +
V. S, ~ >
- D, C Ve ’R
—]—e o— zcl _
s

~ ] %
VVV
I

el S

Figure 3.17: D,T <t < D;T
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Figure 3.19: D,T <t <T

The voltage and current waveforms are given by Figure 3.20.

VL4 == _VO (334)
) -V,
g =—t+ (Ips — 1p) (3.35)
) A
lea=— U+ (I ps — 1p) (3.36)

L =52|(=DZ +2Dy) > + (=DZ + D? — 2D, + 2D, :2) + (D} — D3 —
2f Vo Vo

2D, + 2Ds (%) - 1] (3.37)
0
Vo = D1V; +V,(D; — Dy) + (D3 — D) V3 (3.38)
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Figure 3.20: Voltage and current waveforms

3.3 Simulation Results

Simulation results for the presented multi-input dc-dc converter is produced by building the
various topologies in PSCAD software. Simulation results are produced for three case scenarios
when the input voltage is two (V; and V,), when the input voltage is three (V;,V, and V3) and
finally when the input voltage is four (V3,V,, Vs, and V,). The structure of the circuit remains
the same in all cases however, the component number is increased; the number of dc sources
and the power switches increases together. Furthermore, the load power is the same in all the

cases as 9 Watts. The values of the various components utilized in generating the output
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waveforms are indicated in tables below where Table 3.1 corresponds to a two input converter,
Table 3.2 corresponds a three input converter and Table 3.3 corresponds to a five input
converter. The critical inductance (L.) values are determined with respect to the number of

applied dc sources.

Table 3.1: Two inputs converter simulation parameters

Component Value
First voltage value V; 10V
Second voltage value V, 7V
Switching frequency f 50kHz
Load resistance R;, 50
Filter capacitance C 680uF
Switch S duty cycle Dy 0.5
Switch S, duty cycle D, 0.7

Table 3.2: Three inputs converter simulation parameters

Component Value
First voltage value V; 10V
Second voltage value V, )4
Third voltage value V; 8V

Switching frequency f 50kHz
Load resistance R, 5Q

Filter capacitance C 680uF
Switch S; duty cycle Dy 0.5
Switch S, duty cycle D, 0.6
Switch S5 duty cycle D 0.7
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Table 3.3: Five inputs converter simulation parameters

Component Value
First voltage value V; 10V
Second voltage value V, 1%
Third voltage value V; 1%
Fourth voltage value V, A%
Fifth voltage value Vg %4

Switching frequency f 50kHz
Load resistance R;, 50

Filter capacitance C 680uF
Switch S duty cycle Dy 0.4
Switch S, duty cycle D, 0.5
Switch S5 duty cycle D 0.6
Switch S, duty cycle D, 0.7
Switch S5 duty cycle Ds 0.8

The output waveforms of Figure 3.21 to Figure 3.25 are the applied waveforms of the two input
converter and are generated by utilizing the parameters of Table 3.1. The waveforms of the input

voltages are illustrated by Figure 3.21. the values of these inputs are V; = 10V and V, = 7V.
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Figure 3.21: Input dc voltages

The inductor and capacitor current waveforms are illustrated by Figure 3.22 and Figure 3.23
respectively. The nature of these waveforms corresponds the theoretically presented waveforms.
The inductor current alternates only in the positive polarity region of the graph whiles the

capacitor current alternates in both polarity regions of the graph.
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Figure 3.22: Inductor current waveform
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Figure 3.23: Capacitor current waveform

The load current and load voltage waveforms are illustrated by Figure 3.24 and Figure 3.25. The
presented waveforms occur during the steady states of the converter operation. The magnitude

the load current and load voltage are i, = 1.44 and V, = 7V respectively.
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Figure 3.24: Load current waveform
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Figure 3.25: Load voltage waveform

The output waveforms of Figure 3.26 to Figure 3.31 are the applied waveforms of the three

input converter and are generated by utilizing the parameters of Table 3.2.
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Figure 3.26: Input dc voltages
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The waveforms of the input voltages are illustrated by Figure 3.26. the values of these inputs
are V; =10V,V, =9V and V; = 8V.The capacitor and inductor current waveforms are
illustrated by Figure 3.27 and Figure 3.28 respectively. The nature of these waveforms
corresponds the theoretically presented waveforms. The inductor current alternates only in the

positive polarity region of the graph whiles the capacitor current alternates in both polarity of

the graph.
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Figure 3.27: Capacitor current waveform
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Figure 3.28: Inductor current waveform
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The load current and load voltage waveforms are illustrated by Figure 3.29 and Figure 3.31
accordingly. The presented waveforms occur during the steady states of the converter operation.
The magnitude the load current and load voltage are i, = 1.34 and V = 7V respectively. The
inductor voltage for the three input converter is indicated by Figure 3.30. The various generated

waveforms correspond to the theoretically produced waveforms.
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Figure 3.29: Load current waveform
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Figure 3.30: Inductor voltage waveform
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Figure 3.31: Load voltage waveform

The output waveforms of Figure 3.32 to Figure 3.37 are the applied waveforms of the five input

converter and are generated by utilizing the parameters of Table 3.3.
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Figure 3.32: Input dc voltages
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The waveforms of the input voltages are illustrated by Figure 3.32. The values of these inputs
areV; =10V, V, =9V, V3 =8V, V, =7V and Vs = 6V. The capacitor and inductor current
waveforms are illustrated by Figure 3.33 and Figure 3.34 respectively. The nature of these
waveforms corresponds the theoretically presented waveforms. The inductor current alternates
only in the positive polarity region of the graph whiles the capacitor current alternates in both

polarity regions of the graph.
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Figure 3.33: Capacitor current waveform
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Figure 3.34: Inductor current waveform
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Finally, the load current and load voltage waveforms are illustrated by Figure 3.35 and Figure
3.37 accordingly. The presented waveforms occur during the steady states of the converter
operation. The magnitude the load current and load voltage are i, = 1.34 and V, =7V
respectively. The inductor voltage for the three input converter is indicated by Figure 3.36. The

various generated waveforms correspond to the theoretically produced waveforms.
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Figure 3.35: Load current waveform
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Figure 3.36: Inductor voltage waveform
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Figure 3.37: load voltage waveform

3.4 Conclusion

The presented multi-input dc-dc converter was investigated by building and simulating the
power circuit in PSCAD software. Three different case scenarios of input values were analyzed
and waveforms generated for the various inputs; in the first case, two voltage inputs were
applied, in the second case three voltage inputs were applied whiles in the third case five voltage
inputs were applied. The magnitude of the applied voltage was different but they had the same
polarities. The load resistance value R; was maintained constant in all three case scenarios
however, the duty cycles were varied. The simulated output waveforms for inductor and
capacitor currents, inductor and capacitor voltages, load current and load voltage conforms to

the theoretically provided waveforms.
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CHAPTER 4

CONCLUSION AND RECOMMENDATIONS

4.1 Conclusion

As stated in the introduction of chapter one of this research, application of power electronic
converters in the last decade has witnessed rapid increase and this can largely be attributed to
the major improvements that have been chalked in the power electronics based industry. Power
switches with fast response, higher ratings and minimum power losses have been introduced.
The current trajectory of electric power systems shows that the application of power electronic
converters will continue to increase even though they are largely being applied in various areas

of industry.

DC-DC converters are considered as the simplest converter topology in the broader converter
family of power electronics converters. They are widely used in most electric power system
from home electronics systems to satellite systems and everything in-between such as electric
vehicle charging, communications systems and military applications. A multi-input dc-dc
converter is presented in this research. Literature review of dc-dc converters was investigated
based on the conventional topologies of buck, boost, buck-boost, cuk and multi-input
converters. Theoretical analysis of the presented multi-input converter was also investigated
where the mathematical equations governing the various parameters were provided. Finally, the
presented topology’s output waveforms were produced by constructing the converter’s power
circuit for three different case scenarios of two voltage input, three voltage input and five voltage
input in PSCAD software and simulations were conducted. The generated output waveforms
conform to the predicted waveforms in the theoretical analysis hence it can be said that the
presented research was a success. The major advantage of the presented topology is its ability
of energy diversification i.e. the application of various energy sources with different

characteristics and also the converters ability to produce the desired magnitude of load voltage
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and load current values irrespective of the number of input sources, this is evident from the

simulated results of chapter three.

4.2 Recommendations

The idea of a multi-input source has been applied in multilevel converters but not extensively.
Analyses of this concept in multilevel converters especially asymmetric topologies is worth

investigating. This is a recommendation for future works.

The thesis is limited to the design and simulation of the multi-input converter. Hence, the detail
characteristics of the energy sources have not been considered for brevity. Meanwhile, the
performance of the developed converter to handle multiple energy sources was evaluated by
using different values of the dc voltages to mimic the various energy inputs. The converter can
successfully operate even when one or more sources is disconnected. However, the converter
efficiency is higher when all the inputs are available. The future work will consider the detailed
analysis about the lifetime of the specific energy sources, optimal inputs combination for higher

efficiency.

94



REFERENCES

Axelrod, B., Berkovich, Y., & loinovici, A. (2008). Switched-capacitor/switched-inductor
structures for getting transformerless hybrid DC-DC PWM converters. IEEE Transactions
on Circuits and Systems I, 55(2), 687—696. https://doi.org/10.1109/TCSI1.2008.916403

Banaei, M. R., & Bonab, H. A. F. (2020). A High Efficiency Nonisolated Buck-Boost Converter
Based on ZETA Converter. IEEE Transactions on Industrial Electronics, 67(3), 1991—
1998. https://doi.org/10.1109/TIE.2019.2902785

Benavides, N. D., & Chapman, P. L. (2005). Power budgeting of a multiple-input buck-boost
converter. [EEE  Transactions on Power Electronics, 20(6), 1303-1309.
https://doi.org/10.1109/TPEL.2005.857531

Blaabjerg, F., Chen, Z., & Kjaer, S. B. (2004). Power electronics as efficient interface in
dispersed power generation systems. [EEE Transactions on Power Electronics, 19(5),
1184—1194. https://doi.org/10.1109/TPEL.2004.833453

Chen, Y., Liu, Y., & Lin, S. (2006). Double-Input PWM DC/DC Converter for High-/Low-
Voltage Sources Yaow-Ming. I[EEE Trans.Power Electronics, 53(5), 1538—1545.

Chiu, H.-J., Huang, H.-M., & Li-Wei Lin, M.-H. (2005). A Multiple-Input DC/DC Converter
for Renewable Energy Systems. EEE International Conference on Industrial Technology,
2005. ICIT 2005. 1, 1304-1308.

Crescimbini, F., Carricchi, F., Solero, L., Chalmers, B. J., Spooner, E., & Wei, W. (1996).
Electrical equipment for a combined wind/pv isolated generating system. /EE Conference
Publication, 419, 59—64. https://doi.org/10.1049/cp:19960119

Dc, H. S., Application, D. C., Zhang, L., & Chakraborty, S. (2019). An Interleaved Series-
Capacitor Tapped Buck. IEEE Transactions on Power Electronics, 34(7), 6565-6574.

De Souza, J. P., De Oliveira, P., Gules, R., Romaneli, E. F. R., & Badin, A. A. (2015). A high
static gain CUK DC-DC converter. 2015 [EEE 13th Brazilian Power Electronics
Conference and 1st Southern Power Electronics Conference, COBEP/SPEC 2016, Ccm,
1-6. https://doi.org/10.1109/COBEP.2015.7420064

Di Napoli, A., Crescimbini, F., Solero, L., Caricchi, F., & Capponi, F. G. (2002). Multiple-input

95



dc-dc power converter for power-flow management in hybrid vehicles. Conference Record
- IAS Annual Meeting (IEEE Industry Applications Society), 3, 1578—1585.

Dobbs, B. G., & Chapman, P. L. (2003). A multiple-input DC-DC converter topology. IEEE
Power Electronics Letters, 1(1), 6-9. https://doi.org/10.1109/LPEL.2003.813481

El Aroudi, A., Robert, B. G. M., Cid-Pastor, A., & Martinez-Salamero, L. (2008). Modeling and
design rules of a two-cell buck converter under a digital PWM controller. /EEE
Transactions on Power Electronics, 23(2), 859-870.
https://doi.org/10.1109/TPEL.2007.915162

Forsyth, A. J., & Mollov, S. V. (1998). Modelling and control of DC-DC converters. Power
Engineering Journal, 12(5), 229-236. https://doi.org/10.1049/pe:19980507

Gonzilez, R., Lopez, J., Sanchis, P., & Marroyo, L. (2007). Transformerless inverter for single-
phase photovoltaic systems. /EEE Transactions on Power Electronics, 22(2), 693-697.
https://doi.org/10.1109/TPEL.2007.892120

Gordillo, J., & Aguilar, C. (2017). A Simple Sensorless Current Sharing Technique for
Multiphase DC-DC Buck Converters. /IEEE Transactions on Power Electronics, 32(5),
3480-3489. https://doi.org/10.1109/TPEL.2016.2592240

Hwu, K. I, Lin, Z. F., Chen, Y. H., & Member, S. (2009). A Novel Negative-Output KY Buck-
Boost Converter. International Conference on Power Electronics and Drive Systems, 2009.
PEDS 2009., 1158-1162.

Hwu, K. I, & Yau, Y. T. (2009). Two types of KY buck-boost converters. IEEE Transactions
on Industrial Electronics, 56(8), 2970-2980. https://doi.org/10.1109/TIE.2009.2023100

Jain, S., & Agarwal, V. (2007). A single-stage grid connected inverter topology for solar PV
systems with maximum power point tracking. /EEE Transactions on Power Electronics,
22(5), 1928-1940. https://doi.org/10.1109/TPEL.2007.904202

Kobayashi, K., Matsuo, H., & Sekine, Y. (2006). Novel solar-cell power supply system using a
multiple-input DC - DC converter. /[EEE Transactions on Industrial Electronics, 53(1),
281-286. https://doi.org/10.1109/TIE.2005.862250

Kwasinski, A. (2009). Identification of feasible topologies for multiple-input DC-DC
converters. [EEE  Transactions on  Power  Electronics, 24(3), 856-861.

96



https://doi.org/10.1109/TPEL.2008.2009538

Li, W., & He, X. (2011). Review of nonisolated high-step-up DC/DC converters in photovoltaic
grid-connected applications. IEEE Transactions on Industrial Electronics, 58(4), 1239—
1250. https://doi.org/10.1109/TIE.2010.2049715

Liu, Y. C., & Chen, Y. M. (2009). A systematic approach to synthesizing multi-input DC-DC
converters. [EEE  Transactions on  Power  Electronics, 24(1), 116-127.
https://doi.org/10.1109/TPEL.2008.2009170

Matsuo, H., Lin, W., Kurokawa, F., Shigemizu, T., & Watanabe, N. (2004). Characteristics of
the multiple-input dc-dc converter. IEEE Transactions on Industrial Electronics, 51(3),
625-631. https://doi.org/10.1109/TIE.2004.825362

Meneses, D., Blaabjerg, F., Garcia, O., & Cobos, J. a. (2013). Review and Comparison of Step-
Up Transformerless. /EEE Transactions on Power Electronics, 28(6), 2649-2663.

Montali, M. (2010). Experimental Evaluation. 251-275. https://doi.org/10.1007/978-3-642-
14538-4 11

Pop-Calimanu, I. M., Lica, S., Popescu, S., Lascu, D., Lie, 1., & Mirsu, R. (2019). A new hybrid
inductor-based boost DC-DC converter suitable for applications in photovoltaic systems.
Energies, 12(2). https://doi.org/10.3390/en12020252

Prudente, M., Pfitscher, L. L., Emmendoerfer, G., Romaneli, E. F., & Gules, R. (2008). Voltage
multiplier cells applied to non-isolated DC-DC converters. I[EEE Transactions on Power
Electronics, 23(2), 871-887. https://doi.org/10.1109/TPEL.2007.915762

Sahin, Y., & Umaz, R. (2019). A Novel PWM DC-DC Boost Converter with Reduced Voltage
Across Filter Capacitance. Proceedings - 2019 4th International Conference on Power
Electronics  and  Their  Applications, ICPEA 2019, I(November), 1-4.
https://doi.org/10.1109/ICPEA1.2019.8911143

Shahir, F. M., & Azar, M. A. (2018). Analysis and design a new topology for nonisolated boost
DC-DC converter. Proceedings - 2018 IEEE 12th International Conference on
Compatibility, Power Electronics and Power Engineering, CPE-POWERENG 2018, 1-6.
https://doi.org/10.1109/CPE.2018.8372514

Shen, M., Peng, F. Z., Tolbert, L. M., & Member, S. (2008). Multilevel DC — DC Power

97



Conversion. 23(1), 420-426.

Solero, L., Caricchi, F., Crescimbini, F., Honorati, O., & Mezzetti, F. (1996). Performance of A
10 kW power electronic interface for combined wind/PV isolated generating systems.
PESC Record - IEEE Annual Power Electronics Specialists Conference, 2, 1027-1032.
https://doi.org/10.1109/pesc.1996.548708

Solero, L., Lidozzi, A., & Pomilio, J. A. (2005). Design of multiple-input power converter for
hybrid vehicles. IEEE Transactions on Power Electronics, 20(5), 1007-1016.
https://doi.org/10.1109/TPEL.2005.854020

Tang, Y., Fu, D., Wang, T., & Xu, Z. (2015). Hybrid switched-inductor converters for high step-
up conversion. [EEE Transactions on Industrial Electronics, 62(3), 1480-1490.
https://doi.org/10.1109/TIE.2014.2364797

Varesi, K., Hosseini, S. H., Sabahi, M., Babaei, E., & Vosoughi, N. (2017). Performance and
design analysis of an improved non-isolated multiple input buck DC-DC converter. /IET
Power Electronics, 10(9), 1034—1045. https://doi.org/10.1049/iet-pel.2016.0750

Veerachary, M. (2018). Design and analysis of a new quadratic boost converter. 2017 National
Power  Electronics ~ Conference, ~ NPEC 2017,  2018-Janua(i), 307-313.
https://doi.org/10.1109/NPEC.2017.8310476

Xue, Y., Chang, L., Kjer, S. B., Bordonau, J., & Shimizu, T. (2004). Topologies of single-phase
inverters for small distributed power generators: An overview. /[EEE Transactions on
Power Electronics, 19(5), 1305-1314. https://doi.org/10.1109/TPEL.2004.833460

Xue, Y., Member, S., Chang, L., Member, S., & Kjer, S. B. (2004). Topologies of Single-Phase
Inverters for Small Distributed Power Generators : An Overview. 19(5), 1305-1314.

Yang, L. S, Liang, T. J., & Chen, J. F. (2009). Transformerless DC-DC converters with high
step-up voltage gain. IEEE Transactions on Industrial Electronics, 56(8), 3144-3152.
https://doi.org/10.1109/TIE.2009.2022512

Zhou, D., Pietkiewicz, A., & Cuk, S. (1999). A Three-Switch High-Voltage Converter. /[EEE
Transactions on Power Electronics, 14(1), 177-183.

Zhu, M., & Luo, F. . (2009). Voltage-lift-type Cuk converters: topology and analysis. IET Power
Electronics, 2(2), 178—191. https://doi.org/10.1049/iet-pel

98



APPENDIX 1

ETHICAL APPROVAL LETTER

TO GRADUATE SCHOOL OF APPLIED SCIENCES

REFERENCE: MORAD ALI KH ALMANSURI (20183514)

I would like to inform you that the above candidate is one of our postgraduate students in
Electrical and Electronics Engineering department he is taking thesis under my supervision and
the thesis entailed: A MULTIPLE-INPUT DC-DC CONVERTER TOPOLOGY. The data

used in his thesis does not require any ethical report.

Please do not hesitate to contact me if you have any further queries or questions.

Thank you very much indeed.

Best Regards,

Prof. Dr. Ebrahim Babaei

Electrical and Electronics Engineering Department,
Faculty of Engineering,

Near East Boulevard, ZIP: 99138

Nicosia / TRNC, North Cyprus,

Mersin 10 — Turkey.

Email: parvaneh.esmaili@neu.edu.tr

99



APPENDIX 2

SIMILARITY REPORT

03112020 Tumnitn

% 'ﬂ Mg [\ Content

About this page
This is your assignment inbox. To view a paper, select the paper’s litle. To view a Similarity Report. select the paper’s Similarity Report icon in the similarity column. A ghosted icon
indicates that the Similarity Report has not yet been generated.

Project
Inbox | Now Viewing: new papers ¥

Submit File Online Grading Report | Edit assignment settings | Email non-submitters
Delete Download move to...|

Author Title Similarity web  publication  student papers  Grade response File Paper 1D Date

Morad Ak Kh Almansu Abstract m:'h T 0% 0% NA - - download paper 1434886716  03-Nov-2020

Marad Ak Kh Almansu All Thesis 5'?:" - 0% 5% NA - - download paper 14349908005  03-Novw-2020

Morad Al Kh Almansu. Chapler 1 ‘?r. N 0% 1% NA - - download paper 1434937541 03-Now-2020

Morad Ali Kh Almansu.,, © Chapter 2 6’:‘ T I 1% 6% N/A - - download paper 1434990308  03-Nov-2020
1% '

Morad Al Kh Almansu. chaptor 3 ‘ 0% 1% NA - - download paper 1434993932  03-Nov-2020

Marad Al Kh Almansu, - - download paper 14340694444 03-Nov-2020

100



