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Abstract

Renewable energy formed distributed generators (DGs) play a highest role in electricity
requisite and reduced in the global warming. Distributed generation formed on wind, solar
energy, biomass, mini-hydro along with use of fuel cells and micro turbines are becoming a
more important energy source option in the future generation system. Advantages like
environmental advocate, expandability and flexibility has made scattered generation, powered
by various renewable and non- renewable micro sources, an attractive option for design
modern electrical grids. The micro-grid concept initiates the reduction of numerous reverse
conversions in an individual AC or DC micro-grid and also solution of connections for
variable renewable AC-DC sources and loads of power systems. To the end customer the
micro-grid be designed to addressed their special requirements; such as, improvement of local
reliability, reduction of feeder losses, local voltages support, increased efficiency through use
correction of voltage sag or uninterruptible power supply. This thesis provides a study of the
control scheme for interconnection of interlinking converter(IC) between a DC bus bar and an
AC bus bar. Here photovoltaic system and, wind turbine generator are used for the
development of micro-grid. The models are designed for the converters to affirm stable
system under various loads and resource conditions and also the control methods are studied.
The maximum power point tracking (MPPT) algorithm is used to harness maximum power
from DC sources and to coordinate the power exchange between DC and AC bus bar. The
control of interlinking voltage source converter model in dq reference which is the cross-
coupling between the two orthogonal dg axes. Using voltage sensor, the Fuzzy logic controller
identifies the power load demand based on the design range. A possible control scheme is
studied and simulated in MATLAB Simulink. The system behavior is analyzed by subjecting
it to different changes in parameters, DC load and AC load conditions.

Key words: Distribution Generations (DGs), Voltage source inverter (VSI), Fuzzy logic
controller (FLC),SIMULINK® simpower system™ /MATLAB®.
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CHAPTER-ONE

1. INTRODUCTION TO MICROGRID
1.1. Background

As electric distribution technology steps into the next century, many trends are becoming
noticeable that will change the requirements of energy delivery. These modifications are
being driven from both the demand side where higher energy availability and efficiency
are desired from the supply side where the integration of distributed generation unit. In
order to solve this problem integrate distributed generation conception, micro grid as a
new idea has then been proposed to well manage the local DG units and loads. Generally
micro-grid concept defined as a local electric power distribution system with diverse
distributed generation units, energy depository systems, and loads, which can operate as a
part of the distribution system, in both grid-connected and islanded modes [1], [2]. Over
the years in Ethiopian, many works related to micro-grids have been developed aiming at
improving the operation of modern electrical systems with high penetration of distributed

generation [3].

1.2. Overview of the thesis
Based on the outputs of the participating DG units and loads, micro grids can be classified

into AC, DC and hybrid DC/AC type through three phase inter-linking converter in figure
1.1.The AC micro grid, the DC produce a sources such as PV, converted to AC with the
use of DC/AC converters based on the load demand, while AC produces a sources are
directly joined using power electronic interfaces. With high perception of DG units,[4-5],
has more capacity and control flexibilities to be attached to the conventional AC power
systems. However, some new energy source in the micro grid, such as photovoltaic (PV)
panel is DC source in nature. Whereas, DC micro-grids AC producing sources are
converted to DC using DC-AC converters based on the load demand. For the present,

many DC loads, e.g. LED lighting and computers etc., are highly growing at the end users,

l1|Page
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which need the power factor correctors (PFCs) to change the standard AC voltage to a
desired DC voltage. Therefore in order to fix power needs of at the customer both DC and
AC micro-grid to merge through a bidirectional DC-AC converter establishing in which
DC or AC source and load can flexibility integrated and power can flow smoothly flow

between the two micro-grid.

DC bas bar AC bas bar
160v 220v
Solar radiation
pv L DC_DC\—N ! orig [ WIND
Temperature| SYSTEM — V ' \ SYSTEM
4+ BIDIRECTIONAL |,
| CONVERTER ||
DCLOAD v ACLOAD

Figure 1. 1block diagram of DC-AC micro-grid interlinking converter control.

Inbuilt, established a DC power is supply to connect the DC sources and DC loads
instantly using high efficient DC-DC boost converters could reduce the unessential power

conversion circuit and make simpler the control complexity.So,the DC micro-grid can

show its significant features with high efficiency and low power conversion cost. The DC

micro grid has been proposed in [6-9] to combine various distributed generators.
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In study of , many DC micro-grid pilot projects, such as low voltage DC micro grids at the
Italian Research Center on Energetic Systems and the Lawrence Berkeley National
Laboratory, have been well- established and tested with 10% energy savings for their data
center compared to a very efficient AC base line case. Compared with AC micro grid, DC
micro grid has other advantages of less energy conversion links, lower line losses and
higher system efficiency. In addition, the DC micro grid does not need to track the phase
and frequency of AC voltage unlike the traditional grid tied inverters, which greatly
influence the controllability and the reliability of AC micro grid. Therefore, DC micro grid

is extra suitable for the integration of distributed generations of renewable energy sources.

However, for all-inclusive micro grid, where the various sources as complementary should
be unified to solve the environmental impact and reduce the interruption maintenance
time, a pure DC micro-grid would be deemed inappropriate. Therefore, DC-AC micro grid
should be assumed to fully demonstrate the advantages of AC and DC distribution
networks in view of easier renewable energy integration, higher power conversion
efficiency, less energy storage capacity, and higher reliability. In general, the merit of
cross DC-AC micro grid are the reduces of unnecessary AC-DC or AC-DC-AC power
transformation circuits installed in the power supplies, meaning the significant reduction
of power conversion losses, the reduction of embedded PFCs for powering DC loads in the
traditional AC grid, meaning the notable cost and loss reduction of power electronics
equipment at end customer, the upgraded power quality in AC micro- grid; since the DC
loads will not directly generate harmonics pollutions and the three phase interlinking
converters with full controllability can significantly increase the power quality; The
upgraded unsymmetrical current control capability has been negative and zero sequence
current issue caused by the unbalanced loads in AC grid can be controlled by the DC grid

can be summarized as follows [10, 11]:

In this architecture, this thesis reviewed the solar plant connect through DC/DC boost

converter and DC load are connected DC bus bar.
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whereas wind source and AC load are interconnected to AC bus bar .The main
components of such an interconnected the DC bus bar and AC bus bar are three phase
Voltage Source Converter (VSC), the control mechanism and the filter. Then using DC-
AC micro-grid, the bidirectional interlinking converter is voltage source converter (VSC)
which is implemented in dq reference frame to control the two ways of power flow based
on the DC and AC load. This interlinking voltage source converter with one inner loop
current PI controller and one output voltage PI controller. Both controllers are to increase
the power efficiency in island mode and grid connected mode. This thesis extends the FLC
identify the load demand on both side DC-AC hybrid micro-grids using voltage sensor.
Database contains of input and output membership functions and supply information for
appropriate fuzzification step and defuzzification operations. The rule-base formes of a set
of linguistic rules link with the fuzzified input variables to the desired control actions.
Fuzzification converts a crisp input signals, error (e), and change in error (ce) towards
fuzzified signals that has been identified by level of memberships in the fuzzy sets. The
inference method’s uses the collection of linguistic rules to convert the input conditions to
fuzzified output. Lastly, the defuzzification with changes in the fuzzified outputs to crisp
control signals using with the output membership function, which has the system take
stepes as the changes in the control input (u).The defuzzification method’s used here is
built upon centroid method. The fuzzy logic controller (FLC) was used to pick out the AC
load voltage and DC load using voltage sensor. The advantages of this type of control are
to increase the power efficiency of the system, to minimize conversion loss and it permit
the system operative to control independently of the active (d-axis) components and
reactive (g-axis) components of the currents, voltage and power. Finally,the feasibility and

the suggested control strategy are verified by simulation results on MATLAB/Simulink.
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1.3. Statement of the problem

Agreement to EEPCO data, current data with only 17% of households connected and 41%
of the population is calculated to have access to electricity and the per capital energy
consumption is 100kWh, which is the lowest in the sub-Sahara average, that is 510kWh.
[www.mowe.gov.et]. Maximum of the non-electrified regions are found especially in rural
part of the countries. Those regions can be electrified furthermore by extending the micro-
grids of the in existence power systems or by constructing standalone power systems. In
general, micro grid electrification concept for remote place is nowadays becoming
attractive and another option for remote villages ‘for specific home, and to give the
opportunity which are detached from the central grid. There is a large possible for utilizing
renewable energy sources, for example solar energy, wind energy, to provide a quality
power. The Ethiopia Government is now aware the national utility alone through
Continuous grid extension cannot speed up rural access to electricity. In order to solve this
causes this thesis will proposed Scaling up renewable energy integrating in DC-AC micro-
grid interfacing converter control to increase the power efficiency of the system and for
the purpose of reduces the reversible conversions smooth power variation between sources
and maintain stable operation in the system. Interlinking converter to facilitate the power

flow of in between DC micro grid and AC micro grid.
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1.4 .OBJECTIVES OF THE THESIS

1.4.1. General objective
The main objective of this thesis is to study the feasibility of fuzzy logic controller DC-AC

micro-grid bidirectional interfacing three phase voltage source converter.

1.4.2. Specific objective.
%+ To connect renewable energy of PV modules to DC bus bar and Wind module to connect

AC bus bar to increase the system power efficiency.

+ Bidirectional interlinking converters between AC and DC sub-grid to reduce repeated
power conversion losses.

¢+ Control of the converter two way power flow in abc to dq reference frame.

% Sensing generated power and load on both sides using matlab Simulink.

1.5. Significant of the study

The scope of this inquiry is to assess the technical and economically feasibility of DC-AC
Micro grid converter control energy system to supply the rural community detached village
from the existing national grid in Ethiopia. The study will investigate different renewable
energy option to satisfy the energy demand and to increase the power efficiency of the
village. This study should collect the load demand, analyzed relevant data, information to
examine and select the most suitable systems configuration, recommend necessary action,
necessary measures that configure a system to accommodate the current and near future

electrical energy demand for the village.

1.6. Limitation of the study
During working research paper there is a limitation: the first limitation is lack of cooperation

to get relevant data from selected area. The second limitation the rage of view of the study is
very complex control strategy when it goes from individual AC sub micro-grid and DC sub
micro-grid into hybrid DC-AC micro-grid. The third limitation is unable to get the research

money at the essential time.
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1.7. Outline of the thesis
The Thesis is arranged into six chapters.

Chapter One: Presents the Introduction, overview of the thesis, Statement of the problem,
Obijectives of the thesis and Method leading towards the completion of the thesis.

Chapter Two: Basic theory and literature review on DC-AC micro-grid.

Chapter Three: Deals with the classification of operation in a hybrid DC/AC micro-grid.
Modeling of DC micro grid component, modeling of AC micro-grid, configuration and
control mechanism of hybrid DC/AC micro-grid, power flow stage and control of three phase
voltage source converter in dqg reference frame and load demand identify using fuzzy logic
controller.

Chapter four: Discussion about the simulation results of the hybrid components, the power
flow in dq reference frame and Fuzzy logic controller in matlab/Simulink 2019a.

Chapter Five: Explain about conclusions, recommendation and future work.

7|Page
AAIT, SCHOOL OF ELECTRICAL AND COMPUTER ENGINEERING



CHAPTER-TWO
2. BASIC THOREY AND LITERATURE REVIEW

Different researches have been carrying on DC-AC micro grid power generation all over
the world and in Ethiopia. Different scholars used different Technology alternative and
approaches to evaluate the various configurations of renewable energy resources, such as
solar energy, wind energy, small hydropower and their hybrid configurations as follow.
Berihun G. (2013) presented reported of rural area in Ethiopia entitled “Modeling and
Simulating of a Micro Hydro-Wind cross-over of power generation system for rural area
of Ethiopia” by using HOMER software. He discussed two ways, Wind/Micro hydro
hybrid and Standalone large hydro system by comparing the cost of energy to identify cost
competitive for the remote village compared to extending the existing grid to the area.
According to Him, Wind/Micro hydro hybrid system is $0.112/kWh. Moreover, COE of
standalone Micro-hydro system is $0.035/kWh. He concluded micro hydro system is the
most economical and can only satisfy the energy demand of the village and technically
feasible option [46]. Still his hybrid configuration is not consider the load demand, only
one direction power flow and is not consider the power efficiency only considered the
cost.

Gelma Boyena [47] developed Design of a Photovoltaic/ Wind cross-over Power
generation system for Ethiopian remote area. The author aim had to design and model a
stand-alone PV-Wind cross-over power supply system for Balley and Surrounding areas
of 100 households and community services. The author discussed that for those
community isolate from the central grid, life style of the target community could be
improved by promoting a cost effective PV-wind hybrid system. He simulates the
suggested hybrid system and the result obtained affected by the renewable energy access.
The author pointed out that this tariff is higher than the current tariff of the country.
However, from Social point of view and improvement of the life of the people not

connected from the central grid the cost is not such significant.
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For the off grid system single technologies such as solar photovoltaic system and wind
turbine are unable work reliable and reduce the power efficiency due to their variability of

resources and high conversion loss.

A research conducted by Leak. E Woldemaria entitled” Genset Solar-Wind hybrid power
system of off-grid power generation for rural application. The hybrid system comprises of
generators set PV-array and wind turbine with storage and power electronics device
presented in his paper. His study intended to promote an efficient and cost competitive
system configuration of cross-over power system to improve the life of the rural
community not yet connected to the central grid. According to my suggestion he could not
consider power balance between EGs in the grid, one of the main drawbacks of distributed
generation systems based on renewable sources is their controllability of power flow. If
the systems model is not correctly controlled to the main grid, it can lead to the instability,
or even failure of the system. Moreover, the degrees for interconnecting those systems to
the point network are stressing more on the capability of to run over short grid
disturbances [48]. Therefore, the control strategies applied to distributed systems become

of high interest limited in seasonal and single technology in EGs.

Getachew, B and Palm [49] studied the alternative of contribute electricity from solar-
wind cross-over system to a remotely located community of 200 families isolated from the
national grid in Ethiopia through HOMER software. The results were compared from the
list of feasible renewable power sources sorted based on net present cot and found that
hybrid solar and wind system is only the promising technology for power generation to
these communities. In this scholar’s did not consider the load and high reversible
conversion loss. All most all of the above scholar’s paper shows the hybrid system either
only PV/wind excluding hydro, Dessile generator or PV/Wind/Hydro Exclude wind
turbine and did not consider the power load demand in both side . But in this thesis
studded to consider combine PV, to the DC system through DC/DC boost circuit.
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AC system structure of micro-grid interface is similar to DC system structure, wind
turbine an AC source and load to AC bus bar. The cooperation control algorithms are
suggested to control the power in flow between DC and AC grids and to maintain both AC
and DC voltages. Uncertainty and recurring feature of wind rotor speed, solar irradiation
level, ambient temperature and AC load and DC load capacities are also meditated in
system design control and operation. The simulation outcome shows that system is exist
under different load and supply conditions. Moreover, the hybrid micro-grid has higher
performance than individual AC or DC micro grid for reduces of multiple DC-AC-DC
transformation. The DC-AC bus bar bidirectional interlinking converter plays an
advantage role in this kind of structure which can coordinate the power flow and control in
the operation state of DC-AC micro grid interfacing system and it increase power
efficiency. From the controlling point of view, this thesis reviews the most important part
of a hybrid DC-AC micro grid is the interlinking converter controller which links the DC
bus with the AC bus. The interlinking converter controller consists of two inner loop
controllers for both islanded and grid connected operation of the micro grid. These inner
control loops are power controller, voltage controller and current controller. Three phase
Voltage source converters (VSCs) are among the main building blocks of power

generation systems and they are commonly used for interfacing renewable energy sources.

VSCs have many advantages including current and voltage in regulation, active power
filtering and power factor control. Voltage source converters require exact control to
achieve the desired objectives in presence of the system nonlinearities and the unknown
disturbances. Several works has been addressed voltage source converters output voltage
and current control in the last century. The main concept is to outline a cascade control
system design, where the inner loop is done for current control and the outer loop is done
for voltage control. In inverter-based distributed generators control, synchronous (direct-
quadrature d-q) reference frame is used as the manipulated variables. The VSC control

system uses PI controllers for both current and voltage control.
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In this thesis a fully separated interlinking control system is designed for both current and

voltage control of voltage source converters with LC output filter apply in the d-q
reference frame. Low pass filters after converting the abc quantities into the dg quantities.
Another option is to pre-filter the quantities after measuring them at the PCC and then do
the conversion to the dq reference frame. For proper power flow in between DC and AC
sub grid fuzzy logic controller scheme implemented. In fuzzy logic control, main control
method is driven by a set of linguistic rules which are determined by the system. Since
numerical symbol are changed in to linguistic variables, modeling of mathematical system
is not needed. In the first step, the degree of crisp inputs is based on each fuzzy set is
decided. These fuzzified inputs are the DC load and AC load then fed to the inference
mechanism in order to evaluate the fuzzy rules stored in the fuzzy rule base. Set of output
membership functions are used for this convert based on the suitability of the application.
Inference engine based on the fuzzy rules, generates the Fuzzy output values. Defuzzifier
converts the fuzzy set acquired by the inference engine into a crisp value. Defuzzifier
achieves output signals based on the output fuzzy sets obtained. The fuzzy logic controller
(FLC) has been proposed and simulated with Matlab/Simulink for controlled the voltage
source converter action. This kind of micro-grid will plane in Ethiopia in 2025G.C.
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CHAPTER-THREE
3. Methodology

The concept of micro grid is studied as a collection of DC and AC loads and micro source
which functions as a single controllable system that provides power to its local area and home.
Govern of a hybrid micro grid first requires to control of the corresponding individual sub
grids, and then coordination between the DC and AC sub micro-grids by an interlinking three
phase converter control approach applied to the ICs. In this thesis focused on the methodology
of the whole system and procedure to design Classification of different operation modes in a
hybrid DC-AC micro-grid interfacing converter control, two way power flow, sensing
generated power ,load unbalanced on both side controlled by fuzzy logic controller(FLC) and
control of converter DC-AC micro-grid interfacing in dq reference frame.

3.1. Classification of operation in a hybrid DC/AC micro grid

Generally, DC-AC micro grid consists of three main parts: AC sub-micro grid, DC sub-micro
grid and power electronics interface interlinking converter (ICs) in between AC and DC buse
bar. Figure 3.6. shows that a general design of hybrid DC-AC micro grid. Where the DC bua
bar is connected to AC grid through three phase an inter-linking converter. The AC sub-micro
grid is generally predominant in the hybrid DC-AC micro gird to provide a stable voltage. The
AC distributed generator (DG), is wind turbine, and the AC loads. On the other way, DC
power source such as photovoltaic panel, and DC load can be interconnected to DC sub-micro
grid through simple DC-DC boost converter. The main focused of this thesis is to control of
the power flow on both side by interlinking converter in between AC bus and DC bus bar in
dq reference frame based on the load demand. The main reason to transform the three-phase
instantaneous currents and voltages forward the synchronously rotating reference dgo frame
isto make figuring much easier. Secondly, it permits the system operation to separately

control the active (d-axis) and reactive (g-axis) components of the current, voltage and power.
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3.1.1. DC micro-grid
In DC micro grids the main components of are PV array, DC-DC boost converter, load

and the maximum power point tracking (MPPT) control algorithm. DC-DC boost
converters for PV applications are the ability to supply a high voltage output from a low
voltage input. MPPT methods had used for more extracting maximum available power
from PV model under a particular condition of environmental by controlling of based on
the duty ratio DC-DC converter. Based on maximum power flow theorem, by varying the
duty cycle, the load resistance was seen by the source is changed and matched with the
internal resistance of PV model at maximum power point (MPP) so as to flow the
maximum power. Under sudden varies in solar irradiance and temperature, for the
selection of MPPT ways of algorithm’s sampling time (TS_MPPT) is highly dependent on
two main components of the converter circuit namely; inductor and capacitor. In DC
micro-grid DC voltage is the only control variable which can control the active power
among the converters. The parameter like reactive power and frequency are not relevant to

the DC sub-grid, and do not participate in power sharing scheme.
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Figure 3. IMPPT PV systems with load resistor in DC micro-grid.
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3.1.1.2. Photovoltaic system
A photovoltaic system makes use of more solar panels to convert solar energy to electricity. It

has different components which are the photovoltaic modules, mechanical, electrical

connections, mountings and ways of regulating and/or remodel of the electrical output.

3.1.1.3. Modeling of PV panel
The photovoltaic model system can produce direct current electricity without environmental

strike when it is exposed to sunlight. The main model block of PV arrays is the solar cell,
which is mainly a p-n junction that directly changed to the light energy into electricity. The
output attribute of photovoltaic module based on the cell temperature, solar irradiation, and

output voltage of the module. The figure.3.2. Shows the overall circuit of a PV array.

Z, G) 5 Ve Rpg v, Load

Figure 3. 2Equivalent circuit of a solar cell

Usually the overall circuit of a general solar cell model consists of a photocurrent, a diode, a
parallel resistor which expresses a leakage current, and a series resistor which describes an
internal resistance to the current flow. The voltage current characteristic equation of a solar

cell is given as:

V+I+Rg

— (1) (VIR /(NVO)=1) _ 152(Nz*w)-l)-("“*Rs)/Rv ___________________ (3.1)

I:Iph
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Where Is2 and Is are the diode saturation of current ,V;is the thermal voltage, N2 and N are
the quality factors of (diode emission coefficients) and I,y is the solar produced current. The
PV current mainly based on the cell’s working temperature and solar irradiation, which has
the short-circuit current I and short-circuit voltage Voc are the two basic important

parameters used which depict the cell electrical performance.

The quality factor varies the solar cell and typically has a value in the range of 1 to 2.The

input I, is the radiation falling on the cell. The solar-generated current Iy, is given by:

Iph = 1t * (lphoflrg) ===========mmmmmmmmmm oo (3.2)

Where Iy is the measured solar-generated current for irradiance I,
Then, the maximum power can be gained as:

Pmax = Vmax * Imax = Voclsc """"""""""""""""""" (33)

Table 3. 1Specification of solar PV model.

No Parameter unit Value

1. Short circuit current (ls) Ampere 8A

2. Open circuit voltage(Voc) Volt 12v

3. Output power(Pout) watt 92w

4. Solar radiation(S) w/m? (0-1000)w/m?
5. Temperature(T,) degC (0-50)degC

6. Energy exponent for I 3

7. Reference temperature(T ref) degC 50degC
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3.1.1.4. Maximum power point tracking
As a system of maximum power points tracker (MPPT) functions the photovoltaic (PV)

models is the way that allows the PV models to produce all the power they are efficient of. It
has not a mechanical tracking model which moves actually the model to make them point
more directly at the sun. Since maximum power point tracker (MPPT) is a fully electronic
model algorithm, it differs the module’s set values, so that, the models instant able to carry
maximum power. The PV system outputs are based on the temperature, irradiation, and the
load behavior MPPT cannot carry out the output voltage perfectly. For this condition MPPT is
needed to be implemented in the PV system to maximize the PV array output voltage.

Necessary of maximum power point tracking shown in the figure.3.3.

Figure 3. 3AMMPT characteristic

In the power versus voltage curve of a PV module there exists a single maxima of power,
i.e. there exists a peak power corresponding to a particular voltage and current. The
efficiency of the solar PV module is low about 14%. Since the module efficiency is low it is
advisable to operate the module at the peak power point so, the maximum power can
be delivered to the load under varying temperature and irradiation varies conditions. This

maximized power helps to improve the use of the PV module.

16|Page
AAIT, SCHOOL OF ELECTRICAL AND COMPUTER ENGINEERING



A maximum power points tracker (MPPT) extracts high power from the PV module and
transfers this power to the load. As an interfacing device DC-DC boost converter transfers this
high power from the solar photovoltaic module to the load. By varying the duty cycle, the
load impedance is changed and matched at the point of the peak power with the source so as

to transfer the maximum power.

3.1.1.5. Algorithms for tracking of maximum power point
There are different algorithms which help to track the peak power point of the solar PV

module automatically from those algorithms this thesis is used Perturb and observe method.

3.1.1.6. Perturb and observance method
The algorithm is the flowchart of continuously increments or decrements the reference voltage

based on the values of the previous power sample.

Measure Vpv, Ipv

Compute P = Ppv *Ipv
v

Dp =P(k)-p(k-1)

dv = v(k)-v(k-1)

D(k)=D(k-1)+D D(k)=D(k-1)-D D(k)=D(k-1)-D D(k)=D(k-1)+D

Figure 3. 4 Flowchart Perturbs and observe algorithm

17|Page
AAIT, SCHOOL OF ELECTRICAL AND COMPUTER ENGINEERING



3.2. AC micro-grid
The renewable energy wind turbine AC source can connect to the AC sub-micro grid through

the interfacing converters. In AC-micro grid, voltage and frequency are the control variable
which can control among the converter. In this thesis wind turbine is model it’s power output

in matlab Simulink.

3.2.1. Wind turbines system design
In the use of power of the wind, wind turbines produce electricity to drive an electrical

generator. Usually wind passes over the blades, generating lift and exerting a turning force.
Inside the nacelle the rotating blades turn a shaft then goes into a gearbox. The gearbox helps
in increasing the rotational speed for the working of the generator and utilizes magnetic
fields to convert the rotational energy into AC electrical energy. Then the output of electrical
power pass to connected to AC bus, which changes the electricity for the appropriate voltage
of the power collection system. The wind turbine pull out Kinetic energy that of swept area of
the blades. The power consists in the wind is given as the kinetic energy for transferring air

mass per unit time. The equation for the power carried in the wind can then be written as:

Poir = % (air mass per unit time) (Vo )%---=-==========mmmmmmmmemeeee (3.4)

Pair = 5 (PAVep) (Voo ) 2rmememnememmem e (3.5)
1

Pair = E (pAVoo)(Voo)3 """"""""""""""""""""""""""""" (36)

Although Equation. (3.6) describes the availability of power in the wind; power transferred to

the wind turbine rotor is reduced by the power coefficient C,.

P . .
C — wind turbine ______ (37)
P Pair

A maximum value of C is explained by the Betz limit, which states that a turbine can never
extract more than 59.3% of the power from an air stream.
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The wind turbine rotors have maximum C, values in the range 25-45%.

Pyind turbine = Cp XPyjpmmmmmmmmmmm e e (38)

Table 3. 2Parameters of wind turbine

-1 Three-Phase
= Series RLC Branch

Figure 3. 5Matlab modeling of wind turbine

No Parameter unit Value
1. Nominal mechanical output power waltt 1.5kW
2. Based power of electric generator VA 1.6kW
3. Base wind speed m/s 12
4. Maximum power at base wind 0.73
speed(pu nominal mechanical power)
5. Base rotational speed(pu of base 1.2
generator speed)
6. Pitch angle Degree 3
7. External wind speed m/s 400
8. Rating power kw 248kw
50055 *
Pich angle
400 ——
Wind speed
[:] L
) O
% + \; » Tm
A S Y
2 : —daB <Rotor speed wm (rad/s)>
1»—:2 —IV\/\(— b b i I—,—u c 1
———————aC 4 c c -
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3.3. Configuration of hybrid DC/AC micro grid
Figure 3.6.shows a simple flexible structure of hybrid DC-AC micro-grid which is formed

by one AC micro-grid and one DC micro-grid connected together through an interfacing
converter (IC). The AC distributed generator (DG), is AC source wind turbine, and the AC
loads. On the other hand, DC power source such as photovoltaic panel, and DC load can be
interconnected to DC sub-micro grid through simple DC-DC boost converter. The sub grids
in the hybrid system are handled their local loads. The interlinking converter provides bi-
directional power flow between the two sub grids depending on the load demand supply
suppression in the individual sub grids. The power split in both sub-bus bars would highly
dependent on the control methods of interlinking converter in dq reference frame.

DC source

DCBUS €=
ACBUS Tlil
. s
- - Ivabl"*v\\/::l-
N V|
g p——m
S
Bidirectional VSC
DC-DC boost converter
Figure 3. 6 Configuration of DC-AC micro grid
The interlinking three phase converter whose responsibility was to link DC and AC sub
micro-grids and to implement the power flow in between AC bas bar and DC bas bar simply
to use three phase voltage source converters (VSC).
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Figure 3. 7Configuration of three-phase AC/DC converter

Consists of six IGBTs, which form a three-phase AC to DC converter. Figure.3.7. presents a
common three-phase DC-AC converter using IGBTs. Since each IGBT has a reverse
parallel diode, the current has the capability to flow back and forth in between DC and AC
side. Therefore, the VSC could either operate like rectifier or an inverter without any

topology change.

3.3.1. Topology of IGBT

IGBT is a fusion between a BJT and MOSFET a three-terminal of semiconductor switching
device that have input side shows a MOSFET with a Gate terminals and the output side shows
a BJT of Collector and Emitter. The conduction terminals of Collector and the Emitter are
the gate that which control terminal with which has been switching operation is under
controlled. Although it’s used for high switching purpose with high efficiency in numerous
types of electronic devices and high current application. These devices are used for amplifies
of switching processing complex wave patters with pulses width modulation (PWM)..The
figure.3.8.shown below IGBTs with voltage rating likely to 6.5 kV are available [45], and for
high-voltage applications, need to be interconnected in parallel the typical current rating is
around 1.2-1.5 kA . A transistor symbol is depicted in Figure.3.8.a, with terminal names:
collector, emitter, and gate.
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a) E b) E

Figure 3. 8 a) IGBT symbol, b) IGBT with antiparallel diode

Fig.3.9.Shows the current-voltage characteristic of an IGBT. When the voltage between the
collector and the emitter ( Vce ) is positive, and a gate is short-circuited with the emitter, an
IGBT is forward-blocked. To switch the valve from the blocking to the conduction state, it
is necessary to bring the gate terminal voltage ( Vge ) to a sufficient level. When the voltage
between the collector and the emitter is negative, the device is in reverse-blocked state.
However, reverse blocking is not necessary for typical high-voltage configurations since an
antiparallel diode is added to the transistor (symbol in Fig. 3.8.b). Antiparallel diodes enable
current transfer in opposite direction and protect transistors from reverse over voltage. The
characteristic curves that correspond to the collector current is shown in relation to the
voltage. In high voltage applications, an IGBT is always operated in the saturated region of

the curve.

Reverse breakdown
voltage

N

Forward breakdown
voltage

Figure 3. 9IGBT current-voltage characteristic
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Inverters in MG based on their functions can be dividing into three groups according to their
function: grid following or feeding), grid forming and grid supporting [41].In this thesis

simply used grid following inverter.

3.4. Grid-Following: Power Export Control
The grid-following power export control methode is often used to control the output power

within the voltage and frequency limits as set by the micro-grid. If the coupling converter is
a voltage-sourced converter (VSC), a current-controlled strategy used for determine the
reference voltage waveforms for the pulse-width modulation (PWM) of the VSC. The
reference signals are also synchronized to the micro-grid frequency by tracking the voltage
waveform. The control strategy can be implemented in a synchronous “dq0” frame that
specifies the direct (d-axis) and (g-axis) quadrature components for converter output
currents corresponding to the real and reactive output power components, respectively.

Figure. 3.10.shows a block model representations of a “dq0” frame controller.

d-Reference

Controller ig{ref)
V_ (ref

I . d-g v, slref) -
S abe * d-g Vi(ref)
b q ' 5 Current v, .

d-q Control abc V. (ref) Signals
—

ol of

g-Reference

i (ret
Controller a(ret)

Figure 3. 10 “dq” current control of a VSC-interfaced

Figure.3.10.shows that the overall diagram of d-axis and g-axis current components of the
VSC are extracted through an abc to dgO transformation, and then compared with the
corresponding reference signals that are specified by the external power or voltage control

loops.
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The error signals are applied to a dq current control block to set the d-q elements of the
reference voltage signals Vg4 and V. Finally, through a transformation from dq0 to abc, the
three-phase reference signals for the PWM signal generator are determined. Both the
internal and external control blocks can change based on the control modes and the type of
primary source. Figure.3.11. shows a control block based on a power export strategy in
which a dc coupling (PI) voltage controller and a reactive power controller replace the dq
reference controllers of Figure.3.10, respectively. The input power obtained from the PV
source is suppled into the DC-link, which raises the dc-link voltage.Voltage controller (PI)
prevents the voltage rise up to specifying a sufficient set value of the d-axis inverter current
for equalized the power in-flow and out-flow of dc-link. For reactive power Pl controller of
Figure.3.11 mention the reference set values for the g-component of the converter current.
The Qe value is set the value to zero for case of unity power factor. Figure.3.11.also shows
further details of the d-q current control, including two proportional integral (PI) controllers
for the d- and g-axis current controls, the voltage feed-forward terms, and the cross-coupling
elimination terms. The outputs from the current controllers, after transformation, constitute

the reference voltages for the PWM signal generator.

L"dc[ref} - voe |
T Control L,
V, T
e
abc
Qlref) a —
- Controll
Q

Figure 3. 11Gride-following power export control diagram
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3.5. Voltage source converter
The main requirement in a power transmission system is to control of reactive and active

power flow to stable the system voltage stability. This is achieved through an electronic
converter and its ability of converting electrical energy from AC to DC or vice versa.

Depending upon the input and output there are divides into two types of converters Voltage

Source Inverter (VSC) and Current Source converter (CSC).

(a) Voltage Source Converter (VSC): In VSC, input voltage is maintained constant and
the amplitude of output voltage does not depend on the load values. However, the waveform

of load current as well as its magnitude depends upon the nature of the load impedance.

(b) Current Source Inverter (CSI): In this type of converter input current is constant but
adjustable. The amplitude of output current from CSI is independent of load. However the
magnitude of output voltage and its waveform output from CSC is dependent upon the
nature of load impedance. A CSI does not require any feedback diodes whereas these are
required in VSC.

3.6. Pulse width modulation technique (PWM)
In Pulses Width Modulation (PWM) technique, pulses of constant amplitude but different

duty cycles are generated by modulating during the time periods. This modulation index is
done by using carrier and reference signal. These two signals are fed to a comparator and the
corresponding signals are generated based on the logic of the comparator. The reference
wave is the desired signal output which may be a sine wave. The carrier wave, on the another
way, is generally sawtooth or triangular wave having frequency significantly higher than that
of the reference signal. Based on their functions the three basic pulse width modulation
(PWM) techniques: Single pulse, multiple pulse and sinusoidal pulses width modulation
(SPWM). In this thesis only implemented sinusoidal pulses width modulation (SPWM).
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3.6.1. Sinusoidal pulse width modulation technique (SPWM)
The principle of the sinusoidal carrier-based pulse width modulation (SPWM) technique; a

high-frequency triangular carrier wave Vr is compared with a sinusoidal control signal of V.
at the desired frequency. The intersection of V¢ and Vr waves determines the switching
instants and commutation of the modulated pulse. A transition in PWM waveform is
generated at each compare match point. When sinusoidal waves have magnitude higher than
of the triangular waves the PWM output is positive and when Vc is smaller than Vr, the
output is negative. The inverter’s switching frequency fs establishes by the frequency of
triangle waveform Vc. The fundamental frequency component in the inverter voltage output
can be controlled by amplitude modulation index; we define the modulation index mi as

follows:

mi=Vc/Vr (3.9

Where V¢ and Vr are the peak values of the modulating and carrier waves, respectively. The
amplitude modulation index m; is usually adjusted by varying V¢ while keeping Vr fixed. The

frequency modulation index is defined by:

mg=fr/f, (3.10)

Where, f1 and fr are the frequencies of the modulating and carrier waves, respectively. The
fundamental component Vo, of the output voltage has the property as depicted in equation
below in a linear modulation region .In figure 3.12 shows that the modulation index and

amplitude of the fundamental component of the output voltage varies linearly.
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Figure 3. 12Sinusoidal PWM
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The m; value varied from zero to one; it is set as the linear control range of sinusoidal carrier
PWM. Three levels pulses width modulated wave forms it’s achieved in the form of sine
carrier PWM. A sine carrier is achieved in comparing the three references control signals from
triangular carrier waves. SPWM is applied for voltage control of three phase’s inverters and
the correlated gating signals are shown below in Figure 3.13.Where, triangular carriers wave

related from three references sinusoidal waves (U,V,W) which are shift by 120 degrees.

’ A LA A TAALATA
v [\ JAL/A ANFA
AV [ A A [\ A\

S
| U I oy g -

ve I ][] 1]
g | il L

v | Tl

Figure 3. 13Three phase SPWM

In the given block diagram of the three phase inverter with 6 IGBTSs is shown in Figure 3.14.

-

Vdc

\|t
/

<4 Co <2

E4

Figure 3. 14Three phase inverter
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The inverter is fed by a fixed dc voltage V4. and has three phase-legs each comprising two
IGBTs. With SPWM control, the switches of the three phase inverter are implemented by
comparing sinusoidal signals and triangular signals. The sinusoidal waves determined the
required fundamental frequency of the three phase inverter output, whereas the triangular
wave decided the switching frequency of three phase inverter. Each of them transistor
conducts for 180 degrees. Three of them transistors conduct at the time in the order of
612,234,345 and so on. When T; is switched on, terminal Vy, is positive terminal of the DC
supply voltage. When T, is on, terminal Vy is interconnected to the negative terminal of the
input voltage. There are six modes of operation and each mode operates for a period of 60

degrees.

Here sine carriers of PWM are produced by comparing the three references control signals
with three triangular carriers’ waves. The correlated pulses are generated which are to be fed
to the inverter gates devices. The three references control signals are phase shift by an angle
2n/3 and 4n/3 with same amplitude. Two carrier waves are in phase each other with DC

voltage. For three-phase SPWM is implemented in matlab Simulink.

3.7. Mathematical Modeling of three phase converter in abc coordinate

3.7.1. 3-Phase Inverter mode modeling
The advantage of the three phase converter is to exchange power in between DC and AC

bus. Therefore, this VSC could either operate as rectifier or an inverter without any topology
change. A three phase inverter display in Figure.3.15. the complementary switching is
assumed. g€ {0,1}in is the phase x switch state and g, = 1 — q,. .The sinusoidal duty
cycles of switches qa, gb, and g are Da, Dy, and Dc respectively where V. is the dc voltage.
In the forward direction of the inverter is considered to be from left to right in the

figure.3.15.The average model for the inverter is 3-Phase Inverter mode modeling is:
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Figure 3. 15 3-phase inverter

3.7.2. 3-Phase Rectifier mode modeling

The forward direction of the rectifier is to be left to right in the below figure.3.16. Using
analysis similar to that for the inverter, the state average switch mode equations for the

rectifier currents are given by:

dj . 2 1 1
Vin = Ld—: + Ri, + (;Da + ng +§Dc)Vdc """"""""

diy . 1 2 1
Vbn = LE + Rlb + (gDa + EDb +§Dc)vdc """"""""""

Vcn L dic

This reduces to:

+R +( D + - Db+ D)Vdc """"""""

d; .
Van = Ld—: + Ri, + (D,)vge—--------------m--mmmm -

dj .
Van = Ld_: + Riy + (Da)vgc-------------- -

(3.11)

dj .
Vcn = Ld_: + RIC + (DC)VdC """""""""""""""""""""
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In d-g coordinates, this becomes:

dig

vg = Rig + L5

. di .
Vq = qu + Ld_s - Wle + DqVq ---------------------------

— WLig + DgVg-------m=mmmmmmsmnneas

l 1 1
;M—qa\ qb\. qc
-wvbn+ M -
=W+ rw—ywj

RN
qa‘\l clb‘\r t:u:’\r

wdc

Figure 3. 16 3-phase rectifier without capacitor

3.8. Topologies of DC-DC Converter
The topologies of DC-DC converter are designed to meet specific demand of DC loads.

converter.

3.8.1. DC-DC Boost Converter model
Figure3.17 shows circuit topology of DC-DC boost converter model and includes of power

There are different categories of DC-DC converter that can be implemented as switching
mode regulation that has been regulate the unregulated DC-voltage with persuasion to
applicable exploit voltage through increment or decrement of the values of DC output
voltage in implemented by power switching device for PWM switching at a stable
frequency which are buck, boost, buck-boost, Single Ended Primary Inductor Converter
(SEPIC) and fly back-boost converter [26],[29],

switching device for turn-off and turn-on when it is needed. The DC-DC boost converter is

[30]. Each converter needs the power

runes by Pulse Width Modulation (PWM) switches to control of the converter voltage,
frequency and phase delay [27], [31].But in this thesis only we looked DC-DC boost

switch (M), inductor (L), diode (D), capacitor (C), switching controller and load (R).
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This topology specially used for interface connection between low PV array voltages to DC-
bus bar. The boost converter will boost up or step up the output voltage to be greater than
input voltage. The DC-DC boost converter is used load and the maximum power points
tracking (MPPT) controls algorithm. MPPT algorithms were used for producing maximum
available power from PV module under a given environmental condition by controlled the
duty ratio of DC-DC boost converter. To implemented this converter by using direct duty

cycle control (DDC) technique.

: |:— =l
W = ? H =T e I"ll-h.-.
n i_ Savibch

Figure 3. 17Circuit topology of DC boost converter

3.8.2. Direct duty cycle method:
Duty cycle for converter switch was calculated from the previous value of duty cycle. New

value of duty cycle varies the converter switch is calculated by increment or decrement the

previous values of duty cycle with the help of perturb & observation technique (p&o).

1
Vour = D Vin e (3.22)
1
loww = 5 D e —(323)
Where Vout = boost converter out put voltage.

Iout = boost converter out put currnt.

D = Dutycycle
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Table 3. 3Simulation parameters of DC-DC boost converter

No Parameter Unit Values

1 Inductor Henry 0.9mH

2 Capacitor Faraday 2mF

3 Switching frequency Hertz 2KHz

4 Load Resistance Kilo Ohm 10

5 4 solar cell Volt 4*3=12v
6 Duty cycle De [0,1]

3.9. Dgo transformation
To design a control scheme, it is useful to have constant quantities. To convert abc into

constant quantities, dqgo is applied. The Park Transform block changes the time based domain
elements of a three phase systems in an abc reference frame to d-axis, g-axis, and zero
elements in a rotating reference frame. The block diagram can preserved the active-reactive
powers with the system in the abc reference frame by implemented a changing performance of
the Park transform. For a balanced system, the zero component is equal to zero.

Figure 3. 18Park transformation abc to dq reference.
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The dqgO transformation and its inverse are defined as follows:

cos(B) cos(B — 2?“) cos(0 + 2?1[

Ty = %i —sin® —sin(6 — 2?“) —sin(6 + 23—1)[| ------------- (3.24)
1 1 1
| 2 2 2 |
cos(0) —sin(0) 1
2T . 2T
Tyt = g cos(®@—=) —sin®——) 1 (3.25)

cos(0 + Z?H) —sin(6 + 2?“) 1

Where the angle 6 denoted the references angle or the reference phase. Direct multiplication

of these matrices spill that.

IR B A U T — —-mmm----(3.26)

The dg0 transformation maps into the three phase signals in abc reference frame to map new

variables in a rotating dqO reference frame and denoted as:

The dqg0 transformation is given by:

Xdaqo = ToXabc »Where Ty is the transformation matrix.

3.9.1. Power stage and controller of a three phase VSC
From the controlling point of view, this thesis concerned the most important part of a hybrid

DC-AC micro grid is the interlinking three phase voltage source controller (VSC) which links
the DC bus with the AC bus. DC load excess of AC supply to DC through the converter and
AC load in excess the DC supply has to supply AC load for the application of sensors.
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Figure 3. 19Power stage and cascaded form controller of three phase VSC model

The interlinking converter controller consists of three inner loop controllers for both island
and grid connected operation of the micro grid. These inner control loops are power
controller, voltage controller and current controller. The dynamic modeling for each of the

control loops are derived and presented in the succeeding sub sections.

3.9.2. Voltage source converter (VSC) model in the dq reference
The advantage of the three phase converter is to flow power between DC and AC bus. The

key purpose of converter is to maintain a stable DC-link voltage. When the converter connects
in AC source, it has to supply a given active and reactive power. In PQ control method is
implemented for the control of converter. The PQ control is achieved through a current
controlled voltage source. Two Pl controllers are implemented for real-reactive power control.
When resources condition or load values changes, the DC bus bar voltage is settled to stable
through voltage controller Pl regulations. The inner loop (Pl) controller is set as the
instantaneous active current igm reference and the instantaneous reactive-current iqm reference

is determined by reactive power set compensation command.
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The model of the converter can be characterized in dg coordinate as:
aflam] _ [ R, sz] [idm] [Vsd] _ [Vcd]
L2 dt [lqm] - _WLZ _R2 lqm + ng I/(:q ------------- (329)

Where the variables (igm ,igm), (Vea:Veq) and (Vsq, Vsq) are dq coordinates of three

phase currents, voltages of converter and voltage of AC bus respectively.

reactive power .
command

Figure 3. 20Control block diagram of converter

In case of unexpected DC load drop, there is power surplus at DC side and the converter
is controlled to flow power from DC to AC side. The active power absorbed by the
capacitor C4 leads to rise up of DC-link voltage Vy4. The negative error make by the increase
of V, produces a higher active current reference i*4n, through PI control. A higher positive
reference i* 4., Will enforced active current reference ig,, to increase through the inner current
control loop. Therefore the power overflow of the DC micro-grid can be transferred to the AC

side.

Also a sudden increment of DC load causes the power deficit and Vy4 drop at the DC grid.
The converter is controlled to supply power from the AC to DC side. The positive
voltage error happened by V4 drop makes the magnitude of i*,, increase through the Pl
control. Since iy, and i*4,, are both negative, the magnitude of iy, is increased through the

inner current control loop. Hence power is transferred from AC grid to the DC side.
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The system model for such an interconnected between an AC bus and a VSC is shown in
figure .3.21below.

DC Bus Inverter AC Filter PCC

AC impedance and AC
source

AC Bus
Figure 3. 21 DC source and AC source connection
So we have the dq transformation of equations are:
Wg = "\7voltel,ge:=2“—[f
Ve = Reig + e = WgLely + Vg --eromeroseemremereeecees (3.30)
. di :
ch = Rf 1q + Lfd_g - WgLfld + qu mmmmmmmmmmmees (331)

The above system model of equations can be represented by the following circuits:

0Ll 0, Ly
R U4
Q—fM‘r + m 0 o—f‘fm m )
= 9 = U
Iy fq
Vi Ved Vg Veg
o 0 [+ 0

Figure 3. 22Equivalent Circuits for the dq Equations
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3.9.3 Inner Loop for AC Current Control
The aim of here to control of the current iy by applying a voltage Va with the power

converter. Laplace transform of the equations 3.30 and 3.31 is:

Veg = (R +5L)ig - gl igt Vigrmm---=-- S (3.32)

Veg = (Ryiq+ L)ig+ 0gli gt Vigremmmmmmmremmmmmeemmmeemmmeecoeee (3.33)
From which we get:

(R+5sL)ig =V + ol ig - Vig-------- e (3.34)

(Reig * L)ig=Veq - @gLi g - Vigm-mmmmmmmmmmmmmmmmmm oo oo (3.35)

To control the active current ig, Vg should vary because in the equation Ry, L and g are
constants. The reference voltages is to be imposed by the invertor (V¢g * and V¢4 *) are

obtained from the above equations as:

V* o= (R +sL)ig — o gLt g+ Vig V*ed =V e - oglyiq+ Vigmmm-mmmmmm---=- (3.36)
V* cq: (Rfiq + Lf)iq - gLf id+ qu V* cq :VAcq - COgLf id + qu """""""" (337)

Where V', and V“Cq are the terms and the outputs of the PI controller. Note that the

equations are now decoupled in terms of i and ig.

The system gain is:

G(S) — id(S) — iQ(S) 1

— — = - ----(3.38
Ved(s) Ved(s) Rf +L¢ ( )

Pl controllers

Proportional-Integral (PI) controllers are one of the most common used types of controllers. A
PI controller provides a control signal that has a component proportional to the tracking error
of a system and a component proportional to the accumulation of this error over time, and is
denoted by the following equation
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u(t) = Kp.e(t) + K; f e(0)d -wmrmmmmmmmmmmememeneees (3.39)

Where u(t) is the control signal and e(t) is the tracking error. In Laplace domain in the above

equation can be written as:

U(s) = (Kp + ) # E(S) -eromerrmmromeeroeseemerceas (3.40)

+ Tracking errof . Output
Reference signal _| Controller Control Slgna! Plant ke »>
L Sensor
Figure 3. 23 Feedback System with Control
e
> Kp
U
o > 1/s

Figure 3. 24P1 controller

The control scheme of the currents, using PI controllers, is as follows

Figure 3. 25Current controller
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P1 Controller Setting for the Inner Loop:

The system figure of the system and the inner control loop can be drawn as follows

. Ve
S— Pl ——+Geconu's) 1

i* /i\""’* 1
' Pl [ Geonds) (?u ReFsl i
& iy

Figure 3. 26Feedback System with Plant and Current Controller

In the current control loop (PI), so that the gain is Gconv(s)=1.Neglecting the disturbances,

for transfer function of the above system can be represented as:

. K K - .
p+ 5 Rf"‘LfS -

Figure 3. 27 Current Control Closed Loop

The closed loop of the above transfer function and the open-loop transfer function of a
feedback system are compared as:

_ Gopen loop(S)
Getosedloop (s) = 3G, Chiy T (341)
Here H(s) =0
_ KpS+Ki
Gopen loop(S) = Srp+Lp) (3.42)
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So the closed loop of the above transfer function is given as:

Kps+K;

Gclosedloop (s) — Lrs?+(Rp+Kp)S+K; -(3.43)
. Ks+K, I_ Ks+k
! . » ::> —_—
s(Re +Lgs) Lis* +(R 4K )s+K,

Figure 3. 28 Open loop and Closed Loop Gain

The denominator of the closed loop of transfer function is, divide the whole terms by L.

Lis? + (Re+ Kp)S+K; = 0,giveas  s?+ (Rf::(p) s+ IL(; (3.44)

Comparing the above equation with the characteristic second order equation

S% 4+ 26w, s + wp? =0 --mmmmmmeme e ----(3.45)

After equate we get the parameters:

Where  w, = % O TN S  P— (3.46)

, InZ(Mp)
EJ = m = Ki = Lan2 --------------------------- (347)

3.9.4. The Outer Loop for DC Voltage Control
The outer loop controller (PI) is for voltage of the DC bus. The DC voltage control is

implemented through the control of power exchanged by the converter with the AC source.

Increasing or decreasing the worked in power with respect to the power produced by the DC

system decreases or increases the voltage level to keep it under control. The outputs for the

DC voltage controller (PI) deliver the reference current for the inner loop. The constant

current source lgc can be modeled as a constant power source, value:
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Figure 3. 29Currents at the Inverter

The current in the DC bus capacitor is given by:

dy
. _ d _ .
le = C dtc - Idc — lconv

. dy . :
We want to carry on a constant DC side voltage, so that ﬁ = 0 implieslg. = icony

-------- --(3.50)

And Pac = Ve *ldc

Using the power balance on the AC side and DC side:

Pac = Pac , where Pac =3/2(Vcdig +Vgig)

We can observe that if the active current iq is regulated, we can control the bus voltage V.

Y

m el Ei) 1 G 1
ﬂ T mnu(S i .R{"_'SF i ‘]Eﬂﬂh'(sj i _C_S ™

au Ii

Current Control {lnner Loop

Figure 3. 30 Voltage control (outer loop)
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PI Controller Setting for the Outer Loop

d
i — (Cde _— Y e
i.=C prali Cdt (3.52)

This in Laplace domain gives as:

Vels) = =Ic(s) e (3.53)

A PI controller is implemented with the following transfer function:

Ki
Gpy = Kp + P — ---(3.54)

The open loop of the transfer function for voltage control loop (PI), neglecting the
disturbances and the inner loop is:

K | KpHKi
— k= — — ) =¥
p+.\' o S]C

h

b

Figure 3. 31 Voltage Control Open Loop

As the relation between open loop transfer function and closed loop of the transfer function

for a feedback system is given as;

_ G
Glosed loop (s) — 1¥¢

open loop(S) . o ——e 3 55
open loop(S)H(S) ( )

Where H(s) is the loop gain, and for this case is 1.The equation for the closed loop is written as:

Ks+K, Ks+K;
Vdc * ref P, P |:> — ZP— I
5C (5 +K5+K;

Figure 3. 32Voltage control closed Loop
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To attain the poles of the system, we put the denominator of the system equation equal to
zero. Divide the whole terms by C.

Cs? + Kps + K; = 0, which gives s? + % +% S (R (3.56)

Equating the coefficient with the equation second order s? + 2&w,s + w,2 =0
We get the parameter Kp = 26w,C and K; = Cw,,?
Where & and o, are gained the same way as in that of the current PlI.

The dynamics of the outer loop control is greater than the inner loop. The internal loop is
designed to achieve short settling times, and the external loop is designed keeping in mind the
stability and regulation, and it is designed to be slower than the internal current loop.

This also implies we can consider both loops to be decoupled. w, for the outer loop should be
tuned to be at least three to five times slower than the inner loop time constant.

3.10. Power flow in terms of dg0 quantities
The dqg0 transformation and its inverse are defined as follows:

[cos(8) cos(B — Z?ﬂ) cos(0 + %ﬂ 1

Ty = % —sin® —sin(® — Z?ﬂ) —sin(0 + 23—;[ """""""""" (3.57)
1 2 z
2
cos(0) —sin(0) 1
2T . 2m
Tyl = g cos(@——) —sin(6—-—) 1| . (3.58)

cos(0 + 2?117) —sin(0 + 2?“) 1

Where the angle 0 is reference angle or the reference phase. Direct multiplication of these
matrices reveals that.

L R R I A L TS E———— (3.59)
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The dq0 transformation mapping three phase signals of the abc reference frame into new

variables in a rotating of dqO reference frame.
Denotes:
Xave =[ Xa Ko KXo —mrmrmmrmmmomorm oo (3.60)

qu = [Xd ,Xq ,Xo]T ----------------- (361)

Xdaqo = ToXabc »Where Ty is the transformation matrix.

Then a fundamental property of the dg0 transformation is that it maps balanced three-phase

signals to constants . The three-phase voltage source modeled as a phase shift 120°.

V, = Acos(wgt) , -------------- ----------(3.62)
Vp —A cos (Wst - z?ﬂ), --------------------------------- (3.63)
Vo = ACOS(Wgt + Z)mrrmrmrmrmemememecmecne (3.64)

0=wst where is wy is the frequency of infinite bus. Applying the inverse transformation Te *

with 6 = wt leads to:

cos(wgt) —sin(wgt) 1

Va 2 , 2
v, | = |cos(wst— ?“) —sin(wst — 3“) 1 H ------------- (3.65)
Ve cos(wgst + Z?TE) —sin(wgt + 2?11 1|10

Where Vda= A, Vq=0, Vo=0

The sinusoidal signals of in abc references are mapped to constant signals in the dg0

reference frame.
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Figure 3. 33Three phase inverter

In a general three-phase inverter unit as described in Figure.3.33.The instantaneous power

flowing from the unit into the network at time t is:
P3o(t) = Va(®)ia(t) + Vo(©)in(t) + Ve(ic(t): ---r-rmrmmmmmrmrmmmmememneaes (3.66)

Rewrite this equation as:

iq Va lg
Py, =[Va Vo V] [ib =T |Va || To ™" [iq] """""""""" (3.67)
ic VO iO
la
Py = Va Vo Vol (To ) Tp™" lq] -------------------------------- (3.68)
fo
1 0 0]
(Te )Tt == 10 1 0] ———rrmmre e (3.69)
0 0 2l
, 10 ofle] , ‘
Pap =>Va Vg Vol |0 1 Of|iq|=>[Valat Voig+ 2Voip] - (3.70)
0 o 2/l
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For power factor V=0 and V=0, then p3zy = ; Vaig.

Then the power flow from AC source to DC supply to interchange the polarity of after dqo

reference Vg positive and Iq negative.

3.11. Load demand identify using fuzzy logic controller

Fuzzy logic supposition is studied as a mathematical approach combining multi-valued

logic, probability theory, and artificial intelligence to replicate the human approach in

reaching the solution of a specific problem by using approximate reasoning to relate

different data sets and to make decision. The execution of Fuzzy Logic Controller (FLC) is

well validated in the field of control concept of theory since it provided robustness to

dynamic system to the parameter variations besides improved transient and steady state

execution. The proposed FLC scheme exploits the implicitly of the Mamdani type fuzzy

systems that are implemented in the design of the controller.

L
Input h 4

L

—rp| Fuzzification b—;
L
L

Figure 3. 34Schematic representation of Fuzzy Logic Controller.

Knowledge
Base

Inference
Mechanism

Defuzzification

L

Rule Base

_______________________________________

1 Cratput
J

The fuzzy logic based control scheme (Figur.3.34) can be divides to the main four

functional groups such as Knowledge base, Fuzzifications, Inference engine and the

Defuzzification. The knowledge based is includes of data bases and rule bases.

AAIT, SCHOOL OF ELECTRICAL AND COMPUTER ENGINEERING

46|Page



Database includes of input memberships and output memberships function and this provides
information delivered for fuzzification and defuzzification operations. The rule-base
includies of a set of human decision linguistic rules like the fuzzified input variables to the
required control actions. Fuzzification changes a crisp input signals, error (e), and change in
error (ce) into fuzzified stages that can be isolated in the level of memberships in the fuzzy
sets. The inference engine makes the collection of human decision linguistic rules to change
the input signals to fuzzified output. Finally, the defuzzification stage changes the fuzzified
outputs into control signals by implementing the output membership variables, this leads the
system acts like the change in the control input (). The typical input membership functions
for error and change in error are shown in figure.3.35 and figure.3.36 respectively, whereas
the output membership variables for change in control input is shown in Figue.3.37.The
output generated with the fuzzy logic controller (FLC) must be crisp which issued to control
the load demand from AC grid, DC gride and thus accomplished by the defuzzification
block. Many defuzzification methods are functional in the weighted average criterion, the
centroid method and mean-max membership. In this thesis the defuzzification methodes
implemented based on the centroid method. Fuzzy logic controllers are proposed to control a
three phase inverter for DC-AC connected system based on their load demands. The FLC
was used to identify the AC load voltage and DC load using voltage sensor. The output of
FLC was used to control the active power injected to compare AC load and DC load to set
Vrer and Vqinto the internal PI controller. The study investigated different renewable energy
is design to satisfy the energy demand and to increase the power efficiency of the village
local home. This study should identify collect the load demand based on the consumption,
analyzed relevant data, information to examine and select the most suitable systems
configuration, recommend necessary action, necessary measures that configure a system to
accommodate the current and near future electrical energy demand for the village and local
home. The table 3.4 shows the load demand on the total demand in DC bus bar is 142kw and
the total load demand in the AC bus bar is 210kw.

Then next based on the load demand to limit the range of power flow on both side and this

is implemented by fuzzy member function.
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In the given below the total Load in watt identification on DC bus bar and AC bus bar in some
local area home.

Table 3. 4The load demand on DC bus bar and load demand on AC bus bar in

DC load

et B

] 'é\&\o 6‘# \°°\ ¢
W o
Al

.(\% (JO

N

In general to control the power flow on both side loads balancing is the process to maintain
the outputs in certain limits and load balancing is to maintain the system load in specific limits
or as per the system requirement and the measured value from the system. Now, the input is
named Load (kW) to indicate total phase load for DC load and AC load whereas the output is

named Change (kW) to calculate the total change of load for each.

Table 3. 5 Fuzzy logic controller DC load power range

Input load Description Fuzzy logic Linguistic term Power load in kW
DC small DS <80
DC medium DM 120-140
DC big DB 140-160
DC large DL 200-210
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Membership function plots =t 2Nt 181

Ds DA 0B DL

o

BO 20 40 G0 BO 200
input varable "input1”

Figure 3. 35Fuzzy logic controller Member function input-1 DC load variable.

Table 3. 6Fuzzy logic controller AC load power range

Input Load Description Fuzzy logic Linguistic term Power load range
in Kw
AC small AS 80-100
AC medium AM 100-120
AC big AB 160-180
AC large AL 190-240
olot ooints: 181

Membership function plots

AS  AM AB Al
]

input vanable "input2™

Figure 3. 36Member function input-2 AC load variable
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Table 3. 7Fuzzy logic controller Output power load.

Output Load Description

Fuzzy logic Linguistic term

Power load range

DC medium DM 120-140
DC big DB 140-160
AC medium AM 100-120
AC large AL 190-240
Membership function plots - 181
oM AM OB AL
] ] il 50 200
output variable “oufput!”®

Figure 3. 37Fuzzy logic controller Member function output variable.
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CHAPTER -FOUR

4. SIMULATION RESULTS AND DISCUSSION.
A DC-AC micro grid whose parameters are given in table 3.1, 3.2 and 4.1 is simulated using

MATLAB/SIMULINK environment. Along with the hybrid micro grid, the implementation of
the wind turbine, photovoltaic system is analyzed. The solar irradiation, cell temperature and
wind speed, load demand and power flow on both side are also taken into consideration for
the study of hybrid DC-AC micro grid. To analyze the performance of system we have
designed a Matlab/Simulink model voltage source inverter as in dg reference frame shown in
the figure.4.1and the overall performance analysis is done using simulated results which are
found using MATLAB.

sheladgl

Figure 4. 1Matlab schematic diagram for cascaded control simulation
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Table 4. 1 Parameters used for cascaded control simulation

No Parameters unit value
DC-Micro grid (DC-DC boost converter)
1. Inductor Millihenery 0.9mH
2. Capacitor Millifaraday 2mF
3. Switching frequency Kilo Hertz 2KHz
4. DC load Kilo ohm 10kQ
5. Four solar cell Volt 3*4=12v
6. Output power Kilo watt 142kw
6. Duty cycle De [0,1]
Interlinking voltage source converter
7. Input voltage PV boost V. volt 160v
8. Switching frequency Kilohertz 10kHz
9. Rated power Kilo volt ampere 100KVA
10. PI controller voltage regulator K,=0.1,ki=100
11. PI controller current regulator K;y=30,ki-200
Low pass filter
12. Filter resistance Ohm R¢ =0.05Q2
13. Filter inductor Millihenery smH
14, Capacitor Millifaraday 0.1mF
AC micro grid
15 Wind turbine power output Kilo watt 250Kw
16 AC load Kilo watt 210Kw
17 Frequency Hertz 50Hz
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4.1. Simulation result DC micro-grid.

4.1.1. Simulation of PV array
Figure (4.2.)-(4.7.) represents I-V, P-V, P-l characteristics with variation in temperature

and solar irradiation. The nonlinear nature of PV cell is mark in the figures below, i.e., the
output current and power of PV cell depend on the cell’s terminal operating voltage and

temperature, and solar irradiation as well.

Figures 4.2. and 4.3. show that with increase of cell’s working temperature, the current
output of PV module increases, whereas the maximum power output reduces. Since the
increase in the output current is much less than the decrease in the voltage, the total power

in general decreases at high temperatures.

-
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Figure 4. 2 1-V output characteristics of PV array for different temperatures
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Figure 4. 3P-V output characteristics of PV array for different temperatures
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Figure 4. 4P-1 output characteristics of PV array for different temperatures
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Figure 4. 6P-V characteristics of PV array for different irradiance levels
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Figure 4. 7P-1 characteristics of PV array for different irradiance levels

Figures (4.5) and (4.6) show that with increase of solar irradiation, the current output of
PV module increases and also the maximum output power. The reason behind it is the open
circuit voltage is logarithmically depended on the solar irradiation; however the short-block
current is more of directly correlated to the radiant intensity.
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4.1.2. Simulation of DC-DC boost converter
The dc micro grids the main components of are PV array, DC-DC boost converter, load and

the MPPT control algorithm. Boost converters for PV applications are the ability to produce
160volt output from a low voltage input 12volt and 142kw output power to vary the
parameter of inductor, resistor and control of duty cycle.

=y 1

W o
MPPTPO

E

Figure 4. 8Matlab Simulink model of DC-DC boost converter.
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Figure 4. 9The output voltage of DC-DC boost converter.
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4.2. Simulation result AC micro-grid.

4.2.1. Simulation of wind turbine.
The response of wind speed three phase rotor voltage are in the figures (4.10.) - (4.12.) Here

the value of wind speed varies between 0.73 to 1.2 pu. The output rotor voltage value is 220V.

Turbine Power Characteristics (Pitch angle beta = 0 deg)

.4 mis

Turbine output power (pu of nominal mechanical power)

o 0.2 0.4 0.6 0.8 1 1.2 1.4
Turbine speed (pu of nominal generator speed)

Figure 4. 10 Response of wind speed and Max. Power at base wind speed.

Three phase voltage(vo
58 .88

Time (seconds)

Figure 4. 11Three phase rotor voltage of wind turbine.
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In Figure.4.11.and figure.4.12.shows that the output value of voltage and the power are

depended on the rotor wind speed with external wind speed at 400m/sec.

:

-

P output of wind turbine T 1

-

Foutputikw)

2

ﬂ 3= ! ! ! ! ! ! -

1 1 1 1 | 1
1.237 1.238 1239 1.24 1.241 1.242 1.243
Time (seconds)

Figure 4. 12 the output power of wind turbine

4.3. Simulation results of DC-AC micro grid
The various characteristics of the hybrid micro grid are represented by the figures (4.13 —

4.21) implemented in dq reference frame. Here the micro grid operates DC-AC interfacing
voltage source converter. In this case, the converter regulate in the PQ mode and power is
balanced case, no need of power passes through the converter .If the DC load excess, then the
AC has supply to the DC load through the converter to sense DC load current. AC load in
excess the DC supply to the AC load at the reverse of Voltage source inverter using voltage
sensor application and with small in power factor. The table below the parameter of VSI and

the overall parameter value in table 4.2.

Table 4. 2The parameters of matlab simulation voltage source inverter.

No Parameter Values

1 Rated power 100KVA

2 Input voltage V. 160-800V

3 Switching frequency 10KH

4 P1 controller voltage regulator Kp=0.1 ,Ki =100
5 | Pl controller current regulator Kp=30 ,Ki=200
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Figure 4. 13Matlab schematic modeling of voltage source inverter

Case.1l. If DC bus bar and AC they are balanced load on both side in this case no need of
power flow in both side and to feed itself.
Case.2. AC load in excess means the high inductive load happen for this case to sense the

low power factor happen in the AC bus. So, require more power, then the DC supply to
supply to AC load for this case the operation act as an inverter using SPWM (modulation
index) method. The gate pulses given to the three phase inverter are shown from Figure 4.14
up to 4.16. The frequency of carrier signals is kept 10 KHz whereas reference is varied
constant value. The DC input PV array voltage is kept as 160V. The AC load resistor values
are chosen the range 50 ohm-500 ohm and inductive load 200mH.

NS AT

T I

[T

Figure 4. 15Gate pulse for T3
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Figure 4. 16Gate pulses for T5

For T4, T6 and T2, the gate signals are the inverse of Ty, T3 and Ts respectively. This is
done by adding a NOT gate after each comparator and then the resultant signal is given to

the remaining three switches in figure.4.17.Shown below.

:

Varef ﬁ_’?J N '
L= B nT PYMI

int M \—"

(2) L 17200 PAM:

[

—(3)
F' /1

. B i
Verel [1/200} Ly Pl
L —()

PyvhiG

[

Figure 4. 17 Matlab schematic Sine pulse width modulation switching technique

To increase Vi in order to control the amplitude of output voltage. The matlab simulation
shows in figure.4.18.below in AC load have the same resistance value apply on the AC load.
The resistor values are on the three AC load are R;-5000hm, R,=5000hm and Rj
=5000hm.Vref varies from 100v to 160v.
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Figure 4. 18 Different reference voltage values.

In the figure.4.19.below the power flow from DC source to AC load first identify the AC load
is excess means the higher inductive load happen for this case to sense the power factor is
small. The DC load 80kw and AC load 200kw due to this the figure.4.19.a.the active power in
AC bus shows 187kw.Figure .4.19.b. shows the reactive power value is very high due to
inductive load values. Figure .4.19.c. shows the phase lag shift between current and voltage.
Finally the power factor angle is around 82.5°.

BOO i i 1200 0 I L
g Activemwar‘ 1000 [ Cument
~. 600 @ |_r Reactive power I~ Volage
3 2 800 300 R
?g am g 600
S. 400 200
$ 20 H
5 g |
< 3
“ ‘. LI,
20 LGRS l
00 IIIIIllIIIlIIl'III|IIIIIIIIIIIIIIIIIII|I|IIIIIIIlIHIIIIIII'JIIIIlIIIIIlI
3 32 14 3 32 14 32
Time Time Time

Figure 4. 19 AC load sensing
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In figure .4.20.based the above load demands the FLC to limit the power load range.

I I
Fload [

:

. power(Kilo VW att)
5 o 88 8 8

0 001 002 003 004 005 008 007 008 009
Time (seconds)

Figure 4. 20Power flow at the AC load.
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Figure 4. 21RMS line voltage

4.3.1 Matlab simulation of Inner Loop for AC Current Control dq reference

The control ways of the three phase inverter output current and voltage is formed by the
control loops with higher speed and performance, and that act directly on the switches of the
inverters. The aim of these controllers is to follow sinusoidal current and voltage references.
A common implemented to perform the abc or dq transformation of the three-phase both

currents and voltages in order to use two independent PI controller, one for each component.
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The parameters used in the simulation are summarized in the following table.

Table 4. 3The parameters of simulation of inner loop AC current control

Parameter Values
R¢ 0.05Q
L+ 5mH
Rq 0.0073 Q
L, 0.76mH
w 100m rad/sec
i 25A\(0-0.025s), 15A(0.025s)onward
Vref 400V

The variables frequency and voltage amplitude of the three phase AC side is to fix the

operation, so a device is needed to regulate these variables. A bi-directional hybrid form of

DC-AC three phase inverter is used for the active and reactive power dividing method to

make stable the AC side in d-q coordinate. I4 is to controlled to regulated the active power

passes through the three phase inverter to control the AC side frequency, whereas Iq is

controlled to carry on the reactive power flow through the three phase Inverter to control the

AC side voltages amplitude. The results of the inner loop simulation are given below based

on the parameter given table 4.3.
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Figure 4. 22AC voltage
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Figure 4. 23AC voltage dq reference.
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The DC source voltage is changed from 400v to 350v and the response of the overall system

is enrolled. Change in the current provided by the source, changes the current injected into

the AC side.

N | | | |
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|

\
VAYRVAVAVRVAVAVRVAVAYRVAVAYRIE
Jﬁ / J‘ /’t;ftﬁi—_kﬁj—_\ /

o I\Ifabc(mrt}
s 888 _ 3888

Figure 4. 26AC voltage
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Figure 4. 27dq voltage
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Figure 4. 28dq current control result
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Case 3. DC load requires more power and operation act as converter AC to DC.

The Control methods for the three phase bi-directional converter AC to DC inverter is in in
d-g cord mates, Iq is controlled to carry on the active power passes through the inverter to
control the AC side frequency, and the same as lq is controlled to carry on the reactive
power passes through the Inverter to control the AC voltage amplitude. For this case I set to
zero. The DC load require more power in the range 120kw-140kw and AC load in between

100kw to 120kw FLC generate the output 24kw to balance the load needed from AC supply.

input1 = 130 input2 = 106 output! = 216

L P ] [ ] [ ]
2z i ] [ ] [ iy ]
3 ] [ ] [ P
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Figure 4. 29 Ruler view Generate DC-AC load demand by Fuzzy logic controller.

If the AC load is require more power in the range 100kw-120kw due to this DC load less then
80kw fuzzy logic controller generate the output 20kw load needed a power supply from DC

source to AC load to balance the grid based on table.3.7.input-1 is DCload,input-2 AC load .
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Figure 4. 30 Ruler view Generate DC-AC load demand by fuzzy logic controller
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Once to identify the load demand, then active power pass from AC to DC is to alter the
polarity after abc to dq reference of make V4 positive and I4 negative. The power flow through
antiparallel diode the output power is 40kw at t=0.0684s and the load changes at t=0.0689s
23.56kw the power in the DC load based on figure 4.31.
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Figure 4. 31 Polarity change of Vd and Id the active power flow through the antiparallel diode.

4.4. Summary
In this chapter simulation results are discussed briefly. The dgO transfer mapping of three-

phase signal in the abc references frame into new variables in a rotating dqO reference
frame, controlled of active power and reactive power separately in dq reference frame. In
DC micro grid the main components of are PV array, DC-DC boost converter, load and the
MPPT control algorithm is simulations are implemented and the output power depends on
the temperature and irradiation. The DC-DC boost converters for PV applications are the
ability to supply a high voltage output from a low voltage input. The maximum power point
tracking algorithm was implemented for pull out maximum functional power from PV
module under a given environmental situations by controlling the duty ratio of DC-DC
boost converter.
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Also various load demand identify from AC bus and DC bus using fuzzy logic controller on
voltage sensor in DC bus and in the AC bus to sense the power factor. The simulation for
the three phase inverters is carried out in MATLAB/Simulink where a simple controlled
method i.e. SPWM is applied for switching the switches gates, each of the transistors
conducts for 180 degrees when AC load require more power. This SPWM technique is the
method used to deliver gate signals to the other switches in three phase inverter operation
mode. The total harmonic for different modulation index is obtained and compared for
variable resistor load. When DC load require more power, then to change the polarity of Vq4
and lq in dq reference, then the inverter act as rectifier power flow from AC bus to DC bus

in the reverse diode.
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CHAPTER-FIVE
5. CONCLUSION, RECOMANDATION AND FUTURE WORK

5.1. CONCLUSION
The modeling system of DC-AC micro-grid for power flow on both side of control system

configuration is done in MATLAB/SIMULINK environment. The models are improved for
the converters to affirm stable system under different loads; different resource conditions and
the controls methods are studied. For best power tracking the maximum power point tracking
(MPPT) algorithm is implemented to harness maximum power from PV DC sources and wind
as AC source to coordinate the power exchange between DC and AC grid. This work also
mainly included the interlinking converter (IC) in between AC micro-grid and DC micro-grid
operation of hybrid. The controlled of the three phase VSC model in dq reference is the
coupling between d and g axes and this model used to control of the inverter output of both
voltage and current is formed by the control loops with higher speed and performance, and
that act directly on the switches of the inverters. Therefore, the converter output impedance in
this reference frame includes self and cross coupling impedances for two axes. A FLC
identifies the load demand based on the design range using voltage sensor. If AC loads require
more power means high inductive load with low power factor and the operation act as like
inverter a simple controlled strategy SPWM is applied for switching the switches. If the DC
load requires more power means to sense the current or voltage and the converter act as a
rectifier mode i.e. to change the polarity of V4 and lg. Although the hybrid DC-AC micro grid
can minimized the processes of DC-AC and AC-DC conversions loss in a single AC or DC
grid. The overall efficiency of the total system depends on the decrease of conversion losses
and temperature and irradiation of PV for DC link and wind speed for AC link. Finally AC-
DC interfacing can provide a reliable, high quality and more efficient power to the end

consumer.
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5.2. Recommendation
Renewable energy resources (Solar and Wind) in Ethiopia have in large abundant uses for

electric power. So, | recommended that these resources to integrated in DC-AC micro grid
and control the overall system using different intelligent controllers can improve the power

efficiency of the system.

5.3. Future work
o The modeling, fault-tolerant control and control of fault diagnosis in DC-AC micro-

grid voltage source converter using slide mode controller.
o The control mechanism can be develop for a micro-grid containing for large range of

unbalanced and nonlinear loads using slide mode controller.
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APPENDICES A
1). Matlab schematic representation Fuzzy logic controller design.

_— RANACDC
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output1

input2

il).Fuzzy logic controller membership function power load demand input 1.

Membership function plots = %"= 181
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APPENDICES B
ii1).Fuzzy logic controller membership function power load demand input 2.

olot points: 181

Membership function plots
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IV).Fuzzy logic controller membership functions of output load demand

Membership function plots olot ooints: 181
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APPENDICES C
V) The inference mechanism engine uses the collection of 16 linguistic rules.

1 iz D5) and (input? iz AS) then (output is DM} (13
If {inputl1 i= DM} and (input? i= A5) then (outputl iz AN} (1)
If (input1 iz DB} and (input? iz AS) then (output! i= ALY (1)
If {input1 i= DL} and (input? iz A5) then (output! is ALY (1)
If {inputl i= 05} and (inputZ i= AR} then (outputl iz DY (1)
If (input1 iz DM} and ({inputZ is AM) then (output1 is ALY (1)
If {input1 i= OB} and (inputZ i= AK ) then (outputl iz AM} (1)
If {input1 i= DL} and (input? i= AM ) then (outputl i= AR (1)
If {inputl i= 05} and (input? i= AB) then (outputl i= DM (1)
100 If (input? iz M) and (input? i= AB) then (output? is DM} (1)
11. If {input1 i= OB} and ({input2 i= AB}) then (output! is DK} (1)
12, If (inputl i= DL} and (inputZ i= AB) then {output1 iz ALY (1}
12, If finput! i= 05) and (input2 iz AL} then (outputl iz DB} (1)
14, If {inputl1 i= DB} and ({inputs iz AL} then {output1 iz DB} (1)
15. If {input1 i= DB} and ({input? i= AL} then (outputl iz DM} (1)
16. If (input1 is OL) and (input2 is AL) then (outputl is AL} (1)

el N —

vi).Rule viewer fuzzy logic controller.

Input-1 power load range in kw (120-140), Input-2(100-120) and the output (190-240).

input1 =126 input2 =117 outputi = 216

LI | | A | [ |
2 | o | [ & | [ i |
3 | ] | A | | P
4 i | | | P
5 [/ | [ A | L |
&6 | i | | A | N
T il | | A | | i |
8 | 1 | A | | Fi |
8 [/~ | | N ] L~ |
10 | £ | [ i | [ |
1 il | | N ] N |
12 1 | A ] | P
13 [ | | 4 | i |
14 P | 4 | i |
15 | i | [ - L |
16 | i | | | |

L] 210 L] 240 =
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APPENDICES D
vii). Rule viewer fuzzy logic controller.

Input-1 power load rangein kw(140-160), input-2(100-120) and the output(100-120)

input1 = 142 input2 = 119 output1 = 109

1 [ | [ | L~ |
z | ! | [ | [ N |
3 | N [ | [ PED
4 | 1 [ | [ P
5 [— | [ | [ |
& | ! | [ | [ P
T N [ | [ iy |
8 | 1 [ | [ i |
2 [ | [ | L~ |
10| ! | [ | L |
1 N [ | L~ |
12 1 [ | [ P
13 [~ | [ ] [ i\ |
14 o [ ) [ i\ |
15 | | [ ) [ |
18 | 1 [ ] [ P

1]} 210 1]} 240 [ 1 ]

viii). Surface viewer of input-1,input-2 and output load range.

input2 a input1
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APPENDICES E
ix).Fuzzy logic controller modeling

DC Load

Voltage |
sensor

FLC

A\ &

Voltage
sensor

X).MPPT algorithm in matlab function.

Editor - Block: shd3

SMATLAE Function

| MATLAB Function1 2 | + |
1 I:E'.:an:tinn I = MFFTPO (P, p,V, Vv, d)
2 - dp=FP-p;
== dv=V—-v;
4 — d=0.54;
5
G
T = if (dp>=0)
g — if (dw<0)
i = D=d+40.05;
10 el=se
13— D=d—-0.05;
12
13 end
14
15 else
le — if (dw=0)
17 — D= d-0.05;
18 else
1 — D= d+0.05;
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APPENDICES F
xi).Matlab simulik model of AC load identify and measure the power factor.
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