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Isolation of methanogens and biogas production from caw

gung

Abrar N. Mohammad Zaki , Kifah A. Faiad , Khulod J.Abd Alhusaen , Maha
H. Olaiwy
Abstract

Biogas production technique produces bioenergy (biogas) by fermenting
biodegradable material from animals waste to gas and active agriculture fertilizer
to plants. the research finds the possibility of biogas production from dung alone
during the retention time, Archaea isolated from dung and growth in the media
increase the biogas production. To achieve the aim of the research included work
on two mini scale digester to gas production and isolation methanogenic bacteria .
The biogas was observed within the first month and continued production during
retention time (about " months).Isolated methanogenic bacteria were producing
biogas in the media, and conducted many of microscopic tests in the lab. The
results showed that both types of systems designed for efficient and good for
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Archaea growth and gas production, and recorded results that Archaea isolated of
dung with chard leaf with a present of NY and COY gases speeds up the production

of biogas.

key words: Biogas , Methanogenic bacteria, Caw gung.
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The Impact of Green Curtain Louvers in improving
The internal environment of buildings in Iraq

Abstract

The use of green structural surfaces increased recently in green buildings designs, both
in the roofs of buildings or on their walls, and extended to include buildings in the
most diverse cities in the world to the environmental benefits of urban and individual
buildings level. Many studies and research of global and local has advanced study of
the benefits of green structural surfaces for walls and roofs of the buildings and the city
as a whole and looked at the possibility of their application on a global and local level.
But the study of utilization of green structural surfaces and converted from traditional
building materials into green curtain louvers and the extent of environmental interest
accruing on the internal environment of the building level has not been studied upon in
advance at the local level. This is the main problem of this research. And the research
hypothesis that development of the design and implementation of the traditional sun-
breakers to be green moveable curtain louvers can contribute to the improvement of
the internal environment of buildings in Irag. To investigate these research was
conducted practical application included design green curtain louvers in a standard
dimensions with the possibility of agitated horizontally for lighting at times when no
longer be the fall of the angle of the sun directly on the net, has been conducting field
measurements in the test room within the Jadiriyah district of Baghdad, and test a
number of basic environmental standards of (temperatures, relative humidity) and the
number of times of day and compared the situation of the lack of green curtain louvers.
And then schedule the findings from research using a computer program to facilitate
comparisons. The results showed that the use of green curtain louvers contributed to
improving the internal environment of the space of the previous criteria mentioned
conditions. Find also presented a number of proposals to design the form of animated
refractors and dimensions in order to develop them in the future and a number of
configurations (horizontal, vertical, composite). This research aims to develop
standards and design bases for breakers curtain of green vegetable and a certain pattern
of my design green curtain louvers horizontally that can evolve to include other design
patterns (such as moving vertically or different angels or the use of more sophisticated
materials, etc.). And demonstrate the environmental benefits at the level of the single
building, with the possibility of present experiment to include various styles of
buildings (residential, commercial, administrative etc.) in Iraq.

Key words;
Green curtain louvers, internal environment, Green building
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Sustainable Alternatives for Energy in Urban
Transport Modes

Abstract: The secure energy sources for the
transport sector is particularly important, as this
sector is the lifeblood city which connects different
their parts, and has a role in the economic, social and
urban development by achieving live the welfare and
prosperity, transportation is one of the main pillars of
the national economy and community development.
But at the same time is the most fuel-efficient, where
recent studies have shown that the transport sector
consumption ratio of the total primary energy
consumption worldwide will increase by about V7%
by Y.Ye compared to what was being consumed in
Y+V, it is one of the main energy-consuming sector
globally, and that the source sector energy President
for this sector is fossil fuels, which is one of the
impoverished and polluting energy sources, which
lead to the emission of greenhouse gases, which it
attributed to global warming.

The research aims to first definition of
conventional energy used in transport and their
negative effects industry types and then definition
energies alternative and environmentally friendly
universally used, and then deals with this research is
particularly biofuels and how to use it in this sector,
and mainly on extracted from bad dates fuels as a
source local energy instead of imported primary
energy sources as a result provided in abundance in
Irag and the possibility to take advantage of the poor
and damaged species.

It reviews the research experience of the city
(Almada) that have been used extracted bio-fuel from
heavy water and turn it into fuel that can be used in
vehicles where this study documents generated in the
sewage treatment process biofuel case and highlight
its importance in the context of the local strategy for
climate change for the municipality of Almada. The
main points of this experiment is that the biogas
produced from the treatment plant is used in power
generation, as electricity covers ¢ -7 of the needs of
the public utilities of any limits of ¢+ megawatts per
year. But environmentally, it reduces ¢:7% of
greenhouse gases and represents YA« tons of (COY),
as well as reducing emissions from natural gas and
electricity isolation, this procedure also reduces
carbon dioxide amount equivalent emitted from the
landfill sludge health landfill, as it is obtained
methane is less efficient, and therefore the treatment
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plant contributes to Almada to contain and reduce the
greenhouse gases that arise city's emissions, and
ensures the establishment of the treatment plant in
Almada additional treatment for Y ¢7 of sewage in the
same city water without increasing emissions from
the waste sector, because of the design, which
provides cogeneration system for converting biogas
into electrical and thermal energy can be used for
biogas co-generation to provide operating costs by
natural gas and electricity consumption replace,
which amounted to ©2<YYY euros in Y+ ), with the
increase in the tariff and tax (from 1% to YY) were
providing cost at least 1+ thousand euros per year

Therefore, the biogas extracted from waste water

can be used in the transport sector locally, as it is
characterized by the existence of Irag's sewage
treatment processes and frequently are few and

cannot be utilized in the production of biogas.
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Industry

Food, fibre & wood
process residues

Waste
Landfill gas. Other
biogas. MSW incineration
& other thermal processes

Agriculture

Energy & short
rotation crops. Crop
residues. Animal wastes

Forestry

Forest harvesting &
supply chain. Forest &
agroforest residues

Biomass
resources

Matching biomass supply & demands
for bioenergy, biofuels and materials

Traditional biomass: fuelwood
charcoal & animal dung from
agricultural production

v

Centralised electricity Liquid & gaseous biofuels Heating/electricity & Bio-refining, biomaterials,
Bioenergy &/or heat generation for transport cooking fuels used on site biochemicals, charcoal
Htintion Energy supply Transport Building/industry Industry
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6.5 kW/h
electricity

0.6 liters

1.6kg
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The Milestone in the Sustainability Timeline and its Reflection on Architecture
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Abstract: Department of Architecture Department of Architecture

ago , and in this time a great development happened to our understand to this concept . this

development is clearly appears in the goals of global conferences which held in the past few
decades.In this time we could study the development of this concept and look for the milestone in
the sustainable timeline and it’s reflections on architecture. so this research is allocated to study
the conference and sustainable concepts from release the “Silent Spring” book by Rachel Carson
in Y47Y to this day with allocate the change in concept in every stage of it's development .

So the research problem will be “there is no research link between the milestone in sustainable
timeline and the in Architecture “so the goal of this research will be allocate the reflection of the
sustainable timeline in Architecture. and to achieve this goal we should explore the thought of
global conferences and the organization and the agreements so the assumption of this research
will be “there is a deferent milestone of sustainable timeline that effect differently in Architectural
“and to exam this assumption the research will match the change in sustainable timeline with the
new concepts appears in the time.

The concept of sustainability appear along time ago , but it become more important few ages
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Abstract: The housing sector is the most
dynamic sectors in the city, associated with all
sectors and other activities in city by relations and
intricacies of integrated functional.

Housing indicators represent the basic rule
when setting up housing projects, with development
of intellectual, humanitarian and conceptual for
planning and design, and orientation towards
sustainability, require to be housing indicators are
(both at unit housing design level and urban planning
level) sustainable taking into account physical,
economic, environmental and social dimensions.

Research focuses on studying a group of Arabic
and international housing projects to extract
sustainable housing indicators which can be relied
upon when preparing local housing projects that work
to preserve the environment and natural
resources, taking into account the social dimensions
of society and local identity, efficient economical,
and featuring architectural and urban style take into
account the context of climate, natural, and urban
areas.
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Effect of Using Solar Energy on Improving the Performance of

Compressed Air Energy Storage Systems.

Assist. Lecturer. Nassr Fadhil Hussein*
University of Technology Email: moon.nassr@gmail.com
ABSTRACT
The present research aims to study analytically the feasibility of using solar energy
for improving the performance of adiabatic-compressed air energy storage system. The
analysis is applied by using a graphical tool (Cycle Tempo 5.0) which is used to perform
thermodynamic analysis and making optimization for energy systems. Two scenarios are
applied in this study. The first scenario includes using solar receiver in compression stage
(charging stage) to increase thermal content of thermal storages, while the second scenario
includes adding solar receiver in expansion stage (discharging stage) to preheat the
pressurized air before entering low pressure (LP) turbine. The results showed that the
feasibility of using solar energy for increasing the power production of the system by 48 %
when using the first scenario and 49.6 % when using the second scenario. On the other hand,
the system efficiency decreases by 12.5% and 30.9% for first and second scenario
respectively due to consuming large amount of solar energy by the system.
Keywords: Solar energy, Compressed air energy storage, Thermal energy system.
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Introduction:

During the last century, a huge
reduction in traditional energy sources has
been noted due to increasing in the energy
demand of conventional energy [1].
Moreover, fluctuations in oil prices and the
need to minimize greenhouse gas
emissions led to pay remarkable attention
towards renewable energy sources such as
wind, solar and biomass energies [2].
However, these sources have unstable
nature over the time, hence, reducing
reliability of the electricity supply.
Therefore, it is necessary to add energy
storage systems in order to enhance the
supply and meet the demand fluctuating.
Energy storage systems are available in
various kinds depending on the physical
principle and the energy range. Some of
these systems have some drawbacks. For
example, fuel cells have low numbers of
charge and discharge cycles as well as its
cost are very high [3]. Compressed air
energy storage (CAES) technologies are
considered more attractive for contributing
to overcome the variability of renewable
energy [4]. However, the actuality of using
fuel in these systems leads to increase of
carbon emissions [5]. Thus, to eliminate
using fuel and reducing environmental

pollution, an-Adiabatic Compressed Air

IMISE 154 (1)
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Energy Storage (ACAES) was proposed.
In these systems heat which is produced
during compression stage is stored via
thermal energy storage to reuse again in
the expansion stage [6].

Many researchers pay attention to
investigate the working of Compressed Air
Energy Storage systems (CAES) and try
improving their performance.

Sun et al [7] presented direct
integration between CAES and wind
turbine to achieve efficient system with
low cost of structure and maintenance.
They demonstrated that this hybrid system
has a potential to raise the efficiency up to
55 percent if the operation conditions are
well controlled. In addition, a hybrid
system between wind power and adiabatic
compressed air energy storage and
flywheel
(ACAES+FESS) were proposed by Zhao
et al [8]. They aimed to decrease the

energy  storage  system

passive effects of wind energy and
improve the electricity supply. Zhang et al
[9] investigated hybrid system (AA-CAES
+ wind turbine) to analyze the effect of
wind speed for both stable and unstable
cases on the system efficiency. They
showed that the wind speed affect the
compressor  efficiency, therefore the

overall efficiency will be affected also.
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On the other hand, the effect of
different configurations on the overall
efficiency of ACAES was conducted by
Grazzini and Milazzo [10] who proposed
different configurations which can be used
While,
Hartmann et al [11] analysed four

in energy storage system.
configurations to figure out their impact on
the efficiency. They stated that the two-
stage adiabatic CAES configuration can
raise the efficiency to a maximum value
between 52% and 62%, depending on the
cooling and heating demand. Yang et al
[12] studied the effect of effectiveness and
pressure loss in heat exchanger on the
efficiency of advanced  adiabatic
compressed air energy storage system. The
results showed that with increasing
effectiveness, the efficiency increases as
well. While, the efficiency reduce with
increasing pressure loss even though the
effectiveness is high. Jannelli et al [13]
presented a novel small scale advanced
adiabatic storage system, which integrated
with PV power unit to produce electricity
demand of a radio base station for mobile
telecommunications and also to cool its
equipment’s. The outcomes showed that
the system efficiency reached 57 percent
despite its small size.

Although many efforts have been

done to improve the efficiency of ACAES

IMISE 154 (1)
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systems by using different energy sources,
it is worth noting that using solar energy
for this purpose did not investigate.
Therefore, the present study aims to
analyze the feasibility of using solar
energy to improve the performance of
ACAES system. SOLUGAS receiver [14]
has been selected in order to use its data in
this study.

System Description and Methodology:
The Adiabatic-Compressed Air

Energy Storage system (ACAES) was built
based on the conventional system
developed by Zhao et al [15] and all data
that were wused in calculations were
mentioned in table-1. This system as
shown in figure-1 consists of two main
stages. The first stage which is called
charging or compression stage includes
two compressors used to compress air
from ambient pressure to maximum
pressure level in the cavern as shown in
figure-2. The pressurized air passes
through solid thermal energy storage
(STES) after each compressor to store heat
energy that is released from compression
process. Finally, the compressed air enters
the cavern in order to be stored for the next
stage (discharging stage). The second stage
is called expansion or discharging stage.
During this stage, the compressed air is

preheated by using the first (STES) unit
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before entering high pressure turbine.
Then, the expanding air enters second
(STES) unit to reheat before entering low
pressure turbine to expand to ambient
pressure. The modeling software (Cycle-
Tempo Release 5.0) was used for
modelling the system and its processes.
This software is a graphical tool which is
used to perform thermodynamic analysis
and conducting comprehensive
thermodynamic analysis such as energy
and exergy analyses [16]. Energy analysis
in this software is done depending on mass
and energy balances which are shown by
equations 1 and 2 for each apparatus of the

system [17].

Zjnzl Q)m,in . (]) -
{1=1 (Z)m,out L3) = B(k)

Zjnzl Qm,in . (]) hin(j) -
Zinzl Q)m,out . (1) hout(i) = B(k)

Where
i, j and k are numbers of equations.

In order to increase the power
capacity of the (ACAES) system, using of
solar receiver was proposed in two
scenarios. The first scenario is using solar

energy for heating the compressed air after

IMISE 154 (1)
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the low pressure (LP) compressor in order
to increase the heating content of the
(STES) to use it again in the discharging
stage as shown in figure-3. The second
scenario is using solar energy to preheat
the expanding air after the high pressure
(HP) turbine as shown in figure-4. The
available data of (SOLUGAS) receiver
which was used as a solar source in this
in table-2 [18].
receiver consists of 170

study are mentioned
(SOLUGAS)
absorber tubes which are made from nickel
based alloy as shown in figure-5.

In calculations the maximum
temperature of (STES) units was assumed
700°C. Furthermore, the time of charge
and discharge stages were assumed equal.
ACAES

system can be evaluated by the following

The performance of original

equation [19]:

Energyturbine x100
Energycompressor

.(3)

Efficiency =

The energy that comes from solar
source is used in both first and second
scenario. Hence, the performance can be

evaluated by the following equation:

Efficiency =
Energyturbine
Energycompressor+Energy solar

x100%

Results and Discussion:
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A: Effect of using solar energy on power
production:

Calculations were made by using
tool (Cycle Tempo 5.0) and the results for
all scenarios were mentioned in tables 3 —
5. Moreover, the comparison between the
first and the second scenario in power
production was shown in figure-6. It can
be seen from this figure that the rate of
power production increases remarkably by
using solar energy. The rate of increasing
in power production for the first scenario
is 48% with consumption rate of solar
energy 15310 KW. While, when using
second scenario the increasing rate rises to
49.6% with consumption rate of solar
energy 27599 KW.

B: Effect of using solar energy on
system efficiency:

The system efficiency for all
scenarios is presented in Figure-7. It can
be observed that the efficiency of original
system equal 88%. This can be attributed
to use solid thermal energy storage units in
this analysis, as well as assuming all the
energy that comes from compression stage
is used in discharging stage. In addition, it
is noted that using solar energy leads to
reduce system efficiency by 12.5 % for
30.9 % for second

scenario. This decreasing can be attributed

first scenario, and

IMISE 154 (1)
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to the large consumption of solar energy
during processes in first and second
scenarios.

Conclusion:

the

feasibility of using solar energy as a source

The present study analyzed
for improving performance. The following
points are concluded:

1. Using solar energy increases power
production, especially when applying
solar energy in discharging stage of
the system (second scenario), where
the power production increases by
49.6% higher than the original system.

2. The
significantly when using solar energy
by12.5% for first scenario and 30.9%

when applying second scenario due to

system efficiency decreases

consuming large amount of solar
energy.

Nomenclature

LP Low pressure.

HP High pressure.

STES Solid thermal energy
storage.

A, Receiver Area.

A, Aperture Area.

Cc Concentration ratio.
ACAES Adiabatic Compressed Air
Energy Storage.

h Specific Enthalpy.

D, Mass Flow
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B Amount of Energy Losses.
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Table-1: Simulation data of ACAES system based on Zhao et al [15].

Parameter Value | Unit
Ambient pressure 1.013 | bar
Ambient temperature 20 °Cc
Pressure ratio of LP compressor 10 -
Pressure ratio of HP compressor 10.6 -
Outlet temperature from each (STES) 20 °Cc
Temperature of the cavern 20 °C
Minimum pressure in the cavern 65 bar
Maximum pressure in the cavern 100 bar
Pressure ratio of HP Turbine 9 -
Pressure ratio of LP Turbine 7.1 -
Mechanical efficiency of compressor & Turbine 97 %
Rated flow rate of compression stage 35 kg/s
Rated flow rate of turbine stage 52 kgls
Table-2: Simulation data of SOLUGAS receiver based on [18].
Parameter Value Unit
Optical efficiency 0.73 %
Irradiance 850 W/m?
Convective heat loss coefficient 5 W/m?. K
Stefan—Boltzmann constant 5.67x 10° | W/(m”. K"
Operating pressure 10 bar
Effective emissivity of the collector 0.1 -
Concentration ratio C= A,/ A, 425.2 -
Working temperature of the solar collector 1088 K
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Table-3: Results data from graphical tool for original system.

No. | Apparatus | Type | Energy Totals Exergy Totals
[kw] [kw] [kw] [kw]
Delivered 2 Generator G 18369.08 18639.08
gross Power 18639.08 18639.08
Aux. Power 4 | Compressor 29 10566.76 10566.76
Consumption | 2 | Compressor 29 | 10595.40 10595.40
21162.17 21162.17
Delivered
net power -2523.09 -2523.09
Delivered 3 Heat Sink 10 | 10693.87 3347.68
heat 5 Heat Sink 10 | 10364.00 3190.83
8 Heat Sink 10 - -2380.83
10693.87
10 Heat Sink 10 - -2323.66
10364.00
0.00 1834.02
Total
Delivered -2523.09 -689.07
Table-4: Results data from graphical tool for the first scenario.
No. | Apparatus | Type | Energy Totals Exergy Totals
[kw] [kw] [kw] [kw]
Delivered 2 Generator G 27569.20 27569.20
gross Power 27569.20 27569.20
Aux. Power 4 | Compressor 29 | 10568.75 10568.75
Consumption | 2 | Compressor | 29 | 10595.40 10595.40
21164.15 21164.15
Delivered
net power 6405.04 6405.04
Delivered 3 Heat Sink 10 | 26001.08 12860.28
heat 5 Heat Sink 10 | 10368.95 3193.31
8 Heat Sink 10 - -
26001.08 10473.35
10 Heat Sink 10 - -4834.39
10368.95
0.00 745.85
Total
Delivered 6405.05 7150.90
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Table-5: Results data from graphical tool for the second scenario.

No. | Apparatus | Type | Energy Totals Exergy Totals
[kw] [kw] [kw] [kw]
Delivered 2 Generator G 27890.14 27890.14
gross Power 27890.14 27890.14
Aux. Power 4 | Compressor 29 10566.76 10566.76
Consumption | 2 | Compressor 29 | 10595.40 10595.40
21162.17 21162.17
Delivered
net power 6727.97 6727.17
Delivered 3 Heat Sink 10 | 10693.87 3347.68
heat 5 Heat Sink 10 | 10364.00 3190.83
8 Heat Sink 10 - -2380.83
10693.87
10 Heat Sink 10 - -2323.66
10364.00
0.00 1834.02
Total
Delivered -2523.09 8562.00
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Electrical design tracking system for solar panel
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Abstract: This study presents the design and implementation for a prototype for the solar tracking system
that has a duel axis .A light depended resistors (LDR) are used for the sun light detection. The solar
tracker is device that keeps photovoltaic (PV) panels in optimum position which that perpendicular to a
solar radiation during the day light hours to increases the collected of energy. The sun tracking system is
more effective solution in cost than the buy of the solar panels. The solar tracker system is used in a
various systems to improve of harnessing of solar radiation. A control circuit is implemented by DC.
motors which are used to orient a solar panel optimally.

The results of experimental work for solar tracking system (Duel -a axis), explain the output voltage
which was increase to (18.69V) and the efficiency for tracking system increase to 17 %)

Key words: control circuit, solar cell, tracking system, duel axis, solar radiation.
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Introduction: The solar energy is very fast The efficiency for the solar can be improved
becoming very important means for resource significantly by using the sun tracking. Tracking
renewable energy. With the solar tracking, it's for the flat plate photovoltaic "PV" arrays
become possible to generate energy since a solar provide about (33%) more power than the fixed
panel can be maintaining as a perpendicular arrays. [2]
profile at the rays of sun. The initial cost of the The solar tracking system can be implemented
setting up for tracking system is considerably by the using of one axis, and for the higher
high, there are™ cheaper options” that have been accuracy two axis sun tracking systems. There
proposed over the time. [1] are two types are known as: polar "equatorial™
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tracking and the azimuth/elevation "altitude-
azimuth" tracking system.

Many parts of a world, sun shines intensely at
daily basis, providing nearby unlimited the
power resource for the devices that can convert
the sun's insulation into the useful energy. The
solar cells are playing role for increasing
importance in the household and the other areas
for electricity consumption. The applying of
solar tracking can increase electric energy that
produced by solar cells and enhance overall
efficiency for solar cell as well. Photovoltaic
"PV" technologies can be easily operated in a
remote off grid areas.

Earth revolves around sun in elliptical orbit

with a sun as one foci. The plane for this orbit is
called "the ecliptic". A time taken for an earth to
complete the orbit defines a "year". "Solar
declination angle (8)" is the angle between a line
joining the center of a sun and earth and it is
projection on equatorial plane.
The earth rotates at rate of one revolution per the
day around a polar axis. The daily rotation for
the earth is depicted by rotation of a celestial
sphere about polar axis and instantaneous
position for a sun is described by hour angle ().
The angle between meridian passing through a
sun and a meridian of site. Hour angle is" zero"
at the solar noon, and increase toward east. For
supervisor on earth's surface at location with
geographical latitude (@) . A suitable coordinate
system is define by the wvertical line at a site
which intersects the celestial sphere in two
pointes, the nadir and the nadir zenith, and
subtends angle (@) with the polar axis as show
in Fig. (1).

The latitude () for the point or the location is
the angle which made by a radial line joining a
location to a center of the earth with a projection
of line on the equatorial plane. Earth's axis of the
rotation intersects earth's surface at (90 latitude
"north pole" and (-90° ) latitude "south pole".
Any location at the surface for the earth can be
defined by the intersection a longitude angle and
the latitude angle.

Solar altitude angle( o) is the vertical angle
between a projection of the sun's rays at the
horizontal plane and the direction of sun's rays
which passing through a point , as shown in
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Figl. The alternative, a sun's altitude may be
described the" solar zenith angle" (6,) which is
the vertical angle between the sun's rays and the
line perpendicular to a horizontal plane through
a point (6,=90-a). "Solar azimuth angle" (ys) IS
the horizontal angle measured from the south to
a horizontal projection of a sun's rays. [3]

Rizk, J. chaiko,(2008)[4] explained the potential
system advantages of the tracking solar system
using light sensor and stepper motor. The
method increase the power efficiency by
developing the device that tracks a sun to keep a
panel at the right angle to it is rays.

Ahmed, S. suhaid, (2012) [5] proposed design,

programming and results for device which
achieved a low power consumption. The system
has dual axes tracking controlled by
"Programmable Logic Controller* (PLC) by
using formula which was pre calculated by using
the azimuth and altitude of the sun. The design
for solar tracker was tested in several weather
conditions a tropical climate environment. At a
clear and sunny day a power generated at tracker
is higher than that non tracking system, the
powers consumed by controller and motor were
5.84%, and 0.05 %, respectively. The power
consumption for the tracker is 5.89% for total
power generated.

S.Kivarak, M. Gunduzap, (2012) [6] showed
open loop, two axes movable (PV), the solar
tracker system which designed and analyzed. It
is performance at fixed tilted (37°) PV system is
calculated theoretically and experimentally for
climatic condition for Turkey. Two DC motors
are used to the movement for solar tracker. In
addition to an experimental data, the computer
program at( Visual C#2005) that uses an
equations for solar radiation values at fixed and
moving systems which is developed. A
performance difference for fixed tilt "PV" panel
and two axis moving "PV" panel was compared
at months of( May and June) and it was found
the energy generation increases about (64%)
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for the tracking system when it was compared
with the fixed "PV" system.

Radiation on inclined and tracking surfaces:
A solar radiation information are usually given
in form of a global radiation on PV panels and
horizontal surface are usually positioned an
angle at the horizontal plane, therefore; the input
energy to the (PV) system must calculate
accordingly .this calculation proceeds full in
three steps. The first step: the data of the site is
used to determine the diffused and the beam
components for the global irradiation at the
horizontal plane_"G". This carried out by using
extraterrestrial daily irradiation "B," as reference
and calculating ratio "Ky =G/B," where:

K+:- clearances index.

The second step: the diffused irradiation at the
horizontal plane "D" is obtained by using the
empirical rule that the diffused fraction "D/G" of
global radiation is the universal function of
"Ki." so B=G-D, this procedure determines both
of the diffuse and the beam irradiation at the
horizontal plane, where:-"B" is the daily beam
irradiation at a horizontal plane.

The third step: the appropriate angular
dependence of each component used to
determine the beam and the diffuse irradiation at
the inclined surface. With allowance of the
reflectivity of the surrounding area; the albedo
also can be determined. Total daily irradiation at
the inclined surface is obtained by collecting tree
components.

The sun moving at the sky during the day. In the
case of fixed solar collectors; the projection for
the collector area at the plane, which is
perpendicular on the radiation direction, is given
by function cosine for the angle of incidence.
The higher is the angle incidence "8" the lower
is the power. Theoretical calculation for
extracted energy in case of (using tracking
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collectors) is carried out by considering that the
maximum radiation intensity (I1=1100Wm? )is
falling on an area which oriented
perpendicularly for the direction of radiation
.Tracking day length (t=12h=43,200s), intensity
of tracking collector which always best to orient
facing the sun compared to that fixed collector
which orient perpendicularly to direction of
radiation only at noon. The collector area is
known as 'S, ".[3]

i.  For the fixed collector, projection area at

the area oriented perpendicularly to
radiation direction is( S=S, cos 0), where
"0" is the changing in the interval (-
m /2,+m/2) during day. The angular
velocity of sun moving cross sky is
(=27 [T=T7).
(27x10rad/s) and the different of the
falling energy is( dW=1Sdt). Neglecting
an atmosphere influence; energy per
unite area is calculated at whole day :-

+21,600 _

W = [, so0 IS0 coswt dt =
sin wt] 121600 5pg
ISO =
w l-21600 @

=3.03x10"Ws/m’day =8.41kWh/m?day
1)

ii. For the tracking collector and
neglecting an  atmosphere influence,
energy per unit area for whole day is:-
W = ISyt = 4.75 X 10'Ws=
13.2kWh/m’day 2)

By comparing the Equs.(1) &(2),57%more of
energy is calculated for latter case. This amount
of energy can be gained, for the example; on
moon surface. The sun rays reach the earth
surface through the thick layer of atmosphere.
As deviate from moon, the solar insolation at the
surface is weakened. [8]

Effect of light intensity and Efficiency of
solar panels:
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The change of light intensity incident at a solar
cell changes all parameters, including the short
circuit current, the open circuit voltage, the
efficiency, the fill factor and impact for series
and shunt resistances. Therefore; the decrease or
the increase has proportional effect on amount of
the power output from a panel [9]. The
efficiency is the parameter most commonly used
to compare performance of one solar cell to
another. It is the ratio of energy output from the
solar panel to input energy from the sun. in
addition to reflecting on the performance of
solar cells, it will depend on the spectrum and
intensity of the incident sunlight and the
temperature of the solar cell. As a result,
conditions under which efficiency is to be
measured must be controlled carefully to
compare performance of the various devices.
The efficiency of solar cells is determined as the
fraction of incident power that is converted to
electricity. It is defined as:

Pmax = VoclscFF
__VocIscFF

Ptn

where Voc :- is the open-circuit voltage;

Isc:- is the short-circuit current

FF:- is the fill factor

n :-is the efficiency.

The input power for efficiency calculations is( 1
kW/m2 )or (100 mW/cm2). Thus the input
power for a (100 x 100 mm2 cell is 10 W).

Design components:

Light Dependent Resistor (LDR): Light
detecting sensor that maybe used to build solar
tracker include; phototransistors,

Photodiodes, LDR. The simplest optical sensor
is a photon resistor or photocell which is a light
sensitive resistor these are made of two types,
cadmium sulfide (CdS) and gallium arsenide
(GaAs). The photocell to be used for the tracker
is based on its dark resistance and light
saturation resistance. The term light saturation
means that further increasing the light intensity
to the CdS cells will not decrease its resistance
any further. Normally the resistance of an LDR
is very high, but when they are illuminated with
light resistance drops dramatically. When the
light level is low the resistance of the LDR is
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high. This prevents current from flowing to the
base of the transistors. Consequently the LED
does not light. However, when light shines onto
the LDR its resistance falls. Show in Fig (2).
[11]

The H-Bridge circuit: In many applications, the
DC motor needs to change its direction. The H-
Bridge is an electronic circuit that enables a
voltage to be applied across a load in either
direction. It is designed to drive a motor
clockwise and anticlockwise. To reverse a
motor, the supply must be reversed and this is
what the H-Bridge does. Microcontroller has a
voltage level in the range of 0-5V, so it cannot
drive a DC motor with 12V operating voltage.
The H- Bridge is used to amplify the voltage
level to the level of DC motor, which is 12V.
The H- Bridge consists of relays, transistors,
resistors and diodes as seen in Fig(3)[7]

Limit switches: In order to prevent the tracking
system from exceeding the predefined angles,
limit switches are used for that purpose. It is
used to stop the motor when the predefined
limits are reached and also to keep the tracker
from disorientation back and forth. Limit switch
has three terminals as seen in Fig(4); common
terminal (C), normally open (NO) and normally
closed (NC). Common terminal with either NC
or NO are connected to the microcontroller
according to the designer. It is clear from the
figure above that when the common terminal is
connected to the ground or to the 5V and the NO
is connected to the microcontroller, Then, after
the metal strip is pressed, the connection
between common terminal (C) and normally
open (NO) is achieved, this connection
represents an indication to the microcontroller
that the limit switch is pressed. [10]

DC motor with gearbox: Two 12V DC motors
with gearbox arrangement are used to control the
movement of the tracker in both directions.
Every motor with its gearbox controls one axis,
one for altitude angle and the other for azimuth
angle as shown in Fig(5) is worth noting that
current consumption of both motors is 0.323A.
The angular motion of altitude shaft is 0.0986
rpm, which means that the altitude shaft
completes one revolution in 10.14 min. Also, the
angular motion of azimuth shaft is 0.0632 rpm,
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which means that the azimuth shaft completes
one revolution in 15.83 min. show Fig(5).

U. PV Holder: It is an Aluminum structure
made of four parallel rectangular hollow section
tubes. The tubes are connected together by
screw rivets in order to form a frame which
holds the solar cell as in Fig.(6).

ATmega328P: ATmega328P is low power
CMOS (8-bit) microcontroller based on the
automatic voltage controller enhanced" RISC"
architecture. By implement powerful
Hardware design: The solar tracker is a device

which directs the photovoltaic array toward a
sun. At flat panel photovoltaic applications
trackers are used to decreases the angle for
incidence  between incoming light and
photovoltaic panel. This arrangement of the
system increases amount of the energy produced
by photovoltaic array. The solar tracking system
is form of the mechanical side and the electronic
side, the mechanical part is the body and the
holder tracker while the electronic part is the
control circuit of system that leads mechanical
part. The control circuit is considered thinking
behavior for the system.The design of this
system is presented in to two parts:1-The
mechanical components: the mechanical
components are two parts, the first is the frame
that holds the solar cell panel, which is as U
shape, and where the panel is fixed on one side
and other side is coupled to (5v d.c motor)
moving the panel from top to bottom which
achieved the vertical axis. The second part is the
base which coupled to (5v d.c motor) which
fixed in the middle to move the first part from
right to lift and achieved the horizontal axis. 2-
The electrical components:  the electrical
components are two parts, the first is the control
circuit which deal with the signals coming from
the LDR (light depended resistance) and convert
it to logic orders to move the motors vertically
and horizontally at the same time to have the
optimum sun beam at day light (vertically on
solar cell panel). The second part are two motors
(one for the vertical motion and the other for
horizontal motion), and four LDRs which
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instructions single clock cycle, ATmega328P
achieves throughputs approaching (1) MIPS per
MHz allowing system designed to optimize the
power consumption versus processing the speed.
Show Fig(7) [10]

Solar Cells:  Mono-crystalline (285x350mm)
solar cells are used this work. The peak power is
(10W), open circuit voltage is (220V), short
circuit current (0.5gA), max system voltage
(600V) and the test condition 25C°
100W/m?.show Fig(8).

divided into two groups, two for vertical axis

putting one in the top middle and the other one
in bottom middle of the panel, the other
two(LDR) for horizontal axis putting one in the
left middle and the other one in the right middle
of the panel. There are also four limit switches
to limit the panel motion in vertical and
horizontal axis with half cycle only, because the
sun azimuth motion is a half cycle only.
Deception of tracking system: A direct
radiation solar system includes the most of
energy. It's come from a sun circle in defined
direction. A small amount of the energy is
diffused by the atmosphere; but its keep some
direction in the major angle. Only the low
energy is in the isotropic diffuse radiation that
does not depend on a direction and it dominants
at the case of the cloudy weather. A solar tracker
keeps PV in an optimum position which is
perpendicularly to solar radiation during the day
light hours and then increases collected energy
up to 30%. The main important factor in solar
cell plant is the sun beam incidence angle, where
a maximum power produced from the solar cells
when the sum beam is vertical on the panel. So
it's more efficient to use tracking system for sun
beam than using a fixed panel.

The fixed system: This is directed to an ideal
angle. In this system researchers study the ideal
sun beam angle which gives the maximum
power for a day. For example in Baghdad city
they found the ideal sun beam angle for
maximum power produce are (32.1° for vertical
axil, and (15°) for horizontal axil show Fig(9)
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A&B. In the fixed system the power produced
daily is more less than other types because the
incidence sun beam on the panel is not vertical
at: 4:45 am to 11:40 am and at 3:20 pm to
7:30 pm. So the maximum sun beam incidence
is from: 11:40 am to 3:20 pm. this means only
less than 20% of maximum power period daily
will have from this system. In this system there
is no need for moving parts or control circuits.

Dual axis tracking system: It is the efficient
system to produce the power because it tracks
the incidence sun beam for the ideal condition of
incidence angle (vertically). The cost of this type
is more by (25%) than the other types. So the
aim of the research is to build a dual axis
tracking system with lower cost and highest
power produced (the power produced here is
higher by 30%) than the fixed system.
Experimental work: The experimental for this
study includes two parts to improve performance
of solar cells. These two parts can be explained
as following: 1-First part of this study is to use
tracking system of solar to get the best angle
between a surface of the (PV) panel and the
incident ray at a cloudy day and measuring the
output voltage. 2-Second part of this study
focused on a comparison between fixed system
and tracking system which are at the same
prosperities at setup and after that calculating the
power and efficiency of these two systems.

The cloudy day orders: After many tests for
the cloudy day in (27 march 2016), and using
seven solar cell panels (7 panels),at the same
prosperities at setup, which were putting in (0°,
9°, 15°, 20°, 24° 32° 35% angles, show Fig (10)
it found that for the cloudy day the best angle to
produce highly power is the (0°) angle and in
these days the four LDRs gives equal current.
But when the sun shines the system go back to
its ordinary work by the control circuit , as show
in Fig (11).
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Operation of control circuit for tracking
system at sunny day (29 July 2016) :

When the incidence sum beam falls on the
solar cell panel, the LDRs received the sun beam
with different intensity (the LDR which received
more intensity will have less resistivity which
means bigger current pass through it). The four
values of current reaches the AT mega328 which
converted it to logical orders to (H- bridge)
where the priority first for the higher value of
current send from LDRs. Moving the motor
according to this order till the current of both
LDRs become equal and the same think happen
for the other two LDRs, and so on keeping the
sun beam vertically on the panel as its possible.

Four limit switches are connected to limit the
motion of panel in a half cycle only in the
vertical and horizontal axis.

Limit switches (for sun rise and sun down) at

the end of the half cycle (sun down) cut the
voltage of the motor, and then moved the panel
to the first point (sun rise). Show Fig (11).
Comparison between fixed and track solar
systems: A fixed solar panel was erected at
inclination angels on the horizon 32.1°, which
represent the best angels at Baghdad. The solar
tracking system insulating near the fixed system
as show in fig (12). Booth panels are at the
atmosphere to demonstrate the advantage of
solar panels which that works fixed and track
solar panels system. The result explains that the
electric power and efficiency from solar panel
tracking better than the solar panel fixed in the
early hours (morning). At the period from 9am
to 11:40 am the radiation of the sun failing on
the solar panel tracking largest than failing on
the fixed solar panels. So the power output and
efficiency of tracking system larger than the
fixed solar panels.at 12:00 pm to 1:40 pm the
amount of the incident radiation on the solar
panels convergent extent of matching. After
2:00pm to 5:00 pm will be the amount of the
incident radiation on the solar tracking bigger
than a fixed solar panel. So the electrical power
and the efficiency resulting from the tracking
system greater than a fixed panels results.
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Therefore, we have provide that the tracking
system much better than a fixed system,
depending on the obtained results.

Result And Discussion: The result for this
study were gotten at (LDR) for the solar tracking
system and for the fixed position of the panel.
The results were obtained for the cloudy day
recorded and then tabulated as show in table (1).
The works dependent on the output of the
(LDRs) which were dependent on of a light
intensity were falling at the surfaces of the
panels. Show in Fig(13). From the curve (Fig
(13)) , it can be seen that the cloudy day values
obtained from many angels (0°, 9°, 15°, 20°,
24°, 31°, 35°) which select from anther studies
and by using the tracking system. The results
obtained show that the best angel used in a
cloudy day is (0°)as show in table (1) because
the best output voltage at this angel. From the
curve (Fig(14)) the output voltage of the solar
panel for the fixed and the tracking system , it's
clear that a tracking system will have increased
at the output voltage and current. The increases
in the power and efficiency can be see it at the
figs(15),(16) in comparison the tracking system
with the fixed system. At a very hot day (29 July
2016) at midday both systems (tracking and
fixed ) have almost a same output voltage show
in Fig(14) and at the power and efficiency as
show in Figs(15), (16).because a sun is
perpendicularly above them , so the both system
received nearly the same amount of the radiation
from the sun. Conclution : The solar panel
which tracks a sun was designed with duel axes,
because this type of trackers are very efficient in
tracking the sun and more suitable in the regions
where is change in a position of a sun like our
country(lrag) .  The results which obtained in
this study explained that the using of tracking
system in flowing a sun position is very
important because it can increases the power and
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efficiency of the photovoltaic cells (PV) about
30% ,40%.
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Table (1) The result of cloudy day.
Time volt- | volt- | volt- | volt- | volt- | volt- | volt- | smith | direction
ang0 | ang?9 ang ang ang ang ang | angle
15 20 24 31 35

09:00am | 17.1 | 17.32 | 17.44 | 17.89 | 18.1 | 18.23 | 18.34 75 E

9:20am 17.6 17.65 | 17.68 | 18.22 | 18.23 | 18.46 18.5 73 E

9:40am | 17.65 | 17.66 | 17.45 | 17.31 | 171 17 17 69 E

10:00am | 17.62 | 17.51 | 17.22 | 17.21 | 16.98 | 16.45 | 16.44 66 SE
10:20am | 17.68 | 16.99 | 16.98 | 16.81 | 16.76 | 16.51 | 16.52 61 SE
10:40am | 17.82 17.2 17 16.96 | 16.99 17 17.2 55 SE
11:00am | 17.84 | 17.43 | 171 16.9 16.5 | 16.71 | 16.8 45 SE
11:20am | 18.12 17.9 17.33 17.1 17.4 17.1 16.99 35 SE
11:40am | 18.92 | 181 | 17.95 | 17.4 17 16.93 | 16.9 25 SE
12:00pm 19.9 18.9 18.26 | 17.87 | 17.66 17.2 17.1 10 S

12:20pm | 20.1 19.1 | 18.44 | 18.1 | 17.57 | 17.32 | 17.22 -15 S

12:40pm | 20.23 | 19.2 | 18.58 | 18.4 | 17.42 | 17.12 17 -32 SW
13:00pm | 20.5 18.8 18 17.55 | 16.94 | 16.76 | 16.46 -40 SW
13:20pm | 19.34 | 17.8 17 16.99 | 16.4 159 | 15.88 -45 SW
13:40pm | 18.47 | 17.5 16.4 | 16.25 | 1596 | 15.3 | 14.99 -52 SW
14:00pm | 17.8 | 16.79 | 15.98 | 15.48 | 14.9 14.4 13.8 -61 SW
14:20pm | 16.79 | 15.4 15.3 14.7 | 13.99 13 12.95 -67 SW
14:40pm | 15.44 | 1399 | 13.8 | 12.76 | 12.66 | 11.1 11 -74 W
15:00pm | 15.1 12.8 12.3 | 11.98 | 10.78 9 8.9 -79 W
15:20pm | 15.1 | 12.78 | 12.21 | 11.77 | 10.77 9 8.9 -83 W
15:40pm | 14.9 12 11.98 | 10.9 9.56 8.5 8.1 -85 W
16:00pm | 14.73 114 111 9.68 9.1 7.88 7.65 -88 W
16:20pm | 13.41 | 10.49 | 9.78 9.1 8.9 6.89 6.54 -93 W
16:40pm | 10.88 9 8.7 8.4 8.1 6.46 6.12 -98 W
17:00pm 9.3 8.1 7.6 6.98 6.23 5.7 5.1 -101 NW
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Table (2) The result of fixed panel
Time | Tf-orginal | Th-original | Tair Isc Vair | output voltage | latitude angle |horizantal ang| dirction || MAX areapanel | efficincy | power out
9:00am 503 4838 442 650 95 145 312 -15 S 0.15 0.09975 | 0.033545402 | 2.175
9:20am 50.98 41 4431 | 680 91 149 312 -15 S 0.18 0.09975 | 0.039540027 |  2.682
9:40am 519 50.21 439 710 71 151 312 -15 S 021 009975 | 0.044773007 | 3171
10:00am | 5365 52 442 840 6.2 159 312 -15 S 0.34 0.09975 | 0.064518439 |  5.406
10:20am 54 53.03 451 885 8.1 16.6 312 -15 S 0.35 0.09975 | 0.065814253 | 581
10:40am | 55.12 544 453 910 1.2 168 312 -15 S 0.37 0.09975 | 0.06847889 | 6.216
11:00am | 556 54 4542 | 990 7 177 312 -15 S 0.38 0.09975 | 0.068109668 | 6.726
11:20am | 562 55.6 457 | 102 81 17.99 312 -15 S 0.39 0.09975 | 0.068822742 | 70161
10:40am | 56.99 5598 | 4576 | 1034 6.8 181 312 -15 S 0.391 0.09975 | 0.068615446 | 7.0771
12.00pm | 63 6111 459 [ 150 36 186 312 -15 S 0471 0.09975 | 0.076370056 | 8.7606
12.200m | 64.1 62.77 464 | 151 33 187 312 -15 S 048 009975 | 0078179811 | 8.976
12:40pm | 652 64.1 411 | 163 3l 18.69 312 -15 S 0.489 0.09975 | 0.078781735 | 9.13041
13:00pm | 669 65.6 48 un 29 186 312 -15 S 0.501 0.09975 | 0.079777582 | 9.3186
13:200m | 67.68 66.8 483 | 112 24 172 312 -15 S 0.509 0.09975 | 0.078927535 | 8.7548
13:40pm | 68.98 67.44 488 | 1089 2 7 312 -15 S 043 009975 | 0067294039 | 731
14:00pm | 673 66.5 491 942 145 16.99 312 -15 S 041 0.09975 | 0.074133316 | 6.9659
14:20pm | 67.99 66.1 4899 | 914 13 16.34 312 -15 S 0.37 0.09975 | 0.066312389 | 6.0458
14:40pm | 694 689 485 890 044 153 312 -15 S 0.36 0.09975 | 0.062042747 | 5508
15:00pm | 689 6588 | 4847 | 755 0.01 152 312 -15 S 0.255 0.09975 | 0.051466414 | 3876
15:200m | 67 64.93 481 745 0.16 151 312 -15 S 0.245 0.09975 | 0.049782174 | 3.6995
15:40pm | 654 63.1 48 660 0.19 148 312 -15 S 0.16 009975 | 003596871 | 2.368
16:00pm | 619 59.6 412 650 0.85 147 312 -15 S 0.15 0.09975 | 0.034008097 |  2.205
16:20pm | 584 5197 462 635 18 138 312 -15 S 0.13 009975 | 0028322775 | 1794
16:40pm | 556 5433 | 4578 | 580 27 133 312 -15 S 01 0.09975 | 0.022988506 | 1.33
17:00pm | 5523 5338 4489 | 565 25 131 312 -15 S 0.09 0.09975 | 0.020919556 | 1179
Table (3)The result of tracking system
Time T Th- Tair | Isc | Vair | output | latitude | horizantal | dirction | imax | area | efficiency | power
orginal | original voltage | angle ang panel out
9:00am | 50 492 | 442 | 890 | 95 | 18 41.2 74 E 0.29 | 0.09975 | 5.88% 5.22
9:20am 515 49.9 [44.31 | 901 | 5.1 18.1 38.1 81 E 0.31 | 0.09973 6.24% 5.611
9:40am | 52.61 | 50.78 | 43.9 | 921 | 71 | 18.21 36.2 96 E 0.32 | 0.09975 | 6.34% |5.8272
10:00am | 353.78 521 44.2 | 950 | 6.2 18.3 314 92 E 0.36 | 0.09975 6.95% 6.588
10:20am | 55 5379 | 451 | 975 | 81 | 1841 26 83 E 0.36 | 0.09975 | 6.81% | 6.6276
10:40am | 57.33 | 54.38 | 45.3 | 1001 |7.22 | 185 24.9 65 SE 0.37 |0.09975 | 6.86% | 6.845
11:000m | 58.31 | 571 |45.42| 1024 | 7 18.6 19.4 52 SE 0.38 |0.09975 | 6.92% | 7.068
11:20am | 59.7 | 58.46 | 457 | 1044 | 8.1 | 18.4 12.8 46 SE 0.42 |0.09975 | 7.42% | 7.728
11:40om | 612 | 597 (4576|1123 | 6.8 | 181 11.3 28 SE 0.432 | 0.09975 | 6.98% [ 7.8192
12:00pm 63 61.11 | 459 | 1150 | 3.6 18.6 9.7 15 5 0.46 | 0.09975 7.46% 8.556
12:20pm | 641 | 6277 | 464 | 1151 | 3.3 | 187 16.5 3 5 0.471 | 0.09975 | 7.67% | 8.8077
12:40pm | 65.2 64.1 471 | 1163 | 3.1 | 18.69 15.3 -15 SwW 0.5 | 0.09975 8.06% 9.345
13:00pm | 66.3 65.6 48 | 1171 | 29 | 186 19.8 -26 SW | 0.51 | 0.09975 | 8.12% | 9.486
13:20pm | 67.68 | 66.8 |48.36 | 1112 | 24 | 17.2 23.8 -34 SW | 0.52 | 0.09975 | 8.06% | 8.944
13:40pm | 68.98 6744 | 488 | 1083 | 2 17 21.6 -50 W 0.43 | 0.09973 6.73% 7.31
14:00pm | 69.7 | 68.45 | 491 | 1078 |1.45 | 16.99 301 -52 SW | 0.46 | 0.09975 | 7.27% | 7.8154
14:20pm | 68.99 | 67.35 [48.99 | 1057 |1.33 | 16.8 321 -63 sWo | 0.45 | 0.09975 | 7.17% 7.56
14:40pm | 68.67 66.89 | 485 | 1055 | 0.44 | 187 41.4 -73 SwW 0.45 | 0.09975 7.14% 7.515
15:00pm | 6757 | 66.9 |48.47 | 1045|0.01| 17 44 -79 w 0.44 |0.09975 | 7.18% 7.48
15:20pm | 66.33 65.1 431 | 1003 (016 | 174 50 -80 W 0.36 | 0.09975 6.26% f.264
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Fig( 5) DC motor with gearbox
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Fig(9) angels panels

Fig (10) Panels at different angels.
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Manufacturing of the Photo Electrodes uses in the Organic Solar Cells
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Abstract

In this research, manufacture of Photo-electrode has been using in the organic solar cell (OSC) fabrication. Thin film of the
fluorine doped tin oxide (FTO) has been manufactured on glass substrate, through doped for the tin oxide by a fluorine element
at a ratio (15.5 wt% ) using SnCl, and NH,4F materials, then this material is sprayed on the hot glass substrate at 450 °C for 15
min, where was the transparency of the FTO film about 80% at the wavelength (Ama= 650 nm) and the surface conductivity of
the FTO thin film about (30 Q/o), then was prepared of nano- titanium dioxide colloidal solution via ( sol — gel) method, where
was the absorbance of the colloidal solutiot about 1.57 at the wavelength 340 nm. the photo-electrode of the solar cell was
manufacturing by step by step, through coated the FTO layer by- Nano-TiO, / poly(3,4- ethylenedioxythiophene) —
poly(styrenesulfonate)(PEDOT:PSS) / poly(3-hexylthiophene) (P3HT) via spin coating method at normal temperature, then dry
at 120 °C, then annaling at 150 °C for 30 min to coherence atoms together and FTO layer, then testing and storage of electrode
away the light.

Keywords: Organic solar cell, TiO,,P3HT, FTO, AFM, XRD.
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I. INTRODUCTION

rganic solar cells are becoming increasingly efficient

due to the discovery of the bulk heterojunction concept
[1]. Organic solar cells have been developed, through using
semiconducting organic materials, which are capable of
absorbing light and generate charge carriers [2- 3]. Solar cell
technologies have evolved into three generations, the first
generation photovoltaic are based on a single crystalline
semiconductor, second and third generation photovoltaic
utilize inorganic (or organic) film structure of the cell at
assembly [4]. The [6,6]-phenyl C61-butyric acid methylester
(PCBM) and poly(3-hexylthiophene) (P3HT) blends is one of
the promising materials of the organic solar cells, it is the
more efficient fullerene derivate based donor-acceptor co-
polymer so far [5-6]. Conventional organic solar cells are
generally consist of an acidic poly (styrenesulfonate) (PEDOT
. PSS) layer : poly (3, 4- ethylenedioxythiophene), which is
detrimental to the transparent conducting oxide anode [7].
organic solar cell (small molecule) with an optimized hybrid
planar-mixed molecular heterojunction structure of indium tin
oxide / poly (3, 4 ethylenedioxythiophene) : poly (styrene-
sulfonate) doped with 4 wt% sorbitol / pentacene (2 nm)/
copper phthalocyanine (10 nm)/ CuPc : C60 mixed (20 nm)/
fullerene C60 (20 nm)/ bathocuproine (10 nm)/Al was
fabricated [8]. The inverted bulk heterojunction organic solar
cells featuring solution-processed zinc oxide nanoparticles as
an electron extraction layer, prepared at low annealing
temperature about 150 °C, the zinc oxide interlayer was
present in the solar cell, the vertical phase separation of the
active layer sprepared with and with out solvent annealing
exhibited similar gradient concentrations and, therefore,
similar photocurrent generation, both of which were superior
to those of conventional devices incorporating a poly (3,4 -
ethylenedioxythiophene) poly (styrene sulfonic acid)
(PEDOT : PSS) hole extraction layer [9-10]. Fluorine doped
tin dioxide (FTO) films belong to a class of metal oxide,
transparent conducting films which are a special parts of nano-
structured film solar cells, the sheet resistance of FTO film
was decrease with doping concentration to a minimum of
(1.75 @/17) for 15 % wt of NH,4F material. The highest optical
transmittance obtained is 85 % at (810 nm) of (NH4F:
SnCl,.2H,0) film with ratio 15.5 % and the transmittance was
found to increase with the increase in fluorine concentration
[11-12]. To good substrate adherence and the high optical
transmittance in the visible range was used to dopants for
Sn0O,, crystal can behave as a conductor generating oxygen
deficiencies by heating or by chemical doping of the sample,
due to its wide band gap 3.67 eV[13-15]. It has been reported
that the spontaneous phase separation of donor and acceptor in
bulk heterojunction of the organic solar cell are exhibits
higher concentration of acceptor at the the transparent
conducting oxide side. Such a vertical concentration
distribution of donor and acceptor disfavors charge transport
in the direction required in conventional organic solar cell. An
alternative solution is to use the inverted structure, with
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which the collecting nature of electrodes is reversed[16]. The
performance of un encapsulated inverted bulk-heterojunction
solar cells with zinc oxide material manufacture by different
processes as the electron selective contact are compared to
conventional bulk-heterojunction for the solar cells. The low
temperature processed inverted devices using zinc oxide
nanoparticles on indium tin oxide plastic substrates showed
high power conversion efficiency of 3.3% [17]. Solar energy
conversion [18]. Antistatic coatings [19]. Infrared-reflecting
glass [20].

A. Operating principle

The organic solar cells are a photovoltaic device which
consists of donor - acceptor material showen in the figure 1,
When an organic donor - acceptor system is excited by light
(photons), the electron-hole pairs are not readily generated as
in silicon semiconductors. Instead, intermediate quasiparticles
known as (Frenkel) excitons are generated,which is consisting
of an electron - hole pair bonded by electrostatic forces.

In order to establish a current flow, these excitons need to
disassociate at the D-A interface, so that holes and electrons
can travel to their corresponding electrodes, the process
excitons in organic semiconductors tend to have quite short
lifetimes (zEX < 10 ns), the mean distance for travel before
extinguish, LEX, is very short too (1 — 20 nm) according to
the relation LEX=DEXTEX (where DEX is the exciton
diffusivity coefficient), the thickness of the D-A active layer
to a few nanometer [21].

B. The objective

The objective of this project to further understand the
conversion processes for photon-to-electron, that occur within
an organic solar cells with the purpose of optimizing the
different cell performance parameters.

Il. EXPERIMENTS

A. Materails
poly (3,4- ethylenedioxythiophene) poly (styrene-
sulfonate) (PEDOT: PSS, Sigma Aldrich), poly (3
hexylthiophene) (P3HT, Sigma Aldrich), Tin chloride (SnCl,,
Sigma Aldrich), ammonium fluoride (NH4F, Sigma Aldrich),
Trititanium chloride (TiClz, Sigma Aldrich), Ammonium
hydroxide (NH,OH, Sigma Aldrich).

B. Preparation of FTO solution

Take of 84.5 gm SnCl, and reacted with 15.5 gm NH,F
under mixing at 100 rpm for 5 h, by using of the magnetic
stirrer device, to obtain a FTO colloidal solution.

C. Fabrication of FTO film

The colloidal solution of the FTO prepared was sprayed on
hot glass substrate by using of spray pyrolysis equipment,
figure 2. After washing, thoroughly by using acetone 50 ml
for 30 min, then ethanol 50 ml for 15 min, then deionized
water 50 ml for 15 min to prevent the traces of minerals [22],
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using a hot-air blower for drying, the FTO glass, is put on the
heater which was working temperature up to 350 °C in the
presence of air, then was sprayed the solution by spray
pyrolysis for 15 min, depending on the chemical interaction
(1), followed by annealing process at a temperature of 450 °C
for 30 min, equation 1 [23]:

SnCl, + O, <> SnO; + 2Cl, )

The surface conductivity of the FTO film about (30 Q/o)
measuring by (Four-point probe, Jandal TFC) and the
thickness of the FTO film prepared was 80 nm measuring
by an Atomic Force Microscope (AFM, AA 3000 Scanning
probe microscope, Angstron Advanced Inc.)[11] [12].

D. Preparation of TiO, solution

Have been preparing of titanium dioxide nanoparticles,
through interaction 10 ml of TiCl; with 0.25 ml acetic acid
added to it 60 ml of ethanol and 40 ml Water at room
temperature and under the mixing process at 100 rpm speed
for 5 hours, then added to 20 ml of NH,;OH solution to get
PH = 8, then leave to 6 hr to complete of the interaction for all
the chemicals used, where the note is deposit of white material
from a of titanium dioxide in the form of colloidal solution
tends to blue color, and the to red color when light pass
through them. when the examination of the colloidal solution
proved that the absorbance about 1.57 when the wavelength
340 nm by device (Spectro UV / Vis Double Beam (UVD-
3500) Labomed, Inc. ).

E. Annealing of the nano- TiO2 layer

Put FTO glass substrate was coated by TiO, layer on the
heater device for 30 min to dry at 100 °C, then setting up of
the heater to 450°C for 15 min; then allow the FTO glass
substrate to cool down and remove it from the heater device.

F. Making of (Anode) the Photo Electrode

To fabricate of the organic solar cells were step by step at
the follows. At first step was wished of the FTO glass
substrate by sonication in detergent, acetone, ethanol and DD-
water for 30 min, then second step was coated of the TiO,
layer onto of FTO glass substrates by a spin coated process at
speed of 2000 rpm for 15 sec, followed by annealing at 450
°C for 30 min, then third step was coated of the PEDOT:PSS
polymer onto TiO, layer by spin coated at speed of 5000 rpm
for 50 sec, followed by baking at 120 °C for 6 min, then four
step was coated of The P3HT into PEDOT: PSS polymer by
spin coated at a spin speed of 1500 rpm for 50 sec, followed
by baking at 120 °C for 5 min all electrode annealing a 150 °C
for 5 min.

I1l. RESULTS AND DISCUSSIONS

The Photoelectrodes are mainly used to generate of
electrons in the organic solar cells, through the P3HT donor
layer, and the PEDOT:PSS layer was acting as a barrier
preventing oxygen from entering the active layer of cell.
Currently the most popular methods for controlling the
morphologies of polymeric active layers are thermal and
solvent annealing, particularly to increase a material’s
crystallinity and to develop suitably phase- separated domains
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for efficient carrier transport. Effects of two spin coating
parameters, the viscosity of solution and speed of spin coater
resolution on power conversion efficiency of devices, were
investigated to obtain optimum conditions for highly efficient
inorganic-organic hybrid solar cell production by the spin
coating method. The TiO, coating increases the roughness of
the surface, as shown in Figure 3. However, the PEDOT:PSS
coating on the TiO, layer reduces that roughness. Figure 3,
shows the examined the topographic surface of the TiO, layer,
by using atomic force microscope AFM, which manufactured
by the spin coating method at 2000 rpm and annealing at 450
°C. Figure 4, shows the test result for the transparency spectra
of FTO conductive glass 80% at the wavelength (A= 650
nm). Figure 5, shows UV- Vis absorption spectra for the
TiO, colloidal solution at 1.57 when the wavelength (340
nm). There is a strong absorption band below (Ayax = 340 nm).
Figure 6, shows the XRD pattern of the FTO film was
fabricated by the spray pyrolysis equipment figure 2, the
orientations were (110), (101), (200) in (20 = 27.7°, 34.5°,
38.69), respectively, time spray about 20 min [24].

The sizes of the crystalline FTO film were estimated from
the XRD results by using Scherrer's formula (2) [25].

D=KA/BcosH 2)
Where, K is the shape factor (0.9), A- is the wavelength of Cu-
Ka, Irradiation (1.5406 A), B is the full width at half
maximum (FWHM), 0 is the Bragg’s diffraction angle. The
average crystalline size of the plane orientation of crystals
(101) and (110) was 4.13 and 5.35 nm, respectively [25].

IV. CONCLUSION

Current targets, to achieving higher conversion efficiencies
for the organic solar cells are related, higher operational
stability and simpler high throughput manufacturing processes
allowing them to be competitive against traditional silicon
technologies and another solar cell. organic solar cell design
are needs to maximize and the photon-to-electron conversion
efficiencies, also need to a compromise between its structural,
electrical, optical and chemical properties which, different
architectures and structural designs, along with active
materials and novel materials, which have made possible the
increments on performance observed during the last decade.
The high transmittance together with high conductivity makes
these films suitable for window materials in thin film solar
cells was got from doped tin oxide thin films from SnCl,:
NH,F precursor.
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Fig. 1. Schematic illustration of the structure of a
organic solar cells.

Fig. 2. The spray pyrolysis equipment used in the
manufacturing of organic solar cell.
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Fig. 3. The examined the topographic surface of the
TiO, thin layer by AFM.
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Fig. 4. The transparency spectra of transmittance vs.
wavelength of FTO glass substrate about 80%.
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Abstract

This paper suggests a new MPPT (maximum power point tracker) algorithm and
compares it with the two most popular algorithms. A comparison was done with
the (perturbation and observation) algorithm and the (incremental conductance)
algorithm. The accumulation of the testing results in this research is a difficult task.
Hence, this will be obtained by using an interface software build by the designer,
drawing on the LabVIEW software for this task. LabVIEW software will help to
build a driver in the computer, for the USB of the PIC18f4550, such that the
operation of data transfer will be across the USB cable connecting the PIC to the
computer. The comparisons show the ability of the proposed algorithm to
accumulate more energy as compared with other algorithms.

Key words: MPPT, PIC Microcontroller, USB Connection.
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Introduction maximum point of the power
voltage curve (P-V), the operating
point of the system. Since, any
difference in  solar irradiance
intensity has led to different P-V
curves and that will make MPPT
algorithm operates again to find
the new maximum power point.
The tracking response differs in
time, accuracy and quality,

Since the manufacturing of the
solar energy panels, the
researchers worked on
enhancements of its performance
in many respects especially in the
MPPT algorithms. The task of the
MPPT algorithm is transferring
maximum power from the solar
panel to the user by making the
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depending on the type of the
algorithm. The comparison
process between algorithms

responses is difficult to be done,
so LabVIEW software adopted for
this task. As the power supplied
by the solar array depends on the
insolation, temperature and
orientation, then the design of an
efficient tracking algorithm of the
maximum power point is very
important for any solar array
system. The purpose of the MPPT
is to move the array operating
voltage close to the MPP under
changing  atmospheric  conditions

[1].
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Most of the design guides are
based on the constant output while
the input can have some pulsation
of voltage. The difficulty of the

MPPT design is that the input
voltage and output voltage are
variable [2]. The methods of

MPPT vary in complexity, sensors
required, convergence speed, cost,
range of effectiveness, hardware
implementation, popularity, and in
other respects [3]. The DC to DC
converter which has been used
was already designed and
implemented by the researchers as
seen in Fig.l1 [4]. To reach the
optimum converter and MPPT
controller design, a need arises for
much information about the PV
panel used. Table 1 illustrates the
parameters of SOLAR ONE
250W PV panel.

v

Cy
i) (e
MOS P

ay

A,

vangEtuang

MOSFET M

Fig. 1. The DC to DC converter
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Table 1: parameters of the PV panel SOLAR ONE 250W tested by "Sun
Simulator"®!

Operator

Current temperature coefficient
(mA/°C)
Voltage temperature coefficient
(mV/°C)
Model area (cm?)

Sensor temperature (°C)
Irradiance (mW/cm?)
Isc (A)
Voc (V)
Pupp (W)
e (A)
Ve (V)
F.F. %
Module efficiency (%)
Estimated shunt resistance (£2)

Estimated series resistance ()

Value

2.0000

-2.0000

100.00
325
100.0
10.3186
34.7315
296.4684
10.1569
29.1889
82.72
29.6541
180.5127
0.1401

Maximum Power Point Tracker

(MPPT)

The MPPT is a strategy followed
to harvest the most generated
power from certain sources like

PV systems and wind turbine [1].
In this research, this mission was
entrusted by a microcontroller
based DC to DC converter that
optimize the match between the
solar array (PV panels), and the
load. Simply, it is an algorithm
fed by the values of the voltage
and current of the panel at each
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instant. It has an ability to utilize
these values in changing the input
resistance of the load to match the
internal resistance of the panel at
each instant by changing the pulse
width of the DC to DC converter
[6]. This process provides the
ability to change the load input
resistance such that it extract
(Impp) from the panel at its
terminal voltage (Vppp) at that
instant. This means that the
maximum power point of the
panel can be instantaneously
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tracked. This converter cannot be
dispensed in any way if solar PV
panels used as a source. Different
Methods and  topologies  are
available for applying the MPPT
algorithm. The choice depends on
many factors according to the
ability of each algorithm and its

compatibility with the
circumstances of the required
system. The main topology of

these algorithms is shown in Fig.

'
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There are several types of MPPT

algorithms (Constant Voltage
Method, Short-Current Pulse
Method, Open Voltage Method,
Perturb and Observe Method and
Incremental Conductance
Method) [7]. The popular

algorithms are P&O (perturb and

observe) and I_C (incremental
conductance). Each type has
several advantages and

disadvantages that make the user
prefer one of them due to many
requirements and conditions.

By > Poyota?

YES

NO

Decreased “on” time of PWM

Y

Increased “on” time of PWM

A

Fig. 2. The Main MPPT Algorithm

1. Perturb and Observe method
(P&O)

Perturb and Observe method has been
widely used because of its simple
implementation structure [1]. Perturb
and observe operating essentially on

44

the perturbation of the system by
increasing or decreasing the "on" time
of the PMW at each cycle of MPPT
and observing the array terminal
voltage and current to detect the
maximum point of the PV curve. Its
drawback is that, when the maximum
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point reached, the perturbation
persists, and that makes an oscillation
around the maximum power point
which is leading to decrease the
harvesting power from the panel
array. There are some types of P&O
algorithms have been implemented
later [7], but the classical one will be
relied on here. At each algorithm
cycle, there is a difference between
the array terminal voltage and power
as compared with the previous one,
these are AV and AP respectively as
shown in Fig.3.a. Then the algorithm
decides whether the "on" period must
be increased or decreased, and it
assigns and records the voltage and
power values of the cycle to be
considered as a reference to the next
cycle and so on. This operation
repeated until the maximum power
point reached as a hill climbing.
Hence, the algorithm will continue to
oscillate around the MPP in spite of
reaching the top of the hill, but the
oscillation will be minimized by
reducing the perturbation step size [3].

2. Incremental Conductance
Method
The 1_C's algorithm has many

topologies, but all that depends on the
AV and Al. The algorithm name came
from the term (AI/AV) which is
known as the incremental
conductance [1]. This value makes the
algorithm go in the right direction and
achieving the goal at which
{(AP/AV) = 0} means reaching the
maximum power point, as seen in Fig.
4. The 1_C algorithm catches the

JMISE 154 (1)
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maximum power point exactly and
still  observing the system by
observing the AV and Al, if they have
any changes, then it will repeat the
procedure to catch the maximum
power point again. After calculating
the AV and AI through new condition,
see Fig. 3.b, if the AV =+ 0 this means
the algorithm point is somewhere, but
not on the maximum power point, so
the algorithm looking again at the sign
of the new (AP/AV), whether it is
positive or negative for pursuing the
right direction to reach the MPP
again. Assuming it catching up the
maximum power point (MPP) at
certain weather condition, if the
condition change suddenly the AV
not change and still equal to zero, but
the AI has greatly changed, that
makes the algorithm to operate again
and so on. The increment size
determines how fast the MPP is
tracked [7]. It's possible to increase
the increment size, but at the expense
of the accuracy [3].

3. The Proposed MPPT Algorithm
Method

The proposed system has the same
basics of the 1_C algorithm, but it
possible to control the incremental
size depending on the tracking
position [8]. If the tracking position is
far away from the MPP, the
incremental size will adopt its
maximum value, and then its size
decreased gradually as it moves
towards the MPP until it becomes a
very small value at the MPP exactly.
That makes it faster than the 1 _C
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algorithm in order to reach the MPP
as seen in Fig. 3.c. This is will be
done by using a lookup table shown in
Fig. 3.d. The table has different values
of the increment step Ad that make it
possible to change the size of the step
easily to reduce the time elapsed to
reach the MPP as fast as possible.

JMISE 154 (1)
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It observes the ratio of the power m
w.r.t. the previous one, if the tracking
on the left side (positive side) or on
the right side (negative side). Then the
value of mwill be calculated, and
from the lookup table the right value
of Ad can be determined.
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Fig. 3. The types of MPPT algorithms (a) P&O MPPT Algorithm (b) I_C
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Fig. 4. Operation of 1_C Algorithm

PIC Microcontroller

The microcontrollers played
revolutionary role in the embedded
industry after the invention of Intel
8051. The steady and progressive
research in this field gave the industry
more efficient, high-performance and
low-power consumption
microcontrollers. The AVR, PIC and
ARM are the prime examples. The
new age microcontrollers are getting
smarter and richer by including latest
communication protocols like USB,
I2C, SPI, Ethernet, CAN etc. [9].
Novices in electronics usually think
that the microcontroller is the same as
the microprocessor. That’s not true.
They differ from each other in many
ways. The first and most important
difference  in  favor of the
microcontroller is its functionality. In
order to use the microprocessor, other
components, first of all memory must
be added to it. Even though it is
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considered a powerful computing
machine. It is not capable of
establishing direct communication
with the peripherals [10]. The name
PIC initially referred to Peripheral
Interface Controller [11]. The PIC
microcontroller is very easy to use. It
is a single chip that can do all
functions you need like ADC (analog
to  digital  converter),  timer,
comparator, PWM generator and all
mathematical functions. In this paper
PIC get two values in analog from the
sensors in the Fig. 5 and convert it to
digital form by ADC function, then
multiply it to get the power coming
from the PV panel B,, and compare
whether this power more than the old
one Py, o14- From that condition it can
decide to increase or decrease the duty
cycle ratio.



____Al-Muhandis Journal

JMISE 154 (1)

March 2017 __

@

DC/DC
Converter

losuas adejjon

PV panel

Josuasiuajind
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driver
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Fig. 5. Microcontroller block diagram

The PIC18f4550 has some useful
features, first is an analog to digital
module (ADC) built-in with it, so no
need to convert the analog signals
from the sensors to digital form to
involve it within the code. The second
feature is the built in module for pulse
width modulation. The third feature is
the existence of the USB connection,
which is the reason behind choosing
the PIC18f4550. It also contains a
full-speed and low-speed compatible
USB Serial Interface Engine (SIE)
that allows fast communication
between any USB host and the PIC
microcontroller. Fig. 6 is the 40-Pin
PDIP package [12]. Voltage sensor: is
no more than a voltage signal used as
a measure of the PV panel output
voltage(V,,). A voltage divider used
for this purpose to send a
corresponding signal of the PV panel
output voltage to the microcontroller.
This is done due to the fact that the
maximum voltage can deal with by
the microprocessor no more than five
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volts. Hence, the output voltage (V)
as shown in Fig. 7.a can be calculated
by using the following formula:

Ry

14 Vo X ———— s e
vs PP "R+ R,

(1)

Current sensor: it is a transducer
converting the current flow from the
PV panel to its corresponding signal
of no more than 5V. This is achieved
by using simple sensor of a very small
value of resistor, but it is of high
power rating in order not to be
damaged when it passes the high
values of the current and at the same
time do not affect the circuit operation
as shown in Fig. 7.b Due to its small
value, a small voltage appears across
it for high current values and that's not
enough for current sensing, in that
case it will need an amplification unit
like an Op-Amp as a noninverting
amplifier by ten times to achieve the
required value (V).
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40-Pin PDIP
-]
MCLRNF=RE3 —= [ 1 -/ 40 [] =——= RETHBIZFGD
RADIAND =—s[]2 30 []+—= REGHKBIZFGC
RATANT =—[]3 38 []=—= RESKENFGM
RAZANZVRzs-{CVRes —[] 4 37 []=——= RB4IANTIKBINCSSPR
RAJIANINREF+ =—e[] 5 36 [1 =— ReyaNmcCr2IvrD
RATOCKICIOUTRCY =—=[] & 35 [] =—= REZANSINTZNMO
RASIAN/SSHLVDINIC20UT =—=[] 7 34 [] =—s RETANTDINT1/SCKISCL
REDANSICKISPR =—=[ 8 e 33 [J=—= REUANIZINTUFLTO/SDISDA
REVAMBICKZSFP =—e8 B8 20-—Vw
REZANTIOESPP =—=[]10 & 31J+—7Vas
Voo—[11 @@ 3] ROTSPPTPID
Ves —=[12 QQ  28[]=—= RDBSFPEFIC
OSCUCLKI —[]13 @@  28[]=— RDI/SFREFIE
OSCCLKORAS «—T] 14 27 [] «—= RD4/5FP4

RCOMIOSOMI3CK] =—=[] 15
RCAM10SICCP2MIDE =—=[] 18
RCUCCPIPIA =—= [ 17

Vuze =—e[7 18

RDOISPPD =—e[] 12

ROVSFP =—=[ 20

2§ [] =—s RCTRXDTISDO
25 []=— RCATACK
24 []=—= RCHD:NVP
23 [J=—= RC4D-VM
22 []+—= ROWSPPI
21 []=—= RD2/5PP2

Fig. 6. Pin Diagram of PIC18f4550 Microcontroller [12]
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Fig. 7. Analogue sensors (a) simple divider circuit (b) current sensor location to
get a true sense

Instantaneous Power Meter

Program Design

To study and analyse the designed
system, a need arises to use the
Universal Serial Bus (USB) as an
information collector to transfer the
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data to the computer. The USB was
developed by the PC manufacturers to
provide a low-cost solution for
attaching any peripheral devices and
communicate with him, like getting
instantaneous information from that
device. Since the microcontroller
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P1C18f4550 has USB support, and it
deals with input/output information
through USB connector, so it can be
connected to the personal computer
(PC). The PC dealings with identified
devices like mouse, keyboard,
camera, etc. through their USB's
connecters because their descriptors
are installed on this PC earlier. But
when using a new USB device the PC
is not able to deal with, in that case a
need arises for using a program able
to communicate the PIC18f4550 with
PC and that's requires to use
LabVIEW.

NI LabVIEW is a software used for
many industrial applications. It is a
highly ~ productive  development
environment for creating custom
applications that interact with the real
environment data or signals in fields
such as science and engineering. It is
a tool providing higher quality
projects that have been completed in
less time with fewer people involved.

Productivity is its special benefit,
which is the reason behind the
attraction of the engineers and
scientists to the product for the later
years. Engineers and scientists have a
research and work done, they need to
show the results of what they did, and
they need tools that help them do that.
LabVIEW will help because it makes
a wide variety of tools available in a
single environment, ensuring that the
compatibility is as simple as drawing
wires between functions. One of these
tools used in this research is NI-VISA
to communicate with a USB device.
LabVIEW is able to install a new
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USB device and use NI-VISA to
communicate with that device, as long
as it understands the device
communication protocol. VISA is a
high-level  application used to
communicate with instrumentation
buses. It has an independent platform,
independent bus, and independent
environment. In other words, the same
application is wused regardless of
whether a program is created to
communicate with a USB device with
LabVIEW on a machine running
Windows 7 or with a GPIB device
with C on a machine running Mac OS
X [13].

USB is a message based on
communication bus. A PC and a USB
device communicate by sending
commands and data over the bus as
text or binary data. Each USB device
has its own command set, can be
provided by the designer in case of
using PIC18f4550, a descriptor file
edited by the designer. The read and
write functions of NI-VISA can be
used to send commands to an
instrument (new USB device) and
read the response from this
instrument.

Each USB device has a definition, so-
called descriptor file. Descriptor file is
a program carries all of vendor name
and product name of the USB device
so it cannot resemble another USB
device. While the PC must have a
driver for this USB device and still
waiting until that USB connector have
the same names of the vendor and
product to interact with it. So the
descriptor file in the PIC18f4550
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programmed and prepare the driver
through the program LabVIEW as
mentioned above to receive the
information from the PIC through the
sensors. Finally, the Instantaneous
Power Meter achieved by using the
information from the sensors to get
the value of the input power at each
instant. This is done by multiplying
the input voltage and the input current
together. Then, it displays the result
on the PC screen as illustrated in the
Fig. 8.
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The USB connector needs more than
hardware particles and specific code
software, its need another software
installed on the PC as a driver for a
new USB device and that achieved by
LabVIEW as mentioned earlier. Fig. 9
illustrates the block diagram of all the
functions that needed to deal with the
USB device and can display the
information come from it and shows
the display units on the front panel
window.

TU0 o

Fig. 8. Instantaneous Power Meter Structure
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Fig. 9. LabVIEW program windows (a) Front Panel Window of the LabVIEW (b)
Block Diagram Window of the LabVIEW
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Experimental results

Since, the converter is already
implemented [4], and then a
comparison between different MPPT
algorithms used in this converter is
possible now. In this section a test and
analysis of three different MPPT
algorithms can be done. The
comparison between them considers
three aspects:

1. The value of the harvest energy.

2. The speed of reaching the
maximum power point for certain
weather condition.

3. The tracking response to a quick
change in weather conditions.

Hence, the advantages and
disadvantages of each algorithm
achieved. This leads to the ability of
utilizing the most suitable algorithm
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The MPPT algorithms differ in the
above three features. This means that
there is a certain algorithm to be
chosen for a specified case to obtain
maximum energy. Tests have been
done as follows below, by using an
Instantaneous Power Meter program
(LabVIEW driver and USB match the
PIC and PC).

1. The value of the harvest energy

The result obtained from the
Instantaneous Power Meter program,
I_C and the new MPPT were equal in
harvesting the power as much as
possible, but the P&O algorithm
appears unstable all the period
causing a decrease in the energy
which harvested from the PV panel.
Note the Fig. 10 below.

for a certain circumstance.
Power Harvesting
= 250
= 200
]
g 150
©
& 100
c
& S0 - IC
] 0
3 HNMYENON®OON®RANMTI O N ® new-MPPT
€ omeodudIITAIRe3¢9

Fig. 10. Power Harvesting Comparison
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2. The speed of reaching the
maximum power point for certain

weather condition

Speed of reaching the MPP or speed
of detecting the MPP does not mean
speed of the algorithm execution
because the latter itself is another
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As it must be, the speed of the
algorithm is limited to be (not so fast
and not slow); it must be compatible
with the response of the power circuit
(the time constant of the circuit). Fig.
11 represents the results of the energy
meter program, showing the time
elapsed to reach the MPP for each

problem. algorithm.
Speed of Reaching MPPT
250
%— 200 Ty T T T
@ < AN NM
® 150
2 = P&O
g 100
. , —| C
3 50 ‘:
& g new_MPPT
0 =
o T o TR TR TR e O T IO O O R R o T e T R TR TR o O |
CHANmMEINONGBRS N m S 56 N
D I B B B I I B |
Time (s)

Fig. 11. Periods reaching to MPP Comparison

3. The tracking response to a quick
change in weather conditions

This test is the most complex one
because it requires special
experimental conditions which are not
available in the lab. This is simulated
practically by changing the tilt angle
manually (the same angle,
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irradiance intensity and temperature
for the same Panel) and getting the
result through the energy meter
program for each algorithm. The
results of the P&O algorithm in Fig.
12 show the algorithm response due to
the weather condition changing and
show the response for | C and
new_MPPT algorithms respectively.



____Al-Muhandis Journal JMISE 154 (1) March 2017 __

P&O Algorithm
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Fig. 12. The tracking response to a quick change in weather conditions (a) P&O
Response (b) I_C Response (c) Proposed Algorithm Response
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Conclusion

The prototype of the proposed
converter shows that it is robust and
reliable. Also, the application of the
(new_MPPT) increases the extracted
energy from the panel due to its
ability in what is known as a (hill
climbing) to reach the MPP in the
shortest time as compared with other
algorithms.
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Hence, the new algorithm is the
preferable one, since the weather
changes are a quick events in nature.
Table 2 shows the comparison
between the three studied algorithms
from different points of view.

Table 2: Comparisons of Algorithms Features

Features P&O
Complexity Simple
Program coded . Easy to
implement
Processor .
Little space
Memory
Power Lowest as
harvesting in compared to the
Steady state others
Hill clampin
Ping Fast
speed
Fast changes in .
Fail
Weather a
- Vibrant
Stability I

Total Extracted
Energy

(oscillatory)

Good

| C New_ MPPT
Complex More complex
Difficult Difficult
More space
More space p_
than previous
Better Better
Slow Faster
Successful to some
Successful
extent
Stable to some extent More stable
Better Best




____Al-Muhandis Journal

References

[1] Chihchiang H. Chihming S.
"Study of Maximum Power Tracking
Techniques and Control of DC/DC
Converters for Photovoltaic Power
Syste”, |IEEE Power Electronics
Specialists Conference, 1998, pp. 86—
93.

[2] Pavels, S.llya, G., Janis, Z.
"Design and Implementation of
Flyback MPPT Converter for PV-
Applications”, IEEE Electric Power
Quality and Supply Reliability
Conference (PQ), 2014, pp. 291-296.

[3] Trishan, E., Patrick, L.
"Comparison of Photovoltaic Array
Maximum Power Point Tracking
Techniques", IEEE transactions on
energy conversion, 2007, pp. 439-
448.

[4] Esraa M. Isam M. Ammar I.
"High Step up DC-DC Converter Fed
from  Photovoltaic  System ",
International Journal of Computer

Applications, April 2016,pp. 7-13.

[5] Ministry of Industry and Minerals,
Corporation of Research and Industry
Development, Energy and
Environment Research Center
(EERC) It has been getting solar panel
information through this institution.

[6] Longlong Z. William G. Werner
W. "A New Approach to Achieve
Maximum Power Point Tracking for
PV System with a Variable Inductor”,
IEEE  The 2nd International

JMISE 154 (1)

56

March 2017 __

Symposium on Power Electronics for
Distributed Generation Systems, June
2010,pp. 948-952.

[7] Dolara A. Faranda R. Leva S.
"Energy Comparison of Seven MPPT
Techniques for PV  Systems",
Scientific Research Electromagnetic
Analysis & Applications, September
2009, pp. 154-162.

[8] Jae H. HyunSu B. Bo H.
"Advanced Incremental Conductance
MPPT Algorithm with a Variable
Step Size", IEEE Power Electronics
and Motion Control Conference,
2006, pp. 603-607.

[9] "PIC Microcontroller”,
http://www.engineersgarage.com/artic
les/pic-microcontroller-tutorial,
accessed 12 August 2016.

[10] "MIKROELEKTRONIKA",
http://learn.mikroe.com/ebooks/picbas
icprogramming/chapter/introduction/,
accessed 12 August 2016.

[11] "PIC microcontroller From
Wikipedia, the free encyclopedia”,
https://en.wikipedia.org/wiki/PIC_mic
rocontroller, accessed 12 August
2016.

[12] PIC18F4550
"PIC18F2455/2550/4455/4550  Data
Sheet", 2009.

[13] "USB Instrument Control
Tutorial”,
http://www.ni.com/tutorial/4478/en/,

accessed 12 August 2016.



____Al-Muhandis Journal JMISE 154 (1) March 2017

On-line fault estimation and compensation approach to
sustainable wind turbine systems

Asaad A. Kraidi” and Montadher S. Shaker”

“Department of Electrical Engineering, University of Technology, Baghdad, Irag
E-mail: 30211@uotechnology.edu.ig, montadher_979@yahoo.com

asaadabdlbari@gmail.com

Abstract: This paper develops a novel observer-based estimation and compensation approach to
fault tolerant control (FTC) for a wind turbine system affected by sensor faults. The main
contribution of this paper is the proposal of multiple proportional-proportional-integral-observers
(PPIOs) to on-line compensate the effects of simultaneous sensor faults from the inputs of the
reference and inner controllers and thereby guaranteeing robust tracking performance of the blade
pitch control system. Specifically, the generator speed sensor and the pitch angle sensor have
direct influence on the blade pitch control system and hence in this paper two PPIOs have been
designed to provide on-line estimation/compensation of faults that affecting these sensors.
Stability analysis has been clearly demonstrated using linear matrix inequality and Lyapunov
approach. The proposed method is applied to 5 MW wind turbine benchmark model.

Al (FTC) ehaall dlanivsall 5 kol Alus s (o gaianii fase o aild sy il e &0 oda ki sAuablAl)
& bl (PPIO) o) yall &) 581 4 48 5 5l o3gd At )] daalisal) | uuanill 3 jeal elladly il ) 2L ) Gl ) 8
Gl O3 Ayl Gumaia s A gall Ao jus Gauaie dlaaad eV 8 jeal clhal JBY aglie A all Ayl 4450 3
sallanii (3 () U Aaabuall PPIO (il e 158 o5 48 )50 02 (8 13¢1s (il s Ui o e 1505 Lagl
zleies (LMI) &ball <oaill ddstias aldinly 7 scng clad 300wy Glewatdl @l e Jae ¥l il

Al slae 5 LN Gl ) il il 23 geil) ) As yial) 48y ylall 50k 2% (Lyapunov)

Keywords:

SMC, proportional-proportional-integral-observer (PPIO), wind turbine control, robust control,

and robust fault estimation.

1 Introduction:

The last decades have witnessed an increasing interest
in maximizing the percentage of green energy over
the fossil fuel energy resources. However, installation
and maintenance costs are real challenges to the rapid
growth in the use of green energy [1]. Hence, recent
research studies have paid great attention into
methods that relax these challenges. In this context,
wind turbine control systems have played vital role in
maximizing the conversion efficiency of wind energy
into electrical energy [2-3]. Additionally, research
into FTC methods offer significant reduction of plant
downtime and, thus, avoid the unscheduled
maintenance costs [4-9].

In this perspective, the authors in [10] adopt the
Takagi-Sugeno fuzzy approach to synthesis a
multiple-model active sensor FTC strategy for 4.8
MW wind turbine. The proposal uses the sensor faults
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estimate signals to compensate the effects of generator
and/or rotor sensor faults from the controller inputs.
The simulation results confirm the ability of the
proposed FTC strategy to maintain the nominal wind
turbine system response over a wide range of sensor
fault scenarios. In [11], an interesting fault tolerant
dynamic output feedback fuzzy controller has been
developed for wind turbine systems operating in the
low range of wind speed. The proposed controller
guarantees maximum conversion efficiency regardless
the effects of sensor faults. [12] integrates model-
based fault detection and diagnosis scheme with
proportional integral fuzzy controller to ensure
closed-loop system robustness against sensor faults.
Recently, several publications have shown interest in
making use of the relative design simplicity and the
robustness of SMC for wind turbine control
applications.
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In the aforementioned literature, the proposals are
designed to tolerate sensor faults and thereby the
challenge is to develop an FTC design strategy to
tolerate simultaneous sensor faults. Thus, the main
contribution of this paper is the proposal of FTC
architecture that maintain desired performance of
wind turbine systems in spite of the effects of
simultaneous sensor faults..

2 Wind turbine model and fault analysis

Generally, wind turbine models are obtained via
combining its individual component models.
Specifically, in this paper, the drive train subsystem
includes a flexible rotor side shaft, generator side
shaft, and a gearbox. Its model is given as [6]:

X =Ax +B]T +D.yw
_ 1)
y =C,x +D,f
“:’r 11 Q12 Qg3
X =|Wg|,As = |21 Q22 A3,
6, az1 Qzy dss
Bs =10 by 'T=[T]
0 0 g
1 0 0 0
C;=10 1 0|,Ds=10
0 0 1 1
a __(Bdt+Br)a _ Bat a __Ka
t Ir e ng]r’ 3 Jr’
_ By o (Bar + nyBy) Ky
21 g]g’ 22 né]g 421 ng]g’
1 1
az; = 1,a3;, = _E'a% =0,by4 =]_r;b22 = _]_g

where ], By, Jg , 0g, Tg, Bg , ng, Kqr, Ba, 0, and T, are
the rotor inertia, the rotor external damping, the
generator inertia, the generator speed, the generator
torque, generator, external damping, the gearbox
ratio, the torsion stiffness, the torsion damping
coefficient, the torsion angle, and T, is the
aerodynamic torque and has the form:

3

T, = 0.5pmR?C, (1, /3):)— )
T
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where w,, B, and v are the rotor speed , the blade pitch
angle, and the wind speed respectively. p,R, and C,
are the air density, the radius of the rotor and the
power coefficient. The C, depends on the blade pitch
angle and the tip-speed-ratio (A) defined as [1]:

A=wR/v 3)

The electrical system is given by the following linear
relation

f= -t 42T, (4)
9 ng ‘L'ggr

where Ty, is the reference generator torque signal and
T4is the time constant.

Finally, the hydraulic pitch system consists of three
identical pitch actuators, which are modeled as a
closed-loop transfer function between the measured
pitch angle B and its reference f. . The state space

model of the system can be written as

X =AX +B g +Dy(x,p)

J_on } (5)
where
0 1 0 0
2 e e oo ]
-0, 26, , 1

x =[p ,B]T is the state vector, w(x, /) represents
system and/or actuator fault, £ is the damping factor,
and «, is the natural frequency. The nominal values
of the parameters are £ =0.6 and @, =11.11rad/sec
[6].

Wind turbine faults affect different parts of the wind
turbine system. The control objective is to tolerate
their effects so that good closed-loop performance can
be maintained. Analyses of some fault scenarios are
given below:

Rotor speed sensor scaling fault: the sensor
scaling fault drives the turbine away from the
optimal operation. Specifically, in this scenario,
the controller now tries to force the faulty
measurement to follow the optimal rotor speed
(wmpt) causing a decelerating or accelerating of
the actual rotor speed and hence causing the wind
turbine to operate away from the optimal value
w,pe- When scale fault occurs at the high range of
wind speed, the control system forces the turbine
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to operate below or above the rated rotational
speed.

Fixed rotor speed sensor fault: based on the fixed
measured rotor speed (magnitude of stuck fault)

and w the controller will force the system

ropt?
toward the cut-off region if w,,,, is lower than
the fixed rotor speed measurement. On the other
hand, if w
then the controller will simply release the turbine
to rotate according to the available wind speed
without control.

Generator torque scaling fault: the effect of
torque bias fault is similar to the effect of the rotor
speed sensor fault. In this fault scenario the inner-
loop generator controller minimises the difference
between the T, and the measured generator

rope 1S higher than the fixed rotor speed

torque Ty, In fact, Ty, is not directly measured

but obtained via soft sensing. Therefore, any bias
in this measurement results in driving the system
away from optimal operation. This results in a
decrease of the wind turbine power conversion
efficiency. Fortunately, from a global control
stand point this fault appears as a scale actuator
fault. This interpretation is considered in the
simulation section.

Blade pitch sensor scaling fault: in this fault
scenario, the inner-loop blade pitch controller
minimises the difference between the g and the

faulty measurement g and thus causing incorrect

pitching of the rotor blades. Clearly, this scenario
induces mechanical loads on the rotor and tower
and thereby affects the structure of the wind
turbine system due to the unevenness in the forces
of the rotor.

Fixed blade pitch sensor fault: The effects of this
fault scenario are similar to the effects of the bias
pitch sensor fault. However, depending on the
value of the fixed measurement fault, the inner-
loop blade pitch controller will pitch the blade
toward the maximum or minimum value of pitch
angle. Consequently, this large deviation from a
reference pitch angle could cause system damage
due to the increased structural loads on the wind
turbine.

Blade pitch actuator fault: This fault scenario is
attributed to the drop of oil pressure or the
increase in air content of the pitch actuator. This
fault will directly affect the tracking performance
of the actuator.
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Figure 1 shows the effects of different fault scenarios
on the optimal operation of wind turbine.

" Cp & different fault effects
: T T
\ \

. . | |.
increasing sensor 4/% N~> decreasing sensor
.

bias fault << bias fault
./:‘____- ==l 2\
o
“‘ \\ .3
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.,:é/
e
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Figure 1: The effect of sensor faults on power

optimization

Generally, the aim of the proposed strategies in this
paper is to maintain the same control law during both
faulty and fault-free cases. Estimators are used to
simultaneously estimate the sensor fault signals and
tolerate their effects on the output signal delivered to
the input of the pitch system. In this work, the pitch
actuator system is studied since its faults have the
highest failure rate [3].

3 The proposed control structure:

This section presents the proposed control structure
that exploits the robustness of PPI1O within a feedback
loop. Specifically, the next subsection presents the
PPIO design methodology for the pitch actuator
system and drive train system affected by sensors
faults. On the other hand, subsection 3.2 will present a
new control structure that compensate pitch angle and
generator speed simultaneous sensors faults (see
Figure 2).

Low wind,

Torque
controller

Wind | |
Turbine

Inner
controller

!
Reference
controller

sensor
| fault estimation

Figure2: the proposed control structure
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3.1 PPIO based pitch system sensor fault

estimation

In this section, the fault estimation/compensation
approach to FTC is nominated to correct the faulty
blade pitch angle sensor. A proportional state observer
augmented by proportion-integral feedback term for
fault estimation is proposed to provide accurate
estimates of wider ranges of sensor fault scenarios.
The model of the actuator system with sensor fault
can be of the following form:

x'=Ax+Bﬂ,+Dy/(x,ﬂr)} ©)

y =Cx +D,f

where D, =[L 0] and f_is the unknown sensor

fault signal. To cope with the sensor fault estimation
problem in a similar way to actuator fault estimation,
an augmented system assembles the system (6) with
output filter is constructed [13]. The filtered output is
represented by the following form:

X, =—AX, +ACx +AD,f, ©)
where—A_ eR'" is a stable filter matrix. The
augmented model is given as follows:
X =AX +Bf +Dy(x,p)+D,f.
e } (8)
y =CX
[ A 0 [x]5_[B]5_[P

|AC AT x| o] o)
— 0 _

= ,C=[0 1

| ap et n

the proposed control strategy requires compensation
of the sensor faults affecting the system. The PP1O for
the system (8) is given as:

+B(B, +u)+D,f, +LCe,

X =AX
y =Cx ©)
fAS :p[KlCJ_e'X +K2C_ex]
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where X is the estimated state , y is the estimated
output ,e, =y -y =Ce, ,K, eR™™ K, eR™™
are the proportional and integral gains, respectively,
and peR™™)is a symmetric positive definite
matrix. Subtracting the observer in (9) from the

system (6), the state estimation error will be defined
as:

€ =(A-LC)e, +Dy(x,5)+D.e,
e, =Ce,

where e, =f_—f_. Using (10), the fault estimation

error dynamics will become:

6, =f. —f.
g, =f, — pK.CAe, +pK,CLCe, —pK Ce, ...
_pch_Ijsefs _,Dch_ljl//

(1)

by combining (10) and (11), the state and fault error
dynamics can be assembled as in (12):

&, (t)=A¢g, +Nz (12)

Where

S

A= _ = _ .
{—prA +PKCLC - pK,C —pKCD,

. _
e =, z=\Y| Nn=| P__0O
efs fs _pKlCD |

Now, the objective is to compute the gains L,K, and

A-LC D. }

K, that attenuate the effects of the input 7 on the
estimation error via minimizing the £, norm||f||2,

which should stay below a desired level y .

Remarkl: based on the available information of D,

and D , the following theorem ensures an attenuation
of disturbance effects (7) on fault estimation signal

via .£, norm minimization.
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Theorem: The augmented estimation error in (12) is
stable and the £, performance is guaranteed with an

attenuation level y , provided that the signals (fs ,y/),
are bounded, rank (CD, ) =m, , and the pair (A,C)

is observable, if there exists a symmetric positive
definite matrices p,, p* and G, design variables

H,K, and K,, and a scalaru satisfying the
following LMI constraint:

Minimize 7 such that

Oy P Pis Dy 0 Dig 0
* Pn Pp Py Dos 0 0
* R 0 0 0 0
* * * =7l 0 0 0 |<0
* * * * -G -1 0 0
* * * * * * _G
(13)

where w, andw , are weighting matrices, and
L=P7H ,y=\y
— —\T — —\T
¢y =PA+(PA) —HC —(HC) +w,
P = Plljs +ATCT K -C’ K\ o= Plljs ,
—\T JE— —— \T
@ =(HC) , ¢, =-KCD; _(chDs) W,
P = _Kl(jj P =P P = ch_
Proof: see [11]
3.2

PPIO based generator speed sensor fault
estimation

In this section, the fault estimation/compensation
approach to FTC is nominated to correct sensors
reading contaminated by fault. A proportional state
estimation observer augmented by proportion-integral
feedback term for fault estimation is proposed to
provide accurate estimations of various sensor fault
scenarios. The model of the drive train system is
given in eq.(1). Using Eq.(1) and the design procedure
presented in section 3.1, it is easy to design PPIO for
generator speed sensor faults estimation and hence the
details are omitted here.

Remark2: The aerodynamic and generator torques of
the equation (1) are not directly measured. Instead,
these two input signals are obtained via soft sensors
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[14-15]. In (14), the term ¢ represents the expected
error between the actual and the soft sensed T, ,.
Consequently, the PP1O should guarantee robust fault
estimation regardless the effect of y,.

4 Simulation Results:

In this section, the proposed control strategy has
verified based on Matlab/Simulink software.

When a pitch angle sensor fault occurs, the inner
controller generates pitch angle signal based on faulty
measurement and hence the control system minimises
the errore =(B+f,)— 4 . Hence, when the pitch
system makese =0=(f+f_,)— 4, , the actual pitch
angle is g =g, —f. Therefore, it has been suggested
to integrate PPIO with pitch system in order to
provide fault tolerance capability against parameter
and sensor faults simultaneously. Solving the LMI
constraints of the PPIO gives the following values:

8 00
G=|0 8 0|, p=0.1 A, =10, y =0.3549,
00 8

L =[0.4122 02456 -0.6107] ,

K, =1.1052,and K, =82.2216

Figure 3 clarifies the effect of this fault scenario and
the performance of the proposed integrated pitch
system and PPIO.

f
|

T
Sensor }aul(

Actuator fault

pitch angle (deg)

10
Time (sec)

Figure 3: The integrated Pitch system+PP1O
performance against sensor fault (f, =0.54).

I should be noted that the sensor fault (D,f, =0.58)
has been tolerated using estimation and compensation
approach to FTC (See Figure 1). Figure 4 shows
sensor fault estimation accuracy.
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f,=0.5% (deg)

[

N oW A w g ®

Sensor fault estimation (deg)

~ ) ~

o 10 20

Time (sec)

5 15

Figure 4: Sensor fault estimation using PPIO.

Remark2: The proposal has been tested using wind
turbine FTC/FDI benchmark model [6]. In figures 5
and 6, fault estimation capability of the PPIO has been
exploited to estimate blade-1 stuck sensor fault and
blade-2 scale sensor fault separately. Additionally, the
benefits of using the integrated pitch system and PP1O
scheme to tolerate simultaneous actuator and sensor
faults have been demonstrated in figure 7.

J,=stuck fault=5 (deg)

B, Sensor fault estimation (deg)

t t
3000 4000

t
2000
Time (sec)

Figure 5: Blade-1 stuck sensor fault estimation using
PPIO.

f,=scale fault=1.5p,

5

4

3

—— > lle——
AL LR
ST A R R
LG R e
L A R

I
2000
Time (sec)

B, Sensor fault estimation (deg)

1000 3000 4000

Figure 6: Blade-2 scale sensor fault estimation using
PPIO.
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Figure 7: The performance of integrated Pitch
system+PP1O against blade-1 stuck sensor fault.

With reference to figure 2, the speed controller is
directly affected by the generator speed sensor fault.
The consequence is that this controller will produce
incorrect 5. The pitch system controller shows

inability to tolerate the effects of incorrect g, since it

directly affect the sliding surface. Figure 3 clarifies
the effect of this fault scenario. Therefore, it has been
suggested to integrate the drive train system with
PPIO in order to provide fault tolerance capability
against generator speed sensor faults simultaneously.

Solving the LMI constraints of the PPIO gives the
following values:

p=0.1, A, =10,  =0.0198,
L =[0.00003 -0.0585 0.000002 1.5068] ,

K, =0.6451 and K, =5969

The proposal has been tested using the realistic faults
and wind data of the wind turbine FTC benchmark
model[6]. Figure 8 show nominal generator speed and
faulty generator speed. In figure 9, fault estimation
capability of the PPIO has been exploited to estimate
generator speed sensor fault. Additionally, the
benefits of using the integrated drive train system and
PPIO scheme to tolerate simultaneous sensor faults
have been demonstrated in figure 10.
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Figure 8: normal generator speed (without sensor
fault) and faulty generator speed.

Figure 9: generator speed sensor fault and its
estimation using PPIO.
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Figure 10: The performance of integrated Pitch
system+PP1O
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Conclusions:

This paper proposes PPIO for pitch actuator
system of wind turbine affected by sensor faults
to achieve sensor fault tolerant. The results
have shown that the pitch system controller
cannot compensate the effects of sensor faults.
It should be pointed out that combining the
conventional inner and reference controllers
with PPIO solve all sensor faults scenarios that
affect the pitch actuator system Another
contribution is a rigorous analysis of the closed—
loop stability of the system when driven by the
fault estimate.
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