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ABSTRACT
Today, the renewable energy is used to long-term growth and to reduce the green house
gas emission. Floating Sun oriented boards are a type of renewable energy that converts
sun light into electricity and give a solution for the problem of power generation and land
scarcity. Single axis solar tracking (SAST) needs to optimize the solar panel power
throughout the day. The tracking device is accurately track the sun using one freedom of
rotational axis. Light Dependent Resistor (LDR) is commonly applied in sun tracking
system. The two LDRs can be used in sun tracking depend on the intensity of light. The
floating sun based control system produces more power due to solar tracking with cooling
impact of water than fixed land sun oriented system. It can be introduced in any water
bodies which is able be diminish the cost of land. The model of single axis solar tracking is
modeled. The fuzzy PID controller has been designed and simulated using
MATLAB/SIMULINK. Its performance has been compared with Ziegler Nichols PID
controller tuned method. Amid the era of vitality, the rising of the temperature on
the boards has been noteworthy issue on the surface of solar PV framework. Since, it has
been specifically impacts on the vitality era; the higher working temperatures of sun
oriented PV framework diminish its vitality capacity. As the temperature increase the
voltage output decreases. The overall efficiency and performance decrease due to the
excessive heat is occur on the solar panels and solar tracking system changes, the
inclination angle variation is occurred. The daylight point “0" increment, the control of
the sun based board is diminishing. Fuzzy logic controller which are vibration balance and
the actuator (DC servo motor) able to controls the development of sun
powered panels. Thus, The simulation result is observed that the Ziegler-Nichols closed
loop PID controller tuning simulation results that the overshoot is 46.8%, rising time is
0.842seconds, choosing time is 2.13seconds and the settling time is 11.2seconds with the
proposed fuzzy-PID controller while overshoot is 3.646%, rising time is 0.0527seconds;
pick time is 0.112second and the sampling time is taken as 0.4seconds. The fuzzy PID
simulation result indicated that has better performance than Ziegler Nichols PID controller

tuned method.

Key Words: Floating Solar Plant; Fuzzy — PID controller; Fuzzy logic control; Single Axis
Solar Tracking (SAST); DC servo motor and LDR sensor.
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CHAPTER ONE
INTRODUCTION

1.1 Background

The consumption of energy is increasing with related to human living standard. These days,
the world populace is raising limitations of natural alter that occur on soil after the time of
globalization. The fossil fuel, sunlight, wind, tides, and rain are the source of the renewable
electrical energy. The Vitality utilization and generation exercises are responsible for the
greenhouse emission. The electricity demand has greatly increased in current years due to
economy and population growth in creating nations, a gradual rise in comfort levels in well-
developed countries [1]. There are two ways to take in solar energy, along solar heat and
solar photovoltaic(PV). A photovoltaic cell is an electric control generator, comprising of
semiconductor layers that change over sun oriented vitality into power, panel characteristics
depending on environmental condition. In PV generation, a device called a solar cell is used
to turn light directly into electricity. The direct current (DC) generated by a cluster of sun
powered module (solar cells grouped and packaged together) then goes into an inverter,
where it is converted to substituting current. To measure photovoltaic board voltage or
current, agreeing to the control sort utilized for control inverter, current controlled or voltage
controlled [2]. FPV plant consists of solar PV panels mounted on a floating structure,
composed of several floats connected together. The floating platform is made of primary
floats, supporting PV panels, and secondary floats used for maintenance, maintaining
distance together by reinforced connection pins. The tilt angle and orientation can be
depending of the use and the location of solar plant. The platform installation will be installed
in Lake Tana. Lake Tana is located at the Northwest of Ethiopia adjacent to Bahir dare Town
with coordinates of 11°36'N,37°23'E and it is largest freshwater body with a surface area of
3150km?, (36% of total inland water of ethiopia) with length of 78kms and width of
68kms[3]. A solar tracker is used to track the orientation of the sun. In case of the trackers
the panel is situated to track the greatest sun lightall throughthe day by altering the
tracker points (both rise and azimuth points).

A photovoltaic (PV) gadget changes over daylight into power. In this paper, development and
evaluation of PID based device solar tracking and control system of maintaining in peak
position of a PV array for maximum efficiency. The position of array is changing relative to

the irradiance of sun direction [4].




In recent years, renewable energy sources are growing rapidly all over the world. Solar
energy is considered to be one of the most promising energy alternatives due to its ubiquity
and sustain-ability. The sun oriented vitality is free and hugely accessible all through the
world. The most perfect way to utilize sun powered vitality is PV framework. Photovoltaic
(PV) modules are one of the foremost successful, economical, and eco inviting items within
the field of renewable vitality. The main burden of land mounted solar system is availability
of land. There is expansive water bodies accessible in different parts of the nation which
can decrease the sparing fetched of arrive and  working fetched for control era costs.  So,
the sun oriented PV frameworks can gotten to be a really consistent elective for saddling sun
powered vitality by  utilizing  obtainable  water bodies and offer  assistance to
extend the financial reasonability of sun based ventures. Vitality from photovoltaics through
a renewable source, keeps up a moo effectiveness of less than 15% in its long-
life utilize. Coasting sun powered create more power than ground mount and housetop (sun
powered) frameworks since of the cooling impact of water.

It too decreases store dissipation and green  growth development by shading the water.
The coasting stages are 100% recyclable, utilizing high-density polyethylene which can
withstand ultraviolet’s beams and erosion [5].

Table 1.1: The country studies on the floating solar PV system (FSPV) [6]; [7]

Country | FPV System Location Benefits
Brazil PVT:3°&10°(fixed) | Sao Francisco River basin & 10.55GWh/year &
Gaviao reservoir in Northeast
250 Wp & 245Wp Brazil 835.82GWh/year
China water surface in eastern region 160Gwh/year
Man-mad water bodies in
USA PVT:11° (fixed), contagious 786000GWh/year
Korea | PVT:40°,215.25Wp | In limestone Mine pit lake 0.9716GWh/year
PV: 20°, 210Wp 1134 reservoirs 2931.94GWh/year
India PVT: 12° ,300Wp Karasur Village’s lake 2.658GWh/year
320Wp Neel-Nirjan Dam in Bakreswarr | 14.97GWh/year
Lake in kota 25.74GWhlyear
Large reservoirs 909.05GWh/year
Portuga
I PVT:20°,260Wp Algueva Dam 0.4557GWhlyear
Japan Yamakura Dam, east of Toky 13.5MW
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1.2 Statement of the problem

Solar energy is currently one of the foremost encouraging renewable technologies. Solar
energy is the most generous resource on the world, thus encouraging the development of
technological solutions to transform this energy in an efficient way. Large-scale PV plant
requires high land availability, while dressing land scarcity, where as in sustainable economy,
lands take portion in a main role for irrigation.

Like that, usage of sun oriented PV plant continuously faces arrive cases such as arrive sun
powered PV plant has arranged expansive farther area, investments cost increases. On the
other way, Solar PV plant performance is affected by temperature. As, the temperature rises
then the power output of solar PV plant decreases due to high absorption of PV modules. The
rising of the temperature on the panels has been significant problem on the surface of FPV
during the generation of energy. Since, it has been directly impacts on the energy generation;
the higher operating temperatures of solar PV system decrease its energy capacity. As the
temperature increase the voltage output decreases. The overall efficiency and performance
decrease due to the excessive heat is occur on the solar panels and solar tracking system
changes, the inclination angle variation is occurred. The daylight point “6" increment,
the control of the sun powered board is diminish Hence, to reduce this effect can be used an
adaptive control strategy for the PV system. Solar tracking technology should be developed
and utilization efficiency improved. As the angles of sunlight change with different seasons
and times of the day, a solar tracking system can adjust the angle of photovoltaic panels to
gain the highest utilization efficiency by maximizing exposure to the rays of the sun that beat
down vertically on the earth. With solar tracking technology [7], the annual solar irradiation
intensity of regions with average solar resources can be improved by using artificial
intelligence mathematical algorithm, DC motor derive and adaptive control mechanism.
Therefore, it is proposed to use adaptive control PID is implemented and fuzzy logic
mathematical algorism/technique can be a better option due to increasing performance,
optimizing energy and maintain the system.

1.3 General Objective

The goal of this research is to enhance the performance optimization of floating solar panel
using an adaptive control system. The main objective of this research is that introducing
versatile optimization control procedure in arrange to improve the performance and assurance
a robust nonlinear and optimal on solar tracking technique in a floating solar system can
increase its performance and optimize the system. The general objective of the thesis is to

show that impact of performance optimization of generating power on a floating solar plant.
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1.3.1 Specific Objectives
The specific objectives of the research work are:
o To model and analyze solar floating PV system.
o To design fuzzy based adaptive tracking controller.

o To investigate the performance of the control system.

1.4 Contribution of the thesis
The outcome of this research contributes to improve the renewable energy using nonlinear
control by employing an advanced optimization. The FPV had optimization problem due to
the highly uncertain conditions. Hence, such as adaptive control and nonlinear optimization
methods, capable of treating uncertainties are needed to achieve optimal performance and to
overcome the difficulty in the presence of uncertainties.
In addition, it benefits lower costs, higher reliability, and system performance; As well as
local environmental benefits to reduce evaporation of water.
1.5 Scope of the research
On this thesis, the execution and optimization vitality of the Floating Solar Panels will be
introduced theoretically as well as mathematical modeled and it will be compared to using
traditional control and adaptive control strategy. The theoretical explanation will be validated
using a digital simulation like MATLAB/SIMULINK and PVSYST software. The practical
implementation of the system is not under the scope of this research.

M.Sc. Thesis, Addis Ababa University, 2021 4



CHAPTER TWO

LITERATURE REVIEW
2. Introduction Floating Solar Power Plant System
This chapter will review the fundamentals of floating solar plant system, basics of thermal
treated solar panels focusing on the control system. The performance of solar PV systems
will be also reviewed.
Mohsen Taherbaneh , 2010 [8] had proposed that the two fuzzy controllers created in order
to maximize the generated yield power of solar panel in photovoltaic system, a fuzzy- based
sun tracking and maximum power point tracking. Three methods used to maximize the output
power of a solar panel, thus are; fuzzy. Based maximum power point tracking was the first
method. It is watched that approximately 23W was obtained during the measurement time,
which is about 51% of nominal output power. In the second method, fuzzy-based sun
tracking was applied and it is observed that approximately 11w was obtained during the
measurement period, which is about 24.5% of the nominal output power. Finally, the
combination of fuzzy-based most extreme control tracking and fuzzy- based sun tracking was
used to maximize the output power.
A. Zeroual et al. [9] had proposed an automatic sun-tracker system for optimum solar energy
collection in 1997. They used electro-optical sensors for sun finding and microprocessor
controller units for data processing and for control of the mechanical derive system. This
system allowed solar energy collectors to take after the sun position for optimum efficiency.
Numerous parameters are controlled for framework security such as temperature, weight and
wind speed. The framework had been tried for a long period in variable brightening. The
result appeared that it worked legitimately with tall exactness.
Brito et al., 2013 [10] proposed INC with proportional integral regulator to find the modified
INC MPPT method with proportional integral (Pl) regulator inarrange to improve the
response of the MPPT, minimizing the error between the actual conductance and INC. The
parameter of such a Pl compensator can be adjusted/tuned as per system necessity. Also, this
PI controller can reduce the ripple oscillations in steady state. The tracking efficiency (%) is
86.41-88.00, little overshoot (%), voltage, current sensors used and circuit is complex and
complex, power calculation is required.
Algazar, Monier, Halimand Salem 2012[11] proposed MPPT methods based on artificial
intelligence have become prevalent in later a long time as compared to conventional methods
because of very good and fast response with no overshoot and less fluctuations under rapid

variations in temperature and solar radiation. The fuzzy logic-based MPPT method does not
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require the precise show of PV system for its design. In most of the literature, a fuzzy logic-
based MPPT has been proposed with two inputs and one output. The two input factors are
error E(k) and change in error E(k). The fuzzy inference can be carried out by one of the
various available methods (Mamdani’s method has been mostly used) and defuzzification can
be done using the center of gravity strategy to compute the yield (duty cycle). The tracking
efficiency (%) is 87.46-90.38, voltage, current sensors used and circuit is complex and
complex, power calculation is required.

Young- Kwan Choi et al [12] has compared and analyzed the generation efficiency of
floating and land photovoltaic systems. It has appeared more prominent era proficiency by
over 10% compared with the common PV frameworks introduced overland. His paper
compares and analyzes the experimental information of the drifting PV framework, which K-
water has installed with that of the existing overland PV and has verified that the generating
efficiency of floating PV system is superior by 11% and more.

Minor M. Arturo, 2010 [13] had demonstrated as the system for following the sun which is
based on the utilizing of a commercial webcam as the sensor component. A test electro-
mechanism was planned and created to assess its exactness and proficiency in following the
sun beneath distinctive climate conditions.

The utilization of a sensor element allowed avoiding most of the common problems usually
seen with the solar trackers currently under use. One is the high sensitivity of the discrete
element such as photodiodes or phototransistor to weather conditions, particularly to
temperature and humidity. The system showed an accuracy of 0.1°and high resistance to
temperature varieties. It illustrated its capacity to move the sun, as well as extrapolate its
position when it is undetectable for a period of time.

Tonui and Tripanagnostopoulos , 2007 [14] had highlighted that the PV cells endure a drop
in effectiveness as their working temperature increments; lessening working temperature by
cooling the cells will progress their execution.

They utilized a suspended lean level metallic sheet at center or blades at the back divider of
an discuss channel as warm exchange enlargements in an air-cooled PV/thermal (PV/T) sun
based collector to make strides its by and large execution.

2.1 History Floating Solar Power System

Swimsol was founded by Martin Putschek in 2012. Two years later, in cooperation with the
Vienna University of Technology and the Fraunhofer Institute in Germany, they launched the
world’s first floating solar power plant for the marine environment —Solar Sea. Moreover,

they succeeded in making it less expensive than diesel-generated electricity, a precondition
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for a gradual replacement of diesel generators through clean solar power solutions in those
regions. By using the free space on the water, the technology makes large solar systems
possible even for islands that do not have enough roofs or land for solar panels. Their floating
systems are currently operating in the Maldives and demonstrate great potential for other
marine regions [15].

Floating PV system is a newly development technology. There are many places around the
world that do not have enough land for PV installations, mainly islands such as Japan, Korea,
Singapore, Philippines and many others [15].

The Aichi, Japan project was developed by a research team from the National Institute of
Advanced Industrial Science and Technology in Japan developed their own floating PV
prototype. The aim of their research was to compare the electricity output from an array that
was water cooled and another that was air cooled. The panels in this case were installed as an
array lying at a slight tilt (1.3° south facing) on top of foam polystyrene board floating on top
of the water body. The major variance in experimental results between the two systems was
mainly due to the accumulation of bird dropping over the air-cooled PV system (where the
water-cooled system was kept clean because of the 10-min regular water coverage) [16].

2.2 Floating Solar PV System

A floating solar PV system consists of four components that are the floaters, the floating PV
system, and mooring system and under water cables. PV generation equipment that is FPV
modules installed on surface of the floating system, power converters, power inverters;
controller, and distribution line.

2.2.1 Anchoring system in FPV

The floating system PV systems needed to be anchored to the waterbed, and this system
should be able to withstand the simple water variations as well flood water levels with
minimum sage. The floating bed cannot be sinking or sag towards the shore excessively
which it will cause damage to the PV system and power cables. Therefore, the anchoring
system should be designed considering these situations and also it should be designed with
less mechanical controlling strategies to simplify the problems cause by mechanical system.
Fig.2.1 explains the anchoring phenomena in FPV system. Fig 2.2 shows the anchoring
design which needs to consider a distance D between the anchor and the island. To make sure
that the anchoring is well designed, the angle a between the ground and the mooring line
should not be over 45°, and ideally is calculated regarding floatability issues. This angle is
linked to distance between the solar island and the anchor, as well as on the depth the

anchoring point [17].
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Floating PV
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Figure 2.1: Detailed FPV anchoring system design
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Figure 2.2: anchoring cable design of FPV
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Figure 2.3: Installing floating PV solar panels (Ceil et Terre)

Components of floating solar PV system [11]

Pontoon/Floating structure

A pontoon is floatation structure and has buoyancy enough to float on water and support a
heavy load. The structure is designed such as it can hold number of panels.

Mooring system

A mooring alludes to any changeless structure to which a coasting structure may be secured.
A coasting structure is secured to mooring hinder free development of the drifting structure
on the water. A grapple mooring fixes a drifting structure’s position relative to a point on
the foot of conduit without interfacing the coasting structure to shore.

Solar module

A single solar module can produce only a limit amount of power; most installations contain
multiple modules. A photovoltaic system typically includes a panel or an array of solar
modules, solar inverter, and sometimes a battery, solar tracker and interconnection wiring.
Mostly crystalline solar PV modules have been used for the floating solar systems.

Cabling

Due to their outdoor usage, solar cables are specifically designed to be resistant against UV
radiation and extremely high temperature fluctuations and are generally unaffected by the

weather.
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Solar PV panel cooling methods

The main advantage of FPV systems is their capability to utilize the water body as a source to
cool the PV panels appropriately. Proper cooling is important to solar systems and it can
significantly increase performance and the energy harvested from the sun. The increase the
efficiency by cooling results from two different sources [18]. (1) The water refraction index
of 1.3 which helps reduce the reflection effects of solar radiation when water flows over the
solar panel. This effect gives a gain of about 2% if radiation is perpendicular to the panel. (2)
The loss of efficiency as the temperature increases. For every 1°C increase in surface
temperature on the PV module will cause a reduction in efficiency of 0.5%.

The maximum power generated by the solar PV panels is highly affected by the temperature.
The temperature growth has negative influence on the electrical energy produced by
photovoltaic cells. The solar PV panels temperature value to be raised in percentage which
leads the lifetime reduction. This condition to be improved by using the techniques to cool

PV panels, the main cooling methods of the solar PV panels are shown in figure 2.4 [1].

Cooling methods B
. . Y — ’ \ O F -
Air cooling | \y Thermoelectric
i Method v Phase change TEG
|, Natural air Water cooling materials
Circulation I i . TEM
Water flowing |, Petroleum Jelly
Forced air Water spraying
Circulation PV floating Calcium
—-
PVT Hexahadrate
L»
L 3! Nanofluids TR35

Caprilauric acid

Figure 2.4: The main cooling techniques
2.3.1 Air cooling
The natural air flow is the most effective technique for cooling the solar PV panels. The cost
being low due to no extra materials being needed, the cooling of solar PV panels can be
improved if on the back of PV panels metallic materials with fins are mounted to ensure a
very good air circulation. By using nature air flow between the building vertical walls and PV
system mounted on them, the temperature of the solar PV panels can be maintained at less
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than 40°C . The forced air circulation is an active techniques’ to cool the PV panels. There
are more Techniques to force the air circulation, such as open channel beneath, steel plate
with an air channel underneath, and array of ducts underneath the PV panel’s optimum fins.
2.3.2 Water cooling

Water veil cooling system consists of pump and an irrigation system made of polyethylene
pipe positioned on the top of each solar panel. This technique includes a temperature control
system that switches on when the solar panel temperature exceeds a fixed threshold; typically the
maximum temperature for solar panel is 30°C. WVC system is estimated to increase the
efficiency of a solar panel by 10% on an annual basis to 15% output at peak radiation
conditions. There is also potential for panel surface cleaning caused from the irrigation
system water flow. The main disadvantages of WVC system need a large power requirement

to circulate the cooling water [19].

Figure 2.5: Diagram of WVC

Water sprinkler cooling system

It is a simple alternative to a WCV system. Instead of irrigation pipes, the system utilizes
high-pressure sprinklers that operate at a pressure of 2 to 3 bar. The cost of cooling is much
less than WVC system while still increasing the power output by 10% on an annual basis.

The disadvantage of this cooling system is water and heat wastage.
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Figure2.6: Visual of high- pressure sprinkler head for solar panel cooling system

2.4 Solar Tracking PV System

A solar tracking system is a system used for orienting a solar photovoltaic panel toward the
sun beam direction, especially in solar cell applications require a high degree of accuracy to
ensure that the concentrated sunlight is directed precisely to the powered device. This system
can be electrical or mechanical system, the main objective of the system is to find the
maximum solar power output.

Components of Solar Tracking Systems

The most components of asun based following framework are the following gadget,
the following calculation and warm or electro-optical for non-algorithm, the control unit,
the situating framework, the driving instrument, and the detecting devices [20]. (I) the
algorithm is a tracking control scheme that calculates the points that are utilized to decide the
position of the sun oriented tracker. There are two types of algorithms: astronomical
algorithms and real-time light intensity algorithms. The astronomical algorithm is a purely
mathematical algorithm based on astronomical references to calculate the solar angles. The
non-algorithm thermal control scheme uses differential thermal expansion of a working fluid
to exert torque to move the tracker. The non-algorithm electro-optical control scheme uses
differential optical signal to exert torque on the tracking device to follow the sun. (II) The
positioning system is the system that moves the tracking device to face the sun at the
calculated angles. The positioning system can be electrical or hydraulic. (11I) The driving
mechanism is the mechanism that is responsible for moving the tracking device to the

position determined by the positioning system. (IV) The sensing devices comprise a group of
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sensors that measure the ambient conditions (such as ambient temperature, relative humidity,
amount of rain, and other ambient measurements), the light intensity (in the case of real-time
light intensity algorithms), and the tilt angle of the tracker. The latter is accomplished by
means of an inclinometer or a combination of limit switches and motor encoder counts.

2.4.2 Sun position

The position of the sun relative to an observer on the surface of the Earth is an important
input needed to model PV system performance. The convention used to describe solar
position includes:

Normal to

horizontal plane

Horizontal Plane

> QP- Horizontal projection of
S normal to surface

Figure2.7: the sun angles of solar tracking
Angles of the sun are defined as the following ways:
Angle of latitude (@) : it is the vertical angle between the line joining that point of location
to the center of the earth and its projection on an equatorial plane. When the point is north of
equator the angle is positive and when south it is negative. Angles are represented as
®°N or 'S of equator. Also @ = 0° for the point on the equator, @ = +90° for appoint at the
poles.
Inclination angle (a): the angle between sun’s ray and its projection on horizontal surface is
known as inclination angle (). @ = 0° at sunrise and sunset.
Zenith angle (6,): the angle between the sun’s ray and the perpendicular (normal) to

horizontal plane is known as the zenith angle (6;). The zenith angle is compliment of
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inclination (altitude) angle. i.e.a+6; =90°, hence at sunrise zenith angle is
+90° whereas — 90" at sunset.

Solar azimuth angle (y;): the angle on a horizontal plane between the line due south and the
projection of sun’s ray on the horizontal plane is known as solar azimuth angle. It is
considered as positive when it is measured from south towards to west.

Tilt angle or slope (B): it is an angle between the inclined surface and the horizontal plane.
Angle of incidence (6): it is an angle between sun’s ray incident on plane surface and normal
to that surface. For horizontal surface; slope, 8 = 0°; Zenith angle 6, = angle of incidence
6. It is the angle in the horizontal plane, between the line due south and the horizontal
projection of the normal to the inclined plane surface.

2.4.3 Solar Position and Local Time

The second point to consider is the calculation of the solar position and its relation to an
oriented panel. The two basic variables for the solar position are the solar altitude angle, ag,
and the solar azimuth angle ys. The solar altitude angle, asg, is the angle between the
horizontal and the line to the sun. It is the complement of the zenith angle 8, .The solar
azimuth angle, ys is the angular displacement from south of the projection of beam radiation
on the horizontal plane; displacements east of south are negative and west of south are
positive [21]. In Fig.2.8 the two angles related to the sun position and the angles f and y
that define the PV module position. § is the tilt angle and y is the surface azimuth angle.
Further, the angle 6 between the normal to the PV surface and the incident beam radiation is

indicated.

Zenith -

Wesi a South

Figure2.8: Solar and PV module characteristic angles
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The angle 0 is given by the trigonometric relation,

cosf = cos0z cosf + sinB;sinficos(ys —v)

To define the solar ray angles, we need further information about the declination angle &
which is the angular position of the sun at solar noon with respect to the plane of the equator
(north positive), and given by the following equation:

Declination angle (6): It is the angle between the sun’s positions in relation to the earth’s
equator. The earth’s axis is typically tilted 23.34° from the plane of the earth’s orbit around
the sun and the earth is in its annual path around the sun causes the declination angle to vary
from 23.45° north on December 22 to 23.45° south on June 22 [22].

Declination is calculated using the following formula:

284+N
365 )

5 =23.45 x sin (2. (2.1)

N=day number, with January 1, being day 1
With the declination 9, the latitude ¢, and the hour angle ®, the solar zenith angle 6 can then
be found from the following equation:

sin(a,) = sin(¢) sin(8) + cos(¢) cos(d) cos(w), (2.2)
W=7 (ST in before solar noon), (2.3)
6).si
sinys = [COS(C())S:;(Q))] (2.4

2.4.4 Advantage of Solar Tracking

e Increase solar panel output

e Maximum efficiency of the panel

e Able to grasp the energy throughout the day

e Maximum power Per unit area
Types of Solar Trackers
The types of solar tracker which can be grouped into single axis and dual axis solar trackers.
Those are: (1) Single axis solar tracker and (2) Dual axis solar tracker.
1. Single axis solar tracker
These trackers have one degree of freedom that acts as the axis of rotation. The axis of
rotation of rotation of single axis trackers is aligned along the meridian of the true North.
With advanced tracking algorithm, it is possible to align them in any cardinal direction.
Common implementations of single axis trackers include horizontal single axis tracker

(HSAT), horizontal tilted single axis trackers (TSAT) and polar aligned single axis trackers
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(PST) [23]. The horizontal type is used in tropical regions where the sun gets very high at
noon. But the days are short. The vertical type is used in high latitudes (such as in UK) where
the sun does not get very high, but summer days can be very long. These have a manually
adjustable tilt angle of 0 — 45° and automatically tracking of the sun from East to West. They
use the PV modules themselves as light sensors to avoid unnecessary tracking movement and

for reliability. At night the trackers take up a horizontal position.

o e N
’W'g?«f "' >

Figure2. 9: single axis solar tracking system [24]
Advantages of Single-Axis Solar Tracking System
The main advantages of single-axis trackers includes as follows: Single-axis trackers are
more reliable; Single-axis trackers have a longer lifespan than Dual-axis trackers because
they have a simple mechanism and operate at low cost; Single — axis trackers are nearly
32.17% efficient compared to a fixed solar tracker mount panel; These trackers follow the
sun from East to West, providing consistent power output all day long; The trackers generate
15-16% higher annual power as compared to a static of the installed capacity;
Single axis trackers provide the highest density of PV panel placement per square.

Position

Initial I ! Fmnal "

Position
Figure 2.10: The position of the solar panel [25]
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2. Dual axis solar tracker

A dual axis sun tracker (DAST) has two degree of freedom that acts axe of rotation. The first
axis is a vertically pivoted shaft that allows the device to move to a compass point. The
second one is a horizontal elevation pivot implanted upon the platform. The Azimuth motor
rotates along the vertical axis to adjust azimuth position of the sun. A second motor will
operate the panel elevation acting on the horizontal axis to altercate the sun altitude. Using a
combination of the two axes, any location in the upward hemisphere could be pointed. Four
LDR (Light Detecting Resistor) sensors are used in the four sides of the panel, which can
sense the position of the sun. LDR can detect the voltage across them. If any voltage
difference occurs in LDR on the two opposite sides, the panel can move and make a voltage
difference zero. This means the light can equally distribute to the whole panel. Two sensors
are responsible for east to west direction that is for the whole day and the other two sensors

are used for north to south movement that is the whole year [26].

Axis of Rotation

Axis of Rotation
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NSNS S e

\ South
East

West
North

Figure 2.11: Dual axis solar tracking system [27]

2.1 Advantages of the Dual-Axis Solar Tracking System

Dual —axis trackers follow the Sun continually and provide constant throughout the day;
These solar trackers provide a reasonable solution in case of the limited power capacity of the
connection to the grid; dual —axis tracker need smaller space; these trackers generate 45-50%
higher output per year, as compared to a static station of the same installed capacity.

2.2 Disadvantage of dual-axis solar tracker system

Dual-axis trackers have higher technical complexity, which makes it potentially vulnerable to
glitches; these trackers have a shorter lifespan and lesser reliability; low performance in
cloudy or overcast weather.

2.4.6 Derivation of the Tracker Angles
Due to sun’s development, its position changes both in day and with the seasons. The sun

powered vitality capturing by the settled position sun based boards amid the course of the
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day isn't adequate due to its position continuously being inactive; this diminishes the scope of
the board towards the sun. The position of the sun changes throughout the day as well as
seasons. Depending upon cost, character and performance there are many varieties of solar
trackers. The usage of the solar tracker decides the position of the panel [4]. The Sun
oriented radiation information is ordinarily within the shape of circular radiation falling on
a even plane. For this reason, the solar panels are positioned at a certain angle with the
horizontal plane. The sun moves in the sky during the day. For a solar collector and / or panel
in the steady state shown in Fig.2.12, the projection of the respective receiver region onto the
plane is determined as the cosine of the incoming light. As the sunshine angle "0" increases,
the power received from the panel decreases. Solar tracking systems aim to maximize the
energy to be obtained by trying to keep the solar panels according to the sun in the
perpendicular position to get the best possible radiation from the sun.

S
«

Figure 2.12: Sun shine angle, 6 [28]

2.5 Photovoltaic Panels

The floating PV panel output current Ip,, depends on the following parameters such as; the
type of materials that the PV panel is made (ideality factor n); shunt and series resistance and
number of parallel and solar series cells(Ng & N,,).

The photovoltaic (PV) panels used in this research are manufactured by sunrise which
produce junction with Intrinsic Thin Layer solar cells. These modules are made from poly
crystalline silicon wafers that are surrounded by incredibly thin amorphous silicon layers.
This form of hybrid panel is made from the purest form of silicon, and thus delivers an

incredibly high level of efficiency. The solar cells are a unique product on the market and
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only available from sunrise. The combination of cells in series or are parallel forms a module.
A typical module may have 36, 54, 60, 72 and 96 cells in series as the required. When
photovoltaic are wired in series, they all carry the same current and their voltages add.
The overall voltage in module is given as:
Vinoaute = Ns(Va — IR)
Where; N, is number of cells in series
SR-P660260 model have 260Wp poly crystalline solar modules that contain 60 cells
connected in series with the following dimensions: 1640 X 992 mm and thickness 35mm [PV
SYST].
2.5.1 Temperature and Irradiance impact on PV System
The floating solar panel performance is depending on: The designing location; The PV
characters; the seasonal condition; the local environmental factors; Global horizontal and
horizontal diffuse irradiation.
Lake Tana geographical data had been taken from NASA-SSE Satellite data (1983-2005);
thus, data are seasonal ambient temperature, Global horizontal irradiation and horizontal
diffuse irradiation etc. due to the seasonal change of solar path at Lake Tana the tilt angle had
been affected. The inputs of typical PV module model are the data commonly provided by
manufactures on their published datasheets. Those are shown below:

e Open circuit- voltage,Vy

e Short circuit current, I,

e Current at maximum power point,/,,,,

e Voltage at maximum power point, V;,,,

e Power at maximum power point, Py,

e k,;Thermal coefficient of I, % C°,

e K, Thermal coefficient of V., %, C°,

e maximum voltage at IEC

Figure 2.13: selected PV panel SR-P660260/60, 260 watts poly crystalline with 60 cells
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The factors that affect the performance and efficiency of the PV panels are; Limitation of the
manufacturing and material specifications; Lose occurs the power conversion for PV panels
systems, where the conversion from the generated DC-AC causes loses in efficiency; Local
environmental factors (temperature, wind speed, wave force); Character of PV panels
(orientation, tilting)

Advantage of floating solar power plant:

Preserving land resources; Higher efficiency/performance; Easy cleaning and dust removal
from the panel; Conserving water due to reducing evaporation; Decreasing algae formation
due to less sunlight entering the water body.

2.6 PID controller

The PID controller is the foremost common shape of criticism. It was an essential element of
early governors, it got to be the standard instrument when prepare control developed within
the 1940s. In handle control nowadays, more than 95% of the control circles are of PID sort,
most circles are really PI controller. PID controllers are these days found in all districts where
control is utilized. The controllers come in numerous diverse shapes.

There are standalone Frameworks in boxes for one or a couple of circles, which are made by
the hundred thousand annually. PID control is an important ingredient of a distributed control
system. The controllers are also embedded in many special purpose control systems.

PID control is regularly combined with logic, consecutive capacities, selectors,
and straightforward work pieces to construct thecomplicated computerization frameworks util
ized for vitality generation, transportation, and manufacturing. Many sophisticated control
strategies, such as model predictive control, are also organized hierarchically. PID control
is utilized at the most reduced level; the multivariable controller gives the set focuses to the
controllers at the lower level [29]. PID controllers have survived numerous changes
ininnovation, from mechanics and pneumatics to chip through electronic  tubes,
transistors, and coordinates circuits. The chip has had a sensational impact on the PID
controller. For all intents and purposes all PID controllers made nowadays are based on chip.
It has given openingsto supply extra highlights like programmed tuning, pick up planning,
and persistent adjustment [29].

2.6.1 PID controller Algorithms

A PID controller calculates an error value as the difference between a measured process
variable and a desired set point. The controller attempts to minimize the error by adjusting the

process through use of a manipulated variable.
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Proportional Term: The proportional term produces an output value that is proportional to
the current error value. The relative reaction can be balanced by duplicating the blunder by
a steady K, called the corresponding pick up steady. The relative term is given by:

Poue = Kpe(t) (2.5)
A high proportional gain results in a large change in the output for a given change in the
error. If the proportional gain is too high, the system can become unstable. In differentiate;
a little pick up comes about in a little yield reaction to a expansive input blunder, and a less
responsive or less touchy controller. In the event that the corresponding pick up is as
well low, the control activity may be as well little when reacting to framework unsettling
influences. Tuning hypothesis and mechanical hone show that the corresponding term ought
to contribute the bulk of the yield alter.

Integral Term: The contribution from the integral term is proportional to both the magnitude
of the error and the duration of the error. The integral in a PID controller is the sum of the
instantaneous error over time and gives the accumulated offset that should have been
corrected previously. The accumulated error is then multiplied by the integral gain k; and
added to the controller output.

loue = Ki [, e(2)dr (2:6)
The integral term accelerates the movement of the process towards set-point and eliminates
the residual steady-state error that occurs with a pure proportional controller. However, since
the integral term responds to accumulated errors from the past, it can cause the present value
to overshoot the set-point value.

Derivative Term: The derivative of the process error is calculated by determining the slope
of the error over time and multiplying this rate of change by the derivative gain Kd. The
magnitude of the contribution of the derivative term to the overall control action is termed the
derivative gain, Kd. The derivative term is given by:

Doue = Ka-e(t) (2.7)
2.7 Fundamental Fuzzy Controller

Fuzzy logic which was first introduced by Zadeh in 1995 is a theory that uses mathematical
formulas to explain human reasoning. The computational formula in fuzzy logic is not
complex. Fuzzy logic interprets qualitative information to mathematical relations. That makes
it suitable to explain unpredictable system behavior that cannot be easily modeled. Fuzzy
theory shares the same general concept with the traditional set theory, except that there are no

crisp transitions between values. Variables are expressed by functions or curves between two
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digits, mainly 0 and 1 or any other digits. A series of weights describe the degree of
belonging of a variable to a certain value within assigned range. While, traditional set theory
defines a variable by its equality or non equality to certain value [30]. To define a fuzzy set,
both the members of the set (value) and degree of membership (weight of each value) are
needed. Fuzzy logic operations or fuzzy concepts are used to relate fuzzy sets [31], [32].

The main operations of fuzzy sets are:

Union of two sets: A and B: M(x) + B(X) = max (MA(x), MB(x)) (2.8)
Intersection of A and B: min (MA(x), MB(x)) (2.9)
Negation of A M(A(x)) = (1 — MA(x)) (2.10)

2.7.1 Membership functions

Fuzzy input and output variables are represented by membership functions (MF).
Membership functions related each input and output to weighted variable depending on the
shape of curve [33]. The membership function is usually chosen by the designer of the
controller [34]. The most common membership functions are [35]:- Triangular (when using
triangular functions oscillations with generally reduced and fast convergence was achieved);
trapezoidal (results in more oscillatory output); Gaussian; Bell; = shaped MF; S shaped MF;
The main factors that should be considered when selecting a membership functions are [36]
[37]:- (1) Sufficient width of the membership function to allow for noise detection; (2)
Sufficient overlapping to correctly identify the controller; (3) Gaps between function curves
should be prevented, because they result in ill-defined controller; (4) Coordination between
the number and the width of a set should be achieved. A fuzzy logic controller has four main
parts as shown in figure 1.14. (I) Fuzzification, (I1) Interface engine, (111) Rule base, (IV)

Defuzzification.

Rule Base

¥ Fuzzification ™ | __y Defuzzification |—»
Interface

engine

Figure 2.14: Fuzzy logic controller structure
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Fuzzification: the primary step in planning a fuzzy controller is to decide which state
variables represent the system dynamic performance must be taken as the input signals to the
controller.Fuzzy rationale employments etymological factors rather than numerical factors.
The handle of changing over a numerical variable (real number or crisp variables into
linguistic variable (fuzzy number) is called fuzzification.

Interface engine: interface engine is define as the software code which processes the rule,
cases, objects or other type of knowledge and expertise based on the facts of a given
situation. When there's a issue to be illuminated that includes logic rather than fencing skills,
we take aarrangement of deduction steps that may include deduction, association,
recognition, and decision making. A deduction motor is a data preparing system (such as a
computer program) that systematically employs inference steps similar to human brain.

Rule base: Mamdani fuzzy is the most used fuzzy membership rule set. It was introduced by
E.H.Mamdani. It uses simple methods in designing the membership function and fuzzy rules,
and is especially compatible with single input single output systems. Mamdani strategy is
based on more intuitions and human knowledge and it works well with systems that are
unpredictable and have high uncertainties [38]; [39]; [40]. A choice making rationale which
is recreating a human choice handle, inters fluffy activity from the information of the control
rules and etymological definitions. The run the show in “If Then” organize and formally
the in case side is called conditions and the At that point side is called the conclusion. The
computer is able to execute the rules and compute a control signal depending on the
measured inputs error () and change in error (de). Inrun the show based controller the
control procedure is put away in a more or less normal dialect. A run the show base controller
is simple to get itand simpleto preserve for a non-specialist conclusion clientand an
equivalent controller may well be executed utilizing customary procedures.

2.8 The Fundamental Theory of Fuzzy PID Control

The routine fuzzy control uses three of controllers, The Fuzzy-Proportional-integral (FPI)
control, the fuzzy-proportional —derivative (FPD) control and the Fuzzy-Proportional-
Integral-Derivative (Fuzzy-PID) control. The Fuzzy —PI control has good performance in
steady states as it minimizes the permanent error but less performance at transient states,
while the fuzzy-PD comes with good performance at the transient state but fails to eliminate
the lasting mistake at unfaltering states [37]. The ordinary Fuzzy-PID control has both the
Fuzzy-Pl and Fuzzy-PD control but has three inputs (blunder, alter of mistake and speeding
up of mistake) which increment revile of dimensionality. The PID sort Fluffy control (Fuzzy-

PID) has as it were two inputs (error and alter of error). It composed by a Fuzzy-Pl and a
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Fuzzy-PD working in parallel. The rule-based is two dimensional and it is just like the Fuzzy-
Pl type control rule base. Due to the reality that the inputs of the Fuzzy-PID are limited to
two, complexity is decreased while the advantages of the conventional Fuzzy-PID with the
two inputs [41].

2.9 Light Sensor

Light dependent resistors (LDRs) are exceptionally valuable particularly in dark/light sensor
circuits. The LDR resistance is exceptionally high in some cases come up to 1,000,000 ohms,
but when LDRS are lit up with light, the resistance drops drastically. Light dependent resistor
(LDR) is a variable resistor whose resistance is contrarily relative to the intensity of the
incident light. As it is a passive transducer, a potential divider circuit is used to get the
comparing voltage esteem from the LDRs. The higher the intensity of light, the lower the
LDR resistance and hence lower the output voltage (V,,;) and vice versa. Thus in the thesis,
LDR plays the main role in controlling DC servo motor based on the intensity of light. The
light dependent resistor (LDR) is represented in figure 2.15 [42].

SO

LDR LDR Sym bol

Figure 2.15: Light Dependent Resistor
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CHAPTER THREE
MATERIAL AND METHODOLOGY

This chapter deals with the materials and the methods used in accomplishing the thesis. The
materials used are digital computer and MATLAB/SIMULINK software. Modeling,
designing and analyzing are the methods used. The takings after areas present each of these in
detail.

3.1 Modeling of solar tracking floating PV system

The primary step in the analysis and design of the control framework is mathematical
modeling of the different components. The transfer function is broadly utilized in designing
control systems. After assumptions and approximations are made to mathematical equations
describing the components, transfer functions are expressed. Thus, these transfer function, the
sun based following framework is modeled. The block diagram in Figure 3.1 shows the
most components of coasting sun powered panel system for SAST. The design the control

system, the appropriate model for each component should be obtained.

l

Fuzzy-PID DCmotor DC power
_’. +_.
Controller (Servo) Supply

LDR2 .

Figure 3.1: General block diagram of single axis solar tracking for floating solar panel

3.2 Modeling of sun based PV board

The PV board specification of the SR-P660260 modeling is appeared in the table 3.

The utilize of equivalent electric circuit Figure 3.2 and Figure 3.3 makes it possible to model
characteristics of a PV cell. The model includes the following components (1) Current source
(2) A diode (3) A series resistance

A parallel resistance, it is the leakage resistance of the cell is very small in a single module.
The photons are generating the current source and the output of the model is constant with
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e I

constant temperature and constant intensity of light.

be planned by utilizing current

The sun based PV cell can

source and modified diode associated in  parallel to it

as appeared figure 3.2. The series resistance because of the obstacle within the way to flow

electrons from n to p intersection and parallel resistance is since of spillage current. A solar

PV module has several

PV cells connected

in series\parallel. Series connections

are utilized to increasing the voltage of the PV module, whereas the parallel connection is

used to increase the current. Several solar PV modules can be interconnected in series and

parallel configuration to form PV array. At a fixed ambient temperature and solar radiation,

the current — voltage (1-V) and power — voltage (P-V) characteristics of a typical PV solar cell

are non-linear in nature [43].

1
T

—

-

T

1
T
1T

—

s

2z

SENENE

—

s

np

v‘ Load ‘

Figure 3.2: Equivalent circuit of a PV module with series and parallel connected PV cells

The character of 1 — V curve range from short-circuit (I,.) to open-circuit current and open-

circuit voltage (V;). At the node of a normal I -V curve is the My, ( Ly, Vinp), the point at

which the PV cell generates maximum electrical power [44].

1%

IPh

Rsh

MW

_____________________________________

Figure 3.3: Ideal and practical single diode model of a PV cell
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The basic mathematical expression of the output current of the PV module (Figure 3.3) can

be expressed as

I =nyly, —nyl, [exp( av ) - 1] (3.1)

KTang

Where;

I: The current,

V: Voltage of the PV module,

L, : The photo-current,

I, : Reverse saturation current,

n, . The number of cells connected in parallel,

ng : The number of cells connected in series,
K: Boltzmann’s constant (1.38 x 10723 i), and

T: The PV module temperature.
A practical PV module composed of several PV cells requires the additional parameters to the

basic equation [45].

I =ny,l,, — nzlilexp (V:::I) - 1] - VJ::SI (3.2)
S

Where, Vt =

It is the thermal voltage of the module with N cells connected in series, R; and R,, are
equivalent series and parallel resistances. The PV current of the solar cells depends on the
series and parallel resistances. Datasheets only provide the nominal short-circuit current
(Isc, m), which is the maximum current available at the terminals of the practical device. The
assumption I, =~ I, has mostly been used in photovoltaic models because in practical
devices the series resistance is low and the parallel resistance is of high value. The PV current
depends on the solar irradiation and is influenced by the temperature according to the

following equation:

. G
Ipy = (pv,n + Ki(T — T,) = o (3.3)
Where, I, , is the PV current at the nominal condition (at 25 -C and 1000W/m2), T and T,

are the actual and nominal temperatures, G and G,, are the actual and nominal radiation and
Ki is the short-circuit current/temperature coefficient. Diode saturation current depend on the

solar radiation and the temperature as

to = ton 2] e (527 ~7]) (34)

M.Sc. Thesis, Addis Ababa University, 2021 27



Where E, is the band-gab energy of the semiconductor and I, is the nominal saturation

current can be expressed as

Iscn
lon = (Voc’n> o = Is (3.5)
exp(——)-1

aVen

Where; V,, being the thermal voltage at the nominal temperature T,,. At normal value of
irradiance, the short-circuit current can be assumed to be equal to the photo current I,,,,.
Short-circuit current I, = Ip,, of the PV module is not strongly temperature dependent; it
tends to increase slightly with an increase in the module temperature. For the comparison of
various MPPT algorithms, variation in short-circuit current with change in temperature can

be considered negligible. The short-circuit current can then be determined by [45]

Ise = Isen (GG_n)a (3.6)

Where; I ,is the short-circuit current under the nominal irradiance (G,) while I is the

short-circuit current of the PV module under the irradiance G and « is the exponent
responsible for all the non-linear effects that the photocurrent depends on. Under different
irradiance levels, short-circuit current is different, so that the parameter « can be determined

by

1
11’1( SC,Tl)
_ Isc,1

X = I Gn/G1 (3.7)
Where [;.n,and Ig.; are the short-circuit currents of the PV module under radiation

G, and G;. Other important characteristics of the PV module versus open-circuit voltage
V,.; fill factor FF and the maximum power output PB,,, are the function of radiation and
panel temperature. The relationship between the open-circuit voltage and radiation follows a
logarithmic function based on the ideal diode equation and due to the effect of temperature.
There is an exponential increase in the diode saturation current with an increase in

temperature. The open-circuit voltage at any given condition can be expressed by

_ Voen  (TaY
Vo = 1+4In(52) (T) (3:8)

Where V,.and 1, ,are the open-circuit voltage of the PV module under the normal radiation
G and the nominal radiation G,, f is a PV module technology-specific coefficient and y is the
exponent considering all the nonlinear effects. The values of «, # and y can be referred from
the datasheet of the solar module.

Fill factor is a dimensionless term and is a measure of the deviation of the actual I — V

characteristic from the ideal one. The series and shunt resistance associated with PV modules
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reduce the fill factor. The expression for determination of the fill factor is [45], [46], [47],

[48].

FF = FE, (1 - VR> (3.9)
Isc

Where;

FF, = (Voc —In (V. + 0.72))/1 + v,, (3.10)

Where, FE, is the fill factor of the ideal PV module without resistance effects, R, is the series

resistance and V,.is the normalized value of the open-circuit voltage to the thermal voltage,
ie.

Voc
Voc = m, (311)

The maximum power output B,,,,Can be given by [46],
Brax = FF * Voo * Igc;

_ oc—In(vyc+0.72) Ry Voc, T\Y G\%
Prax = T(l E V_) * an%n)(?) Isen (Z) (3.12)

Isc

Maximum Power

Amps Foint (MPF) Fower
Short Circuit A - -V Curve  Ap
Current (Isc) —= max
S . (P = WxI)
mp
|
= P\ Curve | —
m —_
2 [ k]
@ | =
E- I L
=L Area = Vmp X Imp |
I
| Vmax
o - -
Voltage (V) Vimp T Volts
Open Circuit

Woltage (Woc)

Figure 3.4: 1 — V and P — V characteristics of a solar cell
The PV Electrical specification of the FPV model is SR-P660260 used in this research.
Adapted from sunrise model at standard test condition, the data is generated from PVSYST
software.
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Table 3.1: SR-P660260 PV panel Electrical specification for the FPV model

Open circuit- voltage (Vyy) 37.89V

Short circuit current  (Is¢) 9.08A

Current at maximum power point (I,,,,)) 8.5A

Voltage at maximum power point (V,,,,,) | 30.61V

Number of cells in series Ns 60

Power at maximum power point(Mpp) 260W

K, Thermal coefficient of I,.%°C 4.5mA/°C
K, Thermal coefficient of V,,,% °C -139mV/°C
K, max -0.45°C

3.3 Mathematical modeling of MATLAB SIMULINK

The solar cell model is shown in figure 3.3. The mathematical modeling of the solar cell

for single diode is given as;

G
Ipn = (Ise + Ky * (T — 298) * —— (3.13)
_ Eg(in—l)
I, = I (E) exp[q * #] (3.14)
ISC
Is = —5% (3.15)
e T aNsKT _q
V+I+Rg
ISh = Ren (3.16)
ed*V+IRs
I'=1Tpn = 1o * [a.k.NS.T] — - sh (317)
Where;
Photo current of solar cell (,);
Saturation current (1,);
Reverse saturation current (I,.;);
Current through shunt resistor(Igy,),
Output current ()
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Figure 3.5: Subsystem of solar parameters in MATLAB SIMULINK (1), (2),(3),(4),(5)
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Table 3.2: Constant parameters and variables for modeling

No Parameter Constant values Units
1 | Photo-current ((I,5)) - A
2 | Short circuit current at SCT (Ig() 9.08 A
3 | Operating temperature(T) 25 °C
4 | Nominal temperature (K) 298 K
5 | Solar irradiance (G) 1000 W /m?
6 | Electron charge (q) 1.6 xe—19 C
7 | Open circuit voltage (Vo) 37.89 Vv
8 | Ideality factor of diode (a) 1.3 -

9 | Boltzmann constant (k) 1.38xe — 23 JIK

10 | Band gap energy of semiconductor (E,) 1.1 eV
11 | Number of cells connected in series (NSs) 6 -

<

Figure 3.6: Model of solar cell in MATLAB SIMULINK

Thermal drift

In real world introducing the measured values of the thermal drift as given by several PV
cells producers, The PV cell temperature, T,, changes depending to the operating conditions;

specifically, when the temperature increases, the photo-generated I, current increases
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slightly, whereas the open-circuit voltage, V,. decreases highly, as shown the following
equation:

Voe(Te) = Vo, STC(T)[1 = Ky (Te = T, STC)] (3.18)

Where K, is the open-circuit voltage thermal coefficient, given in T , Which is depends on
the technology. The expectation of PV module performance in terms of electrical power
output in the field that is introduced by manufacturer of the module, it is modeled by using of
correlations of PV power as a function of operating variables, T, and G. The parameterization

of PV power with temperature used model is given by the following equation:
Pp(Tc) = Nsrc * Apy * G[1 — K, * (T, — TSTC)]
G
Gorn T EsTC * [1—ky * (T — Tsre)] (3.19)
STC

Where

nsrc - The reference module efficiency at STC,
Apy : The panel surface area
k,, : The power temperature coefficient for the PV module
3.4 Environmental Impact of FPV power generation
The FPV power generation is affected by variables such as wave-height (m), wind speed
(m/s), and lake fetch (km). Its structure against wave-height effect, the stress of the structure
was developed with respect to the wave-height through many element analyses. The Molitor
was proposed the design wave-height formula that is shown as equation (3.20). Variables
under different conditions were applied to this equation [49].
h,, = 0.06VVF + 0.76 — 0.27VF (3.20)
Where,
h,,: Wave-height (m),
V: Wind velocity (m/s),
F: Fetch (km) (length of the surface on which wind can act)

Meteorological stations typically detect the wind at height of 10m. The station data to be

corrected with Hellman formula that is expressed as follows [50]:

ag

V() = Vo () (3.21)

The wind speed is starting from V;, at the height of 10m. The parameter «ay , the Hellman
exponent, it is a number that depends on the location in a range that goes from 0.06 (unstable
air above open water surface) to 0.6 (stable air above human inhabited areas).The fact that the

relevant basin surface is slightly below the open land level. We assume a typical value of 0.2
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and this, at height of 0.7m; it shows a reduction of 50% of the wind speed. Then we can
determine the pressure of the wind on the panels using the standard formula:

Py =>pCaV? (3.22)
Where;

P, : The pressure of the wind on the panel,

V;2 : The module of the wind speed to the square

C4 : The coefficient of the object

p : The density of air

Depending on the surface S of the solar panel which can be evaluated the force acting on the
solar panel and perpendicular to it. Let as active force be F, = B,S with a factor C; =0.5, p =
1225kg/m3 and with the velocity of 20m/s at the water surface (very strong gust), the
pressure generated is 300Pa. In fact the forces of the buoyancy and the horizontal component
sums up and tends to generate increasing forces on the connected rafts. Due to this the wind
and wave forces acting on the system are small compared to the system generating force. The
distribution of the forces depends on the alpha angle of the panel and the beta angles. When
the sinking force increases the beta angle changes, to prevent this sinking force is always
balanced by the force of Archimedes. The wave force acting on the mooring and high waves

can fall onto the floating plant in open lake/seas to minimize the effects of the wave while

maintaining a constant buoyant force [51].

Figure 3.7: the angle of a mooring line & force exerted by wind on the floating platform
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The larger tilt angles (8) will lead to higher tension for the same amount of wind load.

Fyin
Fiention = 4 (3-23)

cosf

B = angle of the mooring line;

Fina = force of wind;

Foerticar = vertical uplift force

3.5 High -Density polyethylene (HDPE pipes)

To make the structure float, HDPE cubes were considered during this paper. The enormous
amount of cubes that would be needed, the floating solar PV system design uses an
alternative. Long pipes that can be directly extruded on surface of the water, made with the
same material, HDPE (HIGH-density polyethylene).

Figure 3. 8: HDPE Pipes Used in the Construction (Alibaba, 2019)
The quantity of pipe needed for one plat form is calculated using the Archimedes’ principle
and the buoyancy force.
Fg = Mg = prgVa (3.24)
Fy : Buoyancy force

M: Mass of element.

py : Fluid density. (Water at 4°C has a py = C% = 103kg/m?)

V,; : Displaced fluid volume.

An estimation of the total volume of pipe used in one of the platforms is:
V=Ax%L=[rRex," — TRE] * [Lperimeter + Lrows] (3.25)
Lperimeter = 2R ; R=radius of the pipe

L,ow = panel row dimenition
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R.,: = extrenal radius of the pipe

3.6 Single axis solar tracking model for floating solar PV system

The principle of floating solar tracking system developed in this thesis is shown by the following
block diagram

EAST LDR1|LDR1

Error/
Rate of Error

U Speed

LDR2 FPID | DC motor —#— Solar panel [

WEST LDR2 Comparator FPID Controller DC servo motor Load

Figure 3.9: block diagram of floating solar tracking system
Figure 3.9 shows that the set point is the intensity of solar light received on the east side of
the PV panel. The two LDR sensors are used to sense the position of the sun depends on the
time. The two sensors are putting the east and west direction near to the floating PV panel.
The sensor can detect the voltage across each LDR sensors, from the two opposite side of
LDRs; voltage difference occurs due to the solar light intensity variations. The floating solar
PV panel can shift the position into high voltage difference of LDR. The voltage difference of
the two LDR sensors can be zero; this can be suggested that the light can be distributed
equally on the whole panel. The two sensors will be adjusted east to west direction for the
whole day. The DC motor is used to rotate the floating solar panel and the speed of the motor
is controlled by PID controller. A fuzzy logic based controller is also used to tune the gain of
PID controller [52].The controlled variable is the position of the PV panel based on
differences in the intensity of solar light received by the east and west side of the PV panel. If
the output voltages of the two LDR sensors are not same then it will result an error which
becomes the input for the fuzzy logic controller. The controlled signal generated by Fuzzy-
PID controller (PWM signal) as an input to rotate the motor a pre-determined angle or will

order the DC motor to move or stop.
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Figure3.10: the control algorithm of floating PV solar tracking system

3.7 Design and analysis of floating solar tracking PV system controller

There is different type of controllers used for position control of tracking solar PV panel
among those in the following section are considered on PID and fuzzy-PID controllers with
DC servo motor.

3.7.1 Hybrid Fuzzy PID controller model

The output values are, AK,,, AK; and AK,, which comes from input variables that have been
handled with fuzzy reasoning , fuzzy solution and quantification. Then they are added with
the initial PID parameters to get new PID parameters and implement the online adjustment of
PID parameters. In the end the values are getting from PID controller. The fig3.12 shows the
structure of Fuzzy -PID controller. Using the fuzzy controller rule on- line, PID parameters,

K,,K; ,K, are adjusted. The block diagram of a self-tuning Fuzzy-PID controller is shown

in figure below.
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Figure 3.11: self tuning Fuzzy-PI1D controller model
PID parameters fuzzy self-tuning is to find the fuzzy relation between the three parameters of
PID and “e” and “de”, and depending to the principle of fuzzy control, to modify the three
parameters in order to meet different requirements for control parameters when “e” and “de”
are different, and to do the control strategy a good dynamic and static performance [53].
3.7.2 Design and analysis of PID controller
A PID controller combines proportional gain, integral gain/reset and derivative gain/rate
modes to calculate the output based on error between a measured variable and a desired set
point as represented in the Laplace domain Equation (3.26).
Goon = (Kp + =1 +Ky.5), and Geon = Kp, (1+ % + Tds) (3.26)
Where, K, is the proportional constant, K;is the integral time and K is the derivative time.
The proportional mode considers the present state of the error and the integral control mode
looks into the past history of the error, while the derivative mode anticipates the future values
of the error and acts on that prediction. The purpose of the derivative mode is to predict the
errors and take corrective action in advance. The integral mode returns the controlled variable
to set point after the disturbance at input and eliminates the offset, which the plain
proportional controller cannot do. The reason proportional controller results in an offset are
because it disregards the past history of the error; in other words, it leaves the accumulated
effect of past errors uncorrected. The integral mode continuously looks at the total past
history of the error by continuously integrating the area under the error curve and eliminates
the offset.
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3.6.2.1 Loop tuning mechanism

A. Manual tuning

The control framework must be online; one tuning strategy is to to begin with set K; and K,
values to zero. Increment K, until the yield of the circle wavers, and after that K, ought to be
set to around half of that for a “quarter sufficiency decay” sort reaction.

At that point increment K; until any balanced is corrected in adequate time for the method, In
any case; as well much K; will cause precariousness.

At long last, increment K, on the off chance that required, until the circle is worthy fast to
reach its reference after a stack unsettling influence. In any case, as well much K, will
cause intemperate reaction and overshoot. A fast PID loop tuning usually overshoot slightly
to reach the set point more quickly; however, some systems cannot accept overshoot, an over
damped closed — loop system is required, which will require a K, setting significantly less
than half that of the k, setting that was causing oscillation. The PID parameters can be
determined by using manual loop tuning mechanism. Thus are K, = 30; Ki = 9100 and K4 =

110. The MATLAB/SIMULINK model is shown in figure 3.12 and the PID controller
transfer function is given in equation (3.27).

9100

G(s) = 30 + ==+ 110s (3.27)

—

0.06 D

0.0031s* + 0.1414s + 0.0058

+ »9100

w | —

Au DC Servo Motor
Al

Figure 3.12: Manual loop tuning of SIMULINK model

The PID parameters affect the system dynamics which are:

Four major characteristics of the closed —loop step response
1. Rise Time: the time it takes for the plant output y to rise beyond 90% of the desired
level for the first time.
2. Overshoot: the peak level is higher than the steady state, normalized against the
steady state.

3. Settling Time: the time it takes for the system to converge to its steady state.
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4. Steady- state Error: the difference between the steady-state output and the desired

output.
Table 3.3: Tuning effect of independent P, | and D in closed-loop system response [54]
Closed loop response | Rise overshoot | Settling Steady state error | stability

Time time

Increasing Decrease | Increase | Small decrease degrade
K, increase
Increasing Small increase | increase Large decrease degrade
K; decrease
Increasing Small decrease | decrease Minor improv
K, decrease change e

B. Convectional PID tunings methods

The system models may be determined using system identification techniques, such
measuring output for an impulse or step input. Most PID controllers are tuned on-line due to
machine and process variations. The theoretical calculations for an initial setting of PID
parameters can be by-passed using a few tuning rules. There are different tuning methods
used in convectional PID tunings.

1. The Ziegler-Nichols tuning rule for open loop system

Ziegler and Nichols conducted various tests and proposed rules for deciding esteem of
Kp, K;, K4based on the temporal step reaction of a plant.

It is proposed more than one strategy. The open circle framework bend can be characterized
two constants, delay time (L) and time steady (T) which are decided by drawing
a digression line at the enunciation point of the bend and finding the crossing points of
the digression line which the time pivot and the steady-state level line. The exchange work of
such a plant may be approximated by ato begin with —arrange framework with transport

delay.

G(s) =X

(3.28)

e~ L
Ts+1

Step Response

T T
Tangent line at inflection point

Amplitude

a

a 6 8 10 12 14

Figure 3.13: S-shaped step input response curve
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Table 3.4: ZN tuning step input response of plant

Types of controller k, T; Ty
P T o0 0
L
Pl 0.9T L 0
L 0.3
PID 1.2T/L 2L 0.5L

From the figure 3.13 the approximation value of delay time L and time constant T is 0.25sec
and 3.85sec respectively. The transfer function of PID controller tuned using step response is:
G(s) = K, (1 + =+ Tps);

T 1.2%3.85
,=12-=
L 0.25

T;=2L=2%025=05and T, = 0.5L = 0.125

k

=1.2%15.4 = 18.48;

18.48 + 322 4 2315 (3.29)

N

G(s) = 18.48 (1 +24 0.1255)

2. Z-N Closed Loop Tuning Method

This closed Circle tuning strategy was moreover made by Ziegler and Nichols almost the
same time as their open loop strategy was created and itis additionally utilized to as
the recurrence reaction strategy, this strategy is based on certain characteristics of the
method elements. Their plan of the strategy was based on knowing the point where the
Nyquist bend of the method exchange work G(s) converges the negative genuine hub. They
characterized two parameters, K,, and T,,, based on this point, which can be determined
ultimate gain using Routh-hurwitz criteria method and ultimate period. The method for
determining these parameters is as follows. Connect the controller to the plant, turn off the
integral control, i.e. set T; = oo, and turn of the derivative control by settingT; = 0. Increase
the gain K until the process starts to oscillate. The ultimate gain where this occurs is K,, =
0.2645 and the period of the oscillations will be T,, = 0.69 which is obtained from appendix
d. Again Ziegler and Nichols came with simple formulas that relate K, and T,, to K,
T; and T, for P, Pi, and PID controller from table 3.5 [54].

After determination of the ultimate gain and period, we can use the Ziegler—Nichols tuning
rules (Table 3.5) to establish the PID tuning constants. This design method is based on

increase k, from 0 to a critical value K., at which the output first exhibits sustained
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oscillations. To do that, first set T; = o andT,; = 0, then the critical gain K. and the
corresponding period P.. can be determined from simulation. The Ziegler-Nichols formula
used to set the values of the PID parameters is shown in table 3.5.

Table 3.5: Ziegler-Nichols PID tuning rules

Type of

controller K, K; Kq

P 0.5K,,

PI 0.45K,, =

PID 0.6K,, = 0.125T,

To determine the values of K, ,K;,and K; can be substituting the value of K, T;, using the
above table 3.5.The Transfer function of PID controller tuned using frequency method

1
G(s) = kyp(1+ ot TDS)

1
0.5pcrs

= 0.6K,, (1 + + 0.125Pcr)

_ 0.075KcrpCT(S+PiCT)2

N

G(s) = 0.1587(1+ !

0.3450s

+0.0863s) (3.30

Kp

0.0137 J

Kd

Figure 3.14: Model components of Fuzzy-PID controller block
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3.7.3 Design of Fuzzy controller for floating solar PV system
3.7.3.1 Fuzzy logic controller design
The input to the Fuzzy controller are light intensity error “e(t)” of LDR sensor and change-

in-light intensity error "d(t)" . The input of the fuzzy logic controller is expressed in the

figure below.
e(t) = LDRG,(t) — LDRG(t) (3.31)
d(t) =e(t) —e(t—1) (3.32)

Steps in fuzzy system design

e |dentify the inputs with their ranges and name them

e Identify the outputs with ranges and name them

e Create the degree of fuzzy membership function for each input and output

e Construct the rule base that the system will operate

e Decide how the action will be executed by assigning strengths to the rules
The fuzzy logic controller having the following stages [55].
Fuzzification: - it implies the process of the transforming the crisp values of inputs of a
controller domain.
Knowledge Base: - the knowledge base of FLC consists of data base and rule base

i Data base:-it is used to provide necessary information for functioning of

fuzzification module, rule base and defuzzification module
ii. Rule base: - the function of rule base is to represent in a structured way the control
policy.

Fuzzy interface system
Fuzzy interface system has a simple input-output relationship. Input data from the external
world is processed by the fuzzy interface system to produce the data the events having place
in this these process are referred as the basic fuzzy interface algorithm. Mamdani fuzzy is of
the fuzzy interface system.
Defuzzification
The control output derived from the combination of input, output membership functions and
fuzzy rules is a fuzzy element and this process is called fuzzy interface. To do the fuzzy
output available to real application, a defuzzification process is needed. The defuzzification
process is meant to convert the fuzzy output back to the crisp or classical output to the control

objective. The output is still a linguistic variable, and this linguistic variable needs to be
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converted to the crisp variable through the defuzzification process. Three defuzzification
techniques are commonly used, which are [56]:

I.  Mean of Maximum Method,

1. Center of Gravity and
1. The Height method.

I.  Mean of Maximum Method
The mean of Maximum (MOM) defuzzification method computes the average of those fuzzy
conclusions or outputs that have the highest degree. If the servo motor x is rotated FAST. By
using the MOM method, this defuzzification can be expressed as
MOM(FAST) = zgx’ ,T = {X'1uFAST(X") = Support uFAST(X)} (3.33)

Where; T is the set of output x that has the highest degrees in the FAST. The graphical
representation of the MOM method is shown in figure x. MOM method is that it does not
consider the entire shape of the output membership function, and it only takes care of the
points that have the highest degrees in that function. For those membership functions that
have different shapes but the same highest degrees, this method will produce the same result.

KA

X
— -
Px

Figure 3.15: Graphical representation of defuzzification of MOM method

Il.  Center of Gravity (COG)
It is the most popular defuzzification technique and is widely utilized in actual applications.
This method is similar to the formula for determine the center of gravity in physics, the
weighted average of the membership function or the center of the gravity of the area bounded
by the membership function curve is computed to be the crisp value of the fuzzy quantity.

)

Y x UFAST (x)*x

COG(FAST) = ((2Em s
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If X is a continuous, this defuzzification result is

[ UFAST (x)dx
[ WFAST(x)dx

COG(FAST) = (3.34)

TRV Y

Y

Figure 3.16: A graphical representation of the COG method

I1l.  The Height Method (HM)
This defuzzification method is valid only for the case where the output membership function

IS an aggregated union of symmetrical functions. This method can be divided into two steps.
First the consequent membership function F; can be converted into a crisp consequent x = F;
where F; the center of gravity of is F;. Then the COG method is applies to the rules with

crisp consequents, which can be expressed as

M F.
x = 2=z Wil (3.35)

Y21 Wi
Where; w; is the degree which the it* rule matches the input data; the advantage of this
method is its simplicity.
Adjusting fuzzy membership functions and rules
In order to improve the performance of FLC, the rules and membership functions are
adjusted. The membership functions are adjusted by making the area of membership
functions near ZE region narrower to produce finer control resolution. On the other hand,
making the area far from ZE region wider gives faster control response. Also the performance
can be improved by changing the severity of rules [57]. To study the effect of rise time (T}),
maximum overshoot (M,) and steady-state error (SSE) when varying K, K; and K, .
Design of Membership Function (MF)
A. Input variable

Fuzzy sets of intensity RDR1 error (LDR1e) variable
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Membership function plots
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Figure 3.17: Membership Function of Intensity LDR1 Error

Table 3.6: Membership Function of Intensity LDR1 Error

Fuzzy set description Numerical Shape of membership function
(linguistic variables) range
Negative Large (NL) Large intensity difference | -600 to 200 Trapezoidal
in negative direction
Negative small (NS) Small intensity difference | 385.2 to 87.23 Triangular
in negative direction
Zero (Z0O) The intensity difference is | -200 to 200 Triangular
zero
Positive small (PS) Small intensity difference | -74.77 to 374.8 Triangular
in positive direction
Positive large (PL) Large intensity difference | 168 to 576 Trapezoidal
in positive direction
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Figure 3.18: Membership Function change of Intensity LDR2 Error

Table 3.7: Membership Function change of Intensity LDR2 Error

description Numerical Shape of membership function

Fuzzy set range

(linguistic variables)

Negative Large (NL) | Large intensity difference | -1000 to -250 Trapezoidal
in negative direction

Negative small (NS) | Small intensity difference | -500 to 100 Triangular
in negative direction

Zero (Z0O) The intensity difference is | -250 to 250 Triangular
zero

Positive small (PS) Small intensity difference | 100 to 650 Triangular
in positive direction

Positive large (PL) Large intensity difference | 350 to 950 Trapezoidal

in positive direction

B. Output Variables
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Membership function plots
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Figure 3.19: proportional gain kp membership function

Table 3.8: proportional gain kp membership function

Fuzzy set

(linguistic variables)

Numerical range

Shape of membership function

Positive very small (PVS) 0to0,0to50 Triangular
Positive small (PS) 0to 37.5,37.5t0 125 Triangular
Positive medium small (PMS) | 37.51t0 62.5, 62.5 to 150 Triangular
Positive medium (PM) 50to 125, 125t0 175 Triangular
Large Positive medium (LPM) | 50 to 175, 175 to 200 Triangular
Positive large (PL) 125 to 200, 200 to 250 Triangular
Positive very large (PVL) 175 to 250, 250 to 250 Triangular

Heﬂl'lbi‘.'l'ship il‘un::tiun pllr.:‘ls S e

Pus PS PMS PM  LPM PL PAL

output varnable "Ki™

Figure 3.20: Integral gain Ki of membership function
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Table 3.9: integral gain Ki of membership function

Fuzzy set
(linguistic variables)

Numerical range

Shape of membership function

Positive very small (PVS) 0to0,0t03 Triangular
Positive small (PS) 0tol1.6,16t04 Triangular
Positive medium small (PMS) | 1.4t02.8,2.8t08.6 Triangular
Positive medium (PM) 2.4t05,5t06 Triangular
Large positive medium (LPM) | 2.4t05.6,5.61t08 Triangular
Positive large (PL) 5t08,8t010 Triangular
Positive very large (PVL) 6to 10, 10 to 10 Triangular
plot points:

Membership function plots

181

P3

PMS P

LPM PL

1

L

output varable “Kd”

Figure 3.21: Derivative gain kd of membership function

Table 3.10: Derivative gain kd of membership function

Fuzzy set Numerical range Shape of membership
(linguistic variables) function
Positive very small (PVS) 0t00,0t00.3 Triangular
Positive small (PS) 0t00.2,0.2t00.5 Triangular
Positive medium small (PMS) | 0.2 to 0.35, 0.351t0 0.7 Triangular
Positive medium (PM) 0.3t00.5,0.5t00.7 Triangular
Large Positive medium (LPM) | 0.3t00.68, 0.68 t0 0.9 Triangular
Positive large (PL) 0.5t00.8,08t01 Triangular
Positive very large (PVL) 0.7to1,1to1 Triangular
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Fuzzy rule table design of intensity error for LDR1 and LDR2

One —axis solar tracking system generally uses two sensors. LDR sensors measuring light
density are placed on solar tracking system by indicating in east and west. The main idea is to
read the value from LDR1 and compare it with the value of light density from LDR2. Then,
depending on the difference between the two values, the controllers will decide and send
commands to the motor and change its angle in order to make the difference equal the
tolerance value (LDR1-LDR2=tolerance).

Table 3.11: Error for LDR1 and change of error for LDR2

dLDR2e/LDR1e NL NS Z0 PS PL
NL Z0 PS PL PL PL
NS NS Z0 PS PL PL
Z0 NL NS Z0 PL PL
PS NL NL NS Z0 PL
PL NL NL NL NL Z0
Fuzzy rules design for output variable of K, , K; and K,
Table3.12: fuzzy rule base design of Kp
dLDR2e/LDR1e NL NS NO PS PL
NL PVL PVL PVL PVL PVL
NS LPM LPM LPM PL PVL
NO PVS PVS PS PMS PMS
PS LPM LPM LPM PL PVL
PL PVL PVL PVL PVL PVL
Table 3.13: fuzzy rule base design of Ki
dLDR2e/LDR1e NL NS NO PS PL
NL PM PM PM PM PM
NS PMS PMS PMS PMS PMS
NO PS PS PVS PS PS
PS PMS PMS PMS PMS PMS
PL PM PM PM PM PM
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Table 3.14: Fuzzy rule base design of Kd

dLDR2e/LDR1e NL NS NO PS PL
NL PVS PMS PM PL PVL
NS PMS LPM PL PVL PVL
NO PM PL PL PVL PVL
PS LPM PVL PVL PVL PVL
PL PVL PVL PVL PVL PVL

3.7.3.2 Fuzzy control system design assumptions

The fuzzy control deign that can be contained six main assumptions commonly build
whenever a fuzzy rule-based control policy is selected [58]. The plant is observable and
controllable: input and output variables are usually available for observation and
measurement or computation.

% There exists a body of knowledge compromising a set of linguistic rules, engineering
common sense, intuition, or a set of input-output measurements data from which rules
can be extracted.

% A solution exists.

% The control engineering is looking for a “good enough” solution, not necessarily the
optimum one.

%+ The controller will be designed within an acceptable range of precision.

%+ The problems of stability and optimality are not addressed explicitly; such issues are
still open problems in fuzzy controller design.

3.7.3.3 Fuzzy interface system

First we defined on E in domain of e linguistic variables for LDR1 and defined on the EC in
domain of ec linguistic variables for LDR2. Set the deviation e basic domain {el, eh} = {-
600,600}, error change rate (ec) basic domain {ecl, ech} = {-1000, 1000}, Ak, and Ak, basic
domain {0, 250}, {0, 10} and Akp basic domain {0, 1}.

The typical FIS inputs are the signals of error E and change of CE in light intensity sensor.
The FIS output is the control action inferred from the fuzzy rules. The configuration of FIS

for our fuzzy controller is given the below figure.
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Figure3.22: Fuzzy interface block

Figure 3.22 (a), (b), (c) shows the surface viewer of KP, Kl and KD with the E of LDR1 and
CE of LDR2 respectively and shows the rule viewer of fuzzy interface system. Where, the
rule viewer of fuzzy interface system and the IF THEN rule is given in appendix A and B

respectively.
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Figure3.23: surface viewers of KP, KI and KD
3.7.3.4 Fuzzier Design
Figure 3.23 is a graph of the intensity error of LDR1 and change in intensity error of LDR2
fuzzy membership functions. It assigns a crisp value’s degree of membership to five fuzzy
linguistic values NL, NS, ZO, PS, and PL. the fuzzy input membership functions used for
error in intensity of LDR1 and change of error in intensity of LDR2 are triangular type. The
universe of discourse of each membership function is shown in table 3.15 with degree of

membership.
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Figure 3.24: membership function for error and change of error in intensity of sensor LDR

Table 3.15: membership function universe of discourse of error and change of error in
intensity of LDR

E(LDR1) EC(LDR2) Degree of Membership

NL NS Z0 PS PL

-600 to -400 -1000 to - Otol 0 0 0 0
600

-400 to -200 -500t0-200 | 1to0 | Oto 1l 0 0 0
-200to -74.77 | -200 to 100 0 1t00 Otol 0 0
-74.77 to 100 100 to 400 0 Otol 1t00 1t00 0
100 to 200 400 to 700 0 0 1t00 Otol Otol
200 to 400 700 to 1000 0 0 0 1t00 Otol

3.8 DC servo motor modeling

A common actuator in control systems is the DC motor. It directly provides rotary motion
and coupled with wheals or drums and cables provide translational motion. DC motors are
widely used in industrial applications, robot manipulators, speed and position control of
motors are required. Consider a DC motor, whose electric circuit of the armature and free-

body diagram of the rotor is shown in figure 3.24.
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Figure 3.25: Schematic diagram of DC motor
The input is the armature voltage V in volts (driven by a voltage source). Measured variables
are angular velocity of the shaft w in radian per second and the shaft angle 6 in radian.
Where:
V,=armature voltage (V)
R, =armature resistance (Q)
L,=armature inductance (H)
i,=armature current (A)
Ep=back emf (V)
@=angular position of rotor shaft (rad)
3.8.1 System modeling
In armature control of DC motor, the voltage applied to the armature of the motor is adjusted
without changing the voltage applied to the field where the output voltage and motor torque
is related the equation below.

Va(®) = Rala(t) + 2528 1 £, (1) (3.36)

The motor torque T; is related to the armature current I, by constant factor k:

T = ki (3.37)
The back electromotive force (emf), E, is related to the angular velocity by
E, =Ko = Kka (3.38)

dt

In the figure above the following equation based on the Newton’s law combined with the

Kirchhoff’s law cab be expressed as:

jd?6 | bd6 _ .

a2 + o Ki (339)
Ldi . kdo

E-FRL-V—F?—O (340)

Table 3.16: Parameters of the servo DC motor parameter values
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parameter value unit
Armature resistance (R,) 2.2 Q
Armature inductance (L,) 0.5 H

Torque constant(K;) 0.06 Nm/A
Back emf constant (K},) 0.06 Nm/A
Inertia of motor rotor (J) 0.0062 Kgm?/rad
Friction coefficient (b) 0.00l Nm

3.8.2 Transfer function of DC motor

Using the Laplace transform equation (3.41) and (3.40) can be expressed as:
Js20(s) + bsO(s) + ki(s)

LsI(s) + RI(s) = V(s) — KS6(s)

From the equation (3.36), I(s) can be expressed as:

I(s) =
Equation (3.43) substitutes from equation (3.41) to obtain:

V(s)—KsO(s)
R+Ls

K(V(s)—ks6(s))
R+Ls

Js20(s) + bsO(s) = (

(3.41)
(3.42)

(3.43)

(3.44)

The equation for the DC motor is shown in the following block diagram in the figure 3.20.

From the equation (3.44), the transfer function from the input voltage V (s), to the output

angled, directly follows:

_6(s) _ K
G(s) = V(s)  S[(R+Ls)(Js+b)+K?2)] (3.45)

_wls) k
G(s) = V(s)  [(R+Ls)(Js+b)+k?] (3.46)

angular speed
1/(Ls+R) P Kt | 1/(Js+b) ———{ 1/s f----
w theta
tetha hat
Kb [«
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Figure3.26: MATLAB SIMULINK model for DC servo motor
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Figure 3.27: model of floating solar tracker system
The transfer function from the input voltage,V (s), to the angular velocity, w is:
G(s) = w(s) ke . 0.06
T Va(s)  [(R+Ls)(Js+b)+kekp] ~ 0.00352+0.14145+0.0058
Motion equation of floating PV solar panel:
dze do
Jae + Kbg =T; (3.47)
torque
e O
1 1
11 » e
Torque B} ’{ s | theta_dot s | theta
theta_dot_dot

ADD

k+

Figure3.28: MATLAB SIMULINK model for solar panel motion

3.9 LDR sensor model

The LDR sensor could be avariable resistor that changes the resistance concurring to

the escalated of occurrence beam lit up on to it. As the escalated of daylight changes, the

resistance and the voltage of LDR sensors alter.

The resistance diminishes with expanding occurrence light intensity. The LDR sensor unit

consists of two sensors. These are utilized for measuring light escalated and creating analog

voltage signals to be sent to control modules. They sense the position of the sun in

vertical pivot i.e. east and west side.
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Sensors are introduced on the sun powered board and found around a walled in area; the
LDRs are isolated by dark surface or it is called balancer. The design of the plant is to
calculate the moment of inertia of the solar panels in order to determine the location of the
axis or rotary axis appropriately. In this case there are two possibilities; in the middle of the
horizontal side (1) or in the middle of the vertical side (W) of solar panels. The output voltage
across the resistor is the input of the controller. Based on the input, the servo motor rotates
clockwise (CW) or anticlockwise (CCW).

w 1

¢. B e e e e i

0 4

Figure 3.29: the rotary axis of solar panels
Hypothetically, the littler the minute of idleness of a protest at that point it'll be simpler to
move. Based on calculations, the most excellent position of the rotating pivot is set within
the center of vertical side of sun powered boards since it has moment of inertia littler than
others. To determine the torque needed to move solar panels, in order to obtain the suitable
characteristics of dc motors. Based; on the specifications of the PV panel that the value of the

minimum torque is required to derive the PV panel position [59].

]
(I
- 0.06
r r N . 1_ T m e
il ¢ ! 0003182 + 014145+ 0.0058 | theta _dot 5 | theta 7| TAePOSIn -
Fuzzy-PID PV panel
DC Servo Motor

position sensor
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Figure 3.30: General SAST MATLAB/SIMULINK model of floating solar PV system

3.10 Number of panels and energy production

Lake Tana is the largest lake in Ethiopia and the source of Abay (Nile). The lake is around 84
Kilometers long and 66 Kilometers wide, with most extreme profundity of 15 meters
and rise of 1,788 meters [60]. Surface area of Lake Tana is 5544km?. For the most part 9x9
modules/arrays are proposed to induce the FPV control that utilized to produce 210.762kW.
The area of the sunrise module/panel SR-660260 is 1640mmx1992mm=3,266,880mm? =

210.762KW __

3.26688m? ~ 3.3m?2. The proposed array value of power is equals 3.3m? * 2K

2675.056m? (0.2675 * 10~*km?).

The sun based board to be securedis 0.1% of the surfacerange of Lake Tana which
can be assessed the control and the number of boards.

Estimation of 0.1% area= 5544km? = 0.001 = 5.544km?;

The drifting PV sun powered boards range to be secured is 0.1% to appraise its range that has

been creating the taking after powers.

2
0.2675 * 10~*Km? = 210.762kw; 5.544Km??; 210.762kW * ——ti™_ ~ 207,25 «
0.2675¥107*Km

103Kw = 207.25MW .

The required PV board is SR-p660260 /60, 260w. The maximum electric power supplied by a
PV system when it receives a solar irradiance of 1kWW /m? at the cell temperature of 25°C.
One PV panel or SR-p660260/60 has 260w; then the total number of boards can
be communicated as:

3.3m? = 260W; 3.3km? = 260W; 5.544km??;

5.544km?  —o"_ — 436.8 x 10°W = 436.8MW;
3.3%10~6km?
number of Pv panels = one pv panel * 436.8 * 2]::)/;/

= 1680 * 103panels = 1680 * 103panels

The 1080MW power and the area to be covered is 13.707km? (0.635%).

The coasting sun based PV framework of hourly vitality era can be assessed as takes after:
W=I1xAx*n (3.48)
Where, | is mean hourly parameter and A is the area of the lake covered by floating solar PV

panels. n is the proficiency of the chosen PV panel’s which is decided as

N = Nmodule * Ntem * Nmodule (349)
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Nmodute » the degree of efficiency of a module 7., is the PV conversion efficiency and
Ninverter 1S the effectiveness of inverter. In this proposal based on the chosen PV board
(polycrystalline 157 x157 mm cell with peak power of 260wp and module dimensions of
1640 x 992 X 35) Mmodute ANA Ninverter Were determined from PVSystem software thus
were 0.160 and 0.96 respectively.

Neem 1S €XPressed as:

Neem = Nste[1 — 0.0047 * (Tpgne; — 25°C)] (3.50)
Where 14, is an efficiency defined as a floating solar PV panel standard condition (STC) and
0.47% is the floating PV panel temperature coefficient.

Tpaner 1S the temperature of a coasting PV board which is evaluated as takes after:

(NOCT-20°C)
Tpanel = Tamp * 0.8 * [ (3.51)

Where, T, 1S the encompassing discussing temperature which is expected break even
with to the temperature of lake range, NOCT is the operation cell Temperature of selected PV
panel.

3.11 Mathematical estimation of FSPV plant evaporation rate

Anticipating evaporation by the FSPV plant is secured by them. The water evaporation
reduction had been two reasons: - (1) the decrease in water and air interaction from the
covered area which directly affects the evaporation reduction.

(2) The alter in warm adjust of the lake after the control plant being built which causes the
lake to be colder and hence decreases the overall vanishing all through the whole lakes
surface. The mathematical relations and equations have been developed incorporating
temperature, solar day hours, and solar radiation.

Penman’s method is one of the foremost utilized mathematical methods for estimation of

evaporation in a simplified way using routine weather data as follows:

2
Ey ~ 0.051(1 — @) * Ry s VT + 9.5 -24 (1) +0.052 + (T +20) (1 - &) «

(ay, —0.38) + 0.54u (3.52)
E : Normal every day water surface evaporation (mm/day at sea level, z=0).

R, : Average sunny hours per day

nand N : observed average number of sunny days

R, : The sun powered irradiance on the surface of the environment

T: Average extreme temperature

T = (Tyax + Tmin)/2 ; For analyze month (°C)

M.Sc. Thesis, Addis Ababa University, 2021 61



u : Normal esteem of wind speed (m/s) at an altitude 2m above water surface

R, : Average air humidity in daily mean percentage

Ry =Ry + (0.5 + 0.25%) (3.53)
G,,: Having geographical width

j : Selected month

The maximum possible number of sunny days for selected month can be expressed as

follows:
N = 4 * G, * sin(0.53j — 1.65) + 12 (3.54)
Rq = 3N sin(0.131N — 0.95G,,); G, > = (3.55)
R, = 118N°25in(0.131N — 0.2G,) ; G,, < 213:0”
From eq.3.52 is adjusted empirically for higher altitude h (m);
E = E; +0.00012 * h (3.56)
The every day volume of water dissipation can be communicated as takes after:

m3 m
% (M) —E (M) A (3.57)

E . Amount of evaporation
A : Surface area of the lake
The water can be saved by installing the FSPV pant system thus can be expressed as

follows

AV (%) =K+E (%) % Aoy (3.58)

Where K is reduction factor determined by the type and platform’s reflective
functionality, its coverage level with panels, and panel’s performance and this
coefficient decreases evaporation volume due to the fact that a portion of solar

irradiance passes through panels and reaches the water surface.
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CHAPTER FOUR

MATLAB SIMULATION STUDIES AND ANALYSIS OF RESULTS
This chapter describes how the MATLAB/SIMULINK models of the proposed drifting sun
based PV frameworks are implemented to test and identify the functionality of the proposed
following controllers. The PV system position is simulated in MATLAB. The execution of
the proposed counterfeit insights controller based on sun light coordinate to the surface of
the sun powered PV boards.
4.1 Photovoltaic system modeling using SIMULINK
The design is modeled and simulated using 2018a/SIMULINK. The system modeled consists
of PV array model, DC/DC boost converter model used to interface PV output to the inverter
to track the most extreme control of the PV cluster using the solar tracker, DC/AC three
phase PWM inverter model used to interface with AC grid. LCL low pass filter to the supply
a pure sinusoidal yield voltage to the grid. The PV cluster used in the simulation is a 260W
power that nine strings with nine modules of 260W power. 9x9 elements are combined
to produce the desired power at standard condition specified at irradiation of (G =
1000kW /m?) and temperature of (T = 25°C).

PY_strng! PV_tring2 PV_sirngd PV_stringd - PY_sinngfl PV_sking? PY_stringd PV _trirgd output voltage

Figure 4.1: Connection of nine PV strings in parallel
In figure 4.1 series parallel connections are applied, first a 260W PV module are designed to
create a strings which consists nine series modules, then sun powered PV panel connecting 9
PV strings in parallel as the designed calculated values.
Generally 9x9 modules are implemented to get the FPV power that utilized to produce
210.762kW.
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Table 4.1: proposed module and array values (SR-P660260)

Parameters of SR-P660260 Modeled module values | Proposed array value
(SR-P660260) (SR-P660260)
Open circuit- voltage (Vyy) 37.89V 3069.09V
Short circuit current  (Ig¢) 9.08A 735.48A
Current at maximum power point (I,,,,,) | 8.5A 688.5A
Voltage at maximum power point (V,,,,,) | 30.61V 2479.41V
Number of cells in series Ns 60 4860
Power at maximum power point (p,,,,) | 260W 210.76kW
Table 4.2: Estimating generating power and number of panels
Area Number of panels | Generating power
1m? 1 78.78w
3.3m? 1 260w
2675m? 810.6 = 811 210.762kw
5.544km? 1680 * 103 207.25MW
ol 2
Product To Workspace2
25 »T Y > Vv
T To Workspace
1000 G | |
irradiance(W/m*2) To Workspace1
PV _array
o]
Display1

Figure 4.2: SIMULINK model for floating solar system of PV array
The Voltage to power, current to voltage and current to power curve of the simulated solar

PV model is used to analysis the influence of the light intensity of radiation (irradiance) and

temperature variation on the output characteristics of the floating PV panel.
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The output of the PV array is recorded in different level of solar irradiation (1200, 1000, 800,
600, 400 and 200) w/m? at different environmental temperature (80, 60, 45, 25, 17 and -10)
at standard irradiation values or random value of temperature and irradiation level and the
SIMULINK result of the model of PV - array the current and power of characteristics are

shown in table below.

Table 4.3: SIMULINK result at standard irradiation (G) for different temperature

Temperature @ 1000w /m?
0 Current (A) Power (W)
10 1308 1.438e+04
18.8 1268 1.395e+04
25 1240 1.364e+04
45 1150 1.265e+04
60 1083 1.191e+04
80 993 1.092e+04

Table 4.4: SIMULINK result at 25°C temperature for different intensity of light

Intensity of light @ 25°C
2
W/m?) Current (A) Power (W)
1400 1736 1.91e+04
1200 1488 1.637e+04
1000 1240 1.364e+04
800 992.1 1.091e+04
600 744.1 8185
400 496 5456
200 248 2728

Table 4.5: SIMULINK result at 45°C temperature for different intensity of light

Intensity of light @ 45°C
2
W/m") Current (A) Power (W)

1400 1610 1.771e+04
1200 1380 1.518e+04
1000 1150 1.265e+04
800 920.2 1.012e+04
600 690.2 7592

400 460.1 5061
200 230 2530
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Figure 4.3 : V-I characteristics of PV module
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Figure4.4: P-V characteristics of PV module

4.2 Meteorological data

For the design of FPV system meteorological data like latitude, longitude (sun angle), solar
irradiation of the location and temperature are crucial for the consideration of output power
from PV module. The details information is obtained from Lake Tana meteorological data
using NASA-SSE satellite data 1983-2005 (PVST software).

Latitude: 11°36" north

Longitude: 37.333° east

Altitude: 1776m
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Elevation: 1788m

4.3 Tilt angle

Intended the irradiation obtainable at tilt and the power output needed, the PV module can be
sized using module specifications provided by manufacturers. Lake Tana is located at latitude
of 11°36'N,37°23'E from horizontal and vertical respectively. Since the PV module sized to
achieve the demand of energy at the average light intensity, the PV module will face at angle
of 15 + 11°36'N degree north from horizontal due to maximize light intensity (irradiance)
received. In the winter season the PV module may at angle 15 — 11°36'N and in spring the
PV module will be faced to the same angle of latitude.

Table 4.6: Seasonal irradiation and ambient temperature of Lake Tana [PVSYST software]

Month Irradiation (W /m?) or Horizontal diffuse | Temperature
global horizontal irradiation | irradiation (w/m”2) | (°C)
January 258.3 45.0 19.8
February 272.1 56.3 20.9
March 271.7 73.7 21.6
April 278.8 80.8 20.8
May 263.3 83.3 19.9
June 237.9 87.9 17.6
July 215.0 92.5 16.3
August 215.8 95.0 16.4
September 242.1 85.8 17.3
October 244.2 717 18.0
November 250.4 52.5 18.4
December 2479 43.8 18.7
Year 249.6 72.4 18.8
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Figure4.5: Lake Tana location on map [PVSYST software online]

The transfer function of the DC motor is expressed as follows

0.06
0.003152+0.14145+0.0058

G(s) =
Calculate the critical gain or ultimate gain by using routh-hurwitz criteria can be shown as:
Assume that K;, K; = 0

_ KG(s)
T 1+KG(s)H(s)
— ko % 0.06 . Ky
p 0.0035%+0.14145+0.0058 0.003153+0.141452+0.00585+Kp,

14+Kp+ 0.06
P 0.003152+0.14145+0.0058

To determine K critical point using characteristics equation of the transfer function:
Characteristics equation is  0.0031s> + 0.1414s% + 0.0058s + K,,.

0.0031s? 4 0.1414s? 4 0.0058s + K, = 0

s310.0031 0.0058

s?{0.1414 K,
51 0.1414+0.0058—0.0031+kp 0 < Kp < 02645
0.1414
0
s K, K, >0
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The critical point is 0.2645. This critical point is ultimate gain. DC servo motor is used for the
movement of the floating solar PV panels and the speed of the motor is controlled by using PID
controller. PID controller was tested the controller gains which can be tuned manually. K,, = 30, K; =
9100 and k; = 110. The response of the system graph is shown in figure 4.5. It has been seen that

the speed is varying with time and it is not stabilized with manual gains.

20 H DC Servo...

TN

0.5

0

55 8.0 8.5 7.0 7.5 2.0 8.5 2.0 9.5 10.0

Figure 4.6: manual loop tuning PID controller response

The Ziegler-Nichols —Tuned closed loop response method which has been determined
automatically the gains of PID controller in mat lab environment. In this system, gain
parameters are; k, = 0.1587;k; = 0.4600; k; = 0.0137. The derivative time (T,;) and
integral time (T;) is 0.0863; 0.3450 respectively. The transfer function was used to control
the east-west movement of the solar panels that is Continuous-time transfer function given in
equation 4.1 and mat lab function is shown in Appendix C. Simulation results for ZN-Tuned
PID controller is shown in figure 4.6.

sys G =

0.0008213 s"2 + 0.009522 s + 0.0276

-------------------- - -- 4.2)
0.003 s"3 + 0.01496 s"2 + 0.01532 s + 0.0276
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4.4 Comparison of PID controller and FPID controller methods
The transient parameters comparison is shown in table
Table 4.7: Comparison of PID and FPID controller

Transient parameters PID controller FPID controller
Choose time 2.13s 0.112

Rise time 0.842s 0.0527s
Settling time 11.2s -

Peak overshoot 46.8% 3.646%
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

The thesis; “performances optimization of generating power on a floating solar power plant”
is mostly studied to design and perform a solar tracking systems which go along with the
sun direction for generating maximum output energy for electrical powered utilization. This
thesis contains of sensors and DC servo motor mechanism for alternating the panel in the
direction of sun. Fuzzy — PID controller situation /based control system takes care of sensing
sunlight and controlling DC servo motor mechanism. The dominant controlling device of the
thesis is fuzzy-PID controller of which LDR’s and DC servo motor with panel structure to its
shafts are interfaced. The Fuzzy-PID controller obtains from LDR sensors with regard to the
direction of sun and the controller action and controls the rotation of floating solar panels
depend on DC servo motor derive. The average temperature of Lake Tana is 18.8°C and
temperature 25°C. The figure4.10 SIMULINK model of output power is 1.268e+04w and

1000w
m2

system tracking was developed. The performance optimization of the proposed PID and
fuzzy-PID controller is checked through simulation conceders using MATLAB/SIMULINK.

It is analyzed that from Ziegler-Nichols closed loop PID controller tuning method simulation

1.24e+04w at

in both conditions. A model that shows the single axis floating solar PV

results that the overshoot is 46.8%, rising time is 0.842 seconds, pick time is 2.13seconds and
the settling time is 11.2 seconds with the proposed fuzzy-PID controller while overshoot is
3.646%, rising time is 0.0527seconds; pick time is 0.112second and the sampling time is
taken as 0.4seconds. In this thesis, a single axis floating solar tracking system is planned to
extend the execution of a coasting sun based energy; which is a most efficient renewable
energy source for the future. Fuzzy logic controller is maintained to the vibration of floating
solar panel systems.

5.2 Recommendation

Given to the limitation of this study, it is recommended that further research should be done
regarding that have more technical aspects of fuzzy-PID controller based single axis solar PV
tracking system design. Since this thesis is designed on fuzzy-PID controller based single
axis solar tracking to harvest electrical energy for irrigation purpose and other
electrifications. Further research should be done by the coordination of mechanical experts,
civil experts and electrical experts can be designed and implemented with the involvement of

government.
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Appendix B

¥ (LORT is ML} and (LDRZ is ML) then (KP is PVLI(Ki is PMI(Kd is PVS) (1)

¥ (LORT is ML} and (LDRZ is NS) then (KFP is PVL)(Ki is PM)(Kd is PMS) (1)

¥ (LDRT is ML} and (LDR2 is Fo) then (KB is PVLI(KI is PMI(Kd is PM) (1)

K (LOWRT is ML) and (LOR2 is PS) then (KPP is PVLKI is PMI(Kd is FS) (1)

¥ (LDRT is ML) and (LOR2 is AL) then (KPis PVLI(Ki is PM)(Kd is PVL) (1)

¥ (LDRT is NS) and (LOR2 is ML) then (KPP is LEM)(Ki is PMS)Kd is LAAM) (1)
¥ (LDRT is NS) and (LOR2 is NS} then (KPis LAM)(Ki is PMS)(Kd is LAM) (1)
¥ (LDR1 is NS) and (LOR2 is Zo) then (KPis LEM)(Ki is PMS)Kd is PL) (1)

¥ (LORT is NS) and (LOR2 is PS) then (KB is FL)(Kiis PMSI(Kd is PVL) (1)
10. ¥ (LDR1 is NS) and (LDRZ2 is AL) then (KPis PVL)Kiis PMS)(Kd is PVL) (1)
11. ¥ (LDRY is ZQ) and (LOR2 is ML) then (KP is PV SI(Ki is PSKd is PM) (1)
12. ¥ (LORT is ZQ) and (LOR2 is NS) then (KPP is PV S)(Kiis PSKd is AL) (1)
13 F (LORT is Z0) and (LOR2 is Zo) then (KPis PS){Kiis PV SHKd is AL) (1)
14, ¥ (LORT is Z0) and (LOR2 is FS) then (KPis PS){Kiis PSiKd is PVL) (1)
15. I (LORY is ZC) and (LOR2 is AL} then (KP is PMS){Ki is PS)Kd is PVL) (1)
16. F (LORT is PS) and (LDR2 is NL) then (KPP is LPM)(Ki is PMS)(Kd is LM (1)
17. I (LORT is PS) and (LOR2 is NS then (KP is LAMI(K is AMS)(Kd is PVL) (1)
18. I (LORT is PS) and (LOR2 is Zo) then (KPis LEM)(Ki is PMS)(¥d is PVL) (1)
158, ¥ (LDORY is PS) and (LDR2 is PS) then (KPis AL (Kiis PMSHKd is PVL) (1)

RN RN

20. ¥ (LDR1 is PS) and (LDR2 is PL) then (KP is PVLI(Ki is PMS)(Kd is PVL) (1)
21. ¥ (LDR1 is PL) and (LDR2 is NL) then (KP is PVL)(Ki is PM)(Kd is PVL) (1)
22 ¥ (LDR1 is PL) and (LDR2 is NS) then (KPis PVL)(Ki is PM)(Kd is PVL) (1)
23 F (LDR1 is PL) and (LDR2 is Zo) then (KP is PVL}(Ki is PM)(Kd is PVL) (1)
24 F (LDR1 is PL) and (LDR2 is PS) then (KP is PVLI(Ki is PM)(Kd is PVL) (1)
25. F (LDR1 is PL) and (LDR2 is FL) then (KPis PVL)(Ki is PM)(Kd is PVL) (1)

I and Then and and
LDRT is LDR2 s KPis Kifs Kd is
~ Zo ~ Avs ~ AL ~
= Avs
AL es
es NS s
A M
none none Long
none
v v v v v
[ ot [ rot [ ot [ not [ rot
_ Connection Weight:
Ooor
® and 1 Delete rule Add rule Change rule

Appendix C

%Ziegler  Nichols Tuning Method

close all; clear all;

s = tf('s'");

G =0.06/((0.003*s"2)+(0.01414*s)+0.0058) ;
rlocus (G) ;
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step (G) ;
unity G=feedback (G, 1)
step (unity G)

hold on
Ku = 0.2645;
Pu = 0.69;

Kp = 0.6*Ku;

Ti = 0.5*Pu;

Td = 0.125*Pu;

Ki = Kp/Ti;

Kd = Kp*Td;

C = pid(Kp,Ki,Kd)

sys G=feedback (C*G, 1)
step (sys_G)

Appendix D

v Cursor Measursaments
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