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Fossil fuels are non-renewable, finite, 
and exhausting. Therefore, it is neces-
sary to find alternative sources of energy.  
Solar energy is abundant in nature, so 
it can be considered as the best alter-
native to meet the energy demand. It is 
sustainable, renewable, and scalable. 
Increasing the efficiency of harness-
ing solar energy should be one of our 
top concerns because it is a renew-
able resource. The challenge in utiliz-
ing this energy is to increase efficiency 
as well as reduce production costs. So, 
a dual-axis solar tracker was developed 
in this study to ensure that the tracked 
solar cells create more electrical energy 
than stationary solar cells, improving 
the performance of the solar panels and 
expanding their ability to make the most 
of the solar radiation. The experiment 
yielded great results. Due to its constant 
exposure to sunlight, the temperature of 
the mobile cell is higher than that of the 
stationary cell. The radiation intensi-
ty of the tracked cell is more than that 
of the fixed cell. The radiation intensi-
ty for the traced cell is more than that of 
the fixed cell and peaks at 1282 W/m2  
on September 10 and 1028 W/m3 on 
September 11. For day 10, there was  
a daily rate of rise in radiation intensi-
ty on the tracker cell of 42 % compared 
to the fixed. Day 11 saw a difference of 
210 W/m2/h, or 61 percent. The results 
are almost same from midday until dusk. 
During the day, the tension in the va- 
cuum is somewhat different for statio-
nary cells and tracking cells, with the 
value of the tracker being marginal-
ly lower than the fixed value. The 
increased temperature in the cell caused 
by more solar radiation and a warmer 
environment is thought to be the reason 
for the lower energy gain in the tracker
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1. Introduction

To resolve fossil fuels’ role in the world’s energy issue, the 
sun’s energy can be used as a clean, alternative energy source 
because it is always there. Solar radiation is largely responsible 
for both the renewable and non-renewable energy sources 
that are available on Earth’s surface. Along with secondary 

energy sources such as wind and biomass energy, all of them, 
including coal, oil, and gas, were created over time as a result 
of sunlight and the subsequent heat and pressure [1]. Global  
warming is a result of the depletion of fossil fuel resources 
and the rise in harmful gas emissions, which caused climate 
change. Finding answers and substitutes that will guarantee 
a constant supply of the energy you require on the one hand 
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while maintaining the environment’s safety on the other, has 
become important. The photoelectric conversion mechanism 
is another way that solar energy can be turned into electricity.  
This is done by using photovoltaic solar cells to directly 
convert solar or photovoltaic radiation into electricity [2]. 
The field of converting solar energy to electricity, or photo-
voltaics, has received the lion’s share of research funding and 
application development. Since energy is produced and used 
in the same location, the generation is centralized, which 
reduces the need for extensive transportation. There is still  
a lack of demand for solar power plants [3]. 

Therefore, studies that are devoted on the design and per-
formance of a dual-axis solar tracker system for the climate of 
eastern Libya are scientific relevance.

2. Literature review and problem statement

Numerous studies have been conducted to enhance and 
boost the generation of electrical energy via solar energy 
conversion. A biaxial solar tracker among these tests that 
could endure severe weather and track elevation and azimuth 
movement was proposed [4]. A solar panel, frame, base, pivot 
frame, and first and second motors are all components of the 
solar tracker. On the frame, solar panels were put to collect 
light. The solar panel’s height movement is controlled by the 
first motor, while its azimuth movement is controlled by the 
second motor. The work was done in different conditions and 
days than our current research. The possible system benefits 
for straightforward solar system tracking employing a stepper 
motor and light sensor were indicated by [5]. According to 
reports, the solar tracking device was created and tested on 
an experimental basis. Details of the design and the experi-
mental findings were addressed. Small solar cells were used 
in the design of the solar tracker to serve as self-adjusting 
sensor systems, giving the device a variable indication of its 
angle in relation to the sun via measuring voltage output. 
The solar tracker was found to be effective in maintaining the 
solar panels at a vertical angle to the sun using this technique. 
Here a review was done rather than an experimental work.  
A fixed horizontal arrangement resulted in a 30 % improve-
ment in strength. According to [6], studies have shown that  
a solar tracking system with uniaxial freedom can boost ener-
gy output by about 21 %, while a dual axis dual-axis tracking 
system can boost output by more than 41 %. As a result, the 
goal of this effort was to create and put into use a solar track-
ing system with complete degrees of freedom. The brain of 
the entire tracking system, this controller terminal was pro-
grammed to detect sunlight via the sensors and then move the 
motor to a position where the solar panel’s surface could get 
the most light. This was programmed to put the solar panels 
where they could receive the most sunshine by positioning 
photovoltaic cells to detect sunlight. Different equipment 
was used as well as different boundary conditions and place 
in comparison to our study. One of the reasons for the solar 
tracker, according to [7], was that solar radiation was conti-
nuously striking perpendicular to the flat plate collector. This 
resulted in the production of 1.4 times as much heat energy as 
a stationary collector of the same size. A complex rig was used 
to do the practical work with different parameters when com-
pare it with present work. A cost-effective intelligent solar 
tracking system was designed and tested by [8] to capture the 
maximum amount of solar energy. The PIC 18F452 was small 
and designed to be operated by a controller. Two mechanisms 

formed the system’s foundation. The PILOT search engine, 
which finds the sun’s location, was first. Smart panels, the 
second mechanism, were only aligned with PILOT if the ma-
ximum amount of energy could be harvested. Description of  
a biaxial solar tracker capable of withstanding extreme weather 
conditions and following elevation and azimuth motion. The 
solar tracker includes a solar panel, frame, base, pivot frame 
and first and second motors. This is a review paper not an ex-
perimental work.  Solar panels were installed on the frame and 
capture sunlight [9]. The solar tracker is intended to use tiny 
solar cells to function as self-adjusting sensor systems, deliver-
ing a changeable indication of the tracker’s relative angle to 
the sun by sensing the output of a voltage detector. A new 
control strategy for tracking was used and it was not an easy 
system. In 2017, comparison to the stationary system, the gain 
increase owing to active tracking is roughly 30 %, according 
to the study [10]. The water temperature of the solar tracker’s 
still photos was found to be higher than that of the terrestrial 
vehicle. Also, it is a review article rather than a practical work. 
In the winter, tracking can boost water production by up to 
31 % in solar water purifiers for drinking water from the sun 
during the winter months [11]. Here a tracking system was 
used to produce water not an electricity. A dual axis solar 
tracking system was created, put into use, and reviewed by 
another researcher employing light-dependent resistor sen-
sors, direct current motors, and a microprocessor to enable 
uninterruptible power supply for rural applications [12]. 
The experiment’s findings demonstrated that the suggested 
system was more economically viable and generates 31.4 % 
more energy than a single axis tracking system and 67.9 % 
more than a fixed PV panel system. Different rig, boundary 
conditions and site were used to check the tracking system.  
To ensure maximum energy gain, [13] also provided the de-
sign and installation of the Dual Axis Solar Tracking System. 
The device automatically alters its orientation to obtain the 
highest light intensity as the light intensity drops. A small 
solar system for lighting was used in this study.

The majority of the researches related to this work are 
in the design of a single or dual-axis solar tracker, thus we 
focused on the design of a two-axis tracker in this work to 
understand the changes that occur to the solar cell in atmo-
spheric conditions of eastern Libya. In the previous studies, 
the references that approved were supposed to list some ideas 
that were similar to the subject of the study in terms of de-
sign, installation, and testing of the tracker. Therefore, what 
is new and developed in this study is that the two-axis solar 
tracker was designed and applied according to the weather 
conditions of the study area, Libya, for the first time due 
to the high temperature in this region. Therefore, there was  
a rise in the temperature of the moving cell.

3. The aim and objectives of the study

The aim of this study is to design of a two-axis tracker 
to understand the changes that occur to the solar cell in at-
mospheric conditions. This will make it possible to improve 
the efficiency of the solar panels and increased their capacity  
to utilize solar radiation.

To achieve this aim, the following objectives are accom-
plished:

– to compare the temperature of the solar cell;
– to compare the intensity of solar radiation falling on 

the solar cell;
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– to show the short circuit current (isc);
– to find the open circuit voltage (voc);
– to present the power output versus time as a tracker 

and fixed.

4. Materials and methods

4. 1. Object and research hypothesis
In order to reach this goal and due to the lack of a ready-

made solar tracker, we had to start work to design and 
implement a dual-axis horizontal solar tracker to track the 
solar azimuth and a vertical one to track the sun’s elevation 
angle during daylight hours. It has been used to improve the 
performance of the photovoltaic solar cell.

The idea is to rotate the axis about the vertex with the 
angle of rotation to the azimuthal angle (γ). While the other 
axis is parallel to the Earth’s surface and rotates at an angle of 
rotation equal to the angle of elevation (α). Trackers (eleva-
tion/azimuth) are devices that employ astronomical data or 
algorithms for the sun to calculate the position of the sun at 
any given time and location on the earth’s surface. The loca-
tion, date and time of the tracker is entered by the microcon-
troller to fix the position of the sun, or it needs a sensor for 
sunlight to control the motors that direct the panels towards 
the sun as shown in Fig. 1 [14]. 

 
Fig.	1.	Dual	axis	solar	tracker	model

This type of Dual axis solar tracker was designed in this 
research using a solar cell, an Arduino panel, a charging bat-
tery, mechanical motors and an LED lamp.

Analyzing the results, what was achieved in this study 
and what we needed and focused on were explained and  
analyzed. For example, the produced current, the voltage 
and the efficiency of each cell, and the change in temperature 
were explained and analyzed.

4. 2. Study site
This inquiry focused on Al-Marj Libya as a case study, 

and the meteorological and energy data needed for the expe-
riment’s conception and implementation. It is calculated that 
the average yearly solar radiation is 2.900 kWh/m2, with 
more than 3.300 hours of sunshine [15].

The Al-Marj sun chart shows how the sun moves through-
out the year and at different times of the day. The fixed col-
lectors are installed in a location where the gross solar energy 
obtained is higher than most of the predetermined locations. 
This results in a significant reduction in expenses and the 
preservation of collectors as Fig. 2, 3.

The chart can be used to determine the position of the 
sun at various times and seasons so that the panel can be 

adjusted for maximum output. In tropical areas like Libya,  
fixed trackers are less expensive. For countries located  
beyond plus +10 degrees north and minus –10 degrees south 
of the equator, serious tracking is required. This is due to the 
fact that the location of the midday sun varies greatly. The 
sun is at its highest between 12h and 14h, according to the 
chart. Because the collectors are obliquely angled to the sun 
outside of this range, only a percentage of the light reaches 
the absorption surface.

 
Fig.	2.	Components	of	solar	radiation	for	the	study	site		

for	the	year	2021

 
Fig.	3.	Al-Marj	sun	path	diagram

4. 3. The suggested solar tracking system’s design 
The suggested solar tracking system must meet the fol-

lowing technical requirements related to the investigated 
application:

1) lowest energy consumption, in order to maximize the 
installation’s overall efficiency and achieve the best perfor-
mance-cost ratio;

2) operational reliability, under a variety of disturbance 
situations;

3) the capacity to connect the system into a centralized 
monitoring and control structure, resulting in a digital con-
trol solution; the ability to lower the cost of the mobility 
solution while increasing its viability; (motor, gears, sensors);

4) a centralized framework for monitoring and control 
with the capability of system integration results in a digital 
control solution.
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The following components are included in the suggested 
model for driving photovoltaic panels:

1) with current monitoring but no movement sensors,  
a voltage-mode DC (Direct Current) electric motor with 
current monitoring and no movement sensors is driven;

2) a motor control system of the intelligent drive type 
that is entirely digital, which allows for the digital control 
of the motor as well as the implementation of the PV panel 
orientation application in a motion control language that has 
been developed specifically for this application;

3) a light intensity measuring device that is attached to 
the PV panel and serves as the sensor that directs the move-
ment of the solar panel.

4. 4. Optical sensors
The photoresistor LDR, whose light-dependent resis-

tance is a variable resistance, is one of the optical sensors that 
are often employed. In Fig. 4, the resistance of the LDR is 
demonstrated to be inversely proportional to the intensity of 
the light, with a maximum resistance in the absence of light 
and a lowest resistance in the presence of light, as indicated 
in the graph. In addition to being inexpensive in cost and 
simple to connect, an LDR has a reasonable reaction time 
when exposed to light, it is bidirectional and has a long-life 
expectancy when used in an environmental setting. In order 
to build a dual axis solar tracker, it is necessary four pho-
toresistors, the performance of which is mostly determined 
by comparing the values that the resistors provide, Fig. 5.

 
Fig.	4.	Optical	sensors	light-dependent	resistance

 
Fig.	5.	Optical	sensor	installation	model

The main objective through the use of a solar tracking 
system is to constantly maintain the photovoltaic panels 
facing the sun. This will increase the amount of radiation 
received and thus increase the electrical energy produced.  
To achieve this, our sensor must have a very precise architec-
ture, and its design is as shown in Fig. 5.

4. 5. Arduino
Arduino is an open-source platform that allows to create 

electronic creations with minimal effort, Fig. 6, 7. A micro-
controller and a programming portion are both included in 
the Arduino board. The programming part is an integrated 
development environment that runs on a computer and  
is used to write and upload code to the Arduino board from 
the computer.

 

Fig.	6.	Arduino	board

 
Fig.	7.	Tracker	Control	Circuit

To connect the model, the sensors were collected in  
a board, to control the four directions that the sun tracking 
system can take: east, west, north and south, and it is con-
nected on one side to the Arduino board, and on the other 
hand to one of the motors that control the movements of  
the two axes as shown in Fig. 7.

4. 6. Mechanical part
The mechanical part is also important in the embodiment 

of the solar tracker and is responsible for raising the solar 
panels and moving them in the four directions (North. South. 
East and West) as shown in Fig. 8.

 

Fig.	8.	Direct	Current	motor
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In the solar tracking system, the mechanical movements 
are ensured by the direct current actuators, Fig. 8, in order 
to facilitate their direct operation thanks to the photovol-
taic panels.

4. 7. Structure design
SolidWorks software (Waltham, Massachusetts, United 

States) was used to design the solar tracker, Fig. 9.

 

Fig.	9.	The	structure	of	the	solar	tracker

It can be applied in the real world. The main parts de-
signed for the system are shown in Fig. 9.

4. 8. Analysis of the results of the experiment
In this part, let’s compare the intensity of solar radiation 

on a fixed solar cell, with a two-axis solar tracker, on Septem-
ber 10 and 11, 2021. The model was installed on the roof of  
a house in Al-Marj city to conduct the experiment. Where 
two photovoltaic solar cells were installed, one on the struc-
ture of the solar tracker and the other fixed oriented towards 
the south at an angle mil 32, with a power of 1.4 watts and 
a voltage of 0.5 volts. Fig. 10 and Table 1 show the specifica-
tions of the solar panel and the type of cell used.

 
Fig.	10.	Solar	cell	with	solar	tracker	and	fix

Table	1

Specifications	of	the	solar	panel	and	the	type	of	cell	used

Module Type 50M (36) Divel Solaire

Maximum Power 50 W

Voltage at pmax (Vmp) 18 V

Open circuit voltage (Voc) 21.87 V

Cells 36 cs, 156×63 monocrystalline silicon –

Weight 6 kg

Short circuit current (Isc) 3 A

The measurements were made every hour throughout the 
day (from sunrise to sunset), as the solar tracker rotates at 
azimuth and elevation angles during the study period.

4. 9. Solar Constant
Here, it is about the flux of solar radiation on a typical 

surface of sunlight outside the Earth’s atmosphere at me, 
at a distance between the Earth and the Sun of e. The solar 
constant is presently accepted to be 1370 W/m2, which is the 
current accepted value. A small elliptical orbit of the Earth 
causes the extraterrestrial radiative flux to vary from a high 
of 1.418 W on January 3 to a low of 1.325 W/m2 on July 4, 
depending on the time of year [16].

A structure’s total solar radiation gain may be calculated 
by first figuring out how much solar radiation is reflected off 
of the structure’s various surfaces. Solar radiation reaching 
a surface per unit area is quantified in watts as total surface 
solar radiation. This information is provided by:

I I I Ii DN d rq q qq= + +cos ,  (1)

where Iiq – total solar radiation of a surface, W/m2;  
IDN – direct radiation from the sun, W/m2; Idq – radiation dif-
fuse from the sky, W/m2; Irq – short-wave radiation reflected 
from other surfaces, W/m2; q – angle of occurrence, degrees.

Direct radiation from the sun (IDN): Many solar radia-
tion models are available for estimating the sun’s direct ra-
diation. One of the co computations proposed by ASHRAE 
is the one below. The direct radiation lo, according to this 
model, is provided by:

I A B BDN = −[ ].exp / sin . (2)

For the months of December and January, the apparent 
solar irradiation (A) is considered to be 1230 W/m2, while 
for the middle of summer, it is taken to be 1080 W/m2. The 
constant Bis, also known as the atmospheric extinction 
coefficient, has a value of 0.14 in the winter and 0.21 in the 
summer, depending on the season. In either form, either 
equations of tables or empirical data are given for the values 
of A and B for each 21″ day of each month that has been 
calculated [17].

Diffuse radiation Idq from a clear sky, according to the 
ASHRAE model, is provided by the following equation:

I C I Fd DN wsq = ⋅ ⋅ .  (3)

The value of C is considered to be constant for a clear sky 
on an average day of the month under cloudless conditions. 
A table with the average monthly data has been created and 
is accessible for viewing and downloading. For mid-summer, 
the value of C may be considered as 0.135, while for winter, it 
can be taken as 0.058. The view factor or configuration factor, 
also known as the FWS factor, is the fraction of diffuse radia-
tion incident on the surface that is used in the calculation. 
The FWS of diffuse radiation is only a function of the direction 
of the surface in the case of diffuse radiation. It is straightfor-
ward to demonstrate that this is equal to:

Fws = +( )cos / ,1 2ε  (4)

where ε is the tilt angle in degrees. Clearly, for horizontal 
surfaces (ε = 0°), the factor Fws is equal to 1, but for vertical 
surfaces (ε = 90°), the factor Fws is equal to 0.5. This mode 
holds strictly true in the case of a cloudless sky, where ra-
diation from the sky falls evenly on the surface of the earth. 
When the sky is overcast, dispersed radiation will not be 
uniformly distributed.
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Short-wave (solar) radiation that has been reflected Irq. 
The amount of solar radiation reflected from the ground 
and reflected onto a surface is determined by the follow-
ing factors:

I I d Fr DN d g WGq q ρ= + ⋅( ) ,  (5)

where ρg, is the reflectivity of the ground or a horizontal sur-
face from where the solar radiation is reflected onto a given  
surface and FWG ground to the surface. The value of reflecti-
vity is, without a doubt, dependent on the surface characte-
ristics of the ground. 

The following equation gives the value of the angle fac-
tor FWG in terms of the tilt angle:

FWG = +( )cos / .1 2ε  (6)

As a result, for horizontal surfaces (ε = 0°), the factor FWG 
is equal to 0, but for vertical surfaces (ε = 90°), the factor FWG 
is equal to 0.5 [18–20].

5. Results of a dual-axis solar tracker system 

5. 1. Temperature comparison of the solar cell 
The temperature of both the fixed and tracker solar cell 

was measured using a thermometer throughout the day on 10 
and 11 September as shown in Fig. 11, 12. The experiments 
were conducted on the two hottest days in Libya to test the 

device in the hottest environmental conditions. If the device 
works in the severest conditions, it will certainly work in the 
least severe conditions.

The graphs in Fig. 11, 12 show that the mobile cell has  
a high temperature compared to the stationary and this is 
due for its direct exposure to the sun’s rays, let’s also notice  
a slight decrease on September10  at 11:11 due to the sky 
being partially overcast.

5. 2. Comparison of the intensity of solar radiation fall-
ing on the solar cell

Measuring the intensity of solar radiation falling on the 
fixed solar cell and tracker throughout the day, let’s note 
through the graph shown in Fig. 13, 14, which represents the 
change in the intensity of solar radiation of the fixed cell and 
tracker during the daytime hours on days 10 and 11.

Where notice the difference in the change in the values of 
the radiation intensity of the tracker and the fixed cell. For 
the traced cell, its radiation intensity is higher than that of 
the fixed cell and reaches a maximum value of 1282 W/m2 
for September 10 and 1028W/m2 for September 11, during 
11:13 and then begin to decline with sunset.

5. 3. Short circuit current (Isc)
Through the graph shown in Fig. 15, 16, which represents 

the change in the intensity of the current, where let’s notice 
the difference in the shorting of the fixed cell and the tracker 
during the daylight hours of the 10th and 11th days. The cur-
rent values of the tracer and stationary cell change. 

 
Fig.	11.	Temperature	change	during	daylight	hours	of	the	day	September	10

 
Fig.	12.	Temperature	change	during	daylight	hours	of	the	day	September	11
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For the tracker cell, the intensity of it short-circuit cur-
rent is higher than that of the fixed cell and reaches a maxi-
mum value of 4.30 A for the day of September 10 and 3.60 A 
For the day of September 11, during 11:12, then it begins to 
decrease according to the solar radiation, while the values of 
the short-circuit current decrease for the fixed cell compared 
to the tracking cell.

5. 4. Open circuit voltage (Voc)
In Fig. 17, 18, it is seen that there is a slight change in 

the value of voltage with time for the fixed and tracker cells 
during daylight hours.

Its value is slightly lower for the tracker compared to the 
fixed, and this is due to the high temperature of the latter 
relative to the fixed.

 
Fig.	13.	Intensity	of	solar	radiation	for	a	day	September	10

Fig.	14.	Intensity	of	solar	radiation	for	a	day	September	11

 

 
Fig.	15.	Short	circuit	current	for	a	day	September	10
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5. 5. Power output versus time as a tracker and fixed
Compared to each other, the power outputs of the tracker 

and fixed states are extremely near in Fig. 19. When compar-
ing the Tracking and No Tracking statuses from morning to 
noon, the Tracking status produces a greater output. There is 
vir tually little difference in the findings from noon to sunset. 

When comparing the tracer cell to the stationary cell, the aver-
age power obtained from the tracer cell is around 12 % greater.

It is believed that the decreased energy gain from the 
tracker is due to a greater temperature in the cell as a result of 
increased solar radiation and a higher ambient temperature, 
which results in a reduced efficiency of the tracker.

Fig.	16.	Short	circuit	current	for	a	day	September	10

 

Fig.	17.	Voltage	changes	for	a	day	September	10

 

 
Fig.	18.	Voltage	changes	for	a	day	September	11
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6. Discussion of a dual-axis solar  
tracker system

On September 10 and 11, as shown in Fig. 11, 12, a ther-
mometer was used to record the temperature of both the 
fixed and tracker solar cells during the course of the day. 
That the mobile cell has a higher temperature than the sta-
tionary one and that this is because of its close proximity to 
the sun. Observe a little decline on September 10 at 11:11 as 
a result of the partly cloudy sky.

On September 10 and 11, as shown in Fig. 13, 14, during 
the afternoon, we took measurements of the amount of solar 
radiation hitting the stationary solar cell and tracker. The 
radiation intensity for the traced cell is greater than that of 
the fixed cell and reaches a maximum value of 1282 W/m2 
on September 10 at 11:13. It subsequently starts to decrease 
with the setting sun.

During the daylight hours of the 10th and 11th days, 
compare the shorting of the fixed cell and the tracker, as 
shown in Fig. 15, 16. The tracker cells short-circuit current 
peaks at 4.30 A on September 10 and 3.60 A on Septem-
ber 11, respectively, before starting to decline in response 
to solar light.

Due to the fixed cell’s higher temperature, the voltage 
with time is somewhat lower for the tracker cell during 
the day than it is for the fixed cell, as shown in Fig. 17, 18.  
The degree of tension between the two varies somewhat 
during the day, as can be seen in the image below.

From dawn to noon, the Tracking state generates  
a higher output as compared to the No Tracking condi-
tion, as shown in Fig. 19. The results are almost same from 
midday till dusk. It is thought that the increased tempera-
ture in the cell brought on by more solar radiation and  
a warmer environment is the cause of the tracker’s lower 
energy gain.

The LDR tracking system required large and expensive 
parts for integrated development, as this was the biggest 
limitation for us.

The objectivity of manufacturing that gives 100 % inac-
curate results due to the small size of the tracking system.

In the future it is possible to make a large tracking 
system that can capture the sun’s rays, and it is better and  
more efficient.

7. Conclusions

1. The temperature of both the fixed and tracker solar 
cell was measured using a thermometer throughout the day 
on September 10 and 11. That the mobile cell has a high 
temperature compared to the stationary and this is due for 
its direct exposure to the sun’s rays.  Also, noticed a slight 
decrease on September 10 at 11:11 due to the sky being par-
tially overcast.

2. During the daytime hours of September 10 and 11, 
we measure the intensity of solar radiation falling on the 
fixed solar cell and tracker. For the traced cell, its radiation 
intensity is higher than that of the fixed cell and reaches  
a maximum value of 1282 W/m2 for September 10 – during 
11:13 – and then begin to decline with sunset.

3. Measure the difference in the shorting of the fixed cell 
and the tracker during the daylight hours of the 10th and  
11th days. The tracker cell’s short-circuit current reaches  
a maximum value of 4.30 A for the day of September 10 and 
3.60 A for September 11, then it begins to decrease according 
to the solar radiation.

4. The tension in the vacuum for the fixed and tracker 
cells during daylight hours is slightly lower for the tracker 
compared to the fixed, and this is due to the high tempera-
ture of the latter. It is seen that there is a slight change 
in the value of tension between the two at different times  
of the day.

5. When comparing of power output between the Track-
ing and No Tracking statuses from morning to noon, the 
Tracking status produces a greater output (2.4 and 2.24 W 
respectively). There is virtually little difference in the find-
ings from noon to sunset. It is believed that the decreased 
energy gain from the tracker is due to a greater temperature 
in the cell as a result of increased solar radiation and a higher 
ambient temperature.
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