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Abstract
Sun tracking systems comprise of automated panels that follow solar emissions in order to achieve an optimal
angle between radiations emitted from the sun and the solar panel. Once an optimal angle is identified, efficiency
and the maximization of energy production can be achieved. Due to various locations of the sun, solar panels’
efficiency and energy production are constrained. Therefore, in order to maximize the optimal angle, a dual axis
tracking system designed to capture solar radiation will ensure that the solar panels maintain a perpendicular
direction to the sun. The purpose of this thesis study is to design and simulate two slew drives that rotate the solar
panel vertically and horizontally. In addition, material compression was conducted to select an optimal material
with a minimum factor of safety of 2 which withstand the gust (wind) force in Connecticut. Our research
determined that AISI 1050 Steel is the best material for the slew drives with a safety factor greater than 2 that can
withstand the gusts during hot and cold weather conditions in Connecticut.
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1. Introduction
Solar energy generated by the sun is a major source of renewable electricity. It is useful in locations where
electrical power supplied is inaccessible. This energy source is quickly gaining prominence due to the fluctuating
petroleum fuel prices throughout global markets. Currently, the most popular reliable renewable energy around
the world is solar energy. The solar systems are being continuously developed in these years, but few research
works have been done in computational simulation on solar tracking system design and development (Li, 2013).
The solar trackers are made up of automated solar panels that orient themselves parallel to the solar radiation, and
by doing so, they take full advantage of the optimal angle between the solar radiations and solar panels thereby
improving efficiency and maximum energy production. The location of the sun fluctuates because of the
continuous rotation of the planet earth. As a result, the optimal angle between the sun and solar panels must be
maintained by free solar panels. Thus, the solar tracker is composed of movable panels that make use of
specialized gears and motors to direct the tracker as signaled by an electronic controller about the direction of the
solar radiations. In addition, the solar panel system should have the capability to store solar energy while
withstanding gusts and heavy snow loads (Li, 2014).
The sun-tracking device tracks the sun movements by moving to positions that will offer optimum absorption
without disruption. When the solar panels receive the solar radiations, the sensor placed on the solar panels will
send a signal to the circuit board to tell the slew drive to move to a specific axis. For instance, when the sun rises,
the sensor will be perpendicular with the incident rays absorbed on the solar panels. As the earth rotates, the
position of the sun automatically shifts, and this will make the incident rays to change as well. This will make the
light fall on the sensor placed on the either sides of the solar panels since the tracking circuit is designed in a way
that when the light falls on the sensor on the right aspect of the panel, the tracker automatically moves to the left.
Similarly, when the solar rays fall on the sensor on the left side, the tracker automatically rotates to the right side.
At the same time when the sensor connected to the top surface of the solar panels, the electronic circuit will make
the tracker shift downwards. This principle elucidates the working of the sun-tracker in line to the incident rays.
Then, the absorbed rays are transformed into electric power by the photovoltaic cells found in the panels.
Concisely, the automated solar tracker is responsible for the two rotational categories namely vertical as well as
horizontal axis hence the dual axis solar tracker (Abdallah &Nijmeh, 2004).
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The solar trackers give higher electrical power when compared with the stationary panels. However, the
installation cost of the entire system is higher as compared to the stationary PV (Li, Tang, &Zhong, 2012). The
central considerations that should be practical to the fixed panels are that they must be situated in a clear line of
sight wide-open to the solar radiations. Similarly, the panels should be placed in an optimal position that faces the
equator about the earth’s latitude. In the same way, the PV panels do not entirely use the energy from the sun
since Earth is always rotating in a tilted position. Therefore, the electrical output of the solar panels varies during
the day even throughout the year. To address the problem of the optimizing the solar radiations, the use of solar
tracking machines will evidently solve the problem of tracking the sun along the sky. The PV has shown about 30
percent efficiency while the sun tracking system has an efficiency of about 36 percent under normal conditions
(Dolara et al., 2012).
Solar energy is used in distillation, where the process of desalination of salty water occurs in arid as well as
coastal regions. The hot sun is utilized in transforming salty water into distilled water by solar distillation process.
The process of solar distillation involves the transfer of solar radiation through transparent cover to a dark
container that has salty water. As the radiation transmits to the covers, it is converted to heat energy by the black
surface, which leads to the evaporation of water from the sodium chloride solution. The water vapors then
undergo condensation to form distilled water. Finally, the purified water flows downwards where it is collected in
sterile containers positioned at the bottommost part of the tank(Li, 2011).
Solar energy has the potential to reduce electricity bills of households since solar energy can be used to
supplement other sources of energy. The amount of electricity that can be accumulated depends on the size and
magnitude of the solar panel system as well as the household consumption of electricity. Also, the use of solar
energy will ensure that more power is generated by a grid system for export to earn more foreign exchange
(Mekhilef, Saidur, & Safari, 2011).
Solar tracking systems energy efficiency will drop significantly during hot climate zones more than in cold
climate regions. There was an increase of 38% efficiency in solar irradiation in cold climate regions whereas there
was only 8% increase in hot climate zones. Therefore, it is not economical to track the sun in hot or sunny regions
due to overheating of crystalline silicon in solar panels, which effect their total performance while it is highly
recommended to use them in cold and cloudy regions (Eldin, Abd-Elhady, &Kandil, 2016).

2. Design and Analysis:
2.1 Solar panel
The solar panel is a collection of solar cells that made of silicon material while the frame of the panel and other
components are made of steel (Figure 2.0). The material of the panel was used because of; firstly, the monocrystalline panel is long lasting and durable when compared to the polycrystalline panel. Secondly, the
photovoltaic panels made of mono-crystalline cells are efficient regarding electrical power production. The panel
can adapt the highest quantity of solar energy to electricity.
Likewise, the mono-crystalline have the capacity to offer a lesser level of the embedded amount of energy in each
panel. The embodied energy is the total energy required to create a product and successfully supply it. With the
mono-crystalline panel, the overall cost is lesser than that of a polycrystalline panel. Similarly, the panel of choice
is environmentally friendly when compared to the thin solar product. The mono-crystalline panel does not contain
the heavy metal cadmium, which has been found to accumulate in humans and animals and have significantly
been linked to be one of the causes of cancer in both humans as well as animals (Gohlke, Hrynkow, &Portier,
2008). The other advantage of the mono-crystalline solar panel is that the loss of efficiency when the temperature
rises to 50 degrees Celsius is lesser when compared with the polycrystalline cell. The cells as well have the ability
to produce more electric power per meter square. Therefore, the mono-crystalline solar panel is used because they
are cost effective, they are efficient apart from being reliable, and a bulk form of silicon is utilized in the prior
technology (Nogueira, Bedin, Niedzialkoski, Souza, &Neves, 2015).
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Figure 2.0:Dual Axis Sun Tracking Solar Panel Model
2.2 The Slewing Drive
The slewing drive was used in this thesis to produce a rotational torque, and it is mainly found in wind turbines,
cranes and other machines that move during their normal operations (Fig 2.1). Furthermore, it was used as a
moving mechanism for vertical and horizontal movements. The slewing drive was self-locking and irreversible to
resist the wind and other forces that might interfere with the movement of the solar panels. It was made by
combining gears, bearing and seals in a single unit. Additionally, the worm gear (Fig. 2.2) was used as a rotational
movement by connecting the motor, horizontally; when the worm rotates, it also rotates the gear.

Figure 2.1: Slew Drive Model

Figure 2.2: Worm Gear Model
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2.3 Wind Load Analysis
Solar tracking systems are meant to work outside, with the potential loads coming from the atmospheric wind.
The atmospheric pressures estimate the action of wind and its effect greatly depends on the wind parameters such
as velocity, the turbulence characteristics, the dynamic factors, structural characteristics, and location. The design
standards such as the ASCE 7-05 will provide procedures that will be used in the estimation of wind loads on the
PV solar panels; the standard provides the models of wind action on the inclined surfaces of the PV
platforms(ASCE 7-05, 2006). The wind force acting on the PV can be determined by the expression:
𝐹𝑤𝑖𝑛𝑑 = 𝑞𝑧 𝐺𝐶𝑓 𝐴𝑓 (𝑁) (2-1)(ASCE 7-05, 2006)
𝑁

where {𝒒𝒛 = wind velocity pressure ( 2 ), 𝑮 is gust effect factor𝑪𝒇 = the panel’s force coefficient found in Table
𝑚
2.0 and 𝑨𝒇 = projected area of the panel normal to wind (𝑚2 )}. The velocity pressure relation likewise is
determined by this expression:
𝑁
𝑞𝑧 = 0.613𝑘𝑧 𝑘𝑧𝑡 𝑘𝑑 𝑉 2 𝐼 (𝑚 2 )(2-2)(ASCE 7-05, 2006)
where {𝒌𝒛 = velocity pressure exposure coefficients, which will be found in Table 2.1, 𝒌𝒛𝒕 = topographic factor,
𝑚
𝒌𝒅 = wind directionality factor which will be found in Table 2.2, 𝑉= wind velocity which in Connecticut is 54 𝑠
(see Fig 2.9) and 𝐼 = importance factor which will be found in Table 2.3. For the solar panel, the occupancy
category should be I (Table 2.4)}. The topographic factor relation will be determined by this expression:
𝑘𝑧𝑡 = (1 + 𝑘1 𝑘2 𝑘3 )2 (2-3) (ASCE 7-05, 2006)
Since the solar panel is not located on the top of hills, the topographic factor will be equal to 1.
The guest effect factor relation will be determined by this expression:
1+1.7𝑔 𝐼 𝑄
𝐺 = 0.925( 1+1.7𝑔𝑄 𝐼ẑ ) (2-4)(ASCE 7-05, 2006)
𝑉 ẑ

10 1
𝑐( )6
ẑ

𝐼ẑ =
(2-5)(ASCE 7-05, 2006)
where 𝐼ẑ = the turbulence intensity at height ẑ where ẑ = the equivalent height of the solar panel defined as 0.6,
but not less than 𝑧𝑚𝑖𝑛 for the solar panel height .𝑧𝑚𝑖𝑛 and c are listed for each exposure in Table 2.5; 𝑔𝑄 and
𝑔𝑉 will be taken as 2.4. Thebackground response Q is given by:
𝑄=

1
𝐵 + 0.63
)
𝐿ẑ

1+0.63(

(2-6)(ASCE 7-05, 2006)

where 𝐵 = horizontal dimension of the panel normal to the wind direction,  = height of the panel and 𝐿ẑ = the
integral length scale of turbulence at the equivalent height given by:
ẑ
𝐿ẑ = ℓ( )⋶ (2-7)(ASCE 7-05, 2006)
10
whereℓ and ⋶are constants listed in Table 2.5.
After we find the wind force acting on the solar panel, we will use toque equation to find the force acting on the
gear teeth determined by this expression:
𝐹𝑤𝑖𝑛𝑑 𝐿𝑝𝑎𝑛𝑒𝑙 = 𝐹𝑔𝑒𝑎𝑟 𝐿𝑔𝑒𝑎𝑟 (𝑁. 𝑚)(2-8)
where 𝐿𝑝𝑎𝑛𝑒𝑙 = the horizontal or vertical length of the panel from the center, 𝐹𝑔𝑒𝑎𝑟 = the force acting on the gear
and 𝐿𝑔𝑒𝑎𝑟 = the gear pitch radius.
After we find𝐹𝑔𝑒𝑎𝑟 , we are going to multiply it by 2 to make sure that the gear is going to rotate the solar panel
with negligible wind resistance and then we divide it by 3 for distributing the force on the three teeth.
2.4ANSYS Design Modeling
2.4.1 Mesh
The size function of the mesh is adaptive, the relevance center is medium, the transition is fast, and the span angle
center is medium. Since student edition has a limited number of elements and nodes, a finer mesh cannot be
conducted. The number of nodes are 19854 and the number of elements are 10863.
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Figure 2.3: Mesh of the gear
2.4.2 Static Structural
The forces on the teeth are acting on the x component.

Figure 2.4: Force distributed on three teeth
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Figure 2.5: Weight acting on the surface of a horizontal gear

Figure 2.6: Displacement

Figure 2.7: Frictionless Support
The thermal condition is emphasized in the analysis due to the behavior of the material during hot and cold
temperature as it expand and contrast, respectively. Because the panel will be used in Connecticut, the
temperatures will be 40 degrees Celsius and -5 degrees Celsius.

Figure 2.8: Thermal Condition
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Figure 2.9: Wind Speed in the United States
Note: Reprinted from Design Loads for Buildings and Other Structures, ASCE. Copyright 2006 by ASCE.
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Table 2.0: Force Coefficient
Note: Reprinted from Design Loads for Buildings and Other Structures, ASCE. Copyright 2006 by ASCE.

Table 2.1: Velocity Pressure Exposure Coefficients
Note: Reprinted from Design Loads for Buildings and Other Structures, ASCE. Copyright 2006 by ASCE.
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Table 2.2: Wind Directionality Factor
Note: Reprinted from Design Loads for Buildings and Other Structures, ASCE. Copyright 2006 by ASCE.

Table 2.3: Importance Factor
Note: Reprinted from Design Loads for Buildings and Other Structures, ASCE. Copyright 2006 by ASCE.
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Table 2.4: Occupancy Category
Note: Reprinted from Design Loads for Buildings and Other Structures, ASCE. Copyright 2006 by ASCE.

Table 2.5: Exposure Constants
Note: Reprinted from Design Loads for Buildings and Other Structures, ASCE. Copyright 2006 by ASCE.

3.Results and Discussion:
The force distributed on the three teeth for the horizontal worm gear was found to be 96486.2 N while the vertical
worm gear was found to be 78626.97 N. The results obtained from the ANSYS simulation over the worm gear
will bepresented.The simulation has been tested indifferent temperatures at 22º C, 40º C and -5º C. Comparison
between results obtained from the ANSYS simulation was made to validate the optimal material in these
conditions. AISI 1050 Steel is used in this analysis.It is important to note that vertical and horizontal worm gears
results show insignificant difference. Therefore, this result showing only the horizontal worm gear as the base
model.
3.1 At 22º C Temperature

Figure 3.0: Total Deformation (before)
Figure 3.1:Total Deformation
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Figure 3.2: Equivalent Stress

Figure 3.3: Equivalent Elastic Strain

Figure 3.4: Factor of Safety
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3.2 At 40º C Temperature

Figure 3.5: Total Deformation

Figure 3.6: Equivalent Stress

Figure 3.7:Equivalent Elastic Strain
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Figure 3.8: Factor of Safety
3.3 At -5º C Temperature

Figure 3.9: Total Deformation
Figure 3.10: Equivalent Stress
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Figure 3.11: Equivalent Elastic Strain

Figure 3.12: Factor of Safety
3.4 Material Selection
After the analysis have been conducted, several materials have been tested to meet the optimal requirement for
this design. Matweb.com have been used as a reference for the material properties (Matweb, 2017). In addition,
alibaba.com have been used for the average cost of materials per kg (Alibaba, 2017). Table 3.0 will discuss the
comparison between materials:

Material

302 Stainless
Steel
(Annealed
Bar)
AISI 302B
Stainless
Steel
(Annealed
Bar)
AISI 1050
Steel
(Rolled)
AISI 1030
Steel
(Rolled)
AISI 1020
Steel
(Rolled)
Titanium
Alloy
(Rolled)

Thermal
Condition
(C)
22
40
-5

Total
Deformation
(mm)
0.023
0.056
0.079

Equivalent
Stress
(MPa)
67.49
165.78
248.95

Equivalent
Elastic Strain
(mm/mm)
0.00035
0.00086
0.00129

Safety
Factor

Cost/kg
($)

8.67
3.53
2.35

~1.65

22
40
-5

0.023
0.053
0.075

67.49
157.75
236.91

0.00035
0.00081
0.00125

4.07
1.74
1.16

~1.65

22
40
-5
22
40
-5
22
40
-5
22
40
-5

0.022
0.042
0.057
0.022
0.042
0.056
0.024
0.044
0.057
0.047
0.058
0.064

66.83
122.13
183.3
66.83
122.73
184.19
66.83
110.81
166.31
65.79
65.90
73.37

0.00032
0.00060
0.00089
0.00032
0.00060
0.00089
0.00036
0.00060
0.00089
0.00069
0.00069
0.00076

6.21
3.40
2.26
5.16
2.8
1.87
4.94
2.98
1.98
14.14
14.11
12.68

Table 3.0: Materials Behavior
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Conclusion
AISI 1050 Steel is showed in the results as the best candidate for selecting the material for the slew drives which
have a safety factor greater than 2 during hot and cold temperatures, which will also survive the gust of wind in
the state of Connecticut. Other materials have not been selected because they are costlier, or the safety factor is
below 2. In addition, the vertical and horizontal slew drives did not show significant differences when selecting
the material.
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