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ABSTRACT 11 
 12 

Aim: This study aimed at developing a solar power generating system with solar tracking 
and data logging devices. 
Study design: The study design used was experimental study 
Place and Duration of Study: The study was carried out at the Department of Mechanical 
Engineering, Faculty of Engineering and Technology, Ladoke Akintola University of 
Technology Ogbomoso. February, 2022 
Methodology: The C-language programme was used in conjunction with the Arduino Uno 
board for logging the power generated from the Dual Axis Solar Power Generating System 
DASPGS and Fixed Axis Solar Power Generating System (FASPGS). These were set up to 
generate data points from the systems. The power generated was stored on the created web 
page and the Secure Digital (SD) card. Data were harvested and the performance 
evaluations of the DASPGS over FASPGS were determined. Analysis of Variance (ANOVA) 
in Statistical Package for the Social Sciences (SPSS) version 23.0 was used to test for the 
significant difference in the set of data between DASPGS and FASPGS.  
The p-value obtained revealed that there was a significant difference between the set of data 
on DASPGS and FASPGS. Likewise, it was observed that there is a relationship between 
the set of data on the day of the weeks.  
Results: The developed DASPGS performed better than FASPGS due to its ability to track 
sun radiation. The system developed finds its application in the area of the solar power 
system. 
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1.  INTRODUCTION  19 

 20 
The increasing demand for energy and continuous depletion of fossil fuels coupled with the growing concern 21 

regarding environmental pollution have spurred researchers' interest in the exploration of safe, affordable, 22 
sustainable, clean, and green alternative energies like solar, wind, biomass, and hydropower energy. However, 23 
energy generation showed a major problem as the world population is increasing [1] and its demand is strongly 24 
driven by the needs of the growing population [2], thus, a typical sustainable energy source is needed. Solar energy 25 
source offers a huge prospect for the generation of electric power, capable of ensuring a significant quantum of 26 
electrical energy requirements for the planet earth [3]. This alternate source of power is constantly achieving 27 
admirable fame especially since the discovery of fossil fuel limitations for sustainable energy has generated much 28 
research interest in many countries of the world in line with the Sustainable Development Goal [4].  29 



 

 

 30 
Acknowledging that solar energy is clean, renewable, and green/domestic energy source [5,6] available on daily 31 
bases from the sun and as such, it guaranteed a continuous supply of energy, especially in day time while the night 32 
times surplus energy from the supplies during the day can be stored up for use during hours of the night through 33 
solar inverter system. However, there are situations when sufficient sunlight is not achieved during the day due to 34 
rainfall, storm, or cloudy or dull weather. Meteorologists have established that weather conditions are stochastic 35 
hence the need to engage in solar energy harvesting and storage using solar inverter systems. This study came up 36 
with a developed dual-axis solar power generator which was designed to capture energy from the sunlight by 37 
following the direction of sunlight at each time of the day.       38 
 39 
A solar tracking system enhances the optimum capturing of energy from sunlight as the solar panel was designed to 40 
follow the direction of direct sunlight throughout the day. This was considered to have the capacity to perform 41 
efficiently and effectively compared with the traditional fixed position solar system. The major difference between 42 
the tracking system and the fixed position solar system is the introduction of a solar mechanism that moves the set 43 
of connected solar cells on a dual-axis along the path perpendicular to the ray of the sun [7,8]. Since the position of 44 
the sun keeps changing relative to the earth and to receive the best angle of exposure to sunlight for the collection 45 
of energy, a tracking mechanism is incorporated into the solar panel system to keep the panel pointed in the 46 
direction of the sun for optimum performance of the system [9].  47 
 48 
Azimuth and zenith have been identified as the most effective solar power tracker available due to their two-axis 49 
tracking movement [10]. Compared to the common properly fixed position solar panel, energy gain can be 50 
considerably increased using this type of solar tracking system [11]. These systems of tracking with two axes have 51 
been developed using two types of the most commonly used automatic control systems, open-loop, and closed-52 
loop. Tracking in a closed-loop is more effective as it uses various active sensors responsible for receiving signals 53 
of solar radiation, such as Light Dependent Resistor (LDR) and it has feedback to the controller that allows 54 
constantly orienting the panel making the most of its effectiveness [12]. 55 
 56 

2.  MATERIAL AND METHODS  57 

 58 
2.1 Design of the DASPGS 59 

The mechanical engineering material selection that was used for fabrication and production of the DASPGS 60 
included the following: mild steel rod, mild steel pipe, mild steel bar, mild steel plate, galvanized steel pipe, chrome 61 
steel, aluminum pipe, carbon steel, and teflon. In the design of a gear drive, the following data were design 62 
parameters used: the power to be transmitted, the speed of the driving gear, the speed of the driven gear or the 63 
velocity ratio, and the center distance.   64 

The gear ratio (G) 4:1 was used since the same material was used for the gear and pinion then, the design was 65 
based on the pinion since it is the weakest. The number of the teeth on the pinion      was determined by equation 66 

1. 67 
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where  69 
   is number of teeth on the gear ,  70 
Dp  is pitch circle diameter of the pinion = 50mm 71 
Dg is the pitch circle diameter of the gear = 200mm 72 
   is fraction by which the standard for the wheel should be multiplied, = 1 73 

module,   is pressure angle. For light shock intermittent load,   =    .  74 

       is Gear ratio,   is Gear ratio  
  

  
  

  

  
 = 4 75 

Therefore, from Equation 1, we have: 76 
    = 16 teeth  77 

The number of the teeth on gear was determined by Equation 2 78 
TG                                         2 79 

⸫ TG = 64 teeth                80 

The center distance     between the shafts was determined using Equation 3 81 
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  The pitch line velocity     was determined using Equation 4 84 
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Since the pitch line velocity     is less than 12.5 m/s, therefore the velocity factor      was determined using 87 
Equation 5  88 
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 = 0.02 90 

For   
 

 
 composite and full depth involute system, the tooth form factor      was determined using Equation 6 91 
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             93 

Module     was determined using Equation 7 94 
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      = 3mm 96 
For light shock intermittent load. The service factor       , Then, tangential tooth load      was determined using 97 
Equation 8 98 

       
 

 
                           8 99 

           100 
Lewis equation was applied since both the pinion and the gear are made of the same material, then the pinion is 101 
weaker. Therefore, the width     of the pinion was determined using Equation 9  102 
                                                    9 103 

where,     is allowable static stress of the material selected,    = 22.4 MPa 104 

⸫    = 2.5 ≈ 3mm 105 

The circular pitch      for gears to mesh correctly was determined using Equation 3 106 
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 = 9.43 108 
The dynamic tooth load      was determined using Equations 11 to 13 109 

                                                     11 110 

where,      
           

           
                                  12 111 

and   is a deformation or dynamic factor in N/mm,   
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   = 0.111 = the factor depending upon the form of the teeth. For 20
0
 full depth involute system,  113 

   is tooth error action in mm.  114 

 For pitch line velocity up to1.25 m/s,         ,  115 
       is young's modulus for the material of the pinion and gear in N/mm

2
,  116 

⸫        = 0.583Gpa.  117 

 From Equation 13 118 
                    119 
From equation 12 120 
                121 

 Therefore,     from equation 11 become 122 

                123 
 The static tooth load      was determined by Equation 14 124 

                                                          14 125 

where,    is flexural endurance limit.  126 
 The Brinell Hardness Number (BHN) for Teflon is 294.  127 
 At 294 BHN,    = 490 MPa, and    = 721 MPa 128 
⸫  From Equation 14, 129 

                         130 

                    131 

For safety against tooth breakage,      . Wear tooth load (    was determined by Equations 15 to 17 132 

                                                              15 133 

where,   is ratio factor for external gear,  134 
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and    is a load stress factor in N/mm
2
 = 
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From Equations 16 and 17  137 
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            139 
Therefore Equation 15 becomes 140 
                 141 

The factor of safety     was determined by Equation 18 142 
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  ≈ 1 144 
The speed of the motor       and the power       on the horizontal solid shaft was taken as 55 rpm and 120 Watts, 145 

respectively. Then, the torque       for the threaded horizontal solid shaft was determined by Equation 19 as 146 
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           =           148 

Determination for the strength of the solid shaft       was calculated using Equation 20, where the shear stress of 149 

the mild steel,      = 258 MPa 150 
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⸫ Using Equation 20, we have 152 

       = 7.44mm ≈ 8mm  153 
For the horizontal shaft, it is safe to use 7.44 mm but 8 mm was used 154 
The speed of the motor       and the power       on the vertical hollow shaft was taken as 45 rpm and 180 Watts, 155 

respectively. Then, the torque       for the vertical hollow shaft was determined using Equation 21 as 156 
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                    158 

The diameter ratio for the vertical hollow shaft, (         was used and the shear stress for galvanized steel, 159 
           Then, the external diameter for the hollow shaft      was determined by Equation 22 160 
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                 but       was used 162 

 The internal diameter      was determined by Equation 23 163 

                                                  23 164 

         but       but was used 165 
2.2 Determination of the appropriate direction and orientation of the solar panel 166 

Four Light Dependent Resistors were used as sensors for sensing light intensity. These LDRs faced four 167 
different directions which are east, west, south, and west. Each LDRs was used in a voltage divider network whose 168 
output was then connected to the analog pins of the microcontroller.  Each LDR was used as R1, R2 R3, and R4 in 169 
the circuit which made the output from each network to be directly proportional to the intensity of light falling on it. 170 
Since four outputs were used then, four analog input pins were used on the Arduino board. The command analog 171 
read was used to read the input and the microcontroller was used in comparing values gotten from each input pin, it 172 
was then used to decide the correct direction to face by giving the direction which input is the highest preference 173 
over others. Also, another Two LDRs were used, the first one was placed at angle 90

0
. This was useful when the 174 

sun passes overhead while the second one was placed at an angle 45
0
 for tilting the solar panel perpendicular to 175 

the direction of the sunlight. 176 
After the decision is taken by the microcontroller, the microcontroller sent a signal to the first stepper motor to 177 

rotate it to the concluded direction and then sent another signal to the second stepper motor to tilt the panel to face 178 
the right direction. The microcontroller continued comparing the inputs from the voltage divider networks, and it 179 
would take the process of actuation as soon as it sees a need for it. Figure 1 showed the circuit diagram of the 180 
voltage divider network and the actuators while Figure 2 showed the product of the DASPGS 181 

2.3 Data logging development 182 

The inner board of the data logging components for the DASPGS comprises the following; 183 

 Casing: This is where data logging components of the DASPGS were enclosed. 184 

 Arduino nano: This is where the C-language programme was written for logging the power generated from the 185 
system.  186 

 Display Screen: this is a digital display unit that showed the level of current rating in ampere coming directly from 187 
the solar panel at a time, and the rate at which the battery is charging in volts.  188 

 Secure Digital Card Module: This was used for the data logger which received information inform of data from 189 
Arduino nano with the help of written a language programme. 190 

 Current Sensor: This was used to sense the  level of current received from the solar panel 191 



 

 

 Step down: This was used to step down the 12 volts coming from the battery to 5 volts needed such as Arduino 192 
board, current sensor, SD card module, etc. 193 

 GSM Module: this was used for an internet connection to enable data to be sent from Arduino to the created 194 
website. 195 

 Clock Module: This was used to set and update the time at which the data are uploaded 196 

 Voltage Divider: This was used to divide the level of voltage, then convert it from analog signal to digital form 197 

 Connector: This was used to connect the wire from the battery terminal. 198 

 Variable Resistor: It was used for contrast which serves as control of brightness and darkness of the screen.  199 

2.4 Principle of the data logging development 200 
A current sensor was used to measure the amount of current harvested by the solar panel and the amount of 201 

voltage supply was measured using a voltmeter. The amount of power harvested was derived by multiplying the two 202 
together using Equation (24) below 203 
                                            24  204 
where  I is current in amperes    205 
 V is voltage in volts 206 
A computer programme was written in C-language in conjunction with the Arduino Uno board for logging the power 207 
generated from the Dual Axis Solar Power Generating System (DASPGS) and Fixed Axis Solar Power Generating 208 
System (FASPGS) at intervals of 5 minutes. The data were logged for both systems in two ways simultaneously.  209 
For the first method, which is offline data logging, Secure Digital (SD) card and SD card module was used. This 210 
module was connected to the microcontroller and the data was stored in it periodically in form of a comma-211 
separated value. The data stored were later retrieved by inserting the SD card in an SD card reader and then 212 
opening the file stored in Microsoft (MS) excel.   213 
For the online data logging, this was achieved by sending data to the server through the internet using a General 214 
Packet Radio Service (GPRS) module. The data was received at the server-side by a Hypertext Preprocessor 215 
(PHP) script, which was then sent to the database. A web page was created using Hypertext Markup Language 216 
(HTML) and PHP to fetch the data stored in the database and be displaying it as web content. The full diagram of 217 
the system is shown in Figure. 1 while Figure. 2 shows the system flow chart of the data logging. 218 
 219 

Fig. 1. The complete circuit diagram of the DASPGS 220 

 221 
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 224 
Fig. 2. Data Logging Flow Chart  225 
 226 
 227 

2.5 Determination of the solar power system efficiency 228 

The efficiency of the solar power system is the efficiency gained by using DASPGS over FASPGS and it was 229 
determined by Equation 25 according to [13]. 230 

                  
     

  
                                             25 231 

where Da is the Dual axes solar power generating system, and Fa is the Fixed axis solar power generating system 232 

2.6 Statistical analysis 233 

Statistical Package for the Social Sciences (SPSS) version 23.0 using Analysis of Variance (ANOVA) was 234 
carried out to analyze the output power (data) collected from each of the DASPGS and the FASPGS. A significant 235 
difference in the daily data collected was determined to check whether there is a variation in the data points 236 
between DASPGS and FASPGS. Also, analyses were carried out to investigate if there are no significant 237 
differences between the data points on the days of the week that is Mondays, Tuesdays, Wednesdays, Thursdays, 238 
Fridays, Saturdays, and Sundays from each of the solar power systems. According to [14], the significant difference 239 
was determined by Equation 26  bellow 240 

F = 
                    

         
       

                               26 241 

where  F is the ANOVA coefficient,  242 
 x is individual observation,  243 

     is the sample mean of     treatment (or group),  244 

    is the overall sample mean,  245 
 k is the number of treatments of independent comparison,  246 
 N is the total number of observations or total sample size 247 



 

 

 248 

3.  RESULTS AND DISCUSSION 249 

3.1 Development of data logging devices 250 
The output result for the development of the DASPGS and the data logging devices for the system is 251 

represented by Figure 1 and 2  252 

 253 
Fig. 3. Dual Axis Solar Power Generating System 254 

 255 
Fig. 4. Data logger devices 256 
 257 

3.2 Average Power from the Experiment 258 
The results of 2,016 data points were collected from the systems for four weeks between 10.00 AM to 4.00 PM 259 

daily at an interval of 5 minutes. Figure. 5 shows the results of the average power generated on daily basis for four 260 
weeks on the DASPGS and the FASPGS. The results showed that the DASPGS with tracking devices generated a 261 
maximum average power on the 28th day with 31.97 Watts while the minimum average power was obtained on the 262 
16th day with 16.02 Watts. While the FASPGS without tracking devices was able to generate a maximum average 263 
power per day on the 11th

 
day with 19.76 Watts and the minimum average power was recorded on the 10th day 264 

with 9.65 Watts. However, after the days of experimentation, it was discovered that the daily average power values 265 
on DASPGS were always higher than the values of FASPGS which showed that the system developed was 266 
effective.  267 



 

 

 268 
Fig. 5 Average power output per day 269 
 270 
3.3 Performance evaluation of the system 271 

The results of the performance evaluation of the DASPGS and FASPGS systems are shown in Table 1. the 272 
results showed that the average power generated in the first week from the DASPGS and FASPGS systems was 273 
22.88 and 15.16 Watts respectively and the efficiency gained by the system developed (DASPGS) was 50.92%. On 274 
the second week of testing, the results showed that the DASPGS solar system has an average power of 22.45 275 
Watts, the FASPGS system has an average power of 15.00 Watts and the efficiency gained was 49.67%. 276 
Likewise, the average power generated on the third week of testing on the DASPGS was 24.49 Watts while the 277 
FASPGS was able to generate an average power of 16.23 Watts and the efficiency gained was 50.89%. The results 278 
of the fourth week of the testing showed that the DASPGS and FASPGS systems have the highest values of the 279 
average power of 25.92 and 15.74 Watts respectively with the highest efficiency gained of 64.68%. However, 280 
research conducted by [15] stated that the efficiency of the DASPGS can be improved by 30-50% relative to 281 
FASPGS. Therefore, it was observed that the DASPGS was increased during the four weeks of testing of the 282 
system developed with an average efficiency gained 54.04%. 283 
 284 

Table 1 Efficiency of the data logging solar power system 285 

 
Week 

Average Power on 

Efficiency 
Gained (%) 

DASPGS Solar 
System (Watt) 

FASPGS Solar 
System (watt) 

1 22.88 15.16 50.92 

2 22.45 15.00 49.67 

3 24.49 16.23 50.89 

4 25.92 15.74 64.68 

 Average Efficiency Gained = 54.04 

 286 
3.4 Comparative analysis results 287 

The Analysis of Variance (ANOVA) of the DASPGS and FASPGS, setting  288 
Hypothesis; 289 
Ho  = There are no significant differences between the set of data for DASPGS and FASPGS and the 290 

Alternative hypothesis; 291 
Hi  = There are significant differences between the set of data for DASPGS and FASPGS systems. 292 
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According to [16], explained to determine significant differences between the set of data, at a 95% confidence 293 
level, if the P value is   .05 implies that there is a significant difference and if the P value is   .05 it means there is 294 
no significant difference. 295 

 296 
3.5  Results of ANOVA test between DASPGS and FASPGS 297 

Table 2. shows the results of the ANOVA test conducted on 2016 data points to check if there is variation 298 
between DASPGS and FASPGS. The standard deviations of 9.676 and 7.144 were obtained from DASPGS and 299 
FASPGS respectively. These values are an indication of how the data points per 5 minutes are spread out from the 300 
mean values of 23.930 and 15.488 respectively. Meanwhile, the variance of 93.632 and 51.045 agree with the 301 
standard deviation that also informed how dispersed the data points are to the mean or average values. For all the 302 
days in four weeks, the P value obtained is .004 which is less than 0.05 meaning that there is a significant 303 
difference between the set of data on DASPGS and FASPGS. 304 

 305 
Table 2. ANOVA result for significant difference between DASPGS and DASPGS 306 

Test DASPGS FASPGS 

Standard 
deviation 9.676 7.144 

Average 23.930 15.488 

Variance 93.632 51.045. 

P value .004  

 307 
 308 

3.6 ANOVA test for DASPGS and FASPGS on the day of the weeks 309 
Table 3. shows the results of the test conducted using ANOVA to check if there is any significant or no 310 

significant difference between the data collected from the DASPGS and the FASPGS on days of the four weeks. It 311 
was observed that the P value indicated that there is a significant difference between the set of data in the DASPGS 312 
on Mondays, Tuesdays, Wednesdays, Thursdays, and Sundays while there is no significant difference on 313 
Saturdays of the four weeks.   Whereas, It was observed that the P value indicated that there is a significant 314 
difference between the set of data in the FASPGS on Mondays, Tuesdays, Wednesdays, and Saturdays while there 315 
is no significant difference on Thursdays, Fridays, and Sundays of the four weeks.  316 

Table 3 ANOVA results for DASPGS and FASPGS on the days of the weeks 317 

4 Weeks 
DASPGS  
P value 

FASPGS  
P value 

Mondays .02 .002 

Tuesdays .01 .001 

Wednesdays .002 .001 

Thursdays .004 .58* 

Fridays 0.03 .26* 

Saturdays 0.06* .02 

Sundays .006 .27* 

* P = .05 318 
 319 

4.  CONCLUSION 320 

A data logging system was developed for DASPGS and FASPGS. Performance evaluation of the DASPGS 321 
gave a 54.04% increase over FASPGS. A significant difference was observed through the ANOVA test conducted 322 
on the power outputs between DASPGS and the FASPGS with a P value of .004 which is less than the .05 323 
statistical index. No significant differences were observed on Saturdays for the DASPGS with a P value of .06, 324 
while, FASPGS gave no significant difference on Thursdays, Fridays, and Sundays with P values of .58, .26, and 325 
.27, respectively.  326 

 327 
 328 
 329 
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