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Background
People who live in secluded areas have limited access to efficient power because it is unavailable or too expensive. Also, with the rising cost of fossil fuel most
people who live in standard-sized homes are interested in finding alternative energy sources to reduce domestic electricity cost. Solar energy is an abundant source
of renewable energy which makes it a good solution for people living under these circumstances. In a single day, the amount of sunlight hitting the United States
is more than 2,500 times the entire country’s daily energy usage” [1]. The most efficient solar panels of today’s technology harness less than 20% of available solar energy [2]. Although this is a small percentage, it is a helpful amount of energy that may one day allow for independence from non-renewable forms of energy.

Project Description

Testing & Results

Our senior design project is focused on developing an efficient but low cost solar energy system that collects solar energy, stores it into a battery, and has an inverter to convert that energy from DC to AC voltage. This is the form needed to power many electronic devices. This
makes our system a useful source of power to people in remote areas who lack access to gridline power. The system mainly consists of a solar panel with a maximum rating of 135W which harnesses sunlight and stores it in a 12V solar battery. Our system also comprises an inverter, which converts this stored DC voltage to 120 VAC, 60 Hz. In order to explore and make use of intelligent technology, the solar panel system will be augmented with an autonomous tracking system.
Our client is Dr. Jeng-Nan Juang, who has a Ph.D. in Electrical Engineering. He has been funding renewable energy projects at Mercer University since 2009. Dr. Jeng-Nan Juan therefore assigned to us, the design and construction of a solar energy system that has tracking abilities. Dr. Ramachandran Radharamanan is the sponsor of this project. He is the faculty advisor for the Mercer Entrepreneurial Engineering Education Program (MEEEP). MEEEP is the student organization whose mission is to introduce engineering students to the entrepreneurial
mindset that is relevant to the business world of today.

Tests were conducted after the system was constructed to ensure functionality, real-time responsiveness, reliability, stability and safety. During the entire process
of testing, corrections and modifications were made to ensure the system was producing the expected results. The following general conclusions were drawn from
the test results and data gathered.
 The system achieved East to West tracking
 The system was able to display current and voltage information about its components
 The inverter designed for the system successfully converted 12 VDC to 120 VAC
 The entire system weighed less than a 100 pounds and could be easily moved around

In the United States, the top three energy sources of electricity are coal at 37%, natural gas at 30%, and nuclear at 19% [4]. These forms of energy are nonrenewable; meaning they will eventually be depleted. For this reason, it is important to seek renewable sources of energy since they are cleaner, easier to use, require less
maintenance, and will always be available. This project focuses on solar energy, which is a renewable form of energy. On average the earth surface receives about
600 W/m2 of solar energy [5]. This value depends on several factors such as the time of the day and the atmospheric conditions. In 2012, only 0.11% of Solar Energy was used to generate electricity [4] and it is estimated that solar energy will become the largest source of electricity by the year 2050 [5]. For this reason,
there should be a larger investment in solar energy. Solar energy is a very large and infinite resource (200 times larger than all the other non-renewable sources of
energy combined); unlike fossil and nuclear resources which are also very large (particularly coal) but finite. Solar energy does not present the environmental hazards that the full exploitation of fossil fuels and nuclear energy present. It is also the only resource that is both large enough and acceptable to meet the energy demands of the world for the long haul.

Average Power Comparison Test
The average power comparison test was performed to determine whether a stationary solar panel or a tracking solar panel produced more output power. As a
team, we predicted that the tracking mechanism would produce the maximum output power. The most important factor during this test was the effect of the sunlight. It was crucial that the amount of sunlight the panel available was similar each day we ran the test, i.e. collected readings. After two days of monitoring the
panel’s output voltage and current, the data shown in Tables 1 and 2 were recorded:
Table 1: Stationary Solar Panel

Design Overview
The bases of the linear actuators are mounted on the same horizontal plane of the platform. They are resting on extensions made on each side of the wooden platform on the y-axis to accommodate the length and to allow better rotation. To prevent the actuators from interfering with
each other while in movement and to improve weight distribution, the actuators are positioned 2 inches apart on the x-axis. The head of each linear actuator is attached to the brackets supporting the solar panel. At resting position, the solar panel is parallel to the platform in a plane
about 20 inches away in the positive z-axis from the platform. A wooden, rotating semicircular support makes an orthogonal link between the platform and the panel. This semicircular support is inserted in an elevated fence bracket screwed to the platform. A bolt secures the semicircular support to the fence while allowing it to rotate about the y-axis.
The semicircular support is connected with hinges to a board that supports the panel. Our original design, Design Kei’Shawn, permitted dual axis tracking, therefore we expected Design Omega to achieve the same. Unfortunately, we encountered pivoting issues with the linear actuators as well as stability issues. Thus, Design Omega was reduced to a single-axis tracker. We placed the steel triangular part in the centered-adjacent section of the supporting panel board and semicircle. This provided more support to the panel and restricted movement about the xaxis. In order to perform rotation about the y-axis, when one linear actuator extends the other must retract the same amount and vice versa. To make the panel rotate so that it is facing the -x direction, the linear actuator whose head is pointing towards the -x direction must extend
while the other linear actuator retracts. The opposite is true to make the panel rotate in the +x direction.

Table 2: Solar Tracking Mechanism, 30 degrees East

Day 1

Time Recorded

Voltage
(V)

Current
(A)

Power (W)

3/26/14

3:50pm

20.8

0.60

12.48

3/26/14

4:00pm

20.65

0.58

11.9762

3/26/14

4:10pm

20.6

0.57

11.742

3/26/14

4:15pm

20.0

0.47

9.4

Total

45.5982

Average
Power

11.39955

Day 2

Time Recorded

Voltage
(V)

Current
(A)

Power (W)

4/4/14

3:32pm

19.50

0.63

12.285

4/4/14

4:50pm

19.11

1.62

30.9582

4/4/14

5:22pm

16.07

1.28

20.5696

Total

63.8128

Average
Power

21.2709

Front View: R.I.S.E.S. Default Position

Back View: R.I.S.E.S at Default Position

Side View: R.I.S.E.S at Default Position

The team went through various phases in the design and construction of R.I.S.E.S. These phases involved:
 The mechanical construction of the system
 Setting up the tracking system and programming it
 Installing the LCD screen and programming it to make current and voltage readings
 Building the inverter

Time

Voltage

Current

Power

4/5/15

3:15pm

17.7

4.6

81.42

4/5/15

3:58pm

16.77

3.77

63.2229

4/5/15

4:35pm*

16.85

2.00

33.7

4/5/15

4:45pm*

16.53

4.48

74.0544

Total

252.3973

Average
Power

63.099

*Tested at a panel tilt of 20 degrees
Table 1 shows the calculated power of our system when the panel is stationary,
during 1 hour periods on two separate days. The highest total average power for
those two days was 21.2709W. Table 2 also shows the calculated power of
R.I.S.E.S. when the panel is in tracking mode. The set of data was recorded while
the panel was titled 30 degree East. The total average power, in tracking mode,
equaled to 63.099W. Thus, our prediction was correct. This test proved that havin
having a solar tracking mechanism is definitely more efficient and useful than a
single stationary solar panel. Future actions can be taken by gathering more
readings throughout the day. We experienced varying weather conditions and
were limited to the amount of sunlight our solar panel received during certain
days; there were also time constraints. Therefore we did not collect data on certain
days.

Inverter Test
The inverter built was able to light a 120 VAC, 25 W bulb that was connected to it. This can be seen in the pictures below. Figure B shows the bulb lighting up
after the 12 VDC input from the battery

Figure A: Before the inverter was connected to the battery

Construction

Date

Figure B: After the inverter was connected to the solar battery

Team & Acknowledgements
The team constructing R.I.S.E.S is made up of three computer engineers and one electrical engineer who used their experience and
technical skills to ensure the successful completion of this project.

The pictures below capture some of the moments involved in the construction process.

Mike Dumas was primarily responsible for mounting the solar panel on a stable receptacle and safely connecting it to
the battery. He also had to install the motor and the controller that will enable the system to move.

Back View: R.I.S.E.S. at a 30 degree angle in EW
direction

Figure 1: Attaching the linear actuators to the panel

Side View: R.I.S.E.S. at a 30 degree angle in EW
direction

Front View: R.I.S.E.S. at a 30 degree angle in EW
direction

Gauthier Ingende was in charge of developing the kernel that will regulate all the microcontroller operations and was
also in charge of the integration of an LCD unit.

Figure 2: The completed system

Summary & Conclusions

Mary Thompson had to design and build an inverter that will convert the energy stored in the battery from DC to AC
(120 VAC, 60 Hz).

The team, using the design specifications given to us by our client and using the research done and presented in the Preliminary Design Report (PDR) went ahead and constructed a prototype with approval from our client. The goals of this prototype were to effectively track the sun, collect sunlight, store it in a battery, and eventually convert this energy from DC to AC voltage. The main purpose of this system was to allow people in remote areas to have a source of power for their appliances. The system could also serve as an alternative source of power in a standardsized home.

Figure 3: Programming the linear actuators

Figure 4: The system

The prototype for R.I.S.E.S (Real-Time Solar Energy System) was build using Design Omega, a modified design, based on the original design presented in the PDR. This system allowed for single-axis tracking in the East to West direction, unlike the dual-axis tracking expected in the
original design. The modifications were made due to difficulties that were experienced in an attempt to construct the original design. Using the original design would have required additional aluminum and steel supports which added weight to the system. Also, the original design required welding which none of the team members had the expertise for. Another problem the original designed posed was instability.
The new design, Design Omega consists of two linear actuators mounted on a wooden platform together with a wooden, semi-circular support which allows the East to West movement of the panel which is attached to them. The wooden platform had wheels to facilitate easy movement
of the system. An LCD screen was programmed to collect and display real time data as part of the system. An inverter was also built to utilize the energy collected by the system which is stored in the battery. This inverter was designed to convert the DC voltage of 12V coming from the
battery to 120 VAC, to power appliances.
The team was therefore successful in designing and constructing a working tracking solar system, which could respond to its environment. This product had the ability to effectively collect sunlight and transform it into a useful form to power appliances. Even though the power output
of the inverter in the system was very low from the test results, we believe that once the battery is fully and effectively charged, a higher current will be drawn, which will result in a higher power value. There were some other minor setbacks that prevented the team from achieving all
the expected results. However, the team still managed to get a working prototype. The production cost for this prototype was approximately $734.87.

Kei’Shawn Tention was responsible for designing the hardware and software mechanism that will enable the system to
continuously track the sun to maximize sun irradiance; as well as research concentration methods.
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Figure 5: Building the Inverter

Figure 6: The completed Inverter circuit
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