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SENIOR ENGINEERING HONORS 

This project consisted of building a 
cart and tilt apparatus for a solar panel 
that will be used to power a water pump. 
The tilt apparatus was fixed to the cart, 
and allows the solar panel to be adjusted 
to various angles, based on the sun’s 
position, to maximize panel output. 
 The solar panel is attached to a Pulse 
Width Modulation (PWM) solar charge 
controller (P30L) that keeps the system 
operating at an optimal power point to 
charge a 12 V, 9 Ah battery. Testing was 
completed on the system to determine 
the best operating conditions depending 
on weather and the operating tilt of the 
solar panel. It was found, without load 
and in sunny conditions, that the 
maximum power generated by the solar 
panel could be approximately 100 W. 
The average flow rate of the pump was 
found to be 4.83 gal/min. 

Through calculations the optimal 
tilt angles of the solar panel per 
operation in each season were 
calculated. The angle for each season 

are as follows: 5.91° for Summer,  

26.93° for  Fall and Spring, and 53.23° 
for Winter. 

The tilt apparatus is built from 
several pieces of PVC pipe that are 
bolted together, with differing lengths 
of pipe for the supports that can be 
changed to provide varying tilt angles 
for the solar panel. The angle of the 
panel can be adjusted for maximum 
power output, which varies seasonally 
and depending on weather conditions. 

The angles supported by the 
constructed tilt apparatus are 5°,  20°, 
30°, 40°, 50°. All tests were completed 

The 9Ah battery has the capacity 
to power the 12 V pump for 4.5 hours. 
Using the calculated flowrate, a single 
battery charge can be used for 130 10-
gallon increments. The cart was 
designed to haul 10 gallons of water at 
a time.  

 Tests were completed to determine the 
operating current for the solar panel. Both 
the open circuit voltage and short circuit 
current were tested across several days, 
where sunny days had the highest power 
output and cloudy days had the lowest 
power output. 

Solar Panel Results 

Figure 2. Results for five trials determining 
Output Power vs. angle of solar panel. 
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The flow rate was found by measuring the amount of time it took a certain 
amount of water to run through the pump. The amount of water divided by the 
time gave us our flow rate. The pump was found to have an average flow rate of 
4.83 gallons per minute. Given that the cart was designed to hold ten gallons of 
water at a time, the cart can be completely filled in  2 minutes and 4.22 seconds. 
The pump was, however, tested at a fairly small head measurement of 
approximately 30 inches. In the field, the pump would be used for a larger head, 
and thus the flow rate would be smaller because more energy is needed to lift the 
water through the piping  system. 

 Through several 
trials it was found 
the optimal 
performance 
angles were 
between 40° and 
50° during the 
winter month, 
which matches the 
seasonal angle 
calculations. 

Figure 1. Solar panel tilt apparatus. 

Figure 3. Solar panel testing at 50° 
for solar charge controller. 

Figure 4. Final design with pump load 
attached through an inverter. 

Table 1. Maximum Voltage, Current, and Power Values for Each Trial  

Table 2. Flow rate results from pump testing  


