For the PicAxe 28X2 Processor

A REEL Power "™ (Renewable Energy Education Lab) Experiment
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Purpose

This experiment demonstrates how a solar panel reacts to radiant heat from the
sun including its diminished ability to produce electricity under this condition.

You will come to understand that:

1. Solar panels must be constructed of light-colored materials to better avoid
the effects of heat absorption.

2. Wind can dissipate the solar panel’'s heat and provide for better electrical
output.

3. Solar panel efficiency (the ability to convert sunlight into electricity) is
negatively affected by heat.

PicAxe Background Information

If this is your first experiment or if you just need a refresher on some of the
details please refer to the following background information guidelines:

Parts Assembly and Wiring Guidelines

Coding Guidelines

Resistor Color Codes

Reprogramming the FTDI chip — very important!!
Computing Current with Voltage Drop

REEL Power Software Installation and Operation
Safety Precautions
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Equipment

Qty Description
Solar Panel
Solderless Breadboard (Radio Shack Model: 276WBU301)
PicAxe 28X2 microprocessor chip
SparkFun USB to Serial Board (BOB-00718)
USB cable
10K resistor
1 ohm resistor
100 ohm potentiometer
0 Solid hookup wires (Radio Shack Model: 276-173)
Clip leads
Table fan
Windows PC computer with REEL Power ™ software
(MACs must have Parallel's “Desktop 3.0 for Windows”)
Printer (optional)
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General Hardware Hookup

Setup the equipment as shown here, and then examine the Jumper Board
Hookup (next) for specific details.
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Note: Your setup will NOT _
WORK unless the FTDI
chip on the SparkFun USB
to Serial Board is
reprogrammed. See
PicAxe Background

Information for details
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Jumper Board Hookup
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Schematic

A REEL Power ™ (Renewable Energy Education Lab) Experiment
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Code File

Download the following file to the BASIC Stamp:
PicAxe_Solar.bas

The code file can be found on the REEL Power CDROM that came with this
lesson or on the LearnOnLine website at www.learnonline.com.

Note: Your setup will NOT WORK _unless the FTDI chip on the SparkFun
USB to Serial Board is reprogrammed. See PicAxe Ba ckground
Information for details

Code Algorithm

Here’s how the code works. For complete details refer to the above code file.

The Main loop looks like this...

Main Routine
Solar_Exp:
gosub  Get_Average_Voltage 'get average solar pa nel voltage and
'voltage drop across 1 ohm sense resistor
IF voltage < oneOhmDrop THEN ‘test for illegal condition
GOTO Solar_Exp
ENDIF
current = voltage - oneOhmDrop ‘compute the vol tage drop across the 1 ohm
sense resistor
‘which is automatica lly now in milliamps by
the following:
I=E/R where
| = currentin
milliamps
E = voltage in
millivolts
R = resistance
in ohms
GOSUB Plot_lIt ‘transmit the value to the computer
GOTO Solar_Exp 'repeat

The first subroutine acquires 64 readings of the solar panel voltage output and
averages the samples in order to acquire a more stable reading.

GOSUB Get_Average Voltages
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Once done the solar panel voltage and 1 ohm sense resistor voltage drop counts
are converted to millivolts.

Since the solar panel voltage and 1 ohm resistor drop voltage are taken at
slightly different times (even though they are averaged), a test is made to
determine if the solar panel voltage is greater. Otherwise, the resultant
subtraction to determine current will be totally incorrect.

If voltage < oneOhmDrop THEN
GOTO Solar_Exp
ENDIF

If the test passes then the current is determined by subtracting the solar panel
voltage from the 1 ohm resistor voltage and dividing by 1 ohm (an unnecessary
step).

Current = voltage — oneOhmDrop

1=E/R where

‘| = current in milliamps
‘E = voltage difference in millivolts
‘R = value of 1 ohm sense resistor

The Plot_It routine computes the checksum for the voltage and current variables
and transmits the values to the computer. The process then repeats.

GOSUB Plot_lt
GOTO Solar_Exp
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Procedure

1. Keep the solar panel out of the sun or away from any artificial light so as
not to contribute any heat to it. Rotate the 100 ohm potentiometer to its
maximum resistance setting — usually fully counter-clockwise.

2. Click on the REEL Power ™ icon to bring up the software menu. Then
click on the Solar Panel Interface icon.

Solar Panel Interface

3. On the graphic display, click on the Connect button at the lower-left
of the screen. Verify that the connected icon appears validating the
Comm port selection. Make sure to click on the arrow and select
the highest comm port number.

4. On the computer adjust the voltage (vertical) scale on the REEL Power ™
software to 2.50 volts. You may need to readjust it for your solar panel
voltage output.

5. On the computer adjust the time (horizontal) scale so that at least 30
minutes of uninterrupted plotting can take place.

6. Click the display reset icon to clear the plot area and to start a new
plot.

7. Place the solar panel in the light source so that it captures the
maximum amount of light. Click the screen capture icon to m
capture the power and other electrical parameters at this moment !
to record the beginning of the experiment. iy (@;E

8. For the next 15 to 20 minutes click the screen capture icon about
every 5 minutes to take another reading as the solar panel heats up. The
captured data can be found on the hard disk at c:/ REEL Power.

9. After about 20 minutes point the table fan at the back of the solar panel
and allow the wind to blow across it thus cooling it. Click the screen
capture icon every 5 minutes to take a snapshot of the panel electrical
parameters to see if they have improved.
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Analysis

Use the captured images to view the decrease in power. Your final plot should
look something like that in Figure 1 below:

Figure 1 — Plot of Heat Effect on Voltage & Current  followed by Cooling

1. At the beginning of the plot the voltage, current and power are at their
peak. This is because the solar panel is cool and can produce its
maximum output. We purposely made a dip in the voltage at the
beginning of the plot to show where the measurement began.

2. After a few minutes the voltage (green line) begins to fall as the panel
becomes hotter and the power begins to decrease (red line). Most
importantly, notice that the current stays the same (blue line).

3. When the solar panel heats up the current remains basically steady and
does not fall as quickly as the voltage. This is a result of the manner in
which solar panels are made and how much of the sun’s energy they can
absorb. Generally speaking the resistance of the small wires
interconnecting the individual increase as the cells heat up, so the voltage
decreases. There are other reasons, as well, but they are heavy into the
physics of solar panels and are beyond the scope of this explanation.
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4. Figure 2 is an expanded view of the current a power plot of Figure 1.

Figure 2 — Expanded View of Power and Current
During Solar Panel Heating and Cooling Cycle

5. Finally, notice that the electrical conditions improve when wind is directed
across the panel, thus cooling it down — about half way into the plot.

6. There are some obvious conclusions that can be gleaned from this
experiment:

Solar panels must be constructed of light-colored materials to better
avoid the effects of heat absorption.

Wind can dissipate the solar panel’s heat and provide for better
electrical power output.

7. To learn more about solar cells you can start with this link from the “How
Stuff Works” website.
http://science.howstuffworks.com/solar-cell.htm
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