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Overview

The Solar Panel Interface will allow you to quickly and accurately characterize two solar panels
in series or parallel. The graphic software displays the solar panel's voltage (green), current
(blue), power (red) and load resistance (black) outputs — all together - on a single plotting
screen like the one here.

Rather than manually plotting IV curves, the Solar Panel Interface does this for you
automatically - immediately showing the maximum power point for any load and solar panel
series or parallel configuration.

You can also determine the effects of heat, shadowing and tilt angle on the solar panel's
performance. Experiments have been provided for all of these measurements.

This User Manual and the experiments contained within are written for students and
experimenters that already have an understanding of the basic concepts of solar panel
construction and operation including series/parallel hookups, and who wish to explore more
advanced issues surrounding these renewable energy devices.

The Solar Panel Interface can accommodate voltages up to 28 volts DC and currents up to 1
amp. Inthe Solar Panel Interface you have a professional measurement instrument that is
suitable for a serious study of solar panels.

Have fun and learn something!
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2. Intended Use

The hardware, software and experiments are developed exclusively for educational teaching and
demonstration purposes. Any other use such as in life-critical applications is prohibited!

3. Safety Precautions

In order to avoid any risks, you must abide by the following Safety Precautions when working with
the Solar Panel Interface.

The system may only be set up and operated by a competent person. Younger students
require adult supervision at all times.

Read the Experiments before executing them. Follow their instructions during use and
keep them readily available for reference.

The system is not a toy. Operate the equipment responsibly. The use of safety glasses
while performing experiments is highly recommended.

READ AND UNDERSTAND EACH PROCEDURE BEFORE PERFORMIN G THE
EXPERIMENT. This will help to understand what is to be done and, also, prevent
inadvertent mistakes that could lead to incorrect results or possible injury.

LearnOnLine, its distributors or affiliates will not accept responsibility for injuries or
damage sustained in the event that these Safety Precautions not followed completely.

4. Related Issues

4.1 Reverse Engineering
You are not entitled to reverse engineer, decompile or disassemble the software product in whole

or in part.

4.2 Errors and Omissions

LearnOnLine has made every effort to supply the software and hardware without errors; however,
we are not responsible for any unintentional errors or omissions in the design, construction or
operation of the product. If you should notice undiscovered errors, please contact us.

LearnOnLine, Inc.
information@Ilearnonline.com

4.3 System Requirements

Windows Pentium class computer with USB interface port. MACs with INTEL processors can use
Parallels “Desktop 3.0 for Mac”.
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4.4 Software Installation

You will need administrator rights for software installation under Windows 2000, Windows XP or
Windows Vista.

45  Supplied Materials

Solar Panel Interface Circuit Board
USB cable
1K ohm variable resistor (potentiometer)

Other Required Materials Not Supplied

Windows PC — MACs must have Parallels “Desktop 3.0 for Mac”

CD-ROM with graphics software and USB driver software (software sold separately)
Solar Panels with attached cables

Protractor

Digital thermometer with inside and outside temperature sensor and clock
Suggested model —Oregon Scientific model THT-312 ($14.95 US or less - web price)

4.7 Warranty

LearnOnLine, Inc. warrants its products against defects in materials and workmanship for a
period of 90 days. If you discover a defect, LearnOnLine will, at its option, repair, replace or
refund the purchase price. Simply contact us at information@Iearnonline.com.

4.8 Disclaimer of Liability

LearnOnLine, Inc. is not responsible for special, incidental or consequential damages resulting
from any breach of warranty, or under any legal theory, including lost profits, downtime, goodwiill,
damage to or replacement of equipment or property, and any costs for recovering or reproducing
any data stored in or used with LearnOnLine products. LearnOnLine is also not responsible for
any personal damage, including that to life and health, resulting from use of any of our products.
You take full responsibility for using LearnOnLine products and experiments no matter how life
threatening it may be.

4.9  Specifications

Circuit Board Dimensions: 4.00” x 2.5”

USB interface for circuit board component power and data transfer to PC
Max Input Voltage: 28.5 VDC

Max Current Draw: 1.00 Amp

Max Power Draw : 3.00 Watts
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5. Software Installation

Note: DO NOT connect the USB cable to the computer  until the software
installation procedure has been completed. You wil | be prompted when to
do this in Step 8 below.

1.

2.

Insert the REEL Power CD-ROM into your computer’s disc drive and close the door.

If the dialog box to proceed does not come up, on the Desktop, right-click on “Start” then click
“Explore”. Find your CD-ROM drive (D, E or higher) then click it to bring up the folder’'s contents.

Double click on the USB driver software (USB Driver Installer.exe) to install it first.
Then double-click on the REEL Power Installer file and follow the instructions to install it.

Next, minimize all applications until the Desktop reappears again. A
REEL Power icon like that shown here should appear:

Double click on the REEL Power icon.

A menu selection will appear. Click on the Solar Panel Interface menu
item to get started (3rd menu selection from the top on the left).

Connect the USB cable to both the circuit card and your PC. If your PC speakers are enabled you
should hear the traditional “Ca Clunk” sound indicating that the PC has recognized the USB device
on the Solar Panel Interface circuit board.

At this point you have successfully installed the hardware and software. Now proceed to Section 6
on “Learning to Use the Graphics Software” to understand what to do next.
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6. Learning to Use the Graphic Software

The PC graphic software screen is divided into several regions that control how electrical
guantities such as voltage, current, power and resistance readings are displayed.

The large grid area continuously displays four plotted lines in four colors. The colors match the
values displayed below the vertical meters.

Black - Resistance in ohms
Blue — Currentin amps
Red — Power in watts
Green - Voltage in volts
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Before any plots can occur, the graphic software must connect with
the attached circuit board that is transmitting data. To do so, first
select the correct Comm port number. Click on the arrow next to
the number to see if a higher number Comm portis d isplayed .
% If so, it's probably the one to use.  When in doubt, find the correct
Comm port on your PC by going to Control Panel -> System ->
Hardware Manager -> Device Manager then click on Comm port.
The number displayed is the correct Comm port to type into the
number area here . Then click the connector icon — the one
with the red x. Since you are using a USB connection rather than
the traditional RS-232 connection, the Comm port number is not
dependent on hardware so much, but rather on software settings in
the Control Panel of the Windows operating system.

If correct, the Connect icon will show that the connection is made. If the
Comm port is not correct an error message will be displayed, which is usually
due to the Comm port already in use.

The plot area can be zoomed in and out of a time range (horizontal
axis) or a voltage, current, power or resistance range (vertical axis).

The up and down arrows will adjust the plot in a vertical direction. Up
to increase the scale (x2) and down to decrease it (1/2).

The left and right arrows will adjust the plot in a horizontal direction -
left for less time (1/2) and right for more time (x2).

Click the center double-arrow icon to clear the screen and reset the plot. If the plot does not
immediately start, click the double-arrow icon agai n.

Data Logging — Recording Experimental Data

You can record your experiments for later analysis. To begin data logging,

click the data log icon. A file will automatically open to record the data being
sent by the circuit board. Click once to start data logging and click, again, to
stop data logging. Repeated clicking (On & Off) will append new data to old.

To view the logged data, click on
this icon. The logged data will be
displayed over the plot area
where it can be examined. This
same file can be ported to a
spread sheet program like Excel
for further analysis and plotting.

Click this icon to close the data
log file and erase all logged data.
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Screen Capture and Display

Click this icon to capture the
plot image on the screen.

Click this icon to view the
captured images.

The four meters display the voltage, current, power and
resistance. Their scales are fixed and, unlike the grid plot
area, cannot be changed. The data under the meters may
not match that of the image here; refer to the beginning of
this section for specific detalils.

To reduce screen clutter in the plot area, the individual
switches can be clicked to turn ON or turn OFF the
selected plot line.

If your computer is
connected to the Internet,
clicking on the REEL
Power icon will take you
to the LearnOnLine.com
website.
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7. Power Sources and Loads

The experiments use the following power source and load.

Power Source
Solar Panels

Load
Variable resistor

What is a Power Source?

For these experiments a power source is a device that produces both electrical voltage and
current (in effect, power). The power source, one or two solar panels, use solar energy to
generate voltage and current.

The equation for power is shown below:

P =E*
Where P = Power in watts
E = Voltage in volts
| = Current in amps

What is a Load?

A load is a device that accepts the power coming from a power source and (may) use the power
to do work, like spin a motor. Other loads like resistors serve to dissipate power. In all cases,
loads are used to both consume and regulate the power being produced.

Generally speaking, a load is measured as resistance whose units are in ohms.

In relative terms, a “light” load has a “large” resistance and a “heavy” load has a “small”
resistance. This may be counter intuitive, but it is the case, nevertheless. For example, a 100
ohm resistor presents a “lighter” load to a circuit as compared with a 10 ohm resistor.

The Ohm'’s Law equation for computing the association among voltage, current and resistance
(load) is as follows:

E=1*R
Where E = Voltage in volts
| = Current in amps
R = Resistance in ohms
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8. The Experiments

The following is a listing of each experiment. For best results, you are encouraged to perform
these experiments in the order that they are presented.

Experiment #1 — Finding the Maximum Power Point
Experiment #2 — The Effect of Shading on Solar Pane Is
Experiment #3 - The Effect of Heat on Solar Panels
Experiment #4 — The Effect of Tilt Angle on Solar P anels

Experiment #5 — Solar Panel Anomalies

Near Real Time Measurements

The electrical data displayed as graphic plots and numbers on the computer are said to be in
“real time”; however, bear in mind that the Solar Panel Interface requires a finite time to process
the electrical data and then transmit it to the computer for display. When the data is finally
displayed, it will be delayed from when it was captured. There will be several milliseconds of
delay between capture and display.

The Solar Panel Interface is not an oscilloscope; however, the data presented in near real time
and with all data elements like voltage, current and power, will certainly provide a much better
observation of the experimental results as compared with a simple meter.

Where the Data is Stored

On PCs plot images and logged data can be found on the computer’s hard disk at the following
location:

C:/ My Documents Reel Power  Data

Not a Video Game

Do not rapidly and repeatedly click on the graphic screen icons. This will cause the software to
crash. The graphic program is designed for serious experimental operation. Please use it as
such.
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Capturing Data

Most of the experiments ask you to record voltage, current and power. The easiest way to do this
is by taking a snapshot of the data where all these parameters can be

captured at once. Simply click the snapshot icon to capture an entire

screen image

Click on the view snapshot icon to view the captured image. The last
image will appear as a “screen in screen” image as shown below.

Once again, you can find the snapshot images and data log files on your PC at...

C:/ My Documents Reel Power  Data
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General Hookup Diagram

Solar Panel #1 Solar Panel #2

Ef

<<< Series Parallel>>>

This is the general hookup for most of the following experiments. Some experiments use only
one solar panel. For one solar panel you can choose either the left or right terminals but keep the
Series-Parallel switch in the Parallel position.

The Series - Parallel switch in the center of the circuit board switches the two solar panels
between parallel and series arrangements. The following illustration shows the schematic for this
switching arrangement:

Solar Panel #1
+ -

Series

—0
Solar Panel #2
——AE) + -

'S) ]
\Y
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The Series-Parallel switch configures the two solar panels as shown below:

Series Arrangement

Solar Panel #1 Solar Panel #2
+ - +

—

Same current — double voltage

5 Parallel Arrangement

Solar Panel #1 Solar Panel #2
+ - +

-

Same voltage — double current

v

Be sure to observe the positive and negative
terminals on the circuit board in order to
properly connect the solar panels

Solar Panel Interface User Manual © LearnOnLine, Inc.




Experiment #1 Finding the Maximum Power Point

Purpose:

Possibly the most exciting use of the Solar Panel Interface is in automatically plotting maximum
power points in real-time without any manual data taking and graphing. The power output of a
solar cell depends upon several factors; i.e., the properties of the semi-conductor material, the
intensity of insolation (the intensity of sunlight measured in watts/m® at the earth’s surface), the
solar cell temperature, tilt angle and the nature of the external load. The combination of these
factors gives rise to the characteristic IV (current vs. voltage) curves which are graphed manually
from voltage and current readings like the IV curve below.

mAXIENUR

PO¥ET
point

increasing
inten=sity of
radiation

cREOARHEEN

=

/=

Yoltage (V)

With manual graphing it takes time and some guess work to determine the maximum power point,
especially if the number of data points is small — but not so with the Solar Panel Interface . In this
experiment you will be shown how to go about determining the maximum power point for two
solar panels in both parallel and series arrangements.

Equipment:

Solar Panel Interface Circuit Board

USB cable

1K ohm variable resistor (potentiometer)
Solar Panels with connection cables

PC computer with graphic software installed
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Setup:

Setup the equipment as shown below:

Solar Panel #1 Solar Panel #2

1] |

<<< Series Parallel>>>

Bk

Figure 1.1 — Maximum Power Point Experiment Setup

Connect the cable between the circuit board and the computer’s USB connector.
On the computer Desktop double click on the REEL Power icon.

Click on

On the graphic display, click on the Connect button at the lower-left on
the screen and verify that the connected icon appears validating the
Comm port selection.

Set the Series — Parallel switch to the Parallel position.

Rotate the pot fully counter-clockwise (maximum resistance).

Note 1: You must have two exactly similar solar panels for this experiment.

Note 2: To correctly perform the following experiment, the solar panels should be exposed to
bright, unobstructed sunlight with no shadows.
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Procedure:

With the Series-Parallel switch in the Parallel position, rotate the potentiometer shaft
completely counter-clockwise (maximum resistance). Next, “slowly” rotate the
potentiometer shaft fully clockwise to minimum resistance. The following type of plot
should appear as in Figure 1.2. Notice how the red power plot peaks and then quickly
drops off as the potentiometer is rotated towards zero ohms. Also notice the “short
circuit” maximum current (66 milliamps) for the panels in parallel.

Figure 1.2 — Finding the Maximum Power Point with S olar Panels in Parallel

2. Now rotate the potentiometer shaft counter-clockwise until the maximum power point is
reached again as in Figure 1.3. You can now view the solar panel’s voltage and current
values on the meters that correspond with this power value.

Figure 1.3 — Maximum Power Point with Solar Panels  in Parallel
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Set the Series-Parallel switch to the Series position.

Click the Reset Plot icon. If plotting does not begin immediately, click the Reset
Plot icon again.

Repeat steps 1 and 2 for solar panels in series. Notice in Figure 1.4 below that the
maximum “short circuit” current is now 28 milliamps — about half that of the short circuit
current in parallel (66 milliamps). The fact that it is less than one-half the parallel value is
due to the added internal resistances of both panels in series.

Figure 1.4 — Finding the Maximum Power Point with S olar Panels in Series

6. In Figure 1.5 notice that the maximum power is not quite as high as with the panels in
parallel, which again is due to the series panels having more total internal resistance in
series as in parallel thus limiting to total current.

Figure 1.5 — Maximum Power Point with Solar Panels  in Series
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Analysis:

Photovoltaic (PV) cells have a single operating point where the values of the current (I) and
Voltage (E) of the cell result in a maximum power output (MPP). These values correspond to a
particular resistance, which is equal to E/I as specified by Ohm's Law (R = E/I).

A PV cell has an exponential relationship between current and voltage, and the maximum power
point occurs at the knee of the curve, where the resistance is equal to the negative of the
differential resistance (E/I = -dE/dI). The maximum power point will vary with the amount of light
that strikes the solar panels as well as their temperature and tilt angle. You can verify this, in
part, by tilting the solar panels and readjusting the resistance to reestablish the MPP.

Power is equal to voltage times current as the equation shows below:
P=E*I where P = power in watts

E = voltage in volts
| = current in amps

A very important point to notice is the load resistance value at the maximum power point.

With the solar panels in parallel the resistance at maximum power is 232.5 ohms (Figure 1.3),
while the resistance with the solar panels in series is over four times as much at 975.2 ohms
(Figure 1.5). In general, this indicates that solar panels in parallel can support much heaver
loads. However, in order to validate these load resistance differences, consider expanding the
above power formula to take into account load resistance as below:

P =E*l wherel=E/R

P=E*E/R=E’/R

Solving for power using only voltage and resistance for solar panels in parallel and series:

P (parallel) = E*/R = (12.787)* / 232.5 = 163.5 / 232.5 = 0.703 watts

P (series) = E®/R =(25.355)°/975.2 =642.9/975.2 = 0.659 watts

With the solar panels in parallel nearly the same power was generated with four-times less load
resistance. This confirms, in part, the exponential relationship between current and voltage as
stated above.

Use this same experimental technique to verify your own results. Be advised that the solar
panels used for this experiment and the ones to follow are professional grade. Your results may
vary.
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Experiment #2 The Effect of Shading on Solar Panel s

Purpose:

It is appropriate to shade an entire photovoltaic solar panel as when clouds obscure the sun;
however, no single part of a photovoltaic panel should be shaded while the other solar cells
receive direct light.

Unlike solar thermal collectors, the shading of small portions of a photovoltaic solar panel can
greatly reduce its voltage and power output. Photovoltaic modules connected in series must carry
the same current throughout each cell. If some of the photovoltaic cells are shaded, they cannot
produce current and will become reverse biased. This means that the shaded cells will dissipate
power as heat, and over a period of time, failure will occur.

Even partial shading of crystalline solar panels will result in a dramatic reduction of solar panel
output. Just one completely shaded cell can reduce a solar panel’s output by as much as
75%. Three shaded cells can decrease 83% of the pan __el's output.

Shadows from trees or other objects can
harm the operation of a solar panel

12 volts at 1.5 amps
Typical Solar Module

Shading one, or more, cells in a solar module is si milar to opening a switch in an electric
circuit thus stopping the current flow . This results in a loss of power from many cells, not just
the ones that are shaded. Partial shading can also cause "hot spots" that can damage the
module.

This experiment will examine the effect of shading on small solar panels.

Equipment:

Solar Panel Interface Circuit Board

USB cable

1K ohm variable resistor (potentiometer)
Solar Panels

PC computer with graphic software installed
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Setup:

Setup the equipment as shown below:

Solar Panel #1 Solar Panel #2

1] |

<<< Series Parallel>>>

Bk

Figure 2.1 — Solar Panel Shading Experiment Setup

Connect the cable between the circuit board and the computer’s USB connector.
On the computer Desktop double click on the REEL Power icon.

Click on

On the graphic display, click on the Connect button at the lower-left on
the screen and verify that the connected icon appears validating the
Comm port selection.

Set the Series — Parallel switch to the Parallel position.

Rotate the pot fully counter-clockwise (maximum resistance).

Note 1: You must have two exactly similar solar panels for this experiment.

Note 2: To correctly perform the following experiment, the solar panels should be exposed to
bright, unobstructed sunlight with no shadows.
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Procedure:

Rotate the potentiometer shaft until the maximum power point is found. Then adjust the
vertical voltage scale until the voltage plot is in view without clipping the top of the plot.

Click the Reset Plot icon. If plotting does not begin immediately, click the
Reset Plot icon again.

As shown in Figure 2.2 below, allow the “un-shaded” plot to advance to the
center of the plot area. While doing so record the voltage, current and power readings.

Figure 2.2 — Un-shaded Plot of MPP with Solar Panel s in Parallel

Now shade about one-half of one panel, and leave the other panel un-shaded. Record
the voltage, current and power readings.

Figure 2.3 — Shaded Plot of MPP with Solar Panelsi n Parallel
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Remove the shading material from the solar panel.

Set the Series-Parallel switch to Series and click the Reset Plot icon. If
plotting does not begin immediately, click the Reset Plot icon again.

As shown in Figure 2.4 below, rotate the pot to find the maximum power point then allow
the “un-shaded” plot to advance to the center of the plot area. While doing so record the
voltage, current and power readings.

Figure 2.4 — Un-shaded Plot of MPP with Solar Panel s in Series

Now shade about one-half of one panel, and leave the other panel un-shaded. Record
the voltage, current and power readings.

Figure 2.5 — Shaded Plot of MPP with Solar Panelsi n Series
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Analysis:

The table below compares the voltage, current and power outputs of each of the above plots in
both parallel and series arrangements including the percentage of decrease after shading.

Panels in Parallel Figure 2.2 Figure 2.3 % Decrease

Voltage (volts) 12.480 7.977 36.1

Current (amps) 0.057 0.035 38.6

Power (watts) 0.710 0.279 60,7

Panels in Series Figure 2.4 Figure 2.5 % Decrease

Voltage (volts) 25.858 7.840 69.7

Current (amps) 0.023 0.003 86.9

Power (watts) 0.618 0.024 96.1

Some interesting observations can be made about this experiment.

Notice how much lower the voltage, current and power drops when the series panels are shaded
as compared with the panels in parallel. As was said at the beginning of this section, the series
panels act as one independent panel, and shading any sizable portion of either panel will
effectively decrease the entire series panel output levels as seen here. Panels in parallel,
however, are not as affected, since they act as two independent power sources without affecting
each other.

Another factor to consider is the load resistance that the solar panels can support when shaded.
With the panels in parallel the load resistance stays about the same whether the panels are
shaded or not (Figures 2.2 and 2.3). Each panel is independent and can source current to the
load individually thus allowing the overall load resistance to remain about the same.

However, when the series panels are shaded the load resistance more than doubles (Figures 2.4
and 2.5). This is not due to any adjustment of the potentiometer but, rather, the amount of
(limited) current being supplied to the load. The Solar Panel Interface computes load resistance
based on voltage and current (R = E/I); therefore, the apparent load resistance is based on the
available voltage and current (which matches the solar panel’s ability to supply an increasingly
lighter load).

The follow on to this experiment demonstrates that natural or manmade objects like trees and
chimneys, respectively, can severely affect the power generating capability of commercially
installed solar panels with their shadows. This is why it is important to find totally unobstructed
areas to mount commercial solar panels on homes and businesses including planning for
neighbors to plant trees or erect shadow-producing objects nearby.
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Experiment #3 The Effect of Heat on Solar Panels

Purpose:

Module temperature is the temperature of the solar panel itself measured with a digital
thermometer on the back of the panel. Just like solid objects get warm when exposed to the
direct rays of the sun, so do solar panels. The net effect of heat concentration on a silicon solar
panel is a loss of efficiency; that is, the ability of the solar panel to convert sun light into electricity
is diminished.

This experiment will illustrate the effect of heat on a solar panel along with the attendant loss of
efficiency.

Equipment:

Solar Panel Interface Circuit Board

USB cable

1K ohm variable resistor (potentiometer)
Solar Panel

PC computer with graphic software installed
Digital indoor /outdoor thermometer w/ clock

Setup:

Setup the equipment as shown below:

Temperature
Proge

Solar Panel #1

<<< Series Parallel>>>

EE

Figure 3.1 — Solar Panel Heat Experiment Setup

1. Connect the cable between the circuit board and the computer’s USB connector.
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On the computer Desktop double click on the REEL Power icon.

Click on

On the graphic display, click on the Connect button at the lower-left on
the screen and verify that the connected icon appears validating the
Comm port selection.

Set the Series — Parallel switch to the Parallel position.

Rotate the pot fully counter-clockwise (maximum resistance).

Attach the Outside Temperature probe to the back of the solar panel and set the
temperature scale to Centigrade.

Note 1: This exercise uses only one solar panel. Please disconnect the second solar
panel from the circuit board.

Note 2: To perform the following experiment, the solar panel should be exposed to
bright, unobstructed sunlight.

Procedure:

Rotate the potentiometer shaft clockwise until the maximum power
point is found.

Take a snhapshot to capture the voltage, current and power of the
solar panel. At the same time, record the ambient and solar panel
temperatures for this plot. Do this about every 4 of 5 minutes as
the panel heat up. You can locate the plot images by going to...

CA My Documents  REEL Power -> data

And you can view them on screen by clicking on this icon ->
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3. The following four plots along with time and temperatures were captured as an example
for this experiment. The “IN” temperature represents the ambient outside temperature

and the “OUT” represents the solar panel temperature as measured with an attached
probe.
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Analysis:

In the above four plots you can witness the decrease in voltage and power output as the solar
panel temperature increases. However, notice the nearly constant current reading. This
suggests that the decrease in output power is mainly due to the decrease in voltage.

Compute the percentage power drop as follows:

% loss of power = (0.298 — 0.274) * 100% / 0.298

% loss of power = 0.024 / 0.298

% loss of power = 8.05 %

Now compute the percentage loss of power per degree C as follows:
% loss of power / C %=8.05% / (38.2-24.3) CO

% loss of power / C °=8.05%/13.9 CO

% loss of power / C °=0.58% / C°

It appears that the solar panel used in this experiment has a power loss of 0.58 % / C°, which is a
little high given that most solar panels have a 0.3 to 0.5 percent / C° loss.

Power loss is also dependent on the load. We choose to set our load to establish the maximum
power point, which may account for the increased loss of power.

Another factor may be that the recorded temperature of the solar panel on the first reading may
be lower than that of the solar panel itself as the temperature probe was placed on it seconds
before the readings were recorded. The temperature probe may not have had adequate time in
which to adjust (soak) to the overall solar panel temperature. With a lower first reading the
percentage loss is greater.

Keep factors like this in mind when you perform this experiment so that your results can be
clearly explained.
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Experiment #4 The Effect of Tilt Angle on Solar Pa  nels

Purpose:

A solar module’s tilt angle relative to the sun’s rays, in large part, determines the amount of
voltage and current and, thus, the power it can produce. This experiment will demonstrate the
effect of tilt angle on a solar panel’s voltage, current and power.

Equipment:

Solar Panel Interface Circuit Board

USB cable

1K ohm variable resistor (potentiometer)
Solar Panel

PC computer with graphic software installed
Protractor

Setup:

Setup the equipment as shown below:

Solar Panel #1

<<< Series Parallel>>>

EE

Figure 4.1 — Solar Panel Tilt Angle Experiment Setu  p

1. Connect the cable between the circuit board and the computer’s USB connector.
2. Onthe computer Desktop double click on the REEL Power icon.

3. Click on
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On the graphic display, click on the Connect button at the lower-left on
the screen and verify that the connected icon appears validating the
Comm port selection.

Set the Series — Parallel switch to the Parallel position.

Rotate the pot fully counter-clockwise (maximum resistance).

Note 1: This exercise uses only one solar panel. Please disconnect the second solar
panel from the circuit board.

Note 2: To perform the following experiment, the solar panel should be exposed to
bright, unobstructed sunlight.

Procedure:

With the solar panel at 90° (fully horizontal) rotate the potentiometer shaft clockwise until
the maximum power point is found.

Starting with the panel at 90° (fully horizontalg record the voltage, current and power

readings for the following angles — 90°, 75°, 60°, 45°, 30° and 15°. As the solar panel is
tilted, make sure the panel directly faces the sun.

Figure 4.2 Tilt Angle 90
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Figure 4.3 Tilt Angle 75

Figure 4.4 Tilt Angle 60
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Figure 4.5 Tilt Angle 45

Figure 4.6 Tilt Angle 30
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Figure 4.5 Tilt Angle 15
Analysis:

As can be seen in the above plots, the voltage, current and power changes with tilt angle. The
angle of greatest voltage, current and power output occurs near the point where the sun’s angle
is directly incident on the solar panel. These readings were taken at noon on February 1, 2009 at
latitude 34.124 N (Southern California). Notice that the maximum reading is at 45 degrees, which
best corresponds with the sun’s angle on this date, time and location. Again, your readings will
vary depending on the time of day, season of the year and your location.

From the diagram below, the sun’s angle of coverage changes with the seasons (sun path image
courtesy www.reuk.co.uk/Solar-Tracker.htm). This image shows the sun’s yearly path for the
Northern Hemisphere. A device called a “Sun Tracker” can be attached to your solar panel to
make it point to the sun as it appears to travel across the sky during the day. Pictured below is a
simple sun tracker that can do this for small solar panels. Note how the panel can be tilted (on the
right) to correspond with the seasonal angle of the sun (sun trackers available at
www.learnonline.com).
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Experiment #5 Solar Panel Anomalies

Purpose:

One of the basic premises behind series and parallel solar panel hookups is that a series hookup
will produce more voltage as compared with a parallel hookup. The following experiment will
demonstrate an exception to this premise for reasons that will become apparent in the Analysis
section.

Equipment:

Solar Panel Interface Circuit Board

USB cable

1K ohm variable resistor (potentiometer)
Solar Panels with connection cables

PC computer with graphic software installed

Setup:

Setup the equipment as shown below:

Solar Panel #1 Solar Panel #2

\

EEEE

<<< Series Parallel>>>

Bk

Figure 5.1 — Solar Panel Anomaly Experiment Setup

1. Connect the cable between the circuit board and the computer’'s USB connector.
2. Onthe computer Desktop double click on the REEL Power icon.

3. Click on
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On the graphic display, click on the Connect button at the lower-left on
the screen and verify that the connected icon appears validating the
Comm port selection.

Set the Series — Parallel switch to the Parallel position.

Rotate the pot fully counter-clockwise (maximum resistance).

Note 1: This experiment requires two solar panels of the same physical size, voltage and power
rating. It cannot be performed with only one panel or two physically different panels.

Note 2: To correctly perform the following experiment, the solar panels should be exposed to
bright, unobstructed sunlight with no shadows.

Procedure:

While facing the sun tilt both panels so that the direct rays of the sun are not incident
upon them. The intent is to reduce the solar panel’s voltage output.

Rotate the potentiometer shaft until the maximum power point is found. Record the
voltage, current and power.

Figure 5.2 — Solar Panels in Parallel Tilted Away F  rom the Sun
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Set the Series — Parallel switch to the Series position.

Rotate the potentiometer shaft until the maximum power point is found. Record the
voltage, current and power.

Figure 5.3 — Solar Panels in Series Tilted Away Fro m the Sun

Analysis:

Notice the drop in voltage when the solar panels are switched from parallel to series. This is just
the opposite of what is expected.

The intent of this experiment is to demonstrate that a series hookup may not always produce
more voltage than parallel hookup. If your results did not indicate this, repeat the experiment with
the panels tilted further or at another time of day when the sun is lower on the horizon like early
morning or late afternoon.

At steep tilt angles the solar panels in series may not produce more voltage as compared with the
panels in parallel. This is because the two solar panels in series will not be able to supply the
necessary current to the resistor load, while the solar panels in parallel can supply twice as much
current with the same amount of sunlight. This is another reason to mount solar panels so that
they can acquire the maximum amount of sunlight during all seasons of the year.
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9. Troubleshooting

If the software does not respond after starting or if it should produce unexpected results, please check
the following possible causes:

Connecting

Before any plots can occur, the graphic software must connect with
the attached circuit board that is transmitting data. To do so, first
select the correct Comm port number. Click on the arrow next to
the number to see if a higher number Comm port is d isplayed . If
S0, it's probably the one to use.  When in doubt, find the correct
Comm port on your PC by going to Control Panel -> System ->
Hardware Manager -> Device Manager then click on Comm port.
The number displayed is the correct Comm port to type into the
number area here . Then click the connector icon — the one with
the red x. Since you are using a USB connection rather than the
traditional RS-232 connection, the Comm port number is not
dependent on hardware so much, but rather on software settings in
the Control Panel of the Windows operating system.

If correct, the Connect icon will show that the connection is made. If the
Comm port is not correct an error message will be displayed, which is usually
due to the Comm port already in use.

You can also use determine the correct icon number by using your computer’s Control Panel
(PCs only) by the following:

Click on Start  Control Panel System  Device Manager Ports  USB Serial Port (x)
where x is the number that should be entered into the Comm Port select icon. Then (using the

keyboard) enter the number of the USB Serial Port you found from the Control Panel. Then click
on the “X” in the icon below.

Finding the Data

After clicking on either the Capture Image icon (left)
or Start Data Log icon (right), the captured data can
be found on your hard drive by searching the
following path:

C\ My Documents  REEL Power -> data
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