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Purpose

This experiment demonstrates how solar panels in series and parallel react to
shade including their diminished ability to produce electricity under this condition.

You are shown that shade from trees or man made objects can cause a
decrease in solar panel power output and can even cause physical damage to
the solar panel.

You will come to understand that:

1. Shade on a solar panel is like turning off a power switch in terms of
generating electricity.

2. Solar panels can be damaged by shade if they do not have the
appropriate internal protection.

3. Solar cells in parallel are less affected by shading as compared with solar
cells in series.

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

A/D Converter Chip Operation

Resistor Color Codes

Computing Current with Voltage Drop

REEL Power Software Installation and Operation
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Equipment

Qty Description
Solar Panel
Parallax BOE or Homework Board
9-volt battery or +12 volt regulated DC supply
MCP3208 - 12-bit A/D converter chip
1 ohm sense resistor
10 ohm load resistor
0 Solid hookup wires
USB or RS232 cable
Clip leads
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.

Solar Panel
In Series

DC Power
Source
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Jumper Board Hookup
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Schematic
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Code File

Download the following file to the BASIC Stamp:
Parallax_Solar_Exp.bs2

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.

Code Algorithm

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

The Main loop looks like this...

' Solar Experiment Algorithm

' Sample the solar panel input voltage

' Sample the voltage across the 1 ohm sense resisto r

' Repeat above xx times (innerLoopLimit x outerLoop Limit)to reduce
voltage ripple from AC lights

' Convert the voltage counts to millivolts

' Test to see if the solar panel voltage > voltage drop across the 1
ohm resistor

if so, continue

if not,ignore readings and loop back to the top

' Convert the 1 ohm voltage drop to current in mill iamps

' Transmit the voltage and current values to the co mputer

' Repeat

Solar_Exp:

‘acquire solar panel and voltage drop across 1 ohm sense resistor
'and take an average of 64 readings to smooth out r ipple

GOSUB Get_Average Voltages

'test for catching voltage drop > input voltage
‘which can occur when voltage has ripples or change s fast

IF (voltage < oneOhmDrop) THEN
GOTO Solar_Exp
ENDIF
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‘compute the voltage drop across the 1 ohm sense re sistor
current = (voltage - oneOhmbDrop) / 1

‘which is automatically now in milliamps by the fol lowing:
I=E/R  where
| = current in milliamp
E = voltage in millivol ts
R = resistance in ohms
GOSUB Plot_It ' 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

The 64 samples are broken into two loops. The inner loop takes the average of
16 readings while the outer loop takes the average of 4 readings of the inner
loop. Altogether, the solar panel voltage and voltage drop across the 1 ohm
sense resistor are averaged 64 times. 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
but rigorous step).

Current = (voltage — oneOhmDrop) / 1

1=E/R where

‘I = 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_lIt
GOTO Solar_Exp
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Procedure

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

Solar Panel Interface

2. 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.

3. 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.

4. With the solar panel tilted at an appropriate angle to the light source to
capture the maximum light, shade the left solar module with a sheet of
paper or your hand. Hold it there for about 5 seconds. Then shade the
left and middle solar modules and hold the shade there for about 5
seconds.

5. Your final plot should look something like the one in Figure 1 below. As
can be seen the voltage, current and power all decrease with increased
shading.
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Figure 1 — Effect of Shading on Solar Panels in Ser ies
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6. Take apart the solar panel series wiring and wire it in parallel as shown
here in Figure 2. Repeat step 4 for the solar panels in parallel.

Figure 2 — Solar Panels in Parallel

7. For solar panels in parallel your final plot should look something like the
one in Figure 4 below. Notice that voltage, current and power stay about
the same with increased shading.

Figure 3 — Effect of Shading on Solar Panels in Par  allel
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Analysis

As can plainly be seen there are dramatic differences between the two solar
panel plots. The point, now, is to speculate as to why there is such a
difference between the two plots — and why the series or parallel wiring make
such as difference. Here are some answers.

1. Solar panels are made up of solar cells that are wired in series and
parallel to increase their voltage from %2 volt per solar cell to whatever the
solar panel requires in terms of voltage and current.

2. The solar panel used in the experiment has a total of nine (9) solar cells in
three independent groups. Each group, or module, has three solar cells
wired in series to produce a maximum of 1.5 volts as in Figure 4 below:

Module1l Module 2 Module 3

Figure 4 — Solar Panel Divided Into Three Modules

3. You can think of each solar cell as being a
voltage source with an ON-OFF switch. When
the light strikes the cell the switch turns the
voltage source ON. When the light is shaded
the switch turns the voltage source OFF.
Figure 5 shows the equivalent diagram of this

concept. - ®
ON OFF
L J

Figure 5 — Solar Cell as ON-OFF Switch
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4. Now imagine each of the three solar modules as three ON-OFF switches
as in Figure 6. Assume that the sun is shining on all three modules for the
moment, so each module is capable of producing 1.5 volts in an “open
circuit”; however, if we apply a resistor load (like the 10 ohm load in this
lesson) across any of these modules, the voltage will decrease.

Module 1 Module 2 Module 3
Figure 6 — Solar Cells Arranged in Three Modules
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5. Let’s wire the three modules in series as in Figure 7. As we can see this
arrangement forms the same kind of series circuit that was setup in Figure
1 for the first part of the lesson.

Module 1 Module 2 Module 3

Figure 7 — Solar Modules Wired In Series
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6. Next, let’s shade one solar cell. As Figure 8 shows the circuit is broken
and doesn’t allow any current to flow. This is a bit exaggerated as
compared with an actual solar panel that does allow some current to flow,
but the concept is what's important.

7

ON

Module 1 Module 2 Module 3
Figure 8 — Solar Modules Wired in Series with One S haded Module
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7. If we go on to shade more modules as in Figure 9 even less current can
flow and the voltage drops even further — much like it does in the voltage
plot in Figure 1.
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Module 1 Module 2 Module 3

Figure 9 — Solar Modules Wired in Series with Two S haded Modules
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. However, if the solar modules are wired in parallel as in Figure 10 shading
one module by itself will cause the current to decrease though it; however,
the other two modules are unaffected and can produce the same amount
of voltage at a lower current. This is the primary advantage of wiring
solar panels in parallel as you did in Figure 2.

Module 1 Module 2 Module 3

Figure 10 — Solar Modules Wired in Parallel with On e Shaded Module
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GUIDELINES AND TIPS

A few other point of interest concerning shading solar panels:

1. Solar panels can be damaged by shade if they do not have the
appropriate internal protection. Even though the illustrations above show
a simple ON-OFF switch concept, in the real world solar panels can be
damaged by partial shading as individual solar cells can heat up when
trying to overcome the effects of shade on one of them while the other
cells are trying to supply maximum power since they are fully in the
sunlight. Mounting solar panels away from trees or man-made obstacles
like chimneys or taller buildings is a must for proper operation.

2. Solar panels in parallel are less affected by shading as compared with
solar panels in series. That said, shading is never a good idea and can
lead to damaged panels before their natural lifetime is over (which can be
decades!).
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