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Introducing the Double Wide Sun Tracker Kit

The Double Wide Sun Tracker is for experimenting with two solar panels while
keeping them always pointed at the sun. This allows experiments to take full
advantage of the sun’s constant energy. Below are two computer plots showing
these solar panels with and without the sun tracker. As you can see there is
about a 33% to 40% increase in voltage (green line), current (blue line) and
power (red line).

The Double Wide Sun Tracker can be interfaced with computer-based
measuring equipment and software from LearnOnLine, Inc. Contact your local
dealer or visit www.learnonline.com for more information.

Plot of Eight Hours of Solar Data Plot of E  ight Hours of Solar Data
without the Double-Wide Sun Tracker with the Double Wide Sun Tracker
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Parts List
Qty  Description

1 Mounting Bracket

1 Geared Motor

1 12" threaded rod (#8)
1 Plastic Shaft Coupler

2 Solar Panels

4 ¥ Machine Screw (#8)
2 %" Machine Screw (#8)
18 Hex Nut (#8)

18 Flat Washer (#8)

18 Lock Washer (#8)

1 Acorn Nut (#8)

4 Small Angle Bracket

2 Straight Bracket

8 Flat Washer (1)

Sun Sensor Parts

These additional parts are required to add the sun sensor
for automatic sun tracking without the need for
microprocessor control.

Sun Sensor

Flat Washer (#8)
Lock Washer (#8)
Hex Nut (#8)

NDNN PP

Experimental Parts

2 Motor - Fan

2 Incandescent bulb lamps

2 Music box

10 Clip leads — 2 each of 5 colors

Tools (not supplied)

1 11/32 Open End Wrench
1 Phillips Screw Driver
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Intended Use

The Double Wide Sun Tracker has been developed exclusively for educational
teaching and demonstration purposes. Any other use is prohibited!

Safety Precautions

In order to avoid unnecessary risks you agree to abide by the following Safety
Precautions:

The system may only be assembled and operated by a competent person.
Students require adult supervision at all times.

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

The system is not a toy. Operate the equipment responsibly..
LearnOnLine, its distributors or affiliates do not accept responsibility for
injuries or damage sustained in the event that these Safety Precautions
not followed completely.

Change without Notice

We reserve the right to make changes to the design, supplied materials,
instructions and software without prior notice. We will make every effort to inform
you, the customer, of any significant changes that may affect your ability to use
this product.

Errors and Omissions

LearnOnLine has made every effort to supply the materials and instructions
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.

567 W. Channel Islands Blvd #101
Port Hueneme, CA 93041
information@learnonline.com
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Assembling the Double Wide Sun Tracker

Begin with the 12” threaded rod. Screw in a #8 hex nut, lock washer and flat
washer about 1.5” from the left end of the rod.

1. Install a small angle bracket to the back-left of the solar panel using a %4’
#8 machine screw, hex nut, lock washer and flat washer as shown below.
Tighten the screw-nut assembly using an 11/32” open-end wrench, or
equivalent tool.

2. Insert the threaded rod through the open hole of the angle bracket as
shown.
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3. Screw in another set of #8 flat washer, lock washer and hex nut to the free
end of the threaded rod and tighten it with an 11/32” open-end wrench, or
equivalent tool.

4. The completed assembly, thus far, should look like this. The threaded rod
should be straight and held tightly with the opposing hex nuts and
washers.
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5. From the far right end of the threaded rod screw on another #8 hex nut,
lock washer and flat washer and place them just about at the center of the
back of the solar panel. This will be to hold the counter balance bracket.

6. Slip on the counter balance bracket.
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7. Screw in another #8 flat washer, lock washer and hex nut (in that order)
from the far side of the threaded rod. Tighten both hex nuts so the bracket
is aligned perpendicular to the threaded rod.

8. Screw in another #8 hex nut, lock washer and flat washer (in that order)
from the far side of the threaded rod. Align these with the hole on the right
side of the solar panel.
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9. Slip a small angle bracket on the threaded rod so that it rests just above
the hole in the solar panel.

10.Insert a %2 #8 screw through the hole in the solar panel and secure it to
the angle bracket with a #8 flat washer, lock washer and hex nut.
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11.The completed assembly, thus far, should look like this. Tighten all nuts
and bolts.

12.Repeat the previous steps by adding a second solar panel to the threaded
rod by first screwing on another #8 hex nut, lock washer and flat washer
about 1.5” inches from the right-end of the installed solar panel.
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13.Repeat the above steps to add another solar panel and counter weight
bracket to the threaded rod. Make sure the two panels touch each other
for proper fit on the Mounting Bracket.

14.Add the final 34" #8 screw, hex nut and washers to the second solar
panel’s angle bracket.
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15.Add three 1” flat washers to the end of the counter balance bracket.
Secure them with a %2" #8 screw, hex nut and washer assembly.

16. Do the same for the second counter balance bracket. The final assembly
should look like this. Note that the brackets are slightly tilted. This
compensates for the slightly added weight of the screws on the back of
the solar panel.
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Adding the Sun Sensor

The small triangular solar sun sensor controls the motor and automatically keeps

the solar panels pointed at the sun.

17.Screw in a #8 hex
nut, lock washer
and flat washer on
the free end of the
rod.

18. Slide the sun sensor
through the threaded rod
and make sure that the
small, triangular solar
panels point AWAY from
the solar panels on the
rod already.
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19.Add a washer, lock washer and hex nut to
the free end of the rod and tighten both hex
nuts to secure the sun sensor in place.

Adjusting the Balance

At this point you can
add the wires to the
terminals on the solar
panel as their weight
will contribute to
achieving balance
using the counter
balance brackets.

Hold the opposite ends

of the threaded rod,

one end in each hand, and with your fingers give the rod a twist to spin the solar
panels. If the solar panels are balanced they should spin freely and not wobble.
If they do not then adjust the counter weight brackets slightly up or down until
they spin freely and come to rest at any angle. This completes the assembly of
the solar panels on the threaded rod. BALANCE IS CRITICAL TO PROPER
OPERATION.
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Adding the Motor

20.Next, assemble the motor on the left side of the mounting bracket with the
two small screws that come with it. The motor shaft should protrude
through the top-middle hole as shown below.
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Note 1: The next two steps are very importantinth  at the shaft coupler
can usually only be installed once; therefore, make sure to first read and
understand the next two instructions BEFORE proceed ing.

21.Screw in the clear plastic shaft coupler near the free end of the threaded
rod until it is finger tight against the hex nut.

22.Then align it with the motor shaft and squeeze them together.
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23. Attach the wires from the motor to the plugs in the sun sensor. Make
sure to observe the polarity (plus and minus) settings:

Red motor wire goes to + on the sun sensor
Black motor wire goes to — on the sun sensor

24.Add a small piece of tape or bare wire to hold the motor wires in place on
the edge of the motor housing. This will keep the wires from tangling.

Page 17
A REEL Power ™ (Renewable Energy Education Lab) Product
© LearnOnling, Inc.  www.learnonline.com




25. Align the sun sensor so that the two small solar panels point in the same
direction as the two large solar panels.

26. Attach the acorn nut to the right side
of the threaded rod.

27.Gently move the entire solar panel
assembly back and forth to insure
that it is fully attached to the motor.
You can hear the motor gears turn
when the solar panels move.

28.1f the above procedures work as
described, you have completed the
mechanical assembly of the Double
Wide Sun Tracker.
Congratulations!!
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Tracking Tips

Balancing the Solar Panels

For proper operation the solar
panels must ALWAYS be
balanced so that the motor can
track the sun properly. An
unbalanced solar panel will
cause the panels to “lag” behind
the sun’s position or not move at
all because the motor cannot
overcome the imbalance in the
system. Always adjust the
counter-balance weights so that
the solar panels and any wires
that are added to their back
terminals are always kept in
balance. BALANCE IS
CRITICAL TO PROPER
OPERATION.

Adjusting the Sun Sensor

The triangular sun sensor
should be pointed in the
direction of the solar panels.

The wires from the motor to
the sensor should be tied to
the motor edge with tape or
small wire to keep them from
tangling as the mechanism
moves.

Observe the polarity of the

wires going from the motor to

the sun sensor. Black goes

to minus (-) and red goes to plus (+).
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Series — Parallel Hookup Tips

The supplied solar panels generate small amounts of DC (Direct Current)
electricity. They are made up of three (3) individual 1.5 volt solar cells that can
be wired in a number of series or parallel configurations.

Solar panels wired in series increase the voltage while the current remains
the same.

Solar panels wired in parallel increase the current while the voltage
remains the same.

Refer to the diagrams on the following pages for specific examples of series and
parallel solar panel hookups. Notice the different combinations of voltage and
current that each arrangement produces.

Note: You must use very bright light or sunlight f or best results.
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Basic Electricity Review

The following information will help understand electrical circuits and terminology.
Each is presented in the form of a question.

What is Voltage?

Voltage is to electricity as pressure is to water;
both are forces that move things.

Voltage is the force that moves electrons through
a circuit; the greater the voltage the greater the
force of electron movement. Voltage is
generated by creating a “potential difference”
between positive and negative elements of the
device generating it.

Like water, the higher the voltage, the more force it exerts. Water falling from a
height uses gravity to create force; the higher the water falls (its potential
difference), the more force or pressure it creates. Unlike water, however, voltage
is not created by gravity but by chemical, optical, or magnetic forces.

Batteries use chemicals to generate voltage while some fuel cells use electrons
in hydrogen gas to create voltage. Solar panels use optical means to capture the
sun’s photons to do the same and wind turbines use rotating magnets that are
very close to coils of wire that generate voltage based on the magnetic field
created by the magnet’s rotation.

Voltage is measured in units called volts
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What is Current?

Electrical current is to electricity as the volume of water is to water flow. A fire
hose can carry more water at higher pressure compared with a clogged shower
head. So too can lager wires carry more current as compared with smaller wires.

Electrical current carries electrons
along a path (called a circuit) like water
carries water molecules through a
hose. More electrons mean more
current flow.

Water normally flows from upstream to

downstream using gravity as a force.

Electrical current normally flows from
positive (+) to negative (-), which is called direct current or DC for short, but
gravity is not involved.

Unlike water, electrical current can flow in either direction — positive to negative
and negative to positive. The latter is usually called alternating current, or AC,
since the current switches (alternates) between positive and negative directions.
Electrical current produced by batteries are DC while electrical current coming
out of the wall socket is AC. Both have their applications in electronic circuits.

Current is measured in units called amperes or amps
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What is Resistance?

Electrical resistance can be compared to a
corroded water pipe. If the water pipe is wide
and clear of corrosion the resistance is minimal
because more water can flow unimpeded. If a
water pipe is narrow and corroded, resistance is
greater since water cannot flow because of the
internal barriers to it. A garden hose has a
higher resistance to water flow as compared
with a fire hose since, for a given amount of
water pressure (voltage in electrical terms), less
water can flow through the garden hose as
compared with a fire hose.

Like the larger fire hose, larger wires can carry
more electrical current as compared with

smaller wires. In electrical circuit boards, components called resistors are
inserted in the circuit to limit current flow.

The resistance to the flow of electrons depends on the type and size of the
materials used. While water flowing in a pipe does not generally produce heat by
itself, electrical resistive materials produce varying degrees of heat created by
the flow of electrons through the material. Heat is generally considered wasted
energy (as in a hot light bulb) but not always, as in a toaster or hair dryer where
heat from resistance is the desired quantity.

Resistance is measured in units called ohms

What is a Resistor?

A resistor is a passive electrical device usually composed of a
material like carbon that limits the flow of current from a power
source. Resistors are normally considered as loads and are
important components in any electrical circuit.

The physical part and electrical symbol for a resistor are shown
below. This is a kind of “fixed value” resistor because it has only one

resistance value.

A resistor’s value is specified in ohms
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What is a Circuit?

form a continuous conducting path for
current to flow; if the circuit is “broken” (or
open as in an open circuit) no current can
flow and no power or energy can be
delivered. The most basic electrical
circuit is made up of a power source (like
a battery shown here) attached to a load
(like a resistor shown here).

A circuit is any “unbroken” or closed
/-\ connection of electrical components that

What is a Series Circuit?

In an electrical circuit several devices such as
light bulbs can be placed in a line - or in series -
between the positive and negative poles of the
battery. This is called a series circuit.

A major problem is if one light bulb burns out,
then it acts like a switch and turns off the whole
circuit. On the other hand a major advantage of
a series circuit is that it saves wires that are
needed in a parallel circuit.

What is a Parallel Circuit?

Devices can be arranged in a parallel circuit such that if
any bulbs burn out the circuit still remains intact and
operates. Holiday lights are wired in parallel so that if
one bulb burns out the others remain lit.

The circuit shown here has two lights wired in parallel.
If one light burns out the other one stays on.
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What is Power?

Power is the combination of voltage and current. Voltage is the pressure
component of power forcing electrons to move through a circuit, and current is
the quantity of charge component indicating the amount of electrons in the flow.
Both voltage and current are required to produce the electrical force called
power. Power is instantaneous and is not measured over time like energy. When
you measure power, you measure voltage and current for a given instant of time.

This is an important distinction — time, or lack of it, is the essential difference
between power and energy. Power is instantaneous while energy is power
measured over time.

Electrical power is measured in units called watts

What is Energy?

Energy is power over time. Energy is the power flowing through a circuit for a
given time like one second, one minute or one hour. When we speak of energy
we mean power times time. Energy is measured in units similar to power but
with a time component as in watt-seconds (or Joules), watt-minutes or watt-
hours.

If a circuit generates 1 watt of power for 1 hour, it is said to generate 1 Watt-Hour
of energy. Your electric meter measures power in Watt-Hours (3600 Joules), but
that can be converted to any other time frame by understanding how time is
measured — one hour = 3600 seconds.

Energy is measured in Joules (watt-seconds) in the experiments

What is a Power Source?

For these experiments a power source is a device that produces both electrical
voltage and current. One power source, a wind turbine, uses mechanical and
magnetic energy to generate voltage and current. Solar panels, batteries and
fuel cells use chemical means to generate power.

The equation for power is shown below:

P=E*I
Where P = Power in watts
E = Voltage in volts
| = Current in amps
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What is a Load?

A load is a device like a light bulb, resistor or fan that accepts the power coming
from a power source and (may) use the power to do work, like spin a motor or
illuminate a light. 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. And a typical radio is a lighter load as
compared to a light bulb, because the radio uses less power as compared with a
light bulb.

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

E=I*R
Where E = Voltage in volts
| = Current in amps
R = Resistance in ohms
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