Building a Solar Powered Battery Charger
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LESSON OVERVIEW

This lesson shows students how to build a simple and effective solar powered
battery charger. In the process they learn about how energy is generated by the
solar panel and stored in the battery along with how both the solar panel and
battery behave during the charging process.

LEARNING OUTCOME

Students are shown that a rechargeable battery can be charged to full potential
using the supplied solar panel. Moreover, students witness the electrical
changes that a battery goes through during the charging process.

Students come to understand that:

1. Batteries are dynamic devices that depend on chemical changes to both
charge and discharge their energy.

2. Solar panels are ideal charging devices since they can adapt their
electrical output to match the charging requirements of the battery.

3. Using rechargeable (secondary) batteries are environmentally better than
their non-rechargeable (primary) equivalents.

STUDENT ACTIVITIES

Students hookup a solar panel in a parallel configuration in order to charge the
battery. Students constantly monitor all the electrical parameters involved in
battery charging to ensure that the battery is correctly charged and not damaged
by overcharging.

During the course of the lesson, students measure and record voltage, current,
resistance, power and energy with the Smart Meter — Data Logger ™. Students
are charged with displaying the recorded data on the classroom computer and
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explaining the differences in readings. This is followed by printing out plots of the
data on a printer or downloading data files gathered on the computer to be
included in reports about the lesson.

GRADE-LEVEL APPROPRIATENESS

This lesson is appropriate as an introduction to solar energy data interpretation
for students in grades 10 - 12.

LESSON TIME

This lesson should take between 45 minutes to 90 minutes depending on
discussion time about the experiment.

SAFETY

No particular safety issues are deemed present in this lesson; however,
particular attention to the setup and execution of the lesson is always prudent in
order to avoid unintentional mistakes and the resultant possible harm to those
involved.

REQUIRED MATERIALS

Qty Description

Solar Panel

Smart Meter — Data Logger
USB cable

Clip leads

1.2 volt AA Ni-MH rechargeable battery and holder

Classroom Windows PC computer with REEL Power ™ software
(MACs must have Parallel’'s “Desktop 3.0 for Windows”)
1 Printer (optional)
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PRELIMINARY STEPS

1. Install the graphical software on the classroom computer.

2. Install a fresh 9-volt battery in the Smart Meter — Data Logger ™
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. Refer to the Smart Meter — Data Logger ™ Tutorial for extra help.

. Start with a fully discharged battery. Attach the battery to the Input
terminals of the Smart Meter — Data Logger ™ Tutorial and push the
Volts key. The battery voltage should be below 0.5 volts to qualify for
being fully discharged.

. If not, then setup the equipment as shown in Figure 1 below to discharge
the battery using a 10 ohm resistor, which is placed across the Output
terminals. Don't allow the battery to discharge to zero volts as it will
damage it internally .

. Allow the battery to discharge below 0.5 volt and then proceed to the
Equipment Setup section.

Figure 1 — Battery Discharge Setup
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EQUIPMENT SETUP

1. Setup the equipment as shown in Figure 2 below. Wire the opposite side
of the solar panel so that all three modules are in parallel in order to
produce maximum current. You can use clip leads or the wires with
looped ends to hookup the modules as shown in Figure 1. Then attach a
clip lead from the left-most negative (-) post to the Black Input terminal on
the Smart Meter — Data Logger ™ and another clip lead from the left-
most positive (+) post to the Red Input terminal on the Smart Meter —
Data Logger ™.

2. Attach the 1.2 volt AA Ni-MH (Nickel Metal Hydride) rechargeable battery
to the Output terminals observing the polarities shown below.

Figure 2 — Initial Battery Charger Setup
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TEACHING THE LESSON

1.

On the Smart Meter — Data Logger ™ push the Track key until the Set

Sample Time message is displayed. Wait 3 seconds and then push the
Fwd or Rev keys to set the Sample Time to 15 seconds.

With the solar panel tilted at an appropriate angle to the light source to
capture the maximum light, begin the data recording by pushing the Rec-
Stop key. Notice the Track number being recorded.

Allow the battery to charge for about 1 to 4 hours depending on the
amount of light striking the solar panel. From time to time monitor the
voltage reading.

When the voltage reading goes above 1.2 volts you must monitor it even
more closely. You are looking for a slight decrease or dip in voltage that
indicates that charging is complete. Overcharging the battery will damage
it.

When the battery voltage begins to climb back up to 1.4 volts or more,
remove the battery from the setup and push the Rec-Stop key to halt
recording.

DISCUSSING THE LESSON OUTCOMES

Before going on to the details of viewing the recorded data on the computer tell
students that a rechargeable battery is like a sponge. Like a sponge it can
absorb electrical charge very quickly and then becomes saturated. However,
unlike a sponge that can’t be damaged by absorbing too much water, a
rechargeable battery can and will be damaged if it absorbs too much charge.
This is why they had to monitor the charging cycle so closely. Modern battery
chargers do this automatically, but this is a manual experiment.

1.

Plug in a USB cable between the Smart Meter — Data Logger ™ and the
classroom computer and set the switch to the USB position so that it
receives power from the computer’'s USB port. Set the power switch to
the USB position and verify the sign on message on the LCD screen.

Click on the REEL Power ™
icon to bring up the software
menu. Then click on the MPP
Auto Trac — Data Logger icon.
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3. On the computer adjust the voltage (vertical) scale on the REEL Power ™
software to 20 volts maximum.

4. Push the Track key on the Smart Meter — Data Logger ™ until the View

Trackx Data message is displayed where Trackx is the Track used to

record the battery charging. The computer should begin to display the

recorded data as shown in Figure 3 below.

Figure 3 — Start of Battery Charging Cycle

5. As seen in Figure 3 at the start of the battery charging cycle the battery
voltage is about eight-tenths of a volt and remains there for quite
sometime. This is the part of the cycle where the major portion of the
charge is being absorbed by the battery material. Notice the low
resistance value that is indicative of a heavy load being placed on the
solar panel.

6. Figure 4 shows the beginning of the end of the charging cycle as the
voltage begins to rise quickly along with the resistance. The less
resistance the greater the ability for the solar panel to supply voltage to
the battery. It is here that the voltage momentarily dips signaling the end
of the charging cycle. This is shown as the red circles in the plot.

Page 6
A REEL Power ™ (Renewable Energy Education Lab) Lesson
© LearnOnline, Inc.  www.learnonline.com



O
O

Figure 4 — End of Charging Cycle Detected

7. If you were to have let the battery charge much beyond this point it would
begin to overcharge as in Figure 5.

Figure 5 — Plot of Battery Overcharging
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8. Figure 6 shows the relationship of voltage, current and power at the
proper end of charge point. Notice how the power (red line) sharply peaks
and then drops off — even as the voltage rises. This is another indication
that the charging cycle is complete.

Figure 6 — Expanded View of Charge Cycle End

Important Note:

Notice in all of the above plots that the solar panel automatically adjusts to the
demands of the battery charging cycle but supplying more voltage and current on
demand.

This is both good and bad.
It is good in that it doesn’t require manual adjustment of a power source as the
battery requires more voltage and current during the charging cycle. Itis bad in

that, left alone, the solar panel will “overcharge” the battery and damage it.

Be vigilant in charging the battery so as not to overcharge or undercharge it.

Page 8
A REEL Power ™ (Renewable Energy Education Lab) Lesson
© LearnOnline, Inc.  www.learnonline.com



TEACHER GUIDELINES AND TIPS

Although recent popular attention is focused on Lithium lon batteries for electric
cars and consumer products, one must not forget that other battery chemistries,
such as Nickel Cadmium (NiCd) and Nickel Metal Hydride (NiMH) also have
advantages in rechargeable power systems.

Nickel-based batteries are robust, capable of high discharge rates, have good
cycle life, do not require special protection circuitry and are less expensive
than Li-lon. Among the two, NiMH batteries are rapidly replacing NiCd because
of their higher capacity (40% to 50% more) and the environmental concerns of
the toxic cadmium contained in NiCd batteries.

When specifying charge current, it is commonly related to a battery’s
capacity, or simply “C”. The letter “C” is a term used to indicate the
manufacturers’ stated battery discharge capacity which is measured in
milliamp-hours (mAh). This capacity rating becomes important when
fast charging because it determines the required charge current for
proper charge termination. Our battery’s “C” is rated at 1800 mAh with
a voltage of 1.2 volts nominal.

Tell students that using rechargeable (secondary) batteries are environmentally
better than their non-rechargeable (primary) equivalents that are thrown away
after one use.
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