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Part 3 - Build a Solar Powered Battery Charger

Welcome back to our continuing series of articlesatternative energy experiments that
are designed around the Parallax BS2 and PICAXE228Krocontrollers. This time 'l
show you how to build a solar powered battery chiargactually two of them. You can
find all the details on my website &tvw.learnonline.com Just click orExperimenter
Kits on the menu links and sele@tfild a Simple Solar Powered Battery Charger”.

Remember, these experiments are designed to imeoghu to the fundamentals of
alternative energy like solar, wind and hydroged how to apply them to model, real-
world devices that you build and program around ofvgour favorite microcontrollers.
They are meant to give you a starting point in ymigrocontroller design cycle so that
you can improve on what is presented in order tovope the hardware and firmware to
your particular needs and wants. Along the wahduld improve your understanding of
alternative energy including devices like rechabjedatteries that use it.

Ni Cad, NiMH, Li-ion — Choices, Choices, Choices

The variety of rechargeable batteries availabledltays is quite remarkable, and the
choice of which one to use is getting more difficiNickel-Cadmium (NiCad) varieties
have lost ground to newer, more energy dense tiggeblickel-Metal Hydride (NiMH)

and Lithium-ion (Li-ion). These don’t have the dded and sometime disputed “memory
effect” of NiCad’s that shorten the life of portat#lectronics. Li-ion batteries are also
better in that they don’t suffer from this conditialong with having a low self-discharge
rate of approximately 5% per month, compared witer80% per month for some
common NiMH batteries, which is why your digitaheara doesn’t work and needs a
recharge after leaving it on the shelf for an edéshperiod of time.

That said, for our solar powered battery chargex €hosen to use NiMH cells because
they are relatively inexpensive and don'’t suffer thoroughbred shortcomings of Li-ion
batteries such as explosions if overheated by baeging or that they may become
irreversibly damaged if discharged below a cenaitage. Also their internal resistance
is higher than NiMH types and increases with bgttling and age — another permanent
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reaction. Rising internal resistance causes thagelat the terminals to drop under load
thus limiting the maximum current that can be drdsem them. Eventually they reach a
point at which they can no longer operate the eqaipt they are trying to power; kind of
like the older Ni Cads but for different reasohsthium ion battery technology is here to
stay for time being, but it is still a work in pregs.

Battery Capacity - C

Battery capacity, labeled as the letter “C”, is biatery’s current-energy rating as in
2450 mAh (milliamp-hours) for the cell | used festing - an Energizer AA size, model
NH15BP-2. It means that this particular batteny ttaeoretically produce 2450 ma for
one hour or 4900 ma for 30 minute or 9,800 ma fominutes (I doubt it). In reality
batteries do not respond in such a linear fashi®eittery manufacturers typically specify
a discharge load of 0.1C or one-tenth of currepaicay when rating their batteries; then
they simply multiply this number by ten for the figsbed rating. Therefore, a battery that
can deliver 245mA for 10 hours will be rated atd®45 or 2,450mAh as in our test
battery - specsmanship at its best or worst depgrwh your point of view.

The value of 0.1C has been chosen by manufactasatsllustrates their battery capacity
in the best light because of the lower dischardeeva faster discharge rate will most
certainly result in less energy being availablerfithe battery, and therefore the
measured capacity will be lower. It's like spetity fuel mileage for cars; you can’t get
the same range or mpg if you drive 70 mph versogpi. So who can you believe - their
specs or your tests?

BATTERY CHARGE TEST BED FOR THE PARALLAX BS2 PROCESSOR
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Figure 1 — Battery Charge Test Bed for the ParallaXBS2 Processor
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Setting Up the Test Bed

You can determine the battery capacity under lgaddbefully discharging the battery
while measuring the power at specific time intesyalowever, you can’t do it unless it's
charged to some degree. This, then, brings usettirst phase of our experiment —
charging the battery — slowly and carefully so asta damage it. The hardware setups
are illustrated irFigure 1 andFigure 2 for the Parallax BS2 and PICAXE 28X2,
respectively. You will need to wire the circuitcthdownload the firmware to the micro
as specified avww.learnonline.com Experimenter Kits BS2 or 28X2 Solar
“Build a Simple Solar Powered Battery Charget.

Figure 3 — Battery Discharge Test Bed for the Paral lax BS2 Processor

Figure 4 — Battery Discharge Test Bed for the PICAX  E 28X2 Processor

Note: If your battery is already fully charged aripally so, it is best to discharge it to
approximately 0.25 volts (but not 0 volts — newdhfdischarging it) using a 10 ohm
resistor before going to the next step. Use thielted setup iigure 3 or Figure 4 to
monitor the voltage levels. It basically swapsltagery for the solar panel as the
voltage source and uses the 10 ohm load to disetiaegbattery. You can monitor the
voltage level on the computer. Return to thelbest setup ifrigure 1 or Figure 2 when
the battery is discharged to about 0.25 volts.
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Part 1 — Manual Charging

Setup the test bed Figure 1 or Figure 2 in full sunlight and allow the battery to begin
to charge.Figure 5 shows the beginning of a normal charge cycle thighnominal
voltage and current flowing from the solar panéb ithe battery. Notice that the battery
voltage is above the 1.2 volt rating during chaggithis is normal. Also notice that the
current from our small solar panel is about 126 wiach is a trickle charge level. Since
our test battery is rated at 2450 mAh it will tad®ut 24 hours “in the bright sun” to
completely charge it at this small current lev€herefore, the charging cycle may have
to be extended over several days to acquire alfialige. The charging time is totally
dependent on your solar panel’s voltage and cunapability. If you use a larger panel
with greater current output the charge time willdégs. All considered it won't hurt if
you never get it to a fully charged state; agaihiNl batteries don't suffer the “memory
effect” of partial charging so don’t be concerned.

Figure 5 — Start of Battery Charging Cycle

Figure 6 shows what to look for as the
battery reaches its fully charged state (if
you have the time and patience to do
s0). Notice the slight peak in the
voltage (solid plot line) before it dips
back again; this means that the battery
has reached it’'s fully charged state.

You will generally find this type of
noticeable peak when the battery is
being charged at 1C or more. If you are
using a solar panel that delivers this
kind of amperage this is what to expect.
Otherwise, you will experience plots

like those with the dashed and dotted
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lines at lower currents. With lower currents tlodtage peak is much less pronounced
and is even non existent at very low trickle raites our small solar panel produces.

Delta-V or Delta-T

We've already seen an example of Delta — V or ttehge in voltage” ifrigure 6 that
indicates the end of the charge cycle. After #léis fully charged, and as it begins to
overcharge, the voltage polarity of the electradegle the battery will begin to reverse,
and this will cause the battery voltage to peak tihecrease slightly. However, a
disturbing characteristic about NiMH batterieshatt“false” Delta — V events can occur
before the real one does. New NiMH batteries cdmbé these voltage peaks early in
their cycle especially when they are cold (Bepure 5). So much for battery designers
making it simple for us “common folk” to design teal chargers for them; but that’s the
fun part, right?

Another method of detecting end of charge is bypgisi temperature probe on the battery
and looking for Delta — T or the change (rise)na tell temperature. However, this is
for high current, fast charge systems. Since weranlde charging our batteries with the
small solar panel there is no need to do this; lvewd wanted to make you aware of it
should you ever want to use a larger, more powsdladr panel for charging. Just
remember — as with solar panels, heat is the ervdgtteries, so keep things cool.

One-at-a-Time or All Together

Another “gotcha” about NiMH batteries unlike litluion or lead acid is that you just
can’'t detect when the battery is fully charged lynitoring the voltage alone. Nickel
metal hydride batteries like nickel cadmium dorat/d a “float charge” voltage; they are
current-based animals and, as such, each cell nedédscharged individually — not in
series or parallel like lead acid or lithium iospecially when using a high current
charge. Take this into account if you build a maéll charger, because some cells will
take on more current than othergen when they are completely chargddiis means
battery damage will occur and about the only thondo is balance the current input in
some way like using resistors in series with “edgéttery in order to limit the current.
Again, we won't worry about this for our simple oc&l charger, but just be aware of
this for future reference.

Part 2 - Measuring Battery Capacity

With a fully or partially charged battery now contbe second phase of our experiment —
measuring battery capacity. For this test wetw@measure power into a resistor load
over a specific amount of time; aka, energy. Taikdny’s mAh rating is not particularly
useful in the real world as pointed out earliestéad of mAh we want wH or watt-hours,
since a watt (voltage x current) takes into acca@mytvariation in battery voltage as well
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as current and gives a truer measure of instantsngaver as well as power over time
(energy).

In order to measure the battery’s stored energwiNepply the samel0 ohm resistor
load and periodically measure the power at set tmtegvals. This will be easy with the
graphic software, since all we need to do is hbakgs up and watch what happens. A
feature of the graphic software allows you to cegfan entire screen image for later
viewing and analysis. This saves trying to copywaldhe voltage, current, power and
resistance values manually. Just click$loeeen Capturecon Figure 7) and a snapshot
of the screen is captured and saved to the hakd dis

Figure 7 — Screen Capture Icon

Figure 8 — Screen View Icon

To view the snapshot click on tisereen Viewicon Figure 8) and use the small arrow
keys at the bottom of the snapshot to scroll backfarth among images. This is a great
way to do any of the experiments in this seriespeeially the ones where data changes
rapidly. Figure 9 shows a typical captured screen shot overlaichemdal-time plot.

Figure 9 — Screen View
Snapshot in Main
Screen Area
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Take a snapshot once every minute while the batliegharges. Then add up the power
readings and divide by the number of samples taRém average power is now in watt-
minutes. To convert to watt-hours simply dividettarainutes by 60. With either value
you have a true indication of the amount of totedrgy available in the battery — for the
10 ohm load, that is.

To be thorough about this you should repeat thegehdischarge cycle several times to
verify your findings, and in so doing, change thbad resistance to something like 5 ohms
or 3 ohms. For new Ni-MH batteries, it is necegsarcycle them three to five times
before they reach peak performance anywds will show how well the battery
performs under heaver loads, which are common ideincars with DC motors that stop
and start, go slow and fast and travel up and dadlyahd as they do the motor’s
resistance changes which causes more or less powerabsorbed from the car’s
battery. As my college professors used to saydPledt to student”. It got them off the
hook for actually explaining things and put the o the students to do the grunt
research work. Except this time it will be wortha you to charge and discharge the
batteries with different loads to fully understahd concept of battery capacity. Plus,
you’ll improve your battery’s overall performanas, well.

Part 3 — Building an “On-Demand” Solar Powered Batery Charger

With all this background information you can nowlfeonfident about knowing what to

anticipate in terms of how a NiMH battery will beteaand what an automatic battery

charging circuit should do. The front end of oarsion is illustrated ifrigure 10. Full

details are atvww.learnonline.com Experimenter Kits BS2 or 28X2 Solar
“Build an On-Demand Solar Powered Battery Charger”.

Figure 10 — On
Demand
Battery
Charger Circuit

Copyright © Nuts and Volts Magazine October 2009 Page 7




You will notice that | added an NPN transistor, @22N3904 or 2N2222 — your choice),
between the solar panel and battery that actsali®N-OFF switch to allow current to
flow (or not) from the solar panel into the batte@1 is turned “ON” by setting the
output pin connected to the 470 ohm base resistartlGH. This allows current to flow
from the solar panel into the battery in orderegih the charging cycle. Q1 is turned
“OFF” by setting the output pin to LOW. I've aladded an LED and another 470 ohm
current limiting resistor to indicate when chargiagaking place.

By “on demand” | mean the firmware will first tasie battery for its voltage level and
then decide whether, or not, to turn Q1 ON. Ifbladtery is above thdull discharge’
voltage (as indicated by a constant in both firmexarde versions) Q1 will remain OFF
and the battery will be allowed to discharge ifte lbad. When the battery reaches the
full discharge voltage, Q1 is turned ON and thedvgtis allowed to charge until it
reaches AND MAINTAINS thefull charge” voltage for a period of time. You will
notice that the full charge and discharge voltagedar apart enough so that “toggling”
between charging and no charging is avoided. &blenical term for this is called
“hysteresis”. Plus, the firmware has a timing ldoghelp prevent this, as well.

How the Code Works

The firmware that handles the battery chargingcdaned as follows. You will need to
refer to the code and the algorithmFigure 11 to follow along. The code files are listed
on thewww.learnonline.conwebsite asparallax_solar_auto_charger_exp.bsand
picaxe_solar_auto_charger.basinderExperimenter Kits  BS2 or PICAXE

Codeat the bottom of the page.

Test_Battery Voltage:

After initialization the firmware enters tHeest_Battery Voltageloop where Q1 is
turned OFF by setting its base resistor LOW. Th®li&also extinguished. The routine
does an A/D conversion of the battery voltagethdf voltage is above the full discharge
voltage specified by the constamaltDischargeVolts” in millivolts nothing happens and
the firmware loops back to thieest_Battery Voltagelabel. If and when the battery
voltage drops to, or below, tiellDischargeVolts level, the firmware branches to the
Charge_Battery label.

Charge_Battery:

At this point Q1 is turned ON and several things set into motion. First, the LED is
illuminated indicating charging is taking place.the same time an “energy loop” is
initiated that guarantees a minimum amount of aha@y going into the battery (and
maybe also into the load if one is connected). diergy loop consists of a 60 second
time sample coupled with measuring the current filolw the battery. With it we want to
charge the battery with at least 0.05C (1/20 Cyteeéxiting the charge cycle.
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Initialize
VARs and
Constants

>l Test_Battery Voltage

Disable
Battery Charging
> Q1=OFF

LED OFF

No

Battery volts =<
ullDischargeVolt

Charge_Battery

Enable

Battery Charging
—> Q1=0ON

minEnergy
Transfered

Verify_Battery Charged

Battery volts >=
fullChargeVolts

Figure 11 — On Demand Battery Charger Algorithm
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For example, a constant callesiihEnergy” is established in the first part of the code
that represents 0.05C of the battery. For ourtasery this is 122.5 mAh (2450 mAh x
0.05 =122.5 mAh). You can adjust this to any Idased on your particular battery’s
capacity and/or solar panel output. Because wesng a 60 second sampling loop we
need to convert mAh into mAm or milli-Amp-minuteSince there are 60 minutes to an
hour we need to multiply the 0.05C value by 60.olin case that would be 122.5 x 60
which makes ouminEnergy value = 7350 mAm. So every 60 seconds the colile wi
sample the current, add it to the previous cursantple and compare this value to
minEnergy. Once thaninEnergy value is achieved the next part of the algoritem i
engaged.

Verify_Battery Charged:

Next we look at the battery voltage at Wherify Battery Charged label. Ifitis at or
above thdullChargeVolts then we branch back to tiest_Battery Voltagelabel and
the process starts all over again. However, ibidtery is still below the
fullChargeVolts level — maybe due to a heavy load draining it &sas to charge — the
firmware stays in th€harge_Battery loop (with Q1 ON) until théullChargeVolts

level is reached — if ever, depending on the loatithe sunlight striking the solar panel.
The LED flashes (toggle instruction) to let you nthat we are in the
Verify_Battery_Charged loop.

And that’s it; that's our “on-demand” battery chiagyalgorithm that should keep our
NiMH battery active without ever reaching full charor overcharging, but always with
enough energy to do the job of powering our lo@d.course, you can change any of the
constants and variables to match what YOU wanthizeger to do like apply a deeper
charge or change the voltage trip points. Rementhisris your experiment. I'm only
here to give you guidance.

The Middle Multiply Operator (*/)

In all the firmware code in all the experimentsphvert A/D counts directly to millivolts
and milliamps. This is a great help in understagdvhat is really going on with the
circuits under test and it aids in computing poesed resistance, as well. To do this
probably the most overlooked, most misunderstoadpmssibly most powerful operator
in the entire BASIC language repertoire is employkdt is, the middle multiply operator
known by its “*/” symbol. What it does is impatbéting point math to BASIC.

If you’'ve ever wanted to multiply a number or vat@by an integer-fraction like 1.22;

i.e. a floating point number, this is the operatouse. While it's not a full-bodied

floating point that will multiply your number tonedigits after the decimal point, it will
certainly get the job done in terms of what we nedo. And what we need to do is to
multiply a raw binary A/D count by the millivoltsep count value that each bit represents.
For example, our 12-bit A/D converter resolves daitho 1.22 millivolts per count with
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a 5 volt reference (5,000 mv / 4096 = 1.22 mv/chufo to convert raw A/D counts to
millivolts, do the following:

First separate the integer part (1) from the foal part (.22)

Take the fractional part and manually multiply 62as in 256 * .22 = 56.32
Round up the 56.32 to the closest integer or 36ighcase

Convert 56 decimal to 38 hex.

Convert the integer part to hex as well as in 04 he

Combine the two hex numbers into a 16-bit Wordalalg as in 0138 hex
Multiply the A/D count by 0138 hex as in 1000 */18B = 1220 ($ ~ hex)
The answer is now directly in millivolts.

Parallax does a great job in explaining this inrtBASIC Stamp Manual, which is how |
first discovered it and began to use it. Other B2sSneed to follow suit with clearer,
more functional explanations (I won’t mention arames). Do the same for our
PICAXE 10-bit A/D converter that resolves eachtbié.88 millivolts per count (5,000
mv / 1024 = 4.88 mv / count). Hint —the answeBG4E1. Proof left to student.

Summary

I've devoted this article to more on the backgroohbattery technology and proper
charging techniques than to pure alternative endmgtythe two are closely linked since
charging batteries this way obviously saves enamgiydoesn’t create air pollution. Next
time we’ll build a sun tracker-battery charger comation that will follow the sun all day
instead of you needing to adjust the solar panelually for maximum sunlight. This is
a cool experiment that | hope you will enjoy anticaurse, it uses the BS2 and 28X2
micros as the main controllers. So until next ticmserve energy and “stay green”.
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