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Part 4 - Build a “Double Wide” Sun Tracker

This time the subject of
alternative energy is on
Sun Trackers - the
mechanical devices that
keep solar panels pointed
at the sun all day. 'l
show you how to build
one with one or two solar
panels along with a low- W
voltage DC geared motor

that is controlled by either
the Parallax BS2 or
PICAXE 28X2
microcontrollers. You
already know from our 5
past articles, and from T
common sense, that maximum power can only be dddafrthe solar panels are
constantly pointed at the sun from sunrise to sutises the need for a Sun Tracker.
While the concept of mechanical sun tracking isshmentally simple there are many
factors to be considered in achieving it. Thigcetand the one that follows next month
describe how it's done and how you can do some w¢eyesting experiments.

Sun Tracker Design
Our Sun Tracker design can be expressed in thenfisly general categories:

Mechanical
Electronics
Firmware
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Mechanical

Mechanically the Sun Tracker consists of one or$aolar panels (your choice) coupled
to a 12 inch threaded rod attached to a geared DiGrrthat’s all mounted on a custom
mounting bracketRigure 1). The solar panels are attached to the threadkdsiog two
small angle brackets that are, in turn, securei&sgcrews, washers and nuggyre 2).
The threaded rod is then coupled to the shaftggaaed DC motor with a standard shaft
coupler Figure 3).

Figure 1 — Double Wide Sun Tracker Figure 2 — Sal Panel Attached to
Threaded Rod

Figure 3 — Threaded Rod Attached Figure 4 — Couet Balance Weight on
Back of Solar Panel to Motor with Shaft Coupler

To help balance the weight of the cantileveredrquaels a counter-balance consisting
of a straight bracket and some washers are attaohbd threaded rod in the center of
the back of the solar panéligure 4). The counter-balance makes it much easier #®r th
small geared motor to rotate the solar panels. mowr and solar panel wires are routed
to the BS2 or PICAXE “test bed” boards where thegrect into the proper holes on the
solderless breadboard.

The mechanical assembly of the Sun Tracker isgsttdorward; however, there are
many detailed steps involved. So due to the lidndjgace for everything else | want to
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cover here, you can find complete details for asdiexg everything on my website at
www.learnonline.com Experimenter Kits  BS2 or 28X2 Build a “Double
Wide” Sun Tracker. A detailed parts list can be found in one of tltebars in this
article.

Electronics

Our Sun Tracker is controlled by either a ParaB®2 or PICAXE 28X2 microcontroller
— your choice — mounted on its solderless breadbalangside the Sun Tracker
mounting bracketRigure 5). Also included are the NiMH battery and battelngaiger
circuit from Part 3 and a new H-Bridge circuit tmntrol the DC motor, which is powered
by the rechargeable battery.

Figure 5 — Board of Education Alongside Sun Tracke

The H-Bridge circuit is the interface between thermand the motor, and it uses a
PWM (Pulse Width Modulated) technique created sftrmware to control the motor’s
rotational travel and, thus, the solar panel’'s degf movement. We want to keep the
motor’s travel fairly short in order to track thelgtively] slow movement of the sun,
hence the PWM technique that pulses the motoront §fast-West movements. And by

using the rechargeable battery we take the loatheffolar panel to power the motor
directly.
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You may configure the solar panels in any serigsif@h arrangement you desire. Our
versatile solar panels are really three solar mexdinl one housing, so with two panels
you have six solar modules that you can arrangeviariety of voltage-current output
configurations. Just make sure that the total fogiecuit” voltage does not exceed 5
volts as it will swamp the A/D converter inputs.

Hookup the solar panels, motor wires, battery ahérgumpers as described in the
detailed instructions. This includes the H-Bridgeuit on the solderless breadboard, as
well as the NiMH battery. Refer teigure 6 for a combination Block Diagram —
Schematic of the hookup. As you can see theréasgoing on here, and I'll go into

how the firmware handles all of this hardware next.

Figure 6 — Sun Tracker Block Diagram — Schematic
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Firmware
The firmware is subdivided into four basic funcgon

Sun Tracking

Battery Charging

Data Logging

Data Output to Computer

PowbdPE

Each major function is serviced by the micro irard-robin manner that repeats from
top to bottom, over and over again. A flow diagrainthe firmware functions can be
seen inFigure 7. Refer to it in order to better understand théofeing discussion.

Figure 7- Sun Tracker Firmware Flow Diagram
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Sun Tracking

When first powered up or after your push the resétion (on the Parallax BOE or
Homework board) the firmware doesn’t know wheredbe is at so it goes intearch
Mode. In Search Modea sample of the solar panels voltage is taken tthefirmware
causes the motor to move slightly to the East ameMavoltage sample it taken. If the
new voltage sample is more than the last samplieddastVolts in the code) the
firmware moves the solar panels East again. Howévre new voltage sample is less
than the last sample, it means that we have ovetsesun’s position. When this
happens the firmware enters fheack Mode. Figure 8 illustrates these actions.

Figure 8 — Search Mode Solar Figure 9 — Track Mie Solar
Panel Movements Panel Movements

TheTrack Mode is designed to ensure that the solar panels aeyalfacing the sun as

it travels in a westerly direction during the ddyach time though th&rack Mode loop

the firmware takes a sample of the solar panekageland compares that sample to
lastVolts. If the sample anthstVolts are the same, nothing happens and the solar panels
are not moved; otherwise the solar panels are mshgiutly West then another voltage
sample it taken. If the new voltage sample is fkas the last voltage sample that means
that we’ve overshot the sun’s position again, softftmware activates the H-Bridge

circuit and causes the panels to move back East.agmure 9 shows how this works.

After theSearch Modehas located the sun’s position theck Mode is invoked each

time through the Main firmware loop, so the solan@s are constantly moving slightly
West to follow the sun if the voltage samples wairsuch movement. Most commercial
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Sun Trackers do essentially the same thing becéursanately, the sun is quite
predictable as it appears to move across the sky East to West.

Battery Charging

As | said earlier, the NiMH battery is used to powe geared motor through the H-
Bridge circuit, so it stands to reason that sineehave solar panels at our disposal we
should use them to charge the battery. I've usedame circuitry and basically the
same firmware as described in Part3 with some faievwnodifications that allow it to fit
into the Main round-robin loop.

In theTest_Battery Voltageroutine the rechargeable NiMH battery voltageaisigled.
If it is at an acceptable voltage level the firmevagturns to the Main loop. However, if
the battery voltage falls below a minimum voltagedl which you set as a firmware
constant calledullDischargeVolts, the battery begins its “energy loop” charging eycl

In theCharge_Battery routine the energy loop turns transistor Q1 ONchldelivers the
solar panel’'s voltage and current into the battérige LED is also solidly illuminated at
this point. The firmware monitors the battery’stage and current and keeps Q1 and the
LED ON until the accumulated current level calleshEnergy in the code is achieved.
This puts about 1/20 C of charge into the NiMH datthat should keep it turning the
motor for quite a long time afterwards. Of couitbe, battery still powers the geared
motor even when it is being charged. Again, if yeant to know more about the details
of how the battery charging algorithm works refePfart 3 and/or go to
www.learnonline.com Experimenter Kits  BS2 or 28X2 Build an On Demand
Solar Powered Battery Charger.

Data Logging

Most Sun Trackers do not do data logging of tharsgdnel voltage, current and power;
however, since our theme is on experimentatioelt tthat it would be important to

actually measure and save the electrical outpttieofolar panels as they gathered
sunlight during the day. With this data you campare the added performance of the
Sun Tracker’s ability to gather solar energy agaanfixed solar panel’s output. Data
logging of the solar panel’s voltage, current, poaed load resistance values are done as
follows:

Approximately once every 2 minutes the firmwarestak snapshot of the solar panel's
voltage and current readings. This consists oft@deach for voltage and current
making the total “data record” 4 bytes. With thisgess we are essentially taking a
snapshot of the sun’s condition every 2 minuteis @gpears to travel across the sky -
including all the voltage and current dips credigdnterference from clouds, haze and
other natural obstructions. Since a normal dagisté of about 8 useful hours of
sunlight and our sample rate is once every 2 mgukes translates to 240 samples per
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day (8 hrs x 30 samples / hr = 240 samples). lyltig 240 samples times 4 bytes per
sample gives us 960 bytes required for one dayjoodge. Both the BS2 and 28X2 have
at least this much storage available where therpro@ctually uses 1024 bytes for

slightly more data logging time.

Data Logging Pointers

To handle reading, writing and displaying the logigata the firmware maintains two
pointers to the data logged memory area - a DatgHainter and a Display Pointer.
Refer toFigure 10to follow along. The following description inveds the EEPROM
memory of the Parallax BS2. The PICAXE 28X2 opesdhe same way with scratchpad

RAM, but the actual memory address locations dferént.

Figure 10 — Data Logging Pointers
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At the beginning of the data log cycle and whendat log memory is cleared (we’ll get
to this in a moment) the data log pointer is seéhobottom address of the data log
memory area. Each time a data log event takes pecsolar panels voltage and current,
both 2-byte variables, are written into the memome Data Log Pointer is then
incremented by 4 bytes to the next “data recordinmg location. The process

continues until all 256 data records (1024 bytedatf) have been written. At this point
the firmware detects the fact that that Data Lompteo is at its maximum value and data
logging is discontinued. The Data Log Pointer remadixed at address $0400 until the
data log memory is cleared.

While this is happening the Display Pointer is eraented on every pass through the
Main loop (about once a second) and then cyclek &ad restarts at the first data logged
event again. This permits you to view the loggathds it is being accumulated or after
the data log memory is full. The Display Pointgcles from address $0000 to address
$03FC in 4-byte increments and then back to add@8680 on a continuous, once per
second, on a round robin basis. You can reseti0000 at power on or when the reset
button is depressed to restart the display of Idgtsa.

Data Logging LED Activity

To help you know what's happening during the dataing sequence the LED briefly
flashes every time through the Main loop to indédduiat data logging is taking place.

This is like a one-second “heartbeat” that let's ¥mow that all is well with the data
logging activity. Approximately once every 2 miagf when a data log sample is taken,
the LED will flash with a longer duration, abousécond, to let you know that a snapshot
was taken and stored in the data log memory. Wnenata log memory becomes full;
i.e., when all 1024 bytes (256 data records) aneedt the LED flashes 4 times for each
pass through the Main loop. This flashing willyeuu know that the data log memory is
“full” and that further data logging has ceased.

You are able to enable and disable the data loggaigre with the Data Log Select
signal, a resistor-jumper on the test bedj(re 6). Based on this jumper setting the
Main routine directs the firmware to either cleae data log memory and cease data
logging or continue with data logging until the @l&g memory becomes full. For
example, if you previously recoded a set of dathrasw want to record another set,
simply move the jumper from Vcc to ground and thggled memory will be erased the
next time through the Main loop. The LED ceasefatsh when data logging is disabled,
which is another state that lets you know whatijgsdesming. Then move the resistor-
jumper back to Vcc when you want to resume datgifag | use a 470 ohm resistor
instead of just a wire jumper to limit the curr@mb the micro’s input port when it's
connected to Vcc.

Listed below are the LED flash sequences for daggihg including those for the battery
charging cycle, as well:
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LED Flash Sequence

Data Logging

- Once a second - data logging in progress - steshfl
Once every 2 minutes — log event - longer 1 sedast
Four rapid flashes - data log memory full
No flashing - data logging disabled — data log menerased

Battery Charging
Solid on — while the battery is charging
Slow flashing - battery voltage is below minimumilgltharging

Data Output to Computer

There are two ways to view the solar panel datthercomputer— in real time and while
data logging is taking place or when the data legnory is full. This is also handled by
a resistor-jumper. Real time data is displayethencomputer when the Display Select
jumper (another 470 ohm resistor) is applied taigtch And logged data is displayed
when it's attached to Vcc (refer Fagure 6 again). The ability to switch between real
time and logged data display is quite powerfuleimts of experimenting with the Sun
Tracker. For example, you can study the effecth@fsun’s activities in real time while
data logging continues in the background. Or yauwitness the display of the logged
data as it occurs. Just configure the Display@@lenper accordingly.

When viewing logged data the firmware incremenésisplay Pointer every time
through the Main loop. Therefore, the firmwarepstéhrough the logged data one data
record at a time. If the data logging sequenae Bogress and the data log memory is
not full the computer will display all the recordediged data up to that point followed
by “all zero” data for the data log memory thayés to be recorded={gure 11). Since
there is no real indication of where the loggednévare relative to the displayed data,
you can restart the display process from memoryessdb0000 by depressing the reset
button or cycling power to the micro. This acti@sets the Display Pointer to address
$0000.

Figure 11 — Plot of Partially
Logged Data
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Orienting the Sun Tracker for Best Results

The Sun Tracker’s East-West motor movements arngss with the geared motor
facing due South. This will allow the solar panelscquire and track the sun as it
appears to travel from East to West. Another aw@rstion is ensuring that the solar
panels have an unobstructed view of the sun allatay without the possibility of
shadows from trees, buildings or other fixed olttams. This may not be possible if
you’re inside and trying to track the sun throughiadow as would normally be the case
in very cold or inclement weather. Neverthelessppr orientation is key to acquiring
the optimum amount of sunlight during the day.

Besides the standard South orientation you may teaaliso consider angling the entire
mounting mechanism from the horizontal to alignhvwitie sun’s height above the

horizon. You learned in Part 2 that the sun’s appaangle is dependent on the time of
year and your latitude, so it's best to angle e mounting bracket mechanism in a
“Polar Mount” fashion for best results (refer t@ tsidebar on single-axis sun trackers).

Data Log Example

Here’s what you can expect from the actions ofSba Tracker. Foffigure 121 used a
stationary solar panel without any tracking. Igeld it facing due South and recorded its
output for the one day. Right beside it | usedtla@opanel attached to the Sun Tracker
and recorded the same sun data as showigure 13. As you can see the plot of the
sun’s voltage is much narrower for the stationaaggd as compared with the panel on the
tracker. The wider plot indicates the increasedgycand energy captured with the Sun
Tracker in operation. This is the real functiortleé Sun Tracker; that is, to capture the
maximum amount of sunlight and resultant electnmader and energy possible.

Refer toFigure 6 in order to set the Data Log Select and Displdg@¢umpers for data
logging.

Figures 12 & 13 — Plot of Logged Data with Fixed Sar Panel and with Sun Tracker
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Summary

As you can see our Sun Tracker is quite a versaterimental tool. | felt that just
doing a mechanical Sun Tracker function wasn'’t ghagiven the power of our
microcontrollers; they should be used to theirestlcapability in everyway possible to
make the project and experiments more interestitigalways nice to add more
firmware functions — mainly because they’re fred don’t cost any more than the
microcontroller hardware that supports them. Butags be aware of “feature creep” that
can overcomplicate things and destroy the besesigds.

An important point to note about the Sun Trackehé& all of the energy to move the
motor comes from the NiMH rechargeable batteryciwhs trickle-charged during the
day as necessary. This frees up the solar papeivter a load without the periodic
heavy current drain of turning the motor every secor so. Another equally important
design element is the ability to data log and @igphe sunlight data in real time or
logged mode. | didn’t have enough space left tingmthe details of the H-Bridge

circuit, more firmware programming details, singbas versus dual-axis Sun Trackers or
more of the data logging experiments that you aawith the double wide Sun Tracker,
so that's what we’ll do in the next installmentdart 5. In the meantime, conserve
energy and “stay green”.

Double Wide Sun Tracker - Parts List
Qty  Description

1 Mounting Bracket

1 Geared Motor

1 12" threaded rod (#8)

1 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”)

Copyright © Nuts and Volts Magazine NovembelQ20 Page 12




Single Axis Sun Trackers — Horizontal, Vertical andPolar Mountings

A horizontal Sun Tracker is like the one we budtd
As its name implies the main axis is aligned parall
to the ground. When the rod that holds the pasels
faced due South the panels will track the sun from
East to West. Image right— horizontally mounted
solar panels in South Korea — credit Wikipedia.

A vertical

tracker is like vertical window blinds where
the axis is aligned perpendicular to the
ground. Here the panels rotate in a vertical
plane to follow the sun. Image lefGemini
House|tself, rotates in its entirety and the
solar panels rotate independently, allowing
control of the natural heating from the sun.
The inventor stands in the middle of the group
— credit Wikipedia.

A polar tracker is like a vertical tracker that is

tilted generally at the angle the earth turns sn it
axis. In so doing it is able to capture more &f th
sun’s energy. If the tilt angle is further “mariyal
adjusted to account for the additional tilt du¢he
latitude and seasons of the year then even more of
the sun’s energy can be captured. Image right—
polar trackers at Nellis Air Force Base, in Nevada,
USA — credit Wikipedia.
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