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Experiments with Alternative Energy 

By John Gavlik WA6ZOK – President, LearnOnLine, Inc. 
For Nuts and Volts Magazine - November, 2009 

 
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.  I’ll 
show you how to build 
one with one or two solar 
panels along with a low-
voltage DC geared motor 
that is controlled by either 
the Parallax BS2 or 
PICAXE 28X2 
microcontrollers. You 
already know from our 
past articles, and from 
common sense, that maximum power can only be obtained if the solar panels are 
constantly pointed at the sun from sunrise to sunset; thus the need for a Sun Tracker.  
While the concept of mechanical sun tracking is fundamentally simple there are many 
factors to be considered in achieving it.  This article and the one that follows next month 
describe how it’s done and how you can do some very interesting experiments. 
 
 
Sun Tracker Design 
 
Our Sun Tracker design can be expressed in the following general categories: 
 

·  Mechanical 
·  Electronics 
·  Firmware 
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Mechanical 
 
Mechanically the Sun Tracker consists of one or two solar panels (your choice) coupled 
to a 12 inch threaded rod attached to a geared DC motor that’s all mounted on a custom 
mounting bracket (Figure 1). The solar panels are attached to the threaded rod using two 
small angle brackets that are, in turn, secured by #8 screws, washers and nuts (Figure 2).  
The threaded rod is then coupled to the shaft of a geared DC motor with a standard shaft 
coupler (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 

 
Figure  1 – Double Wide Sun Tracker Figure  2 – Solar Panel Attached to 

Threaded Rod 
 
 
 
 
 
 
 
 
 
 
 

Figure  3 – Threaded Rod Attached Figure  4 – Counter Balance Weight on 
Back of Solar Panel     to Motor with Shaft Coupler 
 
 
To help balance the weight of the cantilevered solar panels a counter-balance consisting 
of a straight bracket and some washers are attached to the threaded rod in the center of 
the back of the solar panel (Figure 4).  The counter-balance makes it much easier for the 
small geared motor to rotate the solar panels.  The motor and solar panel wires are routed 
to the BS2 or PICAXE “test bed” boards where they connect into the proper holes on the 
solderless breadboard.   
 
The mechanical assembly of the Sun Tracker is straight forward; however, there are 
many detailed steps involved.  So due to the limited space for everything else I want to 
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cover here, you can find complete details for assembling 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 the sidebars in this 
article. 
 
 
 Electronics 
 
Our Sun Tracker is controlled by either a Parallax BS2 or PICAXE 28X2 microcontroller 
– your choice – mounted on its solderless breadboard alongside the Sun Tracker 
mounting bracket (Figure 5). Also included are the NiMH battery and battery charger 
circuit from Part 3 and a new H-Bridge circuit to control the DC motor, which is powered 
by the rechargeable battery.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  5 – Board of Education Alongside Sun Tracker  
 
 
The H-Bridge circuit is the interface between the micro and the motor, and it uses a 
PWM (Pulse Width Modulated) technique created in the firmware to control the motor’s 
rotational travel and, thus, the solar panel’s degree of movement.  We want to keep the 
motor’s travel fairly short in order to track the [relatively] slow movement of the sun, 
hence the PWM technique that pulses the motor in short East-West movements. And by 
using the rechargeable battery we take the load off the solar panel to power the motor 
directly. 
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You may configure the solar panels in any series-parallel arrangement you desire.  Our 
versatile solar panels are really three solar modules in one housing, so with two panels 
you have six solar modules that you can arrange in a variety of voltage-current output 
configurations.  Just make sure that the total “open circuit” voltage does not exceed 5 
volts as it will swamp the A/D converter inputs.   
 
Hookup the solar panels, motor wires, battery and other jumpers as described in the 
detailed instructions.  This includes the H-Bridge circuit on the solderless breadboard, as 
well as the NiMH battery.  Refer to Figure 6 for a combination Block Diagram – 
Schematic of the hookup.  As you can see there is a lot going 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 functions: 
 

1. Sun Tracking 
2. Battery Charging 
3. Data Logging 
4. Data Output to Computer 

 
Each major function is serviced by the micro in a round-robin manner that repeats from 
top to bottom, over and over again.  A flow diagram of the firmware functions can be 
seen in Figure 7.  Refer to it in order to better understand the following discussion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7- Sun Tracker Firmware Flow Diagram 
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Sun Tracking 
 
When first powered up or after your push the reset button (on the Parallax BOE or 
Homework board) the firmware doesn’t know where the sun is at so it goes into Search 
Mode.  In Search Mode a sample of the solar panels voltage is taken then the firmware 
causes the motor to move slightly to the East and a new voltage sample it taken.  If the 
new voltage sample is more than the last sample (called lastVolts in the code) the 
firmware moves the solar panels East again. However, if the new voltage sample is less 
than the last sample, it means that we have overshot the sun’s position.  When this 
happens the firmware enters the Track Mode.  Figure 8 illustrates these actions. 
 

 
Figure 8 – Search Mode Solar    Figure 9 – Track Mode Solar 
Panel Movements     Panel Movements 
 
The Track Mode is designed to ensure that the solar panels are always facing the sun as 
it travels in a westerly direction during the day.  Each time though the Track Mode loop 
the firmware takes a sample of the solar panels voltage and compares that sample to 
lastVolts.  If the sample and lastVolts are the same, nothing happens and the solar panels 
are not moved; otherwise the solar panels are moved slightly West then another voltage 
sample it taken.  If the new voltage sample is less than the last voltage sample that means 
that we’ve overshot the sun’s position again, so the firmware activates the H-Bridge 
circuit and causes the panels to move back East again.  Figure 9 shows how this works.   
 
After the Search Mode has located the sun’s position the Track Mode is invoked each 
time through the Main firmware loop, so the solar panels are constantly moving slightly 
West to follow the sun if the voltage samples warrant such movement. Most commercial 
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Sun Trackers do essentially the same thing because, fortunately, the sun is quite 
predictable as it appears to move across the sky from East to West.  
 
 
Battery Charging 
 
As I said earlier, the NiMH battery is used to power the geared motor through the H-
Bridge circuit, so it stands to reason that since we have solar panels at our disposal we 
should use them to charge the battery.  I’ve used the same circuitry and basically the 
same firmware as described in Part3 with some firmware modifications that allow it to fit 
into the Main round-robin loop.  
 
In the Test_Battery_Voltage routine the rechargeable NiMH battery voltage is sampled. 
If it is at an acceptable voltage level the firmware returns to the Main loop.  However, if 
the battery voltage falls below a minimum voltage level which you set as a firmware 
constant called fullDischargeVolts, the battery begins its “energy loop” charging cycle.  
 
In the Charge_Battery routine the energy loop turns transistor Q1 ON which delivers the 
solar panel’s voltage and current into the battery.  The LED is also solidly illuminated at 
this point. The firmware monitors the battery’s voltage and current and keeps Q1 and the 
LED ON until the accumulated current level called minEnergy in the code is achieved.  
This puts about 1/20 C of charge into the NiMH battery that should keep it turning the 
motor for quite a long time afterwards.  Of course, the battery still powers the geared 
motor even when it is being charged.  Again, if you want to know more about the details 
of how the battery charging algorithm works refer to Part 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 the solar panel voltage, current and power; 
however, since our theme is on experimentation, I felt that it would be important to 
actually measure and save the electrical output of the solar panels as they gathered 
sunlight during the day.  With this data you can compare the added performance of the 
Sun Tracker’s ability to gather solar energy against a fixed solar panel’s output.  Data 
logging of the solar panel’s voltage, current, power and load resistance values are done as 
follows: 
 
Approximately once every 2 minutes the firmware takes a snapshot of the solar panel’s 
voltage and current readings.  This consists of 2 bytes each for voltage and current 
making the total “data record” 4 bytes. With this process we are essentially taking a 
snapshot of the sun’s condition every 2 minutes as it appears to travel across the sky - 
including all the voltage and current dips created by interference from clouds, haze and 
other natural obstructions.  Since a normal day consists of about 8 useful hours of 
sunlight and our sample rate is once every 2 minutes, this translates to 240 samples per 
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day (8 hrs x 30 samples / hr = 240 samples).  Multiplying 240 samples times 4 bytes per 
sample gives us 960 bytes required for one day of storage.  Both the BS2 and 28X2 have 
at least this much storage available where the program actually uses 1024 bytes for 
slightly more data logging time.   
 
 
Data Logging Pointers 
 
To handle reading, writing and displaying the logged data the firmware maintains two 
pointers to the data logged memory area - a Data Log Pointer and a Display Pointer.  
Refer to Figure 10 to follow along.  The following description involves the EEPROM 
memory of the Parallax BS2.  The PICAXE 28X2 operates the same way with scratchpad 
RAM, but the actual memory address locations are different.  

 
Figure 10 – Data Logging Pointers 
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At the beginning of the data log cycle and when the data log memory is cleared (we’ll get 
to this in a moment) the data log pointer is set to the bottom address of the data log 
memory area.  Each time a data log event takes place the solar panels voltage and current, 
both 2-byte variables, are written into the memory.  The Data Log Pointer is then 
incremented by 4 bytes to the next “data record” memory location.  The process 
continues until all 256 data records (1024 bytes of data) have been written.  At this point 
the firmware detects the fact that that Data Log Pointer is at its maximum value and data 
logging is discontinued. The Data Log Pointer remains fixed at address $0400 until the 
data log memory is cleared.  
 
While this is happening the Display Pointer is incremented on every pass through the 
Main loop (about once a second) and then cycles back and restarts at the first data logged 
event again.  This permits you to view the logged data as it is being accumulated or after 
the data log memory is full.  The Display Pointer cycles from address $0000 to address 
$03FC in 4-byte increments and then back to address $0000 on a continuous, once per 
second, on a round robin basis.  You can reset it to $0000 at power on or when the reset 
button is depressed to restart the display of logged data. 
 
 
Data Logging LED Activity 
 
To help you know what’s happening during the data logging sequence the LED briefly 
flashes every time through the Main loop to indicate that data logging is taking place.  
This is like a one-second “heartbeat” that let’s you know that all is well with the data 
logging activity.  Approximately once every 2 minutes, when a data log sample is taken, 
the LED will flash with a longer duration, about 1 second, to let you know that a snapshot 
was taken and stored in the data log memory.  When the data log memory becomes full; 
i.e., when all 1024 bytes (256 data records) are stored, the LED flashes 4 times for each 
pass through the Main loop.  This flashing will let you know that the data log memory is 
“full” and that further data logging has ceased.   
 
You are able to enable and disable the data logging feature with the Data Log Select 
signal, a resistor-jumper on the test bed (Figure 6).  Based on this jumper setting the 
Main routine directs the firmware to either clear the data log memory and cease data 
logging or continue with data logging until the data log memory becomes full.  For 
example, if you previously recoded a set of data and now want to record another set, 
simply move the jumper from Vcc to ground and the logged memory will be erased the 
next time through the Main loop.  The LED ceases to flash when data logging is disabled, 
which is another state that lets you know what’s happening.  Then move the resistor-
jumper back to Vcc when you want to resume data logging.  I use a 470 ohm resistor 
instead of just a wire jumper to limit the current into the micro’s input port when it’s 
connected to Vcc. 
 
Listed below are the LED flash sequences for data logging 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 - short flash 
·  Once every 2 minutes – log event - longer 1 second flash  
·  Four rapid flashes - data log memory full 
·  No flashing - data logging disabled – data log memory erased 
 
 Battery Charging 
·  Solid on – while the battery is charging 
·  Slow flashing - battery voltage is below minimum while charging 

 
 
Data Output to Computer 
 
There are two ways to view the solar panel data on the computer– in real time and while 
data logging is taking place or when the data log memory is full.  This is also handled by 
a resistor-jumper.  Real time data is displayed on the computer when the Display Select 
jumper (another 470 ohm resistor) is applied to ground.  And logged data is displayed 
when it’s attached to Vcc (refer to Figure 6 again).  The ability to switch between real 
time and logged data display is quite powerful in terms of experimenting with the Sun 
Tracker.  For example, you can study the effects of the sun’s activities in real time while 
data logging continues in the background.  Or you can witness the display of the logged 
data as it occurs.  Just configure the Display Select jumper accordingly. 
 
When viewing logged data the firmware increments the Display Pointer every time 
through the Main loop.  Therefore, the firmware steps through the logged data one data 
record at a time.  If the data logging sequence is in progress and the data log memory is 
not full the computer will display all the recorded logged data up to that point followed 
by “all zero” data for the data log memory that is yet to be recorded (Figure 11).  Since 
there is no real indication of where the logged events are relative to the displayed data, 
you can restart the display process from memory address $0000 by depressing the reset 
button or cycling power to the micro.  This action resets 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 are designed with the geared motor 
facing due South. This will allow the solar panels to acquire and track the sun as it 
appears to travel from East to West.  Another consideration is ensuring that the solar 
panels have an unobstructed view of the sun all day long without the possibility of 
shadows from trees, buildings or other fixed obstructions.  This may not be possible if 
you’re inside and trying to track the sun through a window as would normally be the case 
in very cold or inclement weather.  Nevertheless, proper orientation is key to acquiring 
the optimum amount of sunlight during the day. 
 
Besides the standard South orientation you may want to also consider angling the entire 
mounting mechanism from the horizontal to align with the sun’s height above the 
horizon.  You learned in Part 2 that the sun’s apparent angle is dependent on the time of 
year and your latitude, so it’s best to angle the entire  mounting bracket mechanism in a 
“Polar Mount” fashion for best results (refer to the sidebar on single-axis sun trackers).  
 
 
Data Log Example 
 
Here’s what you can expect from the actions of the Sun Tracker.  For Figure 12 I used a 
stationary solar panel without any tracking.  I placed it facing due South and recorded its 
output for the one day.  Right beside it I used another panel attached to the Sun Tracker 
and recorded the same sun data as shown in Figure 13.  As you can see the plot of the 
sun’s voltage is much narrower for the stationary panel as compared with the panel on the 
tracker.  The wider plot indicates the increased power and energy captured with the Sun 
Tracker in operation.  This is the real function of the Sun Tracker; that is, to capture the 
maximum amount of sunlight and resultant electrical power and energy possible.   
 
Refer to Figure 6 in order to set the Data Log Select and Display Select jumpers for data 
logging.  

 
Figures 12 & 13 – Plot of Logged Data with Fixed Solar Panel and with Sun Tracker 
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Summary 
 
As you can see our Sun Tracker is quite a versatile experimental tool.  I felt that just 
doing a mechanical Sun Tracker function wasn’t enough given the power of our 
microcontrollers; they should be used to their fullest capability in everyway possible to 
make the project and experiments more interesting.  It’s always nice to add more 
firmware functions – mainly because they’re free and don’t cost any more than the 
microcontroller hardware that supports them. But always be aware of “feature creep” that 
can overcomplicate things and destroy the best of designs. 
 
An important point to note about the Sun Tracker is that all of the energy to move the 
motor comes from the NiMH rechargeable battery, which is trickle-charged during the 
day as necessary.  This frees up the solar panel to power a load without the periodic 
heavy current drain of turning the motor every second or so.  Another equally important 
design element is the ability to data log and display the sunlight data in real time or 
logged mode.  I didn’t have enough space left to go into the details of the H-Bridge 
circuit, more firmware programming details, single-axis versus dual-axis Sun Trackers or 
more of the data logging experiments that you can do with the double wide Sun Tracker, 
so that’s what we’ll do in the next installment in Part 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 ¾” Machine Screw (#8) 
2 ½” 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”)  
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Single Axis Sun Trackers – Horizontal, Vertical and Polar Mountings 
 
A horizontal Sun Tracker is like the one we built here.  
As its name implies the main axis is aligned parallel 
to the ground.  When the rod that holds the panels is 
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 left - Gemini 
House, itself, 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 on its 
axis.  In so doing it is able to capture more of the 
sun’s energy.  If the tilt angle is further “manually” 
adjusted to account for the additional tilt due to the 
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. 
      
 


