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Part 5 –  Experimenting with the  

                  “Double Wide” Sun Tracker   
Last time I showed you how to build a Double Wide Sun Tracker, but I didn’t have 
enough space to go into a lot of the important details surrounding its operation and how 
to do more interesting experiments with it.  That’s what this month’s article is all about.  
In it I’ll show you how to optimize the Sun Tracker by fine tuning the mechanical, 
electrical and firmware elements that can make for better, more customized operation.  
Plus, I’ll show you how to do more advanced data logging with it. All in all you should 
be able to take what you’ve learned from these five articles on solar energy to create a 
better understanding of how our we can gather more of the sun’s energy through 
photovoltaic solar panels along with sun trackers. 
 
 
Sun Tracker Optimization Techniques 
 
The Sun Tracker’s operation can be optimized in three basic ways: 
 

·  Mechanically  
·  Electrically 
·  Programmatically 

 
Rather than speak in general terms about how to best setup and use the Sun Tracker the 
bulk of this article addresses the details surrounding these topics, so let’s start with a 
simple mechanical adjustment and go on from there. 
 
 
Achieving Good Balance 
 
An important mechanical consideration is properly balancing the cantilevered solar 
panels with the counter weights.  Because our particular solar panels have threaded screw 
terminals for attaching wires, this added weight – however small – must be compensated 
for by angling the counter weight bracket properly.  Figure 1 shows the general angle for  
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obtaining the correct balance – pointing down.  
You can experiment with adjusting the counter 
weights by first removing the threaded rod from 
the mounting bracket and disconnecting any 
wires going to the test bed, but keep the wires 
attached to the screw terminals.  While holding 
the opposite ends of the threaded rod in each 
hand, give the panels a gentle spin. If the panels 
spin smoothly over and over without any 
wobble and come to rest at any angle, they are 
balanced.  However, if they wobble and always 
come to rest at the same orientation and seem 

like they take a lot of force to rotate, move the counter balance weights “slightly” one 
way or the other until a good balance is achieved.  Then replace the threaded rod 
assembly with the solar panels on the mounting bracket and reattach the wires to the test 
bed.  Proper balance will keep the motor’s East-West movements in line with good 
tracking. 
 
 
Adding a Load to the Solar Panels 
 
One important feature of the Sun Tracker’s electrical design is the ability to add a load to 
the solar panels without the geared motor interfering with periodic current and voltage 
drains when activated.  The geared motor is driven by the 1.2 volt NiMH battery through 
the H-Bridge circuit, and it has its own 1 ohm sense resistor to measure its current when 
activated (Figure 2). A separate 1 ohm sense resistor is also provided to measure current 
into the load from the solar panels so that you can make voltage, current and power 
measurements for experimental purposes without any electrical distractions from the 
motor.  And since the solar panels can be wired in any number of series and parallel 
configurations there are multiple ways in which you can conduct your experiments.  To 
assist you in your experimental efforts refer to www.learnonline.com ��� �  Experimenter 
Kits ��� �  BS2 or 28X2 ��� �  Solar Panels in Series and Parallel.  This will show you how 
to best configure solar panels in series and parallel, and the addition of the sun tracking 
feature should make these experiments even more interesting.  
 
 
Effectively Tracking the Sun 
 
The voltage output of the solar panels themselves, regardless of how they are wired or 
loaded, can be used to sense and maintain adequate sun tracking; we don’t need a special 
light sensor. There is, however, one way to improve the tracking ability by adding a hood 
around the solar panels to better channel the light; this will help to detect the sun’s 
position by creating steep “channels” to focus the light onto the panels.  This will help in 
tracking as well as even generating more reflected light on the panels themselves (see the 
sidebar on “Simulating Cloud Reflections”).  By designing a hood that uses highly  
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Figure 2 – Sun Tracker Block Diagram / Schematic 

 
reflective materials like “smooth, reflective” aluminum foil, your chances for improving 
the tracking and light gathering ability improves dramatically.   
 
I designed the Sun Tracker to work both indoors and outdoors – outdoors being best, of 
course.  The Parallax BS2 on the BOE and Homework boards can be powered by a 9-volt 
battery, so working outside without AC power is certainly doable.   The PICAXE setup is 
a different situation since it gets its working voltage from the USB connection to a 
computer.  So, maybe a laptop is in order for this setup.  Either way, the idea is to be 
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clear of obstructions so that continuous sun tracking and data logging can take place in a 
natural setting.   
 
 
Firmware Adjustments 
 
In designing the firmware I purposely used a number of constants that can be adjusted to 
configure your Sun Tracker in ways to suit your individual requirements.  Some of the 
constants are independent while others are interdependent on other constants, especially 
those that involve timing.  To get a feel for how these constants work refer to the Sun 
Tracker code at www.learnonline.com ��� �  Experimenter Kits ��� �  BS2 ��� �  
Parallax_Sun_Tracker_Exp.bs2 or www.learnonline.com ��� �  Experimenter Kits ��� �  
28X2 ��� �  Picaxe_Sun_Tracker.bas.  Use the code as a reference for the following 
discussions. 
 
 
Adjusting the Battery Charging Constants 
 
There are three constants that affect the “On Demand” battery charging part of the 
firmware: 
 

·  fullChargeVolts 
·  fullDischargeVolts 
·  minEnergy 

 
The fullChargeVolts constant defines the voltage (in millivolts) where the battery is at 
an acceptable level just after charging.  Right now this value is set at 1.2 volts or 1200 
millivolts, but you can change it to anything you like within reason.  Remember that our 
NiMH battery operates at 1.2 volts, or slightly higher, so this is why I chose this value. 
The equivalent constant, fullDischargeVolts, is the level at which the battery requires 
charging. I have this set at 900 millivolts since our H-Bridge circuit needs at least the full 
1.2 volt voltage of the battery to operate, so I chose this voltage as high enough to begin 
recharging shortly after the battery voltage begins its rapid decline during the beginning 
of its discharge cycle but well enough below the fullChargeVolts not cause undo 
toggling between charging and discharging - more about the H-Bridge circuit coming up.   
 
The other battery charging constant is called minEnergy. This is the accumulation of 
current – measured on a one minute basis – that is necessary to adequately charge the 
battery to a prescribed level.  I have this set at 1/20C for my 2450 maH battery so it 
should be adjusted to your particular battery’s capacity for best results.  Refer to Part 3 
for details on how to compute this value and what it means.  
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Figure 3 – Parallax BS2 Firmware Main Loop 
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Timing is Everything 
 
And so it is for our Sun Tracking firmware - as in adjusting the time through the Main 
Loop which is currently set at one second. All the major firmware subroutines – sun 
tracking, battery charging, data logging and data output to the computer – are based 
around this one second Main Loop timing.  Activities within these primary subroutines 
contribute to most of the one second time delay; however, I put a PUASE statement at the 
top of the Main Loop to adjust the total time to about a second (Figure 3).  You can 
change this PAUSE value to fine tune the speed through the Main Loop, but you will be 
affecting all the other time related functions, as well, so be careful with what you do.  Just 
adjust it to make the one second transition through the Main Loop as accurate as possible 
considering all the time used for flashing the LED, averaging voltages, and transmitting 
data along with the other firmware delays.  Being close to a second is good enough in this 
case.  
 
If you experience hesitant delays through the Main Loop timing it’s probably due to the 
Get_Average_Voltages routine.  In it, the firmware averages the solar panels and battery 
voltages along with the voltage drops across individual 1 ohm sense resistors for each of 
these two voltage sources.  The firmware routine requires that the voltage drop across the 
1 ohm sense resistors always be less than the solar panel or battery voltage.  From time to 
time, because of sampling and voltage averaging variations in this subroutine, this 
required voltage condition may not always occur.  When this happens the code loops 
back to take another set of voltage samples until the 1 ohm voltage drops are less than the 
source voltages they’re attached to; and this is what adds to the time though the Main 
Loop.  You can see this “hiccup” if you are data logging and see the LED flash rate 
interrupted from time to time.  It’s nothing to be concerned about; just be aware of why 
it’s happening.  
 
 
H-Bridge Operation 
 
The H-Bridge circuit controls the geared motor operation that moves the solar panels.  
Due to lack of space I didn’t have a chance to tell you how it works last time, but since 
it’s an integral part of the Sun Tracker circuitry I’ll do it now.  The H-Bridge circuitry 
consists of four NPN transistors and four 470 ohm base resistors that, together, control 
the back and forth motion of the motor (Figure 4).  It works like this. The firmware uses 
four microcontroller ports with the following labels to control the ON-OFF states of the 
four NPN transistors: 
 

·  hBridgeEastHiBase       controls Q2 
·  hBridgeEastLoBase      controls Q3  
·  hBridgeWestHiBase     controls Q4   
·  hBridgeWestLoBase     controls Q5 

 
In order for the H-Bridge to work two of the transistors must be turned ON and the other 
two turned OFF.  This condition directs current from the battery though the two ON  
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Figure 4 – H-Bridge Circuit 

 
transistors and through the motor in order for it to move in one of two directions.  For 
example, to move the motor East transistors Q2 and Q5 are turned ON while Q3 and Q4 
remain OFF.  This allows current to flow from the battery through Q2, through the motor 
and then through Q5 to ground.  This is done by the micro setting the transistor base 
controls as follows: 
   

·  hBridgeEastHiBase       Q2 - High (1) 
·  hBridgeEastLoBase      Q3 - Low (0)  
·  hBridgeWestHiBase     Q4 - Low (0)   
·  hBridgeWestLoBase     Q5 - High (1) 

 
To move the motor West we simply reverse the direction of current flow by turning Q3 
and Q4 ON while keeping Q2 and Q5 OFF as follows: 
 

·  hBridgeEastHiBase       Q2 - Low (0) 
·  hBridgeEastLoBase      Q3 - High (1) 
·  hBridgeWestHiBase     Q4 - High (1)  
·  hBridgeWestLoBase     Q5 - Low (0) 

 
To halt the motion of the motor all transistors are turned OFF (logical 0 on the base 
resistors).  Each transistor drops about 0.6 volts when ON (1.2 volts total with two 
transistors ON with current flowing through the motor), so you can see that our motor 
hardly needs any voltage to rotate given that the battery voltage is nominally 1.2 volts, as 
well. That’s why I chose this particular motor for its low voltage, low current capabilities 
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along with the integrated gearing that allows it to move our relatively heavy panels (see 
the sidebar on the internal view of the geared motor).  If you don’t see how the H-Bridge 
works at first, look at Figure 4 again and it will begin to make sense.  It took me a couple 
of mental tries the first time I came across this circuit, so if you’re new to this design give 
it another look.  You can use it with modifications like substituting Mosfets to replace the 
regular transistors in high-current, high-voltage motor controller designs; so it’s worth 
understanding.   
 
 
Using PWM to Move the Motor 
 
If I simply kept the transistors in their ON states all the way through the Main Loop until 
the solar panels voltage was retested a second later, the motor would spin too fast 
twisting the solar panels wires around the threaded rod in the process.  To slow it down I 
“pulse” the motor in a modified PWM (Pulse Width Modulation) fashion.  The firmware 
variable motorOn controls the duration of the motor’s ON time so that it’s only allowed 
to move incrementally East or West (Figure 5). You are free to change the motorOn 
time duration; however, too little time may not be enough to overcome the starting inertia 
of the mechanical solar panel load to get it moving. And too much time may move the 
solar panels too far, so experiment with it to see how it works; then decide on a 
reasonable value to move the motor for best tracking; it’s set fairly well at the moment. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 – MotorOn PWM Pulsing (not to scale) 
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Advanced Data Logging 
 
Now that we’ve given the Sun Tracker a good tune up, it’s time to address how to best 
use it effectively.  By this I mean applying the data logging features built into the REEL 
Power software program.  In addition to the data logging capability built into the Sun 
Tracker firmware, the REEL Power software can also be used to archive the day-long 
logged data from the micro to a text file that, in turn, can be ported to a spreadsheet 
program like Excel in order to plot and compare logged data from different days of 
experimentation.  Here’s how it works. 
 
The REEL Power software has 
three data logging controls 
located at the bottom of the 
screen (Figure 6).  Data 
logging with the software is 
defined as capturing each 4-
byte, voltage and current data 
packet sent by the BS2 or 
28X2 and saving it in a text 
file.  In doing so the data packet is “time tagged” with the current date and time (NOT the 
date and time when the data was actually recorded, but the current date and time when 
the data packet is received by the computer from the BS2 or 28X2).  From the received 
solar panel voltage and current data, the REEL Power software also computes the power 
and load resistance values, and the result is a data record that looks like this: 
  
 Date     Time       Ohms   Volts    Amps   Watts 

09/07/09 10:53:08.62, 098.7, 02.567, 00.026, 00.067 
 
Again the REEL Power software does this for each data packet that it receives.  To start 
data logging with the REEL Power software click (once) on the left-most icon, the one 
with the floppy disk; this starts the recording process.  Clicking on this icon again will 
stop the recording.  So remember, click once to start and once to stop data logging like a 
push-on, push-off switch.  The icon will change from dark to a lighter shade when data 
logging is activated.  
 
You can view the accumulated logged data by clicking on the middle icon, the one with 
the eye.  A screen similar to Figure 7 will pop up to show what’s been recorded so far.  
Repeated clicking on this icon will bring up more accumulated data; however, each time 
a new instance is generated your task bar at the bottom of your computer screen will 
begin to fill up, so be prudent in your clicking. 
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Figure 7 – Logged Data Overlaid on Data Plot 

 
Finally, you can erase all the currently logged data by clicking on the right-most icon, the 
one with the eraser. This clears all the currently accumulated logged data, but it doesn’t 
stop the data logging process by itself; it only clears the logged data thus far.  To clear the 
logged data completely and stop the data logging you must click the left-most icon to halt 
the logging process first.  Then click the erase icon to clear everything once and for all.  
The best thing to do is experiment with these icons to get familiar with them using any 
sort of Sun Tracker data coming into the software; then you’ll be ready for our next 
exercise. 
 
Transferring Logged Data from the Sun Tracker to the REEL Power Software 
 
When you have logged some data with the Sun Tracker the best way to transfer it into the 
REEL Power software is to first start at the beginning of the logged data sequence.  You 
can do this by depressing the reset button on the BOE or Homework board or by cycling 
power on either the Parallax or PICAXE setup.  At the same time, click the data log icon; 
this starts a new file recording sequence.  The data packets from the Sun Tracker are now 
being saved to a text file on your PC at the same time they appear on the computer 
monitor.  When you want to stop gathering data from the Sun Tracker, click on the data 
log icon again; this stops the REEL Power software from logging any more incoming 
data packets.  The logged data is now in a text file with the label RE Experimenter Kit 
Log.txt.  You can find this file on your hard disk under the Documents ��� �  REEL Power 
folder.  Rename the file to something like SunTracker001.txt, since the RE 



Copyright © Nuts and Volts Magazine    December, 2009    Page 11 

Experimenter Kit Log.txt  file will be overwritten by future REEL Power software data 
logging actions.   
 
 
Transferring the Renamed Data Log Text File to Excel 
 
Once the data is in the renamed text file, transferring it to Excel is the next step towards 
graphing it and comparing data from previous data logging sessions to the  new data.  
The procedures to do this are a bit too involved to be covered here, so you can find them 
at www.learnonline.com ��� �  Experimenter Kits ��� �  BS2 or 28X2 ��� �  Experiments with 
the Sun Tracker.  You can view an example of what can be done in Figure 8.   The 
point of this exercise is to learn to use the Excel spreadsheet program in a new way for 
this application and, also, to create a means to use the Sun Tracker’s data logging feature 
over many days, weeks and months for long term experimentation and data comparison.  

 
 

Figure 8 – Logged Data Plotted in Excel 
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Summary 
 
This time you learned the details of how the Sun Tracker works and how to expand its 
data logging capabilities.  You should now be able to use the Sun Tracker in ways that 
will enhance your understanding of solar panel theory and technology.   
 
With this article we leave solar for a while and resume our study of alternative energy 
with my first article on wind generated power.  Next time we’ll build a 3-Phase AC Wind 
Turbine and interface it to the BS2 and 28X2 processors to measure voltage, current, 
power and RPM.  I’ll also go into some wind turbine theory to help you understand how 
things work.  Like the Sun Tracker the 3-Phase AC Wind Turbine is an equally neat 
project that should teach you a great deal about wind turbine design and technology. So 
until next time conserve energy and “stay green”.   
 
 
 
Sidebar - Geared Motor 
 
The geared motor uses two pinion gears and two spur gears to reduce the speed of the DC 
motor and provide additional mechanical advantage through the output shaft for moving 
the solar panels.  The photo shows the inner-working of this mechanism.  
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Sidebar - Dual Axis Trackers 
 
Our Sun Tracker is a single-axis type meaning it moves only East and West and doesn’t 
have any automatic adjustments for moving up and down to follow the seasonal altitude 
changes of the sun. Dual axis trackers, meaning vertical (altitude) and horizontal 
(azimuth) movement combined, can and are used for flat panel PV panels; however, their 
main applications these days are in concentrator and heliostat systems where precise sun 
tracking on a year-round basis is a must.   
 
A concentrator system accurately focuses the 
sun on small PV modules using Fresnel lenses 
or a parabolic dish. A primary advantage of this 
type of system is that less physical area is 
dedicated to flat solar panels.  The drawback is 
the high cost of the dual axis tracking system 
the dish and the necessary cooling required to 
maintain the PV modules at the optimum 
operating temperature. Image right - Point focus 
parabolic dish with Stirling system – image 
credit Wikipedia.  
 

A heliostat is really a set of curved mirrors 
that are focused by individual tracking 
mechanisms to a central point in order to 
generate concentrated heat at that point.  
Constant and precise sun tracking is 
necessary to keep the mirrors aimed at 
their target.  The image at the left shows a 
heliostat “farm” that concentrates the sun’s 
heat on a central tower where molten 
“salt” is circulated to heat water to create 
steam in order to produce electricity by 
conventional steam generators. The salt 
doesn’t loose its heat during the night 

hours which allows the installation to generate electricity 24 hours a day.  Image credit 
Wikipedia.  
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Sidebar - Pyranometer 
 
A pyranometer is an instrument used to measure the broadband solar irradiance 
generally in watts per square meter from a 
field of view of 180 degrees. In effect, a 
pyranometer indicates how much of the sun’s 
energy is being deposited at the place where 
it’s mounted at any given time.  Sunlight 
enters the clear hemisphere where it is 
detected by a highly calibrated light sensor.  It 
looks like a flying saucer and many 
commercial and educational solar installations 
use it to compare the output efficiencies of 
their PV systems to what the sun is actually 
delivering at any given moment.  A general 
rule for the sun’s output is 1000 watts per 
square meter at high- noon on a clear day.   
Image credit - Kipp & Zonen. 
 
Sidebar - Simulating Cloud Reflections 
 
Clouds can both absorb sunlight as well as 
reflect it.  As seen in this NASA image 
sunlight can bounce off the Earth’s surface 
then reflect off the bottoms of clouds back 
to Earth.  If a solar panel is receiving 
sunlight it can get an extra measure of it 
from the bounced light. 
 
 
 

 
 
 
To simulate cloud reflections use a 
regular sheet of white paper or a mirror 
and put it near the solar panels while the 
sun is shining on them.  Hold it so that it 
reflects a portion of the sunlight back 
onto the solar panels. Then notice the 
voltage reading which should show an 
increase.  This is what cloud reflections 
can do to increase the power and energy 
outputs of the solar panels.    
 


