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Purpose

This experiment shows you how to build and program a mechanical device called
a Sun Tracker. The Sun Tracker uses two solar panels, thus the name “double
wide”. The experiment is divided into assembly instructions for the mechanical
portion of the Sun Tracker followed by assembling the parts on the Board of
Education and programming the Parallax BS2 microcontroller that operates it.

You will come to understand that:

1. A Sun Tracker is a device that mechanically tracks the sun’s apparent
movement during the day to maximize the collection of the sun’s energy
on photovoltaic solar panels.

2. The firmware code encompasses four major functions — sun tracking,
battery charging, data logging and computer data display. You will be
able to perform experiments with tracking the sun’s energy during its daily
cycle and displaying that data in a time-lapse manner on the computer.

Background Information

If this is your first experiment or if you just need a refresher on some of the
details please refer to the following background information guidelines:

Parts Assembly and Wiring Guidelines

Coding Guidelines

A/D Converter Chip Operation

Resistor Color Codes

Computing Current with Voltage Drop

REEL Power Software Installation and Operation
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Assembling the Double Wide Sun Tracker

The photo shows the completed Double Wide Sun Tracker assembly.

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) G &

1 Acorn Nut (#8) e
4 Small Angle Bracket B 0090000
2 Straight Bracket
8

Flat Washer (1”)
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1. Begin with the 12” threaded rod. Screw in a #8 hex nut, lock washer and
flat washer about 1.5” from the left end of the rod.

2. Install a small angle bracket to the back-left of the solar panel using a 32"
#8 machine screw, hex nut, lock washer and flat washer as shown below.
Tighten the screw-nut assembly using an 11/32” open-end wrench, or

equivalent tool.

3. Insert the threaded rod through the open hole of the angle bracket as
shown.
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4. Screw in another set of #8 flat washer, lock washer and hex nut to the free
end of the threaded rod and tighten it with an 11/32” open-end wrench, or
equivalent tool.

5. The completed assembly, thus far, should look like this. The threaded rod
should be straight and held tightly with the opposing hex nuts and
washers.

Page 4
A REEL Power ™ (Renewable Energy Education Lab) Experiment
© LearnOnline, Inc.  www.learnonline.com



6. From the far right end of the threaded rod screw on another #8 hex nut,
lock washer and flat washer and place them just about at the center of the
back of the solar panel. This will be to hold the counter balance bracket.

7. Slip on the counter balance bracket.
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8. Screw in another #8 flat washer, lock washer and hex nut (in that order)
from the far side of the threaded rod. Tighten both hex nuts so the bracket
is aligned perpendicular to the threaded rod.

9. Screw in another #8 hex nut, lock washer and flat washer (in that order)
from the far side of the threaded rod. Align these with the hole on the right
side of the solar panel.
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10.Slip a small angle bracket on the threaded rod so that it rests just above
the hole in the solar panel.

11.Insert a %2 #8 screw through the hole in the solar panel and secure it to
the angle bracket with a #8 flat washer, lock washer and hex nut.
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12.The completed assembly, thus far, should look like this. Tighten all nuts
and bolts.

13.Repeat the previous steps by adding a second solar panel to the threaded
rod by first screwing on another #8 hex nut, lock washer and flat washer
about 1.5” inches from the right-end of the installed solar panel.
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14.Repeat the above steps to add another solar panel and counter weight
bracket to the threaded rod.

15.Add the final 34" #8 screw, hex nut and washers to the second solar
panel’'s angle bracket.
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16.Add three 1" flat washers to the end of the counter balance bracket.
Secure them with a %2" #8 screw, hex nut and washer assembly.

17. Do the same for the second counter balance bracket. The final assembly
should look like this. Note that the brackets are slightly tilted. This
compensates for the slightly added weight of the screws on the back of
the solar panel.
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18.Testing the balance. Hold the opposite ends of the threaded rod, one end
in each hand, and with your fingers give the rod a twist to spin the solar
panels. If the solar panels are balanced they should spin freely and not
wobble. If they do not then adjust the counter weight brackets slightly up
or down until they spin freely and come to rest at any angle. This
completes the assembly of the solar panels on the threaded rod.

19.Next, assemble the motor on the left side of the mounting bracket with the
two small screws that come with it. The motor shaft should protrude
through the top-middle hole as shown below.
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Note: The next steps are very important in that the shaft coupler has
4 tiny Allen screws that can be easily lost if not handled correctly.
Follow these instructions and you will be better as sured that you will
not loose them.

20.Use a small bowl or other container to hold the shaft coupler and Allen
screws while they are removed from the package and installed in the
cylindrical coupler. With a pair of scissors cut (don'’t tear!) the plastic bag
that holds the shaft coupler and Allen screws. Allow them to fall into the
container.

21.With a 1.5mm (metric) Allen wrench insert the four Allen screws into the
threaded holes of the shaft coupler.

22.The shaft coupler has two bore sizes — 4mm and 5mm. The 4mm end
goes on the shaft of the motor and the 5mm end goes on the end of the
threaded rod.

23.0n the 4mm side adjust the Allen screws such that they protrude into the
inside of the shaft coupler at equal distances. This will make attaching it
to the 2mm shaft of the motor more secure and balanced.
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24.Insert the 4mm end of the shaft coupler onto the motor shaft as far as it
will go. Tighten the two Allen screws. With your fingers rotate the shaft
coupler to see if it turns the motor’s shaft. You may have to do this step
again to get it right as the shaft coupler's 4mm hole is larger than the
motor shaft (2mm). Being a little off center is allowable.

25.Take the threaded rod assembly with the two solar panels and insert the

right end of the threaded rod into the hole on the right side of the mounting
bracket.

26.Next, insert the left end of the threaded rod into the other end of the shaft

coupler. Tighten the other two Allen screws to secure the threaded rod to
the shaft coupler.
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27.Attach the acorn nut to the right side of the threaded rod.

28.Gently move the entire solar panel assembly back and forth to insure that
it is fully attached to the motor. You can hear the motor gears turn when
the solar panels move.

29.Test the motor’s ability to turn the solar panels by “touching” the motor
wires across the plus and minus terminals of the 1.2 volt NiMH battery that
is used for the experimental setup. The motor should spin the solar
panels around and around. Reverse the polarity of the wires and the solar
panels should spin in the opposite direction.

30.If the above procedures work as described, you have completed the
mechanical assembly of the Double Wide Sun Tracker. Congratulations!!
Now go on to learning about the electronic setup that controls it.
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Equipment

Qty

RPRARRPRPRRPRURPRONRPRRREN

[ —

Description

Solar Panels and Double Wide Sun Tracker

Parallax BOE or Homework Board

9-volt battery or +12 volt regulated DC supply
MCP3208 - 12-bit A/D converter chip

1 ohm sense resistors

470 ohm resistors

10 ohm resistor

NPN transistor (2N3904 or 2N2222)

Red T 1 % LED

1.2 volt size AA - NiMH rechargeable battery and holder
Solid hookup wires

USB or RS232 cable

Clip leads

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

General Hardware Hookup

Setup the equipment as shown here, and then examine the Jumper Board
Hookup (next) for specific details. lllustration shows only one solar panel.

Solar Panel
In Series

o2
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Jumper Board Hookup

NN
2 Od da

Tie
Transistor base
and resistor leads
together vdd Vin

Flat (neg) side

Solar Panel !
Load Resistor

1.2 vol B
NiMy P3 c
Rechaffablg

Batl§ry Q5

JJL/JJ
3
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Schematic

470 il
P12 Charge LED
Solar Panel
- +
+5v
$ Vss
- CHO Vvdd 1
470 2 M 15
CH1
P13 Q1 3 C Vref 14
CH2 p Agnd
4 3 13
2 -10hm S 2 cHs 5 Clk
Sense Resistors :P S 5 CH4 0 Dout 12
6 3 11
CH5 i
1.2 volt + 7 pin 10
NiMH i CH6 Ccs
pu— 8 9
Battery Y CH7 Dgnd
Load
v Resistor V
H-Bridge

470

Vcc = Display Logged Data
P15 =MW= (Gnd = Display Real Time Data
470

AAA Vcc = Enable Data Logging
P11 Gnd = Disable Data Logging

P6
P7
P8
P9
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BLOCK DIAGRAM
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Code File

Download the following file to the BASIC Stamp:
Parallax_Double_Wide_Sun_Tracker_Exp.bs2

The code file can be found on the REEL Power CDROM that came with this
lesson or on the LearnOnLine website at www.learnonline.com.

Code Algorithm

For complete details refer to the above code file.

The Main loop looks like this...

Main Routine

Main:
PAUSE 250 ‘adjust this delay so the time through the Main
'loop is approximately 1 second
Sun_Tracker:
IF (searchTrack =0) THEN ‘'decide on how to track the sun

GOSUB Sun_Search 'just starting out at the beginning of the day or
ELSE
GOSUB Sun_Track ‘after finding out where the sun is and tracking it
ENDIF
Battery_Charger:
IF (charging = 0) THEN 'decide whether or not to charge battery if
GOSUB Test_Battery Voltage 'battery voltage is above minimum or
ELSE
GOSUB Charge_Battery 'if it needs charging
ENDIF '‘LED will remain ON for entire charging cycle
Data_Logging: '‘Log Data or Not (P11)
IF (IN11 =0) THEN 'if P11 = 0 (ground) disable data logging
GOSUB Clear_Logged_Data 'and erase logged memory
ELSE 'LED will NOT flash as long as P11 =0
GOSUB Log_Data ‘else, log data every 2 minutes
ENDIF 'LED will flash once every time thru Main

‘and flash longer when event is logged
'LED will flash 4 times when data log memory

'is full
Display_Data:
IF (IN15 = 0) THEN 'Display Real Time or Logged Data (P15)
GOSUB Plot_Real_Time_Data 'display real time solar data when P15 =0
ELSE
GOSUB Plot_Logged_Data 'display logged solar data when P15 =1
ENDIF
GOTO Main

This code is also described by the flowchart and narrative on the following pages.
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After initialization the code enters the Main loop where it cycles through four
primary subroutines:

Sun Tracker
Battery Charger
Data Logger
Display Data

PwpNPE

Sun Tracker

At power on or reset the Sun_Tracker routines enters Search mode where it
moves the solar panels East until the sun is found. It switches to the Track mode
where it tracks the sun as it moves West during the day. The searchTrack flag

controls the entry into the Sun_Search or Sun_Track routine from Main.

Sun Tracker Routine

Sun_Search:
searchTrack = 0

GOSUB Move_East
GOSUB Get_Average_Voltages

IF (lastVolts > solarVolts) THEN
searchTrack =1
GOTO Sun_Search_End
ENDIF

lastVolts = solarVolts

Sun_Search_End:
RETURN

Sun_Track:
searchTrack = 1

GOSUB Get_Average_Voltages
tempWord = solarVolts >> 2

IF (tempWord = lastVolts) THEN

PAUSE 800

GOTO Sun_Track_End
ELSE
lastVolts = tempWord
ENDIF

GOSUB Move_West
Sun_Track_East:
GOSUB Get_Average_Voltages

tempWord = solarVolts >> 2

IF (tempWord < lastVolts) THEN

'do this to establish the original sun position
'by moving east until we find it

'move east slightly
‘and take another solar panel voltage sample

‘we've now moved the panel too far east, so
'it's time to track the sun as it moves

‘else, save this voltage for next time

'do this when the original position of the sun is found
‘and we're tracking it

‘take another solar panel voltage sample
'‘purposly degrade the solar panel voltage so that
‘we don't react to "noise"

‘test for no sun movement in the last second

'if so, pause to maintain loop timing and
‘exit to Main if no movement
‘else, save this degraded sample of solarVolts as lastVolts

'move solar panel west slightly

‘'sample solar panel voltage again

'‘purposly degrade the solar panel voltage so that

‘we don't react to "noise”
'if sample is less than last sample, we've gone too far
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GOSUB Move_East ‘west so move back to where were last time
ENDIF

Sun_Track_End:
RETURN
The following diagrams illustrate the actions of the solar panels in each mode.

Sun_Search: Sun_Track:
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H-Bridge Operation

The H-Bridge circuit controls the geared motor operation that moves the solar
panels. It consists of four NPN transistors and four 470 ohm base resistors that,
together, control the back and forth motion of the motor. The firmware uses four
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 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 the direction of current flow is reversed 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 O on the
base resistors).

' Motor Subroutines

Move_West:
HIGH hBridgeEastHiBase
HIGH hBridgeWestLoBase
PAUSE motorOn
GOSUB Motor_Stop
RETURN
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Move_East:
HIGH hBridgeWestHiBase
HIGH hBridgeEastLoBase
PAUSE motorOn
GOSUB Motor_Stop
RETURN

Motor_Stop:
LOW hBridgeEastHiBase
LOW hBridgeEastLoBase
LOW hBridgeWestHiBase
LOW hBridgeWestLobase
RETURN

Battery Charger

The battery charger circuit consisting of Q1 attached to a 470 ohm resistor is
designed to charge the 1.2 volt NiMH battery that, in turn, powers the H-Bridge
circuit that moves the motor. Entry into the Battery Charging subroutine is
controlled by the charging flag. If zero the Test_Battery Voltage routine is
entered; if one the Charge_Battery routine is entered.

Test_Battery Voltage:

The Test_Battery Voltage loop disables battery charging by setting Q1 OFF.
The LED is also extinguished. Then the routine does an A/D conversion of the
battery voltage. If the voltage is above the full discharge voltage specified by the
constant “fullDischargeVolts ” in millivolts nothing happens and the firmware
exits to Main. If and when the battery voltage drops to, or below, the
fullDischargeVolts level, the charging flag is set and the firmware branches to
the Charge_Battery routine the next time through the Main loop.

Charge_Battery:

At this point Q1 is turned ON and several actions are set into motion. First, the
LED is illuminated indicating charging is taking place. At the same time an
“energy loop” is initiated that guarantees a minimum amount of charge, C, going
into the battery (and maybe also into the load if one is connected). The energy
loop consists of a 60 second time sample coupled with measuring the current
flow into the battery. The energy loop is programmed to charge the battery with
at least 0.05C (1/20 C) before exiting the charge cycle.

A constant called “minEnergy ” is established in the initialization part of the code
that represents 0.05C of the battery. For our test battery this is 122.5 mAh (2450
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mAh x 0.05 =122.5 mAh). You can adjust this to any level based on your
particular battery’s capacity and/or solar panel output. Because we are using a
60 second sampling loop we need to convert mAh into mAm or milli-Amp-
minutes. Since there are 60 minutes to an hour we need to multiply the 0.05C
value by 60. In our case that would be 122.5 x 60 which makes our minEnergy
value = 7350 mAm. So every 60 seconds the code will sample the current, add it
to the previous current sample and compare this value to minEnergy . Once the
minEnergy value is achieved the next part of the algorithm is engaged.

Verify_Battery Charged:

Next we look at the battery voltage at the Verify Battery _Charged label. Ifitis
at or above the fullChargeVolts then we branch back to the Main routine.
However, if the battery is still below the fullChargeVolts level, probably due to a
heavy load on the solar panels while charging, the LED flashes three times each
time through the Main loop to alert you to this condition.

LED Flash Sequence - Battery Charging
Solid on — while the battery is charging
Slow flashing - battery voltage is below minimum after charging

' On Demand Battery Charge Algorithm

' Test_Battery Voltage: 'stay in this loop as long as the battery is above min voltage
Disable charging (Q1 = LOW) and extinguish LED

' Get battery voltage reading
if batteryVolts >= fullChargeVolts, loop back

' else, goto Charge_Battery

' Charge_Battery: 'stay in this loop until a minimum charge is delivered into the battery
Enable charging (Q1 = HIGH) and illuminate LED

' acquire a minimum battery charge

' when minimum battery charge is acquired, branch to Verify_Battery Charged

' Verify_Battery_Charged: 'stay in this loop until the battery is at full voltage
if batteryVolts >= fullChargeVolts, goto Test_Battery Voltage

' else, loop back to Verify_Battery_Charged - charging is still taking place

"NOTE 1: Battery voltage, current, power or resistance values are NOT displayed

"NOTE 2: Only solar panel voltage, current, power and resistance are displayed

"NOTE 3: The battery voltage and current have already been sampled in the sun tracker routine above

Test_Battery Voltage:

charging =0 'disable charging
LOW Q1 'turn Q1 OFF
LOW ChargelLed ‘extinguish charging LED

IF (batteryVolts < fullDischargeVolts) THEN 'test battery voltage for below minimum
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measuredEnergy =0 'if so, clear accumulated energy value
energyLoopCtr = energyLoopCount 'initialize energy loop count for 1 minute value
charging =1 'set charging flag

ENDIF

RETURN

Charge_Battery:

charging =1 ‘enable charging
HIGH Q1 'turn Q1 ON
HIGH ChargelLed ‘illuminate charging LED

IF (measuredEnergy >= minEnergy) THEN 'test for accumulated ampMinutes of energy
GOTO Verify_Battery_Charged 'branch if minimum energy level is met
ENDIF

energyLoopCtr = energyLoopCtr - 1 'else, decrement energy loop counter

IF (energyLoopCtr = 0) THEN 'test for 1 minute equivalent time in loop

energyLoopCtr = energyLoopCount 'if so, reinitialize energyLoopCtr and

measuredEnergy = measuredEnergy + batteryCurrent 'add latest current reading to measuredEnergy var
ENDIF

RETURN

Verify_Battery Charged: ‘determine if battery voltage is at or above minimums

TOGGLE ChargelLed ‘flash charging LED to show that we are in this state

IF (batteryVolts >= fullChargeVolts) THEN 'test against fully charged voltage
charging =0 'if so, disable charging

ENDIF

RETURN
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Data Logger

The Data_Logging section of the Main loop tests the P11 input. If it is zero
caused by the 470 ohm resistor-jumper applied to ground the routine branches to
Clear_Logged Data where the 1K data log memory is cleared and the 1K data
log memory pointer is reset to zero. If itis a one caused by the 470 ohm resistor-
jumper applied to Vcc the routine branches to Log_Data where 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. The data record is stored in the 1K data
log memory and the routine increments the data log pointer to the next available
memory location. Each time through the Main routine the Log_Data routine
briefly flashes the LED (about 10ms) to let you know that data logging is taking
place. The LED is flashed longer, for about one second, when the data record is
written into the data log memory. Once the entire data log memory is full the LED
flashes four times.

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

Data Logging Routines
' All data logging is done in the programming EEPROM memory of the BS2

' There are 1024 bytes for data log storage

' Each data log record = 4 bytes stored as follows from low to high address
solarVolts.HIGHBYTE
solarVolts.LOWBYTE
solarCurrent. HIGHBYTE
solarCurrent. LOWBYTE

' This allows 256 records which are recorded approximately once every 2 minutes
256 x 2 minutes = 512 minutes
512 minutes / 60 min/hr = approximately 8.5 hours of continuous storage

' A pointer to the next data record to be written is stored in $400 and $401

Clear_Logged_Data:
DataLogCtr =0 ‘clear the 2 minute counter-timer
READ $400, tempWord.HIGHBYTE 'read data log pointer into tempWord
READ $401, tempWord.LOWBYTE

IF (tempWord = 0) THEN ‘test for data log memory already cleared

GOTO Clear_Log_Data_End 'i.e, data log pointer is at zero - return if so
ENDIF
FOR tempWord =0 TO $3FF ‘zero the log memory

WRITE tempWord,0
NEXT
WRITE $400, 0 'reset data log pointer at $400 and $401
WRITE $401, 0
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Clear_Log_Data_End:
RETURN

Log_Data:
READ $400, tempWord.HIGHBYTE 'get current pointer to logged data
READ $401, tempWord.LOWBYTE

IF (tempWord >= $400) THEN ‘test to see if we are at max data log memory
FOR tempByte =0 TO 3 'if so, flash LED 4 times to aleart user of this
TOGGLE chargeLED 'set P14 = 0 to clear logged memory
PAUSE 100 ‘then remove jumper to allow more data logging
TOGGLE chargeLED
PAUSE 100
NEXT
GOTO Log_Data_End
ENDIF
dataLogCtr = dataLogCtr + 1 ‘else, increment 2 minute counter
TOGGLE chargeLED ‘quickly flash LED to show data logging in progress
PAUSE 10

TOGGLE chargeLED

IF (dataLogCtr >= dataLogCount) THEN 'test to see if 2 minutes have elaspsed
DatalLogCtr =0 'if so, reset 2 minute counter

‘write solar panel voltage and current to EEPROM
WRITE tempWord + 0, solarVolts.HIGHBYTE
WRITE tempWord + 1, solarVolts. LOWBYTE
WRITE tempWord + 2, solarCurrent. HIGHBYTE
WRITE tempWord + 3, solarCurrent. LOWBYTE

tempWord = tempWord + 4 ‘increment pointer

WRITE $400, tempWord.HIGHBYTE 'store it back to EEPROM
WRITE $401, tempWord.LOWBYTE

TOGGLE chargelLed ‘flash chargeLED to indicate data log event
PAUSE 1000 'long 1 second flash
TOGGLE chargelLed

ENDIF

Log_Data_End:
RETURN
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Display Data

The Display _Data section of the Main loop tests the P15 input. If it is zero
caused by the 470 ohm resistor-jumper applied to ground, it branches to the
Plot_Real_Time_Data routine where the latest sampled real time voltage and
current data are transmitted to the computer for display. If it is a one caused by
the 470 ohm resistor-jumper applied to Vcc, it branches to the
Plot_Logged_Data section where the next logged data record in the 1K data log
memory is read and sent to the computer for display.

Plot Solar Panel Data

Plot_Logged_Data:

tempWord =0 ‘clear for below

tempword.LOWBYTE = dataLogPtr ‘compute pointer to logged data from 8-bit counter

tempWord = tempWord << 2 'multiply by four to compute address pointer
‘'value of 4-bytes per data record

datalLogPtr = dataLogPtr +1 'increment it for next time thru

READ tempWord + 0, solarVolts.HIGHBYTE ‘'read from EEPROM into solar voltage and current vars
READ tempWord + 1, solarVolts.LOWBYTE

READ tempWord + 2, solarCurrent.HIGHBYTE

READ tempWord + 3, solarCurrent.LOWBYTE 'fall thru to plot realtime data with logged data instead

Plot_Real_Time_Data:

ckSum = (solarVolts.HIGHBYTE + solarVolts. LOWBYTE + solarCurrent.HIGHBYTE +
solarCurrent. LOWBYTE) ‘compute checksum

DEBUG solarVolts.HIGHBYTE, solarVolts.LOWBYTE, solarCurrent. HIGHBYTE,
solarCurrent.LOWBYTE ,ckSum 'Transmit data to computer

RETURN
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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.

At the beginning of the data log cycle and when the data log memory is cleared
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
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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; for example, after
recording the sun’s activity for a day. 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 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 on the computer.

Wiring the Solar Panels

With two solar panels and six separate 1.5 volt solar modules there are many
ways to hookup series and parallel arrangements. Feel free to attach them in
any wiring configuration; just make sure not to exceed +5 volts as it will swamp
the A/D converter inputs.

Adding a Load to the Solar Panels

The idea behind sun tracking is to determine the amount of additional energy that
can be derived from the sun. In order to do this a resistive load must be applied
across the output of the solar panels. The parts list specifies a 10 ohm resistor,
but you can use any value that you desire — anything between 100 ohms and 5
ohms being best for the following experiments.

Typical Data Logging Experiment

Connect the Sun Tracker to the Board of Education and place the entire
assembly outdoors where it can be exposed to the sun without any obstructions
like trees or buildings. Point the motor part of the Sun Tracker due South and
orient the solar panels at the general angle of the sun. Set the 470 ohm resistor-
jumper connected to P11 ground to clear the data log memory and to reset the
data log pointer. Then move the same resistor to Vcc to begin data logging. The
LED should flash about once per second to let you know that data logging is
taking place.

To witness the sun’s electrical data in real time on the computer, connect the 470
ohm resistor-jumper from P15 to ground. To see the data logging in progress,
move the resistor-jumper to Vcc.
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Do experiments with the solar panels tracking the sun and also stationary. The
following are two plots that show the dramatic difference in the amount of
captured solar energy for both conditions.

Plot of Eight Hours of Solar Data with Solar Panels Stationary

Plot of Eight Hours of Solar Data with Solar Panel Tracking
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