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What is a solar tracker?

A solar tracker can increase the efficiency of a solar panel by up to 100%! It does this by always keeping the panel perpendicular to the incoming rays of sunlight.

here's an equation to prove this:

P = AW sin θ

P = power generated by the solar panel

A = Area of the solar panel

W = is the solar constant, which is equal to 1340 watts per square meter

θ = the angle of the incoming light

Since sin(90) = 1  you get the best performance out of the panel when it is totally perpendicular.

Materials:

1 - Arduino Uno w/ ability to program it
1 - Breadboard
1 - 2 axis tracking mechanism (i used a magnifying mirror that swiveled up and down)
2 - 360 deg continuous rotation servos
1 - ball bearing tilt switch or similar
5 - 10k resistors
1 - 5V breadboard power supply
3 - cadmium sulfide light sensitive resistors
wires
solder
soldering iron
vice (optional)

 
[bookmark: step1]Step 1: The Y-axis
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Depending on what you use as a tracking mechanism, yours might be a little different than mine.

I picked up a magnifying mirror from Shoppers normally used for shaving or applying makeup. It had a base and a swivel to tilt the mirror up and down.

I cut off one side of the swivel bracket and replaced it with a servo. I measured so that the shaft of the servo would line up with the swivel point of the mirror. I then had to drill a hole for the servo shaft to fit into.

I used hot glue and zip ties to secure the servo to the base and then the servo shaft inside the hole I had drilled.

[bookmark: step2]Step 2: The X-axis
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I marked the approximate center of the base and drilled a hole large enough to screw the setscrew for the servo armature in. I then hot glued the armature to the underside of the base making sure not to get glue in the hole i drilled.

Once the glue was dry, I attached the servo and screwed in the setscrew.
[bookmark: step3]Step 3: The sensors
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I used 3 light sensors and 1 tilt sensor. You can substitute LEDs or photo-transistors for the CDS cells, and/or mercury switches for the ball bearing tilt sensor but your code will have to reflect the change(s).

I soldered wires from a scrap ribbon cable to the leads of each light sensor and a 2 pin header on the opposite end to connect easily to the breadboard. Use electrical tape / heat shrink / liquid insulator on the bare parts of the wire so that they don't short out.

Once that's done, hot glue the sensors at equal intervals around the circumference of the mirror. I placed the sensors so that the flat collecting side of the sensor was parallel with the plane of the mirror and angled out from the center just slightly.

The tilt sensor that I found was a plastic box with 4 contacts running through it and a ball bearing inside. This sensor prevents the tracker from pointing at the ground and also gives the y-axis an end-stop.

Solder wires onto the 4 pins of the tilt sensor then glue it on the back side of the mirror with the leads running horizontally. With the mirror pointing straight upward, the BB should be resting on the 2 middle leads.

The image I have uploaded is similar but not exactly the same as the tilt sensor I have. The one I used has only 4 leads.
[bookmark: step4]Step 4: Wiring it up
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Take a look at the pics for the wiring diagram and schematic. (sorry about the confusing scheamtic, still learning Fritzing)

***EDIT (04/03/13)*** Changed the images to reflect the proper wiring and cleaned it up a bit.
[bookmark: step5]Step 5: The Arduino code
#define TILTL 2
#define TILTH 3
#define BOTTOM 2
#define TOPLEFT 0
#define TOPRIGHT 1
#include <Servo.h>
#include "math.h"

Servo hservo;
Servo vservo;
int tlsense;
int trsense;
int bsense;
int tavg;
int diff;
int spd;
int divisor;
int sensitivity;
int tiltl;
int tilth;

void setup () {
  vservo.attach(9); // attaches the servo on pin 9 to the servo object
  hservo.attach(10); // attaches the servo on pin 10 to the servo object
  divisor = 10; // this controls the speed of the servo. lower number = higher speed
  sensitivity = 5; // this controls the sensitivity of the tracker. lower number = higher sensitivity. if your tracker is constantly jittering back and forth increase the number
  Serial.begin(19200); // open serial com
  Serial.print("SolarTracker ready!");
  pinMode(BOTTOM, INPUT); // set the inputs
pinMode(TOPLEFT, INPUT);
pinMode(TOPRIGHT, INPUT);
pinMode(TILTL, INPUT);
pinMode(TILTH, INPUT);
}

void loop () {

tiltl = digitalRead(TILTL); // read the tilt sensor
tilth = digitalRead(TILTH);
tlsense = analogRead(TOPLEFT); // read the light sensors
trsense = analogRead(TOPRIGHT);
bsense = analogRead(BOTTOM);
//bsense = bsense * 1.05; // I had to adjust the value of this sensor to make it more accurate. you might have to do the same but start by leaving it alone
tavg = (tlsense + trsense)/2; // get an average value for the top 2 sensors
diff = abs(tavg - bsense); // this judges how far the tracker must turn
spd = diff/divisor; // and adjusts the speed of the reaction accordingly
spd = max(spd, 1); // sets the minimum speed to 1
Serial.print("\nTOP: "); Serial.print(tavg, DEC); // print the sensor values to the serial com
Serial.print("\tBOTTOM:"); Serial.print(bsense, DEC);
Serial.print("\tLEFT:"); Serial.print(tlsense, DEC);
Serial.print("\tRIGHT:"); Serial.print(trsense, DEC);

if((tavg < bsense) && (diff > sensitivity) && (tiltl == LOW) && (tilth == LOW)){ // if the average value of the top sensors is smaller (more light) than the bottom sensor and the tilt sensor is in the correct range
vservo.write(90 - spd); // send servo command to turn upward plus add speed
Serial.print("\tState: "); Serial.print("UP!");
}else if((tavg < bsense) && (diff > sensitivity) && (tiltl == HIGH) && (tilth == LOW)){ // if the average value of the top sensors is smaller (more light) than the bottom sensor and the tilt sensor is in the correct range
vservo.write(90 - spd); // send servo command to turn upward plus add speed
Serial.print("\tState: "); Serial.print("UP!");
}else if((tavg > bsense) && (diff > sensitivity) && (tiltl == HIGH) && (tilth == LOW)){ // if the value of the bottom sensor is smaller (more light) than the average value of the top sensors and the tilt sensor is in the correct range
vservo.write(90 + spd); // send servo command to turn downward plus add speed
Serial.print("\tState: "); Serial.print("DOWN!");
}else if((tavg > bsense) && (diff > sensitivity) && (tiltl == LOW) && (tilth == HIGH)){ // if the value of the bottom sensor is smaller (more light) than the average value of the top sensors and the tilt sensor is in the correct range
vservo.write(90 + spd); // send servo command to turn downward plus add speed
Serial.print("\tState: "); Serial.print("DOWN!");
}else{ // for every other instance
vservo.write(90); // stop the y-axis motor
Serial.print("\tState: "); Serial.print("STOP!");
}

tlsense = analogRead(TOPLEFT); // read the top 2 sensors again because they have probably changed
trsense = analogRead(TOPRIGHT);
//trsense = trsense * 1.03; // again I had to adjust the value of one sensor to make the tracker more accurate
diff = abs(tlsense - trsense); // reset the diff variable for the new values
spd = diff/divisor; // and generate a speed accordingly
spd = max(spd, 1); // set the minimum speed to 1

if((tlsense < trsense) && (diff > sensitivity)){ // if the top left sensor value is smaller (more light) than the top right sensor
hservo.write(90 + spd); // send servo command to turn left
Serial.print("\tState: "); Serial.print("LEFT!");
}else if((tlsense > trsense) && (diff > sensitivity)){ // if the top left sensor value is larger (less light) than the top right sensor
hservo.write(90 - spd); // send servo command to turn right
Serial.print("\tState: "); Serial.print("RIGHT!");
}else{ // for every other instance
hservo.write(90); // stop the x-axis motor
Serial.print("\tState: "); Serial.print("STOP!");
}


delay(10); // delay 10ms
}

Arduino polls the sensors and reacts accordingly making sure never to tilt too far down or up. The difference in light determines how fast the tracker should react.
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