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Experiments with 3-Phase Wind Turbines  
For the PicAxe 28X2 Processor 

Using the Whirlybird 3-Phase Wind Turbine     
 

Experiment #1 – Understanding 3-Phase Voltage Outpu t 
A REEL Power tm (Renewable Energy Education Lab) Experiment 

© LearnOnline, Inc.     www.learnonline.com 
 
 
Purpose 
 
This experiment is designed to demonstrate the nature of the voltages generated 
by the Whirlybird Wind Turbine  3-phase alternator.  If you are not already 
familiar with how 3-phase voltages are generated, refer to the Wind Turbine 
Information supplement before going any further.   
 
You will come to understand that: 
 

1. The main advantage of 3-phase voltage is that it never goes to zero. 
 

2. A device called a diode is responsible for converting 3-phase AC into DC. 
 
 

PicAxe 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 
·  Resistor Color Codes 
·  Reprogramming the FTDI chip – very important!! 
·  Computing Current with Voltage Drop 
·  REEL Power Software Installation and Operation 
·  Safety Precautions 

 
Wind Turbine Information 
 
This will give you supplemental information on the wind experiment. 
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Equipment 
 
Qty  Description 
1  Whirlybird 3-Phase Wind Turbine  
1  Solderless Breadboard (Radio Shack Model: 276WBU301) 
1  PicAxe 28X2 microprocessor chip 
1  SparkFun USB to Serial Board (BOB-00718) 
1  USB cable 
6  Diodes  
1  1 ohm resistor 
1  100 ohm potentiometer 
1  10K resistor 
10  Solid hookup wires (Radio Shack Model: 276-173) 
4  Clip leads 
1  Table fan 
1  Windows PC computer with REEL Power tm software  
  (MACs must have Parallel’s “Desktop 3.0 for Windows”) 
1  Printer (optional) 
 
 

General Hardware Hookup for Whirlybird Wind Turbine  
 
Setup the equipment as shown here, and then examine the Jumper Board 
Hookup  (next) for specific details.   
 
 
 
 
Note:  Your setup will 
NOT WORK unless the 
FTDI chip on the 
SparkFun USB to Serial 
Board is reprogrammed.  
See PicAxe Background 
Information for details 
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Jumper Board Hookup for Whirlybird Wind Turbine 
 
Caution: This is a very dense hookup with many comp onents 
whose leads can accidentally short together.  Be ca reful in 
placing components so that they remain apart from o ne another . 
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Schematic for Whirlybird Wind Turbine 
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 Code File 
 
 

Download the following file to the PicAxe processor: 
 

Picaxe_wind.bas   
 
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. 

 
Note:  Your setup will NOT WORK unless the FTDI chip on the SparkFun 
USB to Serial Board is reprogrammed.  See PicAxe Ba ckground 
Information for details 
 

Code Algorithm 
 
Here’s how the code works to acquire and display the 3-phase and rectified DC 
signals.  For complete details refer to the above code file. 
 
The Main loop looks like this… 
 
Main: 
 gosub Wait_For_Zero_Volts 
 gosub Wait_For_Next_Peak 
 pause delay       
 gosub Acquire_Phase_Samples    
 gosub Compute_RPM      
 gosub Average_DC_Samples     
 gosub Convert_To_Mv     
 gosub Compute_Cksum     
 gosub Transmit_Data     
 delay = delay + 1      
 goto  Main       
 
The idea behind the Main loop is to synchronize the data gathering with the start 
of the phase1 voltage signal as it goes from zero volts and just starts to peak.  
This is what the first two subroutines do. 
 
   GOSUB   Wait_For_Phase1_Zero_Volts 
   GOSUB   Wait_For_Phase1_New_Peak 
 
Following this the program delays from 0 to 255 milliseconds depending on the 
value of the delay. 
 
   PAUSE   delay 
 
After the delay, samples of all three phases and the rectified DC voltages are 
acquired by the A/D converter chip and averaged with the last readings. 
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   GOSUB   Acquire_Phase_Samples 
 
Following the phase samples the wind turbine RPM is computed when the 
phase1 voltage has reached the right level. 
 
 gosub Compute_RPM   
 
Next, the rectified DC and 1 ohm voltage drop voltages are averaged to remove 
as much ripple as possible for better current and power computations. 
 
 gosub Average_DC_Samples     
    
Then all the sampled data are converted from raw A/D counts to millivolts or 
milliamps 
  

gosub Convert_To_Mv 
 

A checksum is computed and the samples are transmitted to the PC for display. 
     

 gosub Compute_Cksum     
 gosub Transmit_Data 

 
The delay is incremented by 1 millisecond to advance the next sample and the 
process is repeated. 

 
   delay = delay + 1 
   GOTO  Main 
 
The delay will eventually roll over to zero after 256 increments, but the idea is to 
take samples along the travel of the 3-phase waves in order to gain an 
understanding of how the nature of the wind turbine works.  The diagram below 
shows the sampling process.  Once again, the sequence is re-synched every 
time by detecting the start of phase1. 

 

 

Start

PH1 PH2 PH3

Progressive 1 ms delay samples after re-syncing to the start of Phase1
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Procedure – Using the Whirlybird Wind Turbine 
 

1. Click on the REEL Power tm icon to bring up the software menu.  
Then click on the Wind Turbine Phase Voltages icon. 

 
 
 
 
 
 
2. Set the 100 ohm potentiometer to maximum resistance (full counter-

clockwise). 
 
3. On the graphic display, click on the Connect button at the lower-

left of the screen. Verify that the connected icon appears 
validating the Comm port selection. Make sure to click on the 
arrow and select the highest comm port number.   

 
4. On the computer adjust the voltage (vertical) scale on the REEL Power tm 

software to 5.00 volts.  Adjust the time scale for about 40 seconds. 
 
5. Position the wind turbine so that it can receive the maximum amount of 

wind from the table fan.  Set the table fan to the highest speed setting. 
 

6. You should experience a plot similar to Figure 1 showing the “ramp up” of 
the 3-phase voltages and the rectified DC voltage as the fan is turned on. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 – Ramp Up of 3-Phase Voltages Using Whirly bird Turbine 
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7. A plot similar to Figure 2 should appear after the wind turbine’s speed has 
stabilized. Note the three phase voltages and the rectified DC voltage 
(green plot), which follows the tops of the phase voltages, but at a lower 
voltage due to the diode voltage drops. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – Stabilized 3-phase Voltage Plot Using Wh irlybird Turbine 
 
8. Both of the previous plots may seem confusing, so click each of the 

switches under the PH1, PH2 and PH3 meters to reveal only the rectified 
DC voltage as in Figure 3 below.  This will begin the explanation of the 3-
phase voltages beginning with the next step. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 – Plot of Rectified DC Voltage Only Using Whirlybird Turbine 
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9. Click on the switch below PH1 again.  The plot should look like the one 
below.  Notice that the only phase1 and the rectified DC are displayed 
making the plot far less cluttered.  You can clearly see how the phase 
peaks then flattens to zero volts before peaking again.  This is due to the 
full-wave rectification of the diodes, which are explained later in the 
Analysis  section. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 – Plot of Rectified DC Voltage and Phase 1  Using Whirlybird 
 

10. Now click on the switch below PH2.  You will now see both phase1 (black 
plot) and phase2 (blue plot) displayed along with the rectified DC voltage.  
Notice how phase 1 is displaced in time with respect to phase2.  This 
displacement is a result of the physical placement of the magnets. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 – Plot of Rectified DC Voltage and Phase 1  and Phase 2 
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11. Finally, click on the switch below PH3 to reveal all three phase voltages.  
Hopefully, the original plot in Figure 2 will now make more sense. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6– Plot of Rectified DC Voltage and All Phas e Voltages 
 

12. As a test to witness what happens when the wind turbine speed is slowed, 
reduce the table fan speed setting to about half speed – or move the table 
fan away from the wind turbine if no speed adjustment is present on the 
fan.  The resulting plot should look something like Figure 7.  Notice the 
amplitude of the signals decreased while the time for each phase plot 
became longer given the reduced revolutions of the wind turbine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7– 3-Phase Plot at Reduced Speed Using Whirl ybird Turbine 
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Analysis 
 
Our rectifier circuit that converts 3-phase AC to rectified DC uses six diodes, so a 
preliminary description of what a diode is in order before going any further. 
 
A diode is like an electronic one-way valve.  It allows electricity (current) to flow in 
one direction, from positive to negative, and it blocks electricity flowing in the 
other direction from negative to positive.  As a one-way valve, the diode requires 
a minimum amount of voltage in order to open the valve before current can flow.  
This is normally about 0.6 volts for a common silicon diode like the ones used in 
the experiment.   When a diode is passing current it is said to be forward biased; 
when it is blocking the flow of current it is said to be reversed biased. 
 
The physical part and electrical symbol for a diode are shown below:                                           

 
 
 
 
 
 
 
 

 
 
A diode is polarized with the anode as positive (+) and the cathode as negative (-
).  The black band around the physical part indicated the (negative) cathode. For 
the diode symbol on the right the anode is the vertical end of the triangle and the 
cathode is the bar next to the pointed end of the triangle.  Diodes are used in 
both DC and AC parts of a circuit; however, diodes are used exclusively as AC 
rectification devices in the previous experiment. 
 
Rectification is the process of modifying a signal so that either the positive or the 
negative portions of the signal are used to created direct current or DC. There 
are two types of rectification, half-wave and full-wave.  
 
Half-wave rectification is where the positive part of the wave is preserved and 
full-wave rectification is where both parts of the wave are preserved with the 
negative portion being “flipped” to positive by the diodes.  Refer to the 
illustrations below to see how a un-rectified sine wave is both half-wave and full-
wave rectified.  The diodes in the experiment are arranged as full-wave rectifiers 
for the 3-phase voltages. 

+ -

Anode Cathode
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The 3-phase waveforms coming directly out of the Whirlybird or WindLab 3-
Phase Wind Turbines  are sine waves spaced 120 angular degrees apart as 
shown in the top image below.  The sine waves go above and below zero 
volts (the yellow line) and if it were not for the full-wave rectifying diodes 
(more about this momentarily), the lower portions of the sine waves would be 
wasted and would not produce any power.  The full-wave rectifying diodes 
“flip” the negative portions of the sine waves and make them positive going as 
illustrated in the lower part of the image.  The result is a near DC waveform 
(green) that has two bumps or ripples for each of the three sine waves – 
generally as shown in the experiment. 

 
A schematic diagram of the coils and the rectifying diodes is illustrated below.  
The  3-Phase Wind Turbine coils are wired in a STAR or WYE arrangement.  
 
 
 
 
 
 
 
 
 

 
 
 
 
To see how the diodes rectify the voltage phases, the diagrams below trace the 
current flow through the 3-phase rectifier diodes. Each frame freezes a moment 
during an interesting event (phase max positive/negative values) and illustrates 
how current is steered and rectified within the three-phase rectifier. Figure 8 
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shows the moment of maximum voltage generated at each phase, and Figure 9 
shows the moment of minimum voltage generated at each phase. 
 

 
 
Figure 8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 
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The rectified waveforms from the 3-phase alternator have “flat” bottoms and 
not pointy bottoms as in the diagrams above.  This is because the diodes do 
not pass all the voltage put through them.  They “drop” about 0.6 volts each 
and do not conduct until at least this voltage is met.  So the rectified waves 
actually have flat bottoms due to the diode voltage drops (about 1.2 volts total 
– both positive and negative when added together - for full wave rectification) 
as shown by the horizontal lines above and below the zero voltage portion of 
the wave. 
 

        Full Wave Rectified AC Output 
 
 
 
 
 
 
 

 
Figure 10 - Single Phase AC Input versus Full Wave Rectified AC Output 
Voltage Including Diode Voltage Drops Causing Zero Rectified Voltage 

 
 
 

Why are the waveforms jagged? 
 
The “clean” sine waves depicted here are like those that are actually produced by 
the wind turbine and the diode rectifier circuit. The jagged nature of the waves in 
the plots is due to the sparse sampling of the (otherwise) smooth waves.  If the 
microcontroller were as fast as an oscilloscope, the plots would look like those on 
the left. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11 – Oscilloscope plot (left) versus Compute r plot (right) 

 
 


