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Experiments with Alternative Energy 

By John Gavlik WA6ZOK – President, LearnOnLine, Inc. 
For Nuts and Volts Magazine – February, 2010 

 
Part 7 –  Experimenting with the Whirlybird tm Wind Turbine 
 
 

Last time I showed you how to build the 
Whirlybirdtm 3-phase AC wind turbine 
along with some background information 
on wind turbine technology.  This time I’ll 
show you some of the interesting 
experiments that can be done with this 
device.  Here are the topics I’ll address: 

·  Three Phase Rectification  
·  Understanding 3-Phase Voltage 

Output 
·  Smoothing The Rectified DC Output 
·  Wind Speed, RPM and Power Output 
·  The Effects of Magnetic Coupling 
·  Star versus Delta Windings 
·  Hands Off Braking  

Most of these topics are really the titles of the experiments that I’ve developed around the 
Whirlybirdtm wind turbine, and I’ll be referring to them in some detail in this article.  So 
if you’ve already built your Whirlybirdtm wind turbine and want to know more about how 
it works, this article is for you.  And if you are just thinking about building it this may 
convince you to do so.  Either way you’ll learn a good deal more about wind turbine 
technology so let’s get started. 

Three Phase Rectification 

The kind of 3-phase rectification that’s done with the Whirlybirdtm Wind Turbine is full-
wave rectification as opposed to half-wave rectification (Figure 1). Remember, a diode 
conducts current in only one direction from positive to negative and blocks current  
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Figure 1 – Half-Wave and Full-Wave Rectification 

flowing the other way.  Half- wave 
rectification requires only one diode while 
full-wave rectification requires at least four. 
The major difference between single phase 
and three phases is that we have three coil 
groups as compared to one.  So the question is 
“how does one effectively expand the four-
diode, full-wave rectifier circuit to 
accommodate two more coils?”  The simple 
answer is “add two more diodes”; then the 
question becomes “how does that work?”  
Well, let’s start with how a full-wave rectifier 
works and move up to a 3-phase rectifier.  

Figure 2 – Three-Phase Full-Wave 
Rectifier Current Flow 

In a typical single-phase full-wave rectifier 
(Figure 2)  two of the four diode conduct 
current during the positive portion of the AC 
sine wave (D1 and D4) while the other two 
conduct current during the negative portion 
(D2 and D3). The result is that the negative 
portion of the sine wave is “flipped” to 
positive, which provides double the power 
producing capability as compared with a half-
wave rectifier.  The diodes themselves require 
a minimum activation voltage or “drop” of 
typically 0.6 volts before current actually can 
begin to flow through them.  This is called the 
forward-biased voltage (Figure 3) which 
accounts for the “flat”, no voltage portion of 
the rectified voltage traces.   

To extend this full-wave rectified scheme to 
three phase let’s first consider how the three coils that make up the three phase circuit. 
For simplicity I’ll use the Star configuration although the Delta configuration works 
exactly the same way.  Figure 2 shows the three coils grouped as three “legs” with two  

Direction of 
Magnet Rotation

Positive Current Flow Negative Current Flow
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Figure 3 – Effect of Diode Voltage Drop in Full Wave Rectified Voltage 

coils per leg so mentally treat each leg as a voltage source that generates a sine wave; 
only each sine wave is displaced [in time] from the others based on the 120 angular 
degree coil separation.  To make things simpler I’ve made the leg numbers correspond to 
the phase numbers 1, 2 and 3.  By studying the phase relationships for the three legs I 
hope you can see how the technique works for all three legs with just two extra diodes.  If 
you don’t “get it” at first, look again; it’s important to what you will learn about next.  

Understanding 3-Phase Voltage Outputs 

This is where I’ll get into interfacing the Parallax BS2 or PICAXE 28X2 microcontrollers 
to the wind turbine.  Figures 4 and 5 show the schematic diagrams for attaching the 
Whirlybirdtm wind turbine to the BS2 and 28X2, respectively.  The A/D converter inputs 
pickup the three independent voltage phases after they are rectified along with the 
rectified DC voltage.  The rectified DC voltage is routed through the 1 ohm current sense 
resistor into a 100 ohm potentiometer load.  This way we can measure the effects of 
variable loading on the turbine as well as learn about the 3-phase voltages. For the most 
part these two schematics will suffice for the rest of the topics in this article. 

In Figure 6 you can see the computer plot of the three phase voltages (black, blue and 
red) along with the rectified DC voltage (green) as the turbine spins up to speed.  At this 
point the display will look confusing and cluttered; so by clicking the graphic icon 
switches under each of the phase meters this will turn off the phase voltage plots to 
display just the rectified DC by itself as in Figure 7.  As you can see this is not a smooth 
DC signal but one that follows the voltage peaks of the three phases; nevertheless, it 
looks far less confusing without the clutter of the other three phase plots. 

To get a better idea of how the rectified DC signal is created Figure 8 shows only a 
rectified Phase 1 (black line) along with the DC signal (green line).  Here you can witness 
how the DC signal follows the peak of this phase voltage- riding just below it due to the 
0.6 volt rectifier diode drops that I just discussed.  Figure 9 shows Phase 2 (blue line) 
added to the plot where it begins to become even clearer as to how the rectified DC signal 
follows the phase voltage peaks.  And finally Figure 10 shows all three phases along 
with the rectified DC voltage.  Seeing it this way, one phase plot at a time, generally 
makes more sense than seeing all the signals plotted at once for the first time. 
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Figure 4 – BS2 Hookup Schematic  Figure 5 – 28X2 Hookup Schematic 
 

 
Figure 6 – Whirlybird tm Spinning Up To Speed 
 
 
 
 
 
 
 
 
 
    Figure 7 – Rectified DC Wave Only 
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It should also be noted that while the plots of the phase voltages appear jagged they are 
actually smooth (see 
sidebar).  The jaggedness 
is due to the firmware  
 
 
   

Figure 11 – Phase Sampling Technique 

sampling technique (Figure 11) that takes individual voltage samples of different parts of 
the phase waveforms over a period of several milliseconds.  Unlike an oscilloscope that 
captures the waveforms all at once, our slower BS2 and 28X2 micros must take discrete 
samples of each of the phases at various times, mainly because they are both programmed 
in the interpretative BASIC language and not the faster C or assembly languages.  Each 
discrete sample consisting of all three phases and the rectified DC voltage is then 
transmitted to the computer to create the waveforms you see plotted.    

Why the phase waveforms are jagged 
 
The “clean” rectified sine waves depicted on the left are like those that are actually 
produced by the wind turbine’s full-wave rectifier circuit. The jagged nature of the waves 
in the plots on the right is due to the rather coarse sampling of the fundamentally smooth 
waves – about one millisecond per sample.  The micro captures a series of samples of 
different waves to construct the plotted image which accounts for the variance in the 
voltage plots, since each wave is not exactly the same as the one before it or after it in 
terms of voltage level.  If the microcontroller code were as fast as an oscilloscope, the 
plots would look like those on the left; however, since we’re using only BASIC 
interpreters as opposed to compiled code in both the BS2 and 28X2 chips this is not 
possible.  

 

Oscilloscope View     Software Plot view  
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Smoothing the Rectified DC Output 

As Figure 12 illustrates, by adding a 330uf 
capacitor across the 100 ohm load the rectified 
waveform smoothes out considerably – not 
exactly pure DC but getting there.  When the 
input voltage is higher than the capacitor’s 
voltage (at the moment) the rectified DC 
charges the capacitor to the peak DC level. 
When the input voltage falls below the 
capacitor’s voltage, the capacitor discharges its 
stored energy into the load. Thus, the capacitor 
helps to stabilize the rectified voltage; so adding 
more capacitance is a way to make the rectified 
DC that much smoother.    

Figure 12 – Capacitor Filtered Rectified DC Voltage 

Wind Speed, RPM and Power Output 

As one would expect, wind speed affects the RPM and DC voltage levels; the greater the 
wind speed the greater the RPM and DC voltage and visa versa.  What is most 
interesting; however, is the effect of the wind force itself.  In general if the wind speed is 
doubled the output power increases by eight (8) times – the cube of the wind speed.  The 
other main variable is the blade area or, in our case, the area of the turbine fan that 
captures the wind.  These and other variables are expressed by the following equation for 
wind turbine output power: 
   

P = 0.5*� *A*V³*E 
 
Where: 

P = Power in Watts 
� = Air Density in Kg/m³ (about 1.225Kg/m³ at sea level, less higher up) 
A = Rotor Swept Area in m² = � r² (r= radius of the rotor or fan) 
V = Wind Speed in m/s (cubed) 
E = Efficiency in percent 

 
If the radius of the rotor blades is doubled, the swept area is quadrupled.  If the wind 
speed is reduced by half (1/2), the power is reduced to 1/8 of the original power. 
Efficiency is the wild card in the equation where one can lump many other factors that go 
into the unique design of each wind turbine.  This equation was derived not too long ago 
by Albert Betz (1885 – 1968) who was a German physicist and a pioneer of wind turbine 
technology. Betz found out that we can only harvest [at a maximum] 16/27 or 0.593 of 
the power from the wind.  This number is called the Betz coefficient and is the theoretical 
maximum efficiency that a wind turbine can harvest from the wind.   
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Using the wind turbine you can validate this equation by using an inexpensive hand-held 
anemometer to measure wind speed.  The one I’ve chosen can measure wind speed in 
meters per second as called for by the above equation (Figure 13).  With it you can setup 
the wind turbine in front of a large table fan and measure the voltage, current and power 
at different fan speed settings and distances from the turbine (Figure 14).  Then replace 
the wind turbine with the anemometer and measure the average wind speed at each 
electric fan speed setting by adjusting the anemometer position at left, center and right. 
With both the wind speed and the measured power you can plug in the air density and 
rotor swept area numbers and compute the efficiency, E, at different wind velocities.  
You will see that the efficiency is quite low due mainly to the fact that our Whirlybirdtm 
wind turbine is mainly a “drag” type as opposed to a “lift” type typically seen in models 
with curved blades that act like an airplane wing; there is more about this type of wind 
turbine is coming in the next article.  Regardless, this is a great way to understand the 
relationship among wind speed, RPM and output power.  
 
Figure 13 – Hand Held Anemometer   

 
                              Figure 14 – Fan and Anemometer Positions for Wind Experiment 
 

The Effects of Magnetic Coupling 

Probably as important as wind speed, or maybe more so, magnetic coupling is an 
important consideration in every wind turbine’s design.  In effect the closer the rotating 
magnets are to the coils the more power that will be generated.  The Whirlybirdtm wind 
turbine design is ideal for adjusting and measuring this effect; here’s what you can do. 
 
First set the wind turbine in front of a large table fan and let it ramp up to speed.  Adjust 
the potentiometer load to any desired resistance and measure the power.  Then stop the 
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fan and disassemble the turbine into the rotor and stator halves; refer to Part 6 if this is 
unclear.  Next, add a single flat washer as an additional spacer between the rotor and 
stator assembly (Figure 15).  Then repeat the same measurement with the same load 
resistance, wind speed and distance between the table fan and wind turbine.  I’m sure that 
you will be amazed at how much power is lost by just adding the space of a single flat 
washer between the coils and rotating magnets.  If you’ve built the wind turbine and 
haven’t yet optimized it by finding the minimum number of flat washer spacers necessary 
for smooth running, do so now; it will improve its performance greatly. 

 
 
 
 
 
 
Figure 15 – Adding 
Washer Spacers 
 
 
 
 
 
 
 
 
 

 

Star versus Delta Windings 

You learned in Part 6 that the three phase coils can be wired in two distinct arrangements 
– Star and Delta (Figures 16 and 17).  While both coil arrangements produce the same 
power the Star generates more voltage than current while the Delta configuration 
generates more current than voltage for any given RPM setting.  From the experiment of 
the same name, here are the data I took with the wind turbine at two RPM settings. Volts, 
amps, watts and RPM are all displayed on the REEL Power software, which is where I 
got this data. 

 
Coils Volts Amps Watts RPM 
Star 2.671 0.027 0.072 119 
Delta 1.730 0.051 0.088 119 
Star 1.834 0.017 0.031 92 
Delta 1.187 0.026 0.031 92 

 
While the power values for the faster speed are not exactly the same, they are close 
enough to illustrate the point.  But “what is it?” about the Star and Delta windings that 
make this difference in the voltage and current production?  Leg resistance is the key! 
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The basic reason all of this is true is because the total coil resistance for each leg is 
different when wired in either a Star or Delta configuration.  Assuming that each coil is 
wound with the same wire thickness and number of turns, the coil resistance for each of 
the three coils will be the same.  However, the total resistance per leg is much different 
when wired in either a Star or Delta arrangement.  In the Whirlybirdtm wind turbine each 
“coil” measures about 26 ohms, which is the sum of the four individual coils that are 
wired together in series as shown in Figure 18.  Therefore, when we speak about coils 
here, assume that we mean the “coil group” taken as a whole.  For the following 
discussion refer to the Star (Figure 16) and Delta (Figure 17) diagrams.  
 

 
Figure 16 – Star Wiring Resistance  Figure 17 – Delta Wiring Resistance 
 
 
In the Star arrangement the resistance of each leg is the sum of two coils or about 52 
ohms.  
 
Leg 1 = coil 1 + coil 2 = 26 + 26 = 52 ohms 
Leg 2 = coil 2 + coil 3 = 26 + 26 = 52 ohms 
Leg 3 = coil 3 + coil 1 = 26 + 26 = 52 ohms 
 
In the Delta arrangement the resistance of each leg is the parallel equivalent of one coil in 
parallel with the sum of the other two coils. The leg resistance is about 17 ohms by the 
following: 
 
Leg 1 = coil1 || (coil2 + coil3) = 26 || 52 = 17.3 ohms 
Leg 2 = coil2 || (coil1 + coil3) = 26 || 52 = 17.3 ohms 
Leg 3 = coil3 || (coil1 + coil2) = 26 || 52 = 17.3 ohms 
 
Where || indicates “in parallel with” 
 
Using the formula for two resistors in parallel we have: 
 
 R = (R1 * R2) / (R1 + R2)   
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 R = (26 * 52) / (26 + 52) 
 
 R = 1352 / 78  
 
 R = 17.3 ohms 
 
Therefore, with a smaller resistance more current can flow in the Delta arrangement.   
 
Since Star and Delta wirings both deliver the same power, does it matter which is used?  
It all depends on the application.  On a commercial wind turbine an alternator starts off 
wired in Star and then at a certain RPM switches to Delta.  Most large commercial wind 
turbine generators do exactly this – they switch from Star to Delta at the right time using 
sophisticated electronics and software to sense when to perform the switch.  High winds 
are another reason to switch to Delta, since doing so presents a heaver load (lower 
resistance) which slows the blade rotations.   

 
 
 
 
 
 
Figure 18 – Phase 1 Coil Group 
 
 
 
 
 
 
 

 

Hands-off Breaking 

I just said that switching to Delta slows down the rotation; so how does this happen?  

With a lower coil resistance coupled with (we can assume) a fixed load resistance the 
overall power requirement now goes up for a given wind speed.  With a constant wind 
speed this means that the wind turbine cannot extract anymore wind power to supply the 
heaver load, so something has to give.  And “what gives” is the rotational speed of the 
blades or the fan in our case.  Just like riding a bicycle on level ground then going up hill 
slows your peddling rate because you, the power source, have only so much power to 
supply.   

You can see this happen when you vary the potentiometer from its highest resistance to 
zero.  The resistor will act like a brake for the rotating fan by slowing it as the resistance 
decreases.  If the wind speed is light enough it will even stop the turbine from spinning 
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completely.  If you haven’t already tried this, do so and watch the RPM levels change 
with the resistance change.  The power, of course, is going into heating the resistor load; 
however, with our small wind powerhouse it won’t create any real hazard unlike a 
commercial wind turbine that can destroy itself if this same condition is allowed to 
happen.   

Summary 

This time you’ve learned more of the details surrounding the theory and operation of the 
Whirlybirdtm wind turbine and why 3-phase power is the logical choice for commercial 
power generation.  The Whirlybirdtm turbine is a vertical axis type (VAWT) and its’ fan 
is really a “drag” mechanism for capturing the wind.  In other words the fan itself does 
nothing to amplify the wind’s power; it just allows itself to be pulled around by the 
blowing wind. Next time I’ll continue our wind series and introduce you to a model 
sized, 3-phase Horizontal Axis Wind Turbine (HAWT) that uses propeller blades that 
provide “lift” like an airplane wing.  As a matter of fact the blades of this 3-phase turbine 
are designed to aircraft blade standards.  And like a modern aircraft you can change the 
pitch of the blades. I’ll do even more experiments with this unique HAWT; in the 
meantime you can view all the experiments for the Whirlybirdtm Wind Turbine on my 
website at www.learnonline.com ��� �  Experimenter Kits.  So until next time conserve 
energy and “stay green”.  

 

 

 

 
 


