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Experiments with Alternative Energy 

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

 
Part 6 –  Build a Three-Phase AC Wind Turbine   

If Dr. Emmett Brown can build a time 
machine out of a DeLorean, then I can 
show you how to build a 3-Phase AC 
Wind Turbine out of a …roof 
ventilator!!??  (Flux capacitor optional).  
 
Imagine creating a 3-phase AC wind 
turbine from a common, everyday roof 
ventilator along with some magnets and 
coils of wire (Figure 1). I chose the 
Whirlybirdtm roof ventilator 
manufactured by Lomanco and sold at 
Home Depot for the following reasons: 
 
1. First, it has great bearings that 

simply will not wear out under 
normal and even severe use.  Without great bearings your wind turbine is always 
fighting friction that only serves to slow it down with the attendant loss of power.   

 
2. Second, it can be easily constructed with common tools and without soldering or 

drilling.   
 
3. Third, it can be used indoors with a table fan and [especially] outdoors where your 

study of day-to-day and season-by-season wind never stops.  
 
4. Fourth, it produces 3-phase AC power just like the commercial wind turbines, which 

allows you to study this marvelous electrical principle first hand by using either the 
Parallax BS2 or PICAXE 28X2 processors and your computer. 

 
5. And, fifth, you will be able to easily modify it in order to study the effects of 

magnetism and how you can optimize the mechanical components to produce 
maximum power���  
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Why Use a Roof Ventilator? 
 
I’m beginning our alternative energy articles on wind with this interesting device that I 
made for myself several years ago while looking for an “easy”  way to construct a wind 
powered electrical alternator.  From what I saw then, and more so now, everyone that 
makes a home brew wind turbine starts with a very complicated and expensive hub to 
hold the rotating magnets followed by making their own custom-made blades.  Then they 
design an even more complex widget to attach this assembly to bearings to make it spin 
smoothly. This is followed by adding some kind of wood or metal support to prop it up to 
hold everything together.  I didn’t want any of this for my wind turbine.  Since I’m 
mechanically challenged in the first place I felt that there had to be another way to do the 
same thing, only faster, cheaper and better without getting into a major DIY project.   
 
So that’s why I chose a roof ventilator.  On a visit to Home Depot one day I saw one and 
it dawned on me; it already had all the things I was looking for in an educational 
electrical wind alternator (see the above five points) plus it was off the shelf, relatively 
inexpensive and, if you’ll permit me to say so, quite elegant in its design and simplicity 
for the task at hand.  And to think that if all the roof ventilators on all the rooftops in the 
entire world were also 3-phase AC wind alternators, a great deal of our home and 
building energy problems would be solved – with zero pollution.   But before I get into 
how to build it, let’s learn a bit about the background technology first. 
 
 
Wind Turbine Primer 
 
There are two basic types of modern electrical wind turbines – Horizontal Axis Wind 
Turbines (HAWT) and Vertical Axis Wind Turbines (VAWT); the Whirlybirdtm is of the 
VAWT variety.  The big ones you see from the highway spinning slowly and majestically 
are of the HAWT type. There are variations on both designs (see sidebar) but these are 
the two fundamental types.  

Every wind turbine that generates electrical power uses a form of alternator that consists 
of two parts – a rotor and a stator.  The rotor is a series of magnets that spin above or next 
to groups of fixed coils called the stator.  Sometimes the rotor and stators are reversed 
with the coils as the rotating element and the magnets fixed, but not often; basically, 
because there needs to be a way for the wire coils to “communicate” their electrical 
energy to a fixed set of wires that lead out of the turbine to supply the load with power.   

Alternators versus Generators 
 
The key different between an alternator and a generator is what spins and what is fixed. 
On a generator, windings of wire (the armature) spin inside a fixed magnetic field. On an 
alternator, a magnetic field is spun over or next to windings of wire called a stator. This 
allows the wires to be directly and easily connected to their outputs without the need for 
sliding contacts to carry the relatively high output current. 
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All commercial wind turbine electrical alternators are made up of three major parts; the 
blades that are spun by the wind, a gearing mechanism that increases the RPM spin rate 
of the blades that is, in turn, connected through an output shaft that is attached to an 
alternator that converts the rotating mechanical energy into electricity.  Since the intent of 
these experiments is to demonstrate how 3-phase electricity is produced at lower wind 
speeds and power levels, our model wind turbine design leaves out the gearbox for 
simplicity and lower cost.   

Generating Electricity with Wires and Magnets 

All alternators work because of the effect of moving magnets by a wire. When electrons 
flow through a wire a magnetic field is created around it.  Similarly when a magnetic 
field moves past a wire electrons are generated through it. Therefore, by moving magnets 
past a wire, electrons are made to move through the wire thereby generating electricity.  
If instead of a single wire as shown in Figure 2 we could, instead, have many individual 
wires with the same current of electricity being generated in each wire, much more 
voltage current could be generated.   
 

 
 
 
 
Figure 2 – Generating Electricity Using 
Magnetism  
 
 
 
 
 
 

Since it is not practical to have multiple individual interconnected wires coils of wire are 
used where magnets rotate over them to produce electricity.  For example, when the 
North pole of a magnet passes over a coil, current flows in one direction and when the 
South pole of a magnet passes over the same coil, current flows in the opposite direction. 
The most electric current is generated when the magnetic field is at 90 degrees to the coil 
windings; and when the magnetic field is parallel to the coil windings no electric current 
is generated.  Ideally you want each radial leg of a coil to be over a magnet at the same 
time - one leg over a North pole and one over a South pole.  This is a noble goal that is 
approached, but not met, in our model wind turbine design; nevertheless, our magnet-coil 
arrangements come close to this arrangement as you will soon see. 
 
In Figure 3 you can see how electric current in the left radial leg of the coil is directed 
upwards (clockwise) by the North Pole of one magnet, and in the right radial leg it is 
directed downwards (also clockwise) by the South pole of the next magnet.  If both radial 
legs were over magnets with the same polarity - i.e. both North poles, the generated  
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Figure 3 – Effect of 
Magnetic Poles on 
Electricity Generation 
 
 
 
 
 
 
 
 

currents would cancel one another out. Therefore alternator rotors, including ours, are 
made up of magnets with alternating polarities - N S N S and so on.  As such the 
electrical output is not surprisingly Alternating Current (AC), with the direction changing 
every time the magnets pass over the coils.  If the coils and magnets are correctly aligned 
the resulting output looks like a sine wave (Figure 4).  
 

 
 
 
 
Figure 4 – Sine Wave 
Alternator Output 
 
 
 
 
 

 

Factors that Influence Total Power Output 
 
The voltage and current [or power] generated by the magnets spinning over the coils 
depends on the following criteria: 
 

·  The strength of the magnets 
·  The wire gage and the number of turns of wire in the coils 
·  The distance between the coils and the spinning magnets (very important) 
·  The speed of the magnets passing over the coils (the basic reason for the gearbox) 
·  The type of coil arrangement – Single Phase or Three Phase 
·  The 3-phase coil wiring arrangement – Star or Delta 
·  The full-wave rectifier diodes that convert 3-phase AC to rectified DC 
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While this is mouthful by itself there are still additional considerations with respect to 
wind speed and blade type affecting power output, but I’ll get to these in due time.  For 
now I’ll address the above points one at a time, but please expect only brief explanations 
for each category with little, or no, supporting theory or math.  There isn’t enough space 
here to go into that sort of detail.  I’ve provided some excellent links in the sidebars for 
those of you who what to learn more (and I hope you do).    
 
 
Magnetic Strength 
 
Magnetic strength is known by several different names depending on whether you’re an 
electrical engineer (magnetic flux density), mathematician (magnetic induction) or a 
physicist (magnetic field); regardless, a rose by any other name is still a rose, so I’ll use 
flux density as my handle for it.  As I said I’m skipping over a great deal of math and 
physics here, but the higher the flux density the higher the strength of the magnetic field.   
 
One measure of flux density is the Gauss named after the German mathematician Karl 
Fredric Gauss (177-1855).  For example, the Earth’s magnetic field is about 0.5 Gauss 
while a small refrigerator magnet is about 100 Gauss.  A good laboratory magnet is rated 
at 100,000 Gauss and the sixteen (16) Ferro magnets provided for our Whirlybirdtm 3-
phase AC wind turbine are rated at 3950 Gauss each (see sidebar).  Once again, this is not 
a formal definition or exhaustive explanation of magnet strength; rather, it’s just enough 
for you to become acquainted with the concept.  You can find out much more on the Web 
if you’re so inclined. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source www.coolmagneticman.com 
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Wire Gauge and Coil Turns 
 
For most commercial wind turbines regular copper wire coils are used to capture the 
magnetic flux created by the rotating magnets in order to convert it into electricity. As 
you would expect the more turns per coil the more magnetic flux that can be captured and 
turned into voltage and current.  Also, the wire gauge determines the maximum amount 
of current that can flow.  The tradeoff is really the magnetic strength versus the wire 
gauge and number of turns.  A balanced use of both will produce optimum results.  
 
 
Magnet – Coil Separation 
 
Magnet-coil separation is critical to generating maximum power; for maximum magnetic 
coupling the closer the better. One of the experiments for the Whirlybird tm involves 
adjusting the distance between the spinning magnets and the stationary coils by adding 
and removing regular flat washers.  By performing this experiment you can see how the 
mere thickness of a flat washer can affect the power output by over 50%!  While it’s not 
part of our Whirlybird tm wind turbine, Figure 5 shows an over 70 year old disassembled 
alternator at Hoover Dam in Nevada.  The diameter of this monster is over thirty feet 
wide while the distance between the coils and magnets are measured in the thousands of 
an inch.  Imaging the precision workmanship that went into building this in the 1930’s 
without the aid of any computing technologies; but that’s what it takes to make an 
efficient magnetic coupling between magnets and coils and somehow they did it, and did 
it so well that it’s still in operation today! 

 
 
 
 
 
Figure 5 – 
Disassembled 
Hoover Dam 
Alternator  
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Rotational Speed 
 
Rotational speed of the magnets is where the most dramatic effects of power generation 
can be witnessed; the faster the better but within limits as I will point out in the “Star 
versus Delta” windings section.  In effect, the faster the magnetic lines of force are “cut” 
by the coils the more voltage and current are generated.  Figure 6 shows our Whirlybird 
tm generating electricity at two different RPMs.  As you can see the voltage peaks of the 
3-phase voltages, as well as the average voltage (green plot) vary proportionally with 
rotor speed.  By the way the plots in Figure 6 are what the BS2 and 28X2 processors 
detect (via the A/D converter) and display on the computer for your wind experiments.  
 

 
Figure 6 – Plots of 3-Phase Voltage Measurements at High and Low RPMs 
 
 
Single Phase versus Three-Phase 
 
Single phase electricity is like the 110 VAC coming out of your wall socket.  It’s good 
enough for powering small motors like hair dryers and electric drills for short periods of 
time, but it is quite inefficient for continuous use as in factory motors or wind turbine 
alternators.  Single phase electricity varies from zero volts to peak volts, both plus and 
minus, and back to zero again with the attendant power varying in the same way; that is, 
going to zero twice in every cycle.  This can be seen in Figure 7 where the single phase 
voltage is half-wave and full-wave rectified. While the average generated voltage and 
current is somewhere in between depending on factors like load, it still suffers from the 
fact that power still goes to zero.  

 
Figure 7 – Plots of Half-Wave and Full-Wave Rectification 
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In contrast 3-phase power never goes to zero. This is because a 3-phase alternator uses 
three independent sets of coils that are spaced 120 angular degrees apart. The three full-
wave rectified phases combine to produce a waveform like that in Figure 8.  The 
important concept to realize is that since the three coils are spaced equally apart at 120 
angular degrees, each of them reaches its instantaneous peak at different times depending 
on the rotational speed of the rotor.  When the individual phases are combined by rectifier 
diodes the voltage and current and, thus, the power never goes to zero.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 – Plot of 3-Phase Full Wave Rectification 
 
The overall tradeoff between single phase and 3-phase is that 3-phase devices require 
three times more copper windings, more physical space and slightly more diode 
rectification.  Nicola Tesla, a student of Thomas Edison for a time, developed the “non-
commutator” 3-phase AC motor and revolutionized electricity as we know it today. All 
industrial motors and alternators are now 3-phase and were it not for Tesla and his 
financial backers like J.P. Morgan and George Westinghouse, we would not have 
advanced the state of the art of electricity or electronics anywhere near as fast.  History is 
kind sometimes.  
Star versus Delta  
 
There are two basic ways to create 3-phase electricity and they involve how the three 
separate coil arrangements are hooked up.  Coils can be arranged in two configurations – 
Star and Delta.   
 
In the Star arrangement the start of each of the three phases is connected together in the 
center; they can either “float” or be grounded. Connections are taken from the ends of the 
three phases to produce the 3-phase outputs.  This is called a Star or Wye arrangement 
because it looks like a crude shaped star or an inverted “Y” (Figure 9).   The Delta 
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arrangement (Figure 10) has the end of phase 1 connected to the start of phase 2, the end 
of phase 2 to the start of phase 3, and the end of phase 3 to the start of phase 1. 
Connections are taken from the three start-end points to produce the three phases.  The 
fundamental difference between Star and Delta arrangements is that the Star arrangement 
generates a higher voltage at a lower current while the Delta configuration generates a 
lower voltage at a higher current for the same magnet rotational speed. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figures 9 & 10 – Star (left) and Delta (right) 3-Phase Coil Arrangement   
 
As it turns out commercial wind turbines switch 
between Star and Delta depending upon load and 
wind speed.  When just spinning up to speed the 
wind turbine’s electronic controller will switch the 
alternator coils to the Star arrangement where 
higher voltages can be achieved quickly as the 
turbine blades spin up.  Then at the appropriate time 
the controller will switch the coils to the Delta 
arrangement to supply more current into the load 
and to actually slow the wind turbine’s spin rate; 
otherwise, if left in the Star configuration in high 
winds it would spin too fast and destroy itself in the 
process (Figure 11).  So next time when you look at 
a commercial wind turbine realize that there is a 
microprocessor, or two or more, in control of this 
coil switching task.  
 
Figure 11 – Wind Turbine on Fire   Image credit – FreeImage.org 
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Building the Whirlybird tm 3-Phase Wind Turbine 
 
I could go on with more theory, but what you’ve learned thus far should suffice by 
providing you with a reasonable understanding of how wind turbines are designed and 
operate including the one I’m about to show you how to build.  And due to limited space 
I’m going to condense the building process to some very basic steps as I fast forward 
through the assembly procedure.  You can find complete details for assembling the 
Whirlybirdtm on my website at the following link: 
 
www.learnonline.com ��� � Menu ��� �  User Manuals and Quick Looks ��� �  Whirlybird 
Wind Turbine User Manual 
 
First you will need to purchase the Whirlybirdtm roof ventilator (Lomanco model B1B-
12) from Home Depot or a similar home improvement or hardware store – about $30.00.   
The rest of the hardware and their sources are provided in the Parts List within this 
article.  To begin, construct the rotor that consists of sixteen (16) ferrite magnets arranged 
in an alternating North-South-North-South manner around the perimeter of an 8 inch 
metal disk (Figure 12).  The magnets are epoxyed to the metal plate to hold them in 
place, and the back of the metal rotor disk is then epoxyed to the three struts of the 
turbine fan.  Notice the shaft coupler attached to the end of the rotor shaft.  This will 
attach to the stator mechanism described next.  

 
 
 
 
Figure 12 – Whirlybird Wind 
Turbine Rotor Assembly 
 
 
 
 
 
 
 
 
 

 
The stator is made up of three groups of four coils that form the 3-phase windings.  Each 
of the four coils is wired from end to end in series with the end wires going to a two 
terminals of a 6-position terminal strip (Figure 13).  The other two sets of coils are wired 
the same way; however, they are physically placed next to one another like the numbers 
on a clock face with the Phase 1 coil set at 12, 3, 6 and 9 o’clock; the Phase 2 coil set at 
1, 4, 7 and 10 o’clock and the Phase 3 coil set at 2, 5, 8, 11 o’clock (Figure 14).   With 
the coils coming out to the terminal connector this way you will be able to wire the coils 
in either a Star or Delta configuration.  The stator is mounted to the triangular base with 
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epoxy glue (Figure 15); notice that the coils face up and the 6-postion terminal strip is on 
the opposite (bottom) side. 

 
 
Figures 13, 14 and 15 – Wind Turbine Stator Assembly Process 
 
 
The two halves are joined together with a 1 ½ inch bolt, the shaft coupler mentioned 
above, a hex nut and some spacer washers to keep the rotating magnets from touching the 
coils (Figure 16).  When the two halves are screwed together give the fan assembly a 
“gentle” spin.  If you don’t hear any scraping sounds you’ve done things right; otherwise, 
simply disassemble the two halves and add a washer or two for more magnet – coil 
separation. As I mentioned in the beginning of this article there is no need for drilling, 
soldering or any major (or minor) custom work.  And if you assemble the unit as I have 
described in the detailed assembly instructions you will be able to later disassemble and 
reassemble it in order to optimize it for best performance with very little difficulty. 
 

 
 
 
Figure 16 – Assembling 
the Stator and Rotor 
Together  
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First Tests 
 
Before going further it’s time to test the coil connections with a multimeter.  Set the 
multimeter dial to resistance and apply the probes to screw terminals #1 and #2.  If all is 
correct the reading should be between 25 and 30 ohms.   This is the total resistance of the 
first four coils taken together (in series).  If your reading is well above this value you 
probably have an open circuit and need to re-check the coil connections as they most 
likely are not completely stripped of enable and are not making contact with their mating 
coils.  Re-strip the wires and re- twist them together again.  Then check the other two coil 
arrangements between screw terminals #3 and #4 as well as #5 and #6.  Repeat the repair 
procedure if the coil resistance is not within limits.  
�
Next with the multimeter set to AC voltage on a range between 0 and 5 volts place the 
meter probes on screw terminals #1 and #2 again then give the turbine a good spin.  You 
should experience a voltage reading between 1 and 4 volts AC depending on how fast 
you spin the turbine (Figure 17).   Repeat the test for screw terminals 3 & 4 and 5 & 6.  If 
you get the same general voltage reading on all three screw terminal pairs this indicates 
that the turbine is working correctly.   Congratulations!  If the voltage tests worked you 
have successfully completed the wind turbine assembly portion of the project, which is 
all I have space for this time. 

 
 
 
 
 
Figure 17 – Measuring the AC Voltage 
Output of a Single Phase   
 
 
 
 
 
 
 
 
 
 
 
 

 
Summary 
 
In the next article I’ll get into attaching the Whirlybird to the BS2 and 28X2 setups to do 
some very interesting experiments.  If you can’t wait until then you can visit the website 
at www.learnonline.com ��� � Experimenter Kits ��� � BS2 or 28X2 ��� �  Wind and click on 
the wind experiments.  Next time I’ll also go into more theory about wind speed and how 
it affects power output and, especially, 3-phase full-wave rectification which I glossed 
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over and didn’t really get to explain. I’ll even show you how to slow down and even stop 
a rotating wind turbine under the full force of the wind without using a mechanical break 
or ripping your fingers off in the process. In the meantime conserve energy and “stay 
green”.  
 
 
 
Whirlybird Wind Turbine Parts List 
 

12 Wire Coils 
16 Bar magnets 
1 6-position terminal block 
1 8” diameter round metal rotor disk 
1 8” diameter round Plexiglas stator disk 
1 5/16”, 7/8” long threaded rod extender 
1 5/16”, 1 ½” long bolt 
10 5/16” flat washers 
3 1” flat washers 

 
All of the above is available for $79.00 + shipping from LearnOnLine and Nut and Volts.  

 
The Lomanco Whirlybirdtm model B1B-12 roof ventilator can be purchased separately at 
Home Depot and other home improvement outlets. Use no substitutions. 
�
�
�
Types of Wind Turbines 
 
Horizontal Axis (HAWT) 
 
Horizontal-axis wind turbines (HAWT) have the main rotor shaft 
and electrical alternator mounted at the top of a tower, and the 
entire mechanism must be pointed into the wind. Small turbines 
are pointed by a simple wind vane, while large turbines generally 
use a wind sensor coupled with a servo motor to move the entire 
top assembly. Most have a gearbox that increases the slow 
rotation of the blades to a speed that is more suitable to drive an 
electrical alternator.  The greatest disadvantage of this type of 
turbine is its physical size, mounting requirements, complex and 
trouble-prone gearbox, blade pitch adjustment controls and the 
need to position the blades into the wind. That said, they are the 
most popular and efficient ones built to date.  Photo credit 
www.wikipedia.com 
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Vertical axis (VAWT) 

Vertical-axis wind turbines (or VAWTs) have the main rotor shaft arranged vertically. 
Key advantages of this arrangement are that the turbine does not need to be pointed into 
the wind to be effective. This is an advantage on sites where the wind direction is highly 
variable. VAWTs can utilize winds from varying directions with the same performance; 

however, their guy wires occupy considerable land area. 

With a vertical axis the alternator and gearbox can be placed 
near to or on the ground so it is more accessible for 
maintenance. The drawbacks are that some designs produce 
pulsating torque and drag may be created when the blades 
rotate into the wind.  Plus there is much less wind at ground 
level as compared with the HAWT types. Contrary to first 
impressions the mechanical maintenance is far greater in that 
the entire blade assembly must be torn down to get to the 
gearbox and other mechanical elements. New commercial 
VAWTs are rarely built these days. This one is rusting away 
on a hill overlooking the St. Lawrence Seaway in Canada. 
Photo credit www.reuk.co.uk 

 
 
Interesting Websites 
 
http://electrical-science.blogspot.com/2009/01/magnetism.html - good source of 
theory on magnetism and electricity generation  
 
http://www.windstuffnow.com – lots of good equations and DIY wind turbines 
 
http://www.otherpower.com – if you’re going to build a DIY wind turbine with some 
real power output, this is the place to start.  
 


