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1.  Overview  
 
The 3-Phase Bar Graph  Board is built for our WhrilyBird tm 3-Phase Wind Turbine Kit  pictured 
below in order to highlight the qualities of 3-phase power. 
 

Our WhrilyBird tm 3-Phase Wind Turbine Kit  
produces 3-phase electrical power under the same 
conditions experienced by commercial wind 
turbines; that is, outside, in direct wind, day and 
night for all four seasons and in all kinds of weather. 
 
The challenge is how to measure and display it. 
 
The answer is our 3-Phase Bar Graph Board.    
 
The 3-Phase Bar Graph Board  has a powerful 
microprocessor that measures the instantaneous 
variations of the 3-phase electrical output from the 
wind turbine and then displays the voltage phases 
on three vertical LED segments labeled Phase 1, 
Phase 2 and Phase 3.  Diode circuitry on the board 
rectifies the 3-phase AC signals into a near-DC 
voltage, which is displayed on a fourth LED column.  

Each LED represents 1 volt when the 
Voltage Scale switch is set to X1.  When 
set to X2 each LED represents 2 volts (16 
volts maximum).  With this capability you 
can study the 3-phase nature of electricity 
first hand as well as measure the effects of 
resistive loads that can be attached to the 
2-terminal load connector (bottom-right).  
 
The LED display is great for seeing what 
happens with the turbine spins and makes 
3-phase electricity.  But the 3-Phase Bar 
Graph Board  can also be connected to 
your computer where the graphical display 

shows the relationship among voltage, 
current and power along with the speed 
of the propeller rotation in revolutions 
per minute (RPM).  
 
The best of both worlds are available 
with the 3-Phase Bar Graph Board – 
independent 3-phase LED voltage 
displays along with graphical plots that 
measure and display all electrical and 
speed parameters.  Use it as a stand-
alone device under 9-volt battery power 
or connect it to your computer via the 
USB interface.  Either way you can 
experiment with the unique elegance of 
3-phase power for yourself. 
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2.  Intended Use 
 
The hardware, software and experiments are developed exclusively for educational teaching and 
demonstration purposes. Any other use such as in life-critical applications is prohibited! 
 
 

3.   Safety Precautions 
 
In order to avoid any risks, you must abide by the following Safety Precautions when working with 
the 3-Phase Bar Graph Board  and the companion WhrilyBird tm 3-Phase Wind Turbine Kit.  
 

·  The system may only be set up and operated by a competent person.  Students require 
adult supervision at all times. 

 
·  Read the Experiments before executing them. Follow their instructions during use and 

keep them readily available for reference.  
 

·  The system is not a toy. Operate the equipment responsibly and be careful of the 
spinning blades.   

 
·  READ AND UNDERSTAND EACH PROCEDURE BEFORE PERFORMIN G THE 

EXPERIMENT. This will help to understand what is to be done and, also, prevent 
inadvertent mistakes that could lead to incorrect results or possible injury.   

 
·  Keep your hands, eyes and body away from the rotati ng blades to avoid injury.   

Use safety glasses at all times during the performa nce of the experiments.  
 

·  LearnOnLine, its distributors or affiliates will not accept responsibility for injuries or 
damage sustained in the event that these Safety Precautions not followed completely. 

 
 

4.   Related Issues 
 
4.1 Reverse Engineering 
 
You are not entitled to reverse engineer, decompile or disassemble the software product in whole 
or in part. 
 
 
4.2 Errors and Omissions 
 
LearnOnLine has made every effort to supply the software and hardware without errors; however, 
we are not responsible for any unintentional errors or omissions in the design, construction or 
operation of the product.  If you should notice undiscovered errors, please contact us.  
 

LearnOnLine, Inc. 
567 W. Channel Islands Blvd #101 
Port Hueneme, CA 93041 
 
information@learnonline.com  
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4.3 System Requirements 
 
Windows Pentium class computer with USB interface port.  MACs with INTEL processors can use 
Parallels “Desktop 3.0 for Mac”.  
 
 
4.4 Software Installation 
 
You will need administrator rights for software installation under Windows 2000, Windows XP or 
Windows Vista. 
 
 
4.5 Supplied Materials 
 

·  3-Phase Bar Graph Board  
·  USB Cable  
·  100 ohm resistors – qty 5 
·  330uf capacitor 

 
 
4.6 Other Required Materials Not Supplied 
 

·  WhrilyBird tm 3-Phase Wind Turbine Kit  
·  Windows PC – MACs must have Parallels “Desktop 3.0 for Mac” 
·  CD-ROM with graphics software and USB driver software – sold separately  
·  9-volt battery (optional) 
·  Anemometer – to measure wind speed 
·  Fan – at least 14” diameter – 20” diameter preferred 
  
 

 



 
7 3-Phase Bar Graph Board User Manual © LearnOnLine, Inc. 

5.   Hooking Up the 3-Phase Bar Graph Board 
 
The following assumes that you have already assembled the Whirlybird tm Wind Turbine  and 
successfully tested it with the instruction outlined in the User Manual.  Please refer to the 
Whirlybird tm Wind Turbine User Manual for complete details. 
 
 
5.1   Attach the 
wire cable from the 
Whirlybird tm Wind 
Turbine’s 6-screw 
terminal block to 
the equivalent pin 
numbers on the 3-
Phase Bar Graph 
Board .  These 
numbers are 
clearly marked on 
the side of the 
board.  Simply 
strip the wire cable 
ends, push down 
on the spring-
loaded terminals 
and insert the 
wires.  Gently pull 
on each one to 
make sure that a 
good connection is 
made. 
 
 
5.2   If you are at your computer attach the USB cable between the 3-Phase Bar Graph Board  
and the computer’s USB port.  If you’re not at the computer, insert a fresh 9-volt battery into the 
3-Phase Bar Graph Board .   Set the toggle switch  on the bottom-center of bhe board to the left 
for battery operation and to the right for USB operation. In either case you should see the four bar 
graph LEDs illuminate simultaneously three times; this is a test to make sure that all the LEDs are 
working. 
 
 
5.3   Set the Voltage Scale  switch to the X1 position (down).  The Voltage Scale  switch is to the 
right of the USB connector. This means that each LED represents 1 volt.   Setting the switch to 
the X2 postion simply doubles the voltage of each LED from 1 volt to 2 volts.  You can change the 
X1 – X2 setting at anytime. 
 
 
5.4   Now give the turbine a spin.  The Phase 1, Phase 2 and Phase 3 LED bar graphs should 
illuminate in order with Phase 1 then Phase 2 then Phase 3.  The fourth vertical set of LEDs 
indicate the DC voltage being generated.  If you don’t see this happening, go back and recheck 
the wire hookup between the wind turbine and the 3-Phase Bar Graph Board .  It’s probably a 
loose wire or one that is not stripped of insulation that’s causing the problem. 

P1 P2 P3 DC

USB

X2

X1

LOAD

USBBattery

Power

3-Phase Bar Graph Board

1

2

3

4

5

6

1 2 3 4 5 6
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6.   Software Installation 
 
Note:  DO NOT connect the USB cable to the computer  until the software 
installation procedure (below) has been completed.  You will be prompted 
when to do this in Step 8 below. 
 

1. Insert the REEL Power CD-ROM into your computer’s disc drive and close the door. 
 

2. If the dialog box to proceed does not come up, on the Desktop, right-click on “Start” then click 
“Explore”. Find your CD-ROM drive (D, E or higher) then click it to bring up the folder’s contents. 

 
3. Double click on the USB driver software (USB Driver Installer.exe)  to install it first. 

 
4. Then double-click on the REEL Power Installer file  and follow the 

instructions to install it. 
 

5. Next, minimize all applications until the Desktop reappears again. A 
REEL Power icon like that shown here should appear:   

 
6. Double click on the REEL Power icon. 

 
7. A menu selection will appear.  Click on the Wind Turbine Phase Voltages  menu item to get 

started (first choice). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
8. Connect the USB cable to the computer.  

 
9. At this point you have successfully installed the hardware and software.  Now proceed to Section 7  

on “Learning to Use the Graphics Software”  to understand what to do next. 
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7.  Learning to Use the Graphic Software 
 
The PC graphic software screen is divided into several regions that control how electrical 
quantities such as voltage, current, power and RPM readings are displayed.   
 
The large grid area continuously displays four plotted lines in four colors.  The colors match the 
values displayed below the vertical meters. 
 

 
 
When viewing the Wind Turbine 
Phase Voltages… 
 

·  Black  – Phase 1 voltage 
·  Blue  – Phase 2 voltage 
·  Red  – Phase 3 voltage 
·  Green  – Rectified DC  
 

 
 
 
 
 
 
 
 

 
 
 
 
When viewing the Wind Turbine 
Electrical Parameters and RPM… 
 
 

·  Black  – RPM x 100 
·  Blue  – Current in amps 
·  Red  – Power in watts 
·  Green  – Voltage in volts  
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Before any plots can occur, the graphic software must connect with 
the attached circuit board that is transmitting data.  To do so, first 
select the correct Comm port number.  Click on the arrow next to 
the number to see if a higher number Comm port is d isplayed .  
If so, it’s probably the one to use.  When in doubt, find the correct 
Comm port on your PC by going to Control Panel -> System -> 
Hardware Manager -> Device Manager  then click on Comm port.  
The number displayed is the correct Comm port to type into the 
number area here .  Then click the connector icon – the one 
with the  red x.  Since you are using a USB connection rather than 
the traditional RS-232 connection, the Comm port number is not 
dependent on hardware so much, but rather on software settings in 
the Control Panel  of the Windows operating system.   

 
 If correct, the Connect icon will show that the connection is made.  If the 
Comm port is not correct an error message will be displayed, which is usually 
due to the Comm port already in use.  
 
 

The plot area can be zoomed in and out of a time range (horizontal 
axis) or a voltage, current, power or resistance range (vertical axis).  
 
The up and down arrows will adjust the plot in a vertical direction.  Up 
to increase the scale (x2) and down to decrease it (1/2). 
 
The left and right arrows will adjust the plot in a horizontal direction - 
left for less time (1/2) and right for more time (x2). 
 

Click the center double-arrow icon to clear the screen and reset the plot.  If the plot does not 
immediately start, click the double-arrow icon agai n. 

 
 

Data Logging – Recording Experimental Data  
 
You can record your experiments for later analysis. To begin data logging, 
click the data log icon.  A file will automatically open to record the data being 
sent by the circuit board. Click once to start data logging and click, again, to 
stop data logging. Repeated clicking (On & Off) will append new data to old. 
  
 
 
To view the logged data, click on 
this icon.  The logged data will be 
displayed over the plot area 
where it can be examined.  This 
same file can be ported to a 
spread sheet program like Excel 
for further analysis and plotting. 
 
 
 
Click this icon to close the data 
log file and erase all logged data. 
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Screen Capture and Display 
 
Click this icon to capture the 
plot image on the screen.  
 
 
 
Click this icon to view the 
captured images.  ���������
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The four meters display the voltage, current, power and 
resistance.  Their scales are fixed and, unlike the grid plot 
area, cannot be changed.  The data under the meters may 
not match that of the image here; refer to the beginning of 
this section for specific details. 
 
 
 
 
 
 

 
 
To reduce screen clutter in the plot area, the individual 
switches can be clicked to turn ON or turn OFF the 
selected plot line. 
 
 

 
      

 
 
If your computer is 
connected to the Internet, 
clicking on the REEL 
Power icon will take you 
to the LearnOnLine.com 
website. 
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8.  Power Sources and Loads 
 
The experiments use the following power source and loads. 
 

Power Source 
·  Wind Turbine 

 
Loads 

·  Resistor 
·  Capacitor 

 
 
What is a Power Source? 
 
For these experiments a power source is a device that produces both electrical voltage and 
current (in effect, power).  The power source, a wind turbine, uses mechanical and magnetic 
energy to generate voltage and current.   
 
The equation for power is shown below: 
 
                                 P = E * I 
                                               Where   P = Power in watts 
                                                            E = Voltage in volts 
                                                             I = Current in amps 
 
 
 
What is a Load? 
 
A load is a device that accepts the power coming from a power source and (may) use the power 
to do work, like spin a motor.  Other loads like resistors and capacitors serve to dissipate or store 
power (respectively).   In all cases, loads are used to both consume and regulate the power being 
produced. 
 
Generally speaking, a load is measured as resistance whose units are in ohms. 
 
In relative terms, a “light” load has a “large” resistance and a “heavy” load has a “small” 
resistance.  This may be counter intuitive, but it is the case, nevertheless.  For example, a 100 
ohm resistor presents a “lighter” load to a circuit as compared with a 10 ohm resistor. 
 
The (Ohms Law) equation for computing the association among voltage, current and resistance 
(load) is as follows: 
 
                            E = I * R 
                                            Where  E = Voltage in volts 
                                                         I = Current in amps 
                                                         R = Resistance in ohms 
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What is a Resistor? 
 
A resistor is an electrical device (usually composed of a passive material like carbon) that limits 
the flow of current and voltage from a power source.  Resistors are important components in any 
electrical circuit, since other components that are connected to the resistors depend on the 
limited current and voltage they produce to operate correctly. 
 
The physical part and electrical symbol for a resistor are shown below: 
 

                                              
 
 
 
What is a Capacitor? 
 
A capacitor is a device that stores energy from a power source and then releases the stored 
energy when it is no longer available.  It is somewhat like a rechargeable battery, but quite 
different in terms of its construction and use in circuits.  Depending on the size of the capacitor 
(its value, in units called Farads), it can store and release energy many times faster as compared 
with a battery.  The experiments will use the capacitor to “filter” or smooth out the voltage “ripples” 
produced by the wind turbine. 
 
Capacitors come in two basic types – polarized and non-polarized.  A polarized capacitor requires 
that you connect the positive lead to the red terminal on the circuit board and the negative lead to 
the black terminal.  Non-polarized capacitors can have either lead connected to positive or 
negative.  The experiments only use a polarized capacitor. 
 
The physical part and electrical symbol for a polarized capacitor are shown below: 

                                           
The longer lead of a polarized capacitor is positive (+) while the shorter lead is negative (-).  The 
negative lead is also identified by a series of bar-and-arrow symbols on the part itself.  In the 
experiments that follow, be sure to observe the positive and negative portions of the capacitor. 
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What is a Diode? 
 
A diode is like an electronic one-way valve.  It lets electricity (current) flow only in one direction, 
from positive to negative, and 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 circuit board.   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 polarized capacitor 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 cathode. For the diode symbol 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 following experiments. 
 
Rectification is the process of modifying a signal so that either the positive or the negative 
portions of the signal are eliminated. 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 illustration below to see how a un-rectified sine 
wave is both half-wave and full-wave rectified.  The diodes on the circuit card are arranged as 
full-wave rectifiers for 3-phase voltages (refer to Experiment #1). 
 

 
 

 

+ -

Anode Cathode
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9.  Understanding Resistor Color Codes 
 
The following experiments use 100 ohm resistors; however, since the value of the resistor is not 
stamped on the device, another method is used to identify its value.  This method is called “color 
coding” and refers to the round bands that surround the resistor’s cylindrical surface.  The 
following is the number and corresponding color convention for identifying color codes. 
 

0 – Black   5- Green 
1 – Brown   6 - Blue 
2 – Red    7- Violet 
3 – Orange   8- Gray 
4 – Yellow   9 - White 

 
For example, a 4,700-ohm resistor would have the following color codes (stripes) beginning at the 
far end of the device. 
 
4,700 ohms = Yellow (4) – Violet (7) – Red (2) 

 
 
 
 

 
The last stripe (Red = 2) is a multiplier of 10 raised to the power of the stripe value, as in 102 

which equals 100.  Therefore, we get 47 x 100 = 4,700 ohms.   Here is an example of 10 ohm 
and 100 ohm resistors with the corresponding color codes. 
 
 
 
10 ohms = Brown (1) – Black (0) – Black (0)    (A multiplier of 100 = 0) 

 
 
 
 

 
 
100 ohms = Brown (1) – Black (0) – Brown (1)  (A multiplier of 101 = 10) 

 
 
 
 

 
There are other bands after these; however, they should be ignored.  They are generally there to 
indicate the accuracy of the resistor (1%, 5%, 10%, etc.).  The supplied resistors are within 5% of 
their rated value. 
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10.  The Experiments 
 
The following experiments demonstrate how the wind turbine can power resistive and capacitive 
loads along with an analysis of the results obtained.  These experiments also show the 3-phase 
nature of the electricity generated.  Perform the experiments in the order that they are presented. 
 

Experiment #1 – Understanding 3-phase Voltage Outpu t  
 
Experiment #2 – Smoothing Out the 3-phase Voltage O utput  
 
Experiment #3 – Adding Resistor Loads 
 
Experiment #4 – Increasing Wind Speed 
 
Experiment #5 – Wind Speed, RPM and Rectified DC Vo ltage 
 
Experiment #6 – The Effects of Magnetic Coupling 
 

 
Near Real Time Measurements  
 
The electrical data displayed as graphic plots and numbers on the computer are said to be in 
“real time”; however, bear in mind that the 3-Phase Bar Graph Board  requires a finite time to 
process the electrical data and then transmit it to the computer for display.  When the data is 
finally displayed, it will be delayed from when it was captured.  There will be several milliseconds 
(or seconds for 3-phase voltages) of delay between capture and display.   
 
The 3-Phase Bar Graph Board is not an oscilloscope; however, the data presented in near real 
time and with all data elements like voltage, current and power, will certainly provide a much 
better observation of the experimental results as compared with a simple meter.  
 

 
 
 
Delayed 3-phase Output Display 
 
Along with a slight delay in measurements, the 3-Phase Bar Graph Board  purposely delays the 
display of the 3-phase outputs so that you can witness the subtle variations in waveforms caused 
by various loads and wind speeds.  The actual 3-phase voltages are sampled at a 1 kilohertz 
(1000 times a second) and each sample is stored in the circuit card’s memory for display at about 
3 samples per second.  This makes the data output roughly 333 times slower than what is 
actually happening within the 3-phase alternator itself.  Without this delay, however, the data 
points would be jumbled and not resemble their true wave shapes. 
 
Remember, the 3-Phase Bar Graph Board  is not an oscilloscope, so it can’t display the data in 
real-time. 
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Where the Data is Stored 
 
On PCs plot images and logged data can be found on the computer’s hard disk at the following 
location: 
 
                                            C:/ ��� �  My Documents ��� �  Reel Power ��� �  Data 
 
 
 
 
No Spin… No Data…No Plots 
 
If the wind turbine is not spinning – or if the voltages being generated by the wind turbine are too 
low – no plotting will occur AND the LEDs on the board will display the last known electrical 
parameters.  This is not a fault of the hardware or software; it is simply how the unit works. 
 
 
 
Not a Video Game 
 
Do not rapidly and repeatedly click on the graphic screen icons.  This will cause the software to 
crash.  The graphic program is designed for serious experimental operation.  Please use it as 
such. 

 
 
 
Use the LEDs as a Reference 
 
The following experiments use the computer graphic display exclusively.  The LEDs, which 
measure only voltage, are used as a reference.  The computer displays voltage, current, power 
and RPM that are critical to understanding the operation of the wind turbine. 
 
 
 
Indoor versus Outdoor Wind Experiments 
 
While the experiments presented herein are for indoor use, they can still be applied to the outdoor 
environment with even better results.  Outdoor wind is much steadier and has a better laminar 
flow (smooth – not twisting like a table fan), which should make your experiments that much more 
meaningful.  You are encouraged to add at least an outdoor anemometer or wind speed 
measuring device to best determine the power efficiencies of the Whirlybird tm Wind Turbine 
according to the experiments contained here.   A web search will find many that will serve the 
purpose well. 
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Experiment #1 – Understanding 3-phase Voltage Outpu t  
 
Purpose: 
 
This experiment is designed to demonstrate the 3-phase nature of the wind turbine.  If you are not 
already familiar with how 3-phase voltages are generated, refer to Section 12 -The Differences 
between a DC Motor Generator and a 3-Phase Motor Ge nerator  before going any further.  
This tutorial will form the basis for the other experiments.   
 
Equipment: 
 
1 3-Phase Bar Graph Board .  
1 WhrilyBird tm 3-Phase Wind Turbine  
1 USB cable 
1 PC computer with graphic software 
1 Fan – 14” diameter minimum – 20” 

diameter preferred 
 
Setup: 
 
Setup the equipment as shown here: 

 
 
 
 
 
 

Figure 1.1 – Wind Turbine and 3-Phase Bar Graph Boa rd Setup 
 

1. Connect the cable between the circuit board in the 3-Phase Bar Graph Board and the 
computer’s USB connector and connect the WhrilyBird tm 3-Phase Wind Turbine.  

 
2. On the computer Desktop double click on the REEL Power icon. 

 
3. Click on  

 
 

4. On the graphic display, click on the Connect button at the lower-left on 
the screen and verify that the connected icon appears validating the 
Comm port selection. Make sure to use to highest comm port number. 

 
5. Adjust the voltage (vertical) scale to 10.00 volts. 

 
6. Set the Battery – USB Switch  to the USB position.   

 
7. Set the fan to a moderate speed (NOT full speed as yet) and verify that the wind turbine 

is spinning.  Adjust the fan speed so that the 3-phase AC and DC voltages are between 5 
to 8 volts.  The LEDs should indicate this easily. 

P1 P2 P3 DC

USB

X2

X1

LOAD

USBBattery

Power

3-Phase Bar 
Graph Board
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Procedure: 
 

1. With the wind turbine spinning, verify the following plot in Figure 1.2 below.  Note that the 
green rectified DC waveform is about 0.6 volts below the three phase voltage peaks.  
This is due to the diode drops in the full wave rectifier (refer to the Analysis  section at 
the end of this experiment for explanation). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.2 – Three Voltage Phases and Rectified DC 
 

2. Click the switches below PH1, PH2 and PH3 to disable the phase plot lines and allow 
only the rectified DC waveform to be displayed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.3 – Rectified DC Waveform Only 
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3. Click the switch below PH1 and witness how two of the ripples in the DC rectified wave 
match that of the top of Phase 1.  The small “dent” on the upper side of the Phase 1 
waveform is due to a coil anomaly probably caused by physical placement or wire 
hookup with the other coils.  The important point to observe is that each of these major 
peaks is one-half of a full cycle.  The two peaks shown here represent one complete 
cycle. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.4 – Rectified DC Waveform along with Phase  1 

 
4. Click the switch below PH2 and witness how the ripples in the DC rectified wave match 

that of the top of Phase 1 and Phase 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.5 – Rectified DC Waveform with Phase 1 and  2 
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5. Next, click the switch below PH3 to reveal the original waveform and note that the rectified 
DC wave matches the tops of all of the individual phase waveforms.  Hopefully, the original 
waveform with all three phases along with the rectified DC wave will make more sense now. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.6 – Three Voltage Phases and Rectified DC 

 
Analysis: 
 
The 3-phase waveforms coming directly out of the WhrilyBird tm 3-Phase Wind Turbine  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 on the circuit board (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 – exactly as shown in the experiment. 

A schematic diagram of the coils and the rectifying diodes is illustrated below.  The six diodes 
(the arrow symbols) are arranged on the circuit board between the 6-terminal and 2-terminal 
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connectors.  The WhrilyBird tm 3-Phase Wind Turbine coils are wired in a STAR or WYE 
arrangement. On the 6-pin terminal pins 1, 3 and 5 go to the diodes as shown below while 
pins 2, 4 and 6 are wired together on the circuit board that tie the opposite ends of the thee 
coils together in the middle. 

 
 
 
 
 
 
 
 
 
 
 
 

 
To see how the diodes rectify the voltage phases, the diagrams below trace the current flow 
through the three-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 1.7 shows the moment of maximum voltage generated at 
each phase, and Figure 1.8 shows the moment of minimum voltage generated at each phase. 
 

 
 
Figure 1.7 
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Figure 1.8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 1.9 – Single Phase AC Input versus Full Wave  Rectified AC Output Voltage 

Including Diode Voltage Drops Causing Zero Rectifie d Voltage  
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Experiment #2 – Smoothing Out the 3-phase Voltage O utput  
 
Purpose: 
 
This experiment is a follow on to Experiment #1 and is designed to demonstrate how a capacitor 
can filter or “smooth out” the rectified DC voltage.  If you have not yet performed Experiment #1, 
do so now before going on as it explains the 3-phase nature of the phenomenon that this 
experiment addresses. 
 
 
Equipment: 
 
1 3-Phase Bar Graph Board . 
1 WhrilyBird tm 3-Phase Wind Turbine   
1 USB cable 
1 330uf capacitor 
1 PC computer with graphic software 
1 Fan – 14” diameter minimum – 20” 

diameter preferred 
 
Setup: 
 
Setup the equipment as shown here: 

 
 
 
 
 
 
 

 
Figure 2.1 – Wind Turbine and 3-Phase Bar Graph Boa rd Setup 

 
1. Connect the cable between the circuit board in the 3-Phase Bar Graph Board and the 

computer’s USB connector and connect the WhrilyBird tm 3-Phase Wind Turbine.  
 

2. On the computer Desktop double click on the REEL Power icon. 
 

3. Click on  
 
 

4. On the graphic display, click on the Connect button at the lower-left on 
the screen and verify that the connected icon appears validating the 
Comm port selection. Make sure to use to highest comm port number. 

 
5. Adjust the voltage (vertical) scale to 10 volts. 

 
6. Set the Battery – USB Switch  to the USB position.   

 
7. Set the fan to a moderate speed (NOT full speed as yet) and verify that the wind turbine 

is spinning.  Adjust the fan speed so that the 3-phase AC and DC voltages are between 5 
to 8 volts.  The LEDs should indicate this easily. 
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LOAD
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Power
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Procedure: 
 

1. With the wind turbine spinning, verify the following plot in Figure 2.2 below. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.2 – Three Voltage Phases and Rectified DC 

 
 

2. Click the switches below PH1, PH2 and PH3 to disable the phase plot lines and allow 
only the rectified DC waveform to be displayed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2.3 – Rectified DC Waveform Only 
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3. Attach the 330uf capacitor to the 2-position load terminals. Make sure that the long lead 
is connected to the positive (+) and the shorter lead to the negative (-) terminal. 

 
4. Witness a plot similar to the one below in Figure 2.4.  Notice that the rectified DC output 

(green) is much smoother. The capacitor has smoothed out the ripples on the rectified 
DC output. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.4 – Effects of Smoothing Capacitor on Rect ified DC Output 
 

Analysis: 
 
The capacitor has a dramatic effect on the rectified DC output by smoothing out the major ripples.  
 
When the input voltage is higher than the terminal voltage of the capacitor, the input charges the 
capacitor. And when the input voltage falls below the terminal voltage, the capacitor discharges 
its stored energy into the load. Thus, the capacitor helps to stabilize the rectified voltage. 
 
You can think of a capacitor as a water bucket with a small hole in the bottom, because like such 
a bucket a capacitor cannot hold a charge indefinitely – some of it leaks out.  If water (the voltage 
or pressure) from a hose begins to fill the bucket with water at a fast rate, the bucket will begin to 
fill; however, a small amount of water (voltage) will trickle out of the hole in the bottom.  If the 
water from the hose slows down the bucket will not fill as fast, but the water will still trickle out of 
the hole at the nearly the same rate.  If this process is repeated over and over again the bucket 
will fill at varying rates depending on the water from the hose, but the trickle rate will be nearly 
constant – only changing by the overall amount of water (pressure) filling the bucket. 
 
This water bucket analogy to a capacitor is clearly seen in the experiment.  If you were able to 
view the rectified phase voltages superimposed over the filtered DC output, it would look 
something like that here.  The red wave is the filtered DC output riding on top of the rectified 
phase outputs.  You can view this by 
repeating the experiment while viewing 
the phase voltages along with the filtered 
DC output. 
 
 Image courtesy 
macao.communications.museum
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Experiment #3 – Adding Resistor Loads 
 
Purpose: 
 
This experiment is designed to show how the wind turbine can power resistor loads.  In it you will 
see how the wind turbine slows down by adding a resistor across the coil outputs. 
 
Equipment: 
 
1 3-Phase Bar Graph Board . 
1 WhrilyBird tm 3-Phase Wind Turbine   
1 USB cable 
2 100 ohm resistors 
1 PC computer with graphic software 
1 Fan – 14” diameter minimum – 20” 

diameter preferred 
 
 
Setup: 
 
Setup the equipment as shown here: 

 
 
 
 
 
 
 
 

 
Figure 3.1 – Wind Turbine and 3-Phase Bar Graph Boa rd Setup 

 
1. Connect the cable between the circuit board in the 3-Phase Bar Graph Board and the 

computer’s USB connector and connect the WhrilyBird tm 3-Phase Wind Turbine.  
 

2. On the computer Desktop double click on the REEL Power icon. 
 

3. Click on  
 
 

4. On the graphic display, click on the Connect button at the lower-left on 
the screen and verify that the connected icon appears validating the 
Comm port selection. Make sure to use to highest comm port number. 

 
5. Adjust the voltage (vertical) scale to 10.00 volts. 

 
6. Set the Battery – USB Switch  to the USB position.   

 
7. Set the fan to a moderate speed (NOT full speed as yet) and verify that the wind turbine 

is spinning.  Adjust the fan speed so that the 3-phase AC and DC voltages are between 5 
to 8 volts.  The LEDs should indicate this easily. 

P1 P2 P3 DC

USB

X2

X1

LOAD

USBBattery

Power

3-Phase Bar 
Graph Board
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Procedure: 
 

1. Verify the following plot in Figure 3.2 below.  Notice that the three voltage phases are 
gone and the rectified DC voltage is much smoother as compared to the previous 
experiments –even without a capacitor on the load terminals.  This is because the 
rectified DC voltage is “software filtered” by the microprocessor on the circuit board in 
order to make the following experiments more understandable.  Also notice that the 
meters now display current, power and blade revolutions per minute (RPM) – parameters 
which will be used and discussed in this experiment and those that follow it. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.2 – Rectified DC under No Load 

 
2. With the turbine spinning, attach a 100 ohm resistor across the 2-pin load terminal.  

Resistors are not polarized like capacitors, so you don’t have to be concerned about plus 
and minus ends. Your plot should look similar to the one in Figure 3.3 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3 – Rectified DC with 100 ohm Resistor Loa d 
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Before going further notice that the voltage and RPM have dropped, but the current and 
power levels have increased ever so slightly.  All of this is due to the 100 ohm resistor 
load being added.   
 

3. To get a better view of this, decrease the voltage range until the current and power plots 
are better visible.   Your plots should like those in Figure 3.4 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.4 – Expanded View of Current and Power Plo ts with 100 ohm Resistor 

 
Pre-Analysis: 
 

RPM and Corresponding Voltage Drop 
 
The RPM drop is a result of applying the 100 ohm “Load” resistor across the rectifier 
diodes and coils as illustrated below.   

1 3

5

2 4

6
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The wind turbine is now trying to supply power to the resistor load, but its’ only source of 
power comes from the fan wind blowing across its blades.  If the fan’s wind output stays 
constant, something has to give!  In this case, it’s the speed of the wind turbine rotation 
caused by the applied load, since it is working harder to supply power to the resistor load 
and not just spinning freely.  The result is slower rotation, and with a decreased rotational 
speed comes a decrease in voltage.   
 
For example, when you maintain the same peddling force in riding a bicycle from a 
horizontal road to an up slope, the speed of the bicycle is reduced. The reduced speed is 
to compensate for the extra work load of climbing.  The same analogy can be used here 
for the wind turbine’s slower blade speed. 
 
 
Current and Power Increases 
 
With a 100 ohm load attached, the wind turbine now has a path to deliver current from 
the coils, through the diodes and into the resistor.  As an example take the readings from 
Figure 3.4 above and, with Ohm’s Law, calculate the current generated by the alternator 
into the 100 ohm resistor load (your measurements may vary). 
 
The equation for computing the association among voltage, current and resistance (load) 
is as follows: 

 
                          E = I * R 
                                            Where  E = Voltage in volts 
                                                         I = Current in amps 
                                                         R = Resistance in ohms 

 
 By algebraic substitution, current can be calculated as follows: 
 
  I = E / R  
  I = 1.805 / 100 
  I = 0.018 – almost the same as in Figure 3. (00.017) 
 

With the current known, the power can be computed.  The equation for power is shown 
below: 

 
                           P = E * I 
                                               Where   P = Power in watts 
                                                            E = Voltage in volts 
                                                             I = Current in amps 

 
       
  P = 1.805 * 0.018 
  P = 0.032 watts – just 1/1000 of a watt difference compared to Figure 3.4 
 

While the computed values in this example exactly match the displayed values, slight 
differences in actual versus computed current and power values can be a result of 
rounding errors in software.  Also, the resistor value may not be exactly 100 ohms, which 
can also affect the results. In other words, you may not see the exact computed values 
displayed on the computer in every instance due to these variations. 

 
Because the turbine turns at slightly different rates while it spins, it generates slightly 
more, or less, voltage.  This, in turn, produces more or less current and power.  The 
wiggly lines of voltage, current and power represent the slight imbalance in the turbine 
fan blades plus any turbulence in the wind blowing across them.  Wind is the result of the 
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movement of air from the table fan, and the movement of air is never steady – especially 
with a table fan where the airflow is not laminar. Therefore, slight changes in wind speed 
will be reflected in the output voltage.  You may have better results outdoors. 
 

4. Next, add another 100 ohm resistor in parallel with the one in the load terminals This will 
reduce the overall load resistance to 50 ohms by the formula for two resistors in parallel 
as follows: 

 
Rp = (R1 * R2) / (R1 + R2) 
 
  Where R1 and R2 both equal 100 ohms  
Rp = (100 * 100) / (100 + 100) = 10,000 / 200 = 50 

 
Now capture another plot of voltage, current and power as in Figure 3.5 below.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5 – Expanded View of Current and Power Plo ts with 50 ohm Resistor 
 

Analysis:  
 
Notice that the RPM and voltage both decrease again, while the current stays the same but the 
power drops to about half (0.031 watts @ 100 ohms versus 0.018 watts @ 50 ohms).  This is due 
to the heavier load placed on the alternator with the 50 ohm resistance value.  At this [relatively 
slow] wind speed the wind turbine has maximized its power producing ability; that is, until the 
wind speed is increased as in Experiment #4.  As an exercise, use the equations in the Pre-
Analysis above to verify the current and power readings for the 50 ohm resistance load. Plus, add 
more 100 ohm resistors in parallel in order to add more load.  In the next experiment we will 
increase wind speed to see what happens to the power output. 
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Experiment #4 – Increasing Wind Speed 
 
Purpose: 
 
This experiment is designed to show how additional wind speed can add to the power generation 
capacity of the wind turbine. 

 
Equipment: 
 
1 3-Phase Bar Graph Board . 
1 WhrilyBird tm 3-Phase Wind Turbine   
1 USB cable 
2 100 ohm resistors 
1 PC computer with graphic software 
1 Fan – 14” diameter minimum – 20” 

diameter preferred 
 
Setup: 
 
Setup the equipment as shown here: 

 
 
 
 
 
 
 
 
 

Figure 4.1 – Wind Turbine and 3-Phase Bar Graph Boa rd Setup 
 

1. Connect the cable between the circuit board in the 3-Phase Bar Graph Board and the 
computer’s USB connector and connect the WhrilyBird tm 3-Phase Wind Turbine.  

 
2. On the computer Desktop double click on the REEL Power icon. 

 
3. Click on  

 
 

4. On the graphic display, click on the Connect button at the lower-left on 
the screen and verify that the connected icon appears validating the 
Comm port selection. Make sure to use to highest comm port number. 

 
5. Adjust the voltage (vertical) scale to 5.00 volts (default setting). 

 
6. Set the Battery – USB Switch  to the USB position.   

 
7. Set the fan to its highest speed setting. 
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Procedure: 
 

1. Set the fan to its highest speed setting. With the wind turbine spinning, verify the 
following plot in Figure 4.2 below.  Notice that the voltage and RPM values are higher as 
compared with Figure 3.2 in Experiment #3. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2 - Rectified DC under No Load at Higher W ind Speed 
 

2. With the turbine spinning, attach a 100 ohm resistor across the clip leads.  Reduce the 
vertical scale until you can see the current and power plot lines better.  Your plot should 
look similar to the one in Figure 4.3 below.  Note how the RPM (black line) decreases. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3 - Rectified DC with 100 ohm Load at High er Wind Speed 
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3. Next, add another 100 ohm resistor in parallel with the one across the clip leads.  This 

will reduce the overall load resistance to 50 ohms by the formula for two resistors in 
parallel as follows: 

 
Rp = (R1 * R2) / (R1 + R2) 
 
  Where R1 and R2 both equal 100 ohms  
Rp = (100 * 100) / (100 + 100) = 10,000 / 200 = 50 

 
Now capture another plot of voltage, current and power as in Figure 4.4 below.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.4 Expanded View of Current and Power Plots  with 50 ohm Resistor 
 
 
Analysis:  
 
Looking at each plot individually, it can be confirmed that increasing the wind speed has 
significantly increased the power generation capacity of the alternator.  While the effects of 
reduced RPM and voltage are still present, the fact remains that increased wind speed produces 
much more power for a given load.   
 
 Low Wind Speed (Exp #3) High Wind Speed (Exp #4) Di fference 
 100 ohms ~ 0.031 watts  100 ohms ~ 0.082 watts  2.6 times more power 
 50  ohms ~  0.018 watts  50  ohms  ~ 0.055 watts  3.1 times more power 
 
This experiment demonstrates two important points.  First, that increased wind speed produces 
more power and second, the efficiency of the turbine changes with varying loads.    
 
 
The most obvious reason for the increased power is due to the increased wind speed.  The 
equation for wind turbine output power states that the power output increases with the cube of the 
wind speed as in the equation below: 
 

P = 0.5*� *A*V³*E 
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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) 
V = Wind Speed in m/s (cubed) 
E = Efficiency in percent 
 

At this point we do not know the actual wind speeds used to develop the power outputs in 
Experiments #3 and #4; however, it can be observed that the increase in power output is 
dramatic.  We will learn more about determining wind speed in Experiment #5 and about 
computing efficiency in Experiment #6. 
 
In terms of increased wind speed, the wind speed (or energy) in this experiment is constant, but 
the rotation speed, voltage and current are different with the two loads. The power transferred to 
the load varies with the resistance of the load. The “maximum power transfer theory” can be 
employed here for the analysis. The theory states that the maximum power is transferred to the 
load when the load resistance equals that of the source resistance.   
 
A measurement of the coil (source) resistance indicates about 30 ohms per coil.  This is lower 
than either the 100 ohm or 50 ohm load, and the 50 ohm load produces more power (0.93 watts 
versus 0.89 watts) as compared with the 100 ohm load, which supports the theory that maximum 
power is produced when the source resistance is more closely matched to the load resistance. 
You may refer to the following link http://en.wikipedia.org/wiki/Maximum_power_theorem for more 
information. 
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Experiment #5 – Wind Speed, RPM and Rectified DC Vo ltage 
 
Purpose: 
 
This experiment is designed to show the relationship among wind speed, the rotation of the wind 
turbine in RPM (revolutions per minute) and the resultant rectified DC voltage output. 
 
 
Equipment: 
 
1 3-Phase Bar Graph Board . 
1 WhrilyBird tm 3-Phase Wind Turbine   
1 USB cable 
1 Anemometer 
1 PC computer with graphic software 
1 Fan – 14” diameter minimum – 20” 

diameter preferred 
 
Setup: 
 
Setup the equipment as shown here: 

 
 
 
 
 
 
 
 
 

Figure 5.1 – Wind Turbine and 3-Phase Bar Graph Boa rd Setup 
 

1. Connect the cable between the circuit board in the 3-Phase Bar Graph Board and the 
computer’s USB connector and connect the WhrilyBird tm 3-Phase Wind Turbine.  

 
2. On the computer Desktop double click on the REEL Power icon. 

 
3. Click on  

 
 

4. On the graphic display, click on the Connect button at the lower-left on 
the screen and verify that the connected icon appears validating the 
Comm port selection. Make sure to use to highest comm port number. 

 
5. Adjust the voltage (vertical) scale to 5.00 volts (default setting). 

 
6. Set the Battery – USB Switch  to the USB position.   

 
7. Set the table fan to its highest speed setting. 

 
 
 

P1 P2 P3 DC

USB

X2

X1

LOAD

USBBattery

Power

3-Phase Bar 
Graph Board



 
37 3-Phase Bar Graph Board User Manual © LearnOnLine, Inc. 

 
This experiment uses a hand-held anemometer to measure 
wind speed in meters per second to correspond with the 
wind power equation shown below: 
  

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) 
V = Wind Speed in m/s (cubed) 
E = Efficiency in percent 

 
 
 
 
 
 
 
Procedure: 
 

1. Set the fan to its highest speed setting. With the wind turbine spinning, verify the 
following plot in Figure 5.2. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5.2 - Rectified DC under No Load 
 



 
38 3-Phase Bar Graph Board User Manual © LearnOnLine, Inc. 

2. With the fan pointed directly towards the wind turbine, take the first 
RPM and rectified DC voltage reading.  Place a mark on the table or 
floor as to where the fan and wind turbine are at the moment.  This will 
be used to later measure the wind speed with the anemometer.  Click 
the screen capture icon to take a snapshot of the reading. 

 
3. Move the fan further away from the wind turbine (about a foot) so that 

the RPM and rectified DC voltage is reduced and mark this spot. Take the next RPM and 
rectified DC reading.  Take snapshots to capture the exact electrical readings + RPM. 

 
4. Continue to move the fan further back and take more RPM and rectified DC voltage 

measurements. Mark each new position of the fan.  
 
 
 
 
 
 
 
 
 
 
 
 
 

5. Next, remove the wind turbine and replace it with the anemometer that is mounted 
securely so that it receives the same wind energy from the fan.  Repeat steps 2 through 4 
and obtain the corresponding wind speed readings in meters/second.  For best results, 
the anemometer should be placed in at least three different positions – center, left and 
right of the spot where the wind turbine was setting – in order to capture the average 
wind speed.  Readings from these three positions should then be averaged at each fan 
placement.  (Note: save these fan placement settings for Experi ment #6)  
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Analysis : 
 
Based on the information gathered above, the following data was taken with the test setup and 
the corresponding graphs can be constructed from it: 
 

 
Wind Speed (meters/sec)  RPM Rectified DC Voltage  

5.4 166 8.132 
4.4 138 7.036 
3.6 119 5.671 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As can be seen by the graph the relationship between wind speed and RPM can form a trend line 
when the wind is blowing at a reasonable rate of speed, which means that a linear equation can 
be developed to convert RPM into wind speed as in: 
 

Y = mx + b  where  Y is the RPM value (Y axis) 
    m is the slope of the line 
                x is the wind speed (X axis) 

b is the RPM value where it intersects the Y axis  
where the value of wind speed (x) is zero 

 
The slope of the line (m) can be determined by inputting the low and high endpoints as follows: 
 
  m = change in y value / change in x value 
  m = (166 - 119) / (5.4 – 3.6) 
  m = 47 / 1.8 
  m = 26.1 RPM for every 1 m/s change in wind speed 
 
 
One thing to remember in this analysis is that we have made certain approximations for wind 
speed versus RPM.  These assumptions may not  extend well to lower or higher wind speeds; 
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however, the analysis was done in order to approximate the efficiency of the wind turbine under 
the wind speeds experienced for these experiments. 
 
You can solve for wind speed versus rectified DC voltage by the same method. 
 
Listed below are two websites that can help explain the above equations in more detail:  
 
http://id.mind.net/~zona/mmts/functionInstitute/linearFunctions/lsif.html 
 
http://www.math.com/school/subject2/lessons/S2U4L2GL.html 
 
 
To create similar graphs go to this website… 
http://nces.ed.gov/nceskids/graphing/classic/line_data.asp 
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Experiment #6 – The Effects of Magnetic Coupling 
 
Purpose: 
 
This experiment will determine the power loss by adding a larger space between the rotating 
magnets and the coil stator.  This is done by adding more washers to increase the space 
between the coils and rotating magnets. 
 
Equipment: 
 
1 3-Phase Bar Graph Board . 
1 WhrilyBird tm 3-Phase Wind Turbine   
1 USB cable 
2 100 ohm resistors 
1 PC computer with graphic software 
1 Fan – 14” diameter minimum – 20” 

diameter preferred 
 
Setup: 
 
Setup the equipment as shown here: 

 
 
 
 
 
 
 
 
 

Figure 6.1 – Wind Turbine and 3-Phase Bar Graph Boa rd Setup 
 

1. Connect the cable between the circuit board in the 3-Phase Bar Graph Board and the 
computer’s USB connector and connect the WhrilyBird tm 3-Phase Wind Turbine.  

 
2. On the computer Desktop double click on the REEL Power icon. 

 
3. Click on  

 
 
 
 

4. On the graphic display, click on the Connect button at the lower-left on 
the screen and verify that the connected icon appears validating the 
Comm port selection. Make sure to use to highest comm port number. 

 
5. Adjust the voltage (vertical) scale to 10.00 volts. 

 
6. Set the Battery – USB Switch  to the USB position.   

 
7. Set the table fan to the highest speed setting. 
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Procedure: 
 

1. Set the fan to its highest speed setting. With the wind turbine spinning, verify the 
following plot in Figure 6.2 below.   We will use this as a baseline setting. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.2 - Rectified DC under No Load 
 

2. With the table fan at full speed and the wind turbine spinning, attach a 100 ohm resistor 
across the load terminals.  Your plot should look similar to the one in Figure 6.3 below.  
Record the power. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.3 – Current and Power with 100 Ohm Load  
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3. Stop the table fan and disassemble the wind turbine by removing the bottom stator 
assembly from the top rotor assembly.  Add a 3/8” washer to the bolt that holds the two 
assemblies together thus increasing the gap between the rotor and stator assemblies.   
Reassemble the turbine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.4 – Adding a Washer  
 
4. With the turbine in the same place and rotating at the same RPM , repeat step 2 and 

record the power. Notice how much the power has decreased with the space of only one 
more washer – nearly by half! No         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.5 – Power Reduction with One Extra Washer 
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5. Repeat steps 3 and 4 again by adding a second washer.  Notice, once again, the 

dramatic power decrease with the wind turbine spinning at the same RPM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.6 – Power Reduction with Two Extra Washers  
 
Analysis : 
 
By adding just two washer spacers and increasing the air gap by less then ¼” the effective power 
output dropped from 96 milliwatts to 36 milliwatts – a 62.5 % decrease!!   This shows how 
dramatically magnetic flux affects power output.   

Based on the results of the experiment we want to minimize the air gap in the magnetic field path. 
Yet it can't be omitted. It can't be too small or the physical components will rub together, and it 
can’t be too large or power will be reduced significantly. 

Therefore, there are special demands of motors and generators with respect to air gap. 

The electric motor (or alternator as we have here) presents the unique necessity for an air gap 
fully separating a rotating magnetic structure from a stationary one. Not only must the separation 
be complete; it must be large enough so that manufacturing tolerances will not allow the 
separated components to come into damaging contact during machine operation. 

The high "reluctance" of air means that for every unit length of magnetic flux path, the mmf  or 
magneto motive force, required to drive flux through the air portion of the path will far exceed (as 
much as tenfold) what's needed for the magnetic (steel) portion. he larger that gap in an induction 
motor, the lower the power factor.  

That creates an unavoidable contradiction in the design process. For mechanical reasons, we 
want to avoid too small an air gap; for electrical reasons, we don't want it too large.  Now you can 
appreciate why the coils and magnets should be as close together as possible without touching. 
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11.  Basic Knowledge of Wind Power Technology 
 
A wind turbine is a device that uses rotor blades 
connected by a mechanical shaft to an electrical 
alternator to generate electricity.  When the wind 
blows across the rotor blades, the propeller shaft 
rotates the alternator and the alternator makes 
electricity (much the same when your car’s engine 
spins the alternator to charge the car’s battery). 
 
The amount of power that is produced by a wind 
turbine depends on many factors – one of which is 
the rotor blades.  The power that can be harvested in 
the area swept by the wind turbine rotor blades can 
be described as follows: 
 
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) 
V = Wind Speed in m/s (cubed) 
E = Efficiency in percent 

 
(image courtesy www.south-ayrshire.gov.uk/) 
      

You should notice that the power is proportional to the cube of the wind speed and the square of 
the radius of the rotor blades. If the radius of the rotor blades is doubled, the swept area is 
quadrupled.  Also, the efficiency factor (E) needs to be considered due to blade size and shape, 
number of blades, pitch angle, rotor speed, alternator efficiency, gear losses and other such 
factors. 
 
If the wind speed is reduced by half (1/2), the power is reduced to 1/8 of the original power. Thus, 
a light wind contains little power, so remember to use a larger table fan for the experiments.  It will 
produce much better results. 
 
Albert Betz was a German Physicist and a pioneer of wind turbine technology. Betz found out that 
we can only harvest, at 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.  But there is ample wind to make clean, renewable energy for decades to 
come. 
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12.  The Differences between a DC Motor Generator and            
a 3-Phase Motor Generator 

 
The wind turbine used in these experiments uses a 3-phase coil arrangement, also called an 
alternator that is much more efficient at producing electrical power as compared with a 
conventional DC motor.  The following will point out these differences. 
 
The main difference between a DC motor and a 3-phase motor is the number of coil windings 
inside the motor. A DC motor has 1 coil winding whereas a 3-phase motor has 3 coil windings.  
 
The rotor of a DC motor consists of a coil wound around it, but not touching it. This coil is 
connected to the motor terminals with a brush type commutator. The function of the commutator 

is to switch the polarity of the coil as the rotor rotates every half cycle. 
Since the brushes are in contact with the rotating rotor, they will 
eventually wear out.  
 
(Photo courtesy www.motioncontrol.com) 
 
 
 
 
 
 

The rectified output of a DC motor generator outputs 2 half cycle positive waveforms as shown 
here.  Notice that the power drops to zero on every half cycle, which makes DC motors (like the 
ones Thomas Edison developed) very inefficient and unreliable. 
 
In contrast to a simple DC motor, there are 3 coils wound on the 
stator of the 3-phase motor and they are spaced 120 degrees apart. 
There is no commutator in the motor. The three rectified phases and 
rectified DC output waveforms are shown below: 
 
                                             (Photo courtesy www.bugman123.com) 

 
 
While it actually 
has 6 coils, the 
above motor has 
2 coils per phase 
with each of the 
three opposing 2-
coil pairs wired in 
series. 
 
 
 



 
47 3-Phase Bar Graph Board User Manual © LearnOnLine, Inc. 

The important concept to realize is that since the 3 coils are spaced equally apart, each of them 
reaches its instantaneous peak at different times.  When the individual phases are combined by 
rectifier diodes, the voltage and, thus the power never goes to zero like in a DC motor.   
 
The 6 half cycles overlap each other at every 1/6 of a rotation (every 60 degrees). The effect of 
these 6 half cycles per rotation delivers more constant power to the load than that of the 2 half 
cycles per rotation from a DC motor. Thus a 3-phase motor generator delivers more power than a 
DC motor generator. Since a 3-phase motor generator does not have a commutator, its usable 
life is also much longer than that of a DC motor generator, since there are no brushes to wear 
out.  
 
The overall tradeoff between DC motors and 3-phase motors is that a 3-phase motor consists of 
more materials like copper windings; however, not having to worry about replacing commutator 
brushes makes up for the extra amount of materials.   
 
Nicola Tesla, a student of Thomas Edison, developed the 3-phase AC motor and revolutionized 
electricity as we know it today. All industrial motors are 3-phase.  
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13.  Worldwide Wind Power Installations 
 
Using the wind to generate clean, efficient and “cheap” electricity has been the dream of many 
people and industries for at least 100 years.  However, until very recently the ability to achieve 
these three goals was elusive, mainly because fossil fuels were so plentiful and relatively 
inexpensive.  Now with the threat of “global warming” along with the attendant pollution caused by 
the burning of fossil fuels, renewable energy technologies are making inroads into providing 
commercially attractive power sources.   
 
While solar power is a great choice for localized electricity generation, wind power is certainly the 
choice for grid-based power generation.  Modern wind generators, and the wind farms that host 
them, can provide large cities like San Francisco and even entire rural states with sufficient power 
to operate homes and businesses, alike.  It has been correctly claimed that if our mid-western 
states like North and South Dakota were to build mega-wind farms, this flat, barren and 
constantly windy territory could become the “Saudi Arabia of the United States” in terms of grid-
based wind energy generation. 

For sometime now counties such as Germany, 
Spain and Denmark (in order of the percentage of 
use of wind power) have supplemented their 
existing fossil and nuclear power generation by the 
use of wind power.  The United States is behind in 
similar programs; however, it is on a course to catch 
up quickly.  We will briefly explore these and other 
examples of wind power usage beginning with the 
primary types of wind turbines in use today. 
 
  
Wind Energy Technologies 
 
While old-fashioned windmills are still seen in many 
rural areas for pumping water, modern wind 
turbines are divided into two major categories: 
horizontal axis turbines and vertical axis turbines. 
 
Horizontal axis turbines like the one pictured on the 
left are the most common turbine configuration used 
today. They consist of a tall tower, atop which sits a 
fan-like rotor that faces into or away from the wind. 
Most horizontal axis turbines built today have two or 
three blades, although some have fewer or more 
blades.   The newer, larger and more powerful 
horizontal axis turbines have blades that are longer 
then the wings of a 747-jet airliner!  Plus, they are 
the most efficient in terms of energy production, to 
date.  

 
 
Vertical axis turbines fall into two major categories: Savonius and Darrieus, however neither 
turbine type is in wide use today. The Darrieus turbine was invented in France in the 1920s. Often 
described as looking like an eggbeater, this vertical axis turbine has vertical blades that rotate 
into and out of the wind. Using aerodynamic lift, these turbines can capture more energy than 
drag devices. The Giromill and cyclo-turbine are variants on the Darrieus turbine.  
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The basic “theoretical” advantages of a vertical axis machine are that 
the generator and gearbox can be placed on the ground and do not 
require a tower. Plus, you do not need a mechanism to turn the 
blades into the wind as you do with a horizontal axis machine.  That 
said, the disadvantages of a Darrieus turbine far outweigh its 
advantages.  First of all, wind speeds are much lower close to the 
ground so the overall power generating efficiency is not very 
impressive.  Plus it needs a push to get started and must also have a 
wide network of guy wires to hold it in place, which occupy valuable 
farm land that can’t be used for grazing or planting.  Finally, when the 
main bearings or other parts need maintenance the whole machine 
must be torn down.  That’s why the Darrieus turbine pictured here 
has been out of service for many years, rusting away on a hill above 
the St. Lawrence Seaway in Canada. 

  
First invented in Finland, the Savonius turbine is S-
shaped if viewed from above. This drag-type VAWT 
turns relatively slowly, but yields a high torque. It is 
useful for grinding grain, pumping water, and many 
other tasks, but its slow rotational speeds are not 
good for generating electricity.   

Some practical electrical applications for Savonius 
wind turbines still exist, however, like the one 
pictured here on the left.  When there is a need for a 
small amount of electricity and solar panels are not 
practical due to climate or lots of trees, etc. a home-
built Savonius wind turbine will do nicely.  This one 
in particular provides the user with enough electrical 
power to open and close a gate to the driveway 
entrance as well as power safety lights. 

 
 
 
Wind Farms 
 
There are many today who think of harvesting the wind as if it were a crop.  In reality, wind is a 
like a crop since it has value to the wind farmer who cultivates it as well as to the consumer he 
services with the electricity the wind farm generates.  Unlike editable crops, however, the wind 
crop does not need to be tilled, fertilized or spayed with pesticide to grow healthy and strong.  At 
the same time there is inherent risk in establishing and maintaining an economically healthy wind 

farm.  Here are some examples of new and potentially successful 
wind farms. 
 
 
Native American Wind Farms 
 
The Rosebud Sioux Tribe Wind Turbine Project will be the first large-
scale Native American-owned and operated wind turbine in the 
country. It will be located on the Rosebud Sioux reservation in south-
central South Dakota. The project had been stalled for over a year as 
funding and energy sales issues were addressed, but with a long 
term contract with NativeEnergy, complementing a short term sales 
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option retained by the Tribe for a portion of the wind turbine, the Rosebud Sioux Tribe has now 
proceeded with final construction financing and has placed the first turbine order. If successful, 
many more turbines will be constructed and put into operation. Our Native Americans may well 
begin to enjoy the status and economic rewards of becoming our nation’s largest energy 
producer, competing with the likes of nuclear and coal fired power plants that now dot the same 
landscape. 
 
 
Wind Farms as a Tourist Attraction 
 
“Windmill Tours” of Palm Springs, California has hit 
upon a unique and fun way to learn about wind power.  
As the ad says …”Travel through a forest of towering 
windmills on electric-powered vehicles. Feel the 
energy as the giant blades WHOOSH overhead. Your 
skilled guide will take you inside this working wind farm 
comprised of turbines modernized to efficiently 
contribute to a cleaner and safer environment. As you 
travel along the 90-minute adventure, you realize the 
environmentally friendly power propelling experience 
was created by the air you are breathing”.   
 
 
 
 
Wind Farms At Sea – United States 

One of the more unique and 
controversial new planned wind farms 
could be located on our East Coast off 
Nantucket Island, which is near Cape 
Cod, Massachusetts.  Cape Wind 
Associates, of Boston, has proposed 
building the country's first offshore 
wind farm in Nantucket Sound. The 
130 wind turbines would be placed in 
a 24-square-mile area on Horseshoe 
Shoal, and some of the 417-foot tall 
turbines would be visible from 
Nantucket, Martha's Vineyard and 
various points along the Cape's south 
coast from Mashpee to Dennis. As 
popular as these areas are to the 
summer vacation tourist trade, let 
alone the local year-round residents, it 
will be interesting to see if this plan 
succeeds due, mainly, to local 
residences with political connections 
seeking to oppose it. 
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Wind Farms at Sea – Denmark 

 
 
 
 
 
 
 
 
 
 
 
 

 
In the summer months of 2002 the world’s largest offshore wind farm on the Danish west coast 
was built and put into operation.  The sea-based wind farm is sited 14 to 20 kilometers into the 
North Sea, west of Blåvands Huk, and represents the first phase of a large-scale Danish effort to 
produce non-polluting electricity from these offshore wind turbines.  The “Horns Rev” project, as it 
is called, has a total capacity of 4000 megawatts and must be established in full before 2030. 
 
Historically, wind power capacity has been developed on land, but it has become increasingly 
difficult to obtain the required permits for turbine sites.  With its available coastline, interest has 
been directed toward coastal areas with shallow water depths between 15 and 50 feet that have 
the possibility of locating the turbines far enough away from the coast that they are visually 
neutral, something the Nantucket Sound project is criticized for ignoring. 
 
 
 
Spar-WARP tm 
 
The Spar-WARPtm wind 
machine developed by 
ENECO can produce and 
store clean, safe 
electricity offshore 
anywhere that there is 
sufficient wind of between 
13 to 17 mph.  Besides 
the ability to store the 
power it generates as 
Hydrogen gas the WARP, 
which stands for Wind 
Amplified Rotor Platform, 
is designed to further 
amplify wind that it 
receives by a factor of 50 
to 80 percent!  Without 
the conventional propeller 
blades the multi-tiered 
donut-like rotors create a spinning effect that produces this amplification.  There are many 
potential applications for the Spar_WARPtm system including powering offshore platforms 
directly, as well as providing onshore power with a cable between it and the shoreline.   More 
information at http://www.warp-eneco.com/documents/PowerGenEU2001P aper.PDF 
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The Future of Wind Power 
 
As we said at the beginning of this section, wind power has a great potential future for large grid-
powered wind farm applications.  Even though you can find many examples of small and medium 
sized wind machines that turn 3-phase alternators, the real future for wind power is in large 
installations.  The economics of wind power versus fossil fuel are growing narrower thus making 
wind power a likely candidate for future power plants.  Only politics and resistance to change still 
keep this technology from becoming commonplace.  However, this is today’s situation.  Tomorrow 
may be a different story entirely.   
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More Information 
 
You can find more information on Wind Power at our web site… www.learnonline.com 
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14.   Troubleshooting 
 
If the software does not respond after starting or if it should produce unexpected results, please check 
the following possible causes: 
 
 
Connecting  
 

Before any plots can occur, the graphic software must connect with 
the attached circuit board that is transmitting data.  To do so, first 
select the correct Comm port number.  Click on the arrow next to 
the number to see if a higher number Comm port is d isplayed .  If 
so, it’s probably the one to use.  When in doubt, find the correct 
Comm port on your PC by going to Control Panel -> System -> 
Hardware Manager -> Device Manager  then click on Comm port.  
The number displayed is the correct Comm port to type into the 
number area here .  Then click the connector icon – the one with 
the red x.  Since you are using a USB connection rather than the 
traditional RS-232 connection, the Comm port number is not 
dependent on hardware so much, but rather on software settings in 
the Control Panel  of the Windows operating system.   

 
 If correct, the Connect icon will show that the connection is made.  If the 
Comm port is not correct an error message will be displayed, which is usually 
due to the Comm port already in use.  
 
 

You can also determine the correct icon number by using your computer’s Control Panel (PCs 
only) by the following: 
 
Click on Start ��� �  Control Panel ��� �  System ��� � Device Manager ��� �  Ports ��� �  USB Serial Port (x)  
 
where x is the number that should be entered into the Comm Port select icon.  Then (using the 
keyboard) enter the number of the USB Serial Port you found from the Control Panel.  Then click 
on the “X” in the icon below. 
 
 
 
Finding the Data 
 

After clicking on either the Capture Image icon (left) 
or Start Data Log icon (right), the captured data can 
be found on your hard drive by searching the 
following path: 
 
C:\  ��� �  My Documents ��� �  REEL Power -> data   

 
 

 
 
 


