Experiments with 3-Phase Wind Turbines

For the PicAxe 28X2 Processor
Using the Whirlybird 3-Phase Wind Turbine

Experiment #6 — Star versus Delta Windings
A REEL Power "™ (Renewable Energy Education Lab) Experiment
© LearnOnline, Inc.  www.learnonline.com

Purpose

This experiment will demonstrate the differences between Star (Wye) and Delta
coil winding arrangements on the wind turbine’s voltage and current outputs.

You will come to understand that:

1. A Star or Wye coil arrangement creates higher voltages and lower current
output for a given RPM. Commercial wind turbines switch to the Star
arrangement during startup, since it produces more voltage quickly.

2. A Delta coil arrangement creates lower voltages and higher currents for a
given RPM. Commercial wind turbines switch to the Delta arrangement to
limit high RPM in high winds and to stabilize the turbine’s output.

PicAxe Background Information

If this is your first experiment or if you just need a refresher on some of the
details please refer to the following background information guidelines:

Parts Assembly and Wiring Guidelines

Coding Guidelines

Resistor Color Codes

Reprogramming the FTDI chip — very important!!
Computing Current with Voltage Drop

REEL Power Software Installation and Operation
Safety Precautions

Wind Turbine Information

This will give you supplemental information on the wind experiment.
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Equipment
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Description

Whirlybird 3-Phase Wind Turbine

Solderless Breadboard (Radio Shack Model: 276WBU301)
PicAxe 28X2 microprocessor chip

SparkFun USB to Serial Board (BOB-00718)

USB cable

Diodes

1 ohm resistor

100 ohm potentiometer

10K resistor

Solid hookup wires (Radio Shack Model: 276-173)

Clip leads

Table fan

Windows PC computer with REEL Power ™ software
(MACs must have Parallel’'s “Desktop 3.0 for Windows”)
Printer (optional)

General Hardware Hookup for Whirlybird Wind Turbine

Setup the equipment as shown here, and then examine the Jumper Board
Hookup (next) for specific details. .

Whirlybird
3-Phase

Note: Your setup will Wind Turbine
NOT WORK unless
the FTDI chip on the

SparkFun USB to
Serial Board is
reprogrammed. See
PicAxe Background
Information for
details

N
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Jumper Board Hookup for Whirlybird Wind Turbine

Caution: This is a very dense hookup with many comp onents
whose leads can accidentally short together. Be ca  reful in
placing components so that they remain apart from o ne another .

Wind Turbine Terminal Strip
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Schematic for Whirlybird Wind Turbine
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Code File

Download the following file to the PicAxe processor:
Picaxe_wind.bas

The code file can be found on the REEL Power CDROM that came with this
lesson or on the LearnOnLine website at www.learnonline.com.

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

Code Algorithm

Here’s how the code works to acquire and display the 3-phase and rectified DC
signals. For complete details refer to the above code file.

The Main loop looks like this...

Main:
gosub Wait_For_Zero_Volts
gosub Wait_For_Next_Peak
pause delay
gosub Acquire_Phase_Samples
gosub Compute_RPM
gosub Average_ DC_Samples
gosub Convert_To_Mv
gosub Compute_Cksum
gosub Transmit_Data
delay = delay + 1
goto Main

The idea behind the Main loop is to synchronize the data gathering with the start
of the phasel voltage signal as it goes from zero volts and just starts to peak.
This is what the first two subroutines do.

GOSUB Wait_For_Phasel Zero_Volts
GOSUB Wait_For_Phasel New_ Peak

Following this the program delays from 0O to 255 milliseconds depending on the
value of the delay.

PAUSE delay

After the delay, samples of all three phases and the rectified DC voltages are
acquired by the A/D converter chip and averaged with the last readings.
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GOSUB Acquire_Phase_Samples

Following the phase samples the wind turbine RPM is computed when the
phasel voltage has reached the right level.

gosub Compute_ RPM

Next, the rectified DC and 1 ohm voltage drop voltages are averaged to remove
as much ripple as possible for better current and power computations.

gosub Average_ DC_Samples

Then all the sampled data are converted from raw A/D counts to millivolts or
milliamps

gosub Convert_To_Mv

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

gosub Compute_Cksum
gosub Transmit_Data

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

delay = delay + 1
GOTO Main

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

PH1 PH2 PH3

/A>/ B

Start

|

Progressive 1 ms delay samples after re-syncing to the start of Phase1
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Preliminary Information

STAR

The Whirlybird wind turbine is currently wired in a Star or Wye (because it looks
like an inverted “Y”) coil arrangement as shown here:

coil 3 el “f:)t coil 2

d

LL/Q)\_

In the Star arrangement the start of each of the three phases is connected
together in the center. Connections are taken from the ends of the three phases

to produce the 3-phase outputs.

Delta

The Delta arrangement has 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 give the three phases.
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Procedure — Using the Whirlybird Wind Turbine

1. Click on the REEL Power ™ icon to bring up the software menu.
Then click on the Wind Turbine Electrical Parameters + RPM
icon.

2. On the graphic display, click on the Connect button at the
lower-left of the screen. Verify that the connected icon S
appears validating the Comm port selection. Make sure to
click on the arrow and select the highest comm port number.

3. On the computer adjust the voltage (vertical) scale on the REEL Power ™
software to 2.50 volts.

4. Adjust the potentiometer for maximum resistance — normally fully counter-
clockwise.

5. Set the fan to its highest speed setting. With the wind turbine spinning,
verify the following plot in Figure 1 below. Capture and record the
voltage, current, power and RPM settings.

Figure 1 — Wind Turbine with Star Coil Arrangement  — Fast Speed
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6. Reduce the fan speed and capture and record another screen shot as in
Figure 2.

Figure 2 — Wind Turbine with Star Coil Arrangement — Slow Speed

Note — Due to the erratic nature of the voltage rip  ples and lagging samples
to determine current, it is recommended that you ca pture several screen
shots to determine the best current readings. Reme  mber, your current will
be equal to the voltage divided by 100 ohms, so try and find a current close

to this value.
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7. Stop the fan and re-wire the jumper block for the Delta coil arrangement
as shown below. The rest of the circuit remains the same.
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8. Set the fan to its highest speed setting. With the wind turbine spinning,
verify the following plot in Figure 3 below. Capture and record the
voltage, current, power and RPM settings. Make sure that the wind
turbine is spinning at the same RPM as in step 5.

Figure 3 — Wind Turbine with Delta Coil Arrangement — Fast Speed
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9. Reduce the fan speed and capture and record another screen shot as in
Figure 4. Make sure the RPM is the same as in step 6.

Figure 4 — Wind Turbine with Delta Coil Arrangement  — Slow Speed
Analysis

The basic difference between Star (sometimes called Wye) and Delta is that
the Star configuration generates a higher voltage at a lower current, and delta
generates a lower voltage at a higher current. However, the total power
generated is the nearly the same for either configuration. We can see this
from our plots by creating the following table.

Coils Volts Amps Watts RPM

Star 2.671 0.027 0.072 119
Delta 1.730 0.051 0.088 119
Star 1.834 0.017 0.031 92
Delta 1.187 0.026 0.031 92

While the power values for the faster speed are not exactly the same, they
are close enough to illustrate the point. Since Star and Delta wirings both
deliver the same power, does it matter which is used? It all depends on the

application.

A wind turbine alternator with a Star coil arrangement will generate a higher
voltage at lower RPM and will therefore start charging a battery bank sooner.
However at high RPMs the voltage generated in Star can be too high
whereas in Delta a larger current is generated at a lower voltage. At the same
time an alternator wired in Delta also requires more effort (wind or water
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power) to get it turning, which brings up the following point.

Ideally an alternator starts off wired in Star and then at a certain RPM
switches to Delta. This maximizes the amount of power sent to the batteries
and also maximizes the overall efficiency of the system. Most large
commercial wind turbine generators do exactly this — they switch from Star to
Delta at the right time using sophisticated electronics and software to sense
when to perform the switch. High winds are another reason to switch to
Delta, since doing so prevents battery overcharging and, also, slows the
blade rotations.

If you are going to improve on the Whirlybird wind turbine (and we hope you
do — that’s what it's made for) or make another, more powerful version, you
are usually better off wiring it in the Star configuration. Star is generally more
efficient, and you will start charging your batteries earlier; plus, the higher
voltage means you can use thinner (therefore cheaper) power transmitting
cables without incurring large line losses in your system. By using less turns
of thicker wire in the coils of the alternator, and wiring in Star, you can get
adequate current while still being able to charge batteries at low RPM.
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