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ones have been made into neat hydro generators by a local company
appropriately called Ecoinnovation. The 20cm diameter motor in the
Smart Drive washing machine is an example of the nice big motors
just around the corner.
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~ The above research shows that I can get stepper motors from
things like printers. So I went down the road to the Toner Shop
and told him who I am and what I am doing and asked if he had
any old printers that he did not want that I could take apart to get
the stepper motors out. He was very kind and helpful and gave
me 2 large printers and 2 smaller ones for free.

~ He showed be briefly what angle of attack to take to easily
recover all the stepper motors from each printer and said there
would probably be 2-3 in the big printers and 2 in the smaller
ones.

These two pictures show me
taking a part one of the
larger printers




All five usable stepper motors recovered from the printers

Individual stepper motor voltage testing

~ To test these stepper motors that I have collected I had to do
some additional research as to measure output voltage, it is not
just as simple as a black and red lead coming out of the
motor/generator that I can use to measure output voltage, there
are varying numbers of leads coming out of them.

~ Because I did not know how to orientate the leads coming out
of the steppers so that I could spin them at certain rpms and
them test what there voltage was, I had to do some research to
find out what exactly is going on in a stepper motor and which
lead is which.



Inside a Stepper Motors

Inside a stepper motor are four coils of
wire located 90 degrees away from each
other - i.e. at positions 12, 3, 6, and 9
o'clock. In the middle is the rotor which
spins and has permanent magnets
fitted around its circumference. As the
rotor spins each magnet in turn
approaches, passes, and moves away
from each of the four coils in turn. A
magnet passing a coil of wire causes
electricity to flow through that coil and
so each of the four coils will have
different amounts of electricity flowing
through it either one way or the other -
alternating current.

Since a stepper motor has four coils of
wire, it is said to be a four-phase
motor. (read more about three-phase
electricity here to better understand
multi-phase electricity). The
advantage of this multi-phase set-up for
electricity generation projects is that
when one coil has no electricity flowing
through it, the next coil will have
reached its maximum. When the four-
phases are brought together and
rectified (more on rectification later) into
direct current (DC), the total electricity
generated therefore has a near constant
voltage and current.
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Stepper Motor Wiring

Most stepper motors have 6 wires,
however there are motors with 4, 5, or 8
wires also. Each of the four coils is made
up of one length of wire with two ends.
One end is called /ive and the other end
is called common. In a five-wire stepper
motor all four commons are joined
together, in a six-wire stepper motor two
pairs of common wires are joined
together, and in an eight-wire stepper
motor none of the four common wires
are joined together,

Identifying the Wires in a
Stepper Motor
e

—
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If you do not have a schematic diagram
for your stepper motor - for example if it
was salvaged from an old printer - it is
very easy to work out which wire is
which.

Systematically use a multimeter to
measure the resistance between
different pairs of wires. All four coils will
have near identical resistances - if they
did not the motor would not function
properly. Therefore if the pair of wires
being measured are both /ive, the
resistance measured will be double that
measured if one of the wires is a
common. Why is this? Because two live
wires have two coils between them
whereas a common and a live have just
one coil between them. (see diagram
above)

When you have identified the common
wires, be sure to label them.
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The Stepper Motor
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Our stepper motor is an old MB 11
sized Philips model with a 7 1/2
degree step angle. That means that it
has 360/7.5 = 48 steps which means
it would not be ideal for electricity
generation and battery charging. As
mentioned in our article Electricity
with Stepper Motors it is best to
choose a stepper motor with the
most steps possible - usually 200 -
since these motors generate higher
voltages at lower RPMs; perfect for
small wind turbine generators.

Labelling the Wires

There are six wires emerging from
the stepper motor: two red, two
yellow, and two grey. One red, one
grey, and one of the yellow wires
have a dark mark on them, the other
wires are clean. Therefore we can
use that to individually identify the




wires, If the wires all looked the
same, then we would have
individually identified them with small
pieces of labelled tape. We will call
the wires R1, Y1, G1, R2, Y2, and G2
where the letter is the first letter of
the wire's colour, and the number 1
or 2 identifies if the wire was clean
(1) or marked (2).

Measuring Resistances
Systematically we connected the
testing leads of the multimeter to
pairs of wires coming out from the
stepper motors and put the measured
results into the following simple
table:

R1 R2 G1 G2 Y1 Y2

m| |- 7] [urf-
R2 - - 7~ |z
61117 - - 234
62- |u7/- - |23
Y1117 |234- -

Y2|- [117|- |234|-

All of the above results are
measurements taken in Ohms.
Infinite resistance is represented by a

Analysing the Stepper

Motor Resistances

Where the resistance between two
wires is infinite we know there is no
connection between those two wires
within the stepper motor - for
example, between R1 and R2 or G1
and G2. We have two different values
of resistance between the other wires
- 117 Ohms and 234 Ohms with one
being half of the other. This is
because this stepper motor has four
phases and therefore four identical
coils. When the resistance measured
between two wires is 117 Ohms, the
wires are connected across one coil,
and when the resistance is 234 Ohms
the wires are connected across two
coils.

R1 is connected to G1 and Y1 across
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one coil. R2 is connected to G2 and
Y2 across one coil. G1 and Y1 are
connected across two coils, and G2
and Y2 are connected across two
coils. None of the 2's are connected
to any of the 1's. Therefore we can
draw the following simple diagram of
the wiring of this stepper motor:

<m:,.t: 4|H llr ;m)
e

Y1

Our four svewires are G1, G2, Y1, and Y2, and there are two common wires R1 and R2. We
now know everything we need to know to rectify the output from this small stepper motor
into DC electricity for battery charging or to light some LEDs.
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Description of the wide
~ investigations that occurred around
the issue in order to identify the
specific problems that required
resolution.

What I learned form the above research

~ From the above research it shows that to find out which wire
is which, you have to put an ammeter across different pairs of
wires and test the resistance. There are four coils of wire in a
stepper motor making them good for power generation as multi
pole motors are good for power generation because when one
pole is at its maximum current production another is at zero
current production and so when rectified, the current is very
smooth. For six outlet wire stepper motors, were the resistance

is infinite, there is no connection inside the stepper motor
between these two motors and were there is a resistance which is
double the size of other values, there are two coils between these
two wire that you are testing and if the resistance between two
wires is half the value of other values, there is one coil of wire
between these two wires and on wire is the common wire (a
common wire is like a positive or negative wire for two coils). If




there are four wires coming out of the stepper motor, then to test
output voltage, you have to join the wires into two pairs. Then
attach one end of you voltmeter to each pair. The two wire that
you join are wires that have a resistance between each other.

Test results -

The following pictures and tables sho the results of the tests that I
conducted using the information gained from the above research.
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Stepper motor number 3 Optior ~
RPM VOLTAGE Trialling and testing
R = to gain evidence of
600 3.1 the understandings
700 6.2 gained from

lori

800 10.1 3:Zec:;tnagndings
900 12.6 which were used to
1000 17.9 inform their own
1100 215 practice.
1200 22.9

Stepper motor number 2 RPM VOLTAGE
600 4.5
700 9.9
800 17.9
900 22.2
1000 25.5
1100 28.4
1200 30.5

Stepper motor number 9 RPM VOLTAGE

% 600 79

700 14.3
800 225
900 27.6
1000 314
1100 34.5
1200 372




Stepper motor number 10

Stepper motor number 4

Stepper motor number 6

RPM VOLTAGE
600 7.4

700 10.3

800 17.6

900 254

1000 29.5

1100 37:5

1200 41.3

RPM VOLTAGE
600 3.9

700 5.1

800 17.2

900 20.5

1000 249

1100 28.6

1200 30.7

RPM VOLTAGE
600 24

700 4.7

800 7.9

900 13.6

1000 19.9

1100 20.2

1200 21.3




These pictures show when I was testing all the motors. |

What I learned

This picture shows me and
my Mentor testing out
what I learned in the above
research. I tested the
resistance across the wires
and then joined them into
their correct pairs. I then
put a small bridge rectifier
across the wires and D.C
voltage came out,
confirming what I learned
is correct and true. So I can
confirm that my tests are
correct

~ From my research, stepper motors are permanent magnet,
multi pole A.C motors. These types of motors seem to be the
best type of generator due to the properties of the multiple poles
explained earlier in this section. My research also tells me that
stepper motors are the best type of generators but are only good
for lighting a few L.E.DS. So what I think would be ideal is a

pretty much a large stepper motor.




~ From my testing, this is definitely 100% confirmed as the
most voltage that I could produce at the max wind turbine rpm
possible for a very good blade design, about 200 —300 rpm, was
a couple of volts at the best. This is definitely not suitable, as I
require at least, to be comfortable and safe, about 40 - 50 volts
EMEF. So further testing on alternative generators will need to be
done from what I have learned hear.
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across a range of contexts, that were used to inform the development of their
technological outcome.



Plain D.C motor

Research

How does a DC motor work?
A DC motor works by converting electric power into mechanical work. This is

accomplished by forcing current through a coil and producing a magnetic field
that spins the motor. The simplest DC motor is a single coil apparatus, used
here to discuss the DC motor theory.

The voltage source forces voltage through the coil via sliding contacts or
brushes that are connected to the DC source. These brushes are found on the
end of the coil wires and make a temporary electrical connection with the
voltage source. In this motor, the brushes will make a connection every 180
degrees and current will then flow through the coil wires. At 0 degrees, the
brushes are in contact with the voltage source and current is flowing. The
current that flows through wire segment C-D interacts with the magnetic field
that is present and the result is an upward force on the segment. The current
that flows through segment A-B has the same interaction, but the force is in
the downward direction. Both forces are of equal magnitude, but in opposing
directions since the direction of current flow in the segments is reversed with
respect to the magnetic field. At 180 degrees, the same phenomenon occurs,
but segment A-B is forced up and C-D is forced down. At 90 and 270-degrees,
the brushes are not in contact with the voltage source and no force is
produced. In these two positions, the rotational kinetic energy of the motor
keeps it spinning until the brushes regain contact.

Problems with a DC Motor

One drawback to the motor is the large amount of torque ripple that it has.
The reason for this excessive ripple is because of the fact that the coil has a
force pushing on it only at the 90 and 270 degree positions. The rest of the
time the coil spins on its own and the torque drops to zero. The torque curve
produced by this single coil, as more coils are added to the motor, the torque
curve is smoothed out.




The resulting torque curve never reaches the zero point and the average
torque for the motor is greatly increased. As more and more coils are added,
the torque curve approaches a straight line and has very little torque ripple
and the motor runs much more smoothly. Another method of increasing the
torque and rotational speed of the motor is to increase the current supplied to
the coils. This is accomplished by increasing the voltage that is sent to the
motor, thus increasing the current at the same time.

Brushed
The brushed DC motor generates torque directly from DC power supplied to

the motor by using internal commutation, stationary permanent magnets, and
rotating electrical magnets. Advantages of a brushed DC motor include low
initial cost, high reliability, and simple control of motor speed. Disadvantages
are high maintenance and low life-span for high intensity uses. Maintenance
involves regularly replacing the brushes and springs which carry the electric
current, as well as cleaning or replacing the commutator. These components
are necessary for transferring electrical power from outside the motor to the

spinning wire windings of the rotor inside the motor.

Testing

~1I collected a range of small D.C motors, some from the same
printers that I got the steppers out of and one of them is a model
aircraft starter motor. Another one of them is just a small plain
D.C motor form an electric toy car, I want to look into the
voltage producing properties of these motors and see if they do
what is necessary for my clients wind turbine.




These are the three plain D.C motors that I tested as generators. Using an
electric drill and a voltmeter, all three maxed out at 1200 rmp with not much
more than 10 volts being produced, so they do work as generators but do not
produce enough voltage at lower enough rpm for what my client wants

This picture
shows that the
above D.C
motor came
from one of
the printers the
guy at the
toner shop
gave me.

These two pictures show me testing two |
of the above motors using the electric drill
and the voltmeter




Test Results and what I learned

~ From the research, D.C motors are probably the plainest type
of motor that you can get and they use a slip ring commutator to
produce D.C (without it, A.C would be produced). Running
these simple motors backwards does produce current as I found
out from my research and from my testing but they are not
designed to be generators and so are not at all efficient, again
exactly what I found out form my testing. These motors to act as
generators require a huge amount of rmp (far more that a wind
turbine would deliver) to produce any voltage at all and that is
not even enough for what my client wants and so I will not use a
plain D.C motor for my clients wind turbine.



Gentle Annie Washing Machine motor
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MOTOR AND CLUTCH
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This is the
gentle Annie
motor




Test results

~ The Gently Annie was quite a surprise because it produced the
best results that I had had so far, the fact that the weight of the
motor was half the weight limit for the whole wind turbine was
a definite issue but will be resolved latter at the moment I just
want to find something that can generate the required power.

RPM VOLTAGE

70 2.9

200 8.7

220 9.4

270 11.4

360 15.8

600 27

What I learned?

~ From the results above, the Gentle Annie is very good relative
to the motors that I have already tested but in reality, the results
are not too good as a whole because I am measuring the EM.F
of the motor/generator and at the wind turbine max r.p.m of
about 300 the E.M.F of this generator would be at about 14 volts
which is above the aprox. 13 V battery voltage but when the
load of the battery is put across the generator and current
actually starts to flow, the internal resistance of the generator
will eat up some of that voltage and the battery will not actually
charge so I need a generator with a small internal resistance and
one that produces excess of about 30 — 40 V at about 200 r.p.m
if this whole wind turbine is going to be of any use to my client
at all. So I am going to look into fisher and pickle again and try
some of their newer motors as generators and see if they
produce the Voltage needed.




Testing

~ After testing the small stepper motors and all the other types
of motors as generators and none of them being able to produce
the amount of voltage that is needed to charge my clients
batteries in a useful amount of time, I had to have a serious think
of what I was going to do. From all the tests and research that I
had done so far, I have learned that small D.C motors are not
going to work, car alternators and scooter alternators are also not
going to work as they do produce more voltage that other motors
but their voltage produced/weight ratio is very poor and I am
definitely going to have to find something that produces a lot of
voltage (enough and perhaps a bit more to be safe) and has a
good voltage produced/weight ratio. After doing a lot of asking
around, thinking and research into the matter, I thought that I
should have a look into washing machine motors. They did
come up earlier in the design process of this wind turbine but
were thought to be extremely big and very heavy but I thought
that I should just look into them. I found out that Fisher and
Pickel used to make washing machines called gentle Annis.
They are old and so are probable quite hard to find. I phoned
and visited a few washing machine manufacturers and repair
places and then finally found a small family home business in
Papamoa which repaired washing machines and he actually had
an old Gentle Annie washing machine sitting in his drive way
that he was about to through out, I told him who I was and what
1 was doing and he agreed to give me the motor out of the
machine. It is pretty heavy but does have potential.

~ The Gentle Annie motor is really just a big three phase stepper
motor which is ideal as this is exactly what I wanted because of
how well the small steppers preformed. The way that I tested it
was by placing the voltmeter across one end of two of its phases.
I turned the motor my placing the axle in the lathe and holding
the body of the motor with my hands and then changed the
speed on the lathe and recording results.



The Smart Drive motor
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Advantage of a Smart drive: RESEARCH
- Low speed generator due to large diameter

- Brush less design

- Low cost and widely available

- Generator windings cannot be burnt out

- Very efficient

- Easily converted for different voltages

- Large stainless steel shaft for easy mounting
- Good corrosion resistance

Smart Drive Parts you need to find

The motor comprises the following components:
- 25m Stainless Steel shaft

- Aluminum bearing holder

- Stator (3 types available)

- Magnetic Rotor (2 types available)

- 4 fixing screws

- 2 stator washers

- 1 large flat washer
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How to find your own Smart Drive unit for free

If you live in either New Zealand or Australia you should be able to locate suitable
parts at the local tip, transfer station, or recycling center. Another option is to place
an advert in the wanted column of your local paper “Broken F&P Smart Drive
washing machines for parts”.

Unfortunately, in New Zealand the Health and Safety laws often prevent private
individuals from entering local tips as the owners are liable should you have an
accident while looking for parts. If this is the case ask the people that work at the
yard to put aside a few Smart Drive washing machines for you and that you will
either pay for them or drop them off a few dozen beers for their trouble. If you are
after significant numbers then approach the owners formally with a proposal and
make it clear that your organization takes full responsibility for the safety of your
workers while on site. You'll need hard hats and fluorescent jackets and the workers
sent will need to be trained etc, but it can be done and it is worth your while if you
wish to locate significant numbers of these units. I'm aware of another company that
is already actively doing just this in New Zealand. | believe they pay $10 per unit to
the tip owners.

How to get the parts you need

There is very little o a Smart Drive washing machine, they can be dismantled in a
matter of minutes. Remove the plastic top; unhook the 4 bowl hangers from inside

and lift out the entire bowl as shown. Remove the cap from the top of the agitator, reach
inside and undo the plastic nut

that holds the agitator onto the shaft. Remove the agitator then undo the screws on

the retaining ring.

You can now remove the stainless steel bowl from within the plastic outer bowl.

Turn the unit over and work from the bottom, remove the magnetic plastic rotor. It
should look like the picture below.
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Undo the four fixing screws that hold the copper wire wound stator onto the bearing
assembly; you can now cut out the bearing assembly from the plastic bowl with a
saber saw. If you don't have a saber saw you could hire one. The other way would
be to use a jig saw to cut the bottom off the plastic bowl and then use a band saw to
cut the bearing assembly from this piece. Resist the temptation to use a chain saw;
it is not a good idea

The cut bearing assembly should look like this:

The pictures show the rough cut bearing assembly viewed from both ends, and then
the same view after the unit has been machined on a lathe. Note that the seal has
been removed.

Testing

~ After reading and researching into these smart drives by Fisher
and Pickel, they showed great potential to be able to produce the
voltage needed by my client. What they are is pretty much just a
very big stepper motor which is exactly what I thought would be
ideal after testing the small steppers. I needed to find one of
these smart drive motors. So I phoned around some more
washing machine repair places and one of them was again
someone who runs a small business form his house, fixing
washing machines. I went to his house and told him what I
needed. He was very helpful, and showed me what smart drives
where and said he would give me one. He also gave me some
tips on how to get it out easily.




This is the smart drive,
attached to the washing
machine hub that the
Peter gave me.

This is the hub that
contains the magnets on
the inside edge.

This is the plastic screw,
which you have to undo
to detach the magnetic
hub from the axle.

This is the stator, which
has 42 coils of copper
wire and steel heads

This is the steel axle,
which is free to move in
the bearing embedded in
the plastic. The
magnetic hub is screwed
onto this bearing

These are the bolts that
firmly attach the stator
to the plastic.




When I first got the
smart drive, whilst it
was still attached to the
big plastic barrel, I
attached to leads
coming out of the
smart drive to a small
40 Watt bulb and hand
spun the magnetic hub
and the bulb would
glow which was
extremely promising.

These two pictures show me hand spinning the
magnetic hub when I was doing the 40-Watt bulb test.

I wanted to cut the bearing
embedded in the big plastic
barrel so that I could continue
my tests of the smart drive on
the lathe to se how the results
compared to others.

Another smart drive that I got
form the dump out of a Fisher
and Pickel washing machine,
which was deferent to the first
one as it had different
thickness wiring

Plastic bearing housing, recovered form the plastic barrel.




Test results

~ From the results, it is definitely 100% clear that the smart
drive is perfect in performance for what my client wants as it
produces nearly 70 Volts at as little as 200 R.P.M which is ideal.
The down side for the smart drive is its weight. This will have to
be discussed with my client but it may be ok due to the shear
amazing performance of the smart drive.

What I have learned?

~ From my research, the smart drive is a three-phase A.C highly
efficient alternator. The smart drive consists of a copper stator
which is fixed and a magnetic hub which raps around the end of
the stator and is lined with large square magnets on its inside
edge. From research, the thing that is very voltage restricting in
generators is the internal resistance. I have found out that there
is actually a company, which specialises in making energy
producing devices and for some of their wind turbines they
actually use the smart drive. They believe that the smart drive is
good for a generator due to its large amount of coils, which I
found out when I did my tests, but for it to be even more suitable
for wind turbine use, you need to rewire it to lower its internal
resistance. I will now have to consult with my client, show him
what I have found out from my research and see what he wants
to do.

Test results

RPM VOLTAGE
70 213
200 66.5
220 732
270 88
360 121.8




~ From the results, it is definitely 100% clear that the smart
drive is perfect in performance for what my client wants as it
produces nearly 70 Volts at as little as 200 R.P.M which is ideal.
The down side for the smart drive is its weight. This will have to
be discussed with my client but it may be ok due to the shear
amazing performance of the smart drive.

What I have learned?

~ From my research, the smart drive is a three-phase A.C highly
efficient alternator. The smart drive consists of a copper stator
which is fixed and a magnetic hub which raps around the end of
the stator and is lined with large square magnets on its inside
edge. From research, the thing that is very voltage restricting in
generators is the internal resistance. I have found out that there
is actually a company, which specialises in making energy
producing devices and for some of their wind turbines they
actually use the smart drive. They believe that the smart drive is
good for a generator due to its large amount of coils, which I
found out when I did my tests, but for it to be even more suitable
for wind turbine use, you need to rewire it to lower its internal
resistance. I will now have to consult with my client, show him
what I have found out from my research and see what he wants
to do.
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Evidence of ongoing client
interaction. This also supports the
identified key factors.

Client consultation
E%]ecause of my findings from my motor/generator research, [
need to now consult with my client as the smart drive will fulfil
his power requirements (so long as wind is blowing) but it
weighs 4-6 kg which is half of the given weight specification
and that is only the generator part, with still quite a lot more
components to come.

Consultation with client

1) Your specification for the weight of the whole wind turbine
when packed into the container is 10 kg. I have found the
lightest and most efficient generator, which fits the budget, and
power requirements but not the weight specification. It weighs
nearly half the weight specification for the entire device. Do you
have any comments or suggestions for where you would like me
to continue from here?
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Explanation of why the outcome

Generator decision  addresses the problem.

~%Jrom my last consultation with my client, I found out that I
could use the smart drive as the generator in my clients wind
turbine. I will now continue the design of this device using the
smart drive.

The weight limit

~ The weight limit looks like it is going to be an issue for this
project, but with some careful planning and design | feel that I
will be able to overcome it. As my client is concerned with the
overall weight, he did still have the ability to allow some more
weight for the overall device. He wants to be able to carry the
whole thing in its container with no more that two people. I did
a test to see what the max weight limit two people could carry
comfortably for about three hundred metres. Considering that
my client said that he would be setting the turbine up never
more than a couple hundred metres away from the vehicle, I feel
that this test was a fair conclusion to go on.




These images show the weight that I
used in my lifting and carrying
experiment. The bottom picture shows
the scale reading when all the masses
that we lifted and carrying were on the
scale.
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Client consultation

As we have decided to use the smart drive as the generator and you have
allowed for the increased weight limit. I have found a number of
methods, which I plan to use to make the motor/generator more efficient
my means of rewiring and reshaping the stator finger heads.

My proposal is that this is necessary to make the weight/power output
ratio better, are you comfortable with this or would you rather I left the
motor as it is?




Decogging the smart drive

So now that I have, with client
consultation and approval as
well as a change in brief, this
smart drive was chosen to be
the generator in my clients
wind turbine. This was due to
the fact that it is a
motor/generator that will
produce my clients power
requirements whilst camping
and also because it has and
extremely good
weight/efficiency ratio. After
running it also past one
technologist who has guided
me during this project, he
agrees that this is exactly the
right generator to use. He also
said that for a wind turbine to
be as good as possible, it must
have a low cut in speed, which
is the speed at which it starts
producing usable power. And
for it to do this at as lower wind
speed as possible it should be
as easy to turn as possible. The
smart drive has quite bad
cogging, which is the resistive
‘bumpy” feeling felt when the
motor spins. In order to reduce
this cogging affect, you need to
‘decog’ the smart drive. This
done by filling each coil head
so that it has curved edges. This
takes the corner of the steel and
therefore makes the magnet
pass between boundaries of
each coil a lot more softly. It
means that the magnet has less
‘grab’ on each steel head when
it passes past all of them. This
results in an overall loss of
EMF of about3-4 volts which is
absolutely acceptable
considering the start up force
required to get the motor
turning is reduced by 50 %.
Methods to do this are by using
a power file which would
remove material quickly but I
do not have one and they are
expensive so I did the same
thing by hand with a had file.



Decogging my client’s smart drive

This is the smart drive
that I got for my clients
wind turbine. This is
before it was decogged.

This is the completely |
decogged smart drive.

This is when I filed down all the
comers of the heads on the fingers
filled with copper wire.




Rewiring the smart drive

Tools needed

Reconnecting a Smart Drive Stator

Toals you will need to reconpeet your Smart Drive Unit

Gas wrch {10 burn of insulating lacquer), sclection of insulaed wires (up o ferent coloues).
insulating heat shrink twbing (1o insulate joins), side cuticrs, good quality wire strippers, sirip joiner.
screwdriver, hoi-glue gun, solder and soldering iron.

Star and Delta Connections
Smart drive motors are wound with three phases, you will notice 6 connections on a Smast Drive stator
these are the two ends of each phase.

caders will be unasware of the hat 3-phase motors and be
o, theses are commonly referred o as Star or Delta, How the unit i conpested has a
bearing on the aperating pe T the unit have
1w operating points. Thess configurations are illustrated below. The copper windings that make up cach
phase {14 fingers on a Smant Drive stator) are illusirated below in the Star and Delta configuration. All
Smaf Drives as connected in Fisher & Paykel washing machines are connected in Star. This point is easy
10 identify as a 3-pronged brass clip formis the siar point as shown below.

Ma

Now that I have decogged the
smart drive, [ want to increase
the amount of current that the
generator can push through the
circuit at any one time. (And
therefore also the power output
for each kg of weight will also
be increased. The more efficient
I can make this generator
without adding any extra weight,
the better) To do this I need to
decrease he internal resistance of
the motor, which is done by
rewiring the motor in a special
way. Ecoinovation is a company
in New Zealand that has done
testing on the affects on the
power output by wiring it
differently. I was able to buy a
book with many tables in it on
power output curves for each
way of rewiring the smart drive.
You can get smart drives with
different wire thicknesses and
the first smart drive that I was
able to get, lucky enough had
the correct wire thickness to be
able to produce the best amount
of power with reference to my
clients specifications. The smart
drive that I had, had, from
research, the best wire thickness
for wind turbine applications.
The following pages show
different ways to rewire a smart
drive, with different results and
there is also a graph showing the
way that I am going to rewire
my client’s smart drive with
reasons for this choice. The first
graph should agree with the
voltage tests that I collected
when I did the smart drive test
on the lathe. These results are
different to mine as they show
the power output and not the
EMF (electromotive force of
generator).




At the moment, the smart drive that I have is wired
in series, has wire thickness of 80 mm and is wire
in three-phase star. Which is exactly the same as
this first graph

Test Result Detailed Graphs

Diamond markers Power (Watis), Square markers Efficiency (%)

80S Stator — 12 volt

B80S - 12V - Star

Output Power

This graph 80S - 12V - Delta
shows a
motor
similar to
mine
except
wired in *
three-phase |
delta and
as you can
see, the
affect on
output
power is
minimal is
minimal.

Output Power
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This graph shows a smart drive, with 80mm copper wire thickness,
wired with a mixture of series and parallel and connected in three-
phase star
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This graph shows a smart drive, with 80mm copper wire thickness,
wired with a mixture of series and parallel and connected in three-
phase delta

If you wire the
your 80mm copper
wire smart drive in
this SP format, you
have the chose to
make it delta or
stare by just simply
rearranging the
output wires. This
is great because as
yo can easily see
from the graph,
delta is good for
higher winds as it
can reach a much
higher max output
but does not start
charging until the
r.p.m is over 200
which is high but
certainly in the
wind turbine range.
The advantage of
star is that it will
start producing
power at a much
lower r.p.m but
high-speed