Everett Russell

One of Everett Russell’'s two home-built wind generators with a 14 foot rotor diameter.

have been building windmills since

1937. These windmills are strong and

practical. Unlike many others, mine
are built from scratch. Some people say
building windmills from scratch is not
practical. | disagree. | believe my
machines are not only practical, they’re
rugged, they continue to serve me well,
and they have passed the test of time.
Right now | have two working windmills—both 14 feet
(4.3 m) in diameter and about 500 pounds (225 kg)
each. They both generate at 120 volts. One puts out 10
amps, and the other generates 20 amps, at about 225
rpm in a 20 mph (9 m/s) wind. The alternator that puts
out the 20 amps is a larger alternator; its rotor is 4-1/2
inches (11 cm) long. The 10 amp alternator rotor is 3-
1/2 inches (9 cm) long and it has a smaller diameter as

well. The total cost of each machine is less than
US$500.

The windmills power the machine shop where my
approach to windpower continues to evolve. They also
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run a variety of yard and garden equipment such as an
electric lawnmower, chainsaw, and power tools. My
wind power system is separate from the utility grid. |
use standard utility service in my house.

'l Tail position for
" shutdown

i
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The system is 120 volts DC. | have
several strings of ten 12 volt
batteries, salvaged from a junkyard.
Many shop tools will run on 120
volts DC as well as AC, like drills,
lawnmowers, light bulbs, grinders,
electric saws, etc. My lathe,
however, has two 40 V shunt-wound
DC motors in series. | can drill holes
all day in the shop without wind,
using the energy in the batteries.
But to work on the lathe, it is best to
wait for a windy day. | can’t use this
system directly in my home because
many of the appliances run only on
AC—refrigerators, VCRs, TVs, and
other things. But no inverter is
needed for my shop tools.

My system for working on my
windmills is a bit unusual. | climb to
my 46 foot (14 m) windmill platform
by a series of very secure stairways
and ladders. Once | reach the top platform, there is one
final ladder to climb. This last ladder is mounted on the
main frame of the windmill itself. When the windmill
turns into the wind, the top ladder pivots right along with
it.

Built From Scratch
When | say my windmills are built from scratch, | mean
it. They can be put together with material found in most
any junkyard. Among the scrap
metal parts that I've recycled to
fabricate my present system are 4
inch (10 cm) channel iron, angle
iron, pipe, and about 15 inches (38
cm) of the rear axle housing of a
car. | use my 16 inch (40 cm) lathe
to machine the taper into the extra
10 inches (25 cm) of axle (propeller
shaft) to fit a Jacobs governor. | also
thread the end of this shaft so the
governor can be bolted in place.

Mounting Detail

Axle tapered to fit o
Jacobs governor

3inch angle iron
2 feet long

The Jacobs governor governs at a
certain speed whether it is loaded or
not. If the alternator stops working,
the machine is still protected from
overspeed. This governor system is
similar to a flyball governor, but the
blades take the place of the flyballs.
They move outward against three
strong springs, and at the same time
they turn, giving more pitch and
slowing the prop. The prop can’t

Home-Built Wind

Looking up from below: the genny’s tail structure is folded to the side.

turn faster than 225 rpm. Tom Hill has Jacobs governor
and blade plans that he sells for US$12.50.

I manufactured my own slow-speed alternator from
plans | found in Alternative Sources of Energy
magazine, volume #38. The alternator is made from a
large three-phase induction motor (10 to 15 hp). A lot of
machine work is involved. The stator has to be rewound
for the voltage and speed you want. It has a wound

. - Weld 11/2 inch pipe
to 2 inch pipe

18 inch
driver pulley

Taill —— =

1 —___ 4inch channel
iron main frame

fastened to steel tower

¥ —__ Turntable bearing
not shown

7

21/2 inch pipe

! \ ".
. . t \ Extend 2 inch pipe
Weld 1%/2 inch pipe below 21/2 inch pipe

to 2 inch pipe for slip rings to 2 inch
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Home-Built Wind

The top ladder section is affixed to the genny and yaws with it.

field, so it has sliprings and brushes. The brushes and
sliprings are where | have had the most trouble.

| use a Jacobs-type shutoff. Pulling on a rope from the
ground pulls the tail perpendicular to the blades so the
prop faces into the wind. The rope is fastened to a cleat
at the bottom of the tower. When the rope is unfastened
from the cleat, a spring pulls the tail back 90 degrees so
it is parallel with the blades. The blades are then
edgewise to the wind, and the machine is shut down.
There has to be tension on the rope to keep the
machine running. If the rope breaks, the tail will swing
back to the off position.

The cut end of the axle is bearing mounted and attached
to an 18 inch drive pulley. The bearing housing is
mounted with U-bolts to the bird’s frame.

4' _“

| use an 18 inch (46 cm) driver V-
pulley on the propeller shaft. On the
machine with the larger alternator,
there’s a 4 inch (10 cm) V-pulley on
the alternator, which speeds the
alternator up 4-1/2 times. The
machine with the smaller alternator
has a 3-3/8 inch pulley because of
the machine’s higher cut-in speed. |
also manufacture the Jacobs
governor and blades, but they could
be bought, or a fixed blade, side-
facing prop could be used.

Machining the Parts

The main frame is made of materials
from a salvage yard, such as
channel iron, pipe, and angle iron. |
don’'t have a steel tower. | have a 45
foot (14 m) center wood post with a
2-1/2 inch pipe bolted to the side
with U-bolts. | am not happy with it,
since more pipe is needed and it's difficult to use
sliprings. But | couldn’t afford an all-steel tower.

Inside the 2-1/2 inch pipe, | use a length of 2 inch with
1-1/2 inch pipe inside that, cut longer than the 2 inch
pipe and welded together at the ends. These two pipes
are the yaw pipes. Then two lengths of 4 inch channel
iron are welded to a 4 inch length of 2-1/2 inch pipe. By
using four bolts, the channel iron is clamped to the 2
inch pipe with 1-1/2 inch pipe inside of the 2 inch pipe.
Then another pair of pieces of 4 inch channel iron
above the first two are also clamped to the 2 inch yaw

pipe.

The other end of the axle is also bearing mounted and U-
bolted. A short section of axle is machined to a taper that
will accept a Jacobs governor.
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Detail of the underside of the drive shaft mounting.
The furled tail is visible in the background.

Two more 4 inch (10 cm) pieces of channel iron are cut
shorter, with two pieces of 3 inch (7.6 cm) angle iron
bolted across them for the pillow blocks to sit on. These
hold up about 15 inches (38 cm) or longer of the rear
axle housing from a rear wheel drive car. It has to be
the ball bearing type. This gives me a very rugged
thrust bearing (wheel bearing), since it often goes the
life of a car—like 150,000 miles. The housing is soft
and can be cut off 15 inches or longer with a pipe cultter.

That end of the housing has to have a bearing, which
has to be fitted, and the axle must be cut off at least 4
inches (10 cm) beyond the bearing. This is where the
driver pulley goes. On the other end (where the wheel
of the car used to go), fasten an extra length of axle cut
about 10 inches (25 cm) long, which can be tapered for
the Jacobs governor. To make the taper for the Jacobs
governor, machine 1-1/4 inches to the foot (3 cm per 30
cm) about 3 degrees on each side of the lathe center
line.

To fasten the extra length of the axle (10 inches long or
longer) to the length of the axle in the housing, you will
need to drive out the studs in both flanges and use 1/2
inch (13 mm) plate in between. Drill the same number
of holes in the plate as in the flanges, and bore out the
center of the 1/2 inch plate to just fit the little hubs
where the car wheel went. Then bolt the two flanges
together. This is simplified, but a machinist should be
able to understand this description.

With the housing bolted down with U-bolts (9/16 inch
(14 mm) diam.) to 3 inch (7.6 cm) angle iron with pillow

Home-Built Wind

Jacobs Prop Speed vs. Alternator Speed

Alternator rpm
For 4 inch Pulley For 3-3/8 inch Pulley

Prop rpm (1 to 4.5 ratio) (1 to 5.3 ratio)
100 * 450 533
120 540 640
150 585 800
200 900 1,067
225 ** 1,013 1,200
*10 mph wind

**20 mph wind

blocks between, you have a very solid machine. If you
don't want a flyball governor and want to use a side-
facing governor, you wouldn’t need the short 10 inch
axle. You could bolt the fixed blades directly to a plate
which could be bolted on the long axle, the same as in
a car. By the way, the backing plate is not needed, so
cut it off, but leave the part between the end of the
housing and the bearing retainer.

Bearings

A wheel bearing from a car is now a propeller shaft
bearing. When about 15 inches (38 cm) of the housing
is cut off, you have a bearing fitted in the housing
already. This bearing has to be a ball bearing type—
roller bearings won't do. A ball bearing is needed to
take the thrust. On the other end of the housing, a ball
bearing has to be fitted. Also, the axle has to extend out
from the housing about 4 inches (10 cm) for the driver
pulley to be mounted.

For the yaw bearing, | fitted a tapered roller bearing
from a 1-1/2 ton truck at the top end of the 2-1/2 inch
pipe (which is fixed in the tower).
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Home-Built Wind

Main Frame Assembly: Top View
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Lifelong Passion

Back in the ‘30s when | first got interested in wind
power, my father was not very happy about it. | was just
a teenager at the time, and wanted to buy some
windmill plans. The price of the plans had been marked
down from $2.50 to $1. My father insisted that it was
still way too much money to spend on such a thing.

Author Everett Russell: designer and builder.
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Main Frame Assembly: Side View
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Channel iron B
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But | went ahead and ordered the plans from J. Leo
Ahart in Dow City, lowa. Ahart was a contemporary of
Duncan, editor of the classic Autopower. | have the
original 1937 copy of Practical Electric Magazine in
which | found the ad for the windmill plans.

My father was quite angry with me for spending a dollar
that way. But the wind power bug had caught me. It
wasn’t long after this that | had a
windmill down by the shore
generating electricity to light a small
cottage we had there. Over sixty
years later, I'm still excited about
tapping the power of the wind.

Access

Author: Everett Russell, 90
Wadsworth Point Rd., Friendship,
ME 04547

Tom Hill, 149 Sunset Hill Rd.,
Boyertown, PA 19512
610-367-7210 * Jacobs governors,
blades, and plans
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TOTAL ENERGIE

Welcometo TOTAL ENERGIE'’s new products

www.simpler solar.com/total-ener gie/ t

Water Pumping Solar Refrigerators

L ogic L ant . .
R LEASING

Solar Refrigerators

Water Pumping

Leasing Options DEALERS
Dealer Application

3118 West Thar pe Street
Tallahassee, FL 32303

1-800-CITY-SUN "rasies:”

Logic Lantern 800-248-9786 al @total-ener gieusa.com

“HANZI” Chinese Diesdl

China Diesel Generators
Water Cooling, Electric Start, 1800 rpm, 115V / 230V, 60 Hz,
OneYear Warranty.

3 kw $1575

7.5 kw $2795

10 kw $2995

15 kw $4295
Includes Spare Parts Kit,
Tools, & Free Shipping.

China Diesdl Tractors

4-Wheel Drive, Power Steering, Roll Bar, Double Stage Clutch,

& Front L oader. .

1 r 25HP, 30 HR, & 50 HP.
g Options: Front Loader

Backhoe, Cab Turf Tires,

& Implements.

Beautiul hand selected cedar, still water and
a penibe warming fine in yaur Snorkel stove are
all you'll nead 10 enjoy o relaxing sook, gazing
at the avening stars in your Sneckel Hat tul,

Afferdable hol tubbing can becoms an every

) ) night pleasura, Once you have your ub,,. the
Call now to place your order, or for moreinformation evening siars are froe!

Newinli International, Inc. o= FREE <o

13445 YorbaAve., Chino, CA 91710 snﬂ'rk E, ﬂf tu.bs

Toll Free: 1-877-NEWINLI (1-877-639-4654)

www. di esel powerequipment.com « newinli @aol.com 4216 Bth Avere 5. Seaftle, WA 95108
DistributorsWanted Bﬂﬂ-BEE-EEDB W, IOV, DT

Home Power #79 « October / November 2000 5 1



* Inverters and more ‘
Equipment, communi-
cation, engineering
and service

+ Trend setting system

technology for over 15
years

* More than 50 MW of
total installed inverter
power

UL Listed Product
Sunny Boy 2500
available soon!

Sunny Family

SMA, the leading inverter company in Europe - Now available in the US!

* Sunny Boy
grid connected String
i Inverter 700 - 2500W

® Sunny Island
Sine wave battery
inverters for island

grids

 Sunny Central
large scale PV
inverters for plants with
20 kW up to several
MW

* Sunny Boy Control
for enhanced PV-plant
moniforing

LMY America, Inc., John S. Berdner

20830 Red Dog Road, Grass Valley, CA 95945
Phone: 530.273.4895 Fax: 530.274.7271
e-mail: berdner @sma-america.com

YA,
Advanced System Technology for ‘:’ 'A
A /

the Successful Photovoltaic Future

www.SMA . de

BE PART OF THE SOLUTION

Foopand your knowledge of the rechnical, economss and
olicy sspeom of renswabde energy wind Wi vin the imeermer,
aolicy sspecm of renswalde energy with smidy vio the mtermer

B J_r e e Murdoch Universiry affers o
F i andngides il frnlead e ol qualifications moloding:
| - = Prsiprachuare Cemificare in
Energy Studies {1 semester)
s Poagracuate Deplonas
{1 Fall yiar)
= Master of Science
Renewable Energy (1 vears)
* Wesearch Degress in
Benewable Energy
* Professonal Development

Liirses

el ]

Smudy B available emmirely vin the internet enabling
vt complene these programs pan-ame or foll-
tibe without ever |l.|.'|.'|J||:-; by attetnd the -...iI1IF'".I.‘\.!

For intormation showt Energy Smdies visit oor sehsne
wwnw.ocre.murdoch.edu.ou/educotion
[EIR NI ATS
Protessot Fhatip lenmings
Surdoch University, Perth, Western Austradia & 154
Phi+61 B 92360 2433 Fax 461 B 9310 1711

Eiiail jEmni i ||_|I-l:l' sore e rdosch, col . i

rr r ] ' Providing everything

r O D I"P O r ( O'\/l from remote house

= N —_ )N e s .

power to utility intertie

r ( r U\ systems.

I:' 0 E“‘Jr Complete systems:
PPN Solar power sheds that

Bulders

are fully equipped for
power on delivery.

Many sustainable & eco
friendly building & home
products.

Specializing in the
designing, consulting,
and building of passive
solar, energy efficient,
sustainable buildings
including adobe, straw-
bale, R-control, foam-
form systems, and more.

Consulting for green
buildings, subdivisions,

intentional communities,
& eco-villages.

""—. =

call: 1-800-YY-GREEN

ecodepot.com ¢ ecobuilders.com ¢ ecoenergyhomes.com
We donate 3% of after tax profits to various environmental and humanitarian causes. Ask us.
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Specializing in

COMPLETE
systems design

Solar Electric, Heating,
Water, & Appliances
Including complete CAD
design services

We can supply everything you need to be off-grid...
inverters to modules to batteries, including your kitchen stove.

All the best brands...
TRACE ¢ KYOCERA
APT ¢ BUDERUS
THERMOMAX
WATTSUN
SOLARJACK ¢ IBE
PEERLESS-PREMIER

irsce

2% KYOCERT

KYOCERA SOLAR, INC.

P.O. Box 340, 262 Badger Road |PP
Ennis, MT 59729 MEMBER

Ph 406-682-5646 * Fx 406-682-5644

Free Catalo,
e ¢
Power Readersoif (l)/'gfel

* PWM BATTERY
CHARGING

Morningstar controllers
are distributed worldwide.
Contact your local solar
distributor or Morningstar
for complete product
information.

1098 Washington Crossing Rd. « Phone: 215-321-4457
Wiashington Crossing, PA 18977 USA e Fax: 215-321-4458
Website: www.morningstarcorp.com

4, rue Tony Neuman o Tel: (352) 46 37 57

L-2241 Luxembourg e Fax: (352) 46 37 58
email: morningstarEU@compuserve.com

Now Shipping...
THE NEW $-460

AGRED. o3

F1SOR
9002
v

* Replaces the CH-375

* 460 AH (100 hour rate),
350 AH (20 hour rate)

* 1,300 plus cycles at 50% DOD

Surrette Battery
Company, Ltd.

* Enhanced grid design

* Increased active material density
 Available wet or dry charged
e 7 year warranty

800-681-9914

sales@rolisbattery.com

Battery Engineering
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REcycled Art

Peter Jones

©2000 Peter Jones

hat started off
as an interest in wind

energy several years ago turned
into an obsession that has never left

54

me. And like many

obsessions, by its very nature it
tends to be evangelical. So whenever
possible I try to spread the word!
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The Funky Windmill is a kinetic sculpture made of
recycled parts. It uses wind energy to light up the LEDs
on the windmill—a good demonstration of recycling and
renewable energy. In itself, it serves no useful purpose
other than as a garden ornament that looks really good
in the dark. But | hope that it will act as a catalyst for
youngsters, and kindle an interest in renewable energy
and recycling.

The project | describe here is made of recycled parts,
with the exception of the blue and white LEDs, which |
was unable to source from old equipment, and (sadly)
had to buy new!

Details of the construction are kept to a minimum, since
actual building will depend upon what materials are
available. The windmill is built around a stepper motor
from a computer disk drive attached to an automotive
cooling fan. There must be tens of thousands of old
hard disk drives and 5-1/4 inch floppy disk drives
knocking about. These contain beautifully engineered
stepper motors that are ideal for use as small AC
generators. (The steppers used in 3-1/2 inch drive units
are too small to be of any use.)

Cooling fans from automobiles are readily available
from car breakers’ yards (junkyards). Most European
cars built in the last ten to fifteen years use electric
cooling fans, so | guess the same must go for North
American vehicles. These are ideal for the job.

Theory of Operation

Stepper motors are built to a very high degree of
precision, and are generally overengineered. Many
have shaft bearings of the size used on skateboard
wheels! They generally consist of a series of radial coils
wound on formers with metal or ferrite cores, and have
a multi-pole magnet fitted to the rotating shaft. Impulses
fed to the coils will cause the magnet to rotate in steps
of anything from 1.8 to about 8 degrees, depending
upon the design.

When the shaft is turned, the rotating magnet induces
an electric current in the coils, and it behaves like an
AC generator. Coil configuration varies from type to
type, but the most common ones have four wires
coming from two sets of coils. Some have six wires
where the two sets of coils are centre tapped. The
windings can be identified by using a continuity tester. If
you don’t have a tester, you can identify them by trial
and error using an LED and twisting the shaft of the
motor back and forth.

Motors with small steps will give the best type of display
on the windmill. Being AC generators, they will cause
the LEDs to strobe, giving the effect of a series of
coloured dots as the blades rotate. The smaller the
steps on the motor, the closer together the dots will be.

REcycled Art

In a conventional windmill, the generator would be
fixed, and the rotating blades fitted to the shaft. But in
this design, the stepper motor is fixed to the rotating
fan, and the shatft fitted to the body of the windmill. This
is done so that the electricity generated can be fed
directly to the coloured LEDs on the blades of the fan.

Fan Selection

Vehicle cooling fans come in a multitude of sizes and
designs, with as few as four or as many as fifteen
blades. The blade design will generally be that of an
aerofoil, so it is important that the flat or concave side
of the blades face the wind. However, because the
fans are designed to be driven by a motor, you'll find
that when they’re blown, the direction of rotation is
wrong for the aerofoil, and the thin edge of the blade
leads.

In a proper wind generator, this would be very
inefficient, but it presents no great problem here. In fact,
it tends to limit the upper rotational speed, protecting
the LEDs. | have constructed several units using
different types of fans and stepper motors, and they all
rotate happily in a gentle breeze.

Electronic Connections

The construction shown in this article uses a stepper
motor with two independent sets of coils. The motor
generates AC when it’s spun, and the output from
each colil set is constantly changing in polarity. LEDs
have an anode and cathode, so when used on direct
current (DC), it is important that they are connected
the correct way ‘round. When connected to an
alternating current (AC) source, they will strobe at the
frequency of the generator, no matter which way they
are connected.

Left: Funky Windmill at dusk.
Below: Schematic.

Stepper motor
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From left to right: Testing the stepper motor with LEDs. Fitting the windmill’s shaft onto the motor. Installing the stepper
motor inside the fan. Shaft attached to the fan, and facing the right direction.

If two LEDs are connected back-to-back to an
alternating current source, one will be on when the
other is off, and vice versa. So with a stepper motor
having two coil sets (four wires), it's possible to use four
LEDs (see diagram). If a six-wire (effectively a four-cail
set) stepper is used, eight LEDs can be driven.

| used no current limiting resistances or reverse polarity
protection diodes, and | was a little worried at first that
at high wind speeds the LEDs would blow. But despite
some pretty strong winds, all's been well so far!

Construction
Very few parts are needed for construction. They are:

* Fan

o Stepper motor

» Metal rod or tube for main body
» Yaw bearing

* Tall

» LEDs

The windmill is built from recycled materials, so the
exact construction will of course depend upon which
bits and pieces are available, and what type of tools are
to be used. The sort of person who would be interested
in making one of these things will probably have a shed
or basement full of junk just ready to be utilised.

No specialized tools are required, though a hot melt
glue gun will make life a lot easier when it comes to
sticking down wires and fixing the stepper to the fan.
But two part epoxy will do the job just as well, if not
perhaps as quickly. Access to a small electric welder is
always useful when it comes to fabricating metalwork,
but again it is by no means essential.

The simplest way to attach the stepper to the fan is just
to glue or bolt it to the reverse side (facing away from
the wind). This will depend upon the design of the fan.
Some have a flat disk at their centre, while others have
a convex moulding at one side with a recess at the
other. Gluing the motor to the reverse side leaves the

motor exposed to the weather, requiring regular
greasing to prevent water getting at the innards.

My preferred method is to install the stepper inside the
centre boss of the fan (see photo), with the shaft poking
out of the back. If this method is used, check that the
fan will be facing in the correct direction. Some vehicle
cooling fans blow through the radiator from the outside,
while others suck air into the engine compartment, so
the recess can face in either direction.

Whichever way the stepper is fitted, try to get it as
central as possible to reduce any vibration, which will
be inevitable if it's eccentric. The shaft of the motor has
to be fixed to the body of the windmill. Motor shafts vary
in size, and there is usually a stainless steel cylinder
about half an inch (13 mm) in diameter fitted to the
shaft. I've found that a length of steel tube about
eighteen inches (46 cm) long is the easiest thing to
attach to the shaft, either by welding, or as a sleeve that
can be drilled and held with a set screw.

A tail is needed at the back of the metal tube to ensure
that the fan faces into the wind. A piece of aluminium,
mild steel, or plastic can be screwed, welded, or fitted
with brackets. | used a piece of steel from an old
external hard disk case from an Apple computer. The
shape is not important, but the tail should be about six
inches (15 cm) high.

Once the tail has been fitted, find the balance point
along the body. This will be the best point to support the
windmill, and some sort of yaw bearing will be needed.
An old bicycle wheel hub makes an excellent bearing.
The spindle can be fixed directly onto the body of the
windmill, and the hub clamped onto the supporting pole.
Grease the bearings well before fitting. It's also
worthwhile to put a plastic cover at the top of the hub to
keep rain out of the bearings.

Light It Up!

To fit the LEDs onto the fan, drill holes through the
blades and push the LEDs through from the back.
Most fans are made from a flexible type of plastic, so
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a good tight push fit can be achieved. It's better to
avoid imbalance by distributing the LEDs around the
fan, rather than fitting them all to one blade. The wires
on the stepper will not be long enough to feed out to
the blades, so they will have to be extended. Wires
can be run down the back of the blades and taken to
the stepper through small holes, which can be sealed
with glue.

All connections should be soldered, and care must be
taken while soldering the LEDs not to overheat them.
Holding the leads with a small pair of pliers to act as a
heat sink will prevent this. | used red, green, blue, and
white LEDs. The red and green ones came from old
bike lights. The blue and white ones are hard to find in
old equipment, since they've not been available for too
long and are still relatively expensive compared to the
red ones. Hyper-bright types will give a much better
effect than those of low-intensity LEDs.

REcycled Art

| finished off the front of the fan by gluing on a slice of
plastic cut from an old, floating ball valve. A plastic lid
from a container would have been just as good. Paint
all the metalwork to prevent rusting, and the job’s
finished. Now whatever the weather forecast may say,
whenever you build a windmill, you can guarantee that
you're in for a week of still weather, staring at it while
waiting for something to happen!

The effect is certainly worth waiting for, and it makes a
great kinetic sculpture for the garden, doubles up as a
weather vane, and can be built for next to nothing out of
junk!

Access
Peter Jones, 2 Highcliffe Drive, Sheffield, England S11
7LU ¢ 44(0)1142303704 » GAGRI@hotmail.com

The Funky Windmill—built with (mostly) recycled parts—assembled, painted, and awaiting action.
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Our website has free information on "Using a battery
monitor to help maintain your battery system, conserve
energy and troubleshoot problems.”  The TriMetric TM-2020

For beyinning or infermediate level, our website
explains the basics of "volts", "amps”, and "amp-hours"
for people who are new to electricity. We have
information on maintaining your batteries and hints on
mMinimizing your generator usage. The website also
describes how the TriMetric measures the energy
content of your batteries. We list complete TriMetric
instructions, information on shunts, and trouble-
shooting meter installation problems. Some files are in
"Adobe Acrobat" format. Or mail us S1 for postaye
and we'll send it to you the old fashioned way!

BOGART ENGINEERING 1o oo vom men o 10 o on

19020 Two Bar Road, Boulder Creek, CA 95006 amp-hours), battery lifetime total amp-hours,
highest and lowest battery voltage, days since
(83 ] ) 338'06 ] 6 fully charged, and days since equalized. Mounts
- . in standard "double gany" box (optional).
WWW. bqurfenglneerlng .Ccom Under $200 including shunt.

Wind & Sun

Serving customers around the world for over 20 years

Partial list of manufacturers
Astropower - Unisolar - Kyocera - Solarjack & Sunrise submersible pumps - Thin-Lite - Concorde AGM batteries - Siemens - Two Seas Mounts - Solarex
Crown batteries - Rolls-Surrette hatteries - Trace - Statpower - Morningstar - BP Solar - Shurflo pumps - Exelfech - TriMetric - Zomeworks
Southwest Windpower - Solar Converters Inc. - Heliotrope - Delta Lightning arrestors - Dankoff solar pumps - Invertrix — and many others.

Check our new online webstore at www.solar-electric.com for these and many other specials.

Siemens SP75 - 75 watts, 25 year warranty: $365 each for box of 2 or more Trace DR3624 3600 watt modified sine wave inverter: $1139
Kyocera KC120 - 120 watts, 20 year warranty: $579 each Trace DR2424 or DR2412 2400 watt modified sine wave inverter: $995
Unisolar US64 - 64 watt thin film triple junction: $289 each Kyocera KC80, 80watt, 20 year warranty, $379
Trace SW4024 or SW4048 4kw sine wave inverter: $2350 BP Solar BP75, 75 watt, 20 year warranty, $369

All trace SW power panel systems on sale — up to 30% off!

Prices do not include shipping. We accept all major credit cards. All items may be ordered any time, any day from our online store.
Get our set of 3 - Catalog, Solar Design Guide, and Solar Water Pumping Guide for only $7.50 postpaid.
See our online catalog and complete guides to solar at www.windsun.com
www.solar-electric.com (online store)

Northern Arizona Wind & Sun, Inc.

Phoenix, AZ 2725 E Lakin Dr., Flagstaff, AZ 86004
888 881-6464 - Fax: 623 872-9215 800 383-0195 - 520 526-8017 - Fax: 520 527-0729
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No Power Lines!
No Power Bills!

The Solar Village
Institute, Inc. can
put in areliable
professional-
quality power
system to

meet your needs
and fit your
lifestyle. -

- = "I
Call us to findout more, =
4 _—
(800)5_5]-»@*—‘;5{-’6 or (335) 37

Visit oury

Need a High Efficiency Refrigerator
for a Harsh Climate?

SUN FROST

P.O. Box 1101, Arcata, CA 95518-1101
Phone: 707-822-9095 ¢ Fax: 707-822-6213 » www.sunfrost.com

Renewable Energy & Sustainable Living Workshops

Summer/Fall Workshop Schedule % |2

Window Quilts, Custer, WI ...... ...ttt iieinrnnennnannnnns September 23
Solar Hot Water Systems, Newberg, WI .........ccooooviiiiiiiiia.. September 30
Stand Alone PV & Wind Systems, Ashland, WI ........................... October 7
Commercial Applications of RE, Ashland, WI .....................couue. October 8
Basic Photovoltaics, Madison, WI ..............ciitiiiiiiiiinnenennnnnn. October 21
Intermediate Photovoltaics, Madison, WI ......................ccccuien... October 22
Masonry Stoves, Custer, WL ......... ... i,
Intro to Solar Hot Water Systems, Custer, WI .......................... November 11
Wind / PV Hybrids, Custer, WI ...........oiiiiiiiiiiiiiiiinian... November 18-19
Watch this P, o
coming WOT
for more up he year!
throughout the'Y

Solar
Hot Water

Photovoltaics, Wind, Hydro

Call or write for more information and course descriptions.
Midwest Renewable Energy Association, 7558 Deer Rd., Custer, WI 54423
phone (715) 592-6595 ® fax (715) 592-6596 ®* mreainfo@wi-net.com ¢ www.the-mrea.org
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