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                                              Chronology of Wind-turbine Development.

Period nr. 0       Dutch type,  F. Nansen,  USA  1894

Period nr. 1       La Cour, Denmark  1890 - 1925.  La Cour from Askov in Denmark,          
                           was the pioneer of modern large-scale wind electrical  power generation. -
                           3kW.- 30 kW. [ co-generation systems ].

Period nr. 1.5     Lykkegaard, Denmark  30 - 75 kW. 1920 - 1945.  Series-production period.

Period nr. 2       F.L. Smidth, Denmark [ 60 - 70 kW. with effective gear-box developed from   
                            cement-ovens ], Hütter in Germany, Darrieus in France, Putnam in USA, and  
                            especially, very large-scale mass-production in the USSR.  1930 - 1945. 
                            [ small wind-generators for battery charging, mass-produced in USA ].

Period nr. 2.5     J. Juul, Denmark 1950,  13kW.- 45 kW.

Period nr. 3        J. Juul, 200 kW. Gedser wind-turbine, 1955 - 1967, and from 1977 
                            [ operated under Danish and USA-NASA research contract ]. Plus UK and 
                            West-Germany. [ Gedser was the first modern, reliable wind-turbine ].

Period nr. 4        Re-discovery phase, 1968 - 1978,  USA and Denmark. This phase results 
                            in 2 different development strategies: - Top-down, and Bottom-up.
           
                  a:      Mega turbines;  Tvind-college in Denmark & official Danish state research  
                            program, West-Germany, USA. - [ Development of glass-fiber Tvind-wing ].
           
                 b:      The Riisager wind-turbines from Denmark, 10kW.- 30kW.  
                           These pioneered the development of the cost-effective wind-turbine

Period nr. 5        Large-scale Danish commercial development and production; -  
                            55kW.- 100 kW.  1978 - 1985.

Period nr. 6        150kW.- 225 kW.  1985.

Period nr. 6.5     300 kW.  1991.

Period nr. 7        Large-scale production of cost-effective 500 kW. units,  Denmark 
                            and Germany. 1993.  Development of wind-turbines without gear-box,
                           [ Ring-generator -- Enercon, Germany ]

There is at the present time [ 1997 ] small-scale production in Denmark of Mega-sized 
wind-turbines, [ between 800 kW. and 1.7 MW. ].  However great consideration, must be paid to eventual dis-
economies of scale, maintenance, siteing, etc. etc.

























B:   ENERGY.         #
Solar:
A:  Solenergi. / Sunshine Revolution  [book,  - video also available]. - Harald N. Røstvik, 
      Stavanger, Norway/USA  1991  82-91052-01-8 / 82-91052-03-04 / Video - 82-91052-02-6
B:  Pratical Photovoltaics.  R.J. Komp, Aatec Pub. Ann Arbor Mich. USA  1981/82  0-937948-02-0
C:  Strom aus der Sonne.  Bernhard Krieg, Elektor Verlag Aachen Germany  1992  3-928051-05-9
D:  Sol.tech.3-7723-7792-0/Sol.anlag.3-7723-4452-6/Sol.energ.3-7723-7932-X  B.Hanus, De. 96/97
E:  Thermische Solarnergie.  Müller,  Germany [ De.]  1997  3-7723-4622-7
F:  Compendium in Solar-cookers & Food-dryers.  J. Furze  1996  
1:   SolEnergiCenter Denmark  Tel: +45  43 50 43 50  E-mail - www.solenergi.dk
2:   EDRC-Univ. of Cape Town  S. Africa  E-mails - edrc@engfac.uct.ac.za  cha@engfac.uct.ac.za

Wind:
A:  Forsøgsmøllen Rapport  1-4.  Poul La Cour,  Denmark  1900/1903
B:  Wind Power for Home & Business.  Paul Gipe,  USA  1993  0-930031-64-4       
C:  Wind Power Plants.  Hau,  Germany  1997/98  3-540-57064-0
D:  Windgeneratoren Technik.  Hanus,  Germany  1997  3-7723-4712-6 
E:   Wind-turbine Blade Design and Praxis.  J. Furze,  1993/94
F:   Compendium in Low-cost Wind-mills.  J. Furze,  1993/95

Bio-Mass Energy and Fiber Technology:
1:  a: Danish Energy Agency.  b: Prof. H. Carlsen  Danish Technical University.  
      c: S. Houmøller  E-mail - houmoller@dk-teknik.dk   d: Bio-Raf,  Bornholm  Denmark.  
2:  Prof. H. Stassen, BTG  University of Twente  Netherlands.
3:  Huub J. Gijzen, IHE  Delft University  Netherlands. [University Cali  Columbia]
4:  Prof. T. Reed, Bio-Mass Energy Foundation  Golden Co. USA.  E-m. ReedTB@Compuserve.com
5:  Prof. J.R. Moreira, NEGAWATT  São Paulo  Brazil.
6:  Dr. A. Borroto, CEMA  University of Cienfuegos  Cuba. 
7:  Dr. P.R. Rogue, CETA  University Santa Clara  Cuba.  E-mail - ceta@ucentral.quantum.inf.cu
8:  Prof. R.H. Williams, Center for Energy & Environmental Studies, Princeton University  USA.
A:  Biological Paths to Self-Reliance.  R. E. Anderson,  Sweden/USA  1979  0-442-20329-2
B:  Energie aus Bio-Mass.  Flaig, Mohr.  Germany  1994  3-540-57227-9
C:  Bioenergy for Development.  Woods, Hall.  FAO-Rome  1994  92-5-103449-4

Bio-Gas Energy. - [ Digesters ]:
For Large Systems:              -  Danish Energy Agency. Copenhagen DK  Fax: + 45  3311 4743
For Medium-size Systems:  - "Danish Bio-Energi"  Issue nr. 28/1996 p.10. -  nr. 30/96 p.12. 
                                                    &  nr. 32/97 p.10.  E-mail - biopress@post4.tele.dk  
                                                 -  Prof. H. Stassen, BTG  University of Twente  Netherlands.          
For Small Low-cost Units:   -  Prof. Zhong, Guangzhou Inst. of Geography  China.
[Plastic-bag digesters,           -  University of Agriculture & Forestry, Thu Duc HCM City  Viet Nam,
& Integrated Farming].         <http//ourworld.compuserve.com/homepages/utaf> 
                                                 <100013.3330@compuserve.com>                   
                                                -  Dr. Bo Göhl FSP: E-mail - fspzim@harare.iafrica.com
                                                -  Dr. E. Murgueitio: E-mail - cipav@cali.cetcol.net.co  
                                                -  Prof. Preston: E-mail - thomas.preston%sarec%ifs.plants@ox.ac.uk
                                                -  F. Dolberg: E-mail - frands@po.ia.dk  
                                                -  Prof. G. Chan: E-mail - 100075.3511@compuserve.com 
Wave Power:
1:  Power from the Waves.  D. Ross   Oxford University Press  UK  1997
2:  Erik Skaarup,  Wave Plane Int. Cph. Denmark  Tel: + 45 3917 9833 / Univ.of Cork Ireland.
     See: "Energi & Planlægning"  June 1997 page 10.  E-mail - sunmedia@dk-online.dk 

Water-treatment  Water-pumping - etc.:
1:  Prof. Thomas L. Crisman, University of Florida  Gainesville  Florida  USA 
2:  Prof. P. D. Jenssen, Agricultural University of Norway  E-mail - petter.jenssen@itf.nlh.no
3:  Beth Josephson, Center for Rest. of Waters  Falmouth Ma.  USA  E-mail - bjosephs@mbl.edu
4:  Angus Marland, Watershed Systems Ltd. Edinburgh  Scotland  Fax: +44 [0]31 662 46 78
5:  Alexander Gudimov, Murmansk Marine Biological Inst.  Russia  E-mail - vladimd@fifo.hsf.no
6:  François Gigon, NATURA  Les Reussilles  Switzerland  Fax: +41 [0]32 97 42 25
7:  Carl Etnier, Stensund Ecological Center  Trosa  Sweden  Fax: +46 15 65 32 22
8:  Prof. Ülo Mander, Institute of Geography Univ. of Tartu  Estonia  E-mail - ylo@math.ut.ee
A:  Field Engineering.  F. Longland - [P. Stern, ed.],  UK  1936//93  0-903031-68-X
B:  Mini HydroPower, T. Jiandong et al. UNESCO/John Wiley & Sons  UK  1996  0-471-96264-3  
C: Compendium in Hydraulic Ram-pumps.  J. Furze,  1995

#  NB:  It should be noted that a comprehensive multimedia6 program on renewable energy on 3 CD's, is issued       
             by the Danish Technological Institute.  E-mail - infove@dti.dk 
         -  The Danish branch organization for heat and ventilation:  CD - "Multi-Sol", showing mounting/assembly   
             work  processes for solar-collectors. http://www.vvsu.dk
         -   During 1998, a CD on access to wind-energy info. - should be issued under a common EU project, with 
             as the coordinating Danish partner; - Handelshøjskole in Århus DK.
         -  A CD with a database on Renewable Energy is available from UNESCO-Publishing Paris. 
         -  An energy/development CD-library is available from Belgium. E-mail - humanity@innet.be                             
            http://www.oneworld.org/globalprojects/humcdrom 
Plus:
         - Rainbow Power Company Catalogue,  Ninbin NSW 2480 Australia.  Fax: + 61  66 89 11 09.
         - Catalogue from Real Goods Co.  Ukiah CA 95482-3471 USA.  Fax: + 1  707 468 94 86  
            E-mail - realgood@well.sf.ca.us
          - Home Power Journal,  Post-box 520  Ashland OR 97520 USA.  Fax: + 1  916 475 3179. 
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WARNING: ! 
CHOKING HAZARD - Small 
parts, wire. Not for children under 
4 years. 

PicoTurbine Deluxe 
Windmill Plans 

Instructions, Teacher’s Guide, and 
Technical Notes 

An easy to build project for adults and children
grade 10 and above. Explains wind power
generation concepts, including three phase
alternators, rectification of three phase current,
battery charging, and load regulation concepts.

BETA
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THESE PLANS ARE PRESENTED IN “AS IS” CONDITION. BY USING THESE
PLANS YOU HOLD PICOTURBINE.COM, XIBOKK RESEARCH, AND ALL
MEMBERS, INVESTORS, EMPLOYEES, AND OWNERS OF THOSE
ORGANIZATIONS HARMLESS FROM ANY DAMAGES ARISING FROM THE
USE OF THESE PLANS OR THE RESULTING MACHINES. IN NO CASE
SHALL PICOTURBINE.COM OR XIBOKK RESEARCH BE LIABLE FOR ANY
INCIDENTAL DAMAGES. THESE PLANS ARE NOT WARRENTEED FOR
FITNESS FOR ANY PARTICULAR PURPOSE.

Revision 1.0A, October, 1999

www.picoturbine.com

Support PicoTurbine.com!

If you have purchased this document as a part of a PicoTurbine.com kit, we
appreciate your support!

If you have downloaded this document as a free plan, we hope you enjoy it,
and ask that you patronize PicoTurbine.com in the future so we can keep
financing new projects. We have a complete line of Renewable Energy
books, projects, and kits that are expanding every day. Use the “Voluntary
Contribution” item on the order form if you believe you have received value
from these plans. Or, stop by the web site and buy something!  Tell your
friends about us! Suggest our projects for youth groups, Scouting Groups,
YMCA or similar organizations, classrooms and home schools. The
proceeds will be used to support more fun renewable energy projects and
kits at PicoTurbine.com. Thanks and have fun!

Copyright  1999 PicoTurbine.com. All rights reserved.
PicoTurbine.com is a wholly owned subsidiary of Xibokk Research.
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PART 1: Instructions for Building PicoTurbine Deluxe

RELATED PLANS AND KITS
This plan and the associated kit build on concepts explained in the following related kits from
PicoTurbine.com. All plans are free for download and can be built with locally available parts. If you
cannot obtain parts locally or just want the convenience of ordering a ready made kit, they are available for
a nominal charge.

• PicoTurbine Educational Windmill Kit
This inexpensive kit is easy enough for children as young as fifth grade to build with some
adult supervision. Using only cardboard, wooden dowels, magnets, and wire, a complete
working windmill can be constructed in about 1 hour. The kit includes a bicolor LED that
lights up from the electricity produced by the eight inch tall wind turbine. PicoTurbine.com
has shipped this kit all over the world, and it is distributed by Paxton/Paterson throughout the
United States to High Schools as part of their Alternative Energy course module.

• PicoTurbine DC Experiments Kit
This easy to use kit teaches AC to DC rectification concepts. It includes a solderless
breadboard and electronic components such as diodes and capacitors to allow projects to be
built without soldering, making it safe for a classroom environment. Building on the
PicoTurbine windmill, it teaches four different circuits for use in rectifying AC current to
direct current, explaining the concepts with interesting experiments.

For more information or to download free plans or order kits, visit http://www.picoturbine.com and visit
the “Project List” page.

PICOTURBINE DELUXE MOTIVATION
The original PicoTurbine Educational Windmill kit is a great way to learn about renewable energy
technology. It produces just enough power to light up a small lamp or LED (about 2 volts at 25 milliamps).
While it makes for a very cost effective educational experiment, many people have asked for a larger
version that is weatherproof and actually produces enough power to be useful.

PicoTurbine Deluxe is the answer to this request! While it only costs about three times as much as the little
PicoTurbine kit, it is weatherproof and produces about 30 to 50 times as much power as the small version.
In fact, the power produced is sufficient to charge NiCad batteries, or with alternative wiring could even
provide a 12 volt battery bank a small trickle charge in a good stiff wind (see Alternative Designs section).

This project builds on the smaller PicoTurbine Windmill kit, which explained basic wind power theory.
This kit goes several steps farther, and explains 3 phase wiring concepts as well as battery charging vs.
resistive load concepts. Once this project is mastered, the student or adult hobbyist will understand a great
deal of wind power and alternator construction theory, and if desired will be ready to try a full sized wind
turbine such as the PicoTurbine-250.

PICOTURBINE DELUXE BUILDING TIME
The total build time will vary with your skill level, but generally speaking you should allow 6 to 8 hours of
building time to complete this project, especially if you have not done similar types of projects in the past.
This assumes you have all materials on hand and organized. Because of the need to paint certain parts and
allow glue to dry, the actual build time must typically be spread over a 2 day period. Allow 3 to 4 hours for
each day with an overnight period to wait for parts to dry and set. These times are approximate, of course,
and it may take you more or less time than estimated here.
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BEFORE YOU BUILD PICOTURBINE DELUXE
THESE PLANS ARE CONSIDERED BETA TEST LEVEL. This means they are not fully
tested and are only for people who don’t mind building an experimental project. In
particular, there has not been enough testing to ensure the NiCad batteries used can
withstand repeated charge/discharge cycles with the electronic components used, or
whether the overcharge shunt circuit will protect it sufficiently in sustained high winds.
We believe the main risk of this lack of testing is that the lifespan of the NiCad batteries
could be shorter than normal, although there could be other problems that are unknown at
this time.

Step 1: Check Your Materials
The following materials are supplied with your PicoTurbine Deluxe kit. If you did not purchase a kit but
are using free downloaded plans, you must obtain these items from local supply houses:

♦ One steel disk, 14 gauge, 8” in diameter with a 3/8” hole in the center. You may need to
contract with a local metal shop to have these made if you do not have tools to cut steel. You
may be able to find steel “punch-outs” of the correct size at a scrap metal supplier and bore
the center hole using a cobalt drill bit. A small variation in diameter is ok. Thicker metal is
also ok.

♦ 16 ceramic grade 5 magnets, 1.875” by 0.75” by 0.375” thick, magnetized on the large faces.
♦ About 1.5 pounds of 20 AWG enamel coated magnet wire.
♦ 2 pieces of corrugated plastic, 24” long and 8” wide. Best is 2 millimeter, which is what ships

with our kits. Most suppliers only carry 4 mm which is harder to work with but can be made
to work by scoring one side half way through (see instructions below).

♦ A 3/8” inner diameter roller thrust washer. This is a small set of roller bearings about the size
of a large washer.

♦ A small solderless breadboard.
♦ Six diodes rated 1 amp and 100 volts (1N5400 or similar).
♦ Two “AA” sized NiCad batteries plus holder.
♦ One small lamp, rated 3 volts and 100 milliamps.
♦ A zener diode, with a zener voltage of 2.4 volts and rated at 500 milliwatts.
♦ A power resistor rated at 2 watts and 10 ohms.
♦ A red LED.
♦ A plastic enclosure large enough to hold the battery pack and circuit board.
♦ A small SPST switch.
♦ A ¾” wire nut.

The following items are not supplied with your kit in order to reduce shipping costs. They should be easy to
obtain from a hardware store. All together these items cost in the neighborhood of $20 to $25. You may
have some parts lying around in your basement such as scraps of wood or washers.

♦ One 3/8” threaded rod, 3 feet long.
♦ Twelve flat washers and eight nuts to fit the 3/8” rod. The washers should be 1” wide, of the

“fender washer” variety. At least 2 of the nuts should be locking nuts, such as serrated
locknuts or nylon insert lock nuts.

♦ One sheet of Plexiglas (or similar plastic sheet) 8” x 10” x 0.09” in thickness. The thickness is
not critical. Some other materials that will work are polycarbonate (Lexan or similar), acrylic
sheet, or any hard plastic material that can be drilled. Most large hardware stores have
Plexiglas in this size because it is used for framing pictures. Try a glass store or picture frame
store if your hardware store does not stock such a material.

♦ Three pieces of plywood 1 foot square, ½” thick (or thicker).
♦ A small scrap of ¼” plywood, about 2” square or more.
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♦ Four pieces of 2x2 wood 48” long. (Note for non-Americans: 2x2 wood is actually about 1.5”
x 1.5”.)

♦ About two ounces any good waterproof glue such as silicone or hot glue gun, or epoxy resin.
Be careful if using hot glue. If you use epoxy, be sure to wear impervious gloves as
recommended by the manufacturer.

♦ A can of metal paint, such as “Rust-oleum” or similar. Only a cup or so will be needed.
♦ If desired, wood paint can be used to paint the wooden support structure. Alternatively, you

can use pressure treated wood that is weather resistant. Painting is recommended to reduce
swelling due to water absorption. Only a pint or so is needed.

You need the following tools:

♦ Screw driver.
♦ Electric drill plus 3/8” bit, ¼” bit, and a small bit such as 1/8” for drilling pilot holes for

screws.
♦ Shop scissors or a razor knife.
♦ Pliers or monkey wrench.
♦ Jigsaw, coping saw, or some other saw capable of cutting curves in wood.
♦ A few square inches of sand paper to strip wires.

It is also helpful to have the following tools, but not entirely necessary:

♦ A digital multimeter that can measure AC/DC millivolts is useful for displaying the exact
voltage created and adjusting the alternator.

♦ If an oscilloscope is available, it is instructive to look at the waveforms output by the
alternator before and after rectification. This is an expensive piece of equipment and not
necessary unless one happens to be available.

Step 2: IMPORTANT: Review Safety Rules

PicoTurbine Deluxe is not a dangerous project to build, but as with any construction project certain safety
rules must be followed. Most of these rules are just plain common sense. Be sure to review these rules with
students if you are building this project as part of an educational curriculum.

♦ Adult supervision is required for this project.

♦ This project is not recommended for children under 14 years old.

♦ Children must be supervised when working with scissors, saws, razor blades, power tools
and sharp parts and tools to avoid cutting injuries.

♦ Children under 4 years old should never have access to wire or small parts because they
represent strangulation and choking hazards. Keep the kit parts out of the reach of small
children.

♦ PicoTurbine Deluxe generates low levels of electricity (under 10 volts) that are generally
considered safe. But, to avoid shock hazard never work with electricity of any level when
your hands or feet are wet.

♦ Persons wearing pacemakers should not handle strong magnets such as those found in the
PicoTurbine alternator.
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♦ Do not allow magnets to “snap” together, they may shatter and send pieces through the air
that can lodge in eyes. The magnets supplied are grade 5 ceramic material and are powerful,
if care is not taken they can snap together and pinch fingers or skin causing minor injuries.

♦ Use caution when working with power tools. Use extra caution when drilling through
Plexiglas plastic. Secure the sheet of Plexiglas using a clamp between pieces of wood. Do not
hold it with your bare hand when drilling, it is possible for the plastic to bind up with the
drill bit and spin rapidly, slashing your hand.

♦ Follow all tool and material manufacturer recommendations. If the recommendations of this
document conflict with those of the manufacturer, follow the manufacturer’s
recommendations instead.

♦ Do not allow NiCad batteries to short circuit. NiCad batteries can be damaged or destroyed
in a matter of seconds when short circuited. They can generate very large currents for brief
periods of time under such conditions which can destroy electronic components like diodes
very rapidly.

♦ This list does not purport to be a complete list of hazards. Use common sense,
follow manufacturer recommendations for all tools and materials, and follow
standard safety procedures such as the use of protective eyewear, gloves, and
boots when using tools.

Step 3: Building the Rotor
The rotor consists of a metal disk on which the magnets are attached. The templates section at the end of
this booklet has an actual size template for the magnet layout. Make a copy of this page, cut out the disk
diagram. Cut out the magnet shapes and the center hole using a razor knife. Hint: the corners of the
magnets are very close on the inner diameter, leave some paper there so the template does not fall apart.

Obtain a steel disk, 8” in diameter with a 3/8” hole bored in the exact center. Line the template up on the
steel disk using the center holes of the template and the disk to ensure a precise match. Use several pieces
of tape to hold the template firmly to the disk. Using a marker or pencil, trace the outlines of the magnet
shapes you cut out from the template. Be as precise as possible. Remove the template.

Arrange magnets by placing them in the marked spots on the steel disk. The magnets must alternate poles
going around the stator disk. Your magnets are marked with a red dot on one side. To alternator poles, you
should see first a magnet with a dot, then next to it a magnet with no dot (the dot is on the underside) etc.
There should never be two dots showing next to each other, nor two magnets with dots face down next to
each other. Now, remove the magnets one at a time, place some glue on the steel disk in the place you just
removed the magnet, and replace the magnet. If you are using epoxy glue follow all manufacturer
instructions carefully. If you are using hot glue be careful not to burn yourself. Repeat for each magnet,
making sure you maintain the same alternating pole pattern (don’t turn the magnet over by accident).

Double check before the glue sets that all magnets are alternating poles going around the circumference of
the disk.

Set aside the disk/magnet assembly and allow to set thoroughly. (For epoxy drying time varies, read the
instructions. For hot glue setting time is typically only a few minutes.) If you used hot glue, it is a good
idea to reinforce the magnets by squeezing some glue around the edges of each magnet, especially on the
outer perimeter where centrifugal forces will tend to pull the magnets outward.
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Wires exit toward the
wide side of the coil.

Step 4: Building the Stator
The stator holds 12 coils of wire that actually produce the electricity. PicoTurbine Deluxe uses a 3 phase
winding instead of the single phase used in the smaller version. A 3 phase winding provides much
smoother operation under load (more is explained in the section Technical Notes).

Step 4a: Winding the Coils
Start by constructing a coil winding tool. This is simply 3 pieces of plywood held together with a bolt. Two
of the pieces should be 3” x 3”, and the third should have the shape as shown in the template section titled
“Coil Former Template”. Affix that template to a piece of ¼” thick plywood or cut out the template and
trace around it on the plywood using a pencil. Cut out carefully with a coping saw, jigsaw, or similar saw
capable of cutting curves. Drill a ¼” hole in the centers of these 3 pieces of wood. Insert a ¼” bolt through
the pieces, with the smaller piece sandwiched in between the two larger pieces.

Wind 65 turns of #20 AWG magnet wire around the inner core of the winding tool, leaving a 6” long lead
at the beginning. Do not cut the remaining wire when you are finished winding! When you are finished,
remove the nut and carefully remove the outer side piece. Ready a piece of electrical tape before you
remove the wire. Carefully work the wire off the winder without allowing it to uncoil much. As soon as you
have it off, securely tape it as shown in the diagram below to prevent unwinding. Make sure it does not get
any thicker than the ¼” former it was wound on. Leave a 6” piece of wire and then wind three more coils
like this, all as a single piece with about 6” of wire in between. When you are finished, cut the wire 6”
beyond the third coil.

Use a piece of sandpaper or the edge
of a knife to strip the ends of the leads
approximately 1”. You must strip the
wire completely, removing all of the
red enamel coating and leaving
nothing but shiny copper. Fine grain
sand paper is quite efficient at doing
this.

Repeat this process to create three
groups of four coils. Each of the 3 groups is made from a single piece of wire that is uncut. Each of these
groups will be used to form a single phase of the alternator.

If you have a multimeter, it is useful to check the resistance of each coil group. All should be about the
same (within 10 to 15%). The ones we wound in our test models were about 2.0 ohms. Your results will
vary based on how tightly the coils are wound and other factors.

Step 4b: Positioning the Coils
Take the Stator template from the Templates section. Take a piece of 8” x 10” Plexiglas and carefully drill
a 3/8” hole in its exact center. Find the center by drawing the two diagonal lines with ruler and pencil or
marker. Also, drill ¼” holes about 1 inch in from each corner.

CAUTION: When drilling Plexiglas you should never hold it with your bare hands. If the drill binds
to the plastic material it can whip the piece around and slash your hand. Carefully clamp the piece
between two pieces of wood or between wood and your work bench, or hold tightly with heavy
leather gloves on. Stand back so if the piece does come loose and rotate it will not contact your body.
Do not press too hard when drilling or you will crack the Plexiglas material. Also, use a high speed
setting if you have a variable speed drill.

Place the Stator Template underneath this piece, aligning the center hole as marked on the template with
the center hole you just drilled. Tape it in place so it does not move. You will be able to see the template
through the Plexiglas (or similar clear plastic) and precisely position the coils.
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START

END

One phase of the
alternator, note how all
wires exit the coils in the
same way, no coils have
direction of the wire
reversed.

Using hot glue or other glue, glue down a single phase of the coils as indicated on the template. The
template marks each coil phase by a number, 1 to 3. Use the number 1 for the first phase coils, and so on.
The coils must be oriented exactly as shown in the following figure, especially taking note of how the wires
come off one coil and go to the next coil. You must not reverse the direction of the coils, they must all be
facing the same direction (clockwise or anti-clockwise, it does not matter which as long as all are the
same). Coils from a single phase are placed in every third position. There should be two empty spots
between each coil.

The second and third phase are placed
similarly. Place the second phase by
putting coils after each of the coils in the
first phase, then place the final phase by
filling in the last set of empty spaces. In all
cases, there must be two other coils
between each coil of a given phase.

When finished, glue down the wires that
connect coils down to the Plexiglas
perimeter to keep them out of the way.

Place a flat piece of plywood or board on
top of the coils affixed to the Plexiglas.
Make sure all the coils are the same height.
Place a large, heavy object on top or use
clamps to press down the coils and make sure they are nice and flat at ¼” in thickness. Use hot glue or
epoxy to help hold down any coils that are too high if needed.

Step 5: Building the Frame
Cut 2 pieces of ½” thick plywood to 12” by 12”. Drill a 3/8” hole in the exact center of
each piece of plywood.

Cut 4 pieces of 4 foot long 2x2 wood to 34” in
length, and keep the approximately 14” pieces
you cut off. Affix each piece of 2x2 wood to a
corner of one of the pieces of plywood by first
drilling a 1/16” pilot hole then using 1 ½” wood
screws. Drill pilot holes for the top piece of
plywood but only insert one screw for now and
keep it loose. The whole assembly is basically a
“box” with two plywood pieces for a top and
bottom and four posts at each corner, very
simple.

Using the approximately 1 foot long pieces you
cut off the 2x2 wood, create a square

reinforcement frame on the underside of the bottom plywood base.
Do this by cutting 2 pieces to exactly 12” long and attaching them to
two opposite sides of the 12 x 12” plywood base, then cut the other
two pieces so they fit in between as shown in the following diagram.
Use wood screws from the top side of the plywood. It is
recommended you drill pilot holes first. This frame is necessary for two reasons. First, it will allow the axle
rod to extend below the bottom edge of the plywood which can be helpful for adjustments. Second, it will
help to prevent the plywood base from warping, which could cause magnet/coil collisions in the alternator.

plywood base,
seen from

bottom

2x2 wood frame,
screwed on from top side

through pilot holes
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Washer
and nut on
each side
of blade
support.

Step 6: Building the Blade Assembly
Cut out the Blade Support Template from the templates section of this booklet. Trace it twice onto a piece
of ½” plywood and cut out the pieces using a coping saw, jigsaw, or similar tool that can cut curves in
wood. Drill a 3/8” hole as marked on the template.

Thread a nut about 6” from the bottom of a 3/8” threaded rod. Then place a
washer under the nut and then one of the blade support pieces you just cut.
Use another washer and nut to secure this support to the rod, tighten using a
wrench. Do the same on the other side of the 3/8” threaded rod, but make sure the
distance between the two blade supports is exactly 24” when measuring from the outer
edges (in other words, it is 23” between the two when measuring from the inner edges of
each piece of ½” plywood that the blade supports are made from). Also, make sure the
two blade supports are positioned in the same way, do not position one upside-down.
When viewed from above, the two shapes should overlap exactly and look the same.
They should be rotated so they match up when viewed from above (looking down at the
top surfaces of the blade supports. See the following diagram.

Take a piece of corrugated plastic and cut a piece exactly 24” long and 8” wide (the kit
has these pre-cut for you). To make it easier to bend the plastic around the
curved supports, it is suggested that you use a piece of scrap wood or a stiff
yardstick to make 1” wide folds in it. Just press the ruler or wood strip
against the plastic and fold over, forming a crease. These creases should be along the
long edge of the plastic, i.e. in the same direction as the corrugations, not against them. About 3 such folds
equally spaced is sufficient. The creased part will be attached to the bend as shown in the blade support
template.

Drill 1/16” pilot holes as marked on the blade support template. Using small wood screws (1/2” long, thin)
attach the plastic where indicated on the template, screwing into the side of the plywood blade support.

Step 7: Putting the Turbine Together
Place the stator on the bottom piece of plywood with the center holes of the two parts matching exactly.
Use several wood screws around the outer edge to securely fasten down the bucket bottom stator.

PicoTurbine Deluxe Rotor/Stator
Assembly (side view)

Rotor, steel plate
and magnets

coil stator,
plastic

Axle

outer post
outer post

lock nut
and

washer

Plexiglass Stator
and coils

Bearing assembly
(see details)

plywood
base

reinforcing
wood pieces
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Thread a nut about 3 inches down one side of the threaded rod, followed by a washer. Place the steel plate
below this nut and washer, with the magnets facing down as shown in the following diagram. Place another
washer and two more nuts below the steel plate. Then place another washer, the needle bearing, and yet
another washer below the final nut, leaving about ½” of threaded rod exposed. Tighten the nuts to just light
finger tightness so the steel disk remains fixed in place. Put this assembly through the center hole (keep the
top piece of plywood swung out of the way for the moment.

Adjust this whole assembly so that the magnets float about 1/8” above the coils. You could use more
washers if that makes things easier. Once it looks good, swing the other piece of plywood (the top) over
and insert the top of the threaded rod into it. Screw it down lightly with only 2 screws on each diagonal.
Spin the top of the threaded rod between thumb and forefinger, it should spin freely and there should be no
collision with the coils (listen for a scraping sound). If there is a collision, adjust the nuts again or insert
another washer at the bottom, but make sure it is not too far away, 1/8” is the most it should be. If you have
built your coils very flat this should be possible. Once it looks good, tighten up the nuts using two wrenches
and screw down the top piece of plywood tightly.

A few drops of oil on the bearing assembly and in the hole on the top plywood piece will help the assembly
spin smoothly and with very little friction. If you take it outside even a very gentle breeze should start it up
(about 2 to 3 miles per hour, even though you will not get much electricity from such a light wind).

Step 8: Wiring for DC Output
The PicoTurbine Deluxe alternator creates 3-phase AC power. For most applications this must be translated
to DC (direct current). This is accomplished using a circuit called a rectifier that uses diodes to ensure
current flows only in one direction.

If you have a digital multimeter, you can check the output from each phase before beginning. Connect the
multimeter in AC volts mode, and give the turbine a good spin. From a single phase, you should get
between 2 and 3 volts depending on how fast you spun the turbine and how well built it is (most critical is
how small the air gap is between coils and magnets). Each phase should perform approximately the same.

You cannot simply connect the three groups of wires in series or parallel. This is because the waveforms of
the voltage and current are out of phase
between the three groups. If you simply
connected them in series or parallel one
phase would partially cancel out the other
phases and power would be lost. Each phase
must be rectified individually.

The wiring diagram to the right shows how
the output wires from the alternator should
be connected. Starting wire from each of the
3 phases are connected together, forming a
“neutral” point. This point will be a
reference of zero volts, and will not be used
for rectification. It can be tied off with a wire
nut. The other three wires are the “hot” wires
that will be used in the rectifier circuit given
in the next section.

After making this connection, you can
connect your multimeter in DC volts mode
to any two of the hot output leads. Give a
good spin and you should see approximately
1.7 times as much voltage as you saw from a
single phase. To test how much voltage
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Wire together starts of
all thre coil phases. This
is the "neutral" point.
Use a wire nut to fasten.

The three ends are the
"hot" leads that will be
used to take off power.
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comes from a single phase, just measure from the neutral point to any of the three hot leads.

This type of wiring is called “star” configuration. When rectified, it sums the voltages of the three coil
groups but leaves current the same as a single coil group. An alternative wiring is shown in the technical
notes section, called “delta” wiring. It leaves voltage the same as a single coil group but multiplies the
current by a factor of 3 on rectification.

Step 9: Wiring for Battery Charging
We can easily build a battery charging application from the rectified current produced by the circuit.
Connect the battery as shown in the following diagram. BE VERY CAREFUL. You must connect the
correct leads of the battery as shown. Shorting a NiCad battery can quickly destroy it and cause a surge of
current that could destroy the diodes as well.

You can place these components into a waterproof box with a clear lid (supplied with kit) and create a
small wind powered night light. Be sure to switch it off during the day and let the wind charge up the
battery. At night you can turn on the switch and let the light be powered by wind and/or battery. By
morning the battery will likely be discharged unless you had a lot of wind that night. The circuit shown also
has a simple overvoltage feature.

A zener diode is used to shunt voltage to a power resistor if the battery exceeds a voltage of about 2.4 volts.
Thus, power may be drained even if the switch is open, if the battery is full and the wind turbine is still
charging it. This provides some protection for the battery, since overcharging can quickly limit its life.
However, in a protracted strong wind this may not dissipate enough power to save the batteries, so caution
should be used. During protracted windy periods it would be best to keep the light turned on to provide an
additional load, or disconnect the battery entirely if you will not be in a position to monitor the situation
from day to day.

From alternator, three "hot" output lines

+-
red

battery
wire

black
battery

wire

Zener diode shunts
power to resistor if
battery voltage
exceeds 2.4 volts,
reducing risk of
overcharge. When
the shunting occurs,
the red LED lights
indicating an
overcharge situation.
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PART 2: TEACHER’S GUIDE

Key Concepts
The key concepts taught by this project are:

♦ Three phase alternator wiring,
♦ Power rectification of three phase current,
♦ Battery charging issues such as dump loads,
♦ Resistive load issues such as cut-in.

As such, this project builds on the information found in the PicoTurbine Educational Windmill Kit and the
PicoTurbine DC Experiments Kit. If those projects were not built first, you might want to review the
technical information and teacher’s guide for basic wind power information. The plans are available free
for download.

The concepts in this project are obviously much more advanced than the small educational kit, and are
appropriate for high school students or perhaps gifted children of a younger age who are interested in
electronics and renewable energy.

Group Projects
In a classroom setting this is best built as a group project. If you do not have the capability to use power
tools in the classroom, the wooden and plastic parts that need to be cut could be pre-cut in the school’s
wood shop or elsewhere. With all wooden parts cut and drilled to the proper dimensions, and the coil
former constructed, no other power tools are needed. Simply a screw driver and pliers are sufficient to
finish the project.

In a classroom environment a hot glue gun is probably not a good idea. The safest adhesive to use would be
silicon glue, but it has a long drying time. If it is not necessary for the project to be used in severe weather
you could substitute waterproof double-sided tape to hold the magnets to the rotor. The magnets tend to
stick to the rotor anyway because of magnetic attraction, but if not taped or glued they could fly out of
position at high RPM.  If silicone glue is used, then final assembly would normally have to wait until the
following day to allow 24 hours for full setting of the glue.

Mounting
The finished turbine could be mounted out of doors and monitored by the students over a period of time. It
is best to mount the turbine at least  four to five feet off the ground. This is to keep it clear of snow drifts (if
you are in a temperate region) and also to get better wind. Near the ground the wind is usually much
weaker. Mounting could be as simple as nailing the unit to a heavy base of some kind, such as a 4x4 beam,
or perhaps by screwing the bottom of the unit to a flange screwed onto a 1” black pipe driven into the
ground. It is necessary that the unit be held steady, or it will not be able to reach its maximum speed.

Experiments
Here are some experiments and project ideas that go beyond what is discussed in the building section.

Data Logging
A good long term project would be to measure output from the unit at the same time of day over a period of
days or even weeks using a voltmeter. Another method would be to leave the light turned on for a certain
number of hours each day and measure the state of charge of the battery periodically using the voltmeter.
The measurements could be graphed and compared over time to note seasonal wind conditions and power
production potential from a larger unit.
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Electric Brakes
It is possible to implement a simple “electric brake” for this wind turbine. This is a very instructive
experiment to perform on a windy day.

First, short circuit one of the three alternator hot leads to the neutral lead. This should slightly slow down
the turbine, but it should be noticeable except in very strong winds. Remove the short and allow the turbine
to speed up again, then try shorting two of the three hot leads with the neutral. This should slow the turbine
down still further. Finally, short all three hot leads to the neutral lead. Unless the wind is very strong, this is
likely to bring the rotor to a halt, or at the very least slow it down dramatically. This is because you are
trying to take too much power off the alternator and this causes a magnetic drag effect.

You could build such a brake in a more permanent fashion using a single pole triple-throw (SP3T) switch.
Connect the neutral point of the star to all 3 of the connections on one side, then connect one of each of the
hot leads to each of the other switch terminals. Now, throwing the switch will connect each of the hot leads
to the neutral lead, which should stop or at least greatly slow down the turbine. You could mount such a
switch inside a waterproof enclosure with a lid, perhaps under the top section of plywood to help keep it
dry.

Where is this power going? It is being dissipated as heat from the alternator coils. In this small turbine this
is unlikely to ever cause a problem. In a larger, more efficient commercial turbine the heating could be very
detrimental if the turbine fails to stop within a few seconds of applying the brake. The coils could literally
melt from the heat generated.

Many small commercial systems use exactly this method to stop the turbine blades. It works as long as the
wind power is not so strong that it can continue to turn the blades even on a short circuit. Because most
commercial turbine alternators are built to be about 80% or more efficient, that means the wind would have
to be so strong that it can keep turning the blades even though more than five times as much power is being
drawn than normal.

Hybrid Systems
An excellent study would be to mount some solar photovoltaic (PV) cells on top of the unit (the plywood
section on top has plenty of room for some cells) and produce a hybrid wind/PV system. We would suggest
a PV cell that produces between 2 and 5 volts peak at 100 to 400 millivolts peak. Note how often the wind
system compensates for the solar system and vice versa, providing an increase in reliability of the system.
A blocking diode will be needed so the battery does not back-feed the PV at night. Connect the PV cell to
the battery in parallel with the wind turbine output so that either or both can feed the battery. You should
use a larger battery or have more load available (or both) to avoid overcharging on days that are both windy
and sunny.
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PART 3: Technical Notes

Three Phase Alternator Windings
The PicoTurbine Deluxe uses a three phase alternator. Each group of three coils is slightly out of phase
with each other group. For example, when a magnet is directly over the center hole of the first magnet in
phase 1, then the same pole of some other magnet is directly over the center hole of each other coil in that
phase. Conversely, no other coil of any other phase has a magnet so positioned.

The  effect of this is that waveforms for voltage and current overlap as shown in this figure:

There are several advantages to a three phase winding (as opposed to a single phase winding as used in the
small PicoTurbine Educational Windmill kit):

♦ The turbine experiences much smoother operation because power is taken off more evenly. In
a single phase winding the power is taken off of all coils at the same time (as magnets cut
across the plane of the coil legs) and power goes to zero all at the same time (as magnets are
between coil legs). This causes a “jerky” motion of the rotor assembly, resulting in wear and
tear and noise.

♦ For similar reasons, rectified voltage and current are much smoother using three phase
windings, even without the use of smoothing capacitors. Voltage and current remain more
nearly in phase overall after rectification, meaning the “power factor” is better.

Star and Delta Wiring
You might think at first that six wires would be
needed to take power off of a three phase winding.
Actually, some wires can be shared, resulting in 3
wires emanating from the alternator. The two
standard ways of achieving this are called “star” and
“delta” wiring. In general, “star” configurations are
used to attain a higher voltage, while “delta” is used
to attain higher current. Power output from either is
the same since power is voltage times current. In the
text, a “star” winding is used to achieve high
enough voltage to charge the two series NiCad
batteries in low winds. “Delta” wiring is shown here
and would result in lower voltage and higher
current.

One interesting idea is to use a relay to switch
between “star” and “delta” wiring configurations
depending on wind speed. This is a simple form of
voltage regulation, and could be used to optimize
two different points on the power curve, for
example for battery charging. More on this topic is
discussed in the next section.

Another idea, used by some commercial turbines, is
to wire two sets of three phases, and have one of
these sets wired star and the other delta. The star
wired set will cut in at a lower wind speed but
provide less current, the delta set will cut in at a higher wind speed and provide more current. A third idea
along these lines, used by Hugh Piggott of Scoraig wind electric, is to have each coil contain two separate
sets of wires, one heavier gauge than the other with fewer turns and the other thinner with more turns.
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The three black dots mark the "hot" leads that will be used to
take off power. There is no "neutral" in delta wiring.
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Again, one set of wires cuts in sooner but provides less current (for low winds) and the other provides
higher current to take advantage of higher winds.

Battery vs. Resistive Loads and Efficiency
The circuit described in this booklet is a battery charging circuit. It is interesting to compare the
mathematics of battery charging versus a resistive load such as a light bulb.

Battery Load Formula
The formula below shows the current flowing into the battery (IBAT) depending on the rectified voltage
coming from the alternator (VALT) and the battery voltage (VBAT) as well as the coil resistance (RALT):

IBAT = (VALT – VBAT) / RALT

So, for example, if the battery is a NiCad and it currently holds a charge of 1.0 volts, and our alternator is
currently outputting a rectified voltage of 2.0 volts and has an internal coil resistance of 5 ohms, then we
would expect that (2.0 – 1.0) / 5  = 200 milliAmps to be flowing into the battery. The power being
produced is this current times the battery voltage—in this example 200 milliAmps times 1.0 volts which is
200 milliWatts.

Resistive Load Formula
On the other hand, the mathematics of a resistive load are a bit different. A new variable must be added: the
resistance of the load (RLOAD). The output power of the alternator is maximum when the load resistance
is equal to the alternator’s internal coil resistance. The current sent to the load would be:

ILOAD = (VALT * RLOAD) / (RLOAD + RALT)^2

For example, if as before our alternator is outputting 2.0 volts and has an internal resistance of 5 ohms, and
we are driving a light bulb that has a resistance of 3 ohms, then the current flowing through the bulb would
be (2.0 * 3) / (5 + 3)^2 =  6/64 = 93 milliAmps. If the bulb was 5 ohms, we achieve maximum current
flowing to the bulb of 100 milliAmps. Load resistances of more or less than 5 ohms will result in less
current making it to the load. Useful power is the alternator voltage times the load current. In the first
example, 93 milliAmps times 2.0 volts, or 186 milliWatts.

Comparison of Battery vs. Resistive Loads
Let’s compare how much useful power is generated in resistive vs. battery load conditions. The voltage
coming off the alternator is proportional to its RPM. If you have built this project reasonably well, you
might expect something like 1 volt for every 60 RPM (rectified, star wiring). Let’s compare a 1.0 volt
charge state NiCad battery vs. a 5 ohm light bulb at various speeds and note the amount of useful power
being produced by the turbine:

RPM Voltage (rectified) Power to 1.0 Volt NiCad
(watts)

Power to 5 ohm lamp
(watts)

60 1.0 0 .05
120 2.0 .2 .2
180 3.0 .4 .45
240 4.0 .6 .8
300 5.0 .8 1.25
360 6.0 1.0 1.8

420 7.0 1.2 2.45

As you can see, the characteristics are quite different. The NiCad does not begin drawing current until the
alternator voltage exceeds the battery voltage, and after that point the power increases linearly with
increased RPM. On the other hand, the resistive load starts drawing power immediately, no matter how low
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the voltage from the alternator is. It draws power at a much higher rate as RPM increases. In fact, power
drawn increases with the square of the RPM—doubling the RPM increases power by a factor of four to a
resistive load but only a factor of two to a battery.

This behavior is brings both advantages and problems. If used for battery charging, a wind turbine that is
directly connected will “cut in” as soon as its output voltage exceeds the battery voltage. This is good—it
means the rotor can come up to speed with no load. In the resistive load case special controls are needed to
prevent the load from cutting in before the rotor reaches a reasonable speed, in the battery case this happens
automatically. If controls were not used with a  resistive load then an efficient alternator might never allow
the rotor to get started in the first place, and no power would be produced.

The disadvantage of a battery load is that without special controls the power take-off is linear and does not
come near to matching the power curve of the wind (which is cubic). So, system efficiency degrades
rapidly as wind speed increases. A resistive load matches wind power much better, being a quadratic curve
(although it still lags the cubic nature of wind power).

One improvement to the battery charging curve matching problem would be to switch from “star” to
“delta” at a certain RPM. This would have the effect of cutting VALT and also cutting RALT. This would
increase the power take-off in a battery situation and help the power curves more closely match. In effect
you could “bracket” two wind speeds that would have reasonably high efficiency instead of just one.

Commercial wind turbines often use sophisticated voltage regulation systems to help the power curve of the
alternator match that of the wind. These systems typically use power transistors to regulate the voltage and
current being delivered to the load.

Dump Loads
The building instructions include a simple circuit to provide a “dump load” if the battery is nearing an
overcharge state. This is a common method of protecting batteries while at the same time maintaining a
load on the rotor.

For the Savonius design used in this project, it is actually not very important to maintain a load on the rotor.
This is because the Savonius design is relatively low speed and even in very strong winds the rotor is in
little danger of overspeeding to the point of causing damage to the materials. This is not true of larger wind
turbines based on either the usual horizontal axis design or other vertical axis designs such as the Darrius
rotor. Those designs will rotate several times faster than the wind (the speed of the tip of the rotor will be
up to 11 times the wind speed). A large Darrius or horizontal axis turbine might have a tip speed on the
rotor near the speed of sound! Without a load the tip speed increases even further and the machine can
literally tear itself apart from centrifugal force.

It is common for small wind turbines to depend on a load always being present to avoid this situation.
Large power resistors are often used. An alternative that attempts to take advantage of this excess power
would be to dump the extra power into a heating unit such as a hot water heater or space heater. Note that
the lamp is not used as the dump load. It would be a bad design to depend on a lamp as a safety dump load:
if the lamp burns out during a big windstorm then the dump load is gone!

In commercial systems, the simple zener diode shunt is not typically used. Typically power electronics are
used to more precisely monitor voltage and allow for fine tuning of the shunt voltage. This zener based
circuit was used in this educational kit because it is cheap and easy to wire and understand.

Alternative Designs and Materials
This section discusses some alternative designs and building materials you could use. We will not present
detailed plans and diagrams, just discuss ideas. You should be able to make building adjustments yourself
and experiment with these ideas.
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Double-disk Alternator
It is possible to quadruple the power output of the alternator by placing a second magnet disk below the
coils. To do this:

• Construct a second magnet disk identical to the first.
• Suspend the plexiglass stator above the plywood base several inches, perhaps using bolts or

pieces of wood or brackets attached to the uprights.
• Thread the second disk below the plexiglass stator, about 1/8” away so it does not touch it

when spinning. The second disk will strongly attract to the first disk so be careful when you
assemble this that your fingers don’t get slammed in between the two disks. The second disk
will naturally align itself so that its North poles will align with the first disks South poles and
vice versa. This is the right way for it to be aligned.

• Move the thrust washer assembly down to the wooden base, don’t support it on the plexiglass
which will not be strong enough. Allow the base to bear the weight.

• Use a six foot 3/8” threaded rod instead of a 3 foot rod. Construct blades that are 5 feet long
instead of 2 feet long by using multiple sections of supports and plastic (3 sections each 1’ 8”
long). Make the blades 1 foot wide instead of 9 inches wide. You can use the same blade
templates to cut the curves at the ends, just add three extra inches of wood in the center. You
can rotate these three sections from each other 120 degrees to smooth out the torque and help
startup in low winds from different angles.

• Increase the length of the side posts to accommodate the taller blades, and increase the size of
the top and bottom plates to accommodate the increased blade width.

This design is harder to build and obviously costs more because of the use of the second set of magnets and
disk and the extra blade material. It is harder to adjust the spacing for the magnets and coils to avoid
collisions yet maintain a small air gap. However, all this trouble is worth it: this version can produce four
times as much power as the standard version.

Woodless Construction
The weak point in this design is the use of wood. After a period of time, wood can warp, shrink, or absorb
water and swell, which might cause a coil/magnet collision. This will cause the turbine to require
adjustments periodically.

It is possible to build the project using no wooden pieces that affect the alternator. Substitute:

• Angle irons for the upright sections of wood,
• ¼” plexiglass sheet for top and bottom supports, or alternatively any type of hard, stiff plastic

material such as Lexan, acrylic, etc. Do not use metal (steel, aluminum, etc.) for the bottom
plate! This will cause loss of efficiency because the alternator magnets will induce eddy
currents in the metal, just like the “electric brakes” discussed previously.

Use angle brackets and bolts to connect the angle irons to the plexiglass. Be very careful when drilling
plexiglass as mentioned above in the text. The thicker grade of plexiglass is required for stability. It is not
necessary to replace the plywood used for the blade supports with any other kind of material because a little
warping of that part will not affect the alternator.

The advantages of this design are that you should be able to reduce the gap between magnets and coils
because you won’t have to worry as much about structural warping, and also the plexiglass will provide a
better, smoother bearing for the 3/8"”threaded rod. You might expect to get some extra power out of the
turbine because of these factors, and it will clearly last longer and require less maintenance.

Alternative Blade Designs
It is possible to use this same basic framework to test different blade designs. It might be instructive to
attempt to build a Darrius style blade, which is aerodynamic instead of drag based. This could be built by
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cutting out air foil cross sections from plywood, stringing them all together with threaded rods, then
attaching a “skin” made from corrugated plastic. To find a suitable cross section simply do a patent search
on the word “Darrius” on http://www.patents.ibm.com.  It is legal to build patents for your own
experimental purposes as long as you do not commercially profit from the design. Many patents are expired
anyway. An “H-bar” Darrius will be the simplest to construct. Do some web searches and you will find a
great deal of information about this design, which has been extensively researched.

Better Bearings
The bearings used in this small wind turbine are not optimal and are a source of friction and loss of
efficiency. This is especially true of the top bearing, which is simply a hole in a piece of wood. The bottom
bearing is a small needle point roller bearing and is reasonable, however the threaded rod still contacts the
wooden frame and causes significant friction.

We have experimented with using a small scrap of plexiglas for the top bearing and have gotten better
results. To do this, simply drill out the top plywood hole to a larger diameter (7/16” or ½”). Then drill a
3/8” hole in a piece of Plexiglas about 3” by 1”. Drill smaller, 1/8” holes near the edges to accommodate
smaller screws to hold the Plexiglas in place. Position the Plexiglas bearing so that the threaded rod does
not contact the wood. Put a drop or two of oil where the rod meets the Plexiglass hole.

It is of course also possible to use ball bearings or other more sophisticated methods of reducing friction.
For a small project like this it is probably not worth the expense of purchasing such items, but if you build a
larger machine then the efficiency gained can be worth the trouble.
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TEMPLATES
The following templates are actual size. As described in the text, they can be used to easily mark parts for
cutting or for gluing together. The back sides of these templates are purposely left blank so you can use
them directly, but you may want to make a copy of them for safe keeping in case you want to build these
projects again later.

Some of these templates are slightly too wide to print completely on the edges of standard paper. They are
still quite useable even though a small amount of the edges are blank.

COIL WINDING FORM TEMPLATE

3/4"

1 3/8"

3/8"

Former wood pattern
(actual size)

Former is 1/4" thick

Approximate Coil size
and shape (actual size)
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ROTOR TEMPLATE
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STATOR TEMPLATE
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Blade Support Template
(actual size)

Heavy lines mark where
plastic is attached. Light
lines are open to the wind.

The shape of the blade
forms a simple air foil
when the blade is oriented
in certain positions
relative to the incoming
wind.
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his article will show you how to build
PicoTurbine—a fully functioning,
electricity-producing scale model of a

wind turbine. The entire project costs
only a few dollars, and uses commonly
available materials like magnets,
cardboard, tape, wood screws, and a
pencil.
PicoTurbine can be built in less than two hours. With
some adult supervision, PicoTurbine can be assembled
by children as young as ten years old, making it an
excellent project for renewable energy education.

PicoTurbine stands less than 8 inches (20 cm) tall—but
don’t let its size fool you. This version of PicoTurbine
produces about one-third of a watt of power from a
direct-drive, single-phase, brushless, permanent
magnet alternator. More advanced versions the same
size can produce a full watt, but are more challenging to
build.

The design is naturally self-limiting for overspeed
protection. I’ve left mine out all night during a windstorm
with 50 mile per hour (22 m/s) gusts that made my brick

house shake. In the morning, I looked out my window—
fully expecting to see it shredded—only to find
PicoTurbine still spinning at top speed in the early
morning gale!

Materials
You will need the following materials and tools to build
PicoTurbine:

• A pencil.

• A piece of stiff wire about 2 feet (0.6 m) long. I use 10
gauge (5.2 mm2) aluminum wire in this article, but a
wire coat hanger will work if carefully straightened
with pliers.

• An 8 inch (20 cm) long scrap of 2 by 4 inch (5 x 10
cm) wood.

• Three medium-sized Phillips head (cross groove)
wood screws, about three quarters of an inch (19
mm) long.

• A piece of corrugated cardboard about a foot (0.3 m)
square.

• A sheet of paper.

• Scotch tape and any type of glue.

• 300 feet (91 m) of 24 AWG enamel coated magnet

J. Stephen Pendergrast
©1999 J. Stephen Pendergrast

PicoTurbine can produce 1/3 watt—that’s a lot of power when converted to education!

PicoTPicoTurbine: urbine: An Ultra-SmallAn Ultra-Small
Educational Wind TEducational Wind Turbine Projecturbine Project

PicoTurbine: An Ultra-Small
Educational Wind Turbine Project

PicoTurbine: An Ultra-Small
Educational Wind Turbine Project

TTTT
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wire (a very inexpensive vendor is Electronix
Express).

• Four ferrite magnets, about 1.75 by 1.0 by 0.25
inches (44 x 25 x 6 mm). They must have poles on
their faces. The ones used in this article are part
number 99MAG1875 from Electronix Express, but
virtually the same ones can be obtained from Radio
Shack. (Note: people using pacemakers should not
handle magnets.)

• Scissors, ruler, screwdriver, and pliers.

• A digital multimeter that can measure AC millivolts is
useful for tuning and testing the alternator, and for
displaying the amount of electricity produced.

• One 1.5 volt, 25 milliamp miniature incandescent
lamp. These “mini-lamps” are available from Radio
Shack.

You can obtain kits with the materials you need from the
Web site (see Access), and download templates and
step-by-step photographs of this project for more detail.
If you use different magnets or wire than those
specified, your output will vary, and you may need to
adjust slightly from the plans presented here because
of size differences.

Building PicoTurbine

Step 1—The Axle and Yoke
There is a common axle used by both the blade
assembly and the alternator, made from a pencil. The
pencil point rests in the center groove of a Phillips head
screw, and the eraser end is held by a wire loop (see
Figure 1).

To make the base and yoke assembly, start with the
heavy, 2 foot (0.6 m) section of wire. Using pliers, bend
a small loop on one end. Bend the loop so it forms a 90
degree angle with the rest of the wire. Measure 6
inches (15 cm) up from the loop and make a 90 degree
bend in the wire. Measure 3 inches (7.6 cm) from this
bend and form another loop, slightly larger than the
diameter of a pencil. Measure 3 inches (7.6 cm) from
the center of this loop and make another 90 degree
bend, forming a large square U shape with the wire.
Measure 6 inches (15 cm) from this bend, and form
another loop. Clip off any excess wire. This U-shaped
piece of wire is the yoke.

Fasten the yoke to the wooden base using two screws.
The legs of the wire yoke should be centered on the
wide face of the wood as shown in Figure 1. Insert the
pencil in the center hole of the yoke and rest the point
in the groove of the center screw. The pencil should
stand as near vertical as possible. Adjust the yoke by
bending the wire if necessary to make the pencil

vertical both side to side and front to back. Make sure
the pencil turns freely in the yoke’s center loop. If you
wish, you can put a drop of any type of oil on the screw
to make the pencil turn more freely.

Step 2—The Alternator
An alternator is little more than magnets moving relative
to wire loops. The magnetic flux density changes as the
magnets (or wire) move around, inducing an electric
current in the wire. In PicoTurbine, the magnets will spin
on an assembly called the rotor, while the wires will
remain motionless on a part called the stator (see
Figures 2 and 3).

Building the alternator is by far the most challenging
part of this project. If you build it carefully, you can
achieve about 200 milliamps of electricity at about 1.5
volts in a 20 mile per hour (9 m/s) wind. This is almost
one-third of a watt of power.

Step 2A—The Permanent Magnet Rotor
Cut out two pieces of 4 inch (10 cm) square cardboard.
Glue them together, forming a double-thick piece, as
the rotor will be under a lot of stress. If you are using
the templates from the Web site, glue the rotor template
to this double piece of cardboard, and after it dries, cut
it out. Otherwise, cut a circle out of the double
cardboard 4 inches (10 cm) in diameter.

Figure 1: Base & Yoke Assembly

8”

6”

3” 3”

6”

Wood base

Wire yoke

Pencil

Center screw



Figure 3: Stator Template

4”

Arrows show
direction of
wire winding.

Wire windings

Actual size
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Punch an X in the exact center with the scissors. Tape
the four magnets as shown in Figure 2. Note that the
magnets are magnetized on their faces, and you must

alternate poles going around the diameter. Remember
that like poles repel, and opposite poles attract.

Your best bet is to mark the poles using a pencil
or marker before beginning.

Poke the pencil through the rotor as shown in
Figure 6, being careful not to break the

point. Work it down slowly so as not
to stretch the hole bigger than
needed—it must be quite tight. Use
some tape to make sure it’s a tight fit.

With eraser end up, slip the pencil
from the bottom into the yoke loop,
pull it through, and lower the point
into the center screw. Spin the rotor

by twisting the eraser between thumb and
forefinger. It should spin freely and vertically.

Adjust the wire yoke if necessary. Watch the
rotor as it spins—it should rotate evenly, with as

little wobble as possible. Adjust it and use tape if
necessary to fix it in place. If you give it a good twist,

the rotor should spin on its own for quite a long time—
30 seconds to a minute. The graphite tip of the pencil is
an excellent lubricant and there is very little friction. The
yoke loop should not be too tight around the pencil.

Step 2B—The Wire Loop Stator
This section requires care and patience. Cut a piece of
cardboard 1.5 inches wide by 6 inches long (3.8 x 15

cm). Fold it in half to make a piece about 1.5 inches
by 3 inches (3.8 x 7.6 cm), double the original

thickness. Tape this together so it holds. This is
your wire wrapping tool. Take your spool of 24

AWG wire. Leave a tail about 4 inches (10
cm) long and start wrapping loops around
the 1.5 inch (3.8 cm) dimension of the
cardboard.

Make at least 250 turns of wire around
your cardboard wrapping tool. Leave 4
inches of wire (10 cm) after the last turn.
Carefully slide the wire off the tool, and
immediately wrap tape tightly around the
bundle of wire so it doesn’t spring apart.

The tighter you can form the bundle, the
better. You will have a slightly oblong coil of

wire, about 2 inches (5 cm) long by about 1
inch (2.5 cm) wide. Do this four times, creating

four coils.

Test each coil to make sure it functions. Strip about
an inch (2.5 cm) of wire from each end, using one blade
of the scissors or sandpaper. Hook to the leads of a

Figure 2: Rotor Template
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Magnets are
approximately
1” by 1 3/4”

Cardboard should be
double thickness for rotor
(glue two pieces together).
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N

SS

Actual size
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multimeter. Set the multimeter for AC millivolts. Holding
the coil close under the magnet section of the axle/rotor
assembly, give the rotor a good spin. If you spin it hard
and hold the coil close to the magnets, you should see
250 to 300 millivolts or more.

If you are using the templates, glue the stator template
to a piece of cardboard and cut it out. Otherwise, cut a
4 inch (10 cm) circular piece of cardboard. Affix the coils
as shown in Figure 3. Note that the coils should
alternate between clockwise and counterclockwise
rotation. Twist together the stripped wires from one coil
to the next—you’re wiring them in series. Leave the
final two wires (the first and last) unattached. Tape the
coils to the stator cardboard. They should lie very flat.

Cut a circle in the center of the stator cardboard.
Remove the rotor/axle assembly by pulling up on the
eraser and angling it out. Put the stator assembly over
the center screw, and tape it down firmly. It will
overhang the ends of the wood slightly in front and
back. Put the rotor/axle back on. The gap between the
coils and magnets should be as small as possible
(about 1/4 to 3/8 inch, or 6-8 mm), but not so little that
there is any chance of the magnets crashing into the
coils when you spin them. Adjust the center screw to
change the height of the rotor magnets over the wire.

Now, hook the two remaining wires to your multimeter
and give the rotor a spin. If you spin fast, and
everything is aligned well, you should get about 1.2 to
1.5 volts (or more, if you’ve built very well).

Step 3—The Blade Assembly
You’re almost finished! This is easy compared to the
alternator. If you have the templates, glue two copies of
the rotor support to cardboard. If you don’t have the
templates, carefully draw two semi-circles 3 inches (7.6
cm) in diameter, shifted 1 1/2 inch (3.8 cm) as shown in
Figure 4. Cut out the two blade supports, and poke an
X in their centers. Slide them onto the pencil from the
eraser side. They should be aligned with each other, so
don’t turn one upside down accidentally.

If you have the templates, cut out
the blades. Otherwise, cut two
pieces of paper as shown in Figure
5. Cut the top and the bottom into
1/2 inch (13 mm) strips, “feathering”
the paper. Glue each paper blade on
the circular side of the blade
support, both top and bottom. Use
the feathered edges to negotiate
around the circular support.

The final effect is like taking an oil
drum, cutting it lengthwise, and
offsetting the two halves horizontally

before fastening them back together. Put tape along the
two leading edges, and tape over the glued top and
bottom parts, just for good luck in high winds.

Step 4—Testing
Carefully insert the blade/rotor/axle assembly back into
the yoke and set it down into the center screw. Blow
into the blades from any direction, and they should start
up very easily. Short, puffing blows are best. Hook up
your multimeter and blow again. If you have very good
lungs, you’ll get a couple of hundred millivolts. The wind
will do much better than you can do! For classroom
demonstrations, a small fan can provide the wind.
Finally, if it’s a windy day, give it a real test using Mother
Nature.

Hook the mini-lamp up to the alternator leads, twisting
tightly to make a good connection. When PicoTurbine
spins about four to five revolutions per second, it will
glow dimly. It will be quite bright at ten to fifteen revs per
second.

Conclusions and Future Work
PicoTurbine is a small, easily constructed, fully
functioning wind turbine. It was designed for ease of
construction and low cost of materials so it could be
used for educational purposes. Building PicoTurbine is
a great way to learn about wind energy concepts and
engineering design tradeoffs.

I am undertaking several related projects, including
plans for a simple weatherproof version of PicoTurbine,
and other design improvements. A version with a three-

Figure 4: Rotor Support Template
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phase alternator and a scaled-up design that produces
about 5 watts for school group projects are also in the
works.

Check the Web site to get up-to-date information on
these projects and to see more pictures and design
alternatives to the model presented in this article. Ideas
for classroom use, educational experiments, and
projects that use PicoTurbine are also available, free of
charge, for personal and educational use.

If you have any comments, corrections, or suggestions
for improvements, you may send them by email to
comments@PicoTurbine.com.

The Savonius Turbine Controversy
PicoTurbine is a vertical axis wind turbine—VAWT for
short. More specifically, it is a Savonius design, named
after its inventor, S. I. Savonius, who patented it in the
1920s. There has been much controversy surrounding

the Savonius design, as compared
to the traditional, horizontal axis
wind turbine (HAWT) for electricity
production.

The Savonius design is based
primarily on drag (l ike a cup
anemometer). Most commercial
electric generating wind turbines
use lift (like an airplane wing)
instead, and sport the traditional
horizontal axis. There are
advantages and disadvantages to
both designs.

Keep It Simple
The chief advantage of the
Savonius is simplicity, as is amply
demonstrated by PicoTurbine.
Because the design is vertical, it
doesn’t need a yaw mechanism to
keep it turned into the wind. In
fact, PicoTurbine has only one
moving part, whereas the simplest
small horizontal designs have at
least three. In theory, this means
that Savonius designs could be
built more cheaply and should be
more reliable than the more
complex horizontal designs.

Everyone’s a Critic
Critics of the Savonius focus on its
drawbacks. For one, the
academics don’t like drag-based
designs because they are not as
efficient at converting wind energy
to mechanical energy. A good lift-

based design can be about 40 percent efficient. There
are reports of the Savonius achieving nearly 30 percent
efficiency under controlled conditions. In practice, these
machines perform at around 15 percent.

The second major criticism centers on how fast the
Savonius design revolves. A drag design cannot exceed
about a 1 to 1 tip speed to wind speed ratio. Basically, if
you look at the speed that the outer edge of the blade
travels, it can’t go much faster than the wind speed. A
large 3 yard (2.75 m) wide Savonius would spin at a
leisurely one revolution per second. In contrast, lift-
based designs can achieve a tip to wind speed ratio
between 6 to 1 and 11 to 1.

Whither, Savonius?
These drawbacks have given the Savonius a reputation
as a design of l itt le practical use for electricity
production. One prominent wind technology Web page

Figure 5: Rotor Covering Template
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implies that its slow speed is an insurmountable
Achilles’ heel. The authors say that although it could be
made usable with a gearbox, that would increase the
startup inertia and decrease efficiency further. Another
online article says the Savonius is flat-out useless for
power generation, and jokes that its main use is to take
up space in the garages of would-be inventors!

While there is certainly some truth to these criticisms, I
believe them to be somewhat overstated. On closer
examination, we’ll find that the Savonius—while
certainly not the choice for commercial power
production—could indeed have a niche in the small
home system category. I have seen at least one
example of a small commercial trickle charger based on
the Savonius design.

The Whole Efficiency Story
Like most things in life, the matter of efficiency is more
subtle than simply saying that the Savonius is 15
percent efficient and thus inherently inferior to the
horizontal design’s 40 percent efficiency. The efficiency
difference is partly mediated by the fact that a Savonius
does not lose efficiency while yawing into the wind. It
doesn’t care what direction the wind comes from—it’s
perfectly happy with gusty, shifting, inconstant winds
that drive horizontal machines nuts. Paul Gipe, a noted
wind turbine expert, estimates this loss at about three
percent in his book, Wind Power for Home and
Business.

In addition, the Savonius sweeps a rectangular section
of wind, while a horizontal design sweeps a smaller,

circular area. For example, a 2 yard wide by 2 yard tall
(1.8 x 1.8 m) Savonius sweeps 4 square yards (3.3 m2)
of wind, while a horizontal turbine 2 yards (1.8 m) in
diameter only sweeps a tad over 3 square yards (2.5
m2).

The power output of any wind turbine is directly
proportional to its swept area. When it comes to the
space needed for installation, the circular sweep takes
up just as much room—you can hardly claim to be able
to do anything with the space “saved” due to the
corners being rounded off!

After taking into account these factors, the Savonius is
still at a significant efficiency disadvantage versus a
good horizontal design, making it unsuitable for large-
scale electricity production. However, the ease of
construction and low wear and tear design offsets much
of this disadvantage when the application is small-scale
electricity production, especially of the homebrew
variety. If the Savonius is a few percent less efficient,
then simply make the blades a few percent taller—
problem solved.

It’s the Alternator, Stupid!
Now let’s discuss the rotation speed issue. It is true that
many attempts at building a homebrew Savonius
generator fail. Consider a popular formula for a
Savonius windmill that I actually found on the Web:

• Take a 55 gallon oil drum. Cut it in half lengthwise,
and weld the parts into the offset Savonius shape.

The finished PicoTurbine ready to spin.

Figure 6: Rotor, Magnet, & Stator Assembly

Wood base

Center screw 1”

1”

4”

Top rotor support

Bottom
rotor support

Magnet support
(double thick)

Stator support
(stator not shown)

Rotor
not shown



108 Home Power #71  •  June / July 1999

Wind Power Education

• Affix this contraption to an old car axle welded to the
shaft of a junked car alternator.

• Voila! You have just made a wind turbine.

Unfortunately, even in a gale this thing is unlikely to
make a 10 watt light bulb glow. Many people blame
such failures on the Savonius design. In reality, the
problem is not the wind turbine—it’s the alternator!

Alternators For Dummies
Let’s talk alternator physics. (It won’t hurt, I promise!) As
we learned from PicoTurbine, an alternator is basically
just some wire loops in motion relative to some
magnets. The power produced depends on several
factors: how strong the magnets are, how many loops
of wire, how thick the wire is, how fast the magnets
move, etc. Now, here’s an important point: by varying
these design parameters, you can make an alternator
that produces any arbitrary amount of power at any
speed you choose to optimize for.

The power output varies with the square of the speed. If
you run an alternator at half its design speed, the power
is cut by a factor of four, not just two. So, let’s say our
intrepid homebrewer tries to use a car alternator
designed to turn at 30 revs per second on a barrel
Savonius that only turns 3 revs per second. That’s 10
times slower than the design speed, so power will be
cut by 10 squared—a factor of 100! If that alternator
were designed to output 100 watts, our homebrewer will
get a paltry 1 watt output. (He would get the same
wattage from the high power model of PicoTurbine!)
The result is predictable—another Savonius taking up
the corner of a garage.

Alternative Alternator
By increasing the number or strength of magnets and/or
the thickness and number of loops of wire, we can in
fact make an alternator that produces 100 watts (or any
other power) at 3 revs per second (or any other speed).
But that alternator will bear little resemblance to one
designed for a car. For one thing, it will likely be much
larger to accommodate more magnets and thicker wire.
This is no big problem—there’s plenty of room below
the Savonius blades for a large alternator.

Cheers for Magnets, Jeers for Gears
And, just to dispel one final myth, there is no compelling
reason why we must use physical gears to increase
shaft speed. We can in effect “gear up” the speed using
more magnetic pole changes per revolution. The wire
loops only care how many pole changes they “see” per
second. They can’t tell the difference between two
magnets flying by ten times per second and ten
magnets flying by two times per second.

PicoTurbine uses four magnets to cause two north-to-
south pole changes per revolution. This is equivalent to
using a 2 to 1 gear ratio—but without the friction losses
and other headaches of physical gears. This concept
can be extended to any ratio desired by simply adding
more and more magnets to the design.

Access
Author: J. Stephen Pendergrast is a computer scientist
by trade and is also an Internet consultant, freelance
writer, and amateur renewable energy researcher. He is
currently in the process of installing a commercial 3 KW
wind turbine to provide power for his home in northern
New Jersey at 146 Henderson Rd., Stockholm, NJ,
07460 • 973-984-2229 • Fax: 973-208-2478
pend@skylands.net • www.picoturbine.com

Electronix Express, 365 Blair Road, Avenel, NJ 07001
800-972-2225 or 732-381-8020 • Fax: 732-381-1572
electron@elexp.com • www.elexp.com

Radio Shack, 100 Throckmorton St., Fort Worth, TX
76102 • 800-843-7422 or 817-415-3011
Fax: 817-415-3240 • support@tandy.com
www.radioshack.com

Many thanks to electrical engineer Randal B. Elliot of
Portland, Oregon, for verifying the technical accuracy of
this article.
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pumping and

Power from a
Savonious
Rotor

do-it-yourself windpower buried in the
We found this information on

bottom of a filing cabinet. The author
is unknown even though the reference
to pounds seems to indicate that these
plans originated in Britain.

The plans start off with a design
for a savonious rotor which both
pumps water and generates electricity.
By the looks of it the savonious is
made from a 44 gallon drum cut in two.
The plans have a number of pages miss-
ing, and this must have included some
of the information on building the
savonious, as the first page we have
on this describes the flywheel/gear
drive combination.

you can get hold of it, scaffolding is
ideal.

buildings are good for the job or, if

Whether using timber or scaff-
olding, an H frame closed at the top
and guyed with rope should be erected.
Check that the uprights are indeed
vertical, but more important that the
cross-members are horizontal. If the
frame is attached to the ground, dig
holes and cement the posts in before
guying.

Nevertheless there is certainly
enough information here for you to
have a go at building the savonious or
the novel bicycle airscrew pump made
of bike parts.

The Frame
Timber as strong as you can get,

4" x 2" or even better 6" x 2" or 4"
x 4". Floor joists from demolished

The rotor should be erected as
high as possible as wind is less
turbulent and stronger as height in-
creases.

In built-up areas, it is probably
worth considering erection on roofs or
between the gables of neighbouring
houses. We put one on a fairly exposed
site about 15' off the ground attached
to the side of our house. It rotates
when the wind is otherwise not per-
ceptible, In a breeze that is felt
in your hair, the rotor is spinning
rapidly.

Test your rotor by erecting low at
first. Check for plumb by hanging a
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WINDPOWER

600 rpm, enough to provide a good charge.
The flywheel can be made from ¼" chip-
board or ½" ply suitably treated to
protect it from the weather. A rubber
strip pinned and glued to its edge
makes a good friction drive to any
other rubber wheel placed against it.
Heavy duty sponge rubber is good for
the job - the sort used for draught
proofing car doors is ideal. The rotor
is bolted to the flywheel so providing
another means of joining the two halves.

weight on a string from the centre
of the top bearing and adjusting the
position of the rotor so that the
weight hangs over the centre of the
bottom bearing. If you are confident
about security, which you should be,
there is nothing finer than just sitt-
ing waiting for the first breeze to
set the rotor in motion. The rest of
the day can easily be spent just wat-
ching it turn... Enjoy it.

The Flywheel/Gear Drive Combination
The flywheel is another way of

evening out the slight lurch in rotat-
ion. It adds equally distributed wei-
ght and gathers momentum so that rota-
tion speed remains constant when the
wind is gusty. If the flywheel is a
reasonably true circle, it offers an
excellent way of producing geared drive
to any wheel or generator placed again-
st it. This is important if what is
being driven - in the model illustrated
an alternator - requires relatively
high revs to operate.

As Savonious rotors do not
reach the high speeds that airscrew-
type wind machines achieve, the use
of a flywheel/gear drive makes it pos-
sible to use a Savonious with alternat-
ors and certain unmodified slow dynamos,
if the flywheel is say 4' in diameter
and the alternator axle has a 2" dia-
meter, a gearing ratio of 24:l is
achieved which means that at a mere 25
rpm, a rotation speed caused by light
winds, the alternator is turning at

The Bearings
From modest experiments involv-

ing models made from tin cans and soap
bottles, it was found that axles runn-
ing through the rotor impair the rot-
ation. Instead of an axle, top and
bottom bearings should be used if
possible. Bicycles, mopeds and cars
provide suitable bearings.

The crankshaft from a bicycle was
used for the top end of the Savonious
illustrated. It's strong and turns
easily, and the chain drive, when
drilled in suitable positions, is a
means of joining the two halves of an
oil drum, The crank is sawn off and
the chain drive is best fitted on the
inside of the join of the two halves.
The rotor is fixed by a cotter pin to
the crankshaft as in bicycles. The
other crank can be used to form the
eccentric drive via a bell crank, or
another chain drive can be attached
to form the bottom bearing of another
rotor stacked on top.
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A water pump and flattened fan
(from the cooling system of a car) is
another convenient bearing when 
stripped down and lubricated before
re-assembly. The flattened fan is
drilled to take the bolts that attach
the rotor to the bearing and hold the
two rotor halves together. On a water
pump is a pulley drive that takes a U-
belt that could be the basis of a
geared driving system on rotors without
a flywheel.

The pump part of the car water
pump is not suitable for lifting water
over a head but can be used for circul-
ating water. However, more often, it
is possible to remove only a part of
the water pump that comes away from
the engine casing. Some cars have a
pump which can be removed in its entire-
ty* If used as a bearing, only the
easily removed part is necessary. It is
attached to the engine by three or four
bolts that can be used in fixing the
bearing to the frame, If bearings can't
be found, a bearing known as a Plummer
Block can be bought for about 2- 3 each.
Making the Pump

The pump body can be made out of
a shell case 155mm in diameter, divided
into three compartments of equal length.
Or as in the diagram with chipboard
circles with holes in them stacked on top
of each other, and glued and sealed.
The lower part is drilled on its side by
the base, and a steel pipe for exacuat-
ion is fitted to the hole.

On top of this part is a circular
slab, cut from sheet iron or chipboard
and placed between two soft rubber joints
of the same diameter. The lower joint
is circular and drilled with a circular
series of holes. The upper joint is in
the shape of a ring 20-30mm wide. The
circular slab is drilled with a hole
allowing for the passage of a tube which
is fixed to it. The free end of this
tube is threaded and then closed by two
screw nuts. The tube can come from a
water installation or from the front

PUMP CHAMBER ASSEMBLY

forks of a cycle.
The lower opening of the tube must

coincide with the series of the holes
drilled in the rubber joint to allow
for drainage.

The middle compartment of the case,
already fitted with its joints, is
placed on the circular slab. A second
joint in the shape of a ring is set up,
together with a circular slab and another
joint itself drilled with a series of
holes. Both joints are identical to the
first two but are inversely arranged.

The circular slab is drilled with
two holes and its length is calculated
so that its lower end stops 10mm from
the first circular slab. The second
hole is for the threaded end of the tube
fixed to the lower slab, on which a nut
is screwed and a ring is placed. A
hole drilled in the upper joint allows
for the passage of the tube. A second
supporting ring is placed and the com-
plete assembly is tightened with a
screw nut.

A delivery pipe is fixed on to the
base of the middle compartment to carry
water from the well. The third comp-
artment is now placed over the two
others and a soft but thick rubber
membrane is put on top of it. Car
inner tubes can be used. This is held
close to the edge of the cylinder by a
metal ring. The rubber joint must be
encased between the edge of the cylind-
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WIND POWER

er and the groove of the metal ring.
The centre of the membrane has a hole
drilled in it through which passes the
threaded end of the connecting rod to
the motion of the windmill. The rubber
is tightened between two screw nuts
and thick washers with chamfered edges
so that the membrane is protected
against deterioration.

All the elements of the pump are
assembled and tightened together by
four iron bars made with long strong
bolts. These bolts pass through a
thick board which forms the base.
They also pass through the metal rings
placed on the top and moderately tight-
ened. The whole assembly must be perf-
ectly airtight. The pump is fixed to
the ground between the three legs of
the tripod. It must lie perpendicular
to the centre so that the transmission
rod stands perfectly vertical.

ating motion necessary to drive the pump
make it from plywood or sheet metal.
Devise a means that enables the pump rod
to be disconnected when the pump is not
in use. Establish the radius of the
eccentric suitable to work the pump by
trial and error.

CONTINUED PAGE 31.

The modified head on the alternator
replaces the usual pulleydrive and pro-
vides the latitude necessary to accomm-
odate any slight wobble on the flywheel.

Further Notes
The Bell crank converts rotational

motion from the eccentric to reciproc-

HOW IT WORKS!!

When the membrane is attached to the
top, an intake is produced and the
upper joint comes off the upper circular
slab. The water is sucked by the tube
connected to the middle compartment thus
filling the upper compartment. Meanwhile
a partial vacuum occurs in the middle
compartment thus attracting the piped
water from the well.

When the membrane goes back to its
original position, the water in the
upper compartment is sent to the lower
one by means of the tube which joins
them together and gradually fills it
up. The water then travels to a tank
through a pipe. Both joints drilled
with holes act as stoppage valves by

lying flat on the circular slabs when
needed.

All that remains to be done is to
build the complete assembly near enough
to the well in order to have the short-
est possible length for the piping.
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WINDPOWER
Continued from page 14
Provide a housing for the alternator by
inverting a plastic bucket with approp-
riate holes in it, as a means of shelt-
ering it from the weather.

give enough distance to splay the legs
at the bottom and to allow a joint with
the central tube.

This joint can be made by either
welding or slightly curved bolts, in
which case each tube is drilled with
two holes near the bend. Six bolts
should be sufficient for the complete
assembly.

Bicycle Airscrew Pump

This has been conceived to draw
water out of a well and store it above
ground level. Thus, water is available
at any time with enough pressure to
water a garden. The winding parts,
mounted on ball-bearings, are bicycle
parts.

Construction of the Tower
This is made of four tubes 45-5Omm

in diameter, three forming the legs and
a central one supporting the mechanical
part, The three legs are slightly bent

their axes for about 100mm and bending
them to form fixing tabs which are then

The legs can be fixed to the ground

cast in concrete,

in two ways,

or by welding the
bottom of each leg to an iron tab

either by sawing along

drilled with a 12-14mm hole, This
must rest flat on a rectangular con-
crete block to which it is fixed by a
sealed threaded stud. This method
has the advantage of allowing the
tripod to be taken down.

at about 600rpm from their top ends to

The leg tubes are about 3.3m long.
The central tube is 2.lm. It rises
lm above the others and is surmounted
with the front forks of a bicycle,
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WIND POWER

both fork tubes having been straight-
ened out to allow their fixing by two
iron rings. Each ring is made of two
parts tightened together with bolts.
The iron should encase the fork tubes
without squashing them.

from the pivot of the forks. To join
these two pairs of tubes, they must be
flattened and then drilled to accept
bolts,

The Mechanism
This has two parts: the airscrew with

its bearing and motor-drive, and the
pivot which is fixed to the tripod and
allows the airscrew to rotate into the
wind.

The pivot is formed by the main
tube of the forks in which the front
tube of the frame revolves. This has
been separated from the rest of the
frame' by sawing through the tubes which
terminate in it, leaving enough length
for the fixing of the mechanism, The
cycle headset ball-bearing mounting has
been kept as it was. It should be
cleaned, greased and adjusted so that it
rotates easily without any play.

The bearing of the airscrew is made
from the rear forks of a bicycle frame
from which only both horizontal tubes
and the bottom bracket have been kept.
The tubes are bent, as shown, near the
small brace which separates them and
then cut to different lengths to bolt
on to the stubs of the tubes protruding
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M O N O
WIND
TURBINE
A SAVONIOUS REDEVELOPED

Over recent years a number of new
wind turbines have appeared on the
Australian market. These new turbines
have been attempting to move in on the
water pumping market, an area which has
been dominated by the classic multi-vane
wind pumps. One of these turbines was
the Cobden wind turbine with its char-
acteristic jet engine type appearance,

The other wind turbine to appear was the
Mono pump which is a development of the
Savonius rotor type design.

The manufacturers of these machines
claim they have a higher efficiency with
lower maintenance requirements. The S
rotor design was selected after wind
tunnel tests by a NSW University engin-
eering team at Duntroon. Using a vert-
ical axis rotor running on sealed bear-
ings eliminates much of the machinery
required at the tower head of existing
mills and greatly reduces tower head
maintenance.

A key component of the Mono pump is
the clutch. The clutch has an "impulsive
engagement" system which allows the
drive to build up momentum at low wind
speed. The clutch cuts in to allow pum-
ping until the-momentum is used up, then
cuts out while the rotors build up speed
for the next input.

In winds between approximately 10-22
kph (643.5 mph), the turbine operates
the pump in an intermittent manner.
The cycle begins with the clutch dis-
engaged. Without the drag of the pump
the wind turbine stores the wind energy
in its increasing rotational speed until
it has sufficient speed to engage the
clutch.

Page 7



The pump, which is geared up to
produce large amounts of water, then
uses the available wind energy, as well
as the stored energy, to pump water. In
this phase, because of the light winds,
the turbine decelerates until the clutch
disengages and the cycle is repeated.

Previous windmill designers have used
reduced gear ratios to lower the start-
ing wind speed, and by doing so, have
paid the penalty of poor performance in
moderate winds of 20-46 kph (12-29 mph).
The Mono Wind Turbine operates contin-
uously at wind speeds from any direction
above approximately 22 kph (1.5 mph).

The Mono Pump has been designed to
withstand wind gusts up to 160 kph
(100 mph). A brake stops the wind
turbine when sufficient water has been
raised, or auxiliary power is required.
During periods when more water is
needed an auxiliary electric or diesel
power source can be attached.

The Mono Pump uses a pump composed
of a single helix metal rotor which
revolves within a double helix resil-
ient rotor. Rotor and stator are
under continuous lubrication by the
liquid being pumped. Because of the
slow speed operation of the pump there
is little wear and maintenance is min-
imized.

The manufacturers of the Mono Pump
claim that their unit can pump more
than twice the amount of water of a
comparable multi-vaned unit.
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The Costs and Disadvantages

The biggest disadvantage of the
Mono Pump is its cost. This can be
close to five times the cost of a
conventional multi-vaned wind pump.
An installed Mono Pump with two tiers
can cost $11,000 to $12,000 while an
8ft. wind pump would cost around $2,000.
With this kind of price difference the
Mono Pump has to be pretty good to beat
the opposition.

Other questions can be asked about
the claimed efficiency of the Mono
Pump. The designers of the Mono Pump
claim it uses the most efficient shape
possible. However in the past all
the available literature has stated
that this shape is not the optimum.
When Singurd J. Savonius of Finland
invented the Savonius rotor, he
conducted extensive tests on his design
and found the optimum overlap for the
rotor. This does not coincide with
the Mono design.

Many of the Mono Pumps claims of
improved design and greater efficiency
will only be tested by time. Event-
ually we will know whether the claims
are merely sales talk or true advances
in wind water pumping technology.
But the Mono Pump will have to be a
lot more efficient and a lot easier to
maintain if the added cost of the
Mono Pump is not to be a disadvantage.
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                           HOW TO BUILD A SAVONIUS ROTOR

Väderkvarner:  Anne & Scott MacGregor.   DK.  1984.   91-510-4205-3.

Material required: 
A:   400 x 400 mm. thick cardboard for base plate.
B:   Sheet of medium-thick cardboard - at least 450 x 300 mm. 
C:   Sheet of thin cardboard - at least  600 x 450 mm.
D:   Two cotton-reels - 32 mm. in diameter.
E:   One round pencil or a 7 mm. round wooden dowel or pin. These are  
       cut into two lengths of 60 mm. each. 
Tools required:  Sissors, hobby or modelling knife, compass, ruler, pencil,
ballpoint pen, carbon or tracing paper, paper-clips, staples, glue, etc.
  
1: Trace or copy the rotor end caps onto a sheet of medium thick cardboard  
and cut out 2 pieces. Cut 4 slits in each end cap, as illustrated.

2: Trace or copy the rotor blade pattern onto a sheet of thin cardboard and cut  
out. Carefully score along the striped lines with the back of a knife blade -[with
great caution], using a ruler for guidance, or with a sharp pointed  pencil or
pen, so that the rotor blade and the rotor blade end flaps may be easier to bend. 

3: Insert 4 of the rotor blade flaps through the 4 slits in each of the two rotor end
caps and glue down.

4: Bend and glue down the 2 end flaps over the outer rim of each of the two
rotor end caps.

5: A sharp round pencil or short round sharp wooden dowel or pin is inserted in
a cotton-reel and fixed tight by gluing. Another round pencil or wooden pin is
inserted in the second cotton-reel and likewise glued fast.

6: Glue both cotton-reels on each of the two rotor end caps. Ensure that both
cotton-reels are placed firmly in the exact center.

7: Trace or copy the pattern for the 3 tower legs on a sheet of thin cardboard
and cut out. Bend the tower legs as shown.

8: Trace or copy the rotor support unit on a sheet of medium thick cardboard
and cut out. Make a hole in the center, thereby allowing the pencil or wooden pin
to rotate freely.

9: Place the rotor support unit on the base plate and mark out the tower leg
positions. Mark out the center at point A.

10: Glue the tower legs onto the base plate.

11: Place the assembled rotor between the 3 tower legs. Press the sharpened
point down into the base plate at point A. Place the rotor support unit over the
upper pencil or dowel or pin as shown in the first assembled-unit drawing.
















































