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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.
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Combined Windmill and Fuel-oil 
Electrical Power Generating Station.

Period Type 1.5   Lykkegård model 1928. 
18 m. rotor diameter.  30 kW  DC - Dynamo.
[These models were in series production for 50 years].

The blades are made from wood. The blade stocks A are held in place by a cast-iron cross-type
canister B fastened on the main windshaft C which runs in two sets of ball bearings, - one at the
front and one at the rear end of the windshaft.  

The blade shutters F are all connected by a steel shutter bar or rod G which runs the length of each
blade. The four steel rods meet in the center of the blade rotor, where they are joined together with
the control or striker rod H - through a system of counter-balanced rods, where the control striker
rod is joined to the lever arm K . The counter-weight L maintains the shutters in a closed or shut
position. 

When the pressure from the wind increases, the shutters will tend to gradually be pressed open.
With increased wind speeds that could possibly endanger the safe operation of the windmill itself, or
of the machinery that the windmill is driving, - the shutters will further open. The blades and rotor will
thereby be maintained at a, more or less, constant speed of rotation.

If the shutters are completely opened, - the windmill will come to a standstill. The windmill can be
stopped at will by pressing down on a shutter-release lever arm placed at the foot of the tower.
Likewise the windmill can be re-started by raising the same lever arm.

The main windshaft drives the main gear wheel, - the so-called “brake wheel” N - that engages the
horizontal wallower gear wheel, O on top of the long vertical shaft P that transmits the wind energy
down to the bottom of the tower. The power from the vertical shaft is transmitted to the dynamo
through a right-angled gearbox, as shown from A - B. 

The windmill powered dynamo generates electrical energy for a battery bank or for direct use in a
local grid, with a back-up petroleum, diesel or fuel-oil engine driving another dynamo.



























































































































































































































































































                                                   BLADE CARVING

Friends: 

It has been our objective to conduct research into "construction and ease of visualisation in
rotor-blade-construction". It is our impression that many "blade-designs" are rather difficult to
visualize [if not to say very difficult, confusing and indeed perhaps too complicated] - and it is
therefore advisable to "take your time and have a simple model for reference".

Please take time to carefully several time read-through the following notes. It is indeed
complicated - but only once. Please consult the relevant above mentioned drawing.

[In this respect it should be noted that Hugh Piggott has recently done much to improve the
visualization process prior to marking-out of the individual blades on his latest three-bladed
models. See downloads and links - www.scoraigwind.co.uk - & - www.otherpower.com ].

It has also been our objective to experiment with glued-strips. Finally it is our intention to
further experiment with longer - straight-sided blades as shown on the specially-available
CD-3 in several different files. However the necessity for our now lengthwise-sawn beech
logs to be more fully dry has meant a posponment of this task.

01: 190 cms lengths of 2.5 cms  x 10 cms "battens" - were cut into 190 x 3 x 2.5 cm strips -
using an old baby-size Black & Decker circular-saw. These strips were then glued with a good
BOSTIK waterproof and "flexible" wood-glue. We decided that we would not use more
expensive epoxy-glue as these were solely for prototype experimental carving.

02:  The strips were glued and clamped with many large screw-clamps and laid-out on the
floor on a sheet of plastic.

03:  The glue has a drying time of 30 minutes - but because of the cold and damp and with our
workshop temperature of about 5-7 degrees - the glue was still not quite dry the next morning
- however the actual "plank” looked good and strong. Although because of the different
internal "stresses" in the individual strips [and possibly the cold temperature] there were now 
considerable height differences between the individual strips - both on the top and the bottom
- in spite of being very tightly clamped with heavy-duty wooden-formwork concrete
construction screw-clamps. This means that future glued work must be very heavily
top-loaded to prevent possible "spring-effects". 

04:  Because the glue had not completely hardened - it was a hard job to first scrap off as
much as possible of the excess glue in between the different "strip-height differences" - before
we were prepared to use the hand-held electric plane so as not to mess-up either the cutting
edge of the plane nor to clog-up the flexible-plastic air-suction tubing from the machine-plane
to the industrial-type workshop vacumn-cleaner.



Non-mechanical tools such as a Stanley hand-plane, a drawknife a spokeshave and a Stanley
SURFORM "rasp-shaper" have been used with success and indeed - all these are needed. As 
well as the Bosch machine plane, a Holtz-Her belt sander and a Black and Decker orbital
sander.

05:  It is recommended to make the strip-height 3 cms - as the "finished-plank" - prior to the
carving has to be 1" - inch [2,54 cms] - so there as adequate and sufficient reserve-excess
wood to remove.

06:  An minor but very unfortunate incorrect small-cut with the circular saw on one edge of
the wooden plank required a repair with the inserting, gluing and clamping of a small
repair-strip of  wood - 5 mm x 2,5 cms x 20 cms. It is advisable to use either a table-saw or a
hand-held jig-saw - such as a Scintilla/Bosch orbital jig-saw for edge-cutting.  Even though
the cuts are perhaps  not as straight as with a circular saw, any irregularities can be smoothed
out either with the spokeshave or a sander. AND one is always in complete "view" of the
actual cutting situation.

07:  We have noticed and we consider - that in constructing blades from drawings - there is
always a great possibility of MISTAKING the correct direction of rotation and therefore - 
???? - which blade is carved in which direction. 
We have decided that to avoid this possibility it is advisable to first construct the ultra-simple
blade - shown on CD-1 in the file "Low-cost Windmills" - in the section Jemmett 120 W.
Windmill. This simple 65" x 3½" x 1" - two bladed rotor with only three straight angles on
each blade. However as shown in the drawing and to be very correct - it does first need a
calculation of 3.5" [inches] x tangent 6 degrees and then a reconversion back into fractions of
inches => about 3/8" inch and add 1/4" inch to find the correct angle height on the plank
trailing edge.

08:  This model with a 65" diameter [just over 165 cms]  rotor and with plain straight-sided
shape with a width of 3½" and start thickness of 1" - is highly suited for not only
experimenting but as a visualisation model. As the measurements for this blade are hereafter
given in inches - the following figures are given as a rough reminder:

1"      =   25.4 mm
1/8"   =   3.175 mm
1/4"   =   6.35 mm
½"     =   12.7 mm
5/8"   =   15.88 mm
 
09:  The 9" center section was measured from the ends and the temporary "center position"
marked. This center section was marked-up and squared and the two lines each at 4½" from
the exact center were also squared and drawn across the surface. A further middle line was
drawn through the center-point lengthwise through this "box". There are now four rectangles
in this upper surface 9" x 3½” box. These measurements are repeated on the reverse side and
each of the three upper lines joined with the three reverse-side lines around the 1"
plank-edges.



10:  On each flat side in this center box there are now 4 small rectangles each 4½" x 13/4"
wide. On the upper left-side rectangle draw an arrow pointing-up and write "WIND". Now in
the lower right-hand side draw another arrow pointing-down and again write "WIND".

11:  Along the drawn center line from left to right now write - "FRONT" or "TOP". 
[This is the side that the wind will first meet - as seen by a person standing in front facing the
blade - with his own back to the wind. The Blade rotates in a clockwise direction].

12:  Turn the plank lengthwise over and write along the rear center line "BACK"

NB: The top and bottom surface-lettering of the words "FRONT" and "BACK" must be
written in the same plane and of course on opposite sides of the plank.

13:  Position or turn the plank "BACK" [rear-side] - so that the lettering "BACK" is now
upside-down. Measure 11/4" [one and one quarter of an inch] UP from the bottom of the
lower left edge of the left-hand side lower rectangle and then project and draw the line - out to
the left-hand edge of the plank. This is now written on the surface with a pencil as line “A”
This line will mark the highest point of the left-side rear or "BACK" aerofoil-shape.

14:  Repeat the process by measuring 11/4" DOWN and out to the right from the upper right
edge of the top right-hand rectangle of the same "BACK" -side and written in as line “B”.
These two lines "A" and "B" will mark the highest points of the aerofoil shape

15:  Now turn the plank over and towards you 270 degrees - so it is now on edge on the
work-bench. The side and lettering marked "FRONT" is now facing you [with the lettering
"FRONT" the right way up]. Starting from the "squared box lines" on the upper top left-hand
side marked "WIND" - measure 1/8" DOWN - out and away from you and across the 1" edge.
Make a mark “C” and thereafter further measure and mark again 1/4" -“D” . Thereafter
project these two parallel lines [1/4" apart out to the left edge or tip.

16:  Rotate the plank on the work-bench 180 degrees away from you - on edge [BACK is now
facing you - and again upside down]. Repeat the same procedure. Across from the "FRONT"
original lower right-hand rectangle edge [and in this present position - now towards you] mark
“E” and “F”. These two parallel lines must be projected out to the right-hand edge of the
plank. These 4 lines "C" "D" and "E" "F" - are the "leading edges" of the blades. 

17:  Now measure 5/8" towards you from the edge of the FRONT lower left-hand rectangle
“G”. Thereafter measure a further 1/4" - “H”. Project these two parallel lines out to the
left-hand tip.

18: Rotate the plank 180 degrees away from you - so that FRONT is now facing you. Repeat
the same process and measure 5/8" across from the edge of the right-hand upper rectangle.
Project these lines out to the right-hand tip - “I” and “J”. 
These 4 lines "G" "H" and "I" "J" are the "trailing edges" of the blades.



19:  Go out to the squared tip-ends and join-up the different projected lines. It will now be
seen that they form an aerofoil shape. Looking at the plank with the FRONT facing you - with
the lettering the right-side up - it will be seen that - the "left" flat side [facing the wind] slopes
DOWN from the FRONT upper left-hand side rectangle. And the "right" flat side [- of course
also facing the wind] slopes UP from the FRONT upper right-hand side rectangle.

20:  Now go through all these measurements a second and third time to check and control.

21:  Place the plank on top of another plank to avoid excess vibration especially at the tip end
while working with tools. Use a screw-clamp placed with the center "BACK" section
uppermost and fasten them both to the work-bench.

22:  Using a draw-knife and plane carefully remove away as much of the wood as possible
from the visible 11/4" pencil-lines "A"and "B"  down to the pencil line on the edges "D" and
"F".

NB:  PLEASE BE VERY CAREFUL - AND CHECK THAT YOU DO NOT REMOVE
TOO MUCH WOOD - OR MISTAKE THE DIFFERENT PARALLEL LINES !!!!.

23:  Then repeat the process from other side of  the still visible pencil lines "A" and "B" -
down to the lines "H" and "J".

24:  Use a fine-set spokeshave during the later stages of this work. For cutting along the sides
of the large center rectangle the use of a hacksaw and a loose hacksaw blade and a rasp are
recommended. At first we used a fine-toothed saw - however this was perhaps too big and
clumsy for this purpose and a hacksaw or hacksaw blade is preferable.

25:  Turn the plank over so that the "FRONT" side is now on top and fasten as previously
described. Using the draw-knife, plane and spokeshave - carefully remove the wood across the
whole width of each blade from "C" across to "G" on the left-hand side and from "E" across to
"I" on the right-hand side.

NB:  DURING THESE STAGES - DO NOT REMOVE ALL WOOD RIGHT DOWN TO
THE DRAWN LINES.

26:  As all the sections on this blade design are flat and straight - it is a very easy task to use a
good belt-sander and orbital sander to remove much of the last uneven areas down to the lines.

27:  The blade sections will need a final sanding and finish with a wooden block and fine sand
paper and also rounding and smoothing of the leading and trailing edges [between lines "C
"D" and "E" "F" and likewise between lines "G" "H" and "I" "J" in addition to a
smoothing-over of lines "A" and"B"].

28:  Likewise the necessary shaft measurements, drilling, fixing and balancing etc will of
course still be necessary before the blade is finished.



However as mentioned above - the purpose of the whole operation was the following:

A:  Visualization of shape - etc.

B:  Experimentation with glued strip wood for blades.

Results from this process have been highly favourable - without however - actual wind testing
for performance or reliability etc.

However we have noticed that even though problems with imperfections in the wood are
avoided by the use of glued wooden strips, two areas have been encountered where the over-
energetic use of the draw-knife near knots and other potential weak areas and faults - rather
than using the belt-sander - has resulted in a couple of small imperfections. In future only
"near-perfect and good" wooden strips should be used in any gluing process.

 However in reality this is no problem and the present encountering of this problem can
perhaps only have resulted from lack of necessary concentration during the strip-assembly
prior to gluing process.

The time taken for this last Second-Stage process - has been about 1 hour for the measuring
[and checking and then re-checking] and then about 1½ hours for the wood carving process. 

With a more systemised approach - even at this present stage - it should be possible to
produce a finished "simplified-design" two-meter two-bladed rotor in about 3½ - 4 hours or at
a rate of at least about 2 units per day. 























                                           CONSTRUCTION OF ROTOR. 

A:      1.45 meters [145 cms.] plastic roof gutter - eg. "Plastmo nr. 12" - [145 mm. inside       
      diameter, with smooth inside and outside finish - 2.5 mm. thick walls].
B:      Hand tools, drill, jig or fret or pad saw, adhesive, clamps, sandpaper, scraper, etc.
C:      Thin pliable cardboard, sissors, pencil, ruler, filt-tipped pen, tape, etc.

The 145 cms. length of plastic roof guttering is cut into two lengths. One piece of about 20 cms. and
another of about 123 cms. [Any end junction-collar is cut off as close as possible].

A cardboard pattern is made from the drawing. The center-line must also be clearly marked. A tiny
hole is pricked in the center-line as a mark for the future shaft. The cardboard pattern is placed
inside the guttering, - with the indicated lettering facing upwards. - This ensures that the rotor
shall have the desired direction of rotation. The center-line must be completely true with regard to
the lengthwise axis of the guttering. If necessary the pattern can be pressed down inside the guttering
with the assistance of a wooden straight edge and a couple of screw clamps.

Using a filt-tipped pen, the pattern is carefully transferred to the inside of the guttering.
The rotor is sawn-out with a jig-saw, etc. and possible jagged or rough edges are filed clean.

To reinforce the rotor, - the short 20 cms. piece is marked in the middle and placed at the exact
center on the rearside  of the rotor. A 5 mm. hole is drilled through both pieces and they are then
assembled together with a 5 mm. bolt, a nut and washer.

The rough shape of the rotor is then drawn on the inside of the shorter piece. They are disassembled
and the shorter piece is cut out, and filed clean. The ends are rounded as indicated by the dotted
lines shown on the pattern drawing. Sandpaper the edges of the junction between the two pieces to
ensure that the joint will be as smooth as possible.

The two facing sides that are to be joined together - are cleaned for dirt or dust and then further
prepared, as specified in the advisory accompanying instructions where or when the guttering was
purchased, - such as, - “Instructions for joining plastic guttering”. After the adhesive has been
applied, - the 5 mm. bolt is replaced in the center hole and tightened. As many glue clamps as
possible are placed around the edges of the reinforcing unit, - as shown.

When the adhesive is completely dry - the rotor is roughly balanced by removing material from the
blade center area - on the side that meets the wind - [the leading edge].  Balance is found by
allowing the rotor to come to a level rest, by placing a rounded object - such as a vertically hand-
held fountain-pen in the 5 mm. center hole. After the rotor is roughly in balance, - the edges are
carefully and gently sandpapered, - at first with coarse sandpaper, then followed by finer - using a
wooden backing block. Fine balance adjustments are also made. 

The edge that meets the wind under rotation - the leading edge - is rounded.
The edge where the wind slips the blade - the trailing edge - is sharpened - by removing material
from the inside of the guttering.  This final treatment can be done by using a fine, thin and sharp-
edged steel cabinet-scraper. During these final finishing processes - the rotor must be constantly
checked to maintain correct balance.  
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Wind Generator Blade Balancing
Mick Sagrillo

©1989 Mick Sagrillo

any different ways of balancing wind generator blades and rotors have been used over the years.
Some methods work, although often on a hit or miss basis.  There is more to rotor balancing than
just screwing lead onto the blades.  An unbalanced rotor will cause unnecessary vibration and

stresses resulting in premature wear on the generator's bearings, governor, blades and tower.  A properly
balanced rotor will give the wind generator long life and its owners years of problem free power.

Ancient History

An old way of balancing is to mount the blades on their governor
and then hang the entire assembly from a wire attached to the
ceiling.  The wire passes through the generator shaft hole in the
governor and acts as a fulcrum or balance point.  The entire rotor is
then hung horizontally a few feet from the floor.  The wire must pass
exactly through the center hole of the governor.  The point where
the wire passes through the rotor becomes the fulcrum about which
the rotor teeters.  Weights are added to the lighter of the two blades
(for a 3 blade rotor) until the entire rotor is horizontal.  The primary
problem with this system is that the fulcrum is below the rotor's
center of gravity.  This is because the assembly is supported from
beneath by the wire.  Balance is best achieved when the fulcrum
point is  above the center of gravity of the entire rotor/blade
assembly.  It is virtually impossible to balance the rotor accurately
by hanging it from a wire.
Better But Not Perfect

Another old timers method involves mounting the entire rotor on the
generator shaft.  The generator can be on the tower or preferably on
a stub tower on the ground.  The rotor is lightly spun and allowed to
come to rest.  The heaviest blade will always come to rest in the
bottom position.  On a three blade rotor, weights are added to the
lighter of the two and the rotor is spun again. When the blades
come to rest randomly, the rotor is considered balanced.  This
method is tedious and time consuming but with patience a
somewhat balanced rotor can be achieved.
Two Blade Balancing

Individual blades can be balanced, one against the other or against
a known weight, on a fulcrum.  This only works with a two blade
system and then only if the governor or hub that the blades are
attached to is perfectly balanced.  If the governor is not well
balanced, the case with most two blade Windchargers, or the rotor
has three or four blades, this method doesn't work well.

Balancing with a Fulcrum
A common but ineffective way of balancing blades with a fulcrum is
to find the center of gravity of the heaviest blade and transfer this
dimension to the lighter blades.  These blades are placed, one at a
time, on the fulcrum at the marked point & balanced with weights.
Fulcrum Balancing Problems

One major problem with fulcrum balancing is the assumption that
the blades are identical in gross weight and in weight distribution or
density along their length.  We have received blades from
manufacturers that have varied by as much as six ounces from the
heaviest to the lightest.  And these have been considered quality
blades.  One of our customers bought blades from a well know
supplier that varied by three pounds!  Even if you've individually
balanced all three blades, the rotor assembly will still not be
properly balanced if the blades don't all weigh the same.  As an
exaggerated example, let's say that you used two 2 X 4's and one 2

X 6 instead of blades.  Obliviously, the 2 X 6 is going to be  the
heaviest of the three.  If you find the center of balance of the 2 X 6,
transfer this center distance to the two 2 X 4's, then balance the two
2 X 4's on your fulcrum, all three will have the same center of
balance.  You'd have plenty of problems if you tried to use these
three pieces of wood to drive your wind generator. 
Wood Density

One of the reasons for the large discrepancies in blades is wood
density.  Trees vary in density, as do parts of individual trees.
Ideally, the densest wood should be at the butt of the blade.  The
butt is the blade end closest to the governor.  I know that our blade
carver takes these things into consideration.  But someone who is
buying just one set of blades to finish for his own generator is really
stuck with whatever the manufacturer sends.  Blade manufacturers
sell their wares either prepaid or C.O.D.  Once a customer has paid
for the blades, he has to be content with what's been shipped.
Blades and Rotor Together

The blades should not be individually
balanced using the fulcrum method.
Here at Lake Michigan Wind & Sun,
we do not balance individual blades.
We treat the entire rotor (the blades
and governor) as a single unit.  The
first step in system balancing is to
break down all structures to
fundamental units.  The entire rotor
assembly is a fundamental, rotating
unit.  In theory, the rotor can be
balanced by balancing individual
blades, then mounting them onto
what is supposed to be a balanced
governor.  In practice, all sorts of
assumptions come into play that are
givens in theory.  These assumptions
are not even considered when
someone is screwing weights to
blades, and therefore become
variables.  And variables can become
vibrations.

The way we balance rotors at Lake
Michigan Wind & Sun is very similar
to the way tires were balanced before
computerized spin balancing.  We
bubble balance.
Our balancer (photo 1) consists of a
shaft machined to fit the center hole of
the governor, in this case a Jacobs or DWS blade-activated
governor.  Different shafts are machined to fit different styles of
governors.  The shaft is bored out nearly to the top end.  A pivot rod
is machined to a point which fits inside the bored shaft.  An

M

Photo1 by Mick Sagrillo
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inexpensive bubble balance, available from any local tool shop,
completes the hardware required.
The assembled balancer is shown in photo 2.  The governor is
placed on the bored shaft and the blades are then mounted onto the
governor.  At this point, the blades, governor hub, and governor
spider are numbered.  This is done so the rotor can always be
reassembled in exactly the same way that it was balanced.  If this is
overlooked, the balancing is for naught. It's a good idea to place
sawhorses under the first two blades that are mounted onto the
governor to keep from placing undue stress on the pivot rod.  Once
the third blade is installed the sawhorses can be removed because
the rotor will, more or less, maintain its own balance.  
The rotor mounted on the balancer is shown in photo 3.  The
primary advantage to this system is that the pivot point of the rod
(the fulcrum) is above the  center of gravity of the governor and
blades, see figure 1.

This makes balancing very accurate as well as very easy.  The
bubble balancer is placed directly over the center of the top of the
bored shaft that is sticking out of the governor (see photo 4).

The Balancing
To balance a Jacobs or DWS blade mounted on a blade-activated
governor, place gram weights on the eyebolt brackets of the two
lighter blades until the bubble balance reads level (see photo 5).
The eyebolt brackets are there to tension the governor springs.
They provide a convenient place to attach weights along the blade's
center of gravity.
Adding The Weights

Once the rotor is balanced, weigh the gram weights on a beam
balance.  Measure out the same weight of lead for casting.  Add
several grams extra to compensate for the mounting bolt holes
which must be drilled in the weight.  Melt the lead, pour it into a

Photo 2 Photo 3 Photo 4

Photo 5 Photo 6

Photo 2: Bubble balancer, bored shaft
& pivot rod in place.

Photo 3: Blades and hub on the
balancing rig.

Photo 4: Bubble blancer at the hub's
center.

Photo 5: Governor spring mounting
brackets.  An ideal place to add
weights.

Photo 6:  A weight sandwiched
between the bracket and the blade.

All photos by Mick Sagrillo.
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mold and set aside to cool.  Drill the bolt holes and mount the
weight to the blade by sandwiching it between the eyebolt bracket
and the blade (see photo 6).

This way, the weight cannot work its way loose from the blade.
Now, recheck the balance of the rotor to see how good a job has
been done.  If you've removed too much or too little lead during the
drilling of the bolt holes, make corrections if possible.  If not, then do
it over.  A perfectly balanced rotor is one of the most critical parts of
your wind generator.  Once you're satisfied with the balancing,
move on to finishing the blades, and taping the leading edges.
Finishing Up

Before you balance the rotor, prime and finish sand the blades and
mount all the hardware.  Don't apply the finish coats of paint before
balancing for two reasons.  First, several ounces of paint spread
more or less evenly over the entire surface will not affect the
balance of the rotor.  Second, it's very important to attach the
weights to the blade before painting so the finished blade is
completely protected by the final coats of paint.  Then there are no
breaks in the paint's skin for moisture to enter.  Moisture entering
the wood will not only affect balance, but also eventually cause rot. 
Inner Workings- Centers

Problems often arise because of where the weights are placed on
the blades.  As can be seen from the cross section of a blade in

figure 2, the thickest part of the blade is near the leading edge of
the blade.  This is called the aerodynamic center.  Also shown in
figure 2 is the pivot center.  The pivot center is where the blade is
attached to the rotor.
The aerodynamic center is where most people would probably
attach weights because it's the thickest and presents the least
danger of the screws going all the way through the blade.  

The Aerodynamic Center vs. the Pivot Center
In the Modified Clark Y Airfoil used on Jacobs and DWS wind
generators, the aerodymanic center is 28% of the chord length
measured from the leading edge of the blade.  The chord length is
the distance from the leading edge to the trailing edge of the airfoil.
In the case of a Jacobs or DWS blade used on a blade-activated
governor, the hole bored into the blade's butt for the governor blade
shaft is the pivot center.  The pivot center of the blade is
43% of the chord length from the leading edge.  The three
blade shafts of the blade-activated governor are 120°
apart.  The center of gravity of the blade lies along a
line that passes through the pivot center of the blade
(Figure 3).
Therefore, the center of gravity of each blade is
120° apart.  By placing lead weights beneath
the eyebolt brackets, you add weight along
the center of gravity of the blades.  Since
each blade's center of gravity remains the
same (120° apart), the rotor will balance
nicely.  If you add weights along the
blade's aerodynamic center, then the
center of gravity is shifted forward,
towards the leading edge.  This
means that the centers of gravity
for the three blades are no
longer 120° apart (figure 4 on
the next page).
While a rotor assembly
whose blades are
weighted along the
aerodynamic center will
balance as a unit on the
bubble balancer, it may
vibrate in actual use.  Care
must be taken to locate
weights along the center of gravity of the blades (the pivot center if
a pivot is used) and not along the aerodynamic center.
Weights On or Within the Airfoil?

Never add weights on the outside of the airfoil.  The airfoil of the
rotor is a most important part of the entire wind system.  The last
thing you want to do after painstakingly preparing and finishing a
set of blades is bolt some globs of lead to the outside of the airfoil.
This creates all sorts of turbulence which will adversely affect the
airfoil's performance.

However, some rotors do not have governor hardware attached to
them (like the Jacobs or DWS blades) and therefore lack
convenient mounting points for weights.  There is a method of
attaching weights that does not compromise the airfoil.  This
technique involves countersinking the weights into the blades.  We
use this method quite often with different airfoils and it works well.

Countersinking Weights INTO the Airfoil
In this technique, weights are placed along the center of gravity line
of each blade requiring additional weight.  Countersink the weights
into the blade with a Forstner bit.  A Forstner bit drills a perfectly
clean hole in wood and leaves a flat bottom in a blind hole (the hole

Fulcrum Bubble Balancer

Pivot Rod

Bored Shaft

Governor Hub

Figure 1- the balancing rig.

Aerodynamic  Center - 28% Chord Length

Pivot Center- 43% Chord Length

Airfoil Chord Length

Wind Power

Center
of
Gravity
Line

Figure 3- Airfoil
center of gravity line

Figure 2- Airfoil Centers & Chord Length
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doesn't go all the way through the wood).  You'll find an
example of a blind hole on chair legs.  These blind holes
are drilled into the legs and accept crossrails.  The best
results are achieved with a drill press.  I use a 7/8"
Forstner bit, although most any size will work.  After
determining how much weight is needed to balance a
blade, the lead is melted and poured into a form.  The
form I use is a short piece of heavy wall tubing that has
been bored to exactly 7/8" to match the holes.  The
weights are never more than 3/8" high.  If more weight is
needed for the blade, more holes should be drilled and
the lead made into several weights, one weight for each
hole.  The holes are about 1/2" deep for a weight that is
3/8" high.  Epoxy is applied to the bottom of the weight
and the weight is pressed into the hole.  The hole is then
sealed with automotive body putty, such as Bondo or
fiberglass.  I have found that the 1/8" of body putty or
fiberglass that covers the lead weight nearly equals the
weight of the wood removed from the hole.  No
allowances for the additional weight of the body putty or
fiberglass are needed.  Once the body putty or fiberglass
has hardened, it can be sanded to match the contour of
the blade.  If you have done a good job, it will be very
difficult to find the weights once the finish coats of paint
have been applied.  You have now balanced the blades
without destroying the integrity of the airfoil. 
The Bottom Line

As you can see, rotor balancing requires looking at the
entire rotor assembly as a unit.  Balancing individual
blades is approximate at best.  If you take time and
consideration with the balancing process, you'll have a
happy and long lived wind plant.
Access

If anyone has any comments on these ideas or any other
ideas concerning rotor balancing, I would appreciate
hearing from them.  Feedback can be sent to: Mick
Sagrillo, Lake Michigan Wind & Sun, E 3971 Bluebird Rd.,
Forestville, WI 54213, (414) 837-2267.
Lake Michigan Wind & Sun rebuilds, buys, and sells wind

120°

120° 120°

May or May 
Not be
120°

Less than 120°

More than 120°

Figure 4- Symmetry of the entire blade/rotor system.

JACOBS WIND ELECTRIC
replacement parts, new blades, and blade-
actuated governors.  We make replacement parts
and have new blades for most all wind
generators, pre-REA to present models.  Many
used parts, too.

Lots of used equipment available: wind
generators, towers, both synchronous and stand
alone inverters, and Aermotor waterpumpers.
Best prices on TRACE inverters and SOVONICS
PVs.
Information: $1; specify interests.

Lake Michigan Wind & Sun
3971 E Bluebird RD., Forestville, WI 54213 • 414-837-2267











































































































































How to get it up and down,
without getting into trouble!

I was recently asked by Ralph, a
member of the A.T.A. to rig up some
information on methods of pulling down and
putting up wind generators. While Ralph
who is the proud owner of a couple of the
smaller Dunlites, probably knows more
about these machines than most of us his
knowledge does not include methods of
handling the larger 2 kW machines.

In particular Ralph wanted to know
how the late Tony Stevenson of Survival
Technology used to handle the 2 kW units.
After some digging around this is what I
came up with.

When you are 60, 80 or even 100 feet
up in the air accidentally dropping a 2 kW
wind generator is not a good idea, It
could give someone a very sore toe, not to
mention what it would do to the generator.

They are so heavy that there is no way you
can lift them yourself, so you need an
arrangement that can do the lifting for
you.

Here is the simplest way of lifting
this heavy bit of machinery down from the
heights. This method was reportedly used
by one of the Dunlite technical people a
few years ago. (Incidentally for people
who don't know Dunlite no longer
manufacture Wind Generators or supply.
complete spares for those they did).

Upon arriving at this particular dead,
wind generator, the Dunlite guy after
glancing up at the tower said "right, we'd
better pull it down". The fact that the guy
had no lifting gear, no poles or gallow,
arrangement didn't seem to worry him.
Instead he disappeared in a puff of dust



Figure 1. Basic lifting arrangement.

off to the closest town. He soon returned
brandishing a 10 foot length of 2" steam
pipe.

Next he dug around and came up with a
coil of rope and a few pulleys. Heclimbed
the tower and lashed the steam pipe
securely onto the tower so that about 5
feet of pipe extended above the top of the
tower. He then hooked one pulley over the
top of the steam pipe. He hooked the other
pulley onto the bottom of the tower. The
rope was attached to the front of the car
and run through the bottom and top pulley
and secured to the wind generator.

The tail and propellers should be
removed prior to removing the actual
generator. After unbolting the pant for
removal the car at ground level moves a
little away from the tower to lift the
pant free from the rest of the wind
generator. Next the vehicle slowly drives
back to the tower, lowering the generator
pants. A 4-wheel drive is best for this or
it is a bit hard on the clutch of a two-
wheel drive vehicle.

Without too much trouble you can
build a set of gallows which makes it
easier and safer to work with these heavy

wind machines. With the approach
previously described very nasty things
would happen if the bottom of the steam
pipe clipped off the cross beam of the
tower. Also because of the position of the
pipe, the top pulley is not directly above
the resting position of the generator.
This means when you are installing a
generator you must leave it over, away from
the pulley, to get it into position.

To solve these problems a set of
gallows can be built. They basically
consist of the 10 foot pipe plus an arm at
the top with a hook for the pulley. This
brings the pulley position out to be
directly above the generator, A small
metal tab is welded into place half way
along the length of the pipe. This has a
hole drilled into it and is used to fix
the pipe securely to the tower cap at the
top of the tower. The final feature of the
gallows is at the base of the pipe where a
number of approaches can be used to
improve the fixing of the pipes base to
the cross bar. This could include the use
of a scaffolding clamp or adding a bar
which runs at a right angle to the main
pipe making it easier to secure to the
cross bar.

Figure 2. Heavy duty Gallows.



Whenever handling a 1 kilowatt or
large machine it is important to use the
pulley at the bottom of the tower. If you
don't you will probably bend your steam
pipe and might end up dropping your
beloved generator. With large generators
it is also better to-use a steel cable.
The cable-needs to be more than double the
height of the tower so that when the
equipment is lowered, there is enough
cable for the run from the car up to the
top of the tower and back down to the
bottom.

By sliding a metal plate (complete
with a pole and gallows attached) into
this gap you instantly have the gear to
erect or pull down one of the smaller wind
generators.

If you are planning to do some work
up a wind generator tower, don't forget
safety. Falling from a 60 foot tower, the
ground feels mighty hard, If possible use
a safety harness, otherwise, lash yourself
securely into place before you start work.
Also take a bag for tools as it is
important to have your tools readily
accessible.

Good luck.

Figure 3. Light duty (750 w) gallows

There is another set of gallows which
you can use for smaller wind generators,
(up to 750 watt Dunlite size). Its small
and easy to use, but don't make the
mistake of trying to use it on something
too big.

If you have a look at the top of a
750 watt Dunlite tower you notice at the
top of the tower is the tower cap. It is a
cast metal thing bolted to the three steel
angle legs. The top of the tower cap is
flat and has four bolts which poke up from
this flat face.

The base of the wind generator
turntable assembly is fixed to these
bolts. However, they are not bolted
tightly together and there is a gap of Hanging safely from the tower thanks to
about 1cm, the safety harnesses
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In the spring of 1990, we put up a
Windseeker II to evaluate the
feasibility of wind power. Here on our

homestead in the foothills of the Alaska
Range, we get frequent blows lasting a
day or two, and then calm for a week or
so. We constructed a 50 foot tower from
a 20 foot utility pole and three lengths of
2 inch pipe (see HP 28 page 26). After
two years of operation with our
Windseeker II, we felt that our local wind
regime merited a larger machine.
After a false start with a machine that was not really
designed for our rugged mountain winds, we took the
plunge and bought an 850 watt Bergey. This Bergey
was selected to withstand the rigors of our 80+ mph
Chinook winds and has lived up to its sterling
reputation. This bigger machine needed a stronger
tower, and after reading Mr. Wind’s great articles on
tower height (see Mick Sagrillo’s Econ 101 and 102, HP
37 and 38), we realized an extra 10 feet would greatly
increase our output.

This is one person's solution, and not appropriate for
all. Be sure it is right for you and that you have access
to the appropriate materials and tools. If you have any
doubts, consult qualified persons.

Any tower type, whether free-standing, guyed lattice, or
guyed pole, must allow the owner/operator access to
the wind machine for periodic maintenance. Generally,
pole towers are lowered, not climbed, and the machine
is then serviced on the ground.

These towers can be built from a variety of locally
available materials. In our neighborhood, there is an
abundant surplus of old 20 foot utility poles from the
abandoned Anchorage to Fairbanks telegraph line, so
one of these poles was the starting point for us. Our
pole is about nine inces at the base. Use your
imagination to take advantage of the materials available
to you locally, but be careful to get it right; you don’t
want to wait for a nasty blow to realize that you
underbuilt. By then, it’s too late to do anything but wring
your hands and stay out of the way as your tower and
expensive machine come crashing down.

A Note about Safety
Although towers that lower your genny to the ground for
service are in many ways safer than towers you must
climb, remember that falling bolts, forgotten tools, etc.

CHEAP TOWERSCHEAP TOWERS
John Dailey

©1996 John Dailey
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can still dent your head when falling 60 feet. So, unless
you are tougher than Wyl-E-Coyote, WEAR A
HARDHAT! During the critical raising and lowering
phases, remove all pets and kids from the area: you’ll
have enough to worry about. (See safety sidebar.)

You Can Build It!
The design of this tower is simple: a 20 foot utility pole
is permanently guyed and serves as a fixed gin pole. A
60 foot wooden pole hinges at 1 foot up the from the
base of the gin pole. The pole swings from a horizontal
access position up to vertical and is then clamped with
a heavy nylon strap with a ratcheting binder to the top
of the fixed utility pole. Additional guys run from the top
of the tall pole down to the same ground anchors that
secure the utility pole guys. All guy wires are 3/16 inch.
A chain saw winch (rush right out and buy one of these
gems, if you’re a homesteader and don’t already have
one…), or tractor, pickup truck, etc., can pull the main
pole and attached generator up or down. The winching
cable should also be a minimum of 3/16 inch.

After you have selected a good wind site, lay out your
tower location and where you will locate the three guy
anchors. The minimum guy radius is 50% of the tower
height if you have a small field, but 75% is better. The
wider the guy radii, the more horizontal the supporting
guy wires are, and the less is the downward, buckling
force on the tower during strong winds. Bergey
recommends a simple method to eliminate plotting
angles for the tower foundations (see guy sidebar).

Once you have laid out the positions for the guy
anchors and the tower, the next step is to secure the
guy anchors so that they cannot pull out. Our soil has
good shear strength so we were able to use auger type

anchors (excavated and re-buried). No concrete
deadmen were required. Evaluate you own situation,
though, and make sure that they will not pull out. A small
backhoe is very valuable here, although (we can only
imagine that) a strong back will get the job done, too…

To install the permanent utility pole, excavate and pour
one foot below grade an approximately 2 by 2 by 1 foot
thick concrete pad with some rebar incorporated. The
base of the utility pole will be anchored laterally as it is
buried a little. Tamp the soil in around the pole above
the pad. If you have very rocky, well-drained soil like
ours, you will not even need the concrete pad, but pour
the pad if you need to. You do not want the tower
settling later and slacking your guy wires. Plumb this
permanent gin pole, and tighten the guy turnbuckles.

Fabricate a hinge bracket and bolt it to the base of the
utility pole, about a foot above grade. We used two
pieces of 1/4 by 14 by 18 inch plate steel with a piece of
plate welded across the outside bottom to keep them
parallel. This hinge bracket should be bolted through the
permanent gin-pole in three places with 1/2 inch bolts.

For the tower pole, you need to find a long, straight,
strong pole. You can sometimes find these poles where
there is crowded tree growth. These trees seem to
reach tall and straight towards the sun, with little bend
or taper. We used a peeled Sitka Spruce pole. Select a
strong straight pole from the appropriate local species
and peel it, but don’t worry about treating the wood. (ed.
note: We can't overemphasize the need to choose a
strong spar. Some tree species may not be up to this
task, and others could have weakness because of large
knots or other flaws. Also, do not try to use heavy wind
machines with this design. The Bergey weighs 86 lb. If

Above: The Dailey homestead in the foothills of the Alaska Range, showing the Bergey 850.



Test Your Work
Before mounting your precious
generator, try raising and lowering
the pole. Mount a small fairlead (a
pulley/guide to protect the cable and
ease its travel) on top of the 20 foot
utility pole. The winch cable will
travel over the fairlead, around a
pulley block attached to the tower
pole, and back to the top of the gin
pole (see diagram). This doubling
back of the winch lead cuts the
speed at which the pole is lowered in
half and also halves the necessary
pulling force. Do not drill thru the
tower pole to mount the pulley block,
as that could weaken it at a very
critical spot. We temporarily attached
the pulley block to the tower pole
with a heavy nylon strap. When
lowering the tower, be sure not to let
the winch freewheel out. Your pole
could quickly get away from you.
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you have any questions or doubts,
consult a structural engineer.) You
can put it up green and treat it with a
wood sealer when you lower it next.
If the butt of your tower pole is larger
than the slot in the hinge bracket,
you will have to shave it on both
sides to fit. Ours shaved down to
about nine inches. Drill a 1 inch hole
in the pole and bracket, and use 1
inch o.d. steel pipe as a hinge pin.

90˚

GR
(guy radius)

.5 GR

.87 GR.87 GR

1.73 GR

A

C

B

D E

= Tower Base
= Guy Anchor
= Measure Point
= Guy Cable

AB = GR (guy radius)
AC = 0.5 GR
DC = 0.87 GR
CE = 0.87 GR
DE = BE = BD = 1.73 GR
   ACD =    ACE = 90˚
   BAD =    BAE =    DAE = 120˚

120˚ Guy Anchor Positioning
exerpted fron BWC installation manual

120˚ 120˚

120˚

Right: Detail of the stub tower
assembly and the Bergey 850.

Below: Top of the gin pole showing
nylon strap, guy attachment, and

fairlead pulley.

Above: Base detail showing 1/4 inch
plate steel bracket, the shaved spar

sides, and 1 inch pipe hinge.

Right: Detail of auger type guy
anchor.

To Eliminate the need to plot angles
in laying out the tower foundations
we can resolve the equilateral
triangle into two perpendicular lines
as shown in figure ?
The three anchors are at points B,
D, and E, the tower’s base pad is
point A, and point C is a reference
point. The distance A-B (from point A
to point B) is the guy radius (GR).
For normal installations, GR is
approximately 60% of the tower
height. The distance D-E is one side
of the equilateral triangle and is
equal to GR X 1.73. One half of D-E
is C-E, where point C is the center of
D-E. C-B, and thus C-A, are
perpendicular to D-E. The length of
C-A is equal to 1/2 of GR.
These relationships make it easy to
lay out the anchor points and base
pad with only a tape measure. You
will need a 30 meter (100 feet) tape
measure, a hammer, and five
stakes. Starting at the center point A,
measure out a distance equal to GR
and stake it. This will be point B. Put
another stake at point C by
measuring a distance equal to 1/2
GR along the line connecting points
A and B. Now estimate a
perpendicular line through point C to
find and stake points D and E.
Points D and E can be checked and
adjusted by making sure that
distances A-D and A-E are equal to
GR. A final check can be made by
confirming that distances B-D, D-E,
and E-B are equal.
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i.d. pipe slip-fit snugly over the top of our pole. If it is not
very snug, a thru-bolt will make sure that it will stay. We
welded an 8 inch disk of 1/4 inch steel to make a cap
on the top. Three links of chain at 120˚ intervals were
then welded to the cap to provide attachment points for
the tower (upper) guy wires. The 3 or 4 foot long stub is
then welded onto the cap disk, with strengthening
gussets if needed. To get the stub tower plumb, it helps
to have a transit because there is very little reference
when you are looking up. Do this when the tower is
raised without the generator, and adjust accordingly.

Mount the wind generator and bring the power wires
down the pole. Make sure to provide strain relief for the
wires as they are quite heavy. We ran the power wires
directly from the stub tower over to our house, down the
wall, and into the basement. A better solution may be to
cable-tie the wires to a guy wire.

Winch up the tower pole with the generator and use a 2
inch trucker’s load-binding ratchet strap to bind the
tower pole to the top of the fixed gin pole.

We added an extra upper guy cable way out from the
normal guy directly to the south, where the snot-kicker
winds always come from. We recommend it if you, too,
have a prevailing wind. It provides added security when
things get wild.

When the wind is howling, we’re warm and snug inside,
and enjoying all that electricity all night long!

Access
Author: John Dailey, Alaska Wind & Solar, HC1 Box
3102A, Healy, AK 99743-9604 • 907-683-2327.

Photos by Kate Salisbury

Bergey Wind Company, 2001 Priestley Ave., Norman,
OK 73069 • 405-364-4212 • fax: 405-364-2078.
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As you begin to raise the pole, you are lift ing
considerable weight compounded by the steep angle of
pull when the pole is horizontal. This will be made even
greater when you add the weight of the generator. A
safe way to test your winching system and the bending
strength of the main spar is to suspend a weight that is
1 1/2 to 2 times the weight of the wind machine from
the top of the pole to simulate the wind generator.
Slowly start winching the tower up. If the winch is not up
to it or the pole breaks, you will find this out safely, not
as your generator comes crashing down.

Final Installation
To mount the generator, build a stub tower to fit down
over the top of your pole. The exact dimensions needed
to mount your generator will be given by the
manufacturer. We found that a 2 foot section of 5 inch

Tower Safety 
excerpted from BWC installation manual

The primary concern at any installation should be for the
safety of the individuals involved. Tower work is
inherently dangerous, and there is always the potential
for injury. If everyone is careful and remains aware of the
dangers, however, there should be little risk. The
following rules should be observed ed. note: Many of
these rules apply only to scalable towers, but we thought
they were all worth mentioning.

1. Persons not directly involved in the installation should
stay clear of the work area.

2. All persons on or in the vicinity of the tower should
wear OSHA approved hard hats.

3. Tower work should be done by or under the strict
supervision of trained personnel.

4. Never construct a tower near utility lines. If any
portion of the tower or equipment comes into contact
with them, serious injury or death may result.

5. Anyone working on the tower should use a lineman’s
belt and a tool belt.

6. Never carry tools or parts in your hands while
climbing the tower. The use of a hoistable tool bucket
is recommended.

7. Keep the number of tower trips and the amount of
work to be done on the tower at a minimum.

8. Never stand or work directly below someone who is
working on the tower.

9. Never work on the tower if alone at the site.

10. Never climb the tower unless the machine is furled
and the alternator shorted.

11. Stay clear of the tower in the presence or the
possibility of thunderstorms, high winds, tower icing,
or severe weather of any kind.

Above: The Dailey home showing off the rest of the RE
system.
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any users of small wind
turbines opt for guyed, tilt-up
towers because of their

simplicity and lower costs. And
everyone who has chosen a guyed
tower to support their small wind turbine
has had to face a difficult question: How
do I raise it? Next to servicing a wind
turbine atop a tower, there is no more
dangerous aspect of using wind energy
than raising and lowering a wind turbine
and its tower.

The most common technique here in the United States
is to raise the tilt-up towers with a truck or tractor. I’ve
never been a fan of this approach and I’ve long
wondered if there is a better way. The griphoist, a
simple hand winch, may be the answer. While no
system is foolproof, using a griphoist can reduce the
chance of accidents when raising and lowering a tower.

For me, this question came to a head when my wife
Nancy Nies and I decided to install a Bergey 850 (BWC
850) on a nearly inaccessible site in southern
California’s Tehachapi Mountains. Ed Wulf, a local
pioneer of off-grid living, provided the site so that we
could experiment with small wind turbines.

Because of the difficult access and our desire not to
bulldoze any roads, we chose NRG’s lightweight,
guyed, tilt-up tower system that uses thin-walled steel
tubing. These lightweight towers are easily
transportable and don’t require concrete anchors.
Today they are widely used in the wind industry as
meteorological (met) masts. The BWC 850 was
designed specifically for NRG’s 4.5 inch (114 mm)
diameter mast.

Considering our site and our inexperience, we chose
the 64 foot (19.5 m) tower. We thought that NRG’s 44
foot (13 m) tower probably was too short to clear
nearby trees, and we felt that their 84 and 104 foot (26
and 32 m) towers were more than we wanted to handle
in our first project.

The quest to find a griphoist suitable for raising the
Bergey 850 on NRG’s tilt-up tower began when I saw
Niels Ansø use one to lower a Whisper 1500 at the
Folkecenter for Renewable Energy in Denmark. It
seemed like an ideal way to raise and lower small wind

Paul Gipe
©1998 Paul Gipe

Above: A Bergey 850 installed on a 64 foot NRG tower.
One of the world’s largest wind farms is right next door.

Right: Author
Paul Gipe

begins to install
one of the five
screw anchors.

Get a
Grip!

Raising
a Bergey 850

with a Griphoist

Raising
a Bergey 850

with a Griphoist

M
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turbines on hinged towers. So when
I began planning to install our own
BWC 850, I naturally thought of
using one myself.

“It’s a good way to raise a windmill,”
says Scoraig Wind Electric’s Hugh
Piggott. It gives you “plenty of time
to check things.” Zephyr North’s Jim
Salmon agrees. Salmon, a
Canadian meteorologist, uses a
griphoist to raise 164 foot (50 m)
NRG anemometer towers in
Canada. “They are easier to control”
than either electric winches or
vehicles, he says, “and in some
cases much safer.”

Griphoists
A griphoist is a compact portable
winch which passes the hoisting
cable through the body of the device
rather than wrapping the cable
around a spool. The griphoist is
operated manually by using one of
two short levers protruding from the
top of the hoist. One lever is used to
pull cable through the hoist, the
other to pay out cable in controlled
increments. A griphoist also includes
a detachable handle that fits over
either one of the hoist levers. The

length of the handle is governed by
the rated load of the hoist, and
special shear pins are built in to
prevent overload.

With the help of Hugh Piggott, Niels
Ansø, Jim Salmon, and NRG’s Dave
Blittersdorf, I was able to track down
this hoisting tool that I’d seen used in
Denmark. To Hugh this tool is a tirfor.
To Niels it’s a wire talje (hoist). Jim
calls it a griphoist.

It ’s all of the above, and more.
Tractel, the manufacturer, officially
calls this hand winch a griphoist-
tirfor-greifzug product. Griphoist

Above: The screw anchors can be
driven by hand.

Above: NRG tower sections slip fit
together and seat firmly when the

tower is raised.

pretty much says it all in English. But
the tool was originally sold as a tirfor,
which in French says much the
same thing. “Tir” comes from the
French for pull, but it can also mean
heave as in the maritime expression
“heave ho.” “For” is probably a
shortened form of fort, French for
strong or powerful. Greifzug is the
German equivalent “greif” for taking
hold or gripping, and “zug” for
pulling.

This tool, whatever you call it, was
patented by Simon Faure in 1945.
Tractel began manufacturing them in
1948. Today, Tractel claims 70% of
the griphoist market worldwide with
plants in France, Luxembourg,
Germany, Canada, and Brazil.
Griphoists are used throughout the
world for a variety of applications
that include raising wind turbines
and met masts. Griphoists are also
used in the United States, mostly in
industry. However, most folks here
still raise tilt-up towers using a truck
or tractor.

Risky Business
Using a vehicle for tower raising is
just too risky for me. I’ve used a
truck with block and tackle to
salvage wind machines back in the
70s and I had one or two near
misses that I’ve never forgotten. And
I’ve installed Bergey 1000s on
guyed towers in Pennsylvania using
a truck and gin pole. It was always,
shall we say, exciting. The NRG
tower looks like a long strand of
steel spaghetti. Raising it with the
jerky motions common to a vehicle-
driven lift seems like a recipe for
disaster.

Below: Unreeling the guy cables. 
All attachments to the guy bracket
are swaged, simplifying assembly.
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Properly using a vehicle for raising a
tilt-up, guyed tower also demands a
large crew. Altogether, I’d need half
a dozen people. Mick Sagril lo
recommends two on the truck and
one for each anchor. Also, our site is
remote. Crew members would have
had to hike in or be trucked in. Once
there, they’d be there all day. We’d
have to feed and entertain them
while I was readying everything.
Then if there were any glitches, I’d
be in the awkward position of either
forging ahead and taking some
chances I’d rather not take or asking
everyone to come back another day.

As it turned out, my fears were
justified. There was indeed a glitch.
When we went to connect NRG’s
prefabricated lifting cables to the gin
pole, one was too short. These
measured lifting cables are one of
the three key elements in NRG’s
tower system. The other two key
features are the use of hand-driven
screw anchors instead of concrete,
and tower sections that slip together
without bolts. Without the correct
lifting cable, we had to postpone the
tower raising one week while NRG
air freighted a new set of top guy

cables. Since there were just the two
of us there that day, we were under
no pressure to continue so we spent
the rest of the day frolicking among
the wildflowers.

Another facet of the communal
approach to tower raising is often
overlooked: you can quickly wear out
your credit with friends and family.
Communal tower raising is l ike
Amish barn raising, bringing people
together for a common purpose. But
barns last indefinitely. You put it up
and it stays up. Not so with a wind
turbine. Whether we like it or not,
small wind turbines do need repairs

Now, I haven’t raised a tower or
installed a wind turbine in fifteen
years. I am basically a paper
pusher—keyboard pusher is more
descriptive—and my tool skills are a
bit rusty. I lost my spud wrench in
the mud at the base of an 80 foot
(24.5 m) Rohn SSV tower in 1983
and I haven’t seen a spud wrench
since. So, I wanted to take my time
to ponder my next move. I didn’t
want a bunch of our friends standing
around twiddling their thumbs and
asking, “Hey, are we going to install
this windmill or not?”

Electric winches are usually used
here in the States to install the NRG
towers for met masts. Installers
typically power the winch with a
truck battery. I didn’t want our new
truck in harm’s way during my first
attempt at raising an NRG tower. Of
course, we could have lugged a
battery up there to power the winch.
But that didn’t seem like a great idea
either. Battery, winch motor, cables,
connectors—seems like a lot of
places for something to go wrong.
With an 1100 pound (449 kg) load
on the winch line, and a $2,000
BWC 850 at the end of a 64 foot

Above:The gin pole bracket showing
the hoisting cable (left), nylon rope
for steadying, and three lifting guys

to tower (right).

Above: Raising the tower the first
time, without the wind turbine, using

the griphoist.

and we have to bring them down
before we can haul them off to the
local windmill doctor. Some turbines
are up and down a lot. Gathering six
people together every time you want
to raise or lower your turbine would
get old quickly. Since our purpose
was experimentation, we wanted a
system that would allow us to raise
and lower the turbine as needed,
with as few people as possible. A
hand winch seemed like the best
solution.

Below: Using the Super Pull-All to
lower the tower. The cable passes
through the body of the griphoist.
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(19.5 m) fishing pole, I didn’t want
any surprises. By comparison, the
hand operated griphoist seemed like
such a simple, straightforward, and
safe way to raise a tower.

Winches and Come-alongs
Before I got the terminology straight,
I made the mistake of calling a
griphoist a “come-along.” This is a
lightweight tool found in North
American hardware stores that uses
a small spool for coiling a short
length of wire rope, often only ten
feet long. Ranchers, for example,
use come-alongs to tighten fencing,
and for that they don’t need much
cable.

It’s the spool or drum that sets
come-alongs as well as winches in
general apart from griphoists.
Technically, griphoists are not
winches. Winches use a drum to
spool the hoisting cable, like the
large drum on a crane. Griphoists, in
contrast, pull the hoisting cable
directly through the body of the
hoist, without rolling it up on a drum.
Tractel likens the locking cams
inside the griphoist to the way we
take in a rope “hand over hand.” To

use a griphoist, you move a lever
forward and back. This pulls the
cable through the tool. The hoisting
cable for a griphoist can be any
length since there is no need to
spool the cable on a drum. Capstan
winches can also use cables of any
length, but they pass the cable over
a drum.

Like come-alongs, griphoists can
“float” between the load and the
anchor for the hoist. Electric winches
and hand-cranked mechanical
winches are all intended to be

Below: The tower almost down. 
The forward lever on the griphoist 

is used to pay out cable.

the griphoist had safety keepers.
You can never predict what may
happen when you’re raising a load;
often there are some jerky
movements despite your best
efforts. Safety keepers or latches
keep the hooks engaged when
there’s unintended slack in the
cable. NRG’s Blittersdorf as well as
our local Tractel reps offered to
replace the stamped metal hooks
with hooks using keepers, but I
wanted to test the griphoist right out
of the box, so we sent it back.

Next we ordered the Super Pull-All,
the Pull-All’s bigger brother. It’s a
real tool. At 8.3 pounds (3.8 kg), the
Super Pull-All weighs twice as much
as the Pull-All. It has twice the
working load (1,500 pounds / 680
kg), and it comes with safety
keepers on both forged hooks. At
$390, The Super Pull-All isn’t cheap,
but good tools never are. It ’s
shipped with 10 meters (32.8 ft) of
1/4 inch (6 mm) wire rope and two
wire rope slings. You can order a
longer cable if you need it.

Tractel also makes three other sizes.
For example the T-508 griphoist is
suitable for raising the BWC 850 on
NRG’s 84 foot (26 m) tower, and the
T-516 is suitable for raising the BWC
850 on NRG’s 104 foot (32 m) tower.
If it included safety keepers, the
inexpensive Pull-All would be ideal
for raising the BWC 850 on NRG’s
44 foot (13 m) tower.

Using the Griphoist
To use NRG’s tower system, the

Above: Adjusting cable tension. 
The NRG tower system doesn’t use
turnbuckles which allows for quick
adjustments under less than ideal

site conditions.

mounted to something solid, like a
boat deck or the frame of a sport-
utility vehicle. Griphoists are also
portable. You can lug them into
places you wouldn’t want to haul an
electric winch and battery or where
you can’t drive your 4x4. All in all,
the griphoist sounded good, but then
I’d never actually used one before.
After consulting with Dave
Blittersdorf at NRG about the
hoisting loads, I ordered Tractel’s
Pull-All.

Tractel’s Pull-All
You could call the Pull-All an entry-
level griphoist. It was inexpensive
and it would have done the job
except for one serious drawback:
neither the hook on the hoisting
cable nor the hook on the body of

Above: Tightening wire rope clips.
Remember, “Never saddle 

a dead horse.”
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hoist or the hoisting tackle must be
anchored directly below the gin pole
when the tower is fully upright. The
twenty foot long gin pole is
comprised of two ten-foot sections.
If the hoisting anchor is farther than
the length of the gin pole from the
tower base, the sections could come
apart, endangering the lift. NRG
provides a safety cable to prevent
this from happening, but no one
wants to tempt fate.

The 44 foot (13 m) tower, which
uses a 20 foot (6 m) guy radius,
uses the forward guy anchor to
secure the hoisting tackle or winch.
Because the guy radius is larger on
NRG’s taller towers, they require a
separate lifting anchor. So our 64
foot (20 m) tower, with its 35 foot (11

m) guy radius, uses a separate lifting
anchor 20 feet (6 m) from the base
of the tower. There are five anchors
altogether, one for each of four guy
cables, and one gin pole or lifting
anchor. We attached the griphoist to
the lifting anchor with one of the wire
rope slings.

When raising a tower with a gin pole,
one of the first challenges is raising
the gin pole itself. We attached the
hoisting cable to the top of the gin
pole with a shackle. With the sling,
the hoisting cable was just long
enough to thread through the
griphoist while the gin pole was still
horizontal. Nylon ropes from the top
of the gin pole to the side anchors
kept it from tipping either way. We
first used the griphoist to raise the
gin pole upright. That was a piece of

Griphoist Capacity Cable Dia. Weight Cable Length Price
Model lbs (kg) in (mm) lbs (kg) ft (m) $
Pull All 700 (318) 3/16 (4.75) 3.9 (1.8) 32.8 (10) 115
Super Pull All 1500 (680) 1/4 (6.3) 8.3 (3.8) 32.8 (10) 390
T-508 2000 (907) 5/16 (8.3) 14.5 (6.6) 32.8 (10) 495
T-516 4000 (1814) 7/16 (11.5) 30 (13.5) 32.8 (10) 679
T-532 8000 (3629) 5/8 (16.3) 51 (24) 32.8 (10) 1170

Above: Raising the tower again, this
time with the Bergey 850, takes

some effort. Going slow allows time
for double checking.

Above: Checking the tower for
plumb. The turbine will only yaw

properly on a plumb tower.

cake. Then we slowly raised the
tower, inch by inch. While I operated
the griphoist, Nancy kept tension in
the rear guy cable with a tag line,
standing well clear of the fall zone.

The griphoist pulls a few inches of
cable on each stroke of the rear
hoist lever, both on the back stroke
and on the forward stroke. Because
it’s a simple mechanical device, you
can actually feel the tension in the
cable. This gives the operator a
tactile sense of the load. When the
loads are high, the lever is harder to
move than when the loads are light.
The loads in tower raising are
greatest when the tower is just off
the ground and least as the tower
nears the vertical. Operating the
griphoist takes the most effort when
the tower first begins leaving the
ground.

Griphoist ratings

Below: Not quite up yet. Using the
griphoist allows for taking in or
paying out cable as needed.
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We spent a whole day on the initial
tower raising. It took a lot of time
because our site is far from ideal. In
fact, it’s on the side of a hill! I’ve
never tightened and loosened wire
rope clips so many times in my life.
After we practiced plumbing the
tower, we lowered it. It was easy to
use the griphoist to let the tower
down. The griphoist has two levers,
one for pulling in cable, and one for
letting it out. You simply use the
forward lever to operate the hoist in
reverse to pay out cable.

On the next visit, we mounted the
turbine on the tower and repeated
the raising sequence. The eighty
pound turbine increased the weight
of the lift by 60 percent, and I could
clearly feel it in the griphoist. It took
a lot more muscle than raising the
tower alone. Rather than grumbling
about the frequent adjustments to
the guy cables, I found myself using
the adjustments as an opportunity
for a short breather. “Ah, I think
those cables need adjusting,” I
found myself saying.

We raised the tower in less than one
hour. It took another hour to plumb
the tower and tighten the guy cables
in a stiff wind. Though it wasn’t a
stroll in the park, physically
operating the griphoist during the
early part of the lift wasn’t very
difficult. It became much easier
once the tower reached about 45
degrees. After the tower was upright
and the Bergey began whirring,
Nancy said, “I thought there was
going to be a lot more to it than that.
It was a lot simpler than I thought.”
That was the whole idea.

Adjusting Cable Tension
Unlike traditional towers with
anchors at exact positions relative to
the tower, the NRG system was
designed for quick installation under
field conditions. The guy cables are
tensioned by hand. As the tower is
raised and lowered, the guy cables
may need adjusting. This system
can’t use pre-formed wire grips or

turnbuckles unless the anchors and
tower are all perfectly aligned.
Because of the frequent and
sometimes large adjustment
necessary in guy cable tension, we
used wire rope clips. Pre-formed
wire grips require so much
unwrapping and rewrapping that
they lose their effectiveness in this
sort of application.

In our case, the anchor eyes were at
different elevations and slightly out
of perfect alignment. This was due to
the slope of our site and because I
screwed some anchors down closer
to the ground than others. These
misalignments cause tension in the
cables to vary during the lift. The
thin-walled tubing used on the NRG
towers easily buckles. So it ’s
necessary to adjust cable tension as
the tower is being raised and
lowered. If everything was perfect
this wouldn’t be necessary. But our
site was far from perfect.

Tower Height
Since I’ve been such a stickler about
adequate tower height in my books,
I was concerned that the 64 foot
tower wouldn’t clear nearby
obstructions. But I didn’t want to
work with a taller tower either, at
least until I gained some experience
with the NRG tower system.
Fortunately, the 64 foot tower was
sufficiently tall and gives us about
twenty to thirty feet of clearance
above some nearby willows—our
only trees. It also gave us sufficient
clearance from the hil ltops
overlooking the site.

Turbine Thrust
After the installation, we returned to
the site to check on the turbine,
which is a good idea. One of the
wire rope clips had slipped and the
tower was no longer vertical. A stiff
wind was blowing and the tower was
pulling against the top cable that had
slackened.

In the NRG system, the guy cables
are tightened by hand. Let’s just say
that I wouldn’t want to try this with a
BWC 1500 in a strong wind. Nor
would you ever want to make the
mistake of not using the friction of
pulling through the guy anchor eye
to help hold the cable after
loosening the wire rope clips. While
it was never in danger of getting
away from me, I was immediately
conscious that I had to really lean
into tensioning the cable and not
make any mistakes. As it was, the
thrust on the turbine was too great
for me to get the tower top back to
vertical. I got it to where I was
comfortable with it and we left well
enough alone as we were planning
to lower the tower a few days later.

Lowering the BWC 850 with the
Griphoist
Because we would be traveling for
an extended period, we didn’t want
to leave the turbine unattended and
thought it best to lower the tower.
Though we’ve raised and lowered
the tower only twice, we are quickly

Above: The new American Gothic.
The griphoist allowed us to slowly

and safely raise our BWC 850 on a
difficult hillside site.
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becoming proficient. The lowering went smoothly. As I
developed a sense of how the tower behaves, I found it
necessary to adjust the guy cables much less often.
The down side is that there were fewer breaks from
operating the griphoist lever. The cable moves only a
few inches with each stroke of the lever. So, to lower
the tower you need to operate the lever quite a few
strokes. As an office type, I am not accustomed to all
that activity and my shoulder muscles were sore for a
few days afterward. But lowering the tower was
uneventful, which is the way we like it.

Griphoists for the Rest of Us
While little has been written about griphoists, it’s
surprising the number of people who have used or are
now using them. Bergey Windpower, for example, has
been using griphoists for remote installations since
1993, when they used one to raise a 10 KW Excel on
an offshore platform. Though you won’t find any
mention of griphoists in Bergey’s installation manual for
the 850, they recommend griphoists to their overseas
clients, says Pieter Huebner, Bergey’s field technician.
When a heavy-duty drum winch isn’t available, Huebner
prefers the griphoist to raising a turbine with a vehicle.
The griphoist “is much safer and gives much better
control,” he says. It “eliminates the possibility of
miscommunication” between the vehicle driver and the
tower crew.

The experience of Scoraig Wind Electric’s Hugh Piggott
mirrors that of Huebner. A griphoist is “hard to beat for
erecting tilt-up towers, because it is slow and fail-safe,”
says Piggott. “Unlike using a truck or other vehicle to
raise a tower, the operator of the winch has full control
of the operation, and there’s no dependence on hand
signals or risk of missed cues.” If you have to buy any
tool for your off-grid wind system, Piggott recommends
buying a griphoist. After using one myself, I agree.

Paul Gipe is the author of Wind Power for Home &
Business (Chelsea Green Publishing, 1993), and Wind
Energy Comes of Age (John Wiley & Sons, 1995). Gipe
introduces griphoists in his new book Wind Energy
Basics: A Guide to Small and Micro Wind Systems
scheduled for release in early 1999 by Chelsea Green
Publishing.

Disclaimer: I paid for all the components mentioned in
this article and I have no affi l iation with the
manufacturers. In the mid 1980s I did some work for
NRG. In the early 1980s I was a Bergey dealer.
—Paul Gipe

“Griphoist” and “Tirfor” are registered trademarks of
Tractel Inc.
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Author: Paul Gipe, 208 S. Green St., #5, Tehachapi, CA
93561 • 805-822-9150 • Fax: 805-822-8452
pgipe@igc.org.
Web: http://rotor.fb12.tu-berlin.de/personen/paul.html

Bergey Windpower Co., 2001 Priestley Ave. Norman,
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sales@bergey.com • Web: www.bergey.com

NRG Systems Inc., 110 Commerce St., PO Box 509,
Hinesburg, VT 05461 • 802-482-2255
Fax: 802-482-2272 • sales@nrgsystems.com

Tractel Inc., Griphoist Division (USA), 392 University
Ave., PO Box 68, Westwood, MA 02090
781-329-5650 • 800-421-0246 • Fax: 781-329-6530
griphoist@worldnet.att.net

Tractel S.A. (World), 29, rue du Progres 93107
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PUMPING WITH WINDMILLS

The information in this article
comes from a 1930's book produced by the
Alston Windmill Company. The book is made
up of number booklets and leaflets
produced by Alston over the years. It
includes a range of fascinating
information about windmills and associated
equipment, This article is made up of
extracts from the book. If you would like
a look at the original book we have a copy
in the ATA library. If you would like to
contact Alston, their address is:
Alston Windmills
Division of D.E.C. Weber Pty. Ltd,
Princess Highway, Beaconsfield,
Victoria, 3807, Australia.

Development of the Windmill
The origin of the windmill is lost

in the oblivion of the past; as early as
the 12th century, the use of Windmills in

fixture, was adapted to work when the wind
blew from one direction only. The first
improvement seems to have been in mounting
the mill on a movable base, to be turned
to face the wind, by means of a long pole
or lever projecting from the back of the
mill; the sails of the wheel, formed of
four arms with a skeleton frame, were
covered with canvas. The later
improvements, at the beginning of the last
century, 'were of more importance, and
consisted of making the top portion to
revolve by means of a small tail wheel, so
that it faced the wind automatically; and
making the sails of narrow slats
resembling Venetian blinds, set in a
framework actuated by weighted levers
which opened by centrifugal force as the
speed of the mill increased. These mills
were used throughout Germany and Holland
for grinding and draining purposes, also

Europe is recorded. For centuries the in France and Great Britain, the largest
windmill was the most important source of windmills being found in Norfolk, where
mechanical energy, but was of primitive the wings described a circuit of 100
construction, and being built as a feet diameter. At the best, these were
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were curved in shape, giving great driving
power. This was found so vast an
improvement that it was copied by
different makers throughout the world, and
today is the standard form of windmill
sail with nearly every maker.

cumbersome and costly structures,
With the advance of science the

windmill received the attention of
engineers in different countries.
America, with her vast tract of new
territory, opened up a demand for small
pumping plants for lifting water or
stock ranches, to meet which, a light
mill made of slats of timber of circular
form, with self-regulating device of
umbrella principle, came greatly into use.

Being made mostly of wood,
they soon showed their weak points, and

Camels transporting windmills in central
Australia.
something more substantial was demanded.
The advent of the iron age brought a
solution of the difficulty, and the more
modern iron or steel mill came into
existence, and has come to stay. Our own
country has been particularly fortunate in
this respect. Over 100 years ago Mr.
James Alston patented the all-steel wind-
wheel of circular form, the sails of which

How They Work

Enclosed Double-Geared Self-Oiling Mill
The product of over 60 years'

experience, manufactured in six sizes, 6,
7, 8, 10, 12, and 14 ft. diameter
Windwheels, designed or operating Pumps
against total heads up to 400 ft.

The whole of the Working Parts are
enclosed in a Case, protecting them from
dust and weather, also ensuring safety
when inspecting the Mill while it is
running. Every working part is
automatically lubricated The Gears are
simply covered with oil as they revolve in
the Oil Bath, and a Tubular Oil Lifter
supplies a continuous stream of oil to the
top of the Pitmans and Rollers.

Wheels, two Pinions, and two
Pitmans. The Spindles are steel, and the
Gear Wheels and Pinions are machine-cut
from the solid, ensuring silent and smooth
running. All Working Parts can be removed
without disturbing the case.
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Planetary Geared Windmill
The Enclosed Self-Oiling Planetary

Geared Mill is manufactured by us in the
following sizes:-
5ft, 6ft, 7ft, 8ft, 10ft, 12ft, and 14ft.
diameter Windwheels.

The principle of the invention will
be readily understood from the
illustration. It consists of a Spokeless
Wheel or Annular Rack (10) which does not
revolve, being securely locked in the Main
Body Casting (1). The three Pinions (5-6-
6) revolve inside the Annular Rack (10).
The Windwheel Centre (24) is keyed to the
Main Axle (26) and the Pinion (5) is keyed
to the opposite end of same; the Main Axle
(26) revolves freely in the Carrier (3)
whilst the Carrier revolves on its Bearing
in the Main Body Casting (1). The two
Pinions (6-6) revolve on the two
projecting pins of the Carrier Casting (3)
and mesh with teeth of the pinion (5) and
with the teeth of the Annular Rack (10),
causing the Carrier (3) to revolve in the
same direction as the Windwheel, thus
conveying the power of the Windwheel to
operate the Steel Angle Pump Rod (22)
through the Pitman (7).

The true vertical travel of the top
of the Pitman (7) is maintained by the
vertical Guide Casting (9) and the
vertical Guide Rod (8).

Enclosed Self-Oiling Type Patent Gearless
Windmills

Automatic Lubrication from Oil
Reservoir is obtained by means of an Oil
Conveyor No. 11 attached to the Main Axle.
At each revolution of the windwheel, the
Oil Conveyor is rotated, maintaining a
constant flow of oil to all Bearings
whilst the Mill is in operation.

The Windwheel Centre No. 9 is a very
substantial one-piece Casting of immense
strength designed to carry the weight of
the Windwheel without overhanging the Main
Axle and the Main Axle Bearing. By
referring to the illustration the
advantage of supporting the Main Axle at
the extreme end of same immediately under
the centre of the Windwheel will be
readily appreciated. Our method of Keying
the Windwheel Centre Casting No. 9 to the
Main Axle No. 1 (Double Keying in the
larger sizes) effectively secures the
Windwheel to the Main Axle, yet permits
its easy removal if required.

Testimonials

S. CADWELL, Manager, Wooloomanata, Lara,
Vic.

Re 20 ft. Gearless Mill: I have pleasure
in supplying particulars below. Mill
Pumps from dam into storage tanks a
distance of about half a mile, steady rise
all the way. Above tanks supply water for
the following:- Garden, about 4 acres,
consisting of Lawn, Fruit Orchard,
Vegetables and Flowers, also water for
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A TYPICAL WINDMILL FORCE PUMP INSTALLATION
A 12ft. Enclosed Self-Oiling Double Geared
Windmill on a 30ft. steel tower pumping from
a well to a 3,000 gallon tank. The tank is
approximately lOOft. higher than the
windwill.

cows, Horses and about 500 Sheep. Mill is
running continuously for about 8 months of
the year, balance as required. Attention
required: About two hours during each

Mill. I only wish I had put your Mill in
many years ago,

MR. H. J. RIX, Officer, Victoria:

year.
Mill gives entire satisfaction.

This is a splendid Mill and has
exceeded expectations, requires very
little attention, is easy to oil, and even
with a light breeze pumps a good stream of
water. Apart from oil, the only expense
during the five years it has been running
has been 2/- for a Retention Valve Leather
and Packing.

GEORGE DE PURY, Yeringberg, Victoria:

The 20ft. Gearless Mill with 40 ft. Tower
you supplied me in December, 1925, is
working perfectly. It is delivering the
water into a tank a mile and a half
distant, and the lift is about 300 ft.

The Mill is giving me entire
satisfaction. I had a steam pump doing
this work for many years, but it entailed a
lot of labour and time, now the water is
coming up without any expense and it is
very rare that there is not enough wind to
keep me sufficiently supplied, as it
requires only a slight breeze to turn the

Re the 8 ft. Gearless Mill that I got from
you. I think it was during the War that I
got it. There was a 30 ft. Tower with it.
As regards the work it has done, it had to
keep the clay hole pumped, which was very
heavy work in the Winter. It did that all
the number of years till 18 months back
when electricity was installed. I then
moved it up to my dairy farm and erected
it to pump from the dam for my herd's
water supply. It is a pleasure to see it
at work, it is one continuous flow the
whole time it is pumping. I have used
oil, petrol and motor pumps, but nothing
so cheap or less trouble than your
Gearless.

The A.T.A. will be putting the
information above into practice as we have
bought a 10 ft. diameter Alston Windmill.
Over future months, we will be
reconditioning the unit and eventually
erecting it. Anyone interested in seeing
how we do this is welcome to get in touch.
We will report on the experience in a
future issue of Soft Technology.
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Letters to Home Power

Homebrew Anemometer
Dear Richard and the HP Crew, I enjoy seeing more
information in HP about wind energy systems. I think your
idea of installing a small wind generator to check a site's
wind energy potential (#21, P. 78) is really good. After
living with a small wind system for thirteen years, I've got
a couple ideas to share.

My first wind machine was a homemade unit. If you want
a good, reliable, efficient unit homemade is definitely NOT
the way to go. But if you want a good, hands on education
in wind energy, the homebrew will really give you that.
Just don't expect it to perform like a factory model and be
prepared to give the project plenty of time.

Another possibility for low cost site analysis is a
homemade anemometer. I made one by attaching three
sheet metal cones to a hub which is mounted on a small
permanent magnet generator. Most any PM motor will
work for the generator, though its best to use a slow
speed unit. Remember too that it will be spinning day and
night so one with ball bearings will probably last longer.
Surplus Center and Fair Radio Sales Co. are two good
sources of PM motors and Fair also has a good selection
of meters.

The output from the generator is connected through a
series resistor to a milliammeter. If you use two different
resistors and a switch you can have a high and low range.
Ours reads 0-25 on low and 0-70 on high. You'll need to
make your own dial for your meter, so one with a
removable face is handy. Just flip it over and mark on it
the wind speed scales you want. Determine the proper
resistors by experimentation.

I calibrated our unit by clamping it on the front bumper of
our car, high enough above the hood to be in "clean" air.
Note your readings as you drive at different speeds (this is
a two person task). Do your calibration run before marking
the meter as described above. Another way to calibrate
would be to mount your unit next to a factory made one
and note the readings. This would really be preferable to
the car method. I calibrated ours using the car method
though (did it on our way to church on a calm Sunday
morning) and the readings correlate very closely with what
is reported by the National Weather Service in our area.

If you're looking for one more reason to buy a Fluke 80
series digital multimeter the anemometer project is it. By

putting the Fluke in parallel with the milliammeter and
switching to the min/max/avg. recording mode you now
have some of the functions of a full blown recording
anemometer. It will tell you the minimum windspeed, the
peak gust, and calculate the average windspeed over the
entire day. You'll need to make a conversion chart to
convert your Fluke numbers to windspeed. I also made a
cardboard face that lays over the Fluke's face so one can
read windspeed directly from the bar graph.

Hope this might be helpful to someone. Below is a

diagram to show what the setup looks like.

Fair Radio Sales, POB 1105, Lima, OH 45802 Tel. (419)
223-2196

Surplus Center, POB 82209, Lincoln, NE 68501 Tel. 1
(800) 228-3407

P.S. Thanks for the "Time Machine" in #21. Exactly what I
was looking for. How did you know?  I plan to build
several. Just need more time for all these HP inspired
projects.

Bruce Johnson, 7605 N. Post Rd., Spencer, OK 73084

Hi, Bruce. Thanks for the flowers and the easy to build
anemometer. I built one like you described and used old
panty hose containers for the anemometer cups. Only
problem was that the plastic used to make these
egg-shaped containers is photosensitive and they fell
apart in about a year. Bob–O and I buy a lot of parts from
Fair Radio Sales. They have great stuff, excellent service
and bargain basement prices. Glad you liked the Time
Machine. Feedback from readers on this circuit has been
hot and heavy. We're glad to be of service. Richard.

Outback Bucks
Dear Home Power, I am interested in receiving copies of
your design newsletter about the OOZIE backwoods
electric vehicle project. Please let me know about any
costs involved.

You may be interested in the incentive which New South
Wales State Energy Authority provides for remote power

24.7

milliAmmeter

PM Motor

Optional
Fluke DMM

recording 
Min/Max/Avg.
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Site Analysis for
Wind Generators
Part 1: Average Wind Speed
Mick Sagrillo

©1994 Mick Sagrillo

You’ve decided that it’s time to
consider a wind electric system.
It sure seems windy in your area,

at least part of the time anyway. And
you could really use the power!
But how can you tell if a wind generator will really do
well at your site? How do you know if you have enough
wind, and where the wind is? And if it turns out that you
do have a good resource, where’s the best place to put
the tower?

Tools
The common response to the above questions is that
you must monitor the wind speed at your site for a year
or two to find out if a wind generator will work for you.
For a residential-sized system, this is nonsense! PV
installers don’t record available sunlight forever, so why
do it for wind? Actually, PV installers have a couple of
tools at hand to help them site PV arrays. We can do
the same for wind generators.

In order to correctly site and size a wind electric
system, it is helpful to have the following information
about your location:

• average annual wind speed
• prevailing wind directions
• vegetation and buildings at the site
• surface roughness
• the type of energy storage

What we need to do is quantify your resource in
general terms first. Once that is done, we can fine tune
your resource for your specific site. So, let’s analyze
each of these tools and see how to use them.

Options
Because it is so easy to address, let’s consider the type
of energy storage first. If utility electricity is available to
you, by all means, consider a utility tie-in system. By
using the grid, you eliminate the need for a very
expensive and time consuming component: the

batteries. In a grid intertie system, the utility stores your
electricity in the form of a credit whenever the wind is
blowing. When the wind is still, you reclaim that
credited power. In this case, your primary concern is
producing enough electricity over extended periods of
time to offset your consumption of utility-generated
power. Daily or weekly production is irrelevant.

If yours is a remote system utilizing batteries rather
than the utility grid, then you can actually do with less
wind than the minimum cost-effective grid intertie
system. Any renewable source of energy is more cost
effective than running, maintaining, and fueling a gas
or diesel generator for several decades.

In the case of a utility intertie system, a ten mph
average annual wind speed is usually considered the
cut-off. Below ten mph, the wind generator cannot be
justified on a purely economic basis compared to
purchased utility power. With a stand-alone system,
wind generators are certainly cost effective in the nine
mph and even the eight mph average wind speed
ranges. These numbers refer to wind speeds at the
height of the blades, referred to as hub height. The big
question is, how do you get these numbers for your
site?

You What???
Determining your exact average annual wind speed is
difficult, expensive, and time-consuming. But, Mick,
you say, you just told us that monitoring the wind for a
year or so was nonsense. What gives?

While it is necessary to have an idea of your average
annual wind speed, you do not need an exact
measurement. We’re not prospecting for a wind farm
here. Therefore, monitoring wind speed at hub height
for several years is unnecessary.

So how do we get this elusive number called average
wind speed. We guess. Don’t laugh! It’s done all of the
time, and fairly accurately, I might add. What we need
to do is get a ballpark idea of the average annual wind
speed for your area. I’ll explain how it was done at my
site, and we can work backwards from there.

Conventional Wisdom
When we moved to our homestead in Wisconsin, we
investigated the use of a wind generator because it
always “seemed” so windy. Conventional wisdom said
to check the airport and weather bureau data for our
area. We found that the average annual wind speed at
the Green Bay airport, 35 miles away, was barely nine
mph, hardly worth considering due to the cost of
electricity we were buying from the utility.

After replanting the same peas in our first garden four
times (they kept blowing out of the ground), we asked
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the neighbors what they thought. A few could
remember wind generators in the area in the ‘30s and
‘40s, but they had all disappeared when the REA
strung power lines through the area after World War II.
That winter, our most frequent visitors were the county
snow plows. Our corner of the country was plowed
three and four times a day for the school buses and
milk haulers (we live in dairy country). We quickly
learned that leaving the homestead for a few hours
could very well mean half a day of snow shoveling to
get the car back home again.

After a few years of battling the wind and its effects, we
decided to monitor our average wind speed. While the
Green Bay airport and National Weather Bureau could
still only muster a paltry nine mph annual average, our
site turned up a surprising 13 mph at 100 feet after a
year’s monitoring. As we suspected, we did indeed
have a respectable resource. So much for conventional
wisdom!

Lessons Missed
We actually had positive indications from several
sources around us, but failed to see their value. The
first was our intuition. While gut feelings are hardly
scientific, it’s pretty hard to discount the breeze that
blows your laundry all over the township every time you
use the clothesline.

Our second indication was the problem of continuously
drifting snow. Crews work full time in our area to keep
the roads open. Other areas of the country experience
similar problems with dust, dirt, sand, and dried bits of
vegetation constantly “sandblasting” the neighborhood.

Our third indication was the collective experience of
various old timers and the locals. Living in the area,
they have spent considerable time with environmental
factors that newcomers like us may have discounted or
never experienced.

Our fourth indication was the vegetation in the area.
We’ll get back to this one in a bit.

We made the same mistake most folks do when first
investigating wind energy: attributing the final word on
average wind speed for our site to professionally
collected data at a less than ideal location.

Assumption is the Mother of all Screw-Ups
Our problem occurred when we unquestionably
accepted the value given to airport and weather data,
considering their location versus ours. We discovered
that weather bureaus monitor wind speeds at or slightly
above street level, where people live. They do not
monitor wind speeds at 80 or 100 feet, where wind
generators live. And as we saw in Tower Economics
101 (HP#37) jumping from street level to 80 feet

substantially increases the average wind speed and,
therefore, the power available in that wind.

Similarly, airport data has limited value. Because
airplanes traditionally had problems taking off and
landing in windy locations, airports were sited in rather
sheltered locations. Virtually all airports are sheltered.

Most of the time the “professionals” really don’t get it
right. Without exception, all airports and weather
bureaus I have visited have located their anemometers
on the tops of buildings, next to trees, or in low spots
on the terrain. In other words, their sampling equipment
is either sheltered, or severely influenced by
turbulence, or both. This helps to explain, for example,
why the measured average wind speed at my site is
greater than that recorded for the Green Bay airport.
Taken at face value, professionally recorded wind
speeds make a lousy yardstick for determining wind
generator installations.

Making it Useful
Does this mean that we should discount airport or
weather bureau averages? Not at all. What it does
mean is that their average wind speeds are in all
likelihood very low baseline numbers, really just a
starting point for our consideration. Virtually all wind
generator sites I have seen have higher wind speeds
by at least a mile per hour or two when compared to
the nearest airport or weather bureau. Many times the
disparity is three or four miles per hour, as we found at
our site.

Consider the location, topography, surrounding
vegetation and buildings, and the monitoring height of
the recording station equipment (airport or weather
bureau). By comparing these to your location, you can
get a feel for the potential differences between the
sites. Then by using the graphs in “Tower Economics
101” (HP#37), you can make an educated guess as to
your average annual wind speed at hub height.

You may be in for a surprise when you call or visit your
nearest wind recording station asking about the
physical location of the monitoring equipment. Believe
it or not, a very common reply is, “We’re not really sure
where it is.” This response doesn’t do much to build
confidence in their numbers!

Shear Factor
Another way of using nearby airport or weather bureau
figures is to extrapolate their numbers to your location
using a concept known as “shear factor”. Based on
their numbers and the topographical difference or
similarity between your site and theirs, you can
theoretically estimate your wind speed at any proposed
height. I’ll use our site again to explain how it’s done.
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Let’s be daring and assume that the recording
station knows the whereabouts of their
anemometer, and that it is on the standard 30 foot
tower it’s supposed to be on. You visit their
location and find that the anemometer is in a very
well-exposed site, far from the influence of any
trees or buildings. The recording station tells you
that the average wind speed at the site for a 35
year period of time is 9.0 mph. What does this
translate to at your site?

The first thing you do is estimate the similarity of
your site to theirs and assign your site a surface
friction coefficient from Table 1.

Assuming that their site is wide open and your site
is like ours, a farm with the usual buildings and
trees plus a nearby wooded area, you might
choose a surface friction coefficient of 0.24. We
have a 100 foot tower that we would like to use to

mount the wind generator. At 100
feet, we will easily pass the “30 feet
above anything within 500 feet” rule
(see Tower Economics 101). What
kind of average wind speed can we
expect at this height?

If we look across the 100 foot row
in Table 2 to the column labeled
0.240, we find a correction factor of
1.335. Multiplying 1.335 by the
recording station’s figure of 9.0
mph means that we can expect an
average annual wind speed of 12.0
mph at our site. While this is still
below the actual measured
average wind speed of 13.0 mph at
our site, it’s a lot closer than 9.0
mph!

The one caveat in using this
technique is the assumption that
the recording station’s anemometer
is not surrounded by trees and
buildings. If it is, the shear factor
technique of estimating wind
speeds does not work very well.

Flagging
Another useful tool to help
determine the potential of a wind
site is to observe the area’s
vegetation. Trees, especially
conifers or evergreens, are often
influenced by winds. Strong winds
can permanently deform the trees.
This deformity in trees is known as

Surface Friction Coefficient
from The Wind Power Book by Jack Park

Description of Terrain α
Smooth, hard ground; lake or ocean 0.10

Short grass on untilled ground 0.14

Level country with foot-high grass, occasional tree 0.16

Tall row crops, hedges, a few trees 0.20

Many trees and occasional buildings 0.22 – 0.24

Wooded country; small towns and suburbs 0.28 – 0.30

Urban areas, with tall buildings 0.40

Table 1

Height Correction Factor, H
from The Wind Power Book by Jack Park

Height Surface Friction Coefficient, α
     feet 0.100 0.140 0.160 0.200 0.220 0.240 0.280 0.300 0.400

10 0.895 0.857 0.839 0.802 0.785 0.768 0.735 0.719 0.644

15 0.933 0.908 0.895 0.870 0.858 0.846 0.823 0.812 0.757

20 0.960 0.945 0.937 0.922 0.914 0.907 0.892 0.885 0.850

25 0.981 0.975 0.971 0.964 0.960 0.957 0.950 0.948 0.929

30 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

35 1.016 1.022 1.025 1.031 1.034 1.037 1.044 1.047 1.063

40 1.029 1.041 1.047 1.059 1.065 1.071 1.083 1.090 1.121

45 1.041 1.058 1.067 1.084 1.098 1.102 1.120 1.129 1.176

50 1.052 1.074 1.085 1.107 1.118 1.130 1.153 1.165 1.226

55 1.062 1.089 1.102 1.128 1.142 1.156 1.184 1.199 1.274

60 1.072 1.102 1.117 1.148 1.164 1.180 1.214 1.231 1.319

65 1.080 1.114 1.132 1.167 1.185 1.203 1.241 1.261 1.362

70 1.088 1.126 1.145 1.184 1.204 1.255 1.267 1.289 1.403

75 1.096 1.137 1.158 1.201 1.223 1.245 1.292 1.316 1.442

80 1.103 1.147 1.170 1.216 1.240 1.265 1.316 1.342 1.480

85 1.110 1.157 1.181 1.231 1.257 1.283 1.338 1.366 1.516

90 1.116 1.166 1.192 1.245 1.273 1.301 1.360 1.390 1.551

95 1.122 1.175 1.203 1.259 1.288 1.318 1.380 1.413 1.585

100 1.128 1.184 1.212 1.272 1.303 1.335 1.400 1.435 1.618

105 1.133 1.192 1.222 1.284 1.317 1.350 1.420 1.456 1.650

110 1.139 1.199 1.231 1.296 1.330 1.365 1.438 1.476 1.681

115 1.144 1.207 1.240 1.308 1.343 1.380 1.456 1.496 1.711

120 1.149 1.214 1.248 1.319 1.356 1.394 1.474 1.515 1.741

125 1.154 1.221 1.257 1.330 1.368 1.408 1.491 1.534 1.769

Table 2

How windy is it?
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“flagging”. Flagging is usually more pronounced for
single, isolated trees with some height.

Pictured here is a pine tree in my yard with an obvious
wind swept deformity. The upper part of the tree is
swept back and away from the solar shower next to it.
On the upwind side of the tree, the branches are
noticeably stunted. On the downwind side, they’re long
and horizontal. The flagging was caused by persistent
winds from, more or less, one direction.

Ecologists have been using flagging in trees for
decades to ballpark the average wind speed for an
area. (Vegetables don’t lie!) Pick up any ecology book
and you will find a diagram similar to the one bottom
right on the page that quantifies an area’s wind speed
as a function of tree deformity.

Note that you can get an idea of the average wind
speed by the amount of flagging. Comparing the
picture to the diagrams, we could categorize my pine
tree as Class III, an 11 to 13 mph average wind speed.
The monitoring done at my site certainly bears this out.

If you do not have any conifers in your area, look
around at the deciduous trees. They may also show
evidence of flagging. Look around especially for single
trees, or trees on the outskirts of a grove. Unless they
have grown considerably above the common
tree line, trees in a forest will not show flagging
because the collective body of trees tends to
reduce the wind speed over the area.

While the presence of flagging positively
indicates a wind resource, you should not
conclude that the absence of flagging in your
area precludes any suitable average wind
speeds. Other factors that you are not aware of
may be affecting the interaction of the wind with
the trees.

Tools Revisited
So far, the tools that we have available to us for
approximating our wind resource are:

• The various experiences of your area’s
neighbors, especially the old timers

• Any flagging that might be observed in the
surrounding areas

• Local wind generated problems (snow
drifting, severe soil erosion, tumbleweeds)

• The average wind speed established by the
nearest airport or weather bureau, which can
be used as our baseline

• The average wind speed for your site as
determined by the shear factor

• Your gut feelings based on all of the above

Griggs-Putnam Index of Deformity
from Wind Power for Home & Business by Paul Gipe

Index I II III IV V VI VII

Wind Speed (mph) 7–9 9–11 11–13 13–16 15–18 16–21 22+

0
No 
deformity

I
Brushing and 
slight flagging

II
Slight 
flagging

III
Moderate 
flagging

IV
Complete 
flagging

V
Partial 
throwing

VI
Complete 
throwing

VII
Carpeting

Above: Moderate flagging on a tree tells you how much
wind is blowin’ through.
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Remember from “Tower Economics 101” that even
small increases in wind speed can yield substantial
increases in power to the wind generator because
velocity is cubed in the power equation. This is
especially true at lower average annual wind speeds,
as depicted in the graph above.

The Bottom Line
So what is the bottom line number for an acceptable
average wind speed? Because there seems to be such

Power Increase vs. 1 mph Wind Speed Increase
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a disparity between monitoring stations (airports and
weather bureaus) and actual wind generator
installations, we can actually fudge a little here. For a
utility intertie system with a good exposure compared
to the monitoring station site, an average wind speed of
eight mph at the recording station or at ground level at
your site is acceptable. Remember, our economic cut-
off point (if you’re doing this to make money) is ten mph
at hub height when we’re competing with cheap utility
power.

For a battery charging wind system in which the
monitoring station has nearly identical topographical
exposure to your site, an annual average wind speed
as low as seven mph at the recording station or at
ground level at your site is acceptable. If the monitoring
site is very sheltered compared to your site, this
number could drop to about six mph. However, I
wouldn’t consider any site with average wind speeds
less than these.

Next time we’ll take a look at maximizing the
usefulness of your site.

Access
Mick Sagrillo gets blown around a lot at Lake MIchigan
Wind & Sun, E 3971 Bluebird Rd., Forestville, WI
54213 • 414-837-2267

For More Information Contact:
Tehachapi Wind Fair
P.O. Box 1089, Tehachapi, CA 93581

or
Kern Wind Energy Association at 805 822 7956
Mountain Valley Airport at 805 822 5267
Word Merchant at 805 822 3222

There’s Something in the Air!

Tehachapi Wind Fair ‘94Tehachapi Wind Fair ‘94
Mountain Valley Airport

(Off Highline Road)
May 21-22, 1994

Join
the

Fun!

SAILPLANE RIDES • WIND FARM TOURS
STUNT KITES • SKYDIVERS • SOLAR PANELS • WIND TURBINES
HIKING • FOOD • GAMES • ELECTRIC VEHICLES • BOOMERANGS •
WIND, SUN, FUN FOR THE WHOLE FAMILY
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Site Analysis for
Wind Generators
Part 2: Your Site
Mick Sagrillo

©1994 Mick Sagrillo

In our last episode (HP#40), we
outlined some ways of estimating the
wind resource in your area. We also

developed a method to determine the
average wind speed at hub height for
your proposed wind generator. The
question before us now is: where on
your property is the best place to put
your wind generator tower?
The answer to this one is easy. Put the tower where it’s
windiest! It is actually windier in some places on your
property than on others. In this article, we will show you
how to analyze your specific location so that you can
maximize your wind resource.

Tools
The purpose of examining any potential renewable
energy (RE) site is to optimize the RE resource, and
therefore, the power output of the proposed RE
generator. To accomplish this, you will need to gather
some information about your site, such as:

• Location of vegetation and buildings
• Prevailing wind direction/directions
• System voltage (battery charging systems only)
• Surface roughness or topography.

From this information, we will develop a series of rules
or guidelines that will help you qualify the resource at
your site.

Vegetation and Buildings
Since any site analysis requires a specific location,
we’ll use our homestead as an example. Figure 1
illustrates the layout of the buildings and most trees on
our property. Also noted are the compass points, and a
distance scale. The numbers indicate the approximate
heights of the trees and buildings.

The terrain in our area is somewhat rolling and relatively
open, but spotted with buildings, overgrown fencerows,
groves of trees, and the occasional woodlot (several

hundred acres). While we live in farm country with some
forested areas, this site need not be rural, strictly
speaking. It could very well be a small town, suburban
development area, or the edge of a larger city.

Tower Height
Remember from “Tower Economics 101” (HP#37) that
our arch enemy is turbulence. It robs us of our fuel, the
wind, and puts unnecessary wear and tear on the wind
generator. Therefore, rule #1 is: minimize turbulence
as much as possible. We’ll return to turbulence later.

Another important consideration is that the wind
generator must be at least 30 feet above anything
within 500 feet — a minimum requirement. Let’s call
this rule #2. For anything larger than about 1 kiloWatt
(kW), the “30 foot” above rule must include the blades
as well.

As an example, let’s assume that we will install a large
wind system, say a high voltage 10 kW wind generator
with a 24 foot rotor diameter. If we add the radius of the
rotor (12 feet) to the 45 foot silo and the “30 foot above
rule”, we find that the minimum tower height for this
location is 87 feet. Since an 87 foot tower is not readily
available, we’ll opt for the next closest size, 90 feet.
Notice that we went up in height rather than skimp with
an 80 foot tower. This is the minimum tower height for
this location given a 10 kW wind generator.

We have the wind generator, system voltage, and
tower height selected. Our next question is where do
we put it to best utilize our wind resource.

Prevailing Winds
To answer this question, we need to know the
seasonal wind patterns for this proposed site. This
should be fairly obvious for your location if you have
lived there for a least a year. If you are new to the area,
ask your neighbors.
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At our place, the wind blows quite regularly during the
fall, winter, and spring. Summer winds are restricted to
frequent thunderstorms. While brief, these storms are
usually accompanied by high winds for several hours.

Winter is dominated by winds out of the north and
northwest. Fall and spring bring winds from the south
and southwest. While the winds from a summer storm
come from any direction, they arise most frequently out
of the west. We can see a pattern developing here
(Figure 2).

The best place for the tower which optimizes our
prevailing wind directions is west of the barn. We now
have rule #3: after you determine the direction of the
prevailing winds, site the wind generator upwind of any
buildings or trees.

But Mick, you say, the wind sometimes blows from the
northeast, east, and southeast. At those times, the
tower and generator are downwind of the trees and
buildings and in the zone of turbulence. Won’t we have
problems when the winds are from these directions?

Unless we install a movable tower (something no one
has perfected yet), the answer is yes. Because the
wind blows from any compass direction some of the
time, we have to compromise. Since we are interested
in where the wind blows most of the time, we have to
accept that occasionally the tower is in a less than ideal
location. This brings us to rule #4: in a site analysis,
tower placement minimizes those compromised
locations, thereby maximizing our wind resource.

Wire Restrictions
Since we know the rotor size and building height, we
can easily determine the minimum tower height at this
location. The distance of the wind generator to its
controller is of little concern because it is a high voltage
system. We can locate the tower almost anywhere on
the property without worrying too much about wire size.

Figure 2

Cabin 
16 feet

B
ar

n 
28

 fe
et Silo 45 feet

shop 22 feet
Garage 15 feet

Toolshed
15 feet

Open 
pasture

Fencerow 20 feet Fencerow 20 feet F
encerow

 20 feet

Road

House
22 feet

Orchard 15 feet

Tree 18 feet

Trees
20 feet

S

N

EW

400 feet

Prevailing 
winds

Wind 
shadows

In a wind system, your wire run includes the distance
from the tower to the controller plus the tower height,
and back again. Because wire runs in a wind system
can add up fast, higher voltage systems are preferable.
Why is this, you ask. The power that a wind generator
produces is a function of volts multiplied by amps.
Thus, voltage and current are inversely related. If the
voltage doubles, the current carried by your wires is cut
in half, for a given amount of power.

The power lost in a wire run is a function of the wire’s
resistance (a function of the length and diameter)
multiplied by the square of the amps that the wire
carries. For a given wire gauge, doubling the voltage
means that the wind generator can be located four
times the distance and still have the same power loss!
With wind generators, higher system voltages are
easier to work with and more cost effective than lower
system voltages. Which brings us to rule #5: raising
system voltage gives you considerable flexibility in
where you can put the tower.

Low Voltage Dilemma
Now, let’s muddy the waters by lowering the voltage.
Rule #3 would favor the location west of the barn. A
tower near the house would be downwind of buildings
and trees. It would see a lot of turbulence and reduce
our power output. “Tower Economics 103” (HP#39)
diagrammed the zone of turbulence behind such
obstructions.

But let’s suppose that we already have a low voltage
system in the house, and upgrading to a higher voltage
is not an option. The distance from the proposed tower
site west of the barn to the house is 400 feet. Add the
90 foot tower height, and we have a low voltage
dilemma. We cannot run 12 Volts for nearly 500 feet.
Now what do we do, Mick?

We can opt to move the tower closer to the house. If
we place the tower within 30 or so feet of the house,
we reduce the wire run to under 150 feet. This will
require some gonzo wiring, but is acceptable cost-wise.
But now the only place for the tower is downwind of the
buildings, which puts us into a zone of turbulence (see
Figure 2).

Installing a wind generator tower is not like plopping
PVs on the ground somewhere. It is a considerable
project, involving concrete. We want to get it right the
first time (concrete is not very forgiving). Therefore we
must determine the extent of the turbulent zone at our
proposed tower site.

Mr Wizard!
Now comes the fun! You will need a “giant weather
balloon”, the kind available from scientific mail order
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stores. (Admit it; you always wanted one of these as a
kid. Now, you have an excuse to buy one!) Take it
down to your local FTD florist, the folks who sell helium
filled anniversary and birthday balloons. Have them fill
it with helium. You might want to do this outside. Few
florists have enough room (especially florists
specializing in cacti) or doors wide enough to
accommodate six foot weather balloons.

Once you get the damn thing home in one piece, it’s
time to conduct our experiment. Whatever you do,
don’t let the balloon go or it’s back to the florist. Get
someone to help (Mr. Wizard always has an assistant)
rather than attempt this alone. Tie the balloon to a
nylon cord about 100–120 feet long. This is your tether
line. The other end of this cord should be securely
fastened to a stake driven into the ground. Place the
stake where you want the tower to be. Tie a second
nylon cord, about 200 feet long, to the balloon. This is
your tag line.

As your helper lets out the tether line with the balloon,
tie streamers made of four feet long pieces of yarn or
crepe paper every ten feet along this line. Keep the tag
line from getting tangled up in the tether line and
streamers. Tie the tag line off in the upwind direction
once the balloon is in the air. Get the balloon to fly
directly over your proposed wind site, as in Figure 3.

Why, you ask, are we doing all of this? Elementary, my
friend. We are trying to determine the boundary layer
where turbulence ends and smooth flowing laminar air
begins. The streamers in the turbulent zone will ruffle in
the wind, whipping around in all directions. Once you
cross the boundary layer and reach the undisturbed air,
the streamers straighten out and only blow downwind
of the tag line. Count off the streamers to determine the
height of the smooth flowing air. This is the minimum
height for your wind generator tower.

Do this experiment over a period of days, with winds
coming from different directions and at various speeds.
This way you will have a good sample for determining
the turbulent zone around the proposed wind site.
You’ll need to relocate the tag line from day to day as
the wind shifts directions. When not in use, bring the
weather balloon down so that a shifting wind does not
blow it into a balloon-eating tree. If you live in a town or
populated area, this technique is especially good to
use to qualify your wind resource. By the way, this
experiment is sure to bring every kid in the
neighborhood to your yard.

You may discover that the boundary layer raises in
height at higher wind speeds or when the wind comes
over a building from a particular direction. Since you
want to stay clear of the turbulent winds, you will need
to determine the upper limits of the boundary for most
wind conditions.

If you actually do the above exercise, you will
empirically discover rule #6: rougher surfaces produce
gustier winds, especially at higher wind speeds. The
solution? It’s rule #7: if you must be downwind of
obstructions, raise your tower height to get out of the
turbulent zone and into the laminar flow of air. Don’t
forget that the blades need to be completely above the
boundary layer as well.

Estimating Heights
Let’s assume that we are upwind of all obstructions
again. We know that we still need to get the wind
generator 30 feet above the downwind obstructions.
But we don’t know how tall the neighboring buildings
and trees are. How can you determine their heights
without risking your neck with a tape measure in hand?

One way is what I call the “shadow method”. Suppose
we want to know how tall our barn is. On a sunny day,
drive a stake into the ground and measure the height of
the stake above ground. Let’s say it’s four feet tall.
Then measure its shadow. Let’s say that the shadow

Figure 3
Adapted from Wind Power for the Homeowner by Don Marier
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Piece of cake! The barn is 28 feet tall.

But what happens if the sun doesn’t shine in your
area? Another way of determining heights is called the
triangulation method (see Figure 5 below).

Let’s say that we need to know the height of a nearby
tree. With a 12 inch ruler in hand, stand far enough
away from the tree so that when you hold the ruler in
your outstretched hand and site past it to the tree, the
tree is slightly smaller than the ruler. With ruler still in
hand, record the height of the tree in inches (distance
A, say, 10 inches). Then measure the distance in
inches between the ruler and your eye (distance B,
say, 30 inches). Finally, measure the distance, in feet,
between the place where you were standing and the
tree (distance C, say 180 feet). Now use the following
formula to determine the height of the tree (distance D).

If the forest is made up of maples and ash, and the
canopy is 60 feet high, you can be fairly confident that
these trees are mature and will not grow much taller.
You would be safe with a 90–100 foot tower. If the 60
footers are Douglas fir trees and you install a 90 foot
tower, you can be assured that in not too many years
the wind generator will be engulfed by branches. In
most areas, Doug fir will be more than 90 feet tall. Your
time and investment will have been wasted.

And More Trees!
Let’s complicate the situation a little. Assume that you
own ten acres of cleared land in a national forest made
up of oaks or aspen trees. Either species will mature at
around 40 feet in your area. Your house is only 18 feet
tall and situated smack dab in the middle of the ten
acres. That puts you at least 500 feet away from the
trees. Since you are 500 feet away from the nearest
obstacle except the house, you can get by with a 48
foot tower. Right?

Not in this case. While it may seem that you are an
adequate distance away from the trees, you are
essentially in a sheltered hole! The tree canopy is the
effective ground level as far as the wind is concerned.
A 48 foot tower at this location would be analogous to
an eight foot tower on open ground.

The minimum tower height in this instance would be 70
feet (40 foot trees plus the “30 foot rule”). If you wanted
to install a 1 kW wind generator with a ten foot rotor, a
safer bet would be to include the radius of the rotor (or
length of a blade) at five feet, to this height. This would
put the tower height at 75 feet. Since there are no other
obstacles above the forest canopy, prevailing wind
direction is of little concern to us.

One final note about trees: avoid putting towers amidst
a dense group of trees. It complicates the installation
and jeopardizes the safety of the installer or service
people climbing the tower. You don’t want tree
branches rubbing on the tower. It’s not safe for the
tower or the trees.

To Tree or Not to Tree
Folks who live around tall trees may feel discriminated
against when it comes to tower height. They’re right.
But that’s the price one pays for living in a tall
neighborhood. Figure 6 graphically represents what I
am talking about.

If we assume a given location with a given wind speed
at any point in time, Figure 6 depicts how tall your
tower must be at a minimum to compensate for the
surrounding vegetation. Does this mean that you
should cut down all of your trees? Hardly! Just ask
anybody in Kansas about the value of shade. Does this

Stake height

Stake shadow length
x  Barn shadow length  =  Barn height

4 feet

2 feet
x  14 feet  =  28 feet

B = 30 inches

A = 10 inches

C = 180 feet

D

Figure 5
Adapted from Energy Alternatives by Time-Life Books
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extends two feet. Next, measure the shadow that is
cast by the barn. Let’s say it’s 14 feet. (See Figure 4)

Using the formula, we can determine the height of the
barn without climbing.

Simply and safely, our tree is 60 feet tall!

Trees, Trees, Trees
Let’s assume that we have not just one tree, but an
entire forest of trees. We have done the above
exercises, and we know that the forest canopy is about
60 feet tall. Is a wind generator still practical?

Sure, but we need to get the generator at least 30 feet
above the top of the tree line. In this case, we need to
know the approximate age of the trees, their species,
and the height that these particular types of trees will
reach at this location. Why? Because of rule #8: trees
grow, towers don’t!
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mean that a wind system in an area with tall trees is
impractical? Not at all. No matter where you live, you
still have to install the wind generator on a tower. So
what we are discussing is the incremental cost
increase of an additional 30 feet of tower compared to
the cost of the entire system. (“Tower Economics 102”
in HP#38 discusses this subject in detail.)

Low Voltage Options
Since many Home Power readers already have low
voltage systems, and a goodly number also probably
live near tall trees, let’s revisit this issue.

Going back to rule #5, I recommend increasing system
voltage first. Resistance to change aside, this will
always be the cheapest option. In addition, systems
need not be restricted in total power output. A 12 Volt
system, for example, is limited to a power output from a
few hundred watts to about 1.5 kW. Due to the amount
of current that must be generated, building 12 Volt wind
equipment larger than this capacity is just not practical.
Because of this, 12 Volt systems larger than 1.5 kW
are not even commercially available.

There are, however, a few tricks that are available to
low voltage system users facing extremely long wire
runs. Many of the newer wind generators utilize
permanent magnet alternators. These alternator’s
produce something called three phase wild ac, which is
rectified to DC with diodes in the system’s controller
before travelling to the battery bank. A three phase
wind system utilizes three wires to transmit current
down the tower to the controller. A DC system only
uses two wires, positive and negative.

The advantage of three phase ac is that the current
produced by the alternator is split up and transported
equally by its three wires. By contrast, all the current

produced by a DC generator is
transported down a single wire. Three
phase alternators can use lighter gauge
wire for a given wind generator capacity at
a given distance. Therefore, three phase
permanent magnet wind generators offer
greater flexibility in siting — they allow
longer distances from the battery.

High Voltage Transmission
One final trick that can be used for low
voltage systems is to actually install a high
voltage wind generator, but then step the
voltage down at the batteries. With a three
phase ac alternator, the solution is simple:
use a three phase step-down transformer
before the rectifiers. These transformers
are relatively inexpensive when compared
to cost of enormous wires.

Transformers are only about 85% efficient, so some
power is lost in the process. The efficiency can be
boosted somewhat by adding capacitors to the system.
While a 15% loss of efficiency may be considered
extreme by some, it is a small price to pay when the
option is a much-compromised tower location tethered
to welding cable-sized wires.

There is no such thing as a DC transformer for systems
utilizing a DC wind generator. However, a linear current
booster (LCB) performs essentially the same function
as an ac step-down transformer. An LCB is a high
speed switching device that will allow the user to
transmit high voltage DC, reducing the voltage at the
battery bank. LCBs are also about 85% efficient. They
are, however, more expensive than transformers.

While neither the transformer nor the LCB is a cheap
option, they do allow the user to cut down on the size
wire needed. In many cases, these devices more than
pay for themselves in money and aggravation when
compared to the cost of heavy-duty wires. But their big
advantage is that they allow the user to site their wind
system at the most ideal location rather than
compromise with less than ideal tower placement. We
have customers using these devices that have sited
their wind generators as far as 2000 feet from their
battery bank.

Sounds of Silence Broken
You may be thinking, why not virtually eliminate the
wire run by just mounting the tower right on top of their
house. Don’t even consider this idea for several
reasons. First of all, few roofs have the structural
beefiness to support the loads presented by a wind
generator and tower, let alone when the wind is trying
to blow them over.
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Second, even if your roof was strong enough or the
tower was short enough or the generator was light
enough, there is another serious drawback to this idea.
Any rotating electrical generating device produce a
harmonic that we can perceive by touch as a vibration.
That harmonic vibration is transmitted down the tower.
Touch one sometime and you will feel what I mean.

If the tower were attached anywhere to a building, the
building itself would begin to resonate, similar to a
guitar’s sounding box. This resonance would vibrate
the building, doing who knows what kind of structural
damage over time. In addition, the resonance would
develop into sound inside the building. Unless you are
deaf and don’t mind things walking off horizontal
surfaces or jumping off walls whenever the wind is
blowing, this is a pretty bad idea.

Recap
Proper siting of a wind generator tower is actually
easier than initially meets the eye, if you remember the
following guidelines:

1. Minimize turbulence.

2. Install the tower at least 30 feet above anything
within 500 feet.

3. Note your prevailing winds and stay upwind of
any obstacles.

4. Minimize compromises in location, voltage, and
tower height.

5. Consider higher voltages.

6. Rougher surfaces produce gustier winds.

7. If downwind of obstacles, compensate with a
taller tower.

8. Trees grow, tower don’t.

9. Never attach the tower to your house.

You now have the tools to properly site your wind
generator. Take the time to ask questions and do it
right. You will be rewarded with a system that takes the
best advantage of one of Nature’s greatest and most
powerful gifts: the wind.

Access
Mick Sagrillo flies his balloons at Lake Michigan Wind
& Sun, E 3971 Bluebird Rd., Forestville, WI 54213 •
414-837-2267

Giant weather balloons:
American Scientific and Surplus, 3605 Howard St.,
Skokie, IL 60076 • 708-982-0870

Edmund Scientific, C911 Edscorp Building, Barrington,
NJ 08007 • 609-547-8880

TRACK RACK , our passive solar tracker, uses
fluid-filled tubes that follow the warmth of the sun

and move your photovoltaic modules for you!

Let the sun move
your tracker!



Passive Temperature Regulating Enclosure

Double your outdoor
battery life with our

ZOMEWORKS CORPORATION
1011 Sawmill Rd NW, Albuquerque, New Mexico 87104 USA

COOL CELL

• Gain 20 to 55 percent more power
• Savings equal to 3 extra modules a year
• No batteries or gears to replace
• No electronics or motors to fuss over

LIFETIME WARRANTY
Prompt Delivery • Fixed Racks Also Available

Call for your nearest dealer

1-800-279-6342

ALTERNATIVE POWER
RENEWABLE ENERGY CENTER

701 S. MAIN
WESTBY, WI 54667

608-634-2984

Siemens Modules
M55 $315@
M75 $305@
PC4JF $399@
Includes Shipping to
Lower 48 States
Prices per Boxes of 4

INVERTER
TRADE-IN
PROGRAM

Trade in Your Old
Inverter for a New Trace
4000 Sine Wave Inverter
SEND SASE FOR DETAILS

SOLAR

POWERED

SINCE 1980

SEND SASEFOR USEDEQUIPMENTFLYER

✹✹
LIMITED

TIME
OFFER

























                                How to Build a Post Windmill

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

Material required:
A:    2 sheets of thin cardboard.
B:    1 sheet of medium-thick cardboard.
C:    1 piece of thick cardboard - 20 cms. x 20 cms. [200 x 200 mm.].
D:    48 matches or wooden toothpicks - about 42 mm. long.
E:     2 new sharp pencils.
F:     3 cotton-reels - 32 mm. diameter.
G:    Paper clips, staples, 4 thin flat split-pins as used for fastening large envelopes, tape      
        or duct tape, tracing or carbon paper, glue, etc.

Tools required:
Sissors, hobby or modelling knife, compass, sharp pencil, ballpoint pen, ruler, etc.

Cut out along the thick lines.  Score and bend along the striped lines, as shown.

Use paper clips or staples to hold the different components together during glueing. 
Score carefully and with caution, along the straight striped lines using a ruler and the back
of a knife blade, or with a sharp pencil or ballpoint pen, - before bending.

1:    Trace or copy the windmill tower wall pattern drawing onto a sheet of thin cardboard, -           
       cut out 2 tower walls. Bend as illustrated and make two holes with a sharp pencil in the             
       rear tower wall for the main rotor shaft - [windshaft] and for the tailpole.

2:    Trace or copy the bottom floor pattern onto a sheet of thin cardboard, cut out and make          
        the bottom hole with a sharp pencil.

3:    Bend up the floor side flaps, - assemble and glue them to the walls. Ensure that the wall              
       side flaps are bent inwards as illustrated.

4:    Trace or copy the floor pattern onto a sheet of thin cardboard and cut out 2 floors . Bend         
       down the flaps and make a 9 mm. hole for the mill-stone shaft. This hole must be large               
       enough for a pencil to rotate freely.

5:    Position both floors and glue all 4 flaps  on the walls, as illustrated.

6:    Trace or copy the cog or peg gear wheel pattern and cut out 4 circles  from a sheet of           
        medium-thick cardboard. Make a hole in the exact center of each circle, by pressing a              
        pencil through the middle.

7:    To construct the 2 peg gear wheels, 24 matches are carefully glued onto each wheel as             
        shown. The matches must project 15 mm. from the circumference of the circles.

8:    Carefully glue the 2 remaining circles on top of the 2 sets  of glued matches.

9:    Carefully glue 2 cotton reels onto one side of each assembled peg wheel. Use the thick            
        striped line for guidance so that the reels will be placed in the exact center of the wheel.

10:   Push 2 sharp pencils through the center holes in both peg wheels. Ensure that the                    
        pencils fit tightly inside the cotton reels, by wrapping tape or duct tape around the pencil.

        Note that:  The illustration should show the exact position and measurements of the                 
        pencils and peg gear wheels representing the two drive shafts.

11:  Using the drawing of the gear wheel - trace or copy 2 circles from medium-thick                      





        cardboard, - for the millstones. Make a 9 mm. hole in 1 circle - so that a pencil kan               
        freely rotate inside the hole.  This bed millstone is then glued to the floor, as shown. 

12:  Make a tight hole in the second millstone - [the runner], - with a pencil. Position the                 
        assembled upright shaft - [B]. Ensure that the runner does not touch the bed millstone.

13:  Position the windshaft and main peg gear brake wheel A, - so that the brake wheel and            
        the upright millstone shaft with the peg gear wallower wheel B - inter-mesh. If these                 
        units are assembled correctly, they should easily rotate when the windshaft is turned.

14:  Trace or copy the drawing for the rotor hub and cut out from a sheet of medium-thick              
        cardboard.

15:  Trace or copy the rotor blades from a sheet of thin cardboard. Cut out 4 blades and bend       
        as illustrated.

16:   Glue 2 blades onto the rotor hub.

17:   Then glue the other 2 blades onto the rotor hub, so that they cover the first 2 blades as             
        shown.                          

18:  Turn the assembled blades over and carefully glue a cotton reel on the rear side, in the              
        exact center of the hub, in order to provide extra strength.
  
19:  Trace or copy the drawing of the roundhouse and cut out from a sheet of medium-thick            
        cardboard. Make a hole with the tip of a sharp pencil. Bend and glue the 2 angled flaps -        
        inside, as shown.

20:   Glue the roundhouse to thick cardboard.

21:  Trace or copy the roof drawing and cut from a sheet of medium-thick cardboard. Cut,              
       bend and glue the corners as illustrated.

22:  Trace or copy the drawing of the tailpole and cut out from thin cardboard. Make holes as         
        shown. Bend the end flaps and glue together the flaps marked with X.

23:  Place the tower on the roundhouse and fasten with an envelope flat split-pin, as shown at           
        A.

24:  Fasten the tailpole to the tower with 2 envelope flat split-pins as shown at B.

25:  Trace or copy a circle from the gear wheel drawing onto medium-thick cardboard. Cut             
        out, - make a small hole in the center and fasten with an envelope flat split-pin at C.

26:  Position the rotor blades on the main rotor windshaft as shown at D, and fasten by                     
       wrapping carefully with tape.

27:  Place in position and fasten the roof, as shown at E.       

The Post Windmill is now finished. The windmill is turned to face the wind with the help of the
tailpole so that the rotor blades may catch the wind. Try and blow an air stream on the blades with
the help of an electric fan. Or even better take the model outside and let the wind turn the rotor
blades - as the wind does on a full-size windmill.




























