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Safety
W ind turbine s  can be  dange rous! And th ey are  e specially dangerous  w h en you are  

installing or m aintaining th em . H ow ever, once your turbine  is  up and running on your tow er, 
it s h ould be  a very safe  and q uiet m ach ine  if properly installed, w ired and m aintained. It is  
your re spons ibilility to cons ider safety at all tim e s  w h en installing, m aintaining and running 
your w ind turbine . Do your h om ew ork , as  w e  can’t pos s ibly cover every safety precaution 
h e re . If you are  in doubt about anyth ing, contact a profe s s ional! You can em ail us  for 
tech nical support, too.

Electrical h azards
* Sh ock : Th is  w ind turbine  de s ign puts  out low  voltage electricity, for system  voltage s  

of 12, 24 or 48 volts . Generally low  voltage s  are  not a s h ock  h azard. H ow ever, w h en 
th e  turbine  is  not connected to th e  battery bank , voltage s  on th e  output w ire s  can be  
m uch  h igh e r th an th at, enough  to caus e  a dangerous  s h ock . Alw ays  as sum e  th at 
every w ire  is  energized and can electrocute you if you touch  it! Sh ut dow n th e  
turbine  w ith  th e  stop sw itch  before  doing anyth ing w ith  th e  w iring. Us e  electrical 
enclosure s  and conduit to k e ep curious  fingers  out of your w iring.

* Fire : Becaus e  of th e  low  voltage nature  of th e  w ind turbine  alternator, im properly-
s ized w ire s  and poor electrical connections  can get very h ot very q uick ly and start a 
fire . Us e  electrical enclosure s  and conduit, and s ize  all w ire s  appropriately.

* H eaters: If you us e  dum p load h eating elem ents  for your w ind turbine , be  sure  th ey 
are  m ounted safely aw ay from  flam m able w alls and such , in a m etal enclosure . Th e  
rectifie r as s em bly can also get h ot, us e  th e  sam e  precautions  for m ounting it.

* Grounding: If your entire  pow er system  is  grounded to National Electrical Code 
rules , th at w ill m ost lik ely be  all you ne ed. Se e  th e  Grounding and ligh tning 
prote ction s ection of th is  m anual, page 41, for specific inform ation about w ind 
turbine  grounding.

* Balance of system : Electrically speak ing, th is  w ind turbine  is  only as  safe  as  th e  re st 
of your system . Your battery bank  is  particularly dangerous , due  to th e  large  am ount 
of energy stored in a sm all space, and th e  em is s ion of explos ive h ydrogen gas  during 
ch arging. You s h ould already be  intim ately fam iliar w ith  every s ingle safety 
precaution involved w ith  th e  balance of your entire  renew able energy system ! It all 
needs  to be  installed safely, and m ost lik ely approved by your friendly local electrical 
inspector, before  you even th ink  of w iring your w ind turbine  into th e  w ork s .

M ech anical H azards
* M oving blades: Don’t ever fly a w ind turbine  on a tow er th at’s  so s h ort th at 

som eth ing or som eone  on th e  ground could touch  it! Th is  s e em s  lik e  plain com m on 
s ens e , but enth us iastic new  turbine  ow ners  m igh t be  tem pted to let th e  m ach ine  spin 
up in th e  w ind on a s h ort ‘te st’ tow er before  m ounting th e  turbine  on th e  real th ing. 
Don’t do it! Th e  m ach ine  could get aw ay from  you before  you k now  w h at’s  
h appening (e specially w ith  no load on it) and th e  spinning blade s  could k ill or 
s e riously injure  you, your gue sts , and your dogs . At th e  very least it w ould be  
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incredibly painful, and it h as  h appened before  to folk s  w h o w e  k now . Th e  only place 
you s h ould fly your turbine  is  on a tall tow er, out of reach  of anyone or anyth ing. If 
you put it on a s h ort te st tow er (to balance th e  blade s , or to prepare  it for installation) 
s h ort all th e  alternator term inals w ith  jum per w ire s , and tie  one  blade to th e  tow er 
w ith  a rope , so it can’t pos s ibly spin, w h atever th e  w ind spe ed.

* Ice: If your turbine  becom e s  coated w ith  ice  during a storm , s h ut it dow n w ith  th e  
stop sw itch . Read th e  s ection on icing, page 37, before  turning it back  on. Ch unk s  of 
ice  could be  launch ed from  th e  turbine  at h igh  velocity and for a great distance if you 
allow  it run w h ile iced up. 

* Inspect and m aintain: Pay attention to your w ind turbine  every day! If it starts  
m ak ing a strange sound or unusual m otion, you ne ed to s h ut it dow n and find out 
w h at’s  going on before  a sm all problem  leads  to an “event cascade” th at could re sult 
in total failure  of th e  turbine , tow er, or both . Unlik e  boring solar panels, all w ind 
turbine s  ne ed regular inspection and m aintenance .

* Pacem ak ers and m edical equipm ent: If you w ear a pacem ak er or oth er on-board 
m edical eq uipm ent, be  cautious  around th e  turbine . Th e  m agnets  us ed are  extrem ely 
pow erful! Th ough  th e  m agnetic fields  are  m ostly contained w ith in, close  contact 
w ith  th e  alternator could dam age your pacem ak er. You'll need to h ire  a h elper to get 
th e  m ach ine  as s em bled and erected if th is  is  th e  cas e .

* Alternator disassem bly: If you ne ed to replace th e  m ach ine 's  stator for any reason, 
contact us  be fore  atte m pting to re m ove  th e  front m agne t rotor! Special tools are  
re q uired to safely s eparate it from  th e  m ach ine , and if you don't us e  th e s e  tools and 
th e  proper procedure , your h ands  could be  crus h ed betw e en th e  h igh ly attractive pair 
of m agnet rotors . If you built th e  alternator yours elf, you already k now  h ow  to 
as s em ble and disas s em ble it, but you s h ould still us e  caution.

Tow er H azards
* Solid construction: No m atter if you ch oos e  a tilt-up tow er or one  you h ave to clim b, 

it m ust be  solidly constructed and w ell anch ored. Th e  tow er is  no place to cut corners  
and save cost! Do your h om ew ork  and anch or your tow er properly. W e recom m end 
purch as ing a tow er k it for your first attem pt, unles s  you can gain experience  by 
tagging along w ith  and h elping a local w ind turbine  installer on a job s ite .

* Clim bing: If you ch oos e  a tow er th at doe sn't tilt dow n to th e  ground, you'll h ave to 
clim b it to erect it, to install th e  w ind turbine , and th en clim b it again at least once a 
year to m aintain th e  m ach ine . O r, h ire  a q ualified w ind turbine  dealer to do th is  for 
you. You m ust be  experienced in th e  art and safety of tow er clim bing to even th ink  
about attem pting it, and m ust alw ays  us e  th e  proper fall protection system s  available. 
You m igh t cons ider tak ing a clim bing and rigging clas s , or spend som e  tim e  on a job 
s ite  w ith  a profe s s ional w ind turbine  installer to learn th e  ‘rope s’ of tow er clim bing.

* Tilting tow ers: M any w ind turbine  profe s s ionals cons ider tilt-up tow ers  to be  m uch  
m ore  dangerous  th an tow ers  you h ave to clim b! Th e  stre s s e s  on tilt-ups  are  extrem ely 
h igh  during rais ing and low ering— one m istak e  in your de s ign or your rigging and it 
could all com e cras h ing to th e  ground w h en you first try to erect it. Th ink  of yours elf 
as  th e  fly and th e  tow er as  th e  flysw atter. Any structure s  th at m igh t be  in th e  fall 
zone are  at ris k , too. Again, w e  recom m end th at you tak e  a clas s  in w ind turbine  
installation or spend som e  tim e  on a job s ite  w ith  a  profe s s ional installer to learn 
h ow  to safely de s ign, anch or, rais e , and low er a tilting tow er.
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Introduction
(W h at h ave you gotten yourself into?)

Congratulations  on your new  w ind turbine! Th is  ow ner’s  m anual is  e s s ential reading 
w h eth e r you’ve built th e  m ach ine  yours elf from  scratch , bough t a parts  k its  from  us  and as -
s em bled it, or s im ply purch as ed a com pleted w ind turbine  ‘k it’ from  us . Th e s e  m ach ine s  are  
really ‘h om e  built’ w ind turbine s , even if yours  cam e  pre -as s em bled. And th e re  is  still a 
w h ole lot of w ork  you’ll need to do to prepare  for th e  installation— m ost lik ely m ore  w ork  
th an it took  to build th e  w ind turbine  its elf. Th at’s  w h e re  th is  m anual com e s  in, and 
h opefully you’ve read it be fore  you bough t anyth ing! W e h ave no giant factory te em ing w ith  
tech nicians  and engine ers , no ISO  9 000 certification, and no room  full of offs h ore  teleph one  
operators  standing by to tell you “reboot! reboot!” in garbled Englis h  — just a sm all, off-
grid s h op h igh  in th e  Colorado m ountains  w h e re  w e  build w ind turbine  parts  and k its , plus 
th e  occas ional finis h ed m ach ine  for sale. O ur m ach ine  s h op is  pow ered entirely by w ind, sol-
ar, and firew ood— th e  neare st electric line  is  12 m ile s  aw ay, th e re  are  no ph one  line s , and 
th e re  is  no cell ph one  reception.

Th e  idea be h ind th is  ‘h om e -built’ m ach ine  is  th at it s h ould perform  as  w ell as  expens -
ive com m ercial m ach ine s  of th e  sam e  s ize , be  easy to m aintain, and be  easy to repair your-
s elf w h en ne eded. Any part th at break s  is  s im ple to fabricate yours elf (or purch as e  directly 
from  us), afte r you figure  out w h at caus ed th e  failure . Th is  turbine  starts  producing pow er in 
7 m ph  w inds , give s  stellar perform ance in low  to m edium  w inds , and sustained output of up 
to 700 w atts  in h igh e r w inds  (about 25 m ph ), at w h ich  point th e  m ach ine  autom atically 
turns  out of th e  w ind to protect its elf w h ile m aintaining h igh  output levels . You could eas ily 
s e e  peak s  of 1,000 w atts  in w inds  of 28 m ph  or above. Th is  is  am ong th e  q uiete st of w ind 
turbine s  w e’ve k now n— you’ll probably be  pleasantly surpris ed at th e  low  nois e  level during 
operation.

H ow ever, th is  is  not th e  low e st m aintenance w ind turbine  de s ign you’ll find! Th e  
blade s , blade h ubs  and th e  tail are  w ooden and w ill re q uire  at least yearly inspection and 
m aintenance . Th e  bearings  are  com m on tapered roller bearings  and m ay re q uire  occas ional 
greas ing and adjustm ent. Solar panels h ave no m oving parts , and are  bas ically ‘s et and for-
get’ units . Not so w ith  w ind turbine s — any w ind turbine  for th at m atter! Regular inspection 
and m aintenance are  e s s ential. In th is  ow ners  m anual w e’ll go over  th e  as s em bly, installa-
tion and m aintenance of th e s e  m ach ine s . If installed and m aintained correctly, th is  w ill be  a 
reliable, q uiet and easy-to-live -w ith  w ind turbine .

O ur s h ipping office  in tow n h as  ph one  s e rvice , but our w ind s h op doe s  not— w e are  too 
far off th e  grid for even cell ph one  s e rvice . W e’re  h appy to offer tech nical support and an-
sw er any w ind turbine  q ue stions  via em ail (w indturbine @ oth e rpow e r.com ), and if em ail is  
not an option for you w e  can be  contacted via snail m ail or ph one :

Force fie ld
2606 W  Vine  Dr
Fort Collins , CO, 80521
Le ave  a m e s sage  w ith  a re al h um an: (9 70) 484-7257 and (toll fre e  in USA) 877-9 44-6247 
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W h at did you just buy or build?
You did not purch as e  a ‘turn-k ey’ w ind pow er system  along w ith  a dancing troupe of 

sm iley-faced ch im panzee s  to install it. You’ll need to do som e  s ignificant preparation to 
even begin to th ink  about starting to prepare  to install your new  w ind turbine! Th e  tow er is  
a fairly com plicated, potentially dangerous  and very labor-intens ive project all by its elf, and 
it’s  not included. M any folk s  are  very excited w h en th e  w ind turbine  project is  com plete or 
th e  as s em bled m ach ine  arrive s  via UPS, but th en reality s ets  in— it can tak e  m ore  tim e , 
m oney and w ork  to build th e  #$̂ & !#$ tow er th an it took  for th e  w ind turbine  its elf. So th e ir 
new  w ind turbine  ends  up m oldering in a cluttered garage for a few  years  w aiting for a 
tow er, and th e  entire  project is  forgotten entirely. Usually a frustrated spous e  th en th row s  
th e  w ind turbine  out w ith  th e  tras h  w h ile th e  builder or buyer is  out playing golf or fis h ing, 
th e  h alf-com pleted tow er is  us ed for h anging w et laundry becaus e  th e  dryer brok e , and th e  
proud new  w ind turbine  ow ners  can’t afford to fix th e  dryer after paying for th e  w ind tur-
bine . W ell, not alw ays — but rem em ber th at th e  w ind turbine  its elf is  just th e  start of th e  pro-
ject!

Th is  w ind turbine  is  inte nde d only for ch arging a 12, 24 or 48 volt batte ry bank . It can 
be  grid-tie d, but only th rough  th e  batte ry bank  and a grid-tie  inve rte r. W e  (and m any oth e r 
folk s  w h o h ave  built th is  turbine ) are  curre ntly re s e arch ing th e  de s ign ch ange s  ne e de d to tie  
th is  w ind turbine  to th e  grid w ith out a batte ry bank , th rough  a dire ct grid-tie  inve rte r lik e  
th e  SM A W indyBoy. H ow e ve r, th is  w ill re quire  a com ple te ly diffe re nt stator de s ign and is  
not pos s ible  at th is  tim e . Also, you cannot conne ct th is  w ind turbine  dire ctly to air or w ate r 
h e ating e le m e nts — you w ould ne e d to de s ign and build a soph isticate d e le ctronic controlle r 
to adjust th e  loading on th e  alte rnator to accom plis h  th at.

H ow  m uch  pow er w ill it m ak e?
Th at depends  on th e  average  w ind spe ed in your 

geograph ic area, your tow er s ite , and th e  h e igh t of 
your tow er. Th e  h igh e r th e  tow er, th e  m ore  w ind 
‘fuel’ is  available to th e  turbine . You can’t predict 
h ow  m uch  pow er you’ll get by com paring w ind 
turbine s  by th e ir “rated output”— th at num ber only 
tells w h at th e  turbine  m ak e s  in h igh  w inds  (usually 
28 m ph ), and you can s e e  from  Figure  1 at left th at 
such  h igh  w inds  are  very rare  in m ost locations — les s  
th an 100 h ours  per year. M ost w ind com e s  at us  in th e  
10-20 m ph  range, and th at's  w h at th is  w ind turbine  is  
de s igned to catch  efficiently. But, th e  actual average 
w ind spe ed at your location w ill m ak e  a big 

difference  in your m onth ly pow er production! You can look  up average w indspe eds  on a 
m ap at w w w .NREL.gov. Anoth er option is  to fly a logging anem om eter on a tall tow er for a 
year. Se e  th e  Source s  s ection h e re  for inform ation on w h e re  to buy one .

Figure  1 - Typical w ind spe ed  
d istribution at m ost locations. In 
places w ith  h igh e r average w ind 
spe ed s, th e  graph  slide s to th e  righ t, 
at low er average w ind spe ed s it slide s 
to th e  left.
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In a good w ind area on a tall tow er, th is  10 foot 
diam eter turbine  w ill lik ely produce betw e en 9 0 and 
120 k ilow att h ours  (k w h ) per m onth . Cons idering th at 
th e  average  US h om e  us e s  750 k w h /m onth , th at’s  not 
a lot— but for a rem ote, off-grid h om e  th at’s  de s igned 
from  th e  ground up to be  efficient, it can be  a h uge  
h elp and s ignificantly reduce  back up generator run 
tim e . M any off-grid dw ellers  com bine  both  solar and 
w ind into th e ir system s , becaus e  in m any locations  
w h en th e  sun isn't s h ining, th e  w ind is  blow ing.

Th is  w ind turbine  is  righ t up th e re  w ith  w h at 
m ost com m ercial w ind turbine s  of s im ilar s ize  (9 -10 
fe et rotor diam eter) can m ak e . Figure  2 s h ow s  an e stim ate  of th e  pow er curve of th is  turbine  at 
different w ind spe eds .  Th e  only w ay to get m ore  is  to install a taller tow er, or get a w ind tur-
bine  w ith  a larger rotor diam eter— th at’s  just bas ic ph ys ics . But you can s e e  th at th e  turbine  
w ill give excellent perform ance in th e  10-20 m ph  range, w h ich  is  by far th e  m ost com m on 
w ind distribution in m ost locations . At a s ite  w ith  a h igh  average  w ind spe ed, th e  graph  of 
w ind spe ed distribution in Figure  1 w ould ‘slide’ to th e  righ t by a couple m ph ; at a s ite  w ith  
low er average  w ind spe ed it w ould m ove to th e  left. Th e  difference  in average  w ind spe ed at a 
m arginal location com pared to th at at an excellent location w ould only be  at m ost 4– 5 
m ph — but th e  difference  in pow er production w ould be  q uite  s ignificant!

W h at’s included:
* Alternator, cons ists  of:

- Fram e
- Spindle and bearing
- M agnet rotors
- Stator 

* Tail as s em bly, cons ists  of:
- Tail boom
- Tail vane
- Tail as s em bly h ardw are :
5/16 inch  –  18 tpi bolts w ith  w as h e rs , lock  w as h e rs , and nuts  (q ty 6 of each ). Four 

of th e  bolts are  1 inch  long, tw o of th em  are  2 inch e s  long
* Wooden blade s , each  5 fe et long (q ty 3)
* Blade h ub s et, cons ists  of:

- Plyw ood blade h ubs  (q ty 2)
- Steel blade h ubs  (q ty 2)
- 1-1/4 inch  long w ood screw s  (q ty 60) for attach ing blade s  to h ubs
- 5/16 inch -18 tpi carriage  bolts w ith  w as h e rs , lock  w as h e rs , and nuts  (q ty 6 of 

each ) for attach ing blade s  to w ooden h ubs
- 1/2 inch -13 tpi nuts  and lock  w as h e rs  (q ty 4) for attach ing rotor to alternator.

* Yaw  bearing bus h ing
* Lead w e igh ts  and w ood screw s  for blade balancing

Figure  2 - Approxim ate w ind spe ed  vs. 
pow er output curves of th is 10 foot 
diam eter w ind turbine .
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W h at’s NOT included:
* An installed, functioning, battery-bas ed renew able energy system , running at 12, 24 

or 48 volts
* Blade finis h
* Tow er and all its  com ponents , including:

- Pipe  or tubing for tow er and jin pole
- Couplers  and guy w ire  connectors  for tow er and gin pole pipe
- Turbine  m ounting stub
- Guy w ire s , guy w ire  anch ors , tow er bas e , turnbuck le s , th im bles , and cable 

clam ps
- W inch  system , truck , pack  of dogs , or tractor for rais ing and low ering th e  

tow er and w ind turbine  (or, tow er clim bing gear, safety e q uipm ent, and years  
of training if you are  planning to clim b your tow er)

- Inspection, engine er’s  draw ings  and approval from  your favorite  local govern-
m ent agency, if re q uired

* W iring from  tow er top to pow er system
* Rectifie r as s em bly
* Sh ut-dow n sw itch
* Controller and dum p load (optional but recom m ended)
* M etering (optional but recom m ended)

W h at parts are  w h ich , and w h y 

A) Alternator
Th e alternator (A in Figure  3, 

above left) converts  th e  m ech anical energy put into th e  rotating s h aft by th e  w ind pus h ing 
th e  blade s  into ‘w ild’ 3-ph as e  alternating current (AC) electricity th at varie s  in fre q uency. 
It is  a low -rpm , axial flux perm anent m agnet unit, very m uch  inspired by H ugh  Piggott’s  
de s igns . Th e  alternator its elf  cons ists  of tw o m agnet rotors  th at turn togeth e r (Figure  4, #2, 
facing page), directly coupled to th e  blade s . O ne  m agnet rotor is  on each  s ide  of th e  stator 
(Figure  4, #1, facing page), and each  m agnet rotor contains  12 Neodym ium -Iron-Boron 

Figure  3 - A w ind turbine , w ith  all th e  
e ssential parts labeled:
A) Alternator
B) Blades
C) Tail boom
D) Blade h ubs
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(NdFeB) rare -earth  m agnets  of extrem ely h igh  flux. 
Th e  stator contains  9  coils w ound w ith  copper w ire  
and cast into plastic re s in, in line  w ith  and betw e en th e  
path s  of each  m agnet. Th e  output of th e  alternator 
com e s  out on 3 w ire s  or 3 bras s  studs . Th is  alternator 
w ill start ch arging batterie s  at about 140 rpm  and reach  
rated output of 700 or 1,000 w atts  at about 450 rpm . 
Th e  specifics  depend on th e  distance of w ire  run, th e  
gauge of w ire  us ed, your battery bank  s ize  and your 
battery bank  voltage .

Th e  fram e  (#3 in Figure  4) s im ply h olds  
everyth ing togeth e r. Th e  yaw  bearing (#4 in Figure  4) 
is  th e  point on w h ich  th e  turbine  pivots  to face th e  
w ind, or to face its elf out of th e  w ind w h en w ind 
spe eds  get too h igh . Th e  tail pivot (#5 in Figure  4) 
h olds  th e  tail as s em bly, allow ing it to sw ing w h en 
w ind spe eds  get too h igh , w ith  th e  w ind turbine  
follow ing it by pivoting on th e  yaw  bearing.

B) Blade s
Th e blade s  are  fabricated from  lam inated W e stern red cedar. W e us e  th is  w ood becaus e  

it’s  strong, ligh tw e igh t, reasonably inexpens ive and re s ists  rot. W e norm ally finis h  th e  blade s  
w ith  a few  th ick  coats  of boiled lins e ed oil. In h um id environm ents  a good paint finis h  w ould 
probably h old up better. W e’ll discus s  blade finis h ing in th e  Final As s e m bly s ection h e re , as  
th e  blade s  s h ip from  our s h op unfinis h ed.  

Th e  blade s  are  tw isted along th e ir length  (in oth er w ords , th e  blade pitch  varie s  from  s h al-
low  at th e  tips  to ste ep at th e  roots) to approxim ate th e  correct angle of attack  to th e  
w ind— th e  tw ist is  becaus e  th e  tips  of th e  blade s  are  m oving faster th an th e  roots . Th e s e  
blade s  are  de s igned to run at a tip spe ed ratio (TSR) betw e en 6 and 7, and are  m atch ed to th e  
alternator. For inform ation about th e  blade de s ign w e  us e , refer to our w ebs ite  
w w w .oth e rpow e r.com .

C) Tail Boom
Th e tail boom  is  a bit over 5 fe et long, fabricated from  ste el pipe  and ste el bar stock . It 

fits  over th e  tail pivot (Figure  4, #5) on th e  alternator. Th e  alternator and tail w ork  togeth e r so 
th at in h igh  w inds  th e  th rust against th e  blade s  w ill overcom e th e  w e igh t of th e  tail— th e  m a-
ch ine  w ill fold up and “furl” to reduce  th e  effective sw ept area of th e  blade s .  To “furl” m eans  
th at th e  m ach ine  turns  out of th e  w ind on its  yaw  bearing (Figure  4, #4), so th e  blade s  don’t 
face s q uare  to th e  w ind. In h igh e r w inds  you can expect th e  pow er of th e  m ach ine  to be  
sligh tly reduced w h ile it protects  its elf— but it s h ould still produce nearly full pow er under 
th e s e  conditions .

Figure  4 - Alternator w ith  parts labeled:
1) Stator
2) M agnet rotors
3) Fram e
4) Yaw  bearing
5) Tail pivot
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Th is  protection system  (called a “furling tail” and s h ow n in Figure s  5 and 6 above) is  
very s im ple in th at it w ork s  s im ply by th e  geom etry of th e  m ach ine’s  fram e , re q uire s  no 
m ech anical com ponents  lik e  springs  th at can break  or ice  up, and s im ply allow s gravity to 
return th e  w ind turbine  back  to norm al operating pos ition w h en th e  w ind drops  back  to nor-
m al levels (below  25 m ph ). Figure  5 above left s h ow s  th e  turbine  in norm al operating pos i-
tion, and Figure  6 above righ t s h ow s  it fully furled and protecting its elf, w h ile still m ak ing 
near m axim um  output. Furling tails w ere  invented in th e  m id-1800s , but w ere  perfected for 
sm all electricity-generating w ind turbine s  by Scottis h  h om ebrew  w ind guru H ugh  Piggott.

Tail Vane (Figure 7, below )
Th e tail vane is  m ade  from  h igh  q uality 

1/4 inch  th ick  birch  plyw ood. Since  it is  
w ooden, it s h ould be  treated generously w ith  
lins e ed oil, paint or stain to protect it from  th e  
elem ents . W e discus s  th is  in detail in th e  Fi-
nal As s e m bly s ection later in th is  ow ners  
m anual. Sh ould th e  tail vane ever start to rot 
it’s  eas ily replaced! Keep in m ind 
th ough — th e  w e igh t of th e  tail h elps  determ -
ine  w h en th e  m ach ine  w ill start to furl and 
protect its elf, so you m igh t be  on ris k y 
ground if you rebuild th e  tail w ith  th ick e r 
w ood or in a different s ize  or s h ape . W e us e  

birch  plyw ood becaus e  it’s  strong, ligh t w e igh t and re s ists  fatigue  crack ing. As  long as  you 
put finis h  on th e  tail vane before  flying it on th e  w ind turbine  (and re -apply finis h  during 
your yearly annual m aintenance), it s h ould last for years .

Figure  5 (left) - W ind turbine  in norm al operating 
position.
Figure  6 (righ t) - W ind turbine  fully furled to 
protect itself from  h igh  w inds (over 28 m ph ).

Figure  7 - Tail vane bolted to th e  tail boom .
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D) Blade h ubs
Th e w ooden blade h ubs  (D in Figure  3, previous  page) provide  a sturdy attach m ent point 

for transferring pow er from  th e  blade s  to th e  s h aft. Th ere  are  also tw o m etal blade h ubs  (one  
in front of th e  w ooden blade h ubs  and one  in back ) th at give a sturdy surface to ‘sandw ich ’ th e  
w h ole blade and h ub as s em bly togeth e r w ith  bolts . Th e  w ooden blade h ubs  are  provided unfin-
is h ed, and th e  details on finis h ing th em  are  provided in th e  Final As s e m bly s ection. You’ll do 
it w h ilst finis h ing all th e  oth er w ood parts  on th e  m ach ine , including blade s  and tail vane .

W h at you ne ed  to do before  your w ind
turbine  is ready to fly:

As you (h opefully) already k now  from  reading our literature  and th is  ow ners  m anual be -
fore  purch as ing or building your w ind turbine , you first ne ed to h ave a renew able energy 
pow er system  in place . Th ere  m ust be  som eth ing to connect th e  turbine  output to! Th is  w ind 
turbine  w ill w ork  only for ch arging th e  battery bank  of a renew able energy system — you 
cannot us e  th e  turbine’s  output directly, run h eating elem ents  directly, or tie  th e  output directly 
to th e  pow er grid. Such  direct grid-tie  (no battery bank ) inverters  lik e  th e  SMA W indyBoy®  
re q uire  a specially-built stator to be  installed in th e  w ind turbine , w h ich  w e  do not offer at th is  
tim e . You can eas ily us e  th is  w ind turbine  for grid-tied system s  w ith out is sue s , but only if th e  
w ind turbine  is  ch arging a 12, 24 or 48 volt battery bank . 

Th e  w ind turbine’s  stator m ust be  built differently for different system  voltage s . Be sure  
th at you h ave th e  correct stator for your system  voltage before  installing— it w ill be  m ark ed for 
e ith e r 12, 24 or 48 volt system s . It’s  no problem  to add th is  w ind turbine  as  an input to an exist-
ing grid-tied, battery-bas ed pow er system , but th e  grid-tie  inverter, battery bank  and balance 
of system  com ponents  m ust already be  in place, inspected and approved by th e  pow er com -
pany, and functional before  you proce ed w ith  adding th e  w ind turbine . If you ever ch ange th e  
system  voltage of your RE battery bank , you can s im ply replace th e  stator of th is  w ind turbine  
w ith  one  de s igned for th e  correct system  voltage — all oth er com ponents  of th e  alternator and 
w ind turbine  stay th e  sam e .

Let’s  get started
Th e steps  you’ll need to com plete to get your new  w ind turbine  flying are  as  follow s, and 

below  w e’ll cover each  step in detail:

1. As s em ble th e  tail
2. Build or purch as e  th e  rectifie r as s em bly, and install it into your battery-bas ed RE sys -

tem
3. Purch as e  and install th e  s h ut-dow n sw itch
4. Purch as e  or build th e  controller, break e r and dum p load, and install th em  into your RE 

system  (optional but recom m ended)
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5. Install th e  w iring from  th e  tow er bas e  to your system
6. Install a sturdy tow er, and fabricate or purch as e  a tow er-top stub
7. Te st rais e  th e  tow er and adjust th e  guy w ire s
8. Install th e  turbine  on th e  tow er-top stub
9 . Install th e  tail vane on th e  tail boom
10. As s em ble th e  blade s  into a rotor and attach  to th e  alternator
11. Balance th e  blade s
12. Rais e  th e  turbine  and tow er
13. Relax, h ave a be er, and w atch  th e  pow er com e in! W ind turbine  w atch ing is  far 

m ore  entertaining th an televis ion.

1) As s em ble th e tail
If w e  built th e  m ach ine  and s h ipped it to you, th e  tail cons ists  of th re e  piece s . Th e  tail 

boom  (th e  long piece  m ade  from  pipe  th at fits  onto th e  alternator over th e  tail spindle), th e  
tail brack et (a 34 inch  long piece  of ste el bar stock ) and th e  w ooden tail vane . You’ll as -
s em ble th e  tail as  follow s . Th e  h ardw are  is  supplied, and cons ists  of  6 x 5/16-18 bolts w ith  
w as h e rs , lock  w as h e rs , and nuts . Four of th em  are  1 inch  long, and tw o of th em  are  2 inch e s  
long.

Use  tw o of th e  1 inch  long 5/16 inch  bolts to attach  th e  w ooden tail vane to th e  tail 

brack et. Ins e rt th e  bolts th rough  th e  h oles  near th e  ends  of th e  th e  ste el bar stock . Fit th e  tail 
vane over th e  bolts . Th en put a w as h e r, lock  w as h e r and a nut on th e  ‘w ood’ s ide  and tigh t-
en th e  bolts (Figure  8).

Use  th e  oth e r tw o 1-inch  bolts and bolt th e  tail brack et/tail vane to th e  tail boom  as  pic-
tured above in Figure  9 . Again, th e  w as h e rs , lock  w as h e rs  and nuts  s h ould be  us ed against 
th e  w ooden s ide  of tail vane . Us e  th e  tw o longer bolts to bolt th e  w ooden tail vane to th e  
tail boom . Th e  w as h e r, lock  w as h e r and nuts  s h ould again go on th e  w ood s ide .

Figure  8 (left) and Figure  9  (righ t) - Assem bling th e  tail.



w w w .oth e rpow e r.com w indturbine @ oth e rpow e r.com © 2007 by Force fie ld Page   15

2) Rectifie r As s em bly
Th e w ind turbine’s  output com e s  as  ‘w ild’ 3-

ph as e  alternating current (AC). It’s  not usable in 
th is  form  becaus e  th e  fre q uency varie s  w ith  th e  
w ind spe ed and rotor spe ed. So, th e  w ild AC m ust 
be  rectified into DC for battery ch arging. Th e  
eas ie st w ay is  to buy a ready-m ade  3-ph as e  recti-
fie r of suitable current carrying capacity, m ount it 
to a big h eat s ink , and add a stop sw itch  and 
(pos s ibly) an am m eter. M any good electronics  suppliers  w ill carry 3-ph as e  rectifie rs — but 
th ey can be  a bit expens ive ($50 - $150 depending on th e  current rating).  W e find th at th e s e  
are  alm ost alw ays  available as  surplus off of Ebay and from  oth er surplus suppliers , and can 
usually be  h ad for le s s  th an h alf th e  new  price . Th e s e  device s  are  nice  becaus e  no construc-
tion is  re q uired. Th ey h ave term inals for th re e  w ire s  com ing in (3-ph as e  AC in from  th e  tur-
bine) and tw o w ire s  out (pos itive and negative 
DC). A typical m odel is  s h ow n in Figure  10.

You can also build a suitable rectifie r w ith  
6 diode s  (Figure  11) or w ith  eas ily available 
s ingle ph as e  bridge  rectifie rs  (Figure  12). Th e s e  
options  m igh t be  ch eaper, but th ey tak e  m ore  
w ork  for w iring and as s em bly.

Sizing th e  rectifier
Th e pow er h andling capacity of your recti-

fie r as s em bly m ust be  larger th an th e  m axim um  
output of th e  w ind turbine . W e s ize  ours  for 
1,500 w atts  of turbine  output, even th ough  th e  
m axim um  you’ll lik ely ever s e e  is  1,000 
w atts — better safe  th an sorry. Th e  table below  
s h ow s  th e  am perage  capacity ne eded in th e  recti-
fie rs  for th is  turbine  depending on w h at system  
voltage your battery bank  is  w ired for:

48v = 40 am ps
24v = 80 am ps
12v = 150 am ps

You can s e e  w h y w e  try to discourage 12v pow er system s — th e  rectifie rs  to h andle th at 
h uge  120 am ps  from  your turbine  can be  expens ive, all th e  w iring from  your turbine  to your 
battery bank  w ill h ave to be  large  and expens ive (Sections  6 and 7 below ), and your controller 
(Section 3) w ill h ave to be  h uge  and expens ive too. 

Figure  10 - A pre -m ade , 3-ph ase  rectifier.

Figure  11 - 3-ph ase  rectifier built from  6 diode s.

Figure  12 - 3-ph ase  rectifier built from  3 
standard full-w ave bridge rectifiers.
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H eat sink
O nce you buy or build th e  rectifie r its elf, you’ll 

need to bolt it dow n to a nice  big alum inum  h eat s ink  
(Figure  13). As  you saw  from  th e  table above, th e  low er 
th e  voltage of your system , th e  h igh e r th e  current w ill be  
and th e  larger your h eat s ink  w ill need to be . Us e  a coat 
of specially-form ulated ‘h eat s ink  com pound’ (available 
from  m ost electronics  store s) betw e en th e  h eat s ink  and 

th e  rectifie r to as sure  good th e rm al contact. 
Any rectifie r th at’s  not properly h eat s ink ed 
w ill burn out w ith in m inute s  during h igh e r 
w inds , so don’t s k im p— th e  h eat s ink  and a 
good th e rm al connection betw e en it and th e  
rectifie rs  are  e s s ential. Th ey w on’t carry 
anyw h ere  close  to th e ir rated current 
w ith out a h eat s ink . Nice  large h eat s ink s  
can often be  salvaged from  old pow er 

inverters  or car stereo am plifiers . Som e folk s  h ave even us ed finned alum inum  cylinder 
h eads  from  old engine s .

3) Stop Sw itch
All w ind turbine s  ne ed a s h ut-

dow n sw itch . W ith  th is  turbine , all you 
ne ed to stop th e  blade s  q uick ly is  a big 
sw itch  to s h ort all th re e  incom ing 
ph as e s  to each  oth er, som ew h e re  
betw e en th e  w ind turbine  and th e  recti-
fie r. You’ll us e  th is  sw itch  to s h ut 
everyth ing dow n during rais ing and 
low ering, for protection during extrem e  
w inds , and in cas e  som eth ing goe s  
badly w rong up th e re  on th e  tow er or 
in your RE system  w iring w h ile th e  
w ind is  blow ing. Th e  sw itch  s h ould be  
a double pole, s ingle th row  (DPST) 

sw itch  rated 30 am ps  or m ore , and th e  sch em atic of h ow  it s h ould 
be  w ired is  s h ow n in Figure  14 at left.

Such  sw itch e s  (Figure  15 at left) are  available inexpens ively at 
any electronics  supplier. Th ough  th e  sw itch  s e em s  puny com pared 
to th e  am ount of current th at th e  turbine  can produce in h igh  w inds  
(e specially in a 12 volt system ), rem em ber th at th e  sw itch  only s e e s  
h igh  current for an instant, and after th at th e  turbine  is  alm ost 
stopped and is  producing very little pow er. W h en th e  stop sw itch  is  

Figure  13 - A nice , large, and expensive 
alum inum  h eat sink , sh ow n from  above (top) and 
from  th e  sid e  (above).

Figure  14 - H ow  to 
w ire  a w ind turbine  
stop sw itch .

Figure  15 - A typical 30 
am p double pole, single 
th row  (DPST) sw itch .
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engaged (so th at th e  alternator is  s h orted), it all becom e s  very stiff to turn and th e  m ach ine  
w ill stop or just barely turn, no m atter h ow  h igh  th e  w ind spe ed is . It’s  be st to stop th e  m a-
ch ine  during a lull in th e  w ind w h en it’s  already running slow ly, but th e  sw itch  s h ould effect-
ively stop th e  m ach ine  at any spe ed. It’s  h ard on th e  stator 
and th e  blade s  to be  stopped q uick ly in h igh  w inds  (you 
m ay h ear an audible ‘clang’), but w e’ve never dam aged a 
m ach ine  h e re  by doing it. Note th at som e  com m ercial 
w ind turbine s  cannot be  s h ut dow n during h igh  
w inds — th e  sw itch  is  s im ply ineffective! W e th ink  th e  
fact th at th is  axial flux air gap alternator can be  
pos itively and firm ly stopped during th e  m ost h orrific 
h igh  w ind s ituations  is  a definite  advantage . H urricane s , 
tornados , cyclone s , gales  and nor'easters  can h appen, and 
it’s  not w is e  to run a w ind turbine  during one .

Figure  16 at righ t s h ow s  th e  standard rectifie r/stop 
sw itch /am m eter unit th at w e  build h e re  and us e  for m ost 
of our w ind turbine s . It’s  h andy becaus e  everyth ing is  
righ t th e re  in one  box. W h en you first rais e  your w ind tur-
bine  and it’s  operating, tak e  th e  tim e  to fe el your recti-
fie r’s  h eat s ink . O n w indy days , if th e  unit is  getting ‘h ot’ th en you lik ely ne ed a larger h eat 
s ink . Th ere’s  no such  th ing as  a h eat s ink  th at’s  too big— and it s h ould never get m uch  m ore  
th an ‘w arm  to th e  touch .’

4) Break e r and controller
Figure  17 at righ t s h ow s  it all. You ne ed to 

bring 3-ph as e  AC pow er to your rectifie rs  
th rough  th e  s h utdow n sw itch . Th en you’ll be 
dow n to 2 w ire s ,  +  and –  DC, w h ich  go th rough  
th e  input break e r to your battery bank . Th e  
controller th en diverts  it from  th e  battery bank .

Input break er
From  th e  rectifie rs  you s h ould go th rough  

an input fus e  or break e r. It’s  also re q uired by th e  
NEC electrical code . Th is  s h ould be  q uite  a lot 
larger th an th e  m axim um  current you’ll ever s e e  
from  th e  w ind turbine — if th e  fus e  blow s  or th e  
break e r trips , th e  w ind turbine  w ill be  fre e  spin-
ning w ith  no load on it, w h ich  is  a dangerous  
condition. If th is  ever h appens  (very unlik ely) 
you s h ould stop th e  w ind turbine  w ith  th e  s h utdow n sw itch  im m ediately.

Figure  16 - Th e  com pleted rectifier / 
h eat sink  / stop sw itch  / am m eter 
assem bly th at w e  usually build for 
our w ind turbine s.

Figure  17 - W ind turbine  system  w iring 
diagram .
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We sugge st at least a 50 am p fus e  or break e r for a 48 volt m ach ine , 100 am ps  for 24 
volt, and 200 am ps  for a 12 volt m ach ine . Label th e  break e r clearly, it’s  not th e  sam e  as  th e  
stop sw itch ! It’s  m ore  lik e  a ‘s elf de struct sw itch ’ if accidentally opened by a h um an during 
h igh  w inds . Th e  m ost lik ely reason th is  break e r w ould ever trip w ould be  s e rious  prob-
lem s — a m ajor s h ort circuit in th e  controller or battery system  w iring, w h ich  is  extrem ely 
unlik ely.

Controller
From  th e  rectifie r, you are  now  running DC pow er to your battery bank  on tw o w ire s , a 

large +  and a large –  w ire . Your batterie s  are  an integral part of th e  w ind turbine’s  alternat-
or— th ey clam p th e  w ind turbine’s  open-circuit voltage dow n to th e  system ’s  level, until th e  
batterie s  are  full. At th at point system  voltage w ill rapidly clim b to levels th at can dam age 
your system  e q uipm ent and bubble aw ay th e  w ater in your battery electrolyte, producing ex-
plos ive h ydrogen gas . To avoid th is  condition, you ne ed to install som e  sort of controller.

Th e  s im plest and least expens ive controller is  m anual— if your batterie s  are  full and 
th e  w ind turbine  is  still producing pow er, s im ply turn on m ore  loads , lik e  ligh ts , stereos , 
televis ions , vacuum  cleaners  and dis h w as h e rs . If you can’t consum e  enough  pow er to k e ep 
battery voltage dow n, just stop th e  w ind turbine  entirely w ith  th e  s h utdow n sw itch .

Unles s  you are  h om e  all th e  tim e , th ough , it’s  m uch  safer to h ave an autom atic control-
ler. W ind turbine s  ne ed to h ave a load on th e ir alternator at all tim e s , unlik e  solar panels 
th at can s im ply be  disconnected from  th e  system  at any tim e . A w ind turbine  w ith  no load 
on it is  ‘fre ew h e eling’ and can overspe ed, w h ich  is  a very dangerous  condition! Th e  furling 
system  w ill not w ork  properly if th e  turbine  is  overspe eding, and th e  m ach ine  h as  no w ay to 

protect its elf from  h igh  w inds . So, an autom atic ‘diver-
s ion load controller’ s h ould be  installed to divert w ind 
turbine  pow er to a ‘dum p load’ w h en your batterie s  are  
full— usually th e  dum p load is  an array of air- or w ater-
h eating elem ents .

Controllers  th at do th is  are  readily available. Th e  
Xantrex C-s e rie s  (Figure  18) or th e  M orning-
star/Tristar TS s e rie s  are  com m on ch oice s , and can be  
converted to run in divers ion m ode  (instead of solar 
panel m ode) w ith  th e  flip of a sw itch . H ow ever, once 
again 12 volt system s  get trick y! At 12 volts th e  m a-
ch ine  could eas ily produce over 80 am ps , and ne ith e r 
of th os e  divers ion controllers  are  up to th e  tas k — you’d 
h ave to us e  m ultiple controllers  w ired in parallel, 

w h ich  is  an expens ive propos ition. W ith  a 48 volt system , you could get by w ith  an inex-
pens ive 40 am p controller.

Figure  18 - A Xantrex C-se rie s 
d iversion load controller. Ph oto 
courte s y of Xantre x Te ch nology Inc.
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Th e ch art below  s h ow s  th e  recom m ended controller capacity for each  system  voltage :

12 volts = 130 am p controller
24 volts = 60 am p controller
48 volts = 40 am p controller

Des igning and building your ow n divers ion load h eating elem ents  can also be  trick y. 
Th e s e  ‘dum p loads’ m ust be  s ized large enough  to us e  th e  entire  divers ion output of your 
controller, w h ich  its elf s h ould be  able to divert th e  entire  w ind turbine  ouput during h igh  
w inds . So, w e  recom m end th at you s ize  th em  for 1,500 w atts  of potential output. Th e  
re s istance m ust be  exactly righ t also, to as sure  th at th ey draw  th e  correct am ount of pow er. W e 
also advis e  th at you s im ply purch as e  th e  correct dum p load h eating elem ents  from  th e  com -
pany th at supplied you w ith  your controller, instead of trying to de s ign and build your ow n.

A les s  expens ive alternative to a com m ercial controller is  to us e  a voltage -controlled 
sw itch  w ith  h ystere s is . M any h igh -end inverters  and PV ch arge  controllers  h ave th e s e  built in, 
often labelled as  auxilliary relays  (Aux). Instead of diverting a differing am ount of pow er 
from  th e  batterie s  to th e  h eating elem ents  as  th e  w ind turbine  m ak e s  m ore  or le s s  pow er, th is  
s im plified system  just turns  on th e  h eaters  full blast until th e  battery voltage again drops  to a 
reasonable level. Th e  h eaters  can be  e ith e r 120 volts AC h ous e  current from  th e  inverter, or 
DC elem ents  connected w ith  very th ick  w ire  directly to th e  battery bank . Th e  voltage -con-
trolled sw itch  on a standard inverter or controller can’t h andle m uch  pow er. You’ll need to us e  
it to turn a m uch  larger re -
lay on or off to start and 
stop th e  h eaters , just lik e  
h ow  th e  ignition sw itch  
and starter relay in an 
autom obile w ork — th e  ig-
nition sw itch  you put your 
car k ey into sw itch e s  only 
a sm all am ount of pow er 
to drive a big relay th at al-
low s  a w h ole bunch  of 
pow er from  your battery 
to flow  straigh t into your 
starter m otor. Th e  relay 
s h ould be  s ized to m atch

If you h ave a large 
and h igh -tech  inverter or 
PV ch arge  controller, it 
can be  le s s  expens ive to us e  th e  Aux controller on th at e q uipm ent to sw itch  120 volts AC 
h ous e  current to a standard electric h eater. But, rem em ber th at th is  dum p load s h ould draw  up 
to 1,500 w atts  from  your inverter! If th e  inverter is  too sm all, you w on’t h ave any pow er left to 
run norm al h ous e h old loads , and th e  inverter w ill s h ut dow n or blow  up. If you do run DC 
h eating elem ents  directly, s ize  th e  w ire  appropriately, and us e  a m ercury contactor or solid-
state  relay— m ost ‘norm al’ AC relays  break  dow n q uick ly under th e  h igh  am perage  load of a 

Figure  19  - System  control 
configuration w h en using 
th e  Aux Control circuit 
from  an inverter or PV 
controller.
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low -voltage DC h eating elem ent. DC w ater h eating elem ents  are  actually q uite  easy to find 
at renew able energy suppliers , so you can eas ily replace th e  elem ent in a standard 120 volt 
AC w ater h eater w ith  a DC vers ion for your dum p load. You'll also h ave to s et th e  correct 
h ystere s is  s etting so th at th e  contactor doe sn't cycle on and off too q uick ly— th e  s etting w ill 
depend on th e  s ize  and condition of your battery bank . If you go w ith  th e  Aux relay diver-
s ion system , your w ind system  diagram  w ould look  lik e  Figure  19 , above.

5 ) System  W iring
Th e w ire  from  th e  w ind turbine  to th e  rectifie rs  and battery ne eds  to be  s ized accord-

ing to th e  current th at th e  w ind turbine  m igh t generate , and th e  distance betw e en th e  w ind 
turbine  and th e  batterie s . Th e  low er th e  voltage th e  h igh e r th e  current— th is  is  yet anoth er 
reason h igh e r voltage system s  are  eas ie r to get along w ith  and le s s  expens ive .

Th e  w ire  run from  th e  alternator to 
th e  tow er bas e  is  different th an th e  w ire  
from  th e  tow er bas e  to th e  re st of th e  sys -
tem . Th is  turbine  de s ign doe sn’t us e  slip 
rings  to get pow er from  th e  alternator 
dow n th e  tow er; instead w e  us e  a s im ple, 
easy to build, and m ore  reliable system  
called a ‘pendant cable.’ Th is  w ire  runs  
dow n to th e  ground ins ide  th e  tow er 
pipe , and actually tw ists  as  th e  w ind tur-
bine  yaw s  to face th e  w ind. You s h ould 
s elect th e  be st grade  available of flexible, 
stranded #8 or #10 AW G extens ion cord 
w ire  for th e  tow er w iring. At th e  tow er 
bottom , you’ll need to install a h eavy 

duty, lock ing 3-prong electrical plug (Figure  20, at left) on th e  3 w ire s  com ing dow n from  
th e  turbine , and a m atch ing sock et th at’s  connected to th e  w ire s . You ne ed to s ize  th e  plug 
and sock et for th e  sam e  am perage  rating as  your controller. W h en you price  th e  plug and 
sock et at th e  electrical supply store , you’ll once again s e e  h ow  h igh e r-voltage system s  save 
m oney! W e h igh ly recom m end a lock ing plug and sock et, as  you do not w ant th is  connec-
tion to com e loos e  accidentally. It's  also h andy to buy an extra plug and w ire  it so it’s  a 
dead s h ort— ins e rt th is  into th e  turbine  output plug, and you can stop th e  m ach ine  
im m ediately.

As  you’ll read later in th e  s ection on turbine  m aintenance, every couple w e e k s  you’ll 
need to ch eck  th is  plug and sock et to s e e  if th e  pendant cable w ire s  h ave tw isted. If th ey 
h ave, you’ll s im ply unplug at th e  bottom  of th e  tow er, untw ist th e  w ire , and plug it back  in. 
Ins e rt th e  extra s h orting plug th at you m ade  to stop th e  turbine  w h ile you perform  th is  
untw isting operation. Th e  m ore  turbulent your tow er s ite  is , th e  m ore  often you’ll h ave to 
untw ist. Tall tow ers  on excellent w ind s ite s  m igh t ne ed untw isting only 3– 4 tim e s  a year, 
w h ile turbine s  m ounted on too-s h ort tow ers  in bad locations  could ne ed th is  w e e k ly.

Figure  20 - Lock ing plug and sock et at th e  tow er 
base .
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From  your sock et at th e  tow er bas e  to your rectifie r, you’ll m ost lik ely h ave a long run of 
w ire . Th e  low er your system  voltage, th e  th ick e r th is  w ire  w ill h ave to be , and th e  longer your 
w ire  run, th e  th ick e r your w ire  w ill h ave to be . And th e  th ick e r th e  w ire , th e  m ore  expens ive it 
w ill be! If you ran th e  pos s ible m axim um  output of th e  w ind turbine  (1500 w atts) th rough  th e  
w ire  s izing form ulas for solar PV system s  (usually for only 5% los s), you’d be  told to us e  ex-
trem ely th ick  and expens ive w ire . Fortunately for your w ire  budget, th e  turbine  w ill produce 
1,000 w atts  or over very rarely, s ince  h igh  w inds  are  so rare . And during such  w indy periods , 
you’ll h ave full batterie s  pretty q uick ly. So you can s ize  th e  w ire  for a low er output, and accept 
m ore  line  los s  at h igh e r w ind spe eds .

H ow ever, th e re’s  a lim it to h ow  m uch  los s  you can accept. Th e  m ore  pow er th at’s  w asted, 
th e  faster th e  w ind turbine  w ill run and th e  le s s  efficient th e  system  w ill be  overall. If th e  
w ind turbine  runs  too fast (too m uch  pow er w asted in th e  line), th e  blade s  w ill becom e le s s  ef-
ficient. Th ey m ay also becom e noisy and th e  m ach ine  m ay not furl properly.  An overspe eding 
w ind turbine  is  dangerous  and one  m ore  reason to m ak e  sure  you s ize  th e  conductors  appropri-
ately. So, th e  w ire  s ize  recom m endations  in th e  ch art below  s h ould be  cons idered th e  
m inim um  th ick ne s s  of w ire  to us e . It w on’t h arm  anyth ing to us e  th ick e r w ire , but it w ill be  
m ore  expens ive . 

Up to 100 ft 200ft 300ft 400ft 600ft 800ft 1000ft
12V 8 6 4 2 0 2/0 4/0
24V 10 8 6 4 2 0 2/0
48V 12 10 8 6 4 2 0

# AW G

6) Tow er
Th e tow er m igh t end up be ing th e  m ost difficult and m ost expens ive part of your entire  

w ind turbine  project! Don’t undere stim ate  h ow  m uch  tim e , labor and m oney th e  tow er project 
w ill tak e . It w ill lik ely cost m ore  th an your w ind turbine  did, and w ill tak e  longer to build. A 
sturdy tow er is  e s s e ntial to succe s s  w ith  a w ind turbine — and you don’t w ant to undere stim ate  
h ow  m uch  force  w ill be  pus h ing against th e  tow er top! Better to pay a bit extra to overbuild 
th an to underbuild and ris k  h aving th e  turbine  and tow er com e cras h ing to th e  ground.

Purch ase  a tow er, or d e sign and build your ow n?
In s h ort, w e  recom m end th at for installing your first w ind turbine , you s h ould buy your 

first tow er k it instead of de s igning and building it yours elf. Such  a k it w ill com e w ith  all th e  
ne eded parts — such  as  couplers  betw e en th e  tow er s ections , guy w ire s , guy w ire  e q ualizers , 
th im bles , cable clam ps , tow er bas e , h inge , gin pole and approved engine er’s  draw ings  to m ak e  
your friendly local building inspector h appy. If it’s  a tilt-up tube  tow er, you’ll m ost lik ely h ave 
to supply th e  ste el tubing or pipe  yours elf. W e list m any source s  of tow er k its  in th e  Source s  
s ection of th is  m anual. Even if you buy a tow er k it, you’ll still h ave to provide  th e  tow er stub 
and adapt it to fit th e  tow er top. And you’ll h ave to provide  a sturdy foundation and sturdy guy 
w ire  anch ors .
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If you do tack le th e  problem  of de s igning your ow n tow er, th e re  are  som e  re source s  
available. M ost tow er k it m anufacturers  let you dow nload th e  entire  specification s h e ets  for 
th e ir tow ers  for fre e  on th e  internet. Get all of th e s e  th at you can, and read th em  th orough ly. 
A tow er de s igned for a com m ercial 10 foot rotor w ind turbine  w ill be  just w h at you ne ed for 
a h om ebrew  10 foot w ind turbine — th e  force s  on th e  tow er w ill be  very s im ilar. If you h ave 
a local renew able energy installer th at doe s  w ind turbine s , as k  if you can join th em  to h elp 
on a tow er and turbine  install som etim e . M ost w ill be  grateful to h ave extra eye s  and h ands  
during th e  som ew h at dangerous  proce s s  of erecting a tow er, and you’ll gain invaluable 
k now ledge for your ow n tow er de s ign and installation.

H e igh t
Flying a w ind turbine  on a s h ort tow er near obstructions  is  lik e  m ounting a solar panel 

in th e  s h ade! W ind spe eds  are  m uch  slow er near th e  ground, and any obstructions  nearby 
form  a ‘pool’ of slow -m oving air in all directions  from  th e  obstacle. In addition, both  th e  
ground and obstacles  caus e  turbulence, w h ich  low ers  pow er output and puts  unnece s sary 
stre s s  on th e  m ach ine . A good rule of th um b is  th at any w ind turbine  s h ould be  flow n at 
least 30 fe et above any obstacle (in any direction) w ith in 300 fe et. M any w ind pow er ex-
perts  recom m end even taller tow ers  and m ore  distance from  obstructions  th an th at. Don’t 
s k im p on tow er h e igh t— it’s  th e  m ost im portant th ing you can do to as sure  good pow er out-
put and long life  of th e  w ind turbine .

Governm ent ordinances
Many local governm ents  h ave re strictions  on tow er h e igh ts . Above a certain h e igh t, 

you m ay ne ed a special perm it, w h ich  w ill often entail subm itting certified engine er’s  draw -
ings  of th e  tow er. M ost local regulations  re q uire  th at if th e  tow er s h ould fall, all of it w ould 
land entirely on your property. If you live close  to an airport, you m ay h ave to ch eck  w ith  
th e  FAA for tow er re strictions  and ligh ting re q uirem ents — h ow ever, if you are  m ore  th an 4 
m ile s  from  an airport no special perm is s ion is  re q uired from  th e  FAA unles s  th e  tow er is  
200 fe et tall or over.

In general, th e  m ore  rural and rem ote your area is , th e  few er regulatory h as sle s  you’ll 
h ave to endure  in getting perm is s ion to erect your tow er. You s h ould ch eck  into all of th is  
before  even cons idering building or buying a w ind turbine . M any citie s  w on’t allow  tall 
tow ers  at all. Th is  h as  led to th e  prom otion of ‘rooftop w ind turbine s ,’ w h ich  are  a very bad 
idea! Rooftop tow ers  are  not generally h igh  enough  to get above obstructions , th ey put ex-
trem e  force s  on your h ous e  th at it w as  not de s igned to tak e , and th e  vibration from  th e  w ind 
turbine  w ill lik ely be  ve ry irritating during a w ind storm . Even q uiet w ind turbine s  lik e  th is  
one  transm it vibration to th e  tow er w h en th ey are  generating pow er, and you’ll be able to 
h ear and fe el th is  vibration q uite  clearly. W e strongly urge  you to not even cons ide r a 
rooftop w ind turbine  tow er. If you do build a rooftop m ount, don’t com e crying to us  if your 
w indm ill m ak e s  very little pow er, k e eps  you aw ak e  all nigh t, or caus e s  your h ous e  to fall 
dow n!
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Neigh bor relations
You’ll w ant to discus s  your w ind turbine  and tow er project in advance w ith  any ne igh bors  

w h o are  near enough  th at th ey’ll be able to s e e  your turbine . Th ey m ay be  concerned about 
nois e , visual ae sth etics , and bird and bat k ills. It m igh t pay off in th e  ne igh bor relations  depart-
m ent to paint your tow er and w ind turbine  w h ite  or ligh t blue to le s s en th e ir vis ibility against 
th e  s k y. Strobing can be  an is sue , w h e re  for a couple w e e k s  during certain tim e s  of year, th e  
sun w ill be  directly be h ind th e  spinning blade s  for a few  m inute s , casting a m oving, flick ering 
s h adow  on th e ir h om e . 

Nois e  is  generally not an is sue  w ith  th is  w ind turbine  de s ign, it’s  one  of th e  q uiete st w e 've 
s e en. W e generally de scribe  th e  nois e  as  be ing s im ilar to som eone  riding by outs ide  on a bi-
cycle, and usually th e  w ind in th e  nearby tre e s  is  m uch  louder th at th e  turbine  its elf. Tow er vi-
brations  can also caus e  nois e , but th is  can usually be  rem edied by sm all m odifications  to th e  
tow er structure  to prevent rattles . 

Birds  and bats  are  generally non-is sue s  w ith  sm all w ind turbine s , th ough  your ne igh bors  
m ay be  m is -inform ed and believe oth erw is e . All th e  bad pre s s  surrounding w ind turbine  bird 
and bat k ills m is s e s  th e  m ost im portant fact— all tall, m an-m ade  structure s  k ill flying anim als . 
It’s  not th e  rotating blade s  th at do th e  dam age, it’s  th e  tow er its elf and any guy w ire s  attach ed! 
Utility-scale w ind turbine s  on giant tow ers  are  re spons ible for all th e  bad pre s s  about bird 
k ills, not sm all 10 footers  lik e  th is  one . Sm all w ind turbine s  are  rarely flow n on tow ers  h igh e r 
th an 100 fe et. W e h ave never h eard of a cas e  w h e re  a sm all, h om e -s ized w ind turbine  h as  
k illed an anim al. (Exception! Read Rex and LaVonne Ew ing’s  book  “Pow e r w ith  Nature ” for 
an exam ple, and find a w ay to k e ep your cats  from  clim bing your w ind turbine  tow er!)

Tow er types
Th ere  are  m any different tow er type s  th at can be  us ed for w ind turbine s . H ow ever, w e  

clas s  th em  into tw o m ain groups — th e  k ind you h ave to clim b, and th e  k ind th at tilts  dow n to 
th e  ground. If you ch oos e  a tow er th at m ust be  
clim bed, you m ust h ave th e  proper training, ph ys ical 
conditioning, and safety e q uipm ent to fe el confident 
h anging h igh  in th e  air lik e  a piñata w h ile installing 
and m aintaining your w ind turbine . Ke ep in m ind 
th at th e  turbine  w ill need regular m aintenance at 
least once a year! Th e  geograph y of th e  s ite  you are  
planning on m ay also dictate th e  tow er type  ne eded. 
Each  tow er type  de scribed below  also include s  a 
draw ing of th e  tow er’s  ‘footprint’ on th e  
ground— h ow  m uch  concrete  is  ne eded and w h e re  it 
s h ould be  located, and h ow  m uch  fre e  space  (cleared 
of all structure s , tre e s  and brus h ) is  ne eded.

Free standing
Free standing tow ers  h ave th e  big advantage s  of 

ne eding no guy w ire s  and of h aving th e  sm allest 

Figure  21 - Footprint of a fre e standing 
tow er. Th e  dotted line sh ow s th e  area th at 
m ust be  cleared of tre e s and brush , th e  
h atch ed  area is th e  concrete , and th e  
black  area is th e  tow er itself.
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‘footprint’ of any tow er 
type . Th is  also m ak e s  th em  
very suitable for rough  or 
h eavily fore sted s ite s . 
H ow ever, th e s e  tow ers  do 
ne ed an extrem ely large 
ch unk  of concrete  at th e  
bas e  to m ak e  up for th e  lack  
of guy w ire s . Th ey also 
ne ed to be  very robust, built 
w ith  lots  of ste el, and are  
generally very expens ive . 
Th e  footprint of a typical 
fre e standing tow er is  s h ow n 
in Figure  21.

Th e  tw o prim ary type s  of fre e standing tow ers  are  
m onopole (Figure  22) and lattice  (Figure  23). Ne ith e r type  
of fre e standing tow er is  suitable for de s igning and build-
ing at h om e , th ey m ust be  purch as ed com m ercially. And, a crane  s e rvice  is  re q uired for in-
stalling or rem oving th e  tow er and turbine . Fre e standing tow ers  m ust be  clim bed, th e re  are  
no tilt-dow n vers ions . Som e people h ave us ed old, fre e standing farm  w indm ill tow ers  for 

th e ir new  electricity-producing turbine s . Th is  is  
pos s ible — but rem em ber th at your life  depends  on 
a ve ry careful inspection of th e  integrity of th e  old 
tow er. Any rust, e ith e r up h igh  or at grade  or below  
grade , is  an extrem ely dangerous  s ituation, as  th e  
tow er could q uite  eas ily buck le under you w h ile 
you are  clim bing it. Ch eck  th e  Source s  s ection of 
th is  m anual for inform ation on w h e re  fre e standing 
tow ers  can be  purch as ed. Th e  m anufacturer w ill 
provide  inform ation about h ow  large th e  crane  
m ust be , th e  s ize  of th e  crew  ne eded, th e  specs  for 
th e  concrete  bas e , etc.

Guyed lattice
Th e s e  tow ers  are  q uite  com m on, and are  often 

us ed for w ind turbine  installations  (Figure  24 at 
left). W h ile lattice  tow ers  are  once again not 
som eth ing you can succe s sfully build at h om e , th ey 
are  often available us ed from  h am  radio operators  
at a bargain price . Lattice  tow ers  also m ust be  
clim bed, and th ey re q uire  th re e  s ets  of guy w ire s  

and th re e  guy w ire  anch ors . Generally, a s et of guy w ire s  is  attach ed w h e re  each  tow er s ec-
tion joins  th e  re st (usually every 10 or 20 fe et). Th e  footprint of a guyed lattice  tow er is  
s h ow n in Figure  25, facing page . 

Figure  22 - A big w ind 
turbine  on a fre e standing 
m onopole tow er. Figure  23 - Fre e standing lattice 

tow er w ith  both  w ind turbine  and 
solar panels m ounted on it.

Figure  24 - A 140 foot guyed lattice tow er 
w ith  12 foot diam eter w ind turbine  flying.
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W h ile h iring a crane  s e rvice  m ak e s  e recting a 
guyed lattice  tow er into a one -day propos ition, it is  
pos s ible for a sm all crew  to erect one  on a rem ote 
s ite  w ith out a crane . A pole w ith  a davit and pulley 
on top is  clam ped to th e  tow er fram e , and th e  next 
tow er s ection is  h auled up by a rope  from  th e  
ground. After th e  s ection is  bolted in, th e  clim ber 
m oves  th e  davit up to th e  new  s ection, and h auls up 
th e  next tow er s ection and bolts it in. And so on, un-
til th e  final load h auled up on th e  davit is  th e  w ind 
turbine  its elf. Th is  is  not som eth ing for th e  inexperi-
enced tow er clim ber to attem pt! And if you don’t 
k now  w h at a ‘davit’ is , e ith e r do som e  h om ew ork  or 
proce ed directly to th e  ‘tilt-up tube  tow er’ s ection be -
low .

Be sure  to do th orough  re s earch  and contact th e  
tow er com pany before  ch oos ing your tow er— som e  source s  of lattice  tow ers  are  covered in th e  
Source s  s ection. Lattice  tow ers  are  available in a variety of s ize s  (th e  distance betw e en th e  
th re e  legs  and th e  s ize  of th e  pipe  on each  leg), and 
too narrow  a tow er can buck le . Do your re s earch  in 
advance, or h ire  a q ualified w ind turbine  and tow er 
dealer/installer!

Tilt-up tube  tow ers
Th e s e  are  th e  only tow ers  w e  us e  up h e re  for 

our w ind turbine s , s ince  none of us  is  w illing to 
clim b a tall tow er and h ang off of it in th e  w ind 
w h ile installing or m aintaining th e  turbine . W h en 
h anging on a tow er top, you also ne ed to be  ex-
trem ely m indful of w atch ing th e  s k ie s  for giant 
Pterodactyls, w h ich  can pluck  you off th e  tow er top 
and eat you w ith  no w arning.

Tilt-up tow ers  give you th e  h uge  advantage 
th at all your w ork  on th e  turbine  (including install-
ation and both  sch eduled and unsch eduled m ain-
tenance) are  perform ed w h ile you are  standing 
safely on th e  ground (Figure  26). O nce th e  tow er is  
installed and adjusted, rais ing and low ering is  a 
s im ple m atter of s h utting dow n th e  turbine  and us -
ing a w inch  or ve h icle to slow ly rais e  or low er th e  
tow er and turbine . Tilt-up tow ers  us e  four guy w ire  
s ets  instead of th e  th re e  us ed in guyed lattice  
tow ers — th is  configuration k e eps  th e  tow er stable 

Figure  25 - Th e  footprint of a guyed lattice 
tow er. Th e  dotted lines sh ow  th e  area th at 
m ust be  cleared of tre e s and brush , th e  
h atch ed  lines are  th e  concrete  th at m ust be  
poured, and th e  solid part is th e  tow er 
itself.

Figure  26 - M aintaining a w ind turbine  w h ile 
standing safely on th e  ground. W e love tilt-up 
tow ers for th is reason!

Figure  27 - A tilt-up tow er h alfw ay raised .
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w h ile it tilts  up and dow n. A tilt-up tube  tow er is  s h ow n 
h alfw ay up in Figure  27.

Th e  disadvantage 
of tilt-up tow ers  is  th e  
large  footprint on th e  
ground th at th ey tak e  
up (Figure  28)— th e  
entire  area w ith in th e  
dotted line s  m ust be  
com pletely cleared of 
any tre e s  or brus h . 
And, th e  m ore  uneven 

th e  ground, th e  m ore  difficult th e  tow er w ill be  to de s ign. 
Th e  ideal s ite  for a tilt-up tow er w ould be  a prefectly flat 
and level field...w h ich  is  unfortunately not som eth ing w e  
h ave in abundance h e re  in th e  Rock y M ountains . Fortunately, th e re  are  w ays  to com pensate  
for difficult terrain w ith  a tilt-up tow er— talk  to your local w ind turbine  dealer/installer.

Th e  k ey to rais ing and low ering a tilt-up tow er is  
th e  ‘gin pole’— it provide s  th e  leverage  ne eded in th e  
correct direction, and is  s h ow n clearly in Figure  27 
(previous  page), on th e  left s ide  of th e  tow er. Th e  gin 
pole w ill often h ave a pulley (Figure  29 , above) in-
stalled at th e  top, to provide  a m ech anical advantage . 
Th e  gin pole length  w ill be  a percentage of th e  total 
tow er h e igh t— usually at least 40%. You’ll get th e  specs  
w h en you buy your tow er k it.

A perm anently installed w inch  (Figure  30) is  th e  
be st w ay to slow ly and gently m ove a tow er up and 

dow n. It can be  driven by its  ow n electric m otor, w ith  a cordles s  drill, or w ith  a h and crank . 
If you don’t install a w inch , you’ll h ave to rais e  and low er th e  tow er w ith  a very slow -m ov-
ing and pow erful veh icle. A tractor or a 4-w h e el-drive truck  w ith  a low  range transfer cas e  
are  preferred— th is  is  not a ‘floor it and pop th e  clutch ’  operation! Any bouncing or jerk ing 
can overstre s s  th e  tow er and caus e  a disaster. And, if you m ust install your tilt-up tow er on 
slanted ground, be  sure  th e  turbine  tilts  dow n tow ards  th e  uph ill s ide  of th e  s ite . O th erw is e  
you’ll h ave to m odify th e  yaw  and tail bearings  so th at th e  w h ole m ach ine  doe sn’t just slide  
off th e  tow er stub and cras h  to th e  ground w h en low ered!

Th e  m inim um  s ize  of pipe  to safely support th is  w ind turbine  is  2-1/2 inch  sch edule 40 
ste el. W e’ve started us ing 12 gage tubing in a larger diam eter instead of pipe — a larger dia-
m eter give s  a bigger increas e  in strength  for le s s  cost th an a th ick e r pipe  w all. Pipe  
th ick ne s s  is  m easured in ‘Sch edule’ and tubing th ick ne s s  is  m easured in ‘Gage .’ It doe sn’t 
h urt to go larger, as  it’s  better to overbuild your tow er th an underbuild it. O ftentim e s  25% 
m ore  cost can m ean tw ice  th e  strength . Th e  only problem  w ith  us ing tubing instead of pipe  
is  availability— if you are  not near a good ste el dealer, you m ay h ave difficulty locating 

Figure  28 - 
Footprint 
of a tilt-up 
tow er.

Figure  29  - Pulley at th e  end of 
th e  gin pole, to give a m ech anical 
advantage w h ile raising and 
low ering.

Figure  30 - A big w inch  for raising 
and low ering th e  tow er.
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large diam eter ste el tubing, in w h ich  cas e  pipe  w ill w ork  
fine . For a 40 foot tow er, w e  h ave succe s sfully us ed a 20 
foot s ection of 3 inch  pipe , w ith  anoth er s ection of 2-1/2 
inch  pipe  above, ne sted ins ide  th e  3 inch  and overlap-
ping by 2 fe et. If you can find tubing, th ough , you 
s h ould us e  it. 4, 5 or 6 inch  12 gage tubing m ak e s  a good 
strong tow er for th is  10 foot w ind turbine . Just k e ep in 
m ind th at 6 inch  tubing w ill cost only sligh tly m ore  th an 
4 inch , but is  m uch  stronger— buy th e  bigge st you can 
afford.

Neve r us e  th readed connectors  anyw h ere  on th e  
tow er, it’s  a m ajor w eak ne s s ! A th readed pipe  (sch edule 
40) h as  le s s  th an 50% of its  w all th ick ne s s  at th e  bottom  of th e  th reads , and le s s  th an 1/4 of its  
original strength . It’s  m uch  better to ne st th e  piece s  of pipe  ins ide  each  oth er, or to build 
couplers  th at clam p th e  pipe  togeth e r from  th e  ins ide , around th e  outs ide , or both . In fact, 
th at’s  th e  big advantage of buying a com m ercial tow er k it— th e  couplers  for th e  pipe  s ection 
are  included and w ell-de s igned. Th e  couplers  are  th e  
m ost com plicated part of th e  tow er to fabricate . Figure  31 
s h ow s  th e  couplers  th at w e  fabricate for joining tow er 
s ections . Each  coupler is  attach ed to a s et of guy w ire s .

Tow er base  and h inge
W ith  a tilt-up tow er, th e  bas e  tak e s  th e  least am ount 

of abus e . Th e  only large stre s s e s  on th e  bas e  are  during 
rais ing and low ering th e  tow er— th e  re st of th e  tim e , all 
force  on th e  bas e  is  s im ply th e  w e igh t of th e  tow er and 
turbine , pus h ing straigh t dow n. Som e com m ercial tilt-up 
tow er k its  actually don’t even specify concrete  for th e  
tow er bas e , th ey s im ply h ave a very w ide , spread-out bas e  th at is  spik ed into th e  ground w ith  
long piece s  of rebar. W e prefer to pour a concrete  bas e  and fasten th e  tow er bas e  and h inge  to 
it w ith  expans ion bolts, w h ich  give s  a m ore  stable h inge . A s im ple tow er bas e  and h inge  for a 
10 foot m ach ine  on a 40 foot, 2-1/2 inch  sch edule 40 
pipe  tow er is  s h ow n in Figure  32. 

Guy w ire  anch ors
After th e  w ind turbine  and tilt-up tow er are  e rected, 

th e  guy w ire s  and th e ir anch ors  tak e  m ost of th e  stre s s  
during h igh  w inds . Th e  standard m eth od of installing 
guy w ire  anch ors  us ed by utilitie s  and m ost w ind turbine  
tow er k its  is  to auger a 6 inch  diam eter h ole in th e  dirt 
and install “expanding earth  anch ors” or screw  anch ors  
(s e e  th e  Source s  s ection h e re). H ow ever, you m ust 
ensure  th at your soil type  is  correct or th e s e  anch ors  w ill 
not h old. Th ey are  also rath er expens ive, and you'll need 

Figure  31 - H om e -built coupler for tilt-
up tow er tubing sections. A set of guy 
w ire s connects to each  coupler.

Figure  32 - A sim ple tow er base  and 
h inge .

Figure  33 - Guy w ire  anch or 
em bedded  in concrete .
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pow er e q uipm ent to auger th e  h ole de ep 
enough . Anoth er option is  to pour a w h ole 
bunch  of concrete , and em bed ste el bars  w ith  
barbs  so th at th e  ends  stick  out a bit from  th e  
concrete . (Figure  33). Each  of th e  four guy an-
ch ors  in a tilt-up tow er connects  w ith  all th e  
guy w ire s  from  each  s ide  of th e  tow er. Th e  gin 
pole is  also guyed to th e  s ide  guy anch ors , to 
k e ep th e  tow er from  trying to flop over to th e  
s ide  (and break ing th e  bas e  h inge) during rais -
ing and low ering.

Som etim e s  it’s  not pos s ible to dig large 
h oles  and pour sturdy concrete  guy anch ors  

w ith  im bedded ste el plate s , or to auger de ep h oles  in th e  dirt— th ere’s  a reason th ey call 
th em  th e  “Rock y M ountains” up h e re  w h e re  w e  live! In som e  cas e s , if th e  rock  form ation is  
large  and strong enough , it’s  pos s ible to drill out solid rock s  (Figure  34) and pound in large 
expans ion bolts for guy anch ors . A h om ebrew  option is  to pound #6 or #8 rebar w ith  loops  
w elded to one  end into th e  h oles , after first injecting epoxy into th e  h ole — but expans ion 
bolts are  m uch  preferred.

W ire  rope and h eavy h ardw are
All of your guy w ire s  w ill be  m ade  of w ire  rope , w ith  a m inim um  guy w ire  s ize  (for a 

40 foot tow er and th is  10 foot turbine) of 1/4 inch  w ire  rope . Each  guy w ire  w ill need 
th im bles  anyw h ere  it connects  to th e  tow er or th e  guy anch ors , large  turnbuck le s  (no h ook s  
allow ed, solid loops  on th e  ends  of th e  turnbuck le s  only), and exactly 3 properly-oriented 
cable clam ps  per connection. And rem em ber, ‘never saddle a dead h ors e .’ Don’t k now  w h at 
any of th is  talk  about th im bles , turnbuck le s  and dead h ors e s  m eans? Th en you ne ed to do 
your h om ew ork  on tow ers  and w ire  rope  rigging! Anoth er reason w e  sugge st th at you buy 
your first w ind turbine  tow er rath er th an de s ign and build it yours elf. If you do de s ign your 
ow n tow er, ch eck  th e  Source s  s ection at th e  end of th is  docum ent for cable rigging 
suppliers .

7) Te st rais e
W ith  a tilt-up tow er it’s  an extrem ely good idea to rais e  and low er your tow er a few  

tim e s  before  you even th ink  about installing th e  w ind turbine  on top of it. O nce you get 
everyth ing going sm ooth ly, your personal stre s s  level during th e  actual erection of th e  tur-
bine  w ill be  m inim ized. Th e  turnbuck le s  w ill only tak e  up or releas e  a lim ited am ount of 
slack  during th is  proce s s — if you ne ed to tak e  up m ore  slack  th an th e  turnbuck le s  allow , 
you’ll h ave to s e q uentially un-fasten and re -fasten all th e  cable clam ps  on each  guy w ire  to 
re -adjust th e  length . Th is  is  m uch  les s  stre s sful w h en th e re’s  noth ing valuable perch ed on 
th e  tow er top. Th e  guy w ire s  s h ould be  a bit slack  w h en you rais e  th e  tow er for th e  first 
tim e , th en you’ll tigh ten th em  dow n a bit w h en it’s  up, th en low er and rais e  it again. Th ere’s  
a w ay to align th e  s ide  guy w ire  anch ors  sligh tly as k ew  (tow ard th e  tilt-dow n end)  th at as -

Figure  34 - Drilling out a rock  form ation for 
a guy w ire  anch or.
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sure s  th at th ey loos en w h en th e  tow er is  dow n, and tigh ten as  it goe s  up. Th e  problem  is  th at 
you can’t tell h ow  m uch  stre s s  a w ire  rope  is  under by look ing at it! It could h ave 30 pounds  of 
force  on it or 3,000 pounds , and you’ll never k now  th e  difference  by just look ing. Th is  is  yet 
anoth er reason w h y w e  recom m end th at you consult w ith  an experienced w ind turbine  in-
staller before  you try your first tow er.

Th e bottom  line about tow ers
Tow ers  for w ind turbine s  are  big, h eavy, h igh  

and dangerous . Eith e r k now  w h at you’re  doing or 
find som ebody w h o doe s , if it com e s  dow n to engin-
e e ring, fabricating and installing your ow n tow er! 
O th erw is e  buy a properly engine ered tow er k it. A 
tow er th at you h ave to clim b adds  an entirely new  
s k ill s et of ph ys ical and safety precautions  you’ll 
h ave to deal w ith . Ch eck  th e  Source s  s ection of th is  
m anual for a list of place s  w h e re  you can buy a 
tow er k it, and even dow nload th e  tow er specs  in 
cas e  you are  crazy enough  to build your ow n.

8) Install th e turbine on th e 
tow er-top stub

Th e tow er top ne eds  to h ave a ‘stub’ at th e  top 
(Figure  35). It s h ould be  at least 13 inch e s  long and 
m ust be  m ade  from  2 inch  diam eter sch edule 40 
pipe . W e usually w eld on re inforcing flange s  to 
connect th e  stub to th e  tow er its elf, th ey are  vis ible 
in Figure  35. At th e  top of th e  tow er stub you ne ed 
to w eld on a flat m etal disc w ith  a 1-inch  diam eter 
h ole in th e  m iddle for th e  w ire s  to pas s  th rough . Be -
fore  installing th e  alternator you ne ed to pull th e  
w ire s  up th rough  th e  tow er, th rough  th e  tow er top 
and leave a good bit of w ire  stick ing out th e  tow er 
top.  

Greas e  th e  tow er top liberally w ith  axle greas e . 
Th en install th e  yaw  bus h ing, w h ich  is  a disc of s elf-
lubricated bronze  or plastic s ized to fit on th e  tow er stub and 
ins ide  th e  yaw  bearing, also w ith  a 1 inch  diam eter h ole in it. 
It com e s  w ith  our com pleted w ind turbine  k its , and is  
available s eparately from  us  also. Put som e  greas e  on th e  
tow er top and ‘stick ’ th e  bus h ing on th e re  (it s h ould stick  to 
th e  greas e). To guide  th e  th re e  tow er w ire s  th rough  th e  h ole in 
th e  tow er top and bus h ing, us e  a stick  or som eth ing s im ilar, 

Figure  35 - Th e  tow er stub th at you'll h ave 
to fabricate out of 2 inch  sch edule 40 pipe . 
Note th e  braces at th e  bottom , 
strength ening th e  connection betw een th e  
stub and th e  tow er itself.

FIgure  36 - Slide  th e  w ire s th rough  th e  
tow er top, w h ile a h elper lifts th e  w ind 
turbine  into place on th e  tow er stub .

Figure  37 - A Kellum  grip strain 
relief for th e  tow er top.
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and pok e  th e  w ire s  th rough  th e  h ole in th e  yaw  bearing and yaw  bus h ing. Stick  it th rough  
th e s e  h ole s  so it com e s  out th e  bottom  of th e  w ind turbine  yaw  bearing, and so you can tape 
th e  th re e  w ire s  to it. Th en h ave one  person pull th e  w ire s  th rough  th e  w ind turbine  w h ile an-
oth er person carefully slide s  th e  entire  turbine  onto th e  tow er top (Figure  36). Th e  objective 
h e re  is  to k e ep th e  w ire s  from  crim ping up and binding ins ide  th e  tow er top. After m ount-
ing th e  alternator, connect all th re e  output w ire s  to th e  output studs  on th e  stator.

You'll also ne ed to provide  a strain relief system  at th e  h ole in th e  top of th e  yaw  
bearing, so th e  pow er w ire s  don't get ripped out from  th e  w e igh t of th e  tow er-to-ground 
cable, or get abraded th rough  th e  insulation until th ey s h ort out. A Kellum -type  cable grip 
w ork s  great, and is  available at any electrical supplier. A Kellum  is  s h ow n in Figure  37.

9 ) Fit th e tail
If it’s  a tilt up tow er, rais e  th e  tow er up so th e  w ind turbine  is  about 5 fe et off th e  

ground.  Th is  w ill m ak e  it easy to fit th e  tail and th e  blade s . Th e  ‘tail pivot’ is  th e  stub th at 
stick s  up out of th e  alternator over w h ich  th e  tail fits . Greas e  th e  tail pivot w ith  axle greas e  
and th en slip th e  tail boom  over it. 

10) As s em ble th e rotor
To save production costs , w e’ve decided to outsource  th e  next s ection of th is  ow ners  

m anual to an offs h ore  firm , s ince  it’s  both  very com plicated and extrem ely im portant:

H e llo as s e m ble  w ind turbine  blade s  now  you do. M aybe  not h ave  h ole s  all drille d, or 
m aybe  drill alre ady drille d. If drille d now , follow  all instruction alre ady drille d w ritte n is . 
If not drill you do, not all instruction you follow  ne e ds , but to follow  if you do drill to ne e ds , 
all be low  you s h ould do. Th is  m anual of ow ne rs  now  m ak e  cle ar all drill m ade  to you and 
not to you but to us  alre ady done . 

Um m m , w ell, so m uch  for th e  outsourcing idea! W h at w e  w ere  trying to get acros s  is  
th at m any of th e  steps  listed below  for drilling th e  blade s  and h ubs  m ay h ave already be en 
done . If you purch as ed a com pleted w ind turbine  from  us , m any of th e  steps  below  (align-
ing and drilling th e  various  h oles  and such ) w ill h ave already be en com pleted. If you pur-

ch as ed just th e  blade s et from  us  or built th e  blade s  
yours elf, you’ll need to com plete all of th e  steps  listed be -
low . 

Layout and drilling
Divide  th e  h ubs  into th re e  parts  and us e  a com pas s  to 

neatly lay out w h e re  th e  screw s  w ill be  located before  you 
drill th e  h oles . Drill about 15 h oles  in each  area w h e re  th e  
roots  of th e  blade s  w ill be  betw e en th em , as  s h ow n in Fig-
ure  38. It’s  eas ie st to drill both  h ubs  togeth e r. Th en coun-
ters ink  th e  h ole s  so th e  screw  h eads  w ill be  flus h  w ith  th e  

Figure  38 - Drill out th e  h ubs for 
45 w ood screw s and a centering 
pin.
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top of th e  plyw ood. Drill a sm all h ole (about 3/16 inch  is  good) 
in th e  center of both  h ubs — th is  w ill m ak e  centering and align-
ing th e  tw o h ubs  easy.

Lay out th e  th re e  blade s  on th e  floor w ith  th e  flat s ide s  
(th e  s ide s  th at w ill face into th e  w ind) up, as  s h ow n in Figure  
39 . If you (w e?) cut th e  120 degre e  angles  accurately w h en fab-
ricating th e  blade s , th ey s h ould fit togeth e r fairly tigh tly. Th ere  
s h ould be  a tiny flat spot on th e  center of each  blade root w h e re  

th ey m e et each  oth er. Th is  is  so 
th at w h en th ey com e togeth e r, 
th e re  is  a h ole in th e  center of it 
all big enough  for a sm all drill 
bit as  an alignm ent pin, to h elp 
m ak e  sure  you get everyth ing 
(th e  blade s  and h ubs) centered 
perfectly.

Center one  of th e  birch  
h ubs  over th e  blade s  and line  up 
th e  screw  h oles  you drilled over 
th e  blade s  (Figure  41). Th is  is  

w h e re  you’ll us e  th e  sm all drill bit m entioned above in th e  center h ole. It’s  h elpful if th is  h ole 
extends  into your floor, too— w e h ave a h ole drilled 
in th e  m iddle of our s h op floor just for th is  purpos e! 
Put only one screw  th rough  th e  h ub into each  blade 
(Figure  40). Th is  w ill h old it all togeth e r just tigh tly 
enough  to allow  you to m ak e  m ore  precis e  adjust-
m ents  in alignm ent.

Use  a tape m easure  and m easure  th e  distance 
from  tip to tip betw e en 
th e  th re e  blade s , as  
dem onstrated in Fig-
ure  42. You’ll be able 
to m ak e  sm all adjust-
m ents  becaus e  th e re’s  only one 
screw  h olding each  blade to th e  
h ub. Get th em  fairly close  (w ith -
in a q uarter inch  or so) and th en 
put anoth er screw  into each  
blade to h old th em  in final pos i-
tion. 

Carefully turn th e  rotor over as  s h ow n in Figure  43. 
M ount th e  back  plyw ood h ub. Us e  th e  drill bit th rough  th e  cen-
ter and also a s q uare  to be  sure  th e  back  h ub is  both  on center 
and perfectly aligned w ith  th e  front h ub (Figure  44).

Figure  39  - Initial blade 
layout on th e  floor.

Figure  40 - Put only one screw  
into each  blade for initial 
alignm ent. Figure  41 - H ubs and blades.

Figure  42 - Aligning th e  blades.

Figure  43 - Flip th e  rotor over.

Figure  44 - M ount th e  back  
h ub .
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Rotate th e  h ub so th e  screw  h oles  are  centered over 
th e  blade s , as  s h ow n in Figure  45. Put a screw  th rough  th e  
back  h ub into each  blade . At th is  point, if you never care  to 
disas s em ble th e  rotor again before  installing it on th e  al-
ternator you could put all th e  screw s  in. W e prefer to get 
everyth ing drilled out and ready, th en disas s em ble 
everyth ing and put finis h  onto each  part s eparately. For 
th at reason w e  only put tw o screw s  into each  blade . An as -
s em bled blade s et is  also difficult to transport, so if you 
m ust drive th e  blade s  to your s ite  it m igh t be  w is e  to do 
th e  final as s em bly on s ite .

Us e  th e  front ste el blade h ub (th e  6 inch  diam eter dis k  cut 
from  1/4 inch  th ick  ste el, drilled out w ith  four h oles  on a 4 
inch  diam eter to fit th e  w h e el h ub, s h ow n in Figure  46) as  a 
tem plate for drilling out th e  h oles  in th e  blade for m ounting. 
You could also just lay th e  h oles  out carefully by h and, but it’s  
m uch  eas ie r to us e  a tem plate th at you can center on th e  
blade s . Drill th e  h oles  for th e  alternator studs  th rough  th e  
blade as s em bly w ith  a 9 /16 inch  drill bit.

Wood screw s  alone w ill h old 
th e  blade s  togeth e r fine , but w e  also lik e  to drill s ix 5/16 inch  
h oles  th rough  th e  as s em bly so th at tw o 5/16 inch  bolts can be  in-
stalled th rough  each  blade, s q ue ezing th e  “sandw ich ” togeth e r. 
Th is  w ill becom e m ore  clear in later im age s  of th e  as s em bly. It 
is  s h ow n in Figure  47.

Turn th e  blade s  over and 
us e  a 2-1/2 inch  diam eter h ole 
saw  to cut a h ole th rough  th e  
back  h ub, and all th e  w ay th rough  th e  blade s  (Figure  48). 
Don’t cut th rough  into th e  front h ub!

Disassem bly and finish ing
You don’t 

ne ed to disas -
s em ble th e  rotor 
again, but w e  

prefer to s ince  it m ak e s  applying finis h  eas ie r, and 
you can be  as sured th at all w ooden parts  are  w ell-
coated w ith  finis h . It also m ak e s  it m uch  eas ie r to 
transport th e  rotor to th e  tow er s ite . In Figure  49  
w e’ve rem oved th e  front h ub. If you do th is , be  
sure  to num ber or m ark  everyth ing so th at it goe s  
back  togeth e r th e  sam e  w ay in th e  future . Th is  

Figure  45 - Rotate and align th e  
screw  h oles.

Figure  46 - Front ste el h ub 
used  as a drilling tem plate .

Figure  47 - Drilling h oles 
for extra carriage bolts.

Figure  48 - Cutting th e  center 
cavity w ith  a h ole saw .

Figure  49  - Rotor disassem bled and 
labeled for transport to th e  tow er site .
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w h ole as s em bly only fits  togeth e r one  w ay. W e usually m ark  each  blade w ith  a num ber and 
th en num ber th e  h ub.

Now  is  th e  be st tim e  to put finis h  on th e  blade s! W e generally us e  lins e ed oil. It m ak e s  
for a nice , durable finis h , but it re q uire s  m aintenance . Before  rais ing th e  w ind turbine  w e  ap-
ply about four th ick  coats  of lins e ed oil. After th is , it s h ould be  re -coated once or (preferably) 
tw ice  a year. Th e  h ubs  s h ould also be  finis h ed on both  s ide s . W e usually stain th em  dark  (for 
appearance only) and th en coat th em  w ith  th e  lins e ed oil. If you are  
in an extrem ely h um id or m aritim e  environm ent, you m igh t cons ider 
us ing (expens ive) autom otive prim er and enam el instead of just lin-
s e ed oil to finis h  and s eal th e  blade s  from  m oisture .

Ins e rt th e  s ix carriage  bolts th rough  th e  front of th e  front h ub 
(th e  front h ub face s  th e  w ind, and is  th e  one  w ith out th e  big h ole in 
th e  m iddle), as  s h ow n in Figure  50.

Final rotor assem bly
You m ost lik ely transported th e  rotor to th e  tow er s ite  disas -

s em bled. You’ll need to reas s em ble th e  rotor before  
m ounting it on th e  w ind turbine . Turn th e  h ub ups ide  
dow n (so th e  th reads  of th e  5/16 inch  bolts are  pok ing 
up at you) and put th e  w ind turbine  blade s  on facing 
dow n so th at th e  bolts go th rough  th e ir h oles  in th e  
blade s  (Figure  51). Th e  flat surface of each  blade th at 
face s  th e  w ind s h ould be  facing dow n. Notice  th e  let-
ters  on each  blade to as sure  th at you can get th e  back  
h ub aligned properly.

Put a w as h e r and a lock  w as h e r on each  bolt, and 
tigh ten (Figure  52). You w ant to tigh ten th e s e  very 
w ell, so th at you’ll pull th e  carriage  bolt all th e  w ay 
dow n into th e  front plyw ood h ub. O ver tim e  th e  w ood 
w ill crus h  a bit, so you’ll w ant to ch eck  and tigh ten 
th e s e  bolts at least once a year. O nce th e  bolts are  tigh t, 
put a w ood screw  into each  and every h ole on th e  front 
and back  h ubs . After you’ve done th at, th e  rotor is  fully 
as s em bled and ready to m ount on th e  w ind turbine!

11) Fit th e rotor to th e alternator
O nce you’ve as s em bled th e  blade s  into a rotor, you 

can fit it to th e  alternator. It’s  be st to do th is  after th e  
m ach ine  is  on th e  tow er and w ired to th e  system . Good practice  is  to turn th e  stop sw itch  on 
(s h ort th e  alternator) so th e  w ind cannot spin th e  blade s  w h ile you install th em .

Figure  50 - Carriage 
bolts in th e  front h ub .

Figure  51 - R e -assem bling th e  rotor for 
installation.

Figure  52 - R e -assem bling th e  rotor for 
installation.
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Th ere  are  tw o 6 inch  diam eter ste el h ubs  included, and one  h as  a h ole in th e  center so 
th at it can fit over th e  greas e  cap on th e  alternator. Th e  rotor w ill be  clam ped betw e en th e s e  
tw o ste el h ubs . M ount th e  h ub w ith  th e  h ole on th e  alternator. Th en fit th e  rotor to th e  al-
ternator. You m ay h ave to us e  a rubber m allet (not a ste el h am m er!) to s et th e  rotor dow n 
fully. Put th e  last ste el h ub on over th e  blade s . Each  stud s h ould get one  lock  w as h e r and 
one  nut. Tigh ten th e  nuts  dow n all th e  w ay. Rotate around to different bolts and k e ep tigh t-
ening. Th e  w ood in th e  blade s  w ill ‘crus h ’ sligh tly, and it tak e s  a few  tim e s  around to get 
th ings  really tigh t. W e don’t us e  a torq ue  w rench , but th e  bolts s h ould be  re ally, re ally tigh t! 
After th e  m ach ine  is  about one  m onth  old, it’s  good practice  to low er th e  tow er and tigh ten 
th e s e  nuts  again— th ey w ill loos en. Ch eck  th em  again in s ix m onth s  and at least once a year 
th e reafter, during regular yearly turbine  m aintenance . Be sure  to read th at s ection, below .

12) Balance th e blade s
O nce th e  blade s  are  fastened tigh tly to th e  alternator all you h ave left to do is  balance 

th em . W e do th is  on th e  tow er stub in low ered pos ition, and it m ust be  done  on a day 
w ith out m uch  w ind. To balance th e  blade s  you s h ould h ave som e  w ood screw s , som e  lead 
w e igh ts , scis sors  (or tin snips) to cut th e  lead if ne eded, and a cordles s  screw driver. W e usu-
ally us e  ‘decoy w e igh ts’— th e s e  are  th e  lead strips  h unters  us e  to w e igh t dow n decoys  (fak e  
duck s  and ge e s e  usually), and th ey are  available at sporting goods  store s . O th erw is e , lead 

flas h ing or s h e et of any k ind is  fine . Som etim e s  w h en w e  
can’t find lead w e  us e  ste el bar stock . It’s  fine  too, it’s  just lar-
ger for any given w e igh t.

First m ak e  sure  th e  stop sw itch  is  ‘off’ (th e  alternator 
output w ire s  are  not s h orted togeth e r) so th at th e  alternator 
turns  fre ely. Th e  blade s  w ill find a re sting point such  th at th e  
h eavie st part com e s  dow n to th e  6 o’clock  pos ition (Figure  
53). Tak e  note of th e  h eavy part and rais e  it up to 3 o’clock , 
th en us e  one  w ood screw  and ligh tly attach  a w e igh t at 9  
o’clock , oppos ite  th e  h eavy s ide . Th e  w e igh ts  s h ould be  loc-
ated at or near th e  h ub. Do not add w e igh t too far out on th e  
blade s . W e never put w e igh t on th e  ‘carved’ parts  of th e  
blade s , only th e  face s  or 
edge s  near th e  h ub (Fig-
ure  54).

If th e  w e igh t you 
put on is  not h eavy 

enough  you can m ove it out furth er, or add m ore  
w e igh t as  ne eded. If it’s  not a w indy day th is  s h ould 
go pretty q uick ly and eas ily. Som etim e s  different 
w e igh ts  are  re q uired in different place s — you just ne ed 
to k e ep w ork ing w ith  it until th e  blade s  no longer 
s e em  to h ave a h eavy s ide  or a ‘preferred’ pos ition.

Figure  53 - Balancing th e  
blades w h ile on th e  tow er 
stub .

Figure  54 - Th e  tw o recom m ended 
positions for attach ing balancing 
w e igh ts to th e  blades.
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13) Rais e  th e  w ind turbine
At th is  point you s h ould h ave it all togeth e r! If you’ve gotten th is  far w e  h ave to as sum e  

you’ve gone th rough  th e  12 steps  above, built a good tow er, te st rais ed it, adjusted th e  guy 
w ire s , etc...but going over it all one m ore  tim e  never h urts!

Before  raising th e  turbine , it’s good practice to run th rough  a final ch eck list:

1. System  w iring to controller and battery bank  com plete, break e r turned on.
2. Sh utdow n sw itch  in on (s h orted) pos ition to prevent blade s  from  turning.
3. 3-ph as e  plug at tow er bas e  is  plugged in.
4. All 3 ph as e  w ire s  connected to stator.
5. Yaw  bearing, tail bearing, and m ain s h aft bearing greas ed.
6. Stator is  centered betw e en th e  m agnet rotors  and doe sn’t rub w h en rotors  turn.
7. All nuts  and bolts on turbine  and rotor tigh tened.
8. All tow er h ardw are  double ch eck ed (guy w ire  clam ps , turnbuck le s , etc).
9 . 2– 3 h um an h elpers  rounded up, sober and not h ung over too badly.

If everyth ing look s  tigh t, properly adjusted, and balanced, it’s  tim e  to clear people and 
dogs  out of th e  ‘fall zone’— th at’s  anyw h ere  in th e  circle around th e  tow er bas e  at a radius  of 
th e  tow ers  h e igh t. If you h ave gue sts  th at are  not actively h elping, k e ep th em  far aw ay from  
th e  fall zone w ith  th e ir cam eras . Th is  is  no tim e  to be  distracted, by anyone . H opefully, you 
already k now  exactly h ow  th is  procedure  goe s  becaus e  you’ve first obs e rved an expert rais e  a 
tow er, and th en te st rais ed your ow n and adjusted th e  guy w ire s . So th is  procedure  s h ould go 
lik e  clock w ork  for you and your crew , becaus e  you’ve already done  it before  in te st rais ing 
your tow er!

10. Slow ly and gently rais e  th e  tow er w ith  your 
w inch , tractor or truck . Ch eck  all guy w ire s , 
turnbuck le s , etc. and tigh ten if ne eded.

Turn it on!
O nce you’ve erected th e  

tow er w ith  th e  w ind turbine  
on it you can turn th e  k ill 
sw itch  off and h ope  for som e  bre eze! If you’ve done everyth ing cor-
rectly it s h ould start up in very low  w inds  and be  producing usable 
pow er in 6 or 7 m ph  w inds . Th e  blade s  s h ould be  alm ost com pletely 
s ilent, h ow ever th e  alternator w ill usually m ak e  a ‘h um m ing’ sound 
once current starts  to flow .

Figure  55 - Preparing to raise  th e  w ind 
turbine .

Figure  56 - Alm ost up!
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Troublesh ooting
In th is  s ection w e’ll go over som e  of th e  problem s  w e’ve 

s e en in th e  past and th e ir pos s ible caus e s  and solutions . W ind 
turbine s  are  m ech anical device s  w ith  m oving parts . Th ey h ave 
a h ars h  life  com pared to m ost m ach ine s — th ey live w ay up on 
tow ers , th ey are  com pletely expos ed to th e  w eath er, and th ey 
don’t get m uch  regular inspection or m aintenance (s e e  th e  next 
s ection, M ainte nance ). It’s  good to pay attention! W ith  a w ind 
turbine , w h en one  th ing fails it can often lead to oth er failure s . 
It’s  good to k e ep an eye  on th ings  and s h ut dow n / inspect / re -

pair w h enever som eth ing unusual s e em s  to be  h appening.

I’ve erected th e  w ind turbine  and th e  bre eze  h as com e up, but it turns very slow ly or 
not at all.

Did you turn th e  stop sw itch  off (so th at th e  3 ph as e  turbine  output w ire s  are  not s h or-
ted togeth e r)? If so, th e re  is  probably a s h ort som ew h e re  else  in th e  system . Th e  m ost lik ely 
place to find a s h ort is  in th e  3 ph as e  rectifie r. You can disconnect th e  rectifie r (m ak e  sure  
th e  stop sw itch  still w ork s) and s e e  if it spins  fre ely th en (don’t let it spin fast th ough , and 
be  sure  to turn it back  off w ith  th e  k ill sw itch  q uick ly). If it turns  th en th e  problem  is  lik ely 
th e  rectifie r. If it’s  still not turning you can ch eck  th e  re s istance betw e en each  of th e  3 leads  
w ith  an oh m  m eter. If one  ph as e  h as  s ignificantly les s  re s istance th en you k now  you h ave a 
s h ort som ew h e re  betw e en th os e  leads — or (unlik ely) a defective stator.

It se em s to be  running w ell but it w obbles back  and forth  a bit (or th e  tow er sh ak e s).
Sounds  lik e  you ne ed to balance th e  blade s  again. Blade s  can som etim e s  go out of bal-

ance by th em s elves  w ith  tim e — e specially if th ey’re  not w ell finis h ed and can absorb w ater. 

Th e blades spin really fast and m ak e  a w h oosh ing sound and I’m  not getting any 
pow er!

Yik e s ! Scary, s h ut it dow n im m ediately (turn th e  stop sw itch  on)! Som eth ing is  discon-
nected and your turbine  is  ‘fre ew h e eling’ w ith  no load on it, a dangerous  condition. Som e 
pos s ibilitie s  are : th e  rectifie r is  disconnected, th e  rectifie r h as  failed, or you’ve not got th e  
rectifie r h ook ed to th e  batterie s . Anoth er pos s ibility, if you h ave a break e r or a fus e  
betw e en th e  rectifie r and th e  battery, it could h ave tripped/blow n. 

Th e blades spin k ind of fast, m ak e  a w h oosh ing sound and I’m  not getting lots of 
pow er. Th e  m ach ine  also vibrates m ore  th an norm al.

Well— if it h as  be en doing th is  from  th e  start you m igh t not k now  w h at norm al is , but 
if th e  problem  com e s  along after tim e  th is  is  a s ign th at one  of th e  th re e  leads  h as  becom e 
disconnected, or your 3 ph as e  rectifie r is  partially blow n. If th e  rectifie r fails, or one  lead 

Figure  57 - It flies!
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becom e s  disconnected, th en th e  alternator is  running s ingle ph as e  and th e  blade s  w ill over-
spe ed. Th is  w ill also lik ely caus e  th e  m ach ine  not to furl properly (it m ay w ait for m uch  h igh -
e r w inds  before  it furls). In th is  condition, part of th e  stator is  doing all th e  w ork  and it w ill 
lik ely overh eat and or burn out in h igh e r w inds , so th e  problem  m ust be  addre s s ed. You can 
ch eck  continuity in th e  line s  w ith  an oh m  m eter. If you h ave continuity and s im ilar re s istance 
in all 3 ph as e s  th en th e  problem  is  alm ost surely a blow n rectifie r.

It m ak e s a scraping sound and doesn’t start up w ell in low  w inds.
Sounds  lik e  th e  m agnet rotors  are  h itting th e  stator. You s h ould s h ut dow n th e  m ach ine  

until th is  is  fixed. Th e  stator m igh t h ave be en out of adjustm ent (not centered betw e en th e  ro-
tors) w h en you erected th e  m ach ine . It’s  pos s ible th at som e  of th e  h ardw are  h olding th e  stator 
on h as  com e  loos e  or fallen out. Th e  roller bearings  m igh t be  w orn out, or ne ed adjustm ent. If 
th e  bearings  get loos e , th en th e  rotors  could h it th e  stator. Worst cas e  scenario is  th at your 
stator overh eated and w arped. If th is  is  th e  cas e  and th e  stator is  still ‘w ork ing’ and m ak ing 
pow er, you m igh t be  able to re -adjust it— but odds  are  you’ll need to m ak e  (or get us  to m ak e) 
a new  stator. If th e  stator overh eated you ne ed to tak e  m easure s  to prevent th at in th e  future . A 
ligh ter tail w ill h elp th e  m ach ine  to furl in low er w inds  and h elp prevent stator overh eating. A 
stator could also overh eat for oth er reasons — an im proper load (w rong battery voltage or h ook -
ing th e  w ind turbine  directly to h eaters) could caus e  it. A burned out rectifie r (previously dis -
cus s ed) or a disconnected lead th at allow s th e  m ach ine  to run s ingle ph as e  could also overh eat 
th e  stator.  If th is  sort of s ituation is  allow ed to go on too long, th e  m agnets  w ill rub on th e  
stator and th e  friction m ay h eat th e  m agnets  to th e  point w h e re  th ey los e  som e  of th e ir m agnet-
ism . If th is  h appens  a new  stator and new  m agnet rotors  are  re q uired. Th is  sort of th ing is  
rare ...but it is  yet anoth er good reason to actually w atch  and liste n to your w ind turbine  regu-
larly. W ind turbine s  are  not a ‘s et and forget’ device  lik e  solar panels!

It’s b e en cold and w e’ve h ad a bit of an ice  storm . Ice h as built up in th e  alternator and 
th e  m ach ine  is ‘se ized’.

Th is  is  rare .  But som etim e s  if it gets  cold and th e re  is  no w ind (th e  m ach ine  is  stopped 
for a w h ile) and you h ave fre ezing rain or fog, th e  alternator can get pack ed up w ith  ice  and 
not run. You e ith e r h ave to w ait it out, or m elt it off. A good w ay to do th is  (and you could 
build th is  feature  into your rectifie r box) is  to s end full battery voltage back  up th e  line  to th e  
alternator (bypas s  th e  rectifie rs).  About 30 –  60 s econds  of th is  w ill w arm  up th e  stator and 
start to m elt th e  ice . It also h as  th e  effect of m ak ing th e  m ach ine  w ant to turn. You m ay get it 
m elted by just s ending battery voltage up tw o leads  for about 30 s ec. If th at doe sn’t do it, try 
s ending it up anoth er ph as e . Don’t leave pow er applied to any one  ph as e  for too long (you 
don’t w ant to overh eat th e  stator) but be  pers istent. O ur experience  sugge sts  th at th is  is  usually 
q uick  and easy. W e’ve only h ad th is  problem  a couple tim e s  in m any years — it m ay be  m ore  
fre q uent in le s s  w indy, m ore  h um id environm ents . It’s  really m uch  eas ie r to w ait it out and let 
th e  sun m elt th e  ice . Be extrem ely careful if your m ach ine  is  iced up, and th e  w ind starts  to 
blow  and turn th e  blade s! Th is  can be  a dange rous  condition! Ch unk s  of ice  could fly off th e  
turbine  at h igh  velocity and travel a long distance, and/or th e  m ach ine  could try to spin up and 
run out-of-balance . If you s e e  th e s e  conditions  develop, s h ut th e  m ach ine  dow n w ith  th e  stop 
sw itch !



Page  38 © 2007 by Force fie ld w indturbine @ oth e rpow e r.com w w w .oth e rpow e r.com

It’s b e en m ak ing squeak y noise s lik e  an irritated h am ster,  and is not turning as w ell 
into th e  w ind as it sh ould.

H opefully you put a bus h ing betw e en th e  tow er top and th e  turbine  its elf.  If it’s  m ak -
ing nois e  or h ard to yaw  you s h ould low er th e  tow er, ch eck  th e  bus h ing and apply m ore  
greas e  to th e  tow er stub.

I really don’t h ave tim e  for all th is— I th ink  I’d rath er just go fish ing.
Sorry! W ind turbine s  tak e  q uite  a bit m ore  w ork  to install and m aintain th an do solar 

panels th at you can just s et and forget. W e are  h oping th at our custom ers  w ill dow nload and 
read th is  m anual before  purch as ing or building a w ind turbine , to get an idea of w h at th ey 
are  in for.

Th e alternator m ak e s a ‘h um m ing sound’ but it se em s to be  rath er loud and it rattles.
Som e tow er de s igns  m ay ‘am plify’ th e  sound of th e  alternator, e specially if you us e  

th in w alled tubing or h ave loos e  couplers  betw e en pipe/tubing s ections . Anoth er pos s ible 
am plifier for th e  alternator is  th e  tail vane . If th e  tail vane is  loos e  it m ay act as  a ‘sound 
board’ for th e  alternator.  Ch eck  to m ak e  sure  th e  tail vane is  bolted on tigh tly, and if you 
w ant furth er insurance, you can apply caulk  betw e en th e  tail vane and all th e  ste el pipe/bar 
stock  th at it com e s  in contact w ith .

W h at's th e  d ifference b etw een your “h eavy duty” alternator de sign and th e  regular 
one?

Th e H D m ach ine  h as  m ore  m agnetic m aterial in th e  rotors  (larger m agnets) and is  
w ound w ith  m uch  low er re s istance . Th is  reduce s  th e  los s e s  (h eat) in th e  stator s ignificantly 
but in m any cas e s  it w ill stall th e  blade s  in h igh e r w inds  unles s  som e  re s istance is  added to 
th e  line  (usually betw e en th e  rectifie r and th e  battery). W e lik e  to us e  th is  H D arrangem ent 
in place s  th at get sustained h igh  w inds , as  it reduce s  th e  ch ance of a stator burnout. Th e  H D 
m ach ine  is  also m ore  suitable in s ituations  w h e re  th e  turbine  m ust be  a great distance from  
th e  battery, as  long w ire  runs  often add th e  re s istance nece s sary to m atch  th e  alternator to 
th e  blade s . Th e  H D vers ion is  also w h at w e  recom m end for m ost 12 volt pow er system s .

In low  w inds everyth ing se em s 
quite  good, but in h igh e r w inds th e  
m ach ine  tends not to spe ed  up 
m uch  and it’s not producing as 
m uch  pow er as I’d h oped .

Sounds  lik e  th e  blade s  are  
stalling. Low  battery voltage is  one  
pos s ible caus e . O n th e  m ach ine s  
w h e re  w e  us e  th e  m ore  efficient 
h eavy duty alternator, th e  blade s  are  
inclined to stall in h igh e r w inds  
unles s  th e re  is  a fair bit of re s istance 
betw e en th e  alternator and th e  w ind 
turbine . Th is  re s istance could s im ply 

Figure  58 - Efficiency differences b etw e en th e  regular 
alternator de sign (Alternator 1) and th e  h eavy duty 
de sign (Alternator 2).
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be  a long (or relatively th in) line  betw e en th e  turbine  and th e  batterie s — so th e s e  m ach ine s  are  
m ore  suitable for placing som e  distance from  th e  battery bank . O r, you could add a re s istor 
betw e en th e  rectifie r and th e  batterie s . Th e  m inim um  s ize  re s istor s h ould be  500 w atts . You 
could build th e  re s istor from  w ire , or purch as e  it. For 48 volt system s , if th ey are  stalling 
s ignificantly— w e sugge st you start w ith  1 oh m . For 24V system s , 1/4 oh m  is  a good place to 
start. In som e  cas e s , if th e  line  is  very s h ort and th e  battery voltage is  very low  you m ay ne ed 
tw ice  as  m uch  re s istance in th e  line . In m ost cas e s , le s s  is  ne eded. W e only build 12 volt 
m ach ine s  w ith  th e  m ore  efficient alternator, and w e  do not sugge st you add re s istance to a 12 
volt m ach ine . Usually th e  increas ed los s e s  in th e  rectifie rs  and th e  re st of th e  system  m ak e  th e  
h eavy duty alternator a good m atch  at 12V, as  is .

If you’re  unsure  and w ant to experim ent, you m igh t try to get a 100 foot roll of #14-3 
Rom ex®  w ire  (or an extens ion cord). 300 fe et of 14 gage w ire  is  a bit le s s  th an 1 oh m , so you 
can build a ‘te st’ re s istor by h ook ing s ingle strands  w ith in th e  cord in e ith e r s e rie s  or parallel 
to com e up w ith  ‘re s istors’ of about 1 oh m , 2/3 oh m  or 1/3 oh m . Th is  w ould be  for te sting 
only— if it's  coiled up, it could get q uite  h ot if it’s  s itting in a tigh t coil. Again: a w ind turbine  
th at stalls sligh tly can be  a good th ing. It w ill run slow ly and q uietly, and you’ll lik ely not lose  
all th at m uch  energy overall, becaus e  th e  problem  m ostly exists  in h igh e r w inds . A perfectly 
tuned m ach ine  w ill run faster w ith  a bit m ore  nois e , so th e re  are  pros  and cons  to letting 
th ings  run a bit too slow  versus  ach ieving th e  ‘perfection’ of a h ot rodded w ind turbine! You 
could get lots  m ore  pow er, but it’ll be louder and it w on't last as  long. For m ost folk s  
‘reasonable’ perform ance is  good enough — peace , q uiet, and reliability are  m ore  th an 
w elcom e .

R egular m aintenance
As w e’ve tried to pound into your h ead repeatedly th rough out th is  ow ner’s  m anual, w ind 

turbine s  (even expens ive com m ercial one s) are  not som eth ing you can install and forget about! 
W e recom m end th at you follow  th e  m aintenance sch edule outlined below , or som e  reasonable 
facs im ile th e reof.

For th e  first m onth  after you first erect th e  turbine :
- Sh ut it dow n w h ile you are  aw ay, unles s  you are  pos itive th at w inds  w ill be  gentle. After 

a m onth , you can leave it running w h ile you are  aw ay (as  long as  you installed an auto-
m atic controller and dum p load).

- Watch  it regularly, including m onitoring pow er output.
- Listen for strange sounds  and w atch  for odd be h avior.
- Ch eck  th e  pendant cable from  th e  turbine  to th e  ground w e e k ly to s e e  h ow  m uch  it h as  

tw isted, unplug at th e  tow er bas e , untw ist th e  w ire s , and plug it back  in. Th is  w ill give 
you som e  indication of h ow  fre q uently you’ll need to ch eck  th is .

- O ne  m onth  after you install th e  turbine , low er th e  tow er and inspect e ve ryth ing, 
including th e  guy w ire  anch ors , turnbuck le s  and cable clam ps . Ch eck  all bolts and re -
tigh ten if ne eded.
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Six m onth s after you erect th e  turbine :
- Low er th e  tow er (or clim b a non-tilting tow er), and firm ly re -tigh ten all th e  bolts and 

nuts  th at h old togeth e r th e  blade s  and alternator.
- If you us ed lins e ed oil to finis h  th e  blade s  and tail, re -apply it in anoth er th ick  coat or 

tw o.
- Ch eck  all guy w ire  anch ors , turnbuck le s  and cable clam ps .

Yearly or every six m onth s:
- Low er th e  tow er, (or clim b a non-tilting tow er), and ch e ck  all th e  bolts and nuts  th at 

h old togeth e r th e  blade s  and alternator. Re -tigh ten as  ne eded.
- Apply m ore  lins e ed oil finis h  to th e  blade s , w ooden h ubs , and tail vane .
- Ch eck  all guy w ire  anch ors , turnbuck le s  and cable clam ps .
- Refre s h  th e  greas e  on th e  yaw  bearing and tail pivot bearing. Greas e  th e  m ain 

bearing if ne eded. To do th is , rem ove th e  cotter pin on th e  m ain bearing, rem ove th e  
m ain bearing nut and w as h e r, and apply axle greas e  liberally to th e  bearings . Put th e  
nut back  and get it reasonably tigh t, th en back  it off until you can ins e rt th e  cotter 
pin. O nce th e  cotter pin is  in, back  th e  nut off as  m uch  as  th e  cotter pin allow s . You 
do not w ant th is  nut tigh t, th at w ould m ak e  th e  alternator too h ard to turn.

Alw ays:
- Regularly ch eck  your pendant cable for tw isting. If tw isted, unplug it at th e  tow er 

bas e  w h en th e  w ind is  not blow ing, untw ist, and plug it back  in. You s h ould h ave an 
indication of h ow  often th is  is  ne eded by m onitoring it closely for th e  first m onth  
th e  w ind turbine  is  flying.

- Listen for strange sounds  th at m igh t indicate a problem  starting to h appen. If you 
catch  and fix problem s  righ t aw ay, no dam age is  usually done to th e  turbine . If you 
let th e  problem s  get w ors e , th ey can caus e  oth er problem s — an ‘event cascade’ th at 
can lead to total failure .

- M onitor your pow er output— a big ch ange in it could indicate a grow ing problem .
- Watch  th e  turbine — if som eth ing s e em s  to run w obbly or just doe sn’t s e em  ‘righ t,’ 

th e  turbine  probably ne eds  adjustm ent. You can even us e  binoculars  to ch eck  for 
loos e  nuts  and bolts and th e  lik e .

- Enjoy th e  fact th at you are  m ak ing electricity for your pow er system  us ing th e  fre e  
‘fuel’ of th e  w ind!

Alternator adjustm ents:
Most alternator adjustm ents  can be  m ade  by re -pos itioning th e  stator betw e en th e  

m agnet rotors . Th is  m igh t be  ne eded if th e  stator m ount loos ens  or gets  out of 
w h ack , or if th e  m agnet rotors  start scraping against th e  stator. H ow ever, in rare  
cas e s  you m ay ne ed to rem ove th e  front m agnet rotor to replace th e  stator— for 
exam ple if you are  upgrading your pow er system  to a different voltage, or if th e  
stator becom e s  dam aged. Do not try to re m ove  th e  front m agne t rotor w ith out first 
contacting us  for m ore  inform ation! Th is  procedure  re q uire s  special tools called 
“jack ing screw s” to force  th e  m agnet rotors  apart. It's  also som ew h at dangerous , 
your fingers  could be  crus h ed betw e en th e  m agnet rotors , w h ich  w ill be  very 
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difficult and painful to pry apart. Contact us  first, and w e  can provide  you w ith  jack ing 
screw s  or tell you h ow  to m ak e  th em , and also give you detailed pictorial instructions  
for th e  procedure . If you built th e  alternator yours elf, you already k now  h ow  to install 
and rem ove th e  front m agnet rotor, but you s h ould still us e  caution.

H igh  w inds:
W h ile it’s  true  th at th is  w ind turbine  de s ign w ill autom atically protect its elf in h igh  

w inds  by furling to th e  s ide , w e  recom m end s h utting it dow n w ith  th e  stop sw itch  
during extrem e  w ind events . Usually 50 m ph  and over is  w h en w e  do th is  h e re . If you 
are  aw ay at th e  office  and a w indstorm  brew s  up, everyth ing w ill probably be  just fine  
and you don't h ave to w orry. But cons istantly running th e  turbine  in h igh  w inds  w ill 
m ean m ore  w ear on it and m ore  regular m aintenance from  you. H igh  w inds  are  usually 
accom panied by lots  of turbulence and q uick  ch ange s  in w ind direction, w h ich  slam  
everyth ing around up on th e  tow er. Since  th e  turbine  w on't produce any m ore  pow er in 
60 m ph  w inds  th an it w ill in 30 m ph  w inds  (becaus e  of th e  furling system ), it doe sn't 
m ak e  s ens e  to regularly expos e  it to abus e . Again, if you are  not h om e  to s h ut it dow n 
and th e  w ind com e s  up, it’s  not a problem — but you m igh t w ant to inspect th e  turbine  
after such  an event, even if just w ith  binoculars  from  th e  ground.

Grounding and ligh tning protection:
We didn't even m ention any special grounding precautions  for th e  w ind turbine  in th e  

System  W iring s ection. Th at's  becaus e  th e  s ingle m ain pow er system  earth  ground rod 
(pounded into th e  ground 8 fe et de ep) is  th e  only one you w ant th at’s  in any w ay 
connected to live electrical w ire s — it's  usually connected to th e  m ain battery bank  DC 
negative term inal. If you are  in a ligh tning-prone  area, or ne ed to m e et code  
re q uirem ents  from  th e  electrical inspector, you can ground th e  tow er s eparately. Do 
not us e  a s eparate  ground rod for any of th e  w ind turbine  electrical output w ire s , or 
ground any of th e  alternator pow er term inals to th e  w ind turbine  fram e! Th is  can 
caus e  electrolys is  of th e  tow er its elf, corroding and w eak ening th e  ste el at ground 
level. Any extra ground rods  s h ould be  attach ed to th e  tow er only. W ith  very tall 
tow ers , you can even us e  s eparate  ground rods  at th e  tow er bas e  and at each  guy w ire  
anch or, w ith  each  guy w ire  on a s ide  w ired to its  ne igh bor.

Sources
Furth er reading:

"W ind Pow er W ork sh op" by H ugh  Piggott. A m ust-h ave book  th at covers  every aspect 
of de s igning and building w ind turbine s  at h om e .

"Axial Flux Alternator W ind Turbine  Plans" by H ugh  Piggott. Sim ilar to our 
m ach ine s , just a different w ay to build th em .

Both  of th e s e  book s  are  available from  us :
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w w w .oth erpow er.com
Forcefield
2606 W  Vine Dr
Fort Collins , CO  80521
(9 70) 484-7257 or (toll fre e  in US) (877) 9 44-6247

"W ind Pow er - R enew able Energy for H om e, Farm  and Busine ss" by Paul Gipe . 
Th e  bible of w ind pow er, from  sm all system s  to utility-scale m ach ine s .

Ch elsea Gre en Publis h ing Co.
P.O . Box 428
W h ite  River Junction, VT 05001
(802) 29 5-6300

H om e Pow er M agazine . Th e be st h om e -scale renew able energy m agazine  out th e re .
w w w .h om epow er.com
H om e  Pow er m agazine
PO  Box 520
As h land, O R 9 7520
541-512-0201 or (toll fre e) 800-707-6585

Diversion load controllers:
C-serie s controllers w ork  very w ell w ith  our w ind turbine  de s ign. W idely available. 

To find a distributor or retailer near you, contact:
Xantrex Tech nology Inc.
89 9 9  Nelson Way
Burnaby, BC Canada V5A 4B5
604-422-859 5

M orningstar also m ak e s  an excellent controller th at w ork s  very w ell w ith  our w ind 
turbine s . Also w idely available. To find a distributor or retailer near you, contact:

M orningstar Corporation
w w w .m orningstarcorp.com
109 8 Was h ington Cros s ing Road
Was h ington Cros s ing, PA 189 77
215-321-4457

Dum p load h eating elem ents:

North w e st Pow er Co, LLC
w w w .nw pw r.com
P.O . Box 271
Platteville, CO  80651
9 70-785-2707
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Th e s e  folk s  are  also full-line  dealers  in solar panels, controllers , batterie s , and everyth ing 
else  ne eded for a renew able energy system :

Th e  Alternative Energy Store
w w w .AltEnergyStore .com
43 Broad Stre et, Suite  A408
H udson, MA 01749
(877) 878 - 4060 or (9 78) 562-5858
Costa Rican office :  + 506 29 7 14 04.

Th e s e  folk s  are  also full-line  dealers  in solar panels, controllers , batterie s , and everyth ing 
else  ne eded for a renew able energy system :

Back w oods  Solar Electric System s
w w w .back w oods solar.com
1589  Rapid Ligh tning Cre e k  Rd
Sandpoint, ID 83864
208-263-429 0

Electronic com ponents:
(rectifiers / sw itch e s / am m eters / h eat sink s / plugs and sock ets / re sistors)

All Electronics  Corp.
w w w .allelectronics .com
149 28 O xnard St.
Van Nuys , CA 9 1411-2610
818-9 04-0524 or 888-826-5432

Digik ey
w w w .digik ey.com
701 Brook s  Avenue South
Th ief River Falls, MN 56701
800-344-4539  or 218-681-6674

MECI Liq uidation O utlet
w w w .m eci.com
340 E. First St.
Dayton, O H  45402
800-344-4465

A great directory of surplus electronics suppliers:
w w w .am asci.com /supliers .h tm l
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Logging anem om eters
NRG System s  Inc.
w w w .nrgsystem s .com
PO  Box 0509
H ine sburg, VT 05461
(802) 482-2255

Clean Energy Products
Box 9 413
Bend, O R 9 7708
(206) 9 53-4039

W ind turbine  tow er k its:
Bergey W indPow er Co.
w w w .bergey.com
2200 Industrial Blvd.
Norm an, O k  73069
(405) 364-4212

South w e st W indpow er
w w w .w indenergy.com
1801 W . Route 66
Flagstaff, AZ  86001 USA
9 28-779 -9 463

IDC Solar
w w w .idcsolar.com
PO  Box 630
Ch ino Valley, AZ  86323 USA
(9 28) 636-9 864

W e h igh ly recom m end talk ing to th e  folk s  in Sturgeon Bay below  about tow er k its! 
Th ey can also fabricate tow er-top stubs  for you:

Lak e  M ich igan W ind and Sun
w w w .w indandsun.com
1015 County Rd U
Sturgeon Bay W I 54235-8353
9 20.743.0456

Independent Pow er System s  (IPS)
w w w .solarips .com
1501 Lee H ill Rd #19
Boulder, CO  80304
303-443-0115
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Th e Energy Depot Inc.
w w w .energydepot.ca
16650 Jane St.
Kettleby O N L0G-1J0 Canada
9 05-760-7511

Abundant Renew able Energy LLC
w w w .abundantre .com /tow ers .h tm
22700 NE Mountain Top Road
New berg, O regon  9 7132
(503) 538-829 8 or (503) 883-1003 (Sales)

Earth  anch ors:
To s e e  som e  typical guy w ire  anch ors , go to:

w w w .h ubbellpow ersystem s .com /POW ERTEST/ch ance/earth _ anch ors .h tm l

To find a distributor near you, go to:
w w w .abch ance .com /ch _ dist.h tm l

R igging (w ire  rope, cable clam ps, turnbuck les, th im bles, etc.):
Web Rigging Supply, Inc
w w w .W ebRiggingSupply.com
27W 9 66 Com m ercial Ave.
Lak e  Barrington, IL  60010
(877) 744-4461 or (847) 304-4550

Lattice tow ers, both  fre e standing and guyed:
w w w .criticaltow ers .com /
Sandow n W irele s s
P.O .Box 564
East H am pstead, NH  03826
866-379 -8437 or 603-9 74-0725

Internet discussion on building w ind turbine s:
We h igh ly recom m end ch eck ing out our h om ebrew  energy discus s ion board at:

w w w .fieldlines.com
H e re  you'll find 10,000+  people from  all over th e  w orld intere sted in do-it-yours elf 

renew able energy system s . M any us e rs  are  actively building and flying th e ir ow n w ind 
turbine s — ranging from  m ach ine s  s im ilar to w h at w e  build to giant one s , tiny one s , 
and som e  de s igns  th at w e  could only call 'exotic!' W ell w orth  ch eck ing out, and a 
great online  com m unity.




