SCORAIG VVIND TURBINE
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“This document was prepared for the Scoraig.
"How to buid 3 wind turbine " course,
- 1118 May 2002

Rt cont,ains drawings of the atternator, blades
and frame of a wind turbine which we built-
during the course.

The basic statistics of.the ﬁnu turbing::

.- _ ‘ROTOR DMTER'_; 24 METRES '
‘DESIGN Tie SPEED mno? 7 '

CUT-IN WINDSPEED IS

: _'CUT AN npu 170 :

' svsnzm VOLTAGE 12 vcu.Ts BATTERY

* ALTERNATOR TYPE: PERMANENT MAGNET

- MAGNETS 12 POLE PER ROTOR
‘NEODYMIUM IRON BORON N4Q GRADE

" COIS: 10 CONS SET IN RESIN DISK TO GIVE
" 5-PHASE OUTPUT EASILY CONVERTED TO DG

. PREDICTED OUTEUT: 12 VOLTS AT 170 RPM
14 VOLTS, 36 AMPS (500W) AT 350 RPM
AT 10 WS, TIP SPEED RATI 4

O\fERSPEED PROTECTION BY FURI_.iNG TAIL:

. 5. Mechanical details -
- 6. Construction of magnel mtors
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1 title (this page)

" 2. Materials and tools l:sts (2.4 diameter). -

3. Dimensions of 2.4m dismeter Wtor blades. _'
4. Overall view of alternator - SR

7. Furling tail (part 1)
8. Furling tail {part 2)
9. Rectifier box

" 10. Details of stator casting-
“11. Electrical connections

12. Shunt tegulator controi cm:lllt

.13. Coil winding jig

14. Altertiator for 1.2m diameter machine

- 15. Blades for 1.2m dlameler machlne



- | Materials For wind turbine
par unit

Total wi. g

qty sz Source address
FIBREGLASS SUPPLIES : - jGlasplies Ticanti
Polyester resin (premined with accelarator] ’ apprax 25004g) 2, Crowland St 70 High 51,
Catalyst {peroxide) i : 5S0g) Southpor Theale
- | Takcuen filker powder 1200g] Lancasire Reading
Fibreglass mat (10z/sqfoat) 1 5q metre .300g| PRY 7RL Borks
L - : {01704) 540 626 {01734}362775
[ MAGNETS CERMAG Ltd Magna Co. Lid
Falkyo.
94 rolywall R, <sales®magna-

Sheffleld, SA4 BAS

tokyo.com=. +81-

NOTES ON SUPPLIERS '
PHONE AND ASK THEM FOR CATALOGUES
Glasplies have very useful infarmation packs

Magna'supgpty the blocks with NI coating

Uncoated magnets will cormode in air.

EC wire supply high temperatwve enamelied wire *

Hawkins ond slectronics catalogues wire is soldorable
Famelt and Maplin good but expensive

JPR and Rapid ate cheaper

but have minimum order requirements

. Smm auts and balts -
‘| Smim nuits and balts

5 Smm x 20mm
S Gmm x 20mm

ROFEGE GR&DE AQ (uptlmd M coaunq) 24 blocks 46X30%10 2500q] (0114) 244 6136 3 33763864
ELECTRICAL . ’ : . EC WIRE LTC Parcy Hawkins
" |Enamadied winding wire IBAWG ar 1 4mm 3 (01924} 266 377 {03536} 523 229]t
fiaxible wire {1.5mm heat resisting) 10m 1.5mmz FARNELL JPR Electronics Lid
soider and sleeving for connections [WAWW FARNELL.COM | www jprelec. co.uk
|insulation tape . - : o : D701 200 200 01582 470000
Brdge rectiflers £ 354 200V single phase www Mapiinco.uk | Rapid Electromics
Heatsink for recufiers : ) 2509103707 554 000 01206 751166
STEEL | : . Application :
Magnet disk (o octagonal} plates . . 2 &mm x 300mm oD 60009 magnet rotors . .
12mm dweaded rod (* studdlng/allthread} : . &00mm 450gfrotor meuntings Screwfix
12mem s 24 300g 0500 414341
<[ v2mm washers . ) 12 ) e
“|12mm tireaded fod instainlyss s‘l.ee! | 300mm 225g] stator mouRtings
12mm nuts i stainless steel 12 .
12mim washers in stainkss stoel 12

|brigge rectifiers
xifio howiog

Steel angie - “750mmn 50 % 50 x 6mm 000G alternaror mounts
.| 5tes pipe 300mm - 2° 4 60.3mm 00 16O0g] yaw bearing
i . - 400mm.  1.5" f 48.3mm 0D 1200g] yaw bearing toner pipe
.. 1350mm 1.257 7 42.2mm 0D .4500g] Tal boom and hinge cutnr .
’ L ©200mm T 4 33 4mm 0D 500g|tail hinge inner pipe ’
“|Flat bar- . OO0 x 56 x 10mm - 450g1 tail hinge support plate
. [MECHAMICAL

Usefu) cétalﬁgue for tools top.

1

| Bearing hub from cai (Vaushall Cavaiier)
WOOD .

3160 x 35 x 1200mm - -

_1250q)Scrap yard

. ‘Materials fur moulds andjlgs .

. Phywatet or composice boards for moulds and wmdlng _jlg

Silicone, Sand paper, wax palish.

. (Palyurethane varnish, and PYA release aganl ifavailahle]
". Paint biushes, and thioners to clean t.hcrn :

_Paper towals and of fags. |

13mrnancl T16mm pdywoocl for mndu-;g_ygs amrnnmds

Tools

386764g).

Cleat tmber for biades . 5500
Prywood disks for blade hub . © 2 13mm k 250mm 0D 6000
Weod siTews to attach hub disks 54 35mm X 4mm . o
- [Plywood for eall vane -1 10 x 900 x 60Cmm - 3000
- jrotal welght af wind hurbine : .

Safety goggles, ear pratectors, face mask, glnves. &I, a5 requireq
Workbench with vice and G clamps
Electeic arc welder, mask, chipping nammer and rods
- Angle grinder with grindirg and sanding disks.
Cut-off machine or bandsaw (optional)
Hacksaw. hammier, punch, chisel, files, tin-snips -
Vernier callipers, steel e, pencils, tape measiré, mgle!bevel gauge, chak, compasses. Spint level.

Screwdriver, pliers, mole grips, Sparners 8..10, 13, 17, 19mm two of cach.
PHlar Orill Press. hand arill |
Onill bits 6.8.70,92mm -

-Holesaw 65mm

Scales to weigh resin, Drspenser for r.atalyst plastic buckets, stissars,
" Soldering irom, resin-coriad solder. wire Cutters, sharp knife.

spoons/knives for mixing(plastic/nonferrous are useful)

Scissors, felt pen., swiormsrasp .

Wood carving tooks, draw-knife, saw, pfane‘ spuneshavc draw-knrfe. ail slone

‘wooden mallet, chisel

Jigsaw. handsaw, circular saw



DBAENSIONS OF STATIONS

INCHES: | ]
FROM ROOT QUT TO TIP Tadis] widl drs, €kn
; RESPECTRVELY E 5 . 'fllfl 1 4718
| WORKMEGE - - . 412/ 12716
wioth  drop - - thichnessim) 24 E iz B/16 SIDE VIEW OF WIND TURBINE
L 32 /8 174 5/ WATH BLADES FIYTED
D160 070 0045 a1 £ 178 57 : .
5126 6z 0O17 43 79 718 a7 . o
DO - D12 o012 “CUT 2 DISKS IN PLYWOOD

. #50mm DIAMETER
10 or 13mm THICK

250mm

| DRAW A CIRGLE 65mm
DIAMETER AT THE
CENTRE OF EACH DiSK

° O PLACE THE FRONY MAGNET gg_m
-G -OVEREACH DISK N TURN.

CENTRE THE CIRCLE YOU MARKED ~
"WITH REFERENCE TO THE HOLE (.
THE MAGNET ROTOR.

DRILLOUT FOLRL12nm HOLES IN -
EACH PLYWOOD DisK. |

- 55—

MARK WHICH SIDE OF

THE DISK 15 :

WINDWARD, AND_ - -
WHICH 15 THE BACK

'c;u_o :

PRAW TWO MORE

- i - — 1200min, _

- CIRCLES ON EACH o
LI . ' _ i DISK, DIAMETERS
200mm 200mm 200mmy  2W00mm  200mm - - 200mm 150 AND 200mm
- e P . N N o - S | .
o :

1040 . ’ .
.CIIOﬂD WIDTH 120

DRILL NINE PHLOT HOLES FOR

. 7 THICKNESS ! .- _ _ R A . ' .
: o L 8 . 10 ° . . SI:_REW_S INTC EACH BLAGE ROOT
. . THICKKESS 46 . .
L : . . . : 46 bug—
o o _ : - wioce Scoraig Wind Electric *,-

——— - - SCORAIG "NEOZ 4' WiND TURBINE
: - | MAY 2002

- el 35mm THICK PIECE'
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C pLANVE B
ST ROTOR -
: S WOUNTING BOLT
STATCR . - . el
 MOUNTING BOLT '

\

T
1

T —saton

I L -

L

. L:J[

14

YAW TUSE

TAIL HNGE

CARLE

ENTRY
HOLE

TALHNGE: -
WNNER FIPE

\- SUPPORTING MAST OR TOWER

Scoraig Wind Electric i}ﬁ-

OVERALL VIEW OF ALTERNATOR



STATOR
MOUNT

:))%D%D}

BEARING HUG FROM /
- WAUXHALL CAVAVLIER
: : WELDED
- ORSMILAR FABKICATION OF
. _ STEEL PARTS :
- SUPTIORT BRACKETS MADE
" FROM STEEL ANGLE _
SORSOYGmm SECTION
B S )
= =
= o © /
r} ) i )
oy A ~ N
© Eomm I
N ' i
STATOR K ) ) 3
ot @ 0 i
AN 1 :

o s o .
- BOLTS FIX BEARING HUB o
TO STEEL ANGLES
. L . "_‘_______—
NAW PPE 300X &0 X 4 mm .

THE YAW PWE IS SIMPLY DROPPED
OWTO THE TOWER TOF PFE

R

TOWER TOR PIPE -
| ADOEABXET

125 BETWEEN
BEARING CENTRES

" STATOR
MOUNTING
s1uDs

TRl HMGE

CBURMIZ
STAIMLESS STEEL -

. WIND TURBANE
_ TOWER 60mm
STEEL PIFE

CAP ON YAW FIFE CAM BE Gmam STEEL PLATE
CUT OUT OF MAGHET R0TOR GISXS WATH A
HOLE SAW

SECTION THROUGH
- BEARING HUB
SHOWS TAPERED

" ROLER BEARINGS

Scoraig Wind Electric'.*‘_'
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ROTOR WEIGHT § KG EACH .

" . RESN CASTING

STEEL PLATE

- secTion
THROUGH

- CENTRE

stEc . M0
‘ 0I5k OD
300
MAGNET 1D

-

__ STEEL DISK
RESIN CASTING

. MAGHETH Frim THERE ARE TWO. -

piriearieai 0 MAGNET ROTOR ONSHS

] T MAGNETS FACE EACH CTHER .
. ACRUSS THE GAP

45K BEFORE.
POLYESTER RES#M

i




CENTRWFUGAL FORCE DN DNE MAGRET

DENSITY OF MAGNEY ~ T 5g/ac
VOLUME OF MAGHET = 14 1o
HIASS OF MACNET « 10Eg

ROTATICMAL SPEED {SaY) 1200 rpm
» 12007607 2
= 126 radians per second

CENTRFUGAL FORCE = M * 1 " omega?
a0t 0151267 126
~ 236N = 24 3kg



. USE & BUCKET TO
DRAW CORNERS

. .

STEEL DK FROM HOLE SAW

ﬁOIam\

FIMD POSITIONS OF HOTCH CUT LINES
BY FITTING TO COMPLETED MACHRIE

yEW| PERATION

. _ Sc:prailg. Win:d_ Electﬂc%— .

- poge?
FURLING Tak, DRAWING 1
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REAR VIEW
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STATOR WEIGHT 4 5KG

SPACE AT THE CENTRE
OF THE STATOR

CASTING 1D
S150°

IS 20 WIDE

+ CONLS ARE WOUND WiTH 90 TURNS -

) 7. OF 1.4rmi DIAMETER ENAMELLED | 1 N 1 . ’ N [ !
WIRE FOR A 12 VOLT BATTERY : i : . . . .
. SYSTEM . THICRNESS
) - i " APEHOK

—_— B FOR 24 VOLTS, USE 160 TURNS OF 16M DIAMETER
T BeT— FOR 4B VOUTS USE 360 TURHS OF 0.7WM DIAMETER

- | Scoralg Wind Electric ?

T page 10 :
DETAILS OF STATOR CASTING -




MNEUTRAL _ # .
CONNECTS ALL :
CONL STARTS —t

NELTRAL WIRE

CONNECTS T0

ALL STARTS OF
cous

CTFIER

- -BATTERY -
EACH “FINISH o ’
15 LEAD OUT TO
* THE RECTHIER

. EACH INODE ALLOWS CURRENT -

TO FLOW {1t THE DRECTION OF
THE ARROW ORLY

EACH COIL FINGH
CONNECTS TO AN "aC
TERMINAL

_J0C TO BATTERY

- pc

. THE POSITVE DC CONNECTION.
5 AT 90 DEGREES T0 THE
OTHER CONNECTIONS

THERE ARE FIVE BRIOGE RECTIFICR UNTS N THE WIND TURBIVEN,
THE RECTIFIERS COMVERT THE ALTERNATHNG CLURPENT {AC) INTO
-, "DARECT CURRENT (0X) FOR THE BATTERY

| CONMECT BATTERY WITH THCKER CABLE THAN WE UISED.
: MNEALM SIZE 6 iz :
FUSE AT BATTERY WITH 4{) AP FUSE

BATTERY POSITIVE : " BATTERY KEGATIVE -

+ -

Scoraig Wind Electric $-
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Battery Charging

Liead avid barreries should be kept ina (,h:lrged eyodition. In
the case of a wind powered systeny, you may have o owait fora
wind o charge the battery. But be careful hot (o discharge the
hattery o decply, o to keep it loo tang in a discharged state,
of it will be damaged [.liulphntcd) and become uscloss. Stop
wsing a buttery before it is fully discharged. Fihervisa
problen with the winid generator, then change the battery
from another sounve within bwo wee ke,

Charging the battery too hard will elso damageit. At first,
when the haltery is discharged, il is safe Lo use a high currenl,
but fater the curtent must be reduced or the battery will
overhieat and the plates will bi damupen. The best way o
Fully charge o Battery is 1o vse 2 anall current fer aloog time.

Walch the bettery voltage. 1 the battery eollage is beluw 11.5

- vollg, then it is being discharged 100 aruch. B the valtage is
high (cver 14 volts) then the hattery charging ciurent §s too

_ high, Use less current or more current io the Joads ko correet
these problems. 16 there i no volimeter availatde, then the
user should watd: the brightness of the Lights and Frllow these
rules:-

* Dir Sights, mean low tranery. Use less deciricity!
1 Very bright Fghts e oo tuch \-\mdpo\\u {Tee moro
electoivity!

. Agood way to use more electricity is loo charge more
Latterivs in windy weather, pethaps charging lmucl i from
neighbours' bouses.

There are simple elactronic girvuils which ean regulsts the
batieiy voltage antomatically. They are called Tow vollupe
disconnects’ and "shunt regulators’. If the nser is ant willing -
Lo watch the batlery voltage, then it is necessary to fit a

©° discomneet wnd a regulator.

The diagram shows e sirnple circuit. T have these o sock for
Eqa cach. But [or this machine yru would nised bvo of these,
and 4 @ roamp lnads. A good allernadive would be 3 Trave
r-44 contreller. This has PWM swilching an one big load, and
I has by battery diarging mites.



Shun’ T

Here is the lisl of compaadents required

Pyl = ciHm, rhgsing list

tC duul epampLMi4s8
Imsstor TP oF 120
Valtape regulating¥100ma
prosel polentiomeler ok cenmnel
preset putsoo B cermed
resistoriu K 0.25W
tesisters100K 0 25
resistors1k 0.25WW
dicdesad

. lndicatorsL¥L
Capacitors10nouF 16V
rilaysia¥ nbA

The voitage Trom the wind Wirbine <n (5 meCh Higher
than 12 voly f o i3 duconnected forom the battery
Hever diConmect the waid tudbine rofs e DaTtery oF
it will ruh fask 2 wear itsol ol

CPTIONAL GRAKIE SWITCH

THE SWITCH SHORTS CIRCIATS THE

CUTPUT FROM THE WINOMILL. AND

SLOWS T TO A VERY LDW SPEED.
THE 8| OTKING CH0E PREVENTS THE
BATTERY FROM BACKFEEDG N1
THE SHORT CIRCINT, AND HLCAMING
THE FUSE.

 WIND TUREME

STOP

12 WOLT BATTERY
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STEELFPMS .
_[SAWN OFF NAILS) ; H
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. CHEEK
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g HACKLT BROTOR

EL] . .
0 | MAGNETS
cvaen | 46 X 30% 10 mm
LEli) . .
oo

ae EDGE OF
150 POLYESTER o
o8 .. CASTING »

LT} L 240 mm OO

2HRE

Bimm STEEL PLATE
- Z30mm OVERALL [MAMETER

wientspeat
Up vl ratia
T MM cat-in

| MOLES M CO0LS MUST MATCH .
. - MAGNETS ON ROTOR .
1. re— e 224 0 — -
: ——— 264 -
". . OVERALL DWMETER gl
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CASTING .

STEEL PLATE
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THREADED W12
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Blade shape

Any rotor designed to run at tip speed ratio 7 will need to have a similar shape, regardless
of size. The dimensions need to be scaled up or down to suit the chosen diameter.

The shape of the blade near the root may vary from one wind turbine to another, even
though the blade is designed for the same tip speed ratio. The root of the blade moves
slowly and does not have much wind to process, so the shape is less critical than the
shape of the outer part of the blade. A strongly twisted and tapered shape is ideal. But in
some cases a much less pronounced twist is also successiul. I prefer the strong twist and
taper because:
itis a) strong

b) good at starting the wind turbine from rest,

and ¢) 1 think it looks better.
But in the end it is not going to make a huge difference if the root is a different shape.
The blade root shape will probably be determined more by practical issugs such as
available wood and the details of how to mount it to the alternator than by aerodynamic

theory.



BLADE STATION

11l

|< CHORD WIDTH -
*
THICKNESS
- WIDTH T
A 'OROP
LEADING BLADE SECTION ) — X
EDGE - \
BLADE  TRAILING
ANGLE EDGE
OUTLINE OF WOODEN WORKPIECE

Figure 2: Blade dimensions at one station along its length

The shape will be defined at a series of stations along the length of the blade, At each
station the blade has ‘chord width’, blade angle and thickness as shown in Figure 2.
When carving a blade from a piece of wood (a ‘workpiece’) it is simplest to define the
width of the workpiece and also what I call the ‘drop’. These measurements will then
produce the correct chord width and blade angle. The drop is a measurement from the
face of the workpiece to the trailing edge of the blade. Provided that the workpiece is
straight and true, this measurement will produce the desired blade angle.

Carving Wooden Blades

The first job is to find suitable timber. Light, straight grained wood is best. It should be
well seasoned and free of sap. Itis sometimes possible to cut several ‘blanks’ out of a
large plank, avoiding knots. You could glue a piece onto the side of the workpiece to
increase the width at the root. Do not increase the length by gluing, as this will weaken



the blade. Check for any twist on the face of the workpiece, using a spirit level across the
face at intervals along its length. If it is levelled at one point, it should then be level at all
points. If the piece is twisted then it may be necessary to use different techniques to mark
out accurately the trailing edge (Figure 7).

STEP ONE is to create the tapered shape.

The blade is narrow at the tip and fans out into a wider chord near the root. Table 1
shows the width you should aim for at each station The root stations shapes given for

MARK QUT THE SHAPE ON THE FACE OF THE WORKPIEC!
I | 1 | |

} I | I

; \
| ! I /
\

CUT QUT THE SHAPE OF THE TAPERED BLADE

Figure 3: The tapered shape of the blade /30

different rotor diameters in this book are deliberately different, so as to suit the alternator
designs I give in later chapters,

Mark out the stations by measurement from one end of the workpiece (figure 3). Draw a
line around the workpiece at each station, using a square. Mark the correct width at each
station, and join the marks up with another line. Cut along this line with a bandsaw.
Alternatively you can carve away the unwanted wood with a drawknife. Or crosscut it at
intervals and chop it out with a chisel. In any case the final cut face should be made neat
and square to the rest of the piece.

The root end of the blade will need to be cut to a 120 degree point, so as to meet with the
other blades at the centre of the rotor. It does not matter when you cut this. See Figure 6
for dimensions of the angled faces on the 2.4 m diameter rotor. You can scale these for

the other sizes.



Blade 1.2m diameter 2.4m diameter 3.6m diameter
thickness 37 mm thick 37 mm thick 50 mm thick
station radius from width radius from width radius from width
centre centre centre

1 100 140 200 160 300 240
2 200 140 400 120 600 180
3 300 100 600 100 900 150
4 400 80 800 80 1,200 120
5 500 65 1,000 70 1,500 105
6 600 55 1,200 60 1,800 80

Table 1: Step one. Taper the workpiece|Pimensions in mm

STEP TWO carving the twisted windward face

DIRECTION & _

OF MOTION " <

N - TRAILING
EDGE

SECTIONAL SHAPE
OF BLADE SHOWN

HATCHED

- LEADING

EDGE\

TIP

CENTRE OF ROTOF

1

N s

v”’ﬂ",’l"f

,I!a—- ;

Figure 4: The twisted shape of the blade

The windward face of the blade is flat, like the underside of an aircraft wing. The blade
angle needs to be coarser at the root than it is at the tip. Figure 4 shows a series of
sectional views of the blade, to indicate how they change in size and angle between the
tip and the root of the blade. The angle of the blade changes because the ratio of blade-

speed to windspeed becomes less as we approach the centre. This affects the angle of the
actual air velocity striking the blade at each station.

In the cases of the 2.4 metre and 3.6 metre diameter rotor, the ‘drop’ near the root is so
large that it exceeds the thickness of the wooden workpiece at the inboard (root) end of




the blade. Mark the trailing edge line at the bottom of the workpiece, which is only half
of the total drop, in these cases. We use a wooden wedge at the root (Figure 5) to build
up the leading edge and allow a large blade angle without needing such a thick piece of
wood. The wedge is attached with glue. Leave the gluing on of the wedge until the blade
is nearly finished, because its presence makes the blade more difficult to clamp while
carving the shape. The wedge will be added in Step five. '

Blade 1.2m diameter 2.4m diameter 3.6m diameter
station radius from drop radius from drop radius from drop
centre centre centre
1 100 200 70 300 100
2 200 45 400 25 600 38
3 300 19 600 12 900 18
4 400 10 800 6 1,200 9
5 500 6 1,000 3 1,500 5
6 800 3 1,200 2 1,800 2
able 2: Step two. The drop Dimensions in mm
CENTRE OF ROToi
—— WEDGE

LEADING

EDGE\

DIRECTION
OF MOTION

o, SN . N, S Sy

TRAILING

EDGE

Figure 5: The wedge

SO
NS

\A‘

w\\\\. —~

“\\“.—

Start by marking the stations on the new face cut in Step One (Figure 6). Then mark the
drop on each of these new lines, measuring from the face of the wood and marking the
position of the trailing edge at each station. Join these marks to form the line of the
trailing edge. The leading edge is the other corner of the workpiece (top left in the

figures



KEEP THIS PART 1.2m DIAMETER BLADE
UNTOUCHED ~

STATION MARKS \\’

REMOVE EVERYTHING
ABOVE THIS
TRAILING EDGE LINE

Figure 6: Marking out the trailing edge (1.2 m diameter)

Remove all the wood above this line, so that you can place a straight edge between the
leading and trailing edges. In this way you will be forming the twisted windward face of
the blade. 1 use a drawknife and a spoke-shave to do the inner part and a plan is useful on
the straighter part. You can use a sander if you prefer. Take care to be precise in the
outer part near the tip where the blade angle is critical. Do not remove any of the leading
edge, but work right up to, so that the angled face starts right from this corner of the
wood.

Leave the blade root untouched, so that it can be fitted into the hub assembly. The hub
will be achieved by clamping the blades between two plywood disks (see later). The
carving of the windward face ends with a ramp at the inboard end as shown in the figure.
This ramp is guided by lines, which meet at a point just outside the hub area. In the case
of the 1.2m diameter rotor, the line runs at 45 degrees across the face. For the larger
blades the line has two legs — one for the wedge and one for the ramp. See the detail
sketch of the 2.4m diameter rotor blade.
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Figure 7: Checking the drop with a level

If in doubt about the accuracy of the blade angle, use a spirit level to check the drop as
shown in Figure 7. First use the level to set the blade root vertical (or horizontal if you
prefer). At each station, place the level against the leading edge and check the drop
between the level and the trailing edge. When measuring the drop, make sure that the
level is vertical (or horizontal if appropriate). If the drop is too large or small, adjust it by
shaving wood from the leading or trailing edge as required.



STEP THREE carving the thickness

Blade 1.2m diameter 2.4m diameter 3.6m diameter
station radius from thickness | radius from thickness| radius from thickness
centre centre centre
1 100 200 36 300 53
2 200 22 400 25 600 37
3 300 14 600 13 900 20
4 400 10 800 10 1,200 15
5 500 8 1,000 8 1,500 13
6 600 6 1,200 7 1,800 11

Table 3: Step three. Blade thickness

Dimensions in mm
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Fiaure 8: Markina the thickness auide line



Table 3 shows the thickness of the blade section. At each station, measure the
appropriate thickness from the windward face, and make a mark. Join the marks to form
aline. Do this at both the leading and trailing edges (Figure 8). These lines will guide
you as you carve the section, to achieve the correct thickness. Carve the back of the
blade down to these lines.
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Figure 9: Checking the thickness with callipers

As you approach the lines themselves, you should begin to check the thickness with
callipers at each station (Figure 9).

Both sides of the blade should now be flat and parailel to each other, except at the inner
part where this is not possible, because the workpiece is not thick enough to allow full
thickness across the whole width. In this area you need not worry about the part nearer to



the tailing edge, but try to make the faces parallel where you can. The final blade section
will only be full thickness along a line that runs about 30% of the distance from leading
to trailing edges. See Figure 9.

STEP FOUR Carve the curved shape on the back of the blade

The blade is nearly finished now. The important dimensions, width, angle and thickness
are all set. It only remains to give create a suitable airfoil section at each station. If this

LEADING
EDGE SECTIONAL SHAPE OF WORKPIECE

AFTER STAGE THREE TRAILING

EDGE

Figure 10: Feathering the trailing edge

is not done, the blade will have very high drag. This would prevent it from working well
at high tip speed ratio. The first step is to make a feathered trailing edge (Figure 10).
Take great care to cut only the back of the blade. Do not touch the front face. You carved
the front face in Step Two.

Carve off the part shown hatched in the figure, between the trailing edge and the middle
of the blade width, This will form the correct angle at the trailing edge. If in doubt, draw
two lines along the back of the blade, at both 30% and 50% width measured from the
leading toward the trailing edge. The 30% line represents maximum thickness and
should not be carved down further. The 50% line is to guide you in carving the feathered
trailing edge. When you have finished, it should be possible to place a straight edge
between this line and the trailing edge. The trailing edge should be less than 1 mm thick.



Finally, the blade has to be carved into a smoothly curving shape according to the section
shown in Figure 10. Itis hard to prescribe exactly how to produce the curve. The best
description is simply ‘remove any corners’. As you remove corners, you will produce
new comners, which in turn need to be removed. Remove less wood each time. Take care
not to remove too much wood. Do not remove wood from the thickest point. Take care
not to produce a corner at this thickest point.



STEP FIVE Cutting out and gluing on the wedges (2.4 and 3.6 m diameter rotors)

Figure 11 shows the dimensions of the wedges for the two larger rotors. The simplest
way to produce them is to cut them from the corners of blocks of wood as shown,

Choose a clear part of the block and draw two lines at right angle to the corner, shown



dashed in the figure. Measure out the dimensions shown in mm, and draw the angled
lines, marking the cuts you will make. To cut out the wedges, place the block of wood in
a vice with one line vertical. Align the blade of the saw carefully so that it lines up with
both lines demarcating the cut. Then saw out the wedge.

The position to glue the wedge on is shown in Figures 5 and 6.

STEP SIX Assembling the rotor hub.

If the roots of the blades have not been cut to a 120 angle already, then this is the time to
cut them. Cut out two disks of plywood
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Figure 12: Assembling the rotor blades with plywood disks
Drilt each disk with 18 neatly spaced screw holes as shown. Avoid drilling screw holes
on the diameter of the mounting bolts (see alternator design). Countersink these holes.
Paint the biades and disks with before assembly.

Take care that the blades are positioned with equal spacing between the tips. Place a disk
at the exact centre (measuring from the tips). Screw it on with 9 screws per blade. Tum

the assembly over and repeat.



