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1 Introduction

In this manual the VIRY A-3.5B3, electricity generating windmill, is described. It is expected
that, together with the detailed drawings of the windmill numbered 1501-00/A, 1501-01/A,
1501-03 and 0507-04 the windmill can be manufactured by a well equipped workshop. For
erection of the tower, an auxiliary tower is given on drawing 0508-02. So tools for
manufacture of the tower are also given on this drawing. The battery charge controller is
described in a separate manual.

The VIRYA-3.5B3 is designed by
Adriaan Kragten, B. Sc.
Kragten Design
Populierenlaan 51, 5492 SG Sint-Oedenrode, The Netherlands
Telephone: + 31 413 475770
E-mail: info@kdwindturbines.nl

The 3-bladed VIRYA-3.5B3 replaces the 2-bladed VIRYA-3.5 windmill already designed in
2015. The VIRYA-3.5B3 makes use of the same blades, the same generator and the same
head and tower. The VIRYA-3.5B3 uses the slightly modified set of drawings of the
VIRYA-3.5. However, it isn’t advised to build the VIRY A-3.5 because the rotor will be rather
noisy and a 2-bladed rotor is sensible to vibrations due to the gyroscopic moment. The
VIRYA-3.5 was meant for 48 V battery charging. The VIRYA-3.5B3 is meant for 24 V
battery charging which is a more common battery voltage.

The VIRYA-3.5B3 makes use of an axial flux PM-generator of the Chinese
manufacture Hefei Top Grand model TGET320-1KW-350R. Manufacture of the
VIRYA-3.5B3 is therefore rather easy in developing countries as no generator has to be made.
| have tested the bigger 2-bladed VIRYA-4.2 for several years but the VIRYA-3.5B3 will not
be built and tested by Kragten Design.

The VIRYA-3.5B3 has a tubular upper tower section and a lattice lower tower section
which is provided with hinges. This tower is also used in other VIRYA windmills and it has
been tested for the VIRY A-4.1 windmill by AID foundation in the Philippine Islands.

Calculations of the rotor geometry, the P-n curves of the rotor, the Pg-V curve and the
generator characteristics for 27 VDC are given in report KD 805 (ref. 1). The calculations
have been executed using the theory given in report KD 35 (ref. 2). KD 805 also contains
photos of the drawings of the windmill.

Calculations of the 8-V curve of the hinged side van safety system are given in report
KD 213 for the VIRYA-4.2 (ref. 3). Calculations of the strength of the tower are given in
report KD 305 for the VIRYA-4.1 (ref. 4). There is a separate folder about the VIRYA-3.5B3
given at my website at the menu VIRY A-folders.

Although the VIRYA-3.5B3 windmill has been designed carefully no responsibility is
accepted for the operation of the windmill neither as a whole, nor for any of its separate parts.
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2 Specification

Diameter D=35m
Number of blades B=3

Design tip speed ratio Ag=6

Gear ratio i = 1 so direct drive
Rotor eccentricity e=0.3m
Height tower pipe H=3m

Total tower height H=95m
Mass including tower m =192 kg
Starting wind speed Vtart = 2.7 M/
Cut in wind speed Vet in = 2.8 m/s
Rated wind speed Viated = 10 M/s
Survival wind speed (expected) Vsurv = 35 m/s
Nominal voltage (rectification in star) Uu=24VvDC
Power at rated wind speed P=950 W

3 Description of the components
3.1 Rotor (see drawing 1501-01/A)

The VIRYA-3.5B3 has a rotor diameter D = 3.5 metre, a number of blades B = 3 and a design
tip speed ratio g = 6. Aq = 6 means that the tip speed of a blade is 6 times the undisturbed
wind speed if maximum power is extracted from the wind. A blade (05) is made out of good
quality hard wood with a density of about 0.65 * 10° kg/m®. The blades have been designed
using a low lift coefficient at the blade tip and a high lift coefficient at the blade root, which
results in a blade with constant chord and airfoil and no twist. The blade has a length of
1575 mm and a chord of 180 mm. The blade is provided with a G6 711 airfoil over the whole
length. This airfoil has a lower side which is flat over 97.5 % of the chord and this simplifies
manufacture as only the upper side has to be machined. The airfoil geometry and the
aerodynamic characteristics are given in report KD 285 (ref. 5). The rotor calculations given
in report KD 805 (ref. 1), are based on theories and formulas given in report “Rotor design
and matching for horizontal axis wind turbines” report KD 35 (ref. 2).

The three blades are connected to each other by the hub assembly (06). Each blade is
connected by three bolts M10 * 60 (01N) which are also used for connection of the balancing
weights (04). The overlap between blade and spoke is 200 mm. Therefore the free blade
length is 1375 mm which is short enough to prevent blade flutter at high wind speeds.

A clamping strip (03) is mounted in between the bolt heads and the wood of the blade to
prevent deformation of the wood when the bolts are tightened. The hub assembly is connected
to the generator by eight bolts M10 * 30 (04N).

3.2 Generator (see drawing 1501-00/A and list of standard parts)

The choice of the axial flux generator is explained in the design report of the rotor KD 805
(ref. 1). The generator is of Chinese manufacture and is supplied by at least four different
Chinese suppliers. The supplier Hefei Top Grand is chosen because this company gives
proper reaction to my questions and because it supplies the generator for a reasonable price.
The generator model of this manufacturer is TGET320-1KW-350R. | could not find out
which of the suppliers is the real manufacturer. The generator is supplied without a seal on the
generator shaft but it is assumed that the front bearing cover is provided with a chamber in
which a standard oil seal can be mounted. This is necessary for horizontal positioning of the
generator shaft to prevent the entrance of water. The seal isn’t specified and the required
measures can only be determined if the generator is available.



The generator is supplied with two different windings 220V AC or 56 V DC. One has to order
the generator with the 56 VDC winding! The generator has a 3-phase winding which is
connected in star. The star point is hidden somewhere in the winding so only three wires are
coming out of the generator. The DC voltage is gained after an external 3-phase rectifier.

A disadvantage of a hidden star point is that the star point can’t be used for making
short-circuit. So braking of the rotor can only be done by making short-circuit in star. It is
expected that the maximum breaking torque for short-circuit in star is high enough to stop a
rotating rotor at wind speeds below 8 m/s (see KD 805 chapter 6).

The generator has a hollow shaft with an outer diameter of 45 mm. The electricity
cables are coming out of the hollow shaft end. The shaft end is provided with large thread.
This thread is specified as M42 * 1.5 by Hefei Top Grand and as M40 * 1.5 by other
suppliers. So it is decided not to use the thread for connection of the generator to the windmill
head. The generator shaft is clamped in between four clamping blocks (04) (see drawing
1501-03) using four bolts M10 * 120 (09N) and four self locking nuts M10 (10N). The
generator shaft has a key groove which isn’t used.

3.3 Head + tower pipe (see drawing 1501-03)

The head consists of a 1.5 metre 2'4” gas pipe (01/01) welded, using a ring (01/04), to a
1 metre 1'% gas pipe (01/02) with the generator bracket (01/06) on one side and a strip for
connection of the vane blade (01/05) on the other side. On the generator side a hollow pin
(01/03) is welded which turns in the Permaglide head bearings (07N) and (08N). These
bearings have a bronze backing and are therefore not sensible for the penetration of water.

The vane blade (07) is connected to the vane arm by means of two hinges (06N) and
two vane blade strips (06), which is necessary for the safety system (see chapter 4). The vane
blade is made of 9 mm waterproof meranti plywood which has to be painted with epoxy and
aluminium paint. In order to prevent oscillation of the vane blade at very high wind speeds, a
vane blade stop (05) is bolted to the strip of the vane arm. The tower pipe (02) is connected to
the lattice tower by means of four clamping blocks (03). The head bearing housing (02/02) is
welded in the top of the tower pipe (02/01). The generator is connected to the generator
bracket by four clamping blocks (04).

The electricity cable from generator to the tower foot (see drawing 1501-00 item 02N)
is guided through the central hole in the pin. If the head turns the cable is twisted and because
the cable is very flexible, about 50 turns are permitted in one direction. If the cable is that
much twisted it has to be disconnected from box 1 in the tower foot or it can be untwisted by
returning the head. The cable is specified as 4 * 4 mm? with flexible wires. Two wires are
connected in parallel. The 3-phase rectifier is placed close to the generator for the
VIRYA-3.5B3 and so DC current is flowing through the cable. The cable is connected to the
short-circuit switch which is placed in box 1 at the tower foot. The cable has to be connected
to the lower side of the box to create a loop in the cable. Because of the loop it is easy to see if
the cable is twisted too much because the parts of the loop will then no longer be parallel. The
box is not designed and therefore not specified. Also the short-circuit switch and the rectifier
are not specified but some information is given in the manual of the battery charge controller.

The ground cable, which is used for the connection from the box to the batteries and the
dump load, can have massive copper wires. It is advised to use at least size 4 * 2.5 mm? for
the ground cable and to connect two wires in parallel. If the distance is more than about 30 m,
one must use thicker cable or accept substantial power losses in the cable. Also the ground
cable is not incorporated in the parts list of the windmill.



3.4 Tower (see drawing 0507-04)

The lattice tower is made from two 3.5 m tower parts which are bolted together. Both tower
parts (01) and (02) are made from cold rolled angle iron and strip. Cold rolled angle iron is
available in a standard length of 7 m and half this length results in a section length of 3.5 m.
For countries were cold rolled angle iron isn’t available, one may use hot rolled angle iron.
However, hot rolled angel iron is normally supplied in a standard length of 6 m and it has a
sharp outside edge. This sharp edge has to be rounded at the position were both tower sections
overlap. To create 3.5 m long sections for 6 m standard length of the hot rolled angle iron, the
upper part of a section can be lengthened by 0.5 m. The weld should be at 0.5 m from the top.
One also can make 3 m long sections but this reduces the total tower height up to 8.5 m and a
new tower drawing must be made. The tower parts are slightly tapered which is realised by
taking horizontals of different lengths. The lattice tower can be climbed easily and the tower
top forms a small platform.

The tower pipe is connected to the top of the upper tower part by means of the four
clamps as specified on drawing 1501-03 and four threaded rods M12 (04) and (05) specified
on drawing 0507-04.

The foundation (03) is made from strip and bar. The lower tower part is connected to
the foundation by means of four bolts. Two bolts function as a hinge to facilitate erection of
the tower.

4 The safety system (see drawing 1501-03)

The safety system was developed by A. Kragten in 1982. It is used in all VIRYA windmills
developed by Kragten Design and in the water pumping windmill CWD 2000. A detailed
description of the system can be found in the report KD 213 (ref. 3). Here only the use and
working of the system in general will be explained.

At low wind speeds the vane hangs in an almost vertical position and the moment of the
horizontal component of the aerodynamic force on the vane F, nor around the tower axis is in
balance with the moment of the thrust on the rotor F; (see figure 1). The head and vane
geometry are chosen such that the rotor is about perpendicular to the wind for low wind
speeds. If the wind speed increases, the vane blade turns from an almost vertical to an almost
horizontal position, because the moment of the aerodynamic force around the vane axis must
be in balance with the moment of the weight G of the vane blade.



The horizontal component of the aerodynamic force on the vane blade at a certain wind speed
is much smaller for the vane in the horizontal position than for the vane in the vertical
position. This effect becomes dominant if the wind speed is higher than about 6 m/s and will
result in yawing of the rotor of about 30° out of the wind as the wind speed increases from
6 m/s up to 10 m/s. At higher wind speeds the vane blade is lifted more and more and will be
in a nearly horizontal position at wind speeds of about 35 m/s. At this wind speed the rotor is
about 75° out of the wind. The rotor speed will be about constant for wind speeds between
10 m/s and 35 m/s.

Figure 1 The hinged side vane safety system

The behaviour of this system is very stable for the following reasons:

1 The vane blade is in the undisturbed wind speed and is therefore not hindered by
turbulence of the rotor wake.

2 The eccentricity between rotor shaft and tower axis is adequately high (e = 0.086 D).
Therefore the moment which turns the head out of the wind is mainly determined by the
thrust on the rotor. Other unfavourable forces like the side force on the rotor, the so
called self-orientating moment and the head bearing friction have only a minor effect.

3 As the vane arm is a part of the head, it makes the moment of inertia of the head around
the tower axis very large. This results in slow rotation of the head. This reduces the
gyroscopic moment in the rotor blades, the connecting strip and the generator shaft.

4 At high wind speeds only small changes in the angle between the rotor axis and the
wind direction are necessary to come to a new balance of moments.



5 Manufacture of the parts
5.1 General

The information necessary to manufacture the separate parts is given in drawings belonging to
this manual. It concerns details of rotor (1501-01/A), head (1501-03) and tower (0507-04).
The main assembly (1501-00/A) gives a top view, a front view and a side view of the
complete windmill and details of the generator connection. Some tools are given on drawing
0508-02. Two parts lists, one for parts to be manufactured and one for standard parts
(indicated with N) are available in KD 805. The description for connecting material like bolts
and nuts is in accordance with the description in the Fabory catalogue. The parts list for parts
to be manufactured can be used to order material, but one must be aware that nominal sizes
are given and that the raw material depends on the required tolerance and roughness.
Moreover, one should take into account the length required for clamping in e.g. the head stock
of a lathe. In this manual only parts are described of which it is thought that it would be
necessary to give additional information.

5.2 Rotor (drawing 1501-01/A)
5.2.1 Hub assembly (item 06)

The three spokes item 06/01 have to be welded together under an angle of exactly 120°. It is
advised to connect three strips with the same length to the outer holes during welding to
prevent warp. The welds have to be flattened. The eight central holes are made after welding.
For manufacture of the 8.5° twisting angle, the hub assembly can be clamped in a heavy vice.
The vice has to be mounted on a heavy work bench which must be connected to the floor. For
twisting, two 2 m long angle irons of 40 * 60 * 5 mm can be clamped at 200 mm from the
strip end using bolts M10 * 30. Because the required torque is rather large, two strong men
are required to do the twisting. It is advised to over-twist somewhat and then twist back till
the correct angle is gained. The correct twisting angle can be checked using a 8.5° jig. One
must be alert not to bend the strip during twisting. For serial manufacture development of
special hydraulic twisting tool is advised.

5.2.2 Blade (item 05)

A blade can be made in different ways and it depends strongly on the required quantity which
technique is optimal. The blade has no twist, and the chord and the airfoil are the same for the
whole blade. It is advised to start with three planks with the correct width (180 mm),
thickness (37 mm) and length (1575 mm). All planks should have about the same weight. If
one has to manufacture many blades one may design a fast rotating cutter with the profile of
the shape already in it and if one moves the plank along this cutter one creates the convex side
of the airfoil in one or some strokes. On the other hand, if one has to make only a few blades
it is cheaper to use an electric planing machine and first give the plank two bevelled edges
according to the right view. Next, the convex side of the airfoil is made by carefully planing,
filing and grazing. Finally a small radius is made on the nose at the bottom side. To check the
profile, one needs a jig with the profile of the convex side in it.

To prevent the plank from moving during planing one can connect the plank to a table
by means of two screws of about 5 mm. To establish this connection one should make two
holes of 5 mm with deep bevelled edges on the position of the two outer holes ¢ 10.5 mm,
such that the plane cannot touch the head of the screws. The blades and the vane blade have to
be covered with two layers of epoxy (West System) and two layers of aluminium paint. One
should read the instructions of the supplier of the epoxy very well. The temperature should be
not less than about 15° C and possible amine blush must be removed with warm water.



5.3 Head + tower pipe (drawing 1501-03)
5.3.1 Vane arm assembly (item 01)

Drilling of the hole ¢ 17 in the pin from one side requires a special long drill. It is also
possible to drill the hole (on a lathe) from two sides, but this will probably result in some non-
concentricity in the middle which is acceptable if there are no sharp edges. The hole must be
rounded especially at the top to prevent damage of the cable.

During drilling of the hole ¢ 40 in the 2%, gas pipe, the 45° plane for the generator
bracket must be parallel to the axis of the drill. This situation is accomplished if the 45° plane
is perpendicular to the bed of the drilling machine which can be checked with a carpenters
square. The flat side of the strip (01/05) must be perpendicular to the axis of the hole ¢ 40.
The flatness of the generator bracket (01/06) must be checked after welding. Some
straightening might be necessary.

The pin has an edge at 88 mm from the top. The 2'4” gas pipe has to touch this edge
during welding. Prevent that welding drips fall on the bearing seats. Use stainless steel
electrodes for the welds in between pin and pipe.

5.3.2 Head bearing housing (item 02/02)

Be alert to realise the required concentricity of both bearing seats A and B, otherwise the pin
of the vane arm will be clamped.

5.4 Tower (drawing 0507-04)
5.4.1 Lower tower part (item 01)

For welding of the tower parts one needs a flat floor of at least four metre long.

First a bar (01/10) with a 4 mm hole in it is welded to each leg (01/01) and afterwards
the 12.5 mm hole is drilled in bar and leg. It is advised to use 90° V-block during drilling.

Next two tower legs (01/01) are laid on the floor and seven horizontals (01/03 till
01/09) are laid in between the tower legs. The horizontals are laid on small 3 thick mm strips
to realise the 3 mm distance for the welds.

First one welds the two outer horizontals (01/03) and (01/09) and then the remaining
ones. This procedure is repeated for the other two legs, so two opposite sides of the tower are
created. Next these two sides have to be connected by the remaining horizontals. Mind that
the two horizontals (01/02) are longer than the two horizontals (01/03). This is to limit the
surface pressure in the 12.5 mm bolt hole. Both tower sides are placed on the floor making an
angle of 90° with it. Connect both tower sides using M12 bolts and the welding sheet lower
tower part item 03 given on drawing 0508-02 together with some auxiliary strips to keep them
in correct position. The horizontals of the third side are laid on the floor in between both
tower sides. Next these horizontals are welded to the legs, thus forming the third tower side.
Next the assembly is rotated 180° and the last seven horizontals of the fourth side are welded
to the tower legs. Next on can apply the second weld between horizontal and tower leg on the
outside of the tower. Next the holes in the tower foot can be drilled.

5.4.2 Upper tower part (item 02)

The procedure for manufacture of the upper tower part is the same as for the lower tower part.
On must use the welding sheet upper tower part item 02 given on drawing 0508-02. Mind that
items (02/08) and (02/09) have a thickness of 8 mm in stead of 4 mm for all other horizontals.
This is to create enough strength at the place of the M12 threaded rods. The 12.5 mm holes in
items (02/08) and (02/09) can be made after welding
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5.4.3 Foundation (item 03)

During welding of the foundation items (03/02) must be bolted to the lower tower part (01) to
guarantee proper fitting of tower and foundation.

6 Mounting
6.1 Rotor (see drawing 1501-01/A)

The position of all parts is illustrated on the assembly drawing and the detailed cross sections.
The rotor blades (05) must be mounted to the back side of the hub assembly (06).

Balancing of the rotor is necessary otherwise the rotor will vibrate due to imbalance
caused by the centrifugal forces in the blades. Balancing of the rotor must be done on a spot
with absolutely no wind at all. It might be possible to use the generator as shaft because an
axial flux generator with no iron in the coils has a very low friction torque which is only
caused by the bearing friction. But this must be done without the oil seal mounted in the
generator front cover as the oil seal gives a strong increase of the friction torque!

The generator is mounted on a 1.8 metre high structure to keep the blade tips free from
the ground when the rotor is rotated. Balancing is done by adding several balancing weights
(04) at one or more nuts (03N) until the rotor can be placed in any position without a tendency
to start rotating. After balancing, the connecting strip, the blades and the balancing weights
have to be marked such that the correct position of the parts is clear for the one who has to
mount the rotor again at the site where the windmill is placed.

6.2 Head + tower pipe (see drawing 1501-03)

The position of all parts is illustrated in the assembly drawing and the detailed cross sections.
For mounting the two Permaglide bearings (07N and 08N) in the bearing housing (02/02) one
must use the tool specified above the legend. It is advised to mount the lower bearing from
below before welding of the housing in the pipe. However, because both bearings have a
different outside diameter it is possible to mount the lower bearing from above after welding
but in this case one needs a special long tool. This procedure can be followed if the bearings
have to be renewed after a long time of operation.

Mounting of the vane blade stop and the hinges can be done in the workshop. Mounting
of the tower pipe and the vane blade can better be done on site. The bearing seats of the pin
(01/03) have to be protected during transport. This can be done using a piece of PVC pipe.

The pin of the stainless steel hinges must have a press fitting in the hinge halve with two
eyes. This must be done in the workshop using a vice. One has to deform the eyes of this
hinge halve about 0.3 mm. Fill moving parts with Molycote grease before hammering the pin
in the hinge.

7 Installation (see drawing 1501-00/A, 1501-03 and 0507-04)

The mounting sequence is as follows: The foundation has to be poured into concrete at the
windmill site. It is advised to position the wooden casing such that the axis is North-South
because in this case one of the tower sides has the optimal orientation for a solar panel.

After positioning of the wooden casing, a hole is dug as specified on drawing 0507-04.
On the bottom of the hole four stones are laid on which the foundation is placed in such a way
that the top of the four strip ends are laying in a horizontal plane. Next the concrete is poured.
It takes at least two days for hardening of the concrete. Then the wooden casing can be
removed. Next the lower tower part is connected to the foundation by two bolts (01N), eight
washers (04N) and eight nuts (02N). Next the upper tower part is connected to the lower
tower part by four bolts (O1N) and four nuts (O3N).
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The upper tower part must be supported at the top by a structure of about 1.5 metre high to
keep the rotor blades free from the ground. Next the tower pipe (02) is connected to the lower
tower part using the four clamps (03), two upper threaded rods (04), two lower threaded rods
(05) and 24 nuts (02N). The nuts must be adjusted such that the axis of the tower pipe
coincides with the axis of the tower.

Next the vane arm assembly (01) is pushed in the head bearing housing (02/02) of the
tower pipe (02). The vane arm has to be supported at the end of the 2” pipe by a 1.7 m
supporting pole with an U-groove in the top. Next the vane blade (07) is connected to the
vane arm (01) using the hinges (06N). Next the generator is connected to the generator
bracket using the clamps (04). The three generator cables are connected to the 3-phase
rectifier mounted in a box (both not specified) which is mounted on the upper side of the head
pipe (01/01). Next the electricity cable (04N) is connected to the DC side of the rectifier and
pushed through the central hole in the pin (01/03) of the head. The other end of the cable is
guided through the lower side of box 1 in the tower foot and connected to the 2-phase or 1-
phase short-circuit switch which is mounted in box 1. The ground cable coming from box 1 is
connected to the battery charge controller.

Next the rotor is mounted to the front side of the generator using the clamping sheet
(02) and eight bolts (02N). Always create short-circuit in the generator to stop the rotor before
you work in the neighbourhood of the rotor. A fast rotating rotor is very dangerous! Once the
rotor is stopped it will not start again for a short-circuited generator. Next the batteries and the
load can be connected.

To erect the tower one needs the erection lever specified on drawing 0508-02 and a
heavy winch with a 9 mm steel cable which has to be placed at least 4 metres from the tower
foot. The winch must have a provision to prevent rotation opposite the direction which is
used. The winch needs a solid foundation. May be, the winch can be placed on a heavy truck
with the hand brake on and the motor stopped in the first gearing and heavy stones placed
behind the wheels. Don’t use a truck as winch because erection will take place uncontrolled
and one may damage the windmill if the wheels are slipping!

The erection lever is placed about vertical and is connected to the tower pipe, just above
the top of the upper tower part, by means of a 9 mm steel cable using 10 mm Dee shackles.
The total length of the cable is 7.4 m. A second 9 mm steel cable is connected to the winch
which is positioned at a distance of at least 4 m from the tower centre. One needs a stable
step-ladder to do this. The tower is erected slowly by turning the winch and a second man has
to guide the vane arm during the first metres otherwise the vane blade may be damaged if the
supporting pole falls down.

After erection of the tower the two other bolts (01N) are placed. Now the erection lever
and the cable are removed and the four bolts (01N) are tightened and locked with the second
nut. After connection of the batteries and the required electronics the short-circuit can be
cancelled and this puts the windmill in operation.

8 Maintenance

The windmill has been designed to be maintenance free for at least the first three years. The
vane hinges may need some lubrication after some years if they start to creak but this will
have no significant influence on the functioning. Repainting of the head and the tower
depends on the paint quality and on the climatic conditions. The water level in the batteries
should be checked every half year.
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