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1 Introduction

Already in 2015 | have designed the VIRYA-3.5 windmill which has a 2-bladed rotor with
wooden blades and a design tip speed ratio A4 = 8. The rotor calculations of this windmill are
given in report KD 589 (ref. 1). This VIRYA-3.5 is meant for 48 V battery charging. The
used axial flux PM-generator is from the Chinese manufacture Hefei Top Grand and has as
model: TGET320-1KW-350R. The existing set of drawings of the VIRYA-3.5 was slightly
modified for the VIRY A-3.3B3. Photos of the drawings are given at chapter 7.

It is expected that at lower rotational speeds, the generator can also be used for 24 V
battery charging. The generator has only been measured by the manufacturer for a resistance
load. The characteristics for a charging voltage of 27 VDC are derived in chapter 6. The
whole generator housing is rotating and the cables of the 3-phase winding are coming out of
the hollow shaft. For 24 V battery charging, a separate 3-phase rectifier is required.
Rectification of the winding is described in report KD 340 (ref. 2).

24 V battery charging requires a rotor with a lower design tip speed ratio A4 = 6. But a
lower design tip speed ratio results in a larger product of the number of blades B and the
chord c. This is realised by using three instead of two blades. This 3-bladed version of the
VIRYA-3.5 is called the VIRYA-3.5B3 to distinguish it from the VIRYA-3.5 with two
blades. The blades of the VIRYA-3.5B3 and the VIRYA-3.5 are the same. However, instead
of a strip, a hub assembly with three ears is used to connect the blades to the generator. All
other components of the VIRY A-3.5B3 are the same as the ones used for the VIRYA-3.5.

The VIRYA-3.5B3 windmill is supplied with the hinged side vane safety system. This
safety system is described in report KD 213 (ref. 3) for the VIRYA-4.2. This system has
proven to work nicely and has a rated wind speed of about 10 m/s if a 9 mm thick meranti
water proof plywood vane blade is used.

The VIRYA-3.5B3 has a tower with a height of about 9.5 m. The two 3.5 m long lower
sections are made out of cold rolled angle iron size 40 * 40 * 4 mm. The upper 3 m long
section is made out of hot dip galvanised 3 gas pipe. The upper section is connected in the
top of the middle section by four clamping blocks and four threaded rods M12.

2 Description of the rotor of the VIRYA-3.5B3

The 3-bladed rotor of the VIRYA-3.5B3 windmill has a diameter D = 3.5 m and a design tip
speed ratio Aq = 6. The rotor has blades with a constant chord and is provided the G6 711
airfoil. This airfoil is described in report KD 285 (ref. 4). This airfoil is flat over 97.5 % of the
chord. The maximum thickness is 14.85 % of the chord. The chord is chosen 180 mm, so the
maximum thickness is 26.73 mm. A blade is made out of a plank of good quality hard wood
with dimensions of 27 * 180 * 1575 mm.

The three blades are connected to each other by a hub assembly made out stainless steel
strip size 6 * 120 mm. The strips are 375 mm long and are welded to each other at the centre
under an angle of 120°. Each strip is twisted 8.5° making that the correct blade angle is
realised at the blade root (see chapter 3). The overlap in between a blade and an ear is
200 mm which results in a free blade length of 1375 mm = 1.375m. The rotor radius
R =1575 + 375 — 200 = 1750 mm = 1.75 m and so the rotor diameter D = 3.5 m. Each blade
is connected to the hub assembly by three hexagon head bolts M10 * 60 and six nuts M10.
A cambered strip is placed under the bolt heads. The mass of the whole rotor is about 17 kg.

The generator housing has an outside diameter of 325 mm and a shaft diameter of
45 mm. The mass of the generator is about 21 kg. The front side of the generator has a collar
with a diameter of 120 mm. This collar is provided with eight threaded holes M10 at a pitch
circle of 100 mm. The hub assembly is bolted to the generator housing by eight bolts
M10 * 30. Locking liquid has to be used at these bolts. The rotor is balanced by adding
balance weights under the connecting bolts of the blades. A sketch of the VIRYA-3.5B3 rotor
is given in figure 1.
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fig. 1 Sketch VIRYA-3.5B3 rotor
3 Calculation of the rotor geometry

The rotor geometry is determined using the method and the formulas as given in report KD 35
(ref. 5). This report (KD 805) has its own formula numbering. Substitution of A4 = 6 and
R =1.75 min formula (5.1) of KD 35 gives:

Arg=3.4286 *r ) 1)
Formula’s (5.2) and (5.3) of KD 35 stay the same so:
B=¢-a (°) ()
d=2/3arctan 1/ Arqg °) (3)
Substitution of B =3 and ¢ = 0.18 m in formula (5.4) of KD 35 gives:
C1=46.542 r (1 — cosd) O] 4)
Substitution of V = 6 m/s and ¢ = 0.18 m in formula (5.5) of KD 35 gives:
Rer=0.72 *10° * v (A ¢* + 4/9) ) (5)
The blade is calculated for six stations A till F which have a distance of 0.275 m of one to
another. Cross section F corresponds to the end of the ear of the hub assembly. The blade has
a constant chord and the calculations therefore correspond with the example as given in
chapter 5.4.2 of KD 35. This means that the blade is designed with a low lift coefficient at the
tip and with a high lift coefficient at the root.

First the theoretical values are determined for C;, o and 3 and next B is linearized such

that there is no twist and that the linearized values for the outer part of the blade correspond as
good as possible with the theoretical values. The result of the calculations is given in table 1.



The aerodynamic characteristics of the G6 711 airfoil are given in report KD 285 (ref. 4). This
airfoil has only be measured for Re = 4 * 10° but the VIRYA-3.5 rotor is rather big and the
design tip speed ratio is rather high and it is expected that the calculated local Reynolds
numbers are high enough to use the measured characteristics. The Reynolds values for the
stations are calculated for a wind speed of 6 m/s because this is a reasonable wind speed for a
windmill with V aeq = 10 m/s.
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table 1 Calculation of the blade geometry of the VIRY A-3.5B3 rotor

No value for o, and therefore for By, is found for station F because the required C; value can’t
be generated. The theoretical blade angle B, varies only in between 8.4° for station A and
9.6° for station E. If a constant value of 8.5° is chosen for all stations, the linearized values of
ouin are lying close to the theoretical values for the most important outer part of the blade. So
the blade isn’t twisted. The ears of the hub assembly are twisted 8.5° right hand in between
the hub and the blade root to get the correct blade angle at station F.

4 Determination of the Cp-A and the Cg-A curves

The determination of the Cp-A and C4-A curves is given in chapter 6 of KD 35. The average
C4/C, ratio for the most important outer part of the blade is about 0.022. Figure 4.7 of KD 35
(for B = 3) and Aqp = 6 and C4/C, = 0.022 gives Cpw = 0.47 (interpolation in between the lines
for Cd/C| =0.02 and Cd/C| = 0.03).

The blade is stalling in at station F. For the calculation of the maximum C, therefore not
the whole free blade length k = 1.375 m is taken into account but only the part up to 0.125 m
outside station F. This gives an effective blade length k* = 1.25 m.

Substitution of C, v = 0.47, R = 1.75 m and effective blade length k> = 1.25 m in
formula 6.3 of KD 35 gives Cp max = 0.43. Cqopt = Cpmax / Aopt = 0.43 /6 = 0.0717. Substitution
of Aopt = Ag = 6 in formula 6.4 of KD 35 gives Ayn = 9.6. The starting torque coefficient is
calculated with formula 6.12 of KD 35 which is given by:

Cosan =075 B* (R-14k) *Ci*c *k /7R () ©)

This formula is only valid for a rotor with constant chord and a constant blade angle. The
blade angle is 8.5° for the whole blade. For a non rotating rotor, the angle of attack a is
therefore 90° - 8.5° = 81.5°.

The aerodynamic characteristics for the G6 711 airfoil aren’t given for large angles of o
in KD 285. However, the Ci-a curve for large values of o is given as figure 5.10 of KD 35 for
the G06 623 airfoil. It is assumed that this curve can also be used for the G 711 airfoil at large
angles o when the airfoil is stalling. For oo = 81.5° it can be read that C, = 0.3. The whole
blade is stalling during starting and therefore now the real free blade length k = 1.375 m is
taken. Substitution of B =3, R=1.75m, k =1.375 m, C; = 0.3 and ¢ = 0.18 m in formula 6
gives that Cg start = 0.0105.



For the ratio between the starting torque and the optimum torque we find that it is
0.0105/0.0717 = 0.147. This is rather high for a rotor with A4 = 6. The starting wind speed
Viart O the rotor is calculated with formula 8.6 of KD 35 which is given by:

Vstart = \/ ( """"""""""" ) (m/ S) (7)
Cq start 1/29 * WR3

At the specification of the generator it is mentioned that the starting torque is smaller than
0.3 Nm. This is very low and | doubt if this is correct if the generator has a seal on the shaft.
The generator can be used without a seal for a vertical axis wind turbine but for a horizontal
axis wind turbine, a seal is certainly necessary to prevent that water enters the bearings.
Assume that the sticking torque with a seal is 0.8 Nm.

Substitution of Qs = 0.8 Nm, Cqsart = 0.0105, p = 1.2 kg/m® and R = 1.75 m in formula
7 gives that Ve = 2.7 m/s. This is very low for a 3-bladed rotor with a design tip speed ratio
A4 = 6 used in regions with moderate wind speeds.

In chapter 6.4 of KD 35 it is explained how rather accurate Cy-A and Cq4-A curves can be
determined if only two points of the C,-A curve and one point of the Cq4-A curve are known.
The first part of the Cy-A curve is determined according to KD 35 by drawing an S-shaped
line which is horizontal for A = 0. Kragten Design developed a method with which the value
of Cq for low values of A can be determined (see report KD 97 ref. 6). With this method, it can
be determined that the Cg-A curve is about straight and horizontal for low values of A if a
7.14 % cambered plate airfoil is used. A scale model of a three bladed rotor with constant
chord and blade angle and with a design tip speed ratio A4 = 6 has been measured in the wind
tunnel already on 20-11-1980. It has been found that the maximum C, was more than 0.4 and
that the Cq4-A curve for low values of A was not horizontal but somewhat rising. This effect
has been taken into account and the estimated Cy-A and Cq-A curves for the VIRYA-3.5B3
rotor are given in figure 2 and 3.
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fig. 2 Estimated C,-A curve for the VIRY A-3.5B3 rotor for the wind direction perpendicular
to the rotor (6 = 0°)
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fig. 3 Estimated Cq-A curve for the VIRYA-3.5B3 rotor for the wind direction perpendicular
to the rotor (6 = 0°)

5 Determination of the P-n curves and the optimum cubic line

The determination of the P-n curves of a windmill rotor is described in chapter 8 of KD 35.
One needs a Cy-A curve of the rotor and a 8-V curve of the safety system together with the
formulas for the power P and the rotational speed n. The Cp-A curve is given in figure 2. The
8-V curve of the safety system depends on the vane blade mass per area. The vane blade is
made of 9 mm meranti water proof plywood. This vane blade gives a rated wind speed V raseq
of about 10 m/s. The estimated 3-V curve is given in figure 4. The head starts to turn away at
a wind speed of about 6 m/s. For wind speeds above 10 m/s it is supposed that the head turns
out of the wind such that the component of the wind speed perpendicular to the rotor plane, is
staying constant. The P-n curve for 10 m/s will therefore also be valid for wind speeds higher
than 10 m/s.
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fig. 4 Estimated 6-V curve for a 9 mm meranti water proof plywood vane blade
The P-n curves are determined for wind the speeds 3, 4, 5, 6, 7, 8, 9 and 10 m/s. At high wind

speeds the rotor is turned out of the wind by a yaw angle & and therefore the formulas for P
and n are used which are given in chapter 7 of KD 35.



Substitution of R = 1.75 m in formula 7.1 of KD 35 gives:

Ns = 5.4567 * A * cosd * V (rpm) (8)
Substitution of p = 1.2 kg/m* and R = 1.75 m in formula 7.10 of KD 35 gives:

Ps=5.7727 * C, * cos% * \V° (W) (9)

The P-n curves are determined for C, values belonging to A is 3, 4, 5, 6, 7, 8, 9 and 9.6
(see figure 2). For a certain wind speed, for instance V = 3 m/s, related values of C, and A are
substituted in formula 8 and 9 and this gives the P-n curve for that wind speed. For the higher

wind speeds the yaw angle as given by figure 4, is taken into account. The result of the
calculations is given in table 2.

V=3m/s |V=4mls |V=5mls V=6m/s V=7m/s |V=8m/s |V=9m/s [V=10m/s
8§=0° §=0° 3=0° 5=0° §=3° §=12° 5=21° 5 =30°

Cp |n n n Ns Ps Ins |Ps [ns [Ps |Ng Ps |ns Ps

B P P
(rpm) [(W) |(rpm) |(W) |(rpm) (W) |(rpm) [(W) |(rpm) [(W) |(rpm) |(W) |(rpm) |[(W) |(rpm) |(W)

—
'
~

0.15 |49.1 |23 65.5 |55 819 |108 |98.2 (187 [114.4|296 [128.1]|415 |137.5|514 |141.8|562

0.3 |655 |47 [87.3 |111 [109.1(216 |131.0|374 [152.6|592 |170.8|830 |183.4)|1027 |189.0|1125

819 [62 109.1/148 |136.4|289 [163.7[499 |190.7|789 |213.5/1106 |229.2|1370 |236.3|1500

0.43 |98.2 |67 131.0(159 |163.7|310 |196.4 (536 |228.9|848 [256.2|1189 |275.1[1472 |283.5|1612

0.4 |114.6|62 152.81148 (191.0|289 |229.2(499 [267.0|(789 [298.9|1106 |320.9|1370 |330.8 1500

0.3 |131.0|47 174.6[111 |218.3]|216 |261.9(374 |305.2|592 [341.6|830 |366.8 1027 |378.1|1125

0.13 [147.3|20 196.4 148 245.6 194 29471162 |343.3|256 |[384.3(360 [412.6[445 |425.3|487

o|o|o|~|o]|a|s|wl~ >
o
~

(o]
o

157.210 209.5|0 261.9|0 314.3|0 366.2|0 409.9|0 440.110 453.7 |0

table 2 Calculated values of n and P as a function of A and V for the VIRY A-3.5B3 rotor

The calculated values for n and P are plotted in figure 5. The optimum cubic line which is
going through the tops of the P-n curves is also given in figure 5.
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fig. 5 P-n curves of the VIRYA-3.5B3 rotor and the optimum cubic line



6 Determination of the generator characteristics and the P¢-V curve

An axial flux generator of Chinese manufacture has been chosen. Axial flux means that the
magnetic flux which is flowing through the coils is in parallel to the generator axis. There is
no iron in the coils and so the sticking torque is only determined by the friction of the
bearings and the seal on the shaft. As there is no iron in the coils, there are no magnetic losses
and the peak efficiency is rather high. Such generators are supplied by different Chinese
suppliers like Hefei Top Grand, Xinda Green Energy, Hiestmotor and Qiangsheng Magnets.
| have chosen Hefei Top Grand because they gave the clearest answers on my questions.
I have bought and tested a smaller generator model TGET165-0.15KW-500R at this company
and they keep their promises. Measurements for this generator and experiments with a small
wind turbine are given in report KD 595 (ref. 7).

For the VIRYA-3.5B3, | have chosen the generator with model TGET320-1KW-350R
(320 refers to about the housing diameter; the real diameter is 325 mm, 1KW refers to the
rated power in KW and 350R refers to the rated rotational speed in rpm). The same generator
is also used for the 2-bladed VIRYA-3.5 as described in report KD 589 (ref. 1). However, the
VIRYA-3.5 has a much higher design tip speed ratio of 8 and therefore a higher rotational
speed. The generator can therefore be used for 48 V battery charging.

A data sheet about this generator can be found on the website of Hefei Top Grand
following the path: www.china-topgrand.com — product — Permanent Magnet Generator Outer
Rotor — page 2 — TGET320-1KW-350R. There are two links for this model number. One must
use the first picture with two generators on the photo. The data sheet gives: Range of
Application at point 3, Shape Drawing at point 4, Performance Parameter at point 5 and
Curve Graph at point 6.

At point 3, Range of Application, it is mentioned: “0.5 — 1 KW wind turbine”. At point 5
no 11 it is mentioned that the starting torque is smaller than 0.3 Nm (One uses N/m but this is
incorrect). | think that this only that low if the generator has no oil seal on the rotor shaft. No
water will enter the bearings if the shaft is mounted vertical. The same was the case with the
generator model TGET165-0.15KW-500R which | have tested. However, the housing of this
generator was provided with a chamber in which an oil seal can be mounted. | expect that this
is also the case for the TGET320-1KW-350R housing if it has no standard seal. But the
starting torque with a seal will be substantially higher. In chapter 4 it was assumed that it is
0.8 Nm with a seal. At point 5 no 18 it is mentioned that the generator has a mass of 20 kg
which seems acceptable for the VIRYA-3.5B3.

The generator is of the model “Outer Rotor” which means that the whole generator
housing is rotating around the shaft. The following values are copied from point 5.

No 1 Rated power = 1 kW = 1000 W.
No 2 Rated speed = 350 rpm

No 3 Rated voltage = 56 VDC

No 4 Rated line current = 12.89 A
No 6 Efficiency => 85 %

So the rated line current is 12.89 A. This must be the average AC current | in one of the phase
lines. So this current can’t be used to calculate the generated DC power. One should have
mentioned the DC current after the rectifier. The relation in between the effective DC voltage
Upcetr and the effective AC phase voltage Ues is given by formula 13 out of KD 340 (ref. 2,
if the voltage drop over the rectifier diodes is neglected). Ue is the effective AC voltage in
between the star point and one of the phases. This formula can be written as:

Uett = Upcerr / (0.955 * V2 *\3) (V) (10)
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Substitution of Upcers = 56 VDC in formula 10 gives that Ues = 23.94 VAC. The power
generated in one phase can now be calculated and is 23.94 * 12.89 = 308.6 W. So the power
generated in the three phases is 3 * 308.6 = 926 W. This is lower than the rated power of
1000 W. An electrical power of 926 W at a voltage of 56 VDC results in a DC current of
926 /56 = 16.54 A.

The reason that the DC power is lower than the AC power is probably that one didn’t
use a rectifier during the measurements. The given measured P-n curve given at point 6 of the
data sheet is a parabolic line. This means that a resistance is used as load. | expect that one
has used three resistors which are directly connected to the three phases and that the resistors
are connected in star. If the generator is used this way, all phases are used during 100 % of the
time. If the generator is rectified in star, each phase is used only during 2/3 of the time. This
results in a power loss of about 7 % and so the generated power at battery charging is only
about 93 % of the power with a resistance as load. This explains that 926 W instead of
1000 W is generated for battery charging.

The winding is internally connected in star and only three wires are coming out of the
hollow generator shaft. So the star point isn’t available. As the nominal voltage is 56 VDC,
the generator is meant for 48 V battery charging. But it can also be used for 24 V battery
charging at lower rotational speeds. It is assumed that the average charging voltage for a 24 V
lead acid battery is 27 VDC. So the Pmecn-n curve for 27 VDC is needed to check the
matching in between rotor and generator.

For the derivation of this curve, one needs the open DC voltage at n = 350 rpm. This
voltage isn’t given by Hefei Top Grand. However, the same generator is also supplied by
Xinda Green Energy website: www.xindaenergy.com. This manufacturer doesn’t use the
model indication TGET320-1KW-350R but one finds this generator if one goes to Permanent
Magnet Generator and then types at “Product Search”: 1kw 350rpm axial flux permanent
magnet generator. Then one finds a data sheet which is almost identical to the data sheet of
Hefei Top Grand. Xinda Green Energy supplies this generator for two different voltages
220 VAC and 56 VDC. The 56 VDC curve is rather small and difficult to read. It has very
unusual numbers on the U-axis being 0, 12, 25, 37, 49, 62 and 74 V. The open U-n curve is a
straight line through the origin and it is read that U = 68 V for n = 350 rpm. So the open
voltage is reduced from 68 VDC up to 56 VDC if an electrical power of 1000 W is extracted.
This is a rather low voltage reduction for this rated power and it might be that the real voltage
reduction for the generator of Hefei Top Grand is larger. At this moment it is assumed that a
voltage reduction from 68 VDC up to 56 VDC is right but it must be checked if the open
voltage is really 68VDC at n = 350 rpm if a generator is available! Both voltage lines are
straight lines through the origin if the load is a resistance. These lines are given in figure 6.
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In my report KD 78 (ref. 8), very extensive measurements are given for a PM-generator made
from an asynchronous motor. The measurements for different constant voltages in star and the
measurement for short-circuit in star all have Q-n curves with the same shape. The curve is
lying more to the right as the voltage is higher. The first part of the curve, up to a torque of
about 2/3 of the peak value, is a straight line. So first it is tried to find the Q-n curve for the
rated voltage of 56 VDC. Earlier it was found that the electrical power for battery charging is
926 W for n = 350 rpm and U is 56 VDC. Assume that the efficiency = 0.77 for this point. So
the mechanical power is 926 / 0.77 = 1203 W. The torque Q is given by:

Q=30P/(x*n) (Nm) (11)

Substitution of P = 1203 W and n = 350 rpm in formula 11 gives that Q = 32.8 Nm rounded to
33 Nm. So the rated torque is 33 Nm. The Q-n curve starts at the rotational speed for which
the open voltage is 56 VDC. In figure 6 it can be read that this is about the case for
n =290 rpm. The friction torque of the bearings and the seal is neglected. So it is expected
that the Q-n curve for 56 VDC is a straight line in between the point n = 290 rpm and
Q =0 Nm and the point n = 350 rpm and Q = 33 Nm.

It is assumed that the Q-n curve for 56 VDC bends to the right for rotational speeds
higher than 350 rpm and that the peak torque is 50 Nm at n = 460 rpm. To derive the Pmecn-n
curve, several points have to be chosen on the Q-n curve. This is done for every 10 rpm.

The Q-n curve for 27 VDC has the same shape but it starts at a much lower rotational
speed. It starts at the rotational speed for which the open voltage is 27 VDC. In figure 6 it can
be read that this is about the case for n = 140 rpm. So the Q-n curve for 27 VDC is found by
shifting of the Q-n curve for 56 VDC to the left. The Q-n curve for 27 VDC is also given in
figure 7. The Q-n curve for short-circuit also has the same shape but it starts at n = 0 rpm.
This curve is also given in figure 7. This last curve is extended up to n = 240 rpm.
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fig. 7 Estimated Q-n curves for U = 56 VDC, for U = 27 VDC and for short-circuit
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The selected points of the Q-n curve for 27 VDC are given in table 3. Now it is possible to
derive the Ppecn-n curve for 27 VDC.

Formula 11 can be written as:
P=Q*n*n/30 (W) (12)

P is calculated for the selected values of Q for 27 VDC using formula 12. The calculated
values are also given in table 3. P is also calculated for the selected values of Q for
short-circuit. The calculated values are also given in table 3.

To find the Pg-n curve for 27 VDC, a certain n-n curve has to be estimated. It is
estimated that n = 0.9 for n = 160 rpm, that n = 0.77 for n = 200 rpm and that n = 0.59 for
n =310 rpm. The estimated n-n curve is given in figure 8. The estimated values of n as given
in figure 8 are also given in table 3. The calculated values of P and the generated heat Ppeat
are also given in table 3.

27 VDC Short-circuit
n(rpm) | Q (NmM) | PuecnW) | ngen () | Pt (W) | Preat (W) | n(rpm) | Q (Nm) | P(W)
140 0 0 0 0 0 0 0 0
150 55 86 0.82 71 15 10 55 6
160 11 184 0.9 166 18 20 11 23
170 16.5 294 0.885 260 34 30 16.5 52
180 22 415 0.845 351 64 40 22 92
190 27.5 547 0.805 438 109 50 27.5 144
200 33 691 0.77 525 166 60 33 207
210 37 814 0.742 604 210 70 37 271
220 40.1 924 0.718 663 261 80 40.1 336
230 42.6 1026 0.7 718 308 90 42.6 401

240 44.6 1121 0.682 764 357 100 44.6 467

250 46.2 1210 0.665 804 406 110 46.2 532

260 47.5 1293 0.65 841 452 120 47.5 597

270 48.4 1368 0.636 870 498 130 48.4 659

280 49.1 1440 0.623 897 543 140 49.1 720

290 49.7 1509 0.611 922 587 150 49.7 781

300 49.9 1568 0.6 941 627 160 49.9 836

310 50 1623 0.59 958 665 170 50 890

180 49.95 942

190 49.9 993

200 49.8 1043

210 49.6 1091

220 49.3 1136

230 49 1180

240 48.7 1224

table 3 Calculated values of Q, Pmech, Per @and Presr as a function of n and mgen for
27 VDC, calculated values of Q and P for short-circuit
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fig. 8 Estimate n-n curve for 27 VDC

Figure 5 is now copied as figure 9. The Pmech-n curve and the Pg-n curve can be derived from
table 3 and are also given in figure 9. The P-n curve for short-circuit can also be derived from
table 3 and is also given in figure 9.
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fig. 9 P-n curves of the VIRYA-3.5B3 rotor and the optimum cubic line, Pmech-n and Pg-n
curves for 27 VDC, P-n curve for short-circuit

In figure 9 it can be seen that the Pmecn-n curve for 27 VDC is intersecting with the optimum
cubic line at a wind speed of about 5.5 m/s. De matching is good for wind speeds above 4 m/s
because the Pyech-n curve for 27 VDC is lying close to the optimum cubic line. The working
point for V = 10 m/s is lying at a rotational speed of about 300 rpm. In table 3 it can be seen
that Pheat = 627 W for n = 300 rpm. This is rather high and it has to be checked in practice if
the cooling capacity of the generator is high enough at n = 300 rpm.

The P-n curve for short-circuit is touching lying the P-n curve of the rotor for V = 8 m/s
and so the rotor can be braked down to almost stand still for wind speeds below 8 m/s. But
one should be alert that the rotational speed is really reducing if short-circuit is made. It is
advised to place the short-circuit switch at the tower foot.
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The working point for a certain wind speed is the point of intersection of the Pmech-n curve of
the generator with the P-n curve of the rotor for that wind speed. The electrical power for a
certain working point is found by going exactly vertical from the working point until the P¢-n
curve is crossed. If this is done for each working point, one gets the P¢-V curve which is
given in figure 10.
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fig. 10 Pg-V curve for the VIRYA-3.5B3 for 27 VDC

In figure 10 it can be seen that the P¢-V curve starts at a cut-in wind speed of about 2.8 m/s.
This is rather low and so the VIRYA-3.5B3 can be used in regions with low wind speeds. In
chapter 4 it was calculated that the starting wind speed is 2.7 m/s. So there is no hysteresis in
the Pg-V curve. In figure 10 it can be seen that the power at the rated wind speed
Vrated = 10 m/s and higher is 950 W so almost 1 kW. This is very good for a wind turbine with
a rotor diameter of 3.5 m and a rated wind speed of 10 m/s.

If the charging voltage at high wind speeds is 27.6 V and if the maximum power is
about 950 W, it means that the maximum DC current is about 950 / 27.6 = 34.4 A. This is a
rather high DC current. The 3-phase rectifier is placed close to the generator. It is advised to
use a flexible cable with four wires of 4 mm? and to connect two wires in parallel. The head
pin has a central hole with a diameter of 17 mm. The outside diameter of a cable with four
wires of 4 mm? is a little less than 17 mm and so such a cable fits in the central hole.

The generator characteristics for 27 VDC are based on rather inaccurate values
supplied by Hefei Top Grand and Xinda Green Energy. The m-n curve of figure 8 is
estimated. The Pg-n and the Pg-V curves are therefore only an indication of what can be
expected from the chosen generator. It is strongly advised to buy a generator and to measure it
on an accurate test rig for a real 24 V lead acid battery of a large capacity to prevent a high
charging voltage at maximum power or for a 27 V battery charge controller with a dump load.

To prevent over charging if the batteries are full, a battery charge controller has to be
used. This controller consists of a voltage controller and a dump load. A 27.6 V, 200 W
battery charge controller is described in a free manual (ref. 9) which can be found at the
bottom of the list with KD-reports. The dump load has an aluminium cooling plate size
3 * 250 * 500 mm on which two resistors and one power transistor are mounted. To increase
the power which can be dissipated for 24 V battery charging, the cooling plate dimensions can
be increased up to 3 * 1250 * 500 mm. Ten resistors and five power transistors are mounted.
The same voltage controller can also be used for a bigger dump load.
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7 Drawings of the VIRYA-3.5B3

The drawings and part lists of the 2-bladed VIRYA-3.5 have already been made in 2015. To
make that these drawings can also be used for the 3-bladed VIRYA-3.5B3, some
modifications were made. The whole set of drawings is given on the following five drawings:

1501-00/A Main assembly

Originally this drawing gives a view of the VIRYA-3.5 with wooden blades and the
VIRYA-3.18 with stainless steel blades. The view of the VIRYA-3.18 is replaced by the view
of the VIRYA-3.5B3. The VIRYA-3.5 which is used for 48 V battery charging has the
rectifier in a box at the tower foot. The VIRYA-3.5B3 is used for 24 V battery charging and
the maximum current is therefore much larger. It is therefore chosen to place the 3-phase
rectifier close to the generator and to go downwards with a cable with four wires of 4 mm? of
which two wires are connected in parallel. The rectifier has still to be chosen. It might be
needed to place the rectifier in a box on top of the head pipe.

1501-01/A Rotor

The drawing of the balancing weight item 04 is cancelled. This creates enough room for a
drawing item 06 if the stainless steel hub assembly VIRYA-3.5B3. The rotor of the
VIRYA-3.5B3 is also added to the assembly drawing. Three blades item 05 and three
clamping strips item 03 are needed for the VIRYA-3.5B3. As the VIRYA-3.5B3 has three
blades, nine bolts and eighteen nuts are needed. The bolts to connect the hub assembly to the
generator are now 30 mm long. The items 01 and 02 are cancelled for the VIRYA-3.5B3.

1501-03 Head
This drawing isn’t changed

0507-04 Tower
This drawing isn’t changed. The tower is also used for other VIRY A windmills and therefore
it has another drawing number.

0508-02 Tools

This drawing isn’t changed. This drawing contains an erection lever to erect the tower and
two welding sheets to weld the upper part of the lower tower section and the lower part of the
upper tower section.

A new set of parts lists has been made for the VIRYA-3.5B3. One part specifies the materials
for parts to be manufactured and one part specifies the standard parts.

All four windmill drawings are hand written on film size Al. The tools are given at film size
A2. So the drawings aren’t digital. I have made photos of the drawings and these photos are
added as figure 11 up to 15. I could not make better photos but it is what it is. If a photo is
printed at paper size A4, it becomes too small to read the measures. The measures can be read
on the computer screen if the picture is blown up but this is very impractical in a workshop.
Making real paper copies is expensive as | have to drive to Eindhoven because no large size
printing is possible in Sint-Oedenrode. If someone is interested in building the VIRYA-3.5B3,
I can make paper copies but one has to pay the printing costs, the transport and mailing costs
and a certain fee for my time. This will cost € 150. The part lists are given after the photos.

A separate folder was made for the VIRY A-3.5B3 which can be found at my website at
the menu VIRYA-folders. A manual was made for the VIRYA-3.5B3 which can be found at
my website at the bottom of the menu KD-reports.
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fig 11 Main assembly VIRY A-3.5B3 Drawing 1501-00/A



fig. 12 Rotor VIRY A-3.5B3 Drawing 1501-01/A

fig. 13 Head VIRYA-3.5B3 Drawing 1501-03
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fig. 14 Tower VIRYA-3.5B3 Drawing 0507-04
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fig. 15 Tools VIRYA-3.5B3 Drawing 0508-02
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item drawing |sheet | subject material nominal size standard | mass |quantity
number | number |size per per
item | assembly
1501-00 |Al main assembly 192 1*
01 1501-01 |Al rotor 17 1*
for generator see list 21
of standard parts
03 1501-03 |Al head + tower pipe 622 |1*
04 0507-04 |Al tower 918 |1*
1501-01 |A1l rotor 17 1*
03 1501-01 |A1l clamping strip s.s. AISI1 304 |2 — 40 * 200 012 |3*
04 1501-01 |Al balancing weight s.s. AIS1 304 |50 * 50 thickness 0.02-|?*
1,1.50r2 mm 0.04
05 1501-01 |Al blade hard wood 180 * 27 — 1575 345 |3*
(see drawing)
06 1501-01 |Al Hub assembly 6.3 1*
VIRYA-3.5B3
06/01 1501-01 Al Spoke s.s. AISI 304 | 6* 120 * 374 2.1 3*
1501-03 |Al head + tower pipe 622 |1*
01 1501-03 |Al vane arm assembly 196 |1*
01/01 1501-03 Al pipe Fe 360 2Y5” welded gas 9.76 |1*
pipe (¢ 76.1 *
3.65) - 1537
01/02 1501-03 |Al pipe Fe 360 15" welded gas 361 |1*
pipe (¢ 48.3*
3.25) - 999
01/03 1501-03 Al pin s.s. AISI 304 | ¢ 53 * 296 238 |[1*
01/04 1501-03 Al ring Fe 360 ¢ 70* 25 024 |1*
01/05 1501-03 Al strip Fe 360 50 * 10 — 749 292 |1*
01/06 1501-03 |Al generator bracket Fe 360 120* 6120 0.67 |1*
02 1501-03 |Al tower pipe 320 |1*
02/01 1501-03 Al pipe Fe 360 hot 3” welded gas 2694 |1*
dip pipe (¢ 88.9 *
galvanised 4.05) — 3000
02/02 1501-03 |A1l bearing housing s.s. AISI 304 | ¢80 * 178 506 |1*
03 1501-03 Al clamp tower pipe Fe 360 50*20—124 0.62 |4*
04 1501-03 Al clamp generator Fe 360 50 *20-120 0.7 4*
05 1501-03 Al vane blade stop Fe 360 3-200* 375 176 |1*
hot dip
galvanised
06 1501-03 |Al vane blade strip s.s. AISI1304 [2-35*80 0.04 |2*
07 1501-03 |Al vane blade water proof |9-800 * 800 3.5 1=*
meranti
plywood
Engineering office Kragten Design List of Subject:
Populierenlaan 51 parts to be | Electricity generating windmill
5492 SG Sint-Oedenrode manufactured
The Netherlands, tel. + 31 413 475770 VIRYA-3.5B3
e-mail: info@kdwindturbines.nl
Annex of drawing Made up by: Date of last
1501-00 A. Kragten modification:
Date:
16-6-2026 Page 1 of 2
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item drawing |sheet | subject material nominal size standard | mass |quantity
number | number |size per per
item | assembly
0507-04 |Al tower 918 |1*
01 0507-04 |Al lower tower part 406 |1*
01/01 0507-04 |Al tower leg Fe 360 cold |[40*40*4 - 833 |4*
rolled angle | 3500
iron
01/02 0507-04 Al horizontal Fe 360 40* 4324 0.404 |2*
01/03 0507-04 |Al horizontal Fe 360 40 * 4 — 252 0.314 |2*
01/04 0507-04 |Al horizontal Fe 360 40* 4242 0.302 |[4*
01/05 0507-04 |Al horizontal Fe 360 40* 4 232 0.290 (4*
01/06 0507-04 Al horizontal Fe 360 40 * 4 — 222 0.277 |4*
01/07 0507-04 |Al horizontal Fe 360 40* 4212 0.265 |4*
01/08 0507-04 Al horizontal Fe 360 40 * 4 — 202 0.252 |4*
01/09 0507-04 |Al horizontal Fe 360 40*4-192 0.240 |(4*
01/10 0507-04 |A1l bar Fe 360 $25-21 0.057 |4*
02 0507-04 |Al upper tower part 391 |1~*
02/01 0507-04 |Al |tower leg Fe 360 cold [40*40*4 - 833 |4*
rolled angle | 3500
iron
02/02 0507-04 Al horizontal Fe 360 40 * 4 -190 0.237 |4*
02/03 0507-04 Al horizontal Fe 360 40 * 4180 0.225 |4~*
02/04 0507-04 Al horizontal Fe 360 40*4-170 0.212 |4~*
02/05 0507-04 Al horizontal Fe 360 40 * 4 - 160 0.202 |4~*
02/06 0507-04 Al horizontal Fe 360 40 * 4 — 150 0.187 |2*
02/07 0507-04 Al horizontal Fe 360 40 * 4 —140 0.175 |2*
02/08 0507-04 |Al horizontal Fe 360 40* 8- 150 0.374 |2*
02/09 0507-04 |A1l horizontal Fe 360 40*8-140 0.349 |[2*
02/10 0507-04 |A1l bar Fe 360 $25-15 0.042 |4*
03 0507-04 |Al foundation 114 |1*
03/01 0507-04 |Al horizontal Fe 360 40 * 4 — 360 045 |2*
03/02 0507-04 |Al U-strip Fe 360 40 * 8 — 2000 499 |2*
03/03 0507-04 |A1l upper rod Fe 360 ¢ 12 -390 034 |2*
03/04 |0507-04 |Al |lowerrod Fe 360 ¢ 12 - 360 032 |2*
04 0507-04 |Al upper threaded rod | s.s. AISI 304 | M12 * 244.5 018 |[2*
05 0507-04 Al lower threaded rod | s.s. AIS1 304 | M12 * 254.5 019 |2*
Engineering office Kragten Design List of Subject:
Populierenlaan 51 parts to be | Electricity generating windmill
5492 SG Sint-Oedenrode manufactured
The Netherlands, tel. + 31 413 475770 VIRYA-3.5B3
e-mail: info@kdwindturbines.nl
Annex of drawing Made up by: Date of last
1501-00 A. Kragten modification:
Date:
16-6-2026 Page 2 of 2
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item drawing |sheet | subject material nominal size standard | mass |quantity
number | number |size per per
item | assembly
1501-00 |A1l main assembly
01N 1501-00 |Al axial flux PM- aluminium 1 kW at 350 rpm 21kg |1*
generator model housing, steel | and 56 VDC
TGET320-1KW- shaft
350R (see drawing)
02N 1501-00 |A1l flexible cable neoprene 4 * 4 mm® casing length
casing max. ¢ 16.5 11m
03N 1501-00 |Al 3-phase rectifier, brand still to | size still to be 1*
max DC current be chosen chosen
344 A
04N 1501-00 |Al It might be that a If a box is used, 1*
box is needed in larger threaded
which the rectifier is holes might be
mounted needed in pipe
1501-01 |Al rotor
01N 1501-01 |Al hexagon head bolt | steel 8.8 zinc | M10 * 60 DIN931 9*
plated yellow
passivated
02N 1501-01 |Al hexagon head bolt | steel 8.8 zinc | M10 * 30 DIN933 8 *
plated yellow
passivated
03N 1501-01 |Al hexagon nut steel 8 zinc | M10 DIN934 18 *
plated yellow
passivated
Engineering office Kragten Design List of Subject:
Populierenlaan 51 standard parts Electricity generating windmill
5492 SG Sint-Oedenrode (indicated with N)
The Netherlands, tel. + 31 413 475770 VIRYA-3.5B3
e-mail: info@kdwindturbines.nl
Annex of drawing Made up by: Date of last
1501-00 A. Kragten modification:
Date:
16-6-2026 Page 1 of 2
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item drawing |sheet | subject material nominal size standard | mass |quantity
number | number |size per per
item | assembly
1501-03 | Al head
01N 1501-03 | A1l slotted countersunk |s.s. A2 M6 * 20 DIN963 12 *
head screw (AISI 304)
02N 1501-03 | Al hexagon head screw | steel 8.8 zinc | M8 * 25 DIN933 5*
plated yellow
passivated
03N 1501-03 |Al nut with plastic s.s. A2 M6 DIN985 12*
insert (AISI 304)
04N 1501-03 |Al nut with plastic steel 8 zinc | M8 DIN985 5*
insert plated yellow
passivated
05N 1501-03 |Al plain washer steel zinc for M8 DIN9021 5*
d, = 3d; plated yellow
passivated
06N 1501-03 |Al hinge stainless steel | 3 * 3 (76 * 76) 2%
07N 1501-03 | Al INA Permaglide bronze PAF 40260 P11 1*
flanged bush backing
08N 1501-03 | Al INA Permaglide bronze PAP 3530 P11 1*
bush backing
09N 1503-03 |Al hexagon head bolt | st. 8.8 zinc M10 * 120 DIN931 4*
plated yellow
passivated
10N 1503-03 |Al nut with plastic st. 8 zinc M10 DIN 985 4*
insert plated yellow
passivated
0507-04 |Al tower
01N 0507-04 |Al hexagon head bolt | stainless steel | M12 * 50 DIN931 8*
A2 (AISI
304)
02N 0507-04 |Al hexagon nut stainless steel | M12 DIN934 32*
A2 (AlSI
304)
03N 0507-04 |Al nut with plastic stainless steel | M12 DIN985 4*
insert A2 (AISI
304)
04N 0507-04 |Al plain washer stainless steel | for M12 DIN125A 8*
without chamfer A2 (AlSI
304)
05N 0507-04 |Al stone street clinker | 100 * 100 * 200 4*
06N 0507-04 |Al concrete cement : (about 250 kg about
gravel : sand | cement) 0.85m?
=1:2:3
Engineering office Kragten Design List of Subject:
Populierenlaan 51 standard parts | Electricity generating windmill

5492 SG Sint-Oedenrode

(indicated with N)

The Netherlands, tel. + 31 413 475770 VIRYA-3.5B3
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