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Proposal of a custom-made small wind generator varying a coil connection
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Abstract

Small wind turbines have been paid attention as distributed power generations in recent Japan. However, there
raised a problem that the turbines do not always produce enough energy in weak-wind sites like urban residential areas.
This seems to be because a mismatch between the wind generator’s power rating and wind condition at its installing sited.
This paper therefore proposes a new design method of a small wind generator without any active controllers where a
connection of armature coils is simply changed with common generator structure and the other components. A theoretical
analysis is also verified.

As aresult, it is clarified that a three-phase 2-series-3-parallel Y-connection generator can produce the largest power
to a 12V secondary battery at the site with 6.0 m/s average wind. Also, a three-phase 6-series Y-connection is clear to be
the best for 2.0 m/s average wind area. In this manner, the proposed method is expected to help for design strategy of

small wind generator suitable for various wind conditions.
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Fig.1 Averaged wind speed of years in 2006.
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Fig.2 An observation example of wind occurrence rate.
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Fig.3 Structural drawing of radial coreless synchronous

generator.
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Table.1 Conditions of small wind power generation system.

Coil’s radius of rotation r 0.065 m
Height of magnets 4 0.020 m
three-ph: 24X2
Number of magnets - ce-piase
i single-phase 18X2
Radial coreless generator - -
Magnetic flux density B 035T
Number of coil slots 18
Turns number of each coil N 324
Resistance of each coil Z, 525Q
Savonius windmill Tip Speed Ratio 4 1.0
Radius of rotation R 0.25
Battery Nominal voltage DC12V
4.0 4.0
= 3.0 3.0
% 1S6pP ?:
L (2]
2 2
2 20 283P 2 20
2 2
2 1.0 382p 2 1.0
6S1P 6S1P
0.0 0.0 :
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output current [A] output current [A]
Fig.4 Three-phase Y-connection (z = 100 min™") Fig.5 Three-phase A-connection (z = 100 min™)
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Fig.6 Single-phase (# = 100 min™)
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Fig.7 An example of generator’s connection pattern.
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Fig.8 Load characteristic of 2Series-3parallel (Y-connection)
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Fig.9 Load characteristic of 6Series-1parallel (Y-connection)
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Fig.10 Load characteristic of 3Series-2parallel (Y-connection)
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Table.2 Charged power against each wind speed.

charged power against each wind speed wind speeds where the
connection of armature coils [W] maximum output power is
2.0 m/s 4.0 m/s 6.0 m/s obtained [m/s]
1S6P 0 0 0 12.5
. 283p 0 6.18 19.6 6.0
Y-connection
3s2p 0 8.69 17.6 4.0
6S1P 2.17 6.63 1.1 2.0
three-phase
1S6P 0 0 0 21.5
. 283p 0 0 7.79 10.5
A-connection
3s2p 0 3.46 18.9 7.0
6S1P 0.865 8.59 16.3 35
1S18P 0 0 0 32.0
289p 0 0 0 16.0
. 3S6p 0 0 6.92 10.5
single-phase
6S3pP 0 6.88 17.2 55
2S9pP 0.769 7.63 14.5 35
18S1P 1.91 5.34 8.77 2.0
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Fig.11 Output power availability of each wind speeds.

LML TS T2, KB IR O L O TRV ESF
HARE/OND Z LR TE S, BRI, ZHYER6
B 1 WFFEHGESIP) T, JBE 1.0 m/s LT TIIRE
TERVD, BE2.0ms O X 5 REEEICBVT 99.3 %
ERWENFIAERE O, LBEEEEE 3.0 m/s T 90.0 %,
R 4.0 m/s T 76.2 %, JEEE 5.0 m/s T 65.2 %, JEE 6.0 m/s
T56.7%EEIRIHEMETL TN Z ERHERTE B,

ILICERETED, BET oA VORBERIECEST S
BEZF2OL SICRTT L, 20885591, =
FY FERR, THHARERR, BAE & B ICEIIENZE < R
DIRRVEEENFAERE R ERIBENNSL 25T
EDHERR ENTD, T, BEAEAEZITE bt%;iﬁ!’ﬂﬁjjj A
EREL 2D, RERERTHOEBMOLHEEIZET 2000
ThiHEEZLND,

PlEDZ e, BBV o RGLRESEE ) &2+
SREL, BE VAT L ERROY v F o 7 ERERNC
TS A 7 LT, EFITHRE O EMEREINT 2 &{KiB Iz

20084F




T A VBRI X A B AY B A A RS FSEREORS

160

80

60

charged power [W]

1S6P

0.0 2.0 4.0 6.0 8.0 10,0 12.0
wind speed [m/s]

Fig.12 Charged power of three-phase (Y-connection)
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