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Performance of a Multiple Small Wind Turbine-Solar Panel Hybrid System

Minoru NAGAI, Kenichi NASU and Kazumasa AMEKU

One of the major limitations of wind power is the inconsistency of wind turbine generator
(WTG) outpul. However, there is a pussibility that a multiple wind turbine system could reduce
fluctuations in a total output by canceling out each other’s variations. Theoretically, the deviation
of the multiple wind turbines’ fluctuations is reduced at a rate inversely proportional to the square
root of the number of turbines. The authors have constructed a hybrid multiple WTG system, which
consists of three 1 KW wind turbine generators and four 21.6 W polycrystal solar panels. The
generators are directly connected ta the common 24 V d. . clectric line system. Measurements of the
performance of each generator, such as rolational speed of the turbines, Auctuating electric currents
and fine voltage, and the fluctuations of each generator's output are analyzed. Qur results show that
the hiybrid multiple WT'G system successflully reduces wind turbine output fluctuations.
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Table 1 Specifications of wind turbine generator

Type : Two blade propeller, Upwind
Rated power ;1000 W (at 11 my/s)

Peak power ;1200 W (at 12 m/s)
Rotational speed ;850 rpm

Cul-in wind speed @ 3n/s

Survival wind speed : 85 m/s

Propeller diameter @ 2.7 m

Weight ;35 kg

Table 2 Specifications of solar cell (I panel)

Type : Si-polycrystal
Power :  above 21.6W (aL 16.7V)
Efficiency : about12 %
Area : 018 m?
Angle . 18°
Direction : South
-
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Fig.1 The arrangement of anemometer, wind turbines
and solar cell panels (mm)
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Table 3 Performance of WTGs in each wind direction

Dircction | ¥ g w all
n 21| 30 | M ] 2 | 1%
ooty | 2vemes | 857 | 897 | 626 | 94z | K22
|mis|y Deviation| 2.22 | 2015 | 1.74 | 290 | 2.11
CV. | 026 | 023 | 028 | 031 | 0.26
Average | 34B.2 | 393.2 | 204.2 | 4684 | 330.5
WIGI -
| Dcviton| 502 [ 1121 [1273 [ 2649 | 1409
CV. | a3 | 029 | v6z | 052 | 043
Average | 3415 | 382.0 | 166.2 | 443.1 | 337.2
WIG2
(W) | Devietion| T390 1553 [ 1273 | 2497 | 1471
CV. | Ga4 | 041 | 077 | 0.56 | 046
wics |mes | 2738 3640 | 1018 3104 | 2574

W] Deviation| 161.4 | 136.0 [ 93.7 | 264.7 | 146.2

CV. 1059 037 {092 085 | 057
Three Avernge | 9635 [ 1139.2[ 472.2 | 1221.9] %051
WTGs' | Deviation] 3523 | 319.3 [ 2772 564.2 | 335.6
summation| C\V, 037 [ 028 | 059 | 046 | 037

ol Damping | 077 | 080 [ 079 | 0.4 | 0.78

. 112 075 | 063 | 078 | 0.65 | ©.73
Carrelation

caeflicient T2 0.19 | 034 | 0.14 | 0.16 | 0.2!

131 024 | 040 | 020 | 0.20 | D.25

R : NNW, N, NNE, NE

§ . SSE, 5, S5W, SW
E: ENE, E, ESE, SE

W . WSW, W, WNW, NW
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