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A Calculation Method of the Total Efficiency of Wind Generators

Akira Inoue®, Student Member, Rion Takahashi*, Member, Toshiaki Murata®*, Member, Junji Tamura®, Member,

Mamoru Kimura**, Member, Moto-o Futami**, Member, Kazumasa Ide**, Senior Member

The spread of wind energy converter is progressing in recent years and its capacity is becoming larger and larger. In

order to capture more energy from the wind, it is important to analyze loss characteristics of wind generators for oper-

ating speed which is determined dependent on the wind speed. This paper presents a method to evaluate various losses

in wind generator as a function of wind speed, which is based on the steady state analysis and thus the calculation can

be performed quickly. By using the proposed method, wind turbine power, generator output, various losses, and the

total energy efficiency are calculated for three types of wind speed data which are represented by a weibull function.

o0o0oopooo0oO0o0oOoooo0ooo0oooooooooo
Keywords: wind generator, induction generator, power loss, efficiency, capacity factor
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Table 1. Losses of induction machine.

Brush friction loss (winding type)

Mechanical loss Windage loss

Ball bearing loss

Primary winding copper loss

Copper loss
Secondary winding copper loss

Iron loss

Stray load loss

r1 X1 re X9
Y YN /\/\/\/ Y Y

MA—Y .
]2
E

ri=stator resistance, r2'=rotor resistance,

A

x1=stator leakage reactance, x2’=rotor leakage
reactance, rm=iron loss resistance,
x,,=magnetizing reactance, s(slip)= (Ns-N)/Nj,

N=rotor speed, Ns=synchronous speed.
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Fig.1. Equivalent circuit of induction generator.
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Fig.2. Power coefficient.
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Fig.4. Expression of power flow in the proposed method.
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Table 2. Generator parameters.

rated power 5[MVA] rated voltage 6600[V]
rated frequency 60[Hz] pole number 6
stator resistance | 0.0051[pul stator leakage 0.088[pu]
reactance
. rotor leakage
rotor resistance | 0.0091{pul renctance 0.125[pu]
iron resistance |1377.4 [pul | magnetizing reactance | 4.776[pul
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Fig.6. State variables of generator.
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Fig.7. Wind speed variation. Fig.8. Output power of IG.
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Table 3. Calculation results, (I).
Wind turbine | Iron loss Copper Windage Bearing Stray load Generated Energy
energy[MJ] [MJ] loss[Md] loss[MJ] loss[MJ] loss[Md] power[MJ] | efficiency[%)]
PSCAD 43.88 0.69 0.47 0.023 0.011 0.27 42.40 96.64
Wind1
Proposed method 43.88 0.69 0.47 0.023 0.011 0.27 42.42 96.67
PSCAD 42.04 0.69 0.39 0.023 0.011 0.22 40.07 96.81
Wind2
Proposed method 42.03 0.69 0.39 0.023 0.011 0.22 40.06 96.78
PSCAD 40.96 0.69 0.34 0.023 0.011 0.20 39.70 96.90
Wind3
Proposed method 40.95 0.69 0.34 0.023 0.011 0.20 39.67 96.87
Wind3 PSCAD 40.96 0.69 0.24 0.023 0.011 0.20 39.80 97.14
(x2—1/2) Proposed method 40.95 0.69 0.24 0.023 0.011 0.20 39.77 97.12
Wind3 PSCAD 40.96 0.69 0.18 0.023 0.011 0.20 39.85 97.29
2—1/5) Proposed method 40.95 0.69 0.18 0.023 0.011 0.20 39.85 97.26
000 bO1250 10 O 0O 20050 951
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Table 4. Weibull parameters.

area Ave.wind speed [m/s] c k

Kitami city 5.3 6.0 1.6

Erimo cape 9.0 10.0 2.2

Mt.Fuji’s slope 10.5 9.5 1.6
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Fig.9. Probability density distribution.
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Table 5. Calculation results, (II).
Wind turbine Iron loss Copper Windage Bearing Stray load Generated Total energy Capacity
energy[MW h] [MWh] loss[MW h ] loss[MW h ] loss[MWh] loss[MW h ] power[MW h ] efficiency[%] factor[%]
7697.31 121.80 83.01 3.94 1.89 47.91 7438.57 96.63 16.98
B 20410.14 227.30 261.66 7.54 3.55 146.88 19762.98 96.82 45.12
C 16935.81 186.63 221.01 6.18 2.92 123.93 16394.93 96.80 37.43
06 OOdd goooobooooobooooooo

Table 6. Operation time.

area Operation time [h]

A Kitami city 3433.42
Erimo cape 6433.68
C | Mt.Fuji’s slope 5284.30
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