A Study on DCVM forward converter for Power Factor

Correction of Wind Power Generator
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A Study on DCVM Forward Converter for
Power Factor Correction of Wind Power
(Generator

by Jang, Su-Hyoung

Dept. of Electrical Engineering, Graduate School,
Korea Maritime University

Abstract

Wind power generation would be the most potent alternative energy
source in near future with growing concern about the shortage of
natural energy resources by a sharp increase in energy consumption
and environmental pollution. In wind power generation, wind energy is
converted to electrical energy via rotary blades and an alternator. With
small size power generation system used in private houses, large scale
wind power generators of megawatt range are also commonly under
commercial generation. It is said that the price of power -electronic
device occupy 25%-35% of whole system price. Power conversion
device can be divided into two parts, one is AC/DC converter part
which converting ac generator voltage into dc voltage and the other is

DC/AC converter part linking with utility line. AC/DC converter should
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meet the various input voltage requirements, and also high power factor
should be achieved.

In this paper, high power factor and high efficiency forward converter
1s suggested by driving it with LC filter in DCVM operation. Being
operated by DCVM, the forward converter’'s loss 1is dramatically
decreased with the presence of voltage zero period when switch is
turned off. It suggests that IGBT switch can be used in wind power
generator system without further loss in the switching period which is
favorable in large power rating system.

Through the experiment, output of 24 [V], 72 [W] is obtained with 90
[Vrms], 110 [Vrms], 260 [Vrms] input voltages. Power factors of 0.998,
0.995 and 0.993 are achieved with input voltage of 90, 220, 260 [Vrms]
respectively. Besides simple control circuit without current sensor, it is
profitable for miniaturization because the size of inductor and capacitor
could be small. Also, THD of the converter is within 10% for the input
voltage range from 90 to 260 [Vrms]. So, DCVM forward converter can
be the possible AC/DC converter in wind power generation with

varying input wind power.
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Table 2 Theoretical value

Parameter Value
L, 4.05 mH
L, 30 kH
o 10 nF
N, 43 turn
N, 34 turn
N, 45 turn
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Table 3 Parameters and value of forward converter

90-260 [ V]

4.05 [mH]

24 [V]

10 [nF]

72 [W]

30 [uH]

100 [kHz]

3,000 [pF]
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@], =& AF Ip= 9A] olth A& o2 SMPS, UPS, High speed
Power switchingoll AFg&o] Hojxa 9Qlt}. Table 4+ SSHINSOA 2]
ArHEs UEd et

Table 4 SSHINKOA features

Symble Characteristic Value Units
I,@Tc=25, C Continuous Drain current 9
I,@Tc=100, C Continuous Drain current 5.7 A
Iny Drain Pulsed-current 36
Vs Gate-to-Source voltage +30 \Y%
dv] dt Peak Diode Recovery qu/dt 2.0 V/ns
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Table 5 Odd harmonics of the line current

w9 [%]

1 3 5) 7 9 11 13 | THD

N[V, ] | 100 | 527 | 721 | 244 | 118 | 1.18 | 042 | 9.52

220 [V, 1 | 100 | 1.35 | 293 | 271 | 0.06 | 092 | 0.24 | 443

260 [V, 1 | 100 | 0.72 | 3.06 | 298 | 0.07 | 1.06 | 0.11 | 4.62

Table 6 Power factor of the line current

MR 90 [V, ] 220 [ Vs | 260 [V, ]
PF 0.989 0.995 0.994
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Fig 4.4 Voltage, Current waveforms for input voltage 90 V,,
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Fig. 4.6 Voltage, Current waveforms for input voltage 220 V,,,
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1) Ref B: 5 Volt 5 us
Chl : 5 [V/div], 5 [ps/div]

Fig. 4.10 Gate waveforms for input voltage

1) Ref B: 100 Volt 2 ms

Chl : 100 [V/div], 2 [ms/div]

Fig. 4.11 C, Voltage waveforms for input voltage 90 V.,
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