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SUMMARY

This paper presents the power quality assessment of Vestas
V47-660 kW wind turbine generation system which is located in
Haeng-Won wind farm. By the standard of IEC 61400-21 issued
on the power quality of wind power generation, measurement and
assessment are carried out using high accuracy power quality
analyzer in normal and special operation condition.

In these operation, voltage, current, power, harmonic, inrush
current at soft starting and cutoff current are measured. Using
these data, the assessment of power quality is accomplished.

From the viewpoint of assessment, V47 system has good power
quality characteristics. But it i1s shown that this system has low
power factor and voltage harmonic problem in the bin of lower
wind speed which is from 4 [m/s] to 6 [m/s].
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Table 2 Specification of requirements for

measurement equipment
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Table 3 Specifications of power quality analyzer

Voltage

Four voltage inputs, A, B, C, neutral to ground voltage

Current

Four current inputs, phase A, B, C, and neutral current

Circuit Type

Single phase split phase, 3-phase wye, 3-phase delta

Input
Impedance |5 Mega-ohm
o 8 selectable inputs and 8 outputs through external 1/O
Digital .
(optional)
Voltage |5-750 VAC and 0-800 VDC
0~10,000 amps through external current clamps (0-3
Current )
VAC input)
Measurement | Frequency [DC, 45 to 65 Hz, and 400 Hz
range_?nd 256 samples per cycle, (nominal 153 kHz @ 60 Hz, 12.8
capability | . e Rate |kHz @ 50 Hy), 400 Hz
mode : 32 samples per cycle (nominal 12.8 kHz)
Peak .
Sampling at 4 MHz
Detector
Voltage and |True RMS (minimum, maximum, and average), peak (hi,
Current [low, abs), waveform, instantaneous
Power Watt, VAR, VA, power factor, phase angle, unbalance
Energy/ |Watt-hours, var-hours (supplied, delivered, and totaled),
Measurement Demand |thermal demand
capability
Transient (250 nano-second w/ 4 MHz peak detect
) To 60rd voltage, current and power, THD, meets IEC
Harmonics
61000-4-7
Flicker  |Pst, Plt, instantaneous, meets IEC 61000-4-15, IEC 868
Resolution |14 bit
Measurement Voltage, |F0.05 % of full scale 0.1 % of full scale (VA, VAR,
accuracy Current  |Watt, PF)
Energy 0.1 % of full scale

Recording and
data storage
continous or by
exception
recording rate

Adjustable from one cycle up to one week, multiple

rates per measurement type




To be continued

10 GB Hard Drive, 144 MB 35 inch Floppy, 64 MB

Data Storage
RAM

Event .
. . All measured or calculated values : internal and external
triggering . .
Up to 32 triggers on any measurement, pre-trigger up
voltage and . L.

to one second, post trigger unlimited

current
Ethernet |TCP/IP, 10 BaseT
Modem |56 kBps, V.90 (internal)
Communications

Serial RS 232

Parallel Centronics for local printer
) 12.1 inch Active color Hibrite SVGA display with fully
Display

User interface sealed Touchscreen

Keyboard (84 key QWERTY, sealed, backlit
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Table 7 Power factor and reactive power

fFaae
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bin bin (kW] [kvar]
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0 33 0 015 | 2609 | 1.8 ¢ 0.39
100 31 0.15 | 031 | 14423 | 031 ¢ 0.99
200 32 0.31 0.46 | 259.69 | 6.27 i 0.99
300 30 046 | 061 | 34663 | 530 c 0.99
400 25 0.61 0.76 | 44234 | 965 i 0.99
500 79 0.76 1.00 | 612.02 | 60.21 i 0.99
660 35 1.00 1.00 | 660.15 | 76.59 i 0.99
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Table 9 Peak output
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Table 10 Specifications of scope recorder

Analog Specifications

Analog Channels 8 or 16
Sampling Rate 1 Sample/s to 100 kS/s
Band width 20 kHz
Resolution 16-hit
Range 50 mV to 1000 V
Isolation 500 Vrms
Filtering 6-pole Bessel anti-alias filter, autotracking
Over Voltage Protection 2 kV
Gain 0.05 % FSR
Offset 0.03 % FSR
Linearity 0.02 %
Maximum Static Error (MSE) 0.10 %

Input Impedance

1 Mega-Ohm, 40 pF nominal

500 Vac, dc-peak, IEC Cat 1

Maximum Input Voltage
CMRR, < 10 V 105 dB
CMRR, > 10 V 72 dB
PC System Platform
Processor Intel Celeron® 466 MHz or greater
RAM 64 MB or greater
Display 10.4" TFT color, 640 x 480

System Hard Drive

Internal IDE hard drive, 4 Gbyte or greater

Acquisition Drive

Internal SCSI hard drive, 9 Gbyte or greater

Floppy Drive

Internal 3.5” 1.44 Mbyte standard, 120 MB Imation
LS-120 Super Disk TM (option)

Acquisition, Display, and Plotting

DA Modes

Continuous, Transient

Triggers

Positive, negative, dual-slope, dV/dt

Pre-trigger

1 to full-disk pre-trigger points

Post-trigger

User selectable

Number of triggers

1 to 10,000

Digital Modes

Status, Frequency, RPM

External 1/O

Clock, Trigger, Start, Stop, Triggered Alarm

External Clock

Up to 50 kHz

Display Modes

Continuous, Triggered Refresh, Meters XY

(transient only)

Realtime Parameters

Max, Min, Peak-to—-Peak, Mean, Slope, Period, Duty
Cycle, Pulse Width, RMS, Thermocouple linearization

Zoom

Zoom X and Zoom Y increase display 2x per click
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