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2448 | ARWY) | ARl | 480
A THD | A% THD
F.D.FAN 1 6,270 63 97 0.0 1.5
F.D.FAN 2 6,270 60 97 0.0 1.7
A7NNHA7] 1A 446 318 70 2.7 20.9
A71%-%7] 1B 443 375 73 3.4 20.4
A71-R7) 2A 439 249 72 2.2 20.9
A71- %7 2B 438 336 67 1.3 10.1
3l 4=l A m 430 234 64 3.2 26.5

1x9 &I 7)E)
=227 At %] A [%]

52k | 72| 1RF | 13%F | IAF | 5AF | 7AF | IAF | I3RF | 1A
F.D.FAN 1 0 0 0 0 0 06 | 05 | 06 | 04 | 06
F.D.FAN 2 0 0 0 0 0 05 | 06 | 07 | 03 | 06
A71-A=A7] 1A | 07 | 05 | 04 | 02 | 02 | 86 | 3.4 13 | 07 | 05
A71-AZ7] 1B 09 | 05 | 03 | 02 | 00 | 42 | 30 | 1.0 | 06 | 0.2
A71A-A= 7] 2A 11 | 08 | 05 | 04 | 04 | 136 | 7.7 | 35 | 2.1 1.6
A71A-AZ7] 2B 07 | 09 | 06 | 05 | 05 | 9.2 | 52 | 1.8 | 08 | 0.1
3| 5= 8] A 8] 1.5 | 07 | 1.3 | 08 | 1.0 | 240 | 55 | 75 | 37 | 4.2
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X 4. A AP E AR

Individual Total harmonic
Bus voltage V at PCC . . .
harmonic (%) distortion THD (%)

V < 1.0 kV 5.0 8.0
1 kV <V < 69 kV 3.0 5.0
69 kV <V < 161 kV 1.5 2.5

161 kV <V 1.0 1.5
A% 1xvkE Al dge] H9lel wel THD(%) 2 A&

X 5. 474 At 120VellA 69kV AlgUel AR P E Alx
Maximum harmonic current distortion in percent of Ip
Individual harmonic order (odd harmonics)
Isc/ I 3<h<11 | 11<h<17 | 17<h<23 | 23<h<35 | 35<h<50 TDD
<20° 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0
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Abstract

A Study on Electrical
Power Quality Improvement by

Active Filter Based on

MMC Technology

Young Sik Jeong
Graduate School of Engineering Practice

Seoul National University

Approximately 5% of the total generated power is used for
residential load in the standard coal—fired power plant which is
capable for 612[MVA], 525[MW] generation in Korea. Most of
the residential loads are inductive operating at a low power
factor of 77 ~ 78%. In general, several problems are caused by
the low power factor operation of the 6.9kV power system of

the power plant. The starting failure problem occurs due to the
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instantaneous voltage drop when large capacity motors start.
Consequently, the load loss of the auxiliary transformer
increases due to the enlarged reactive power. Therefore, the
power generation efficiency can be poor.

Recently, the technology of the power electronics has been
rapidly developed, and the large capacity power converters are
applied to power plants diversely. However, all the
medium—voltage and low—voltage devices incorporating power
converters are nonlinear loads and they produce large harmonics
on the electric power network. For instance, static frequency
converter, which adjusts motor speed with thyristor valves and
generator exciter system that regulates the voltage and reactive
power of the generator, is a typical medium—voltage nonlinear
load. Electrostatic Precipitator and Seawater Electro—Hypochlorination
System are typical low—voltage nonlinear loads. As the number
of equipment generating harmonics exceeding a limit of total
harmonic distortion(THD) in a power plant increases, the electric
power quality gets worse. Particularly, the harmonics cause
malfunction of electronic control units and protection relays. This
leads to a frequent breakdown of main power generation
facilities and, shortens a lifespan of the equipment.

In order to avoid the aforementioned problems, the proper

y 2y
- B8 - -"*-_E'l.'.l.l



functional equipment is necessary. Generally, there are three
types of equipment supplying reactive power to the system for
improvement of low power factor and prevention of voltage drop.
One of them is the capacitor banks including capacitors
connecting with series reactors. Another is static var
compensator (SVC) controlled by thyristor valves and the other is
static var generator(SVG) which consists of insulated gate
bipolar transistor (IGBT) components. Regarding equipment for
harmonic elimination, there are two types. One is the shunt
passive power filter (SPPF) that absorbs harmonic current of a
certain order. Another is the shunt active power filter (SAPF)
that eliminates harmonic currents of orders up to 50™ in real
time. A 2 level voltage—type converter is applied to the SAPF in
order to analyze the harmonics from nonlinear loads in real time.
SAPF generates currents in the opposite direction waveform in
order to give an offset to the harmonic currents from the
nonlinear loads.

However, various unintended matters shall happen in applying
the typical type of power factor correction devices or active
filter to the power plants. Utilization of power factor correction
equipment in the power plant i1s dangerous, especially when an

excessive harmonic current flows into the grid. It may cause a

y . 2y
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very severe trouble due to the resonance phenomenon.

Using 2 level converter type active filters in power plant can
lead to abnormal voltage problems which influence generating
facilities and increase the loss due to ultra fast and frequent

switching of IGBT.

Therefore, this paper, proposes an active filter based on the
modular multi—level converter MMC) which overcomes the flaws
of typical power factor correction devices and harmonic filters.
The prototype of the MMC active filter (1kV 100A) is proposed
with the control algorithms and techniques. In addition, the result
of the reliability verification test through PS—CAD and RTDS and
HIL (Hardware in—the Loop) is described.

Finally, the prototype of MMC active filter is installed at the
Seawater Electro—Hypochlorination System load in the power
plant, and the harmonic elimination test is properly carried on
according to the instruction suggested. As a result, all of the
MMC active filter tests satisfy the performance index of the
active filter, and 5th, 7th, 11th, 13th, and 17th harmonic currents
generated from the nonlinear load are reduced to below the
current distortion limits of individual harmonic order according to

IEEE 519 standard.
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It 1s also possible to develop a ultra high voltage MMC active
filter which is applicable to high voltage direct current(HVDC)
transmission line by developing the MMC technology with
connecting more and more sub—modules in series in order to
increase the operating voltage.

Furthermore, it is an excellent solution to solve the power
quality problems caused by the rapidly growing of the distributed

power system.

Keywords : Power quality improvement, Harmonic elimination,
Modular multi—level converter.
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