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A Shunt Active Filter Based on \oltage
Detection for Harmonic Termination of
a Radial Power Distribution Line

Hirofumi Akagi, Fellow, IEEE Hideaki Fujita,Member, IEEE and Keiji Wada,Student Member, IEEE

Abstract—This paper is focused on a shunt active filter based kV bus at night is due to “harmonic propagation” resulting
on detection of harmonic voltages at the point of installation. The from harmonic resonance between line inductors and shunt
objective of the active filter is to attenuate harmonic propagation anacitors installed on the distribution system for power factor
resulting from series/parallel resonance between capacitors for . L . . .
power factor correction and line inductors in a power distribution Co”e‘?t'of‘- Th|§ implies thf"‘t harm.on'c damp'ng.WOUId be as
line. The active filter acts as a low resistor to the external circuit €ffective in solving harmonic pollution as harmonic compensa-
for harmonic frequencies, and it is installed on the end bus of tion [3]. Hence, electric power utilities have the responsibility
the power distribution line, just like a 50-2 terminator installed  for harmonic damping throughout power distribution systems,
on the end terminal of a signal transmission line. Therefore, \yhile individual customers and end users are responsible for
the function of the active filter is referred to as “harmonic . . . .
termination” in this paper. Experimental results obtained from a harmomc cqmpenfsauon of the|r- own noqhnear loads.
laboratory system rated at 200 V and 20 kW verify that the active Since their basic compensation principles were proposed
filter for the purpose of harmonic termination has the capability around 1970, much research has been performed on active
of harmonic damping throughout the power distribution line. filters and their practical applications. In addition, the state-

Index Terms—Harmonic termination, power distribution sys- ~ Of-the-art power electronics technology has enabled us to
tems, pulsewidth modulation inverters, shunt active filters, volt- put active filters into practical use. Active filters for solving
age detection. harmonic pollution in power systems can provide the following

functions:

|. INTRODUCTION ¢ harmonic compensation [4]-[7];

ONLINEAR loads such as high-power diode/thyristor : harmon!c _damp_mg [7-[11];
rectifiers, cycloconverters, and arc furnaces draw nonsi- harmonic isolation [8}-[10], [12], [13].
nusoidal currents from utility grids. A single low-power diode The purpose of a shunt active filter proposed and developed
rectifier used as a utility interface in an electric appliand8 this paper is to achieve harmonic damping throughout a
produces a negligible amount of harmonic current. Howevéadial power distribution line subjected to harmonic propaga-
mu|t|p|e |OW_power diode rectifiers can inject a |arge amourﬁipn. The active filter based on VOltage detection is intended
of current harmonics into power distribution systems. Theé@ be installed by electric power utilities on the distribution
harmonic-producing loads contribute to the degradation €. This paper pays much attention to experimental results
power quality in transmission/distribution systems. which support and follow theoretical analysis and computer-
Oku, et al, have reported the serious status of harmonfémulated results presented in [3] and [14]. Harmonic mitiga-
pollution in Japan [1], [2]. The maximum value of fifthtion of voltage and current is a welcome “byproduct,” which
harmonic voltage in the downtown area of a 6.6-kV poweitems from harmonic damping throughout the distribution line.
distribution system exceeds 7% under light-load conditiod1e active filter is controlled in such a way as to present
at night. The fifth harmonic voltage increases on the 6.6-kipfinite impedance to the external circuit for the fundamental
bus in the secondary of the primary distribution transforméiequency, and as to exhibit low resistance for harmonic
installed in a Substa’[ion, whereas it decreases on the 77_1(QquenCieS. When the active filter is installed on the end bus
bus in the primary under light-load conditions at night. Thes¥ the radial power distribution line, it successfully performs
observations, which are based on the actual measuremef@monic damping throughout the distribution line. This im-
suggest that the increase of fifth harmonic voltage on the 6@ies that the active filter acts as a “harmonic terminator,”
just like a 50€2 terminator installed on the end terminal of a
signal transmission line.
Paper IPCSD 99-03, presented at the 1998 Industry Applications SocietyA laboratory system is designed and constructed, consisting

Annual Meeting, St. Louis, MO, October 12-16, and approved for publicatigyf 3 shunt active filter based on voltage detection, seventh
in the IEEE TRANSACTIONS ONINDUSTRY APPLICATIONS by the Industrial Power

Converter Committee of the IEEE Industry Applications Society. Manuscri;I;larmOnIC voltage and current sources, and a three-phase power

released for publication January 13, 1999. distribution line simulator rated at 200 V, 60 Hz, and 20 kW.
The authors are with the Department of Electrical Engineering, Okayar’B(perimema| results obtained from the laboratory system

University, Okayama 700-8530, Japan (e-mail: akagi@power.elec.okayama- . . Lo . .

u.ac.jp). verify the practical viability and effectiveness of the active

Publisher Item Identifier S 0093-9994(99)03839-6. filter having the function of “harmonic termination.”
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Fig. 1. Three-phase power distribution line simulator rated at 200 V, 60 Hz, J _I _|
and 20 kw.

TABLE | Fig. 2. Power circuit of the active filter.
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Fig. 3. Control circuit of the active filter.

Il. SYSTEM CONFIGURATION
Amplifier Comparator

o . . Z'AF*+
A. Power Distribution Line Simulator .

Fig. 1 shows a three-phase power distribution line simulator ng:}
used for the following laboratory experiments. Table | sum- ; v Triangle Carri
marizes circuit constants of the line simulator on a per-phase AF TV~ Triangle Carrier

base. The line simulator rated at 200 V, 60 Hz, and 20 kW ,L$g_ 4. Current control circuit per phase.
characterized by simplifying a real radial overhead distribution
line rated at 6.6 kV and 3 MW in Japan [3], [14]. Hence, the

. . . - . Fig. 3 shows a control circuit of the active filter. Three-
line simulator is adequate to justify the effectiveness of th : ) . i

T . S phase voltages, which are detected at the point of installation,
active filter for the purpose of harmonic termination.

! . Bll’e transformed toy andv, on thedq coordinates. Two first-
The real overhead line between a bus and the adjacent order high-pass filters (HPF's) with the same cutoff frequenc
can be represented by a lumpB® circuit, the parameters of gh-p d y

which depend on the length and thickness of the line, becal?sTeS Hz as each other extract ac componmtsandvq fr(_)m
and v,. The ac components are applied to the inverse

. . v,
it is reasonable to neglect the effect of the stray capacnorscfxlf transformation circuit, so that the control circuit yields
the line for the fifth and seventh harmonic voltage and current ’

: . ._“three-phase harmonic voltages at the point of installation.
In Fig. 1, L, corresponds to a leakage inductance of a primary lifying each harmonic voltage by a gain &f, produces
distribution transformer, and., and L3 to line inductances. P 9 gebyag v P

. . . each current reference as follows:
Eleven capacitors for power factor correction [3], [14], which

are dispersed by high-power consumers on the real overhead Tap = Kv - vp. Q)
Ilne,.are represented by three capacnaifs, Ca, an(_:i Cs n Td1e above equation implies that the active filter behaves like
the line simulator. The total capacity of the capacitors is 45 . L :

UF (7 kVA) a resistor of1/Ky  to the external circuit for harmonic

. . : frfzquencies, whereas the active filter makes no contribution to
Harmonic propagation results from series and/or paralltj}/

resonance between the inductive reactances and the capac e external circuit for the fundamental frequency [3]. The gain

e
reactances. The most serious harmonic propagation in Fig. . . , :
hase actual currents ., sy, andisp. are controlled in

~is setto 1 S, as discussed in the following section. Three-
occurs around the seventh harmonic frequency (420 Hz) under :
" stch a way as to follow their current references.
no-load conditions.

Fig. 4 shows a current control circuit of the active filter. This
) ) ] circuit compares the reference current with its actual current
B. Implementation of the Active Filter and then amplifies the error signal between the two currents
Fig. 2 shows a power circuit of the active filter used foby a gain of K;. Each phase voltage detected at the point of
experiment. The active filter is installed on a bus in the 20@astallation, v is added to each magnified error signal, thus
V 20-kW line simulator via a three-phase transformer withonstituting a feedforward compensation to improve current
turns ratio of 2:1. An electrolytic capacitor of 33Q&F is controllability. As a result, the current controller yields three-
connected to the dc side, and the dc voltage is 260 V, whiphase voltage references. Then, each reference voliage
three inductors of.; = 1.0 mH (1.8% on &3¢ 100-V 60-Hz is compared with a 10-kHz repetitive triangular waveform
500-VA base) are connected to the ac side. to generate the gate signals for the insulated gate bipolar
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TABLE 1 Ls

INSTALLATION SITE OF THE ACTIVE FILTER WITH Ky = 1.0, buso 3 vy bus 4
SEVENTH HARMONIC ADMITTANCES SEEN UPSTREAM AND
DowNSTREAM OF Bus 3, AND SEVENTH HARMONIC s
ADMITTANCE OF THE BRANCH LINE FROM Bus 3. L—=> C3 P 1/Kv
Installation site Tth-harmonic admittance [S] o
of active filter upstr downstr branch Fig. 5. Equivalent circuit for the distribution line with respect to harmonics
no installation | 0.07 — j0.94 | 0.01 + j0.49 70.39 when it is seen downstream of bus 3, where the active filter installed on bus
bus 2 0.35_ j0.99 | 0.01 +0.49 j0.39 4 is represented by a resistor with resistancd AR’y Q.
bus 3 0.07 — j0.94 | 0.01 4+ j0.49 | 1.0+ 50.39
bus 4 0.07— j0.94 | 11— j0.16 j0.39 contributes to a slight mitigation of the harmonic propagation,

compared with no installation, because the resonant frequency
is mistuned from the seventh harmonic frequency.
transistors (IGBT's). Here, a loop gain in the current feedbackWhen the act|ye filter is |.n§talled on bus 3, it can absorb t.he
controller is set to 150 V/A. seventh harmonic current injected by the harmonic-producing
load existing on bus 3. The reason is that the conductance of
the active filter installed on bus 3 is larger than the admittances
seen upstream and downstream of bus 3. Installation on bus
In this section, the installation site of the active filter wittB implies that the active filter is installed in the vicinity of
Ky = 1.0 is discussed when a seventh harmonic curretite harmonic-producing load. Thus, the purpose of such an
source exists on bus 3 in the power distribution line showactive filter is not harmonic damping throughout a radial power
in Fig. 1. Table Il summarizes how the installation site of thdistribution line, but harmonic compensation of a harmonic-
active filter influences the seventh harmonic admittances sgenducing load.
from bus 3. The first column in the admittance table showsAs shown in Table I, installation on bus 4 makes the
the seventh harmonic admittance seen “upstream” of busi®pedance downstream of bus 3 inductive, so that no parallel
and the second column gives the seventh harmonic admittanegonance occurs throughout the distribution line. As a result,
seen “downstream” of bus 3. The last column shows tlike best site selection of installation is not the beginning
seventh harmonic admittance of the “branch” line from bugrminal, but the end terminal of the distribution line [14]. This
3. Therefore, the first, second, and last terms from the topigthe reason that the function of the active filter is referred to
the last column are equal .39 S, which means the seventhas “harmonic termination” in this paper.
harmonic susceptance of the 14B- capacitor, because the
capacitor is connected on bus 3, and no active filter is installed
on bus 3. However, the third term is equalli® + j0.39 S, ) ) ) _ ) )
which is given by the sum of the equivalent conductance of ThiS section discusses how to determine an optimal gain of
the active filter and the seventh harmonic susceptance of 1@;@ when the active filter is installed at the end terminal, that
1504F capacitor, because the active filter and the capacilér ©n bus 4.
are connected in parallel on bus 3.
When no active filter is installed, the total seventh harmoni. When a Seventh Harmonic Current Source Exists on Bus 3

admittance seen from bus 3 is given by the sum of the threerjg. 5 depicts a circuit equivalent to the distribution line
admittance values).07 — 50.94, 0.01 +70.49, and;0.39, and  jth respect to harmonics when it is seen downstream of bus
so it is nearly equal to zero. This implies that the distributiog \yhere the active filter installed on bus 4 is represented
system seen from bus 3 forms a parallel resonant circuit Wiy 3 resistor with resistance af Ky €. In order to achieve

an impedance value as high &9 + j6.0 £ at the resonant harmonic terminationXy- should be determined so that in-
frequency which is close to the seventh harmonic frequencygiation of the active filter on bus 4 makes the impedance
so that a seventh harmonic current injected by the harmonigwnstream of bus 3 inductive. Referring to Fig. 5 yields the

producing load existing on bus 3 is significantly magnifiegnpedance downstream of bus 3, as follows:
inside the distribution system.

Installation of the active filter on bus 2 changes the sevenﬂb _ Ky . Cs
: . ) =————=tjwils— ————=+¢. (2
harmonic admittance upstream of bus 3 frand7 — j0.94 Ky~ + (wC3)2 Ky* + (wC3)?

to 0.35 — 50.99, as shown in Table Il. However, the seventh - _ o

harmonic impedance upstream of bus 3 is still “inductive,Fhe condition thatz has an inductive impedance produces
while that downstream of bus 3 remains “capacitive,” and, o

therefore, the distribution system seen from bus 3, including Ky > ] =2 — (wCs5)2. (3)
the branch line, still forms a parallel resonant circuit with an Ls

impedance value as high &5 + 50.77 Q at the resonant gypstitution of the circuit constants shown in Table | into (3)
frequency. Hence, the active filter has no capability of fullyters the following condition relevant t&y
damping the harmonic propagation throughout the distribution

system. However, installation of the active filter on bus 2 Ky >08S. 4

Ill. SITE SELECTION OF THE ACTIVE FILTER

IV. DESIGN OF GAIN Ky
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Equations (5) and (8) offer a transfer ratio df with respect

to V; as follows:
Vo1
1/Ky Vi 0.04+4 j1.08Ky '

L_»

Vi Simulator )
Fi_4 . -
The requirement that the voltage-transfer ratio is less than

unity gives the other relationship related &5,

—>
O]
T Distribution Line
prom—

Fig. 6. Harmonic model equivalent to Fig. 1 when the active filter is installed Ky >09S, (20)
on bus 4.

Equations (4) and (10) determine an optimal gain/gf in

Lo L L5 this experimental system as follows:
o Y,
Ky =108 (11)
Wi Ci— |V This implies that installation of the active filter with a gain of
Ky = 1.0 S is equal to parallel connection of aflLresistor
o 0 at bus 4, attention being paid to harmonic frequencies. Taking
Fig. 7. Equivalent circuit between bus 1 and bus 2. into account that the rated resistance i& »n the3¢ 200-V

60-Hz 20-kVA base, the active filter produces the same effect
on harmonic damping as thef1resistor of 40 kW does, when
B. When a Seventh Harmonic Voltage Source Exists on Bugnk active filter is installed on bus 4 in the 200-V 20-kW
Fig. 6 depicts a circuit equivalent to the distribution linglistribution line simulator. Although installation of the 40-kwW
with respect to harmonics, where the active filter with a galiesistor is impossible, installation of the active filter is a viable
of Ky is installed on bus 4. The circuit parameters betweemd effective way of doing it for harmonic frequencies, but of
bus 1 and bus 4 is represented by Emmatrix in the two- doing nothing for the fundamental frequency. The reason is
terminal pair circuit theory. The following equation exists irihat the active filter is controlled in such a way as to present

Fig. 6: infinite impedance to the external circuit at the fundamental
frequency, and to act as afl+esistor for voltage and current
i|_ Vi harmonics.
= [F14] . (5) . L o )
I s Iar A real utility distribution line is not as simple as the

distribution line shown in Fig. 1. Equation (11), however,

To achieve harmonic damping throughout the distribution ling,yqests that the active filter for harmonic termination should

implies thatV,, should be smaller thal; because the highestbe designed so thay/ Ky is less than half as low as the rated
seventh harmonic voltage appears in bus 4 when no active filtgkistance of the actual distribution line.

is installed. ThusK5- should be determined so as to meet the

above requirement. Fig. 7 shows an equivalent circuit between
buses 1 and 2 under no-load conditions. The four-terminal
constants in Fig. 7 are given by

V. EXPERIMENTAL RESULTS

A. Experimental Conditions

|:V1 } _ [1—Q2L101 Jle} [ Va } 6) In reality, harmonic-producing loads are dispersed on a
L1z JwCl 1 123 power distribution line, and the distribution line itself is
The distribution line simulator used for this experiment ca namic W'th. th_e passage of time, day, season, and/or_ year,
be considered as a cascade connection of the equivalent cir rl]Jli‘lfs .”.‘ak'”.g it difficult to perform experiments “r?der. real!st!c
shown in Fig. 7. HencéF;_,] can be expressed as the producctond!t!ons in the laboratory. 'I_'h(lerefore,lthe following idealistic
of the F' matrix in (6) condmops, ra}ther than reahs'uq cond|t_|ons, are taken, thus
making it easier to evaluate the installation effect of the active
1—w?LCy jwLli | [1—=w?LeCy  jwLsy filter with the gain of Ky, = 1.0 S.
[F1-a] = { JwCy 1 } { JwCs 1 } « Although the fifth harmonic voltage and current are the
1—w?LsCs  jwls most dominant in a real 6.6-kV power distribution line in
*[ jwCs 1 } - (N Japan, only the seventh harmonic voltage and current are
taken into account because harmonic propagation occurs
When attention is paid to the seventh harmonic frequency, around the seventh harmonic frequency in Fig. 1.
the above equation and the circuit parameters in Table | yield® Experiments are performed under no-load conditions be-

the four-terminal constants of thé}_, matrix in (5) as cause no-load conditions cause more severe harmonic
follows: propagation than realistic light-load conditions.
)  Either a seventh harmonic voltage source of 1.7 V (1.5%)
[Fi_y4] = [9'04 (71'08}_ (8) or a seventh harmonic current source of 1.8 A (3.0%) is
J0.90  0.47 connected to the line simulator. Both harmonic sources
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7th-harmonic
voltage source

Fig. 8. Power distribution line simulator, where a seventh harmonic voltage

source ofV, = 1.7 V (1.5%) exists upstream of bus 1.
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Fig. 9. Experimental waveforms when no active filter is connected.

are independent of each other, because the principle of 40A c

superposition is applicable.

B. When a Seventh Harmonic Voltage Source
Exists Upstream of Bus 1

Fig. 8 shows an experimental system where a seventh har-iar o
monic voltage source of 1.7 V (1.5%) is connected upstream
of bus 1 in Fig. 1. Note that the seventh harmonic voltage
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10 ms
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Fig. 10. Experimental waveforms when the active filter is connected to bus
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source can be considered as a background harmonic voltage11. Experimental waveforms when the active filter is connected to bus

existing upstream of a primary distribution transformer in ath

actual power system. The seventh harmonic voltage source

is implemented with a three-phase voltage-source pulsewidthFig. 9 shows experimental waveforms when no active filter

modulation (PWM) inverter which is connected in series to thie connected. Harmonic voltage propagation magnifies the

200-V power system via three single-phase transformers, aséventh harmonic voltage at bus 4 by 5.7 times as large as

it were a series active filter [8]. Here, no harmonic-producindpat at bus 1.

load exists in the power distribution line simulator.
Figs. 9—11 show experimental waveforms under the circdilter is installed on bus 2. The active filter attenuates the

configuration depicted in Fig. 8. Table 1ll summarizes actudlarmonic voltage propagation at bus 2. It, however, has

measurements of the seventh harmonic currents and voltagescapability of harmonic damping throughout the power

contained in the waveforms of Figs. 9—-11. Table IV shows thstribution line, because 4.0 V (3.5%) at bus 4 is much larger

ratio of the seventh harmonic voltage at each bus with respétan 1.7 V (1.5%) at bus 1.

to that at bus 1, which implies a voltage-magnifying factor at Fig. 11 shows experimental waveforms when the active

each bus.

Fig. 10 shows experimental waveforms when the active

filter is installed on bus 4. Tables lll and IV verify that
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TABLE I 200 Vr
ACTUAL MEASUREMENTS OFSEVENTH HARMONIC CURRENTS AND V OLTAGES /\ /\
WHEN THE ACTIVE FILTER |s DISCONNECTED ORCONNECTED. o ~_" N_" N_
200V
(A] dis- connection v2 0 yiN N\
connection | bus 2 | bus 4 200 V & \/ \/ \/
I_2 8.2 4.1 1.2 v3 0 \//\\//\\/
Iz2_3 6.7 2.8 1.3 200 V
I3_4 38 1.6 1.4 v4 0 \//\\//\\/
e | — | 18 | 13 40APR
. i1g 0 AN S N\A SN\A At
dis- connection L A Y VN
V] connection | bus 2 | bus 4 . 40 A :\,\ AN S N\A ey
12-3 0= A %AVl
Vi(=W,) 1.7 1.7 1.7 L
20 A,
Va 3.7 1.7 1.6 3.4 0 \n, PVATAVN PVAAYN N
V3 74 | 33 1.3 AL
Va 9.7 4.0 1.1 iaF 0
- -3
10 ms
TABLE IV
MAGNIFYING FACTORS OF SEVENTH HARMONIC VOLTAGES WHEN THE Fig. 13. Experimental waveforms when no active filter is connected.
AcCTIVE FILTER |s DISCONNECTED ORCONNECTED.
dis- connection
connection | bus 2 | bus 4 200Vre TN TN
v1 0
Va/Vi 2.2 1.0 0.9 200 V- ~— ~— ~—
Va/Va 44 19 | os v 0 TN /\\/
Va/Va 5.7 24 | 06 a00 V- ~ ~
i N N N
200 V
v4 0 \’//\\_’//\\/
40 AF
11-2 0 \\.\A/J'/\/\\\.-\'\/J’/\/\\.\'\/JJV
WAT
2.3 0 AW&Q_W&W.Z
20AT
7th-harmonic i 0 N oA oA -~
current source 3—4
OAT
Fig. 12. Power distribution line simulator, where a seventh harmonic current
source ofl; = 1.8 A (3.0%) exists on bus 3. taF 0 VA (VAR AV AV/ (VA AVAVASREVAS
L -
10 ms

installation of the active filter on bus 4, that is, on thle—i 14. Experimental waveforms when the active filter is installed on bus 2
end bus of the power distribution line, leads to achievingg' e '
harmonic damping throughout. Paying attention to the active
filter current! 5 in Table Il concludes that installation on bus

4 makes the required current rating of the active filter smallgr
than does installation on bus 2. In other words, the requirgd(
voltampere rating of the active filter installed on bus 2 is 624 Fig. 12 shows an experimental system in which a seventh
VA, whereas that of the active filter installed on bus 4 is 45@armonic current source of 1.8 A (3.0%) is connected to bus
VA. When the active filter is installed on bus 4, it draws th& in parallel. For the sake of simplicity, many harmonic-
following amount of seventh harmonic power from bus 4: producing loads dispersed on the real power distribution line
are represented by the single harmonic current source depicted
in Fig. 12. The current source is implemented with a three-
phase voltage-source PWM inverter with a current minor loop,
as if it were a shunt active filter. Note that no harmonic voltage
which is only 1.1% of the active filter rating of 450 VA. source is connected upstream of bus 1.

When a Seventh Harmonic Current Source
ists Downstream of Bus 2

3x1.32x1/1.0=51W (12)



644

IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 35, NO. 3, MAY/JUNE 1999

e N\ N
L N N_" N
e N N
- N N N
v o N\ RN
- N N_" N
vs 0 YA N\
D A N e N4
,.:2 AO ™ N\ N yad
L ~_ ~_
BN o o~ _—
,.'3_22 [; R W,J\’\'\WA/J\'\WA/‘-’
10AT
1AF 0 PAAADAAAALAG AR A Ay
] 10 ms

the adjacent bus with respect Igp = 1.8 A, which implies
a current-magnifying factor. Note that no seventh harmonic
voltage exists on bus 1, that i8; = 0.

Fig. 13 shows experimental waveforms when no active
filter is connected. Harmonic current propagation makes each
seventh harmonic current between a bus and the adjacent bus
larger than 1.8 A.

Fig. 14 shows experimental waveforms when the active
filter with the gain of Ky = 1.0 S is installed on bus 2. The
seventh harmonic voltage at bus 2 or at the point of installation
of the active filter is the smallest whereas the seventh harmonic
current flowing between bus 1 and bus 2, thatlis,» is
magnified by twice as large as 1.8 A. The seventh harmonic
voltage at bus 4 reaches 3.8 V (3.3%).

Fig. 15 shows experimental waveforms when the active
filter is installed on bus 4, that is, on the end bus of the
distribution line. All of I1 _,, I>_3, and I3_, are smaller than
1.8 A. In other words, each current-magnifying factor is less
than unity. The seventh harmonic voltage at bus 4 is reduced
to 1.3 V (1.1%), which is one-third as low as that in the case

Fig. 15. Experimental waveforms when the active filter is installed on bus Qf 'nSta”mg the active filter on bus 2. In addition, Table V

ACTUAL MEASUREMENTS OFSEVENTH HARMONIC CURRENTS AND V OLTAGES

TABLE V

WHEN THE ACTIVE FILTER |s DISCONNECTED ORCONNECTED.

[A] dis- connection
connection | bus 2 | bus 4
I_2 5.8 3.5 1.3
Iz 3 45 34 1.0
I3_4 2.8 1.6 1.6
In 18 1.8 1.8
e | — |19 ] 15
. connection
™ congelsc-tion bus 2 | bus 4
Va 28 1.6 1.0
Va 5.0 31 1.3
Va 6.3 38 1.3
TABLE VI

MAGNIFYING FACTORS OF SEVENTH HARMONIC CURRENTS WHEN
THE ACTIVE FILTER |s DISCONNECTED ORCONNECTED.

dis- connection

connection { bus 2 | bus 4
I _o/Ip 32 19 0.7
Iz_3/Ip 2.5 19 0.6
I3_4/Iy 1.6 0.9 0.9

concludes that installation on bus 4 makes the required current
rating of the active filter/sr, smaller than does installation
on bus 2. In this case, the required voltampere rating of the
active filter installed on bus 2 is 658 VA, whereas that of the
active filter installed on bus 4 is 520 VA.

VI. CONCLUSION

This paper has described a shunt active filter based on
voltage detection, which is controlled in such a way as
to present infinite impedance to the external circuit at the
fundamental frequency, and as to exhibit low resistance for
harmonic frequencies. A laboratory system rated at 200 V
and 20 kW has been designed and constructed to verify
the practical viability and justification of the active filter.
Experimental results obtained from the laboratory system,
along with theoretical results, are summarized as follows.

« Installation of the active filter on the end bus of a power
distribution line is more effective in harmonic damping
than installation on the beginning bus or in the vicinity
of a primary distribution transformer.

« Installation on the end bus makes the required current
rating of the active filter smaller than does installation on
the beginning bus.

« Harmonic mitigation of voltage and current is a welcome
“byproduct,” as a result of harmonic termination.

The authors conclude that the voltage detection-based active
filter intended for “harmonic termination” should be installed
not on the beginning bus, but on the end bus of a radial power
distribution line subjected to harmonic propagation.
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