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Abstract—A shunt active filter operated as a harmonic conduc-
tance is able to suppress harmonic resonance in the distribution
power system. However, due to the inherent phase lagging in
digital-signal processing, the active filter really behaves as a
harmonic admittance instead of conductance. This may induce
unintentional harmonic amplification at other locations in the
feeder when starting the active filter, which is similar to the
so-called ”whack-a-mole” phenomenon. This paper presents an
active filter with resonant current control to suppress harmonic
resonance. The current control is realized by parallel-connected
band-pass filters tuned at harmonic frequencies to ensure that
the active filter functions as an approximately pure conductance.
The conductance at dominant harmonic frequencies can be
separately and dynamically adjusted to guarantee the damping
performance. In addition, in order to address the harmonic
resonance, the line distributed-parameter model of a radial feeder
is developed with considering harmonic damping by variable con-
ductance and admittance, respectively. Simulation results show
that the active filter with the resonant control provides better
damping performance compared with other control methods. A
lab-scale prototype circuit rated at 220V/20kVA also validates
the effectiveness of the proposed method.
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I. INTRODUCTION

Voltage distortion, due to harmonic resonance between
power factor correction capacitors and line inductors, has
received serious concerns in the distribution power system [1],
[2], [3], [4], [5], [6]. This scenario becomes significant due to
extensive use of nonlinear loads as well as high penetration of
inverter-based distributed generation systems [7]. According to
IEEE std. 519-1992 [8], maximum allowable voltage total har-
monic distortion (THD) is 5% and individual voltage distortion
is 3% in distribution networks below 69kV. This guideline is
also included in IEEE standard for interconnecting distributed
resources with electric power systems (IEEE std. 1547.2-
2008). Tuned-passive filters are typically adopted to cope
with harmonic issues, but their functionality may suffer from
component aging, frequency shifting, or unintentional reso-
nances. Therefore, engineering calibration on passive filters is
frequently required to maintain their filtering performances.
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The shunt active filter controlled as a fixed or variable
conductance has been proposed to suppress harmonic reso-
nances in a radial power distribution system [9]. The mis-
matching between the conductance of active filter and the
characteristic impedance of the line may result in unintentional
amplification of harmonics due to the harmonic standing
waves. This phenomenon is analogous to a “whack-a-mole”
amusement for children [10]. As soon as a child whacks a
mole appearing from a hole, the mole goes back into the
hole. Another mole immediately appears from another hole
and this activity is repeated endlessly. Thus voltage harmonics
can be well dampened at the installation point of the filter,
whereas unintentional harmonic resonances may be excited
in the other location of the feeder with no filter installed.
In order to approach this issue, a real-time communication
system [11], [12] was proposed to coordinate operation of
distributed active filters by using droop-control [13], on-line
optimization [14], [15], particle swarm optimization [16] or
single-frequency tuned algorithm [17]. In a nutshell, the active
filter working as harmonic conductance is able to suppress
the propagation of harmonic voltage on the feeder. However,
instead of conductance, the active filter presents inductive
characteristic at harmonic frequencies due to the limited
bandwidth of the current control [18]. The phase lagging may
be further worsen by the controlling delay of the active filter in
the digital system. Thus the harmonic admittance deteriorates
the damping performance of the active filter, or even result in
revival of the “whack-a-mole” issue.

Various current control methods have been proposed for
active power filters. Hysteresis current regulator is simplest,
but low-order harmonics resulting from variable switching
frequency may become a serious concern [19]. Repetitive con-
trol with selectively harmonic compensation is very popular.
However, this approach may suffer from heavy computing
loading [20]. A shunt active filter with asymmetrical pre-
dictive current control was presented for harmonic-resonance
suppression in the power system [21], [18], [22]. In this
application, current-tracking capability is very sensitive to
parameter variations. Analysis of stability margin of the active
filter was discussed in [18]. Recently, resonant controls have
been applied for the active power filters. Most of research
was simply focused on harmonic current compensating at load
side [23], [24], [25], [26], [27], [28].

In the previous work, the authors has presented the resonant
current control for the shunt active power filter to dampen har-
monic voltage propagation[29]. The resonant current regulator
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is composed of various parallel-connected band-pass filters
tuned at harmonic frequencies to control the active filter as an
approximately pure conductance [30], [31]. The conductance
of each harmonic frequency is designed to be separately and
dynamically adjusted to guarantee the damping performance.
In this study, the impact of phase lagging on harmonic
damping performance is further investigated by using the line
distribution-parameter model. Damping performance of the
active filter is also analyzed when different current controls
are implemented and when nonlinear loads are deployed at
different locations. Experimental results from a prototype cir-
cuit based on 220V/10kVA system verify theoretical analysis.

This paper is organized as follows. Operation principle of
the active filter with the resonant current control is presented
in Section II. In Section III, the the impact of harmonic
admittance on harmonic resonance is analyzed, including the
“whack-a-mole” issue. Supporting results from simulation
studies and experimental tests are provided in Section IV and
V to validate the effectiveness. Finally, Section VI gives the
conclusion.

II. OPERATION PRINCIPLE

A simplified one-line circuit diagram of the proposed active
filter and the associated control are shown in Fig. 1. The active
filter unit (AFU) is installed at the end of a radial line to
suppress harmonic resonance. The AFU operates as a variable
conductance for different harmonic frequency as given,

i:;bc,h = Z Gz . Eabc,h (1)
h

where h represents the order of the harmonic frequency.
The conductance command G7, is defined as a control gain
to dampen harmonic voltage Egp. . As shown in Fig. 1,
the control is composed of harmonic-voltage extraction and
tuning control, followed by the current regulation and PWM
algorithm. Operation principle and design consideration are
given as follows.

A. AFU control

Harmonic voltage at the different frequency is determined
based on the so-called synchronous reference frame (SRF)
transformation. The specific harmonic voltage component be-
comes a dc value after E,;. is transformed into the SRF at
wp, Accordingly, a low-pass filter (LPF) is applied to separate
the dc value and then the corresponding harmonic component
Eape,n 18 obtained when applying reverse transformation. It is
worth noting here that a phase-locked loop (PLL) is required
to determine system frequency for implementation of SRF.
wp, should be set as a negative value for negative-sequence
component (i.e., fifth) or a positive value for positive-sequence
harmonic component (i.e., seventh), respectively.

Fig. 2 shows the tuning control for the conductance com-
mand G} . As illustrated, G, is determined according to the
harmonic voltage distortion VD, at the AFU installation point
Eqpc, in which VDy, is defined as the percentage ratio of the

2

harmonic voltage component £, (rms value) to the voltage E
(rms value) by

Er o1,
VD, = ZhBMS 400%
Erums
t+T 2 2 2
Ji T (Ban()? + Epn(t)? + Ecn(t)?)
En ryvs = T dt (2)

t+T 2 2 2
Erms = \/ft 210 Jrfb(t) + E(t) >dt.

The derivation of VDy, is approximately evaluated by using
two LPFs with cut-off frequency at w,, which are to filter out
ripple components in the calculation. The error between the
allowable harmonic voltage distortion VDj} and the actual har-
monic voltage distortion VDy, is then fed into a proportional-
integral (PI) regulator to adjust the conductance command G7,.
Hence, a variable conductance command G, for the different
harmonic frequency is generated.
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Fig. 2. Tuning control of the conductance command.

The total current command is the summation of fundamental
current command iz,  and all harmonic current commands
175 n» Which is equal to the product of the harmonic voltage
and its corresponding conductance command. iy, » shown in
Fig. 1 is the in-phase fundamental current command generated
by a PI control to control the dc voltage V. of the AFU.
In order for the active filter to guarantee current tracking

capability, the resonant current regulator is realized by:

2K; p€wps
T(s) = kp + ; m 3)
where k), is a proportional gain and k;j is an integral gain
for individual harmonic frequency, respectively. The current
control is tuned to resonate at harmonic frequencies wy, so that
various narrow gain peaks centered at harmonic frequencies
are introduced. The damping ratio ¢ is designed to determine
the selectivity and bandwidth of the current control. Accord-
ingly, the voltage command v, . is obtained for PWM to
synthesize the output voltage of the active filter.

B. Modelling of control

Nomenclature used in this section is given as:
Vi (s): harmonic voltage at the source terminal
E}(s): harmonic voltage at the installation location of the
active filter
I1(s) : harmonic current of the active filter
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Fig. 1. Active filter and the associated control.
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Fig. 3. Current control block diagram of the proposed AFU.
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Fig. 4. Voltage control block diagram of the proposed AFU in the distributed
power system.

I} (s) : harmonic current command of the active filter

Fig. 3 shows current control block diagram for each phase.
Digital signal processing delay and PWM delay are included,
where T' represents a sampling period. Hence, current loop
stability and current tracking capability can be simply eval-

box. Here, the resonant tank is tuned to amplify the harmonic
voltage Ej(s). Note that the scheme of harmonic detection
at wy, is equivalent to a single-side bandpass filter in the
stationary frame. The transfer function H(s) can be expressed
as (4), where wy is the harmonic frequency and T pp is
time constant of the low-pass filter, which is used to filter
out the dc component in the rotational reference frames. Thus
the damping performance of the AFU can be evaluated by the

harmonic-voltage magnification ”5*;((2))” shown in Fig. 4.

H(s) = @, (s — jwn)Trpr

- 4
"1+ (s — jwn)TLpr @

TABLE I
PARAMETERS OF A GIVEN POWER LINE.

Line voltage 11.4kV
Line frequency 60 Hz
Feeder length 9 km

Line inductor
Line resistor
Line capacitor

1.55 mH/km(4.5 %)
0.36 Q/km(1.2%)
22.7 uF /km(11.1 %)

Characteristic impedance, Z, 8.45 )
Wavelength of 5t harmonics, A5 17.8 km
Wavelength of 7th harmonics, A7 12.7 km

3¢ 11.4kV 10 MVA base
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(b) The magnifying factor of the seventh harmonic.

Fig. 5. The magnifying factor along the radial line if the active filter is
modelled as |Y'| with 6 = 0°.

III. HARMONIC RESONANCE

In this section, the line distributed-parameter model is
applied to evaluate harmonic resonance along the feeder. A
sample feeder given in TABLE I can amplify harmonic voltage
if harmonic standing wave is generated [10]. The active filter
is assumed to be installed at the end of the line (z = 9) with
equivalent harmonic admittance Y} given in (5), where 6}
represents the lagging angle.

Yy = |Yu|Z6. 5)

The voltage magnifying factor My (x) in (6) represents har-
monic amplification along the feeder [32], [33].

(2) = |vn ()]

Mh xTr) = .
Vs,

(6)

The suffix h denotes the order of harmonics, v, (z) is the
harmonic voltage at position (0 < z < 9), and vy, is the
harmonic voltage source (vs ,=v;,(0)). Note that M} (z) can
be formulated by using standing wave equations considering
both feeder and damping impedance provided by the filter.

4

(b) The magnifying factor of the seventh harmonic.

Fig. 6. The magnifying factor along the radial line if the active filter is
modelled as |Y| with = —45°.

A. Harmonic conductance

Fig. 5 shows M}, along the line when the active filter is
modelled as a purely harmonic conductance, i.e. 6,=0. Mj;
shows no amplification in case of no active filtering (|Y}|=0).
However, M7 is strongly amplified due to seventh harmonic
resonance as shown in Fig.5(b). This results from the standing
wave of seventh harmonics (3/4A7 ~ 8 km)[33].

On the contrary, M5 on the middle segment of the line
is increased with increasing |Y3|. Fig. 5(a) shows Ms; is
unintentionally amplified if the active filter is operated in over-
damping condition(|Y},| > Z,1). This phenomenon is due to
fifth harmonic resonance (Xs/2 = 8 km), which is referred as
the ”whack-a-mole” [10]. Note that both M5 and M, can be
suppressed at the same time only when the active filter is
operated at the perfect matching condition, i.e. |Y,|=Z,1.

B. Harmonic admittance

Fig. 6 and Fig. 7 show M5 and M7 when the active filter
is modelled as harmonic admittance |Y3| with § = —45° and
0 = —90°, respectively.
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(b) AFU is off.

Fig. 8. Simulation circuit and steady-state results.

As observed, increasing |Y;| can enhance the damping
capability at the end of the line only, but may result in
the ”whack-a-mole” issue. Harmonic voltage is not able to
be effectively mitigated even when the active filter is in
operation. Fig. 7 shows voltage distortion near the middle
segment of the line becomes much more significant in case of
0 = —90°. Therefore, the active filter operating as harmonic
admittance may not effectively suppress harmonic resonances,
or even induce other harmonic resonances at other locations
on the feeder. The active filter should be controlled as purely
harmonic conductance to ensure harmonic damping capability
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(c) AFU is on.

in the distribution power system.

IV. SIMULATION STUDIES

In order to demonstrate harmonic damping performance, the
active filter with the proposed control is simulated by using
the alternative transient program (ATP). Fig. 8(a) shows the
considered lumped feeder that is arranged with similar per unit
value to TABLE I in the previous section. All parameters are
given as follows. Note that high order harmonics (>7) seldom
excite obvious resonances in the distribution system, so the
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(b) The magnifying factor of the seventh harmonic.

Fig. 7. The magnifying factor along the radial line if the active filter is
modelled as |Y'| with § = —90°.

resonant current control includes fifth and seventh resonant
terms only [3].

o Power system: 3¢, 220 V(line-to-line), 20kVA, 60 Hz.
Base values are listed in TABLE II.

o Line parameters: L=3.1%, C=13.7%.

o Nonlinear loads: NL; and NLy are constructed by three-
phase diode-bridge rectifiers, and consume real power
0.25 pu, respectively.

o Linear loads: Both linear loads are initially off. LL;, LL,
are rated at 0.1 pu(pf=1.0), 0.09 pu(pf=0.9), respectively.

« Current control: k,=25, k; 5=100, k; 7=100, £=0.01.

e Tuning control: k=100, k2=2000, w.=62.8Rad/s,
VD; =3.0%.

o The AFU is implemented by a three-phase voltage source
inverter with PWM frequency 10 kHz.

A. Steady-state results

Fig. 8(b) shows bus voltages are severely distorted before
the AFU is initiated. For example, voltage THDs at bus 3 and
bus 9 are 5.6% and 6.1%, respectively. Fig.9 illustrates voltage
distortion VD5, VD7 on each bus. We can observe that voltage

6

TABLE II
BASE VALUES.

Voltage base 220V
Current base 52.5 A
Impedance base 2.42Q
Conductance base 0413071
6 T T
—§— VD, @AFU OFF
... VD_@AFU ON
—©- VD,@AFU OFF
5. 4 VD,@AFU ON D

i i f i i i i
1 2 3 4 5 6 7 8 9
Bus number

Fig. 9. VD5 and VD7 on all buses before and after the AFU is in operation.

distortion along the line is cyclically amplified and seven har-
monic resonance is dominant. This result confirms the previous
analysis by harmonic distributed-parameter model. After the
AFU starts in operation, Fig. 8(c) shows voltage distortion is
clearly improved. Voltage THD at bus 9 is reduced from 6.1
% to 4.4%, which contains 3.0% fifth harmonics and 3.0%
seventh harmonics. The blue curves of Fig. 9 demonstrates
that both VD5 and VD7, become more uniform along the line.
At the steady state, the AFU is operated at Gf = 1.14pu
and G5 = 1.28 pu with rms current 0.06 pu. Note that the
voltage THD values at buses 5 and 6 are slightly increased
from 2.9% to 3.3% and 2.9% to 3.6%, respectively. This result
does not contradict the functionality of the active filter because
the entire feeder shows more uniform voltage quality after
damping.

B. Transient behavior

In this section, we evaluate transient behavior of the AFU.
Nonlinear loads NL;, NL, are first increased from 0.25 pu
to 0.35pu at t=1.5s, t=2.0s, respectively, and linear loads
LL;, LLy are subsequently turned on at ¢{=2.5s, t=3.0s,
respectively. Fig. 10(a) shows transient responses of voltage
distortion when the AFU is off. Since increasing nonlinear
loads results in high voltage distortion at t=1.5s, t=2.0s,
respectively, Fig. 10(b) shows that the PI regulator of the
tuning control raises both G and G commands to draw more
harmonic current to reduce voltage distortion. On the contrary,
linear loads can help reduce distortion. Accordingly, G and
G% are decreased at t=2.5s, t=3.0s, respectively. Fig. 10(c)

2168-6777 (c) 2015 |EEE. Personal use is permitted, but republication/redistribution requires |EEE permission. See
http://www.ieee.org/publications_standards/publicationg/rights/index.html for more information.



This article has been accepted for publication in afuture issue of thisjournal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI

10.1109/JESTPE.2015.2478149, |EEE Journal of Emerging and Selected Topics in Power Electronics

VD

3 35 4
Time

(a) Harmonic voltage distortion when the AFU is off.
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(c) Harmonic voltage distortion when the AFU is on.
Fig. 10. AFU transient behavior (NLqi, NL2 are increased at t=1.5s,

t=2.0's, respectively, and then LLj, LL2 are turned on at t=2.5s, t=3.0s,
respectively.)

shows VD5, VD7 can be clearly maintained at 3% after short
transient. It is worth nothing here that the overshoot of voltage

distortion results from 0.1 pu load change in a stepped manner.
This phenomenon could be avoided by tuning PI parameters
(k1, ko). However, it may not cause practical issue because
harmonic variation is usually slow in the distribution power
system.

open loop

3 &
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(a) Open-loop gain.
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P

k=25

Phase (deg)

Frequency (Hz)

(b) Closed-loop gain.

Fig. 11. Bode plots of current loop for different current control methods.

C. Current-loop analysis

Fig. 11 shows the open-loop and closed-loop bode plots of
the AFU current control. In addition to the resonant current
control (k,=25, k;=100), the proportional current control with
kp=25, 50, and 100 are encompassed for comparative purpose.
In Fig. 11, there are magnitude peaks at both fifth and seventh
harmonic frequencies as well as phase-leading compensation
for the resonant current control. Therefore, the AFU is able
to function as an approximately pure conductance at fifth
and seventh harmonic frequencies. In case of the proportional
control with critically damped gain (k,=25), phase-lagging
is so large that the AFU is actually operated as harmonic
admittance. Increasing proportional gain is able to enhance
current tracking performance, but the stability margin of the
AFU may reduce. For example, the system is run at low
stability margin in case of k,=50, or even the system becomes
unstable for k,=100. That means system stability is very
sensitive to the proportional gain. The resonant current control
with complex poles (k,=25, k;=100) should be a better choice
based on stability reason.
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Fig. 12 shows voltage THDs of time-domain simulations
on all buses for different current control. The AFU with
proportional control k,=25 is simply able to reduce voltage
distortion at the installation location by significantly increas-
ing fifth harmonic conductance command G. However, the
”whack-a-mole” effect is induced so as to inversely amplify
harmonic voltage on the middle segment of the line. In case of
k,=50, damping performance becomes better but stability is a
concerned issue. Obviously, the resonant current control pro-
vides best performance. TABLE III summarizes conductance
commands and AFU currents. As can be seen, the AFU with
the proportional control consumes larger current, but damping
performances is not guaranteed. The AFU with the resonant
current control is able to effectively damp harmonic resonance
throughout the feeder at lower AFU current.

TABLE III
TEST RESULTS FOR DIFFERENT CURRENT CONTROLS.

Gs G7 | RMS current
kp=50 1.89pu | 1.04 pu 7.8%
kp=25 3.39pu | 0.90 pu 12%
kp=25,k;=100 | 1.14 pu | 1.28 pu 6 %

—¥— No AFUs

1 —©—k =25,k=100
—x—k =25

—— kp=50

0 | | | | |
1 2 3 4 5 6 7 8 9

Bus number

Fig. 12. Comparison of voltage THD for different current controls.

D. Voltage damping analysis

In this section, harmonic suppression capability of the
AFU is evaluated based on Fig. 4 considering AFU control,
including phase lagging and current control. The resonant
tank(Cs=717uF, Ls=200uH, Rs=0.1) is tuned to amply seventh
harmonic voltage. Fig. 13 shows that seventh harmonic voltage
is reduced and controlled by harmonic conductance after the
AFU is turned on. This test can verify AFU effectiveness.

Bode Diagram

Phase (deg)

Frequency (Hz)

Fig. 13. Frequency characteristics of harmonic amplification.

E. Nonlinear loads at different locations

In this section, the damping performance of the AFU is
evaluated when nonlinear loads are connected to different
locations. Fig. 9, Fig. 14(a), Fig. 14(b) demonstrate voltage
distortion on all buses when nonlinear loads at bus 2,5 , bus 3,7
, bus 4,6 , respectively. TABLE IV lists the corresponding G
and G7, respectively. As shown, VD~ can be suppressed for all
cases after the AFU is on. However, VD5 may increase in the
middle segment of the line with increasing G%. Fig. 9 shows
both VD5 and VD7 can be well suppressed when nonlinear
loads are at bus 2,5. When nonlinear loads are changed to
bus 3,7, Fig. 14(a) shows the damping performance is not
clear due to slight distortion. In case of nonlinear loads at bus
4,6, large fifth harmonic conductance (G§=3.15 pu) is required
to reduce fifth voltage distortion. This results in serious
fifth harmonic resonance as shown in Fig. 14(b). Therefore,
the termination-installation active filter may unintentionally
induce fifth harmonic resonance due to the “whack-a-mole”
issue if large G% is adopted. This problem might be resolved
by using multiple active filters, for example distributed active
filter systems [13].

TABLE IV
AFU CONDUCTANCE COMMANDS.

G G7
1.14pu | 1.28 pu
1.19pu | 0.32 pu
3.15pu | 1.23pu

NLs at Bus 2,5
NLs at Bus 3,7
NLs at Bus 4,6

V. LABORATORY TEST RESULTS

A laboratory-scale test circuit in Fig. 15 is established to
verify effectiveness of the proposed method. The control of
the active filter is implemented by using TT TMS320F28335
evaluation platform to perform phase-lock loop, synchronous
frame transformation, low-pass filter, PI controller, current
regulator, PWM, and A/D conversion. Hardware photograph
is shown in Fig. 16. Since only fifth harmonic resonance is
excited and seventh harmonic distortion is lower than 1%
throughout the feeder, fifth harmonic conductance is the main
concern in this test.
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Fig. 14. Harmonic damping performances when nonlinear loads are connected
to different buses.

Nonlinear loads NL;, NLy are diode-bridge rectifiers and
consume 900 W, respectively. Initially, NL; is on-line and NLo
is off-line. Fig. 17(a) shows bus voltages before the AFU is
started. Due to fifth harmonic resonance, voltage distortion
is severe toward the end of the bus. From TABLE V, VDj5
at bus 3 is beyond 7%, which cannot meet the harmonic
regulation. After the AFU with the resonant current control
starts in operation, harmonic distortion is clearly improved
and VDs at bus 3 is reduced to 3%. Voltage waveforms and
voltage distortion are illustrated in Fig. 17(b) and TABLE V,
respectively. Fig. 18 indicates the AFU current 4,¢ is able to
track the reference current i; .. At the steady state, the AFU
operates at G£=0.128 2~ ! and consumes laf,RMS = 0.5 A.

Fig. 19 shows transient responses of both Gf and VDs in
case of load change. At T, the AFU is turned on. After the
dc voltage V. of the AFU is large than 360V, the AFU

NL,

NL,

3¢, 220V
60 Hz
20kVA
Busl

0.4mH I 0.4mH

150 ,ﬂr 150 ”;r

Fig. 15. Experimental circuit.

Fig. 16. Photograph of hardware.

starts damping functionality (71). Fig. 20 shows Vj. is well
controlled at 380V after short oscillation at 77. After 17,

¢ is generated by the PI control to reduce fifth harmonic
distortion from 7% to 3%. Subsequently, NL, is added to bus
2 at Tb. As can be seen, G% is increased due to augmented
distortion. Eventually, VD5 is maintained at 3% with higher
G%, 0.227 Q7L Note that VD5 temporarily increases to 4%

when NL; is suddenly turned on.

TABLE V
FIFTH VOLTAGE DISTORTION VDs5.
Bus1 | Bus2 | Bus 3
AFU off | 3.8% 5.3% 7.0%
AFU on 2.0% 2.5% 3.0%

For purpose of comparison, the AFU with critically damped
control (k,=25) is carried out. Fig. 21 shows AFU currents
when the AFU is in operation. As can be seen, there exists
phase difference between the reference current 7, and the
actual current ¢, . Fig. 22 indicates the required conductance

$=0.180 Q7! is larger than G% of the proposed method
in Fig. 19. This observation reveals that the AFU needs to
consume much more current to suppress harmonic distortion in
the critically damped control. Since the “whack-a-mole” effect
is not clear in the short circuit, we cannot observe harmonic
amplification on the middle section of the line as expected in
simulations.
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Fig. 17. Bus voltage and fifth harmonic distortion.

VI. CONCLUSION

The active filter with the resonant current control is pro-
posed in this paper to suppress harmonic resonances in the dis-
tribution power system. The current control is implemented by
various parallel band-pass filters tuned at harmonic frequencies
so that the active filter can operate as an approximately pure
harmonic conductance. A separate and tuning conductance for
different harmonic frequency is also realized to maintain the
damping performance in response to load change or system
variation. The contributions of this paper are summarized as
follows.

o Due to controlling delay, the damping active filter may
unintentionally induce harmonic resonance at other lo-
cations in the feeder. This phenomenon is analyzed by
using harmonic distributed-parameter model.

o Based on both simulations and experiments, the resonant
current control is able to suppress harmonic resonance
effectively.

o Both current loop and voltage loop are modelled to
illustrate current-tracking capability and damping perfor-
mance of the active filter.

o Damping performance of the active filter is discussed
when nonlinear loads are located at different buses.
Multiple active filters might provide more effective per-
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