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New Control Technique for Compensation of
Neutral Current Harmonics in Three-Phase
Four-Wire Systems

J. Keramati Zadeh and E. Farjah

Abstract--Use of Nonlinear loads such as power electronic
converters, power supplies used in personal computers and etc is
the main cause of harmonics in power distribution systems.
Hence, voltage distortion on utility outlets and excessive neutral
current on distribution lines have arisen and lead to a number of
serious problems in distribution systems.

In this paper, a series active filter is proposed to be placed in
neutral of a three-phase, four-wire distribution system. This filter
interacts with neutral by injecting proper current in order to
suppress the excessive current harmonics, this in turn will
prevent the overloading of the neutral conductor and the
distribution transformer. Detailed analysis of the proposed
system will be presented. Also a new control method and the
related compensation characteristics of a series active filter
connected in the neutral conductor are presented in this paper.
This approach has been simulated using MATLAB.

Index Terms--Harmonic voltage distortion, neutral conductor,
nonlinear loads, series active filter, third harmonic.

1. INTRODUCTION

HE use of non-liner loads, such as adjustable speed drives

and computer equipment is growing rapidly. These

equipments draw distorted currents from distribution
feeders and also from distribution transformers. This in turn
will cause a flow of harmonic currents through distribution
equipments which lead to their heating. Because of load
unbalance the zero sequence triple harmonics accumulate in the
neutral conductor, thus result in overloading of the neutral
conductor and the distribution transformer.

Especially on three-phase four-wire distribution systems,
the third-harmonic currents are increased. The excessive third
harmonic currents cause overheating of the neutral conductors
[1]. In order to reduce the neutral current, a passive filter
connected in series with the neutral conductor could be used
[2]. Recently, several schemes have been proposed to reduce
the current harmonics of the neutral conductor, such as zig-zag
transformer arrangement [3], active filter systems based on
power electronics components [4-7], and combination of both
[8-9]. The Instantaneous Reactive Power theory [10-11] has
been adopted to calculate the harmonics compensation
command for some of the aforementioned schemes. Also in
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[12-13] series active filters are proposed to be placed in
neutral of a three-phase, four-wire distribution system.

Comprehensive details of conventional control method and
it’s analysis with synchronous reference frame is presented in
[14].

In this paper, a new harmonic suppression scheme for the
neutral conductor of three-phase, four-wire distribution
systems is proposed. The proposed system applies on an active
filter inverter connected in series with the neutral conductor to
suppress the zero sequence current harmonics of the neutral
conductor. Elaborated analysis of the proposed method will be
presented to validate the filtering performance of the proposed
system.
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Fig.1.The proposed active filtering scheme for a three phase four-wire
distribution system

II. SYSTEM CONFIGURATION

Fig. 1 shows the 5-kVA small-scaled model of a three
phase, four-wire distribution system. An active filter is placed
in serial connection with the neutral conductor of the three phase
four-wire system. A sensor provides the measurements of the
neutral conductor current i, and neutral conductor voltage v, for
the system controller. Table 1 shows the circuit parameters of
this model. The model consists of a A-Y step-down
transformer, three nonlinear loads, and an active filter. The
nonlinear loads, each of which consists of a diode rectifier and
parallel RC load. The active filter is connected in series with
the neutral conductor via a switching-ripple LCvfilter L fyand



Cryp and a matching transformer (MT). A bypass switch is
provided in case the active filter is shutdown.

TABLE I
PARAMETERS OF THE CIRCUIT IN FIG.1
Capacity of A-Y transformer 5kVA
Resistance of the A-Y transformer, Rs 0.25Q
Inductance of the A-Y transformer, Ls 0.17 mH
Line-to-neutral voltage 100 V
Active power of the loads 2.6 kw
Capacitance of the load rectifiers 100 uF
Carrier frequency of the inverter 20 kHz
Cutoff frequency of the LC filter 11.3 kHz
Turn ratio of MT 1:5
Rated dc capacitor voltage 160 V
Dc capacitance 100 pF

III. METHOD OF THIRD-HARMONIC

A. METHOD OF NEUTRAL CURRENT REDUCTION

Fig. 2 shows the zero-sequence equivalent circuits of Fig. 1
when the active filter reduces the neutral current. The loads
are modeled as voltage sources V.,V ,V;. and impedance Z;
,Z, and Z, are the impedances of the phase conductors and the
neutral conductor. V,, , V, and V. are the balanced grid
voltages. V4 represents the series active filter inverter output
voltage, which has the following characteristics:

Var = keIy (D)

Vi,

] Zr,
==

z, VAR
—
= — )

Fig. 2. The zero-sequence equivalent circuit.

The active filter inverter presents a high impedance K, at
harmonic frequencies to suppress current harmonics in the
neutral conductor. The relationship of currents and voltages
can be expressed as:

Vsa - Zsala - Zla
Vsb = Zsplp — Zpp
Vsc - Zsclc - Zlc

- Vla + VAF =0 (2)
“Vib+Var=0 (3)
“Vict+Varp=0 (4)

The source impedances of the ac grid are usually balanced;
Therefore Zs— Zs== Zs—= Zs is assumed. Zi., Z1», and Zi. are
all equated to a small impedance Zi. By summing up (2),
(3) and (4), and applying the above assumptions, the
neutral conductor current /y can be derived as

_ (Vla + Vlb + Vlc) - (Vsa + Vsb + Vsc)
N Zs + 7, + 3K,

)

With a large gain K., the active filter inverter emulates a high
resistance at the harmonic frequencies, therefore the harmonic
components of the neutral current 7, can be suppressed.

B. Controller of the Active Filter for Third-Harmonic

Reduction

Fig. 3 shows the controller of the active filter for the third
harmonic current mitigation. Control of the active filter is
performed on a rotating frame synchronized with the third-
harmonic frequency (180HZ). The voltage and current of
neutral point, v, andy 4, is transformed into orthogonal
quantities v, v ,v, ¢ ¢ andy i, P < i, by a time-derivative
element:

17 a
vzﬁ] [_%%]VN (6)

lNO(
INB] [ w3 dt] W

Note that the frequency wsof the neutral current can be
obtained by a phase-locked-loop (PLL) circuit. By means of

signal generation building base signal sin 3t and cos 3t, then a and
B components are transformed into d and q synchronous reference

frame. By useing synchronous reference frame iy, and iy
transformed into iy, and iy, synchronous reference frame as

[iNd] _ [ €os 03;

sin 037 [ine
iNq - Sln 931

cos 05/ Ling

| ®

Instantaneous real power (P,g), imaginary power (q) are
calculated as Eq. (9).

-1,

The instantaneous real and imaginary powers include AC
and DC values and can be expressed as follows:

17NB] [iNd
Ung iNq

| @

(10)
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Fig. 3. The Block diagram of the controller for the mitigation of third-harmonic voltages

DC values (p, q) of the pyg and q are the average active and
reactive power.AC values (P, ) of the p,g and q are the
ripple active and reactive power originating from harmonic of
the neutral current. Thus, p,g and q signals are filtered, using
high pass filters (HPF) with cut-off frequency at 200HZ which
enables to obtain P,q. With these signals and prementioned
equations, all of harmonic currents with a frequency higher
than base frequency, can be compensated. If harmonic
currents in d-q reference frame considers as follow:

INshd = Z lan  (11)
n=2

iNshq = Z an (12)
n=2

Eq. (11) and (12) represent the required compensating
current references in d-q coordinate. Then substituting B, G,
insha and inghq respectively instead of pgg, g, iNd and iNq
in equation (9) and inversing voltage coefficients matrix, it
could be seen that:

] a3

Achieved currents are considered as active filter compensating
reference. Hence applying inverse stationary frame on iyghq
and ingnq, compensating reference currents in a-B coordinating
could be calculated.

[iltla] _ [COS 931
ingl ~ Lsin0s;

[iNshd] 1 [VNa

INshq VI%lu'HJI%IB Unp

—sin 03] [0
31] [.Nshd] (14)
cos 03; | |INshq
Then calculated compensating harmonic current in o-f
coordinate are multiplied by resistance coefficient to calculate
reference voltages, vy, and vyg, as follow:

VKm] [iﬁa]
« | =K. |.% 15
[VNB r INp (15)

The command voltages vy, and vyg are compared with a 20-

kHz triangular-wave signal and generated inverter operating in
pulse width-modulation (PWM) mode.

IV. SIMULATION RESULTS

The simulated circuit is shown in figure 1. The system
parameters used in the simulation are given as follows:
Supply: 120Vrms (line-neutral), 60Hz, Ls=0.35mH which
represents the leakage inductance of the distribution
transformer and the utility inductance.

Active filter: A H-bridge inverter using IGBTs, and PWM
operation with switching frequency of fsw=20 kHz,
output filter: consists of Lf=0.2mH, Cf= 1.0puF.

Wy = — = 70.7 x 103 rad/sec (11.3k H z)

\/E =
A. Balanced load

In this test, the rectifier loads on all three phases are balanced
and approximately 1.7 kW. Cdc,=Cdc,=Cdc, = 1500uF,
Rload, = Rload, = Rload, = 25Q. iy waveform obtained from
simulation and its spectra is shown in figure 4. The zero
sequence triplen harmonics accumulate in the neutral
conductor, thus result in a severely distorted current
waveform. The 3rd harmonic component shown in figure 4(b)
is slightly less than 80A. As the active filter starts at t=0.8sec.,
the harmonics of iy current are greatly reduced as shown in
figure 4(c).

Figures 5 and 6, show the waveforms and the spectra of the
phase currents ia before applying the active filter. The phase
current contain significant 3rd harmonic current which is
typical for single-phase diode rectifiers. The THD of the phase
current is 112.92%. Since the active filter inverter suppresses
the zero sequence harmonics current in the neutral conductor,
such components are suppressed in the phase conductors as
well. Comparing the spectra of figure 6 (before) and figure 7
(after), the zero sequence harmonics such as the 3™, and the 9™
are significantly reduced by the active filter inverter, while all
other components remain almost unchanged. The THD of the
phase current is also reduced to 65.77%. All of simulations are
performed with MATLAB Simulink package.
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Figure 8(a) shows the waveform of phase to neutral
voltage V, before and after applying active filter inverter. The
“flat-topping” of the ¥, results from the third harmonic
component of V,,. The spectra of V, [Figure 8(b) and (c)] also
indicates a significant increase of the third harmonic
component after the active filter inverter is applied.
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Fig. 8. (a) phase to neutral voltage Va (b) spectrum before applying active
filter (c) spectrum after applying active filter.

B. Unbalanced load

In this test, the rectifier loads are unbalanced.

Phase A: 257W, Cdc, = 1500uF, Rload, = 56Q.

Phase B: 576 W, Cdc, = 1500uF, Rload, = 25Q.

Phase C: 757W, Cdc, = 1500pF, Rload, = 19Q.

The neutral conductor current ¢, contains approximately 6.5 A
of fundamental component as indicated in figure 9(a). Due to
the zero sequence harmonic component produced by the
rectifier load, the peak value of 7, reaches 30A. Figure 9(b)



shows the spectrum of i, before applying filter. The Total

Harmonic Distortion (THD) factor of 7, exceeds 300% due to 20
the severe harmonic distortion. ol i
After applying the active filter at around t = 0.8 sec., the L J Iy
harmonics of 4, is significantly reduced as shown in figure = 0 ' UJL W W W
9(c) compared to figure 9(b). The fundamental component of -10 \ |
1, caused by unbalance loading is not affected by the active 20
filtering operation. The THD of 7, is reduced to approximately .
13.45% .Figure 10 shows the output voltage of the active filter 076 0.78 08 0.82 0.84
inverter.
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Figure 11 shows the waveforms of unbalanced phase 20r I
currents ia, ib and ic. Figure 12 shows the spectrum of the 0 I - [ -
phase currents ia, ib and ic before applying the active filter 3 ° " armorscorder T 2@
inverter. The THDs of the phase currents are 129.24%, Fig. 12. Spectra of ia, ib, ic ; before applying the active filter

114.4%, and 107.24% for ia, ib and ic respectively. (unbalanced loading).



Figure 13 shows the spetra of the phase currents ia, ib and
ic, after the active filter inverter is applied. The THDs are
reduced to 71.03%, 90%, and 58.58% respectively. It should
be mentioned that the magnitude of the 3rd harmonic in phase
conductors are also reduced by the operation of the active
filter inverter.
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Fig. 13. Spectra of ia, ib, ic ; after applying the active filter (unbalance
loading).

V. CONCLUSION

The controller of the active filter system extracts neutral
current and voltage harmonics by using a stationary frame
reference applied in third harmonic (180 Hz). The active filter
inverter then plays the role of a variable impedance for the
current harmonics.

Therefore, the harmonic distortion of the neutral conductor
current is reduced. The proposed series active filter can
simultaneously reduce current harmonics for the entire neutral
conductor and the distribution transformer. The method is
applicable for either balanced or wunbalanced loading.
Simulation results show the effectiveness of proposed method
and suitability of control strategy for reducing harmonics in
neutral conductor in three phase four wire systems.
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