
 

  
Abstract--Use of Nonlinear loads such as 
converters, power supplies used in personal co
the main cause of harmonics in power dist
Hence, voltage distortion on utility outlets and
current on distribution lines have arisen and le
serious problems in distribution systems. 

In this paper, a series active filter is propos
neutral of a three-phase, four-wire distribution
interacts with neutral by injecting proper cu
suppress the excessive current harmonics, 
prevent the overloading of the neutral co
distribution transformer. Detailed analysis 
system will be presented. Also a new contro
related compensation characteristics of a s
connected in the neutral conductor are presen
This approach has been simulated using MATL
 
Index Terms--Harmonic voltage distortion, neu
nonlinear loads, series active filter, third harmo

I.  INTRODUCTION 
HE use of non-liner loads, such as adjust
and computer equipment is growing
equipments draw distorted currents f

feeders and also from distribution transform
will cause a flow of harmonic currents thr
equipments which lead to their heating. 
unbalance the zero sequence triple harmonics 
neutral conductor, thus result in overloadin
conductor and the distribution transformer.  

Especially on three-phase four-wire dist
the third-harmonic currents are increased. Th
harmonic currents cause overheating of the n
[1]. In order to reduce the neutral current
connected in series with the neutral conduct
[2]. Recently, several schemes have been pr
the current harmonics of the neutral conducto
transformer arrangement [3], active filter s
power electronics components [4-7], and com
[8-9]. The Instantaneous Reactive Power th
been adopted to calculate the harmonic
command for some of the aforementioned 
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In this paper, a new harmonic su
neutral conductor of three-phase
systems is proposed. The proposed s
filter inverter connected in series wi
suppress the zero sequence current 
conductor. Elaborated analysis of the
presented to validate the filtering pe
system.

 
Fig.1.The proposed active filtering sche

distribution syst

II.  SYSTEM CONFIGURA

   Fig. 1 shows the 5-kVA small-
phase, four-wire distribution system
in serial connection with the neutral c
four-wire system. A sensor provides
neutral conductor current in and neutr
the system controller. Table 1 shows
this model. The model consists
transformer, three nonlinear loads, 
nonlinear loads, each of which consi
parallel RC load. The active filter i
the neutral conductor via a switching
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Cfψ and a matching transformer (MT). A 
provided in case the active filter is shutdown. 
 

TABLE I 
PARAMETERS OF THE CIRCUIT IN FIG

 
Capacity of ∆-Y transformer 
Resistance of the ∆-Y transformer, Rs 
Inductance of the ∆-Y transformer, Ls 

Line-to-neutral voltage 
Active power of the loads 
Capacitance of the load rectifiers 

Carrier frequency of the inverter 

Cutoff frequency of the LC filter 
Turn ratio of MT 

Rated dc capacitor voltage 
Dc capacitance 

. 

III.  METHOD OF THIRD-HAR

A.   METHOD OF NEUTRAL CURRENT REDUC

Fig. 2 shows the zero-sequence equivalent
when the active filter reduces the neutral c
are modeled as voltage sources VLa ,VLb ,VLc a
,Zs and Zn are the impedances of the phase co
neutral conductor. Vsa , Vsb and Vsc are th
voltages. VAF represents the series active filt
voltage, which has the following characteristi VAF ൌ k୰IN    (1) 

 
Fig. 2.  The zero-sequence equivalent 

 
The active filter inverter presents a high i
harmonic frequencies to suppress current h
neutral conductor. The relationship of curre
can be expressed as: 
 Vୱୟ െ ZୱୟIୟ െ Z୪ୟ െ V୪ୟ ൅ VAF ൌ 0Vୱୠ െ ZୱୠIୠ െ Z୪ୠ െ V୪ୠ ൅ VAF ൌVୱୡ െ ZୱୡIୡ െ Z୪ୡ െ V୪ୡ ൅ VAF ൌ 0

bypass switch is 

G.1 

5 kVA 
0.25 Ω 

0.17 mH 

100 V 
2.6 kw 
100 µF 

20 kHz 

11.3 kHz 
1:5 

160 V 
100 µF 
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t circuits of Fig. 1 
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onductors and the 
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ter inverter output 
ics: 

 
 
 
 
 
 
 
 
 
 
 
 

circuit. 

impedance k୰ at 
harmonics in the 
ents and voltages 

0    (2) 0   (3) 0     (4) 

 
The source impedances of the ac g
Therefore Zsa= Zsb= Zsc= Zs is assum
all equated to a small impedance 
(3) and (4), and applying the 
neutral conductor current IN can be

IN ൌ (V୪ୟ ൅ V୪ୠ ൅ V୪ୡ) െ (VୱୟZୱ ൅ Z୪ ൅ 3K
 

With a large gain k୰, the active fil
resistance at the harmonic frequenci
components of the neutral current In ca
 

B.  Controller of the Active Filter f
Reduction 
Fig. 3 shows the controller of the

harmonic current mitigation. Contr
performed on a rotating frame syn
harmonic frequency (180HZ). The
neutral point, v

N
 andψ i

N
 is tran

quantities v
N

ψ ,v
N

ψ ψ andψ i
N

ψ ↪ψ
element: 
 ቂݒN஑ݒNஒቃ ൌ ൥ 1െ 1ωଷ ddt൩

൤݅N஑݅Nஒ൨ ൌ ൥ 1െ 1ωଷ ddt൩
 

Note that the frequency ߱ଷof th
obtained by a phase-locked-loop (P
signal generation building base signal 

β components are transformed into d a
frame. By useing synchronous refe
transformed into iNd and iNq synchrono
 ൤݅Nୢ݅ே௤൨ ൌ ൤ cos θଷ୧ sin θെ sin θଷ୧ cos
 

Instantaneous real power (P஑ஒ), 
calculated as Eq. (9).  ቂ݌αβݍ ቃ ൌ ൤ Nαݒ NβݒNβെݒ Nβݒ

൨ 
The instantaneous real and imag

and DC values and can be expressed
ఈఉ݌  ൌ ҧ݌ ൅ݍ ൌ തݍ ൅ ෤ݍ
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rid are usually balanced; 
med. ZLa , ZLb , and ZLc are 
ZL. By summing up (2), 
above assumptions, the 
 derived as 

 ୟ ൅ Vୱୠ ൅ Vୱୡ)K୰    (5) 
ter inverter emulates a high 
ies, therefore the harmonic 
an be suppressed. 

for Third-Harmonic 
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ψ i

N ψ
by a time-derivative 

vN    (6) 
iN     (7) 

he neutral current can be 
PLL) circuit. By means of 
sin 3t and cos 3t, then α and 

and q synchronous reference 
erence frame iNα and iNβψ 

ous reference frame as θଷ୧θଷ୧൨ ൤݅ேఈ݅ேఉ൨   (8) 

imaginary power (q) are 

൨ ൤݅Nୢ݅N୯൨   (9) 
ginary powers include AC 
d as follows: ݌෤ఈఉ ݍ෤ (10)



 

Fig. 3.  The Block di
 

DC values (pത, qത) of the p஑ஒ and q are the a
reactive power.AC values (p෤, q෤  ) of the p஑
ripple active and reactive power originating 
the neutral current. Thus, p஑ஒ and q signals 
high pass filters (HPF) with cut-off frequency
enables to obtain p෤, q෤ . With these signals a
equations, all of harmonic currents with a 
than base frequency, can be compensat
currents in d-q reference frame considers as f݅Nୱ୦ୢ ൌ ෍ Iୢ୬∞

୬ୀଶ       (11) 

݅Nୱ୦୯ ൌ ෍ I୯୬ ∞

୬ୀଶ      (12) 

 
Eq. (11) and (12) represent the requir

current references  in d-q coordinate. Then iNୱ୦ୢ and  iNୱ୦୯ respectively instead of  p஑ஒ
in equation (9) and inversing voltage coeff
could be seen that:  

 ൤݅Nୱ୦ୢ݅Nୱ୦୯൨ ൌ ଵ௩Nα
మ ା௩Nβ

మ ൤ݒNα െݒNβݒNβ Nαݒ
൨ ൤݌෤αβq෤ 

Achieved currents are considered as active fil
reference. Hence applying inverse stationary
and iNୱ୦୯, compensating reference currents in
could be calculated.  ൤݅Nα

Nβ݅כ
כ ൨ ൌ ൤cos θଷ୧ െ sin θଷ୧sin θଷ୧ cos θଷ୧ ൨ ൤݅Nୱ୦ୢ݅Nୱ୦୯  Then calculated compensating harmoni

coordinate are multiplied by resistance coeffi
reference voltages, vN஑כ  and vNஒכ , as follow: ൤vN஑כvNஒכ ൨ ൌ K୰ ൤݅Nα

Nβ݅כ
כ ൨     (15)  

iagram of the controller for the mitigation of third-harmonic voltages 

average active and ஑ஒ and q are the 
from harmonic of 
are filtered, using 
y at 200HZ which 
and prementioned 
frequency higher 

ted. If harmonic 
follow: 

red compensating 
substituting p෤, q,෥  ஒ, q, iNd  and iNq 

ficients matrix, it 

β൨  (13)     
lter compensating 
y frame on iNୱ୦ୢ 

n α-β coordinating 

൨  (14) 
ic current in α-β 

ficient to calculate 

The command voltages vN஑כ  and vNஒכ
kHz triangular-wave signal and gene
pulse width-modulation (PWM) mod

IV.  SIMULATION RESUL

The simulated circuit is shown 
parameters used in the simulation are
Supply: 120Vrms (line-neutral), 6
represents the leakage inductan
transformer and the utility inductanc
Active filter: A H-bridge inverter 
operation with switching frequency o
output filter: consists of Lf = 0.2mH
 ω଴ ൌ ଵ√୪ୡ ൌ 70.7 ൈ 10ଷ  rad sec⁄ (1
A.  Balanced load 

In this test, the rectifier loads on al
and approximately 1.7 kW. Cdca=
Rloada = Rloadb = Rloadc = 25Ω. iN

simulation and its spectra is show
sequence triplen harmonics accu
conductor, thus result in a se
waveform. The 3rd harmonic compo
is slightly less than 80A. As the activ
the harmonics of iN current are gre
figure 4(c). 

Figures 5 and 6, show the wavefo
phase currents ia before applying th
current contain significant 3rd ha
typical for single-phase diode rectifi
current is 112.92%. Since the active
the zero sequence harmonics curren
such components are suppressed in
well. Comparing the spectra of figu
(after), the zero sequence harmonics
are significantly reduced by the acti
other components remain almost un
phase current is also reduced to 65.7
performed with MATLAB Simulink p
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 are compared with a 20-
erated inverter operating in 
de. 

LTS  
in figure 1. The system 

e given as follows: 
60Hz, Ls=0.35mH which 
nce of the distribution 
ce. 

using IGBTs, and PWM 
of fsw=20 kHz,  
, Cf = 1.0µF. 1.3 k H z)  

ll three phases are balanced 
=Cdcb=Cdcc = 15OOµF, 

N waveform obtained from 
wn in figure 4. The zero 
umulate in the neutral 

everely distorted current 
onent shown in figure 4(b) 
ve filter starts at t=0.8sec., 

eatly reduced as shown in 

orms and the spectra of the 
he active filter. The phase 
armonic current which is 
ers. The THD of the phase 
e filter inverter suppresses 

nt in the neutral conductor, 
n the phase conductors as 
ure 6 (before) and figure 7 
 such as the 3th, and the 9th 
ve filter inverter, while all 

nchanged. The THD of the 
77%. All of simulations are 
ackage. 
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(a)

 
(b)

 
(c) 

Fig. 4.  Neutral current iN; (a) balanced loading, (b) Before the active filter 
is started, (c) After the active filter 

 

 
Fig. 5.  Phase conductor current ia (balanced loading). 

 

 
Fig. 6.  Spectra of ia before applying active filter (balanced loading). 

 

 
Fig. 7.  Spectra of ia after applying active filter (balanced loading). 

 
 Figure 8(a) shows the waveform of phase  to neutral 

voltage Va before and after applying active filter inverter. The 
“flat-topping” of the Va results from the third harmonic 
component of Vinv. The spectra of Va [Figure 8(b) and (c)] also 
indicates a significant increase of the third harmonic 
component after the active filter inverter is applied. 

 

 
(a)

 
(b) 

 
(c) 

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, Cdca = 15OOµF, Rloada = 56Ω. 
Phase B: 576W, Cdcb = 15OOµF, Rloadb = 25Ω. 
Phase C: 757W, Cdcc = 15OOµF, Rloadc = 19Ω. 
The neutral conductor current i

N
 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 i

N
 reaches 30A. Figure 9(b) 
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shows the spectrum of i
Nψ

before applying filter. The Total 
Harmonic Distortion (THD) factor of i

N
 exceeds 300% due to 

the severe harmonic distortion. 
After applying the active filter at around t = 0.8 sec., the 

harmonics of i
N
 is significantly reduced as shown in figure 

9(c) compared to figure 9(b). The fundamental component of 
i

N
 caused by unbalance loading is not affected by the active 

filtering operation. The THD of i
N
 is reduced to approximately 

13.45% .Figure 10 shows the output voltage of the active filter 
inverter. 

 
(a) 

 
(b) 

 
(c) 

Fig. 9. (a) Neutral current waveform of iN, (b) spectrum of iN before 
applying filter, (c) spectrum of iN after applying active filter 

 

 
Fig. 10. Active filter inverter output voltage 

 
Figure 11 shows the waveforms of unbalanced phase 

currents ia, ib and ic. Figure 12 shows the spectrum of the 
phase currents ia, ib and ic before applying the active filter 
inverter. The THDs of the phase currents are 129.24%, 
114.4%, and 107.24% for ia, ib and ic respectively. 

 

 

 
Fig. 11.  Phase conductor currents ia, ib, ic (unbalanced loading). 

 

 
Fig. 12.  Spectra of ia, ib, ic ; before applying the active filter 

(unbalanced loading). 
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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. 

 
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 unbalanced 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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