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ABSTRACT: Today, one of the important issues of power quality (PQ) in power systems is the current
harmonics. Increasing expansion of nonlinear loads at different parts of the electric network makes
harmonic distortion flow through the network. This causes the network to have background voltage
and current harmonic distortion and even affect on the PQ of linear load performance. Therefore, it is
important to determine the harmonic contribution between load and network in distribution networks
and industrial centers. In this paper, a new procedure for determining the current harmonic contribution
around a quiescent point at the PCC is presented using load modeling based on crossed-frequency
admittance matrix. The novelty of this paper is that, firstly, instead of using the harmonic Norton model
of load, which has often been used in papers related to the harmonic contribution, it uses the crossedfrequency admittance matrix model, which is closed to actual load model; and secondly, considering the
fact that a linear load has a diagonal form for its crossed frequency admittance matrix, the separation of
harmonic contribution is made.

1. Introduction
Voltage and current harmonic distortion is expanding due
to increasing the nonlinear loads in distribution networks
and industrial centers [1]. Today, harmonics are known as a
major factor affecting on the power quality and causing many
problems in the power system [2]. The harmonics in power
systems can cause a lot of damage, such as increasing power
losses and equipment heat, resonance phenomena, decreasing
power quality, adverse effects on telecommunication
equipment, increasing the probability of improper operation
of protective systems and, consequently, reducing reliability.
To deal with this problem, the first step is to identify harmonic
generating sources. The next step is to determine how much
each of these sources actually has contributed to the desired
harmonic distortion, and in other words, how much has
been disturber. In the past years, the harmonic contribution
between the network and the customer at the point of
common coupling (PCC) connected to the network has been
determined in different ways.
In [3], a method is presented to determine the location of
a harmonic source based on the direction of real power flow
in the PCC bus. In this method, the side with larger harmonic
power is identified as the location of harmonic source. It
was then proved that this method can not necessarily give
the correct determination because the direction of the real
power flow is dependent on the angle between the network
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and customer voltages and is not dependent on their voltages
amplitude [4]. Another method used to identify the source
of harmonic generation in PCC is the method investigated
in this paper, called the “vector projection” method. In
this method, the Norton equivalent circuit of network and
customer is obtained from side of the PCC bus, and then
vector projection of the current or voltage caused by each of
the harmonic generation sources in the PCC bus is respectively
obtained on the current or voltage vector generated by
the simultaneous presence of two harmonic sources. The
magnitude and direction of each vector projection represent
the harmonic contribution of each source [5]. Papers [6,7]
present methods to identify the harmonic source in the PCC
bus, which are based on comparison of the voltage amplitude
and critical impedance, respectively. In these methods,
several switching tests are required to recognize the system
impedance. In 2008, a method based on total harmonic
distortion (THD) calculation was proposed to determine
the contribution of customer and network in the harmonic
distortion of distribution networks [8]. This method is not
sufficiently precise because it does not consider the harmonic
sources phase [9]. [3-8] have focused on radial networks,
but [9] has also determined the harmonic contribution of
network and customer in weakly meshed networks. In this
method, a Norton equivalent circuit of customer is used
to model customer RLC components. Determining the
harmonic contribution for a special load, taking into account
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the kth harmonic current changes are only dependent on the
kth harmonic voltage variations of load and voltage changes
of the other harmonics do not affect it. Therefore, it can be
concluded that if the desired nonlinear load was linear, only
the main diagonal of its CFAM would remain, and its other
components would be zero. Therefore, it can be said that a
term of the kth harmonic current changes of load due to the
kth harmonic voltage variations of load is generated even
though the load is linear. Therefore, the network, not the
load, is responsible in this term of current. The terms of the
kth harmonic current changes of load generated by harmonic
voltage changes of other orders are actually the terms that are
generated due to non-linear nature of the load. In other words,
these terms are those a linear load never has. So in these
terms, the load, not the network, is responsible. Therefore, the
separation of the harmonic contribution of network and load
Fig. 1. A connection of a linear load and a network with
is performed as described. A term of kth harmonic current
Fig. 1. ofA connection of a linear
load and aharmonic,
network with
background
background
at the
PCC bus. harmonic, at the PCC bus.
Utility
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) areload
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3-1-Case 1: The linear load connected to a network with
Using the “vector projection” method described in [5],
background harmonic
the harmonic contribution of network and load in the kth
3-1-Case 1: The linear load connected to a network with background harmonic
In this case, as shown in Fig. 1, a linear R-L load ( Load A
harmonic current changes of PCC ( λ∆k I ,Utility and λ∆k I ,Load ) are
)
is
determined
by
(8)
and
(9),
respectively:
In this case, as shown in Fig. 1, a linear R-L load ( Load A ) is connected to the networkconnected
( LineB ) by ato
linethe network ( LineB ) by a line ( Network B ). To
generate a background harmonic for the network, a rectifier
( NetworkB ). To generate
background
harmonic for the network, a rectifier ( RectifierB ) which
whichis is feeding its load ( Load B ) is connected to
∆I Utilitya.∆
I
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a network by a transformer ( Transforme rB ). The harmonic
feeding its load ( Load∆
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of investigated linear load. Information of
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causes the network to be harmonic from point of investigated linear load.
Load
parameters
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the investigated system is given in Table 1.
∆
.
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I
I
I , Load
k
k
λk∆Information
(%)of=parameters
× 100 system is given in Table 1.
in2the investigated
The aim is determining the harmonic contribution of
∆I k

(9)
current changes due to the network and load at the PCC bus.
First, at the operating point of system, i.e. before t = 0.6s (at
In which “.” presents the inner product of two vectors.
t = 0.6s variations are considered), the voltage and current of
each harmonic order is obtained at the PCC bus, using the
3. Simulation Results
FFT transformation and taking into account 20 frequencies
In this section, the proposed method for determining of
(including the DC component, the fundamental component
the harmonic contribution of current changes between load
and 18 harmonic orders). To get the CFAM elements at this
and network is simulated in MATLAB software. In order to
operating point, Load A is disconnected and then is connected
evaluate the accuracy of the proposed method, three cases
to a controlled voltage source.
are investigated. In Case 1, a linear load which is connected
According to the explanation given in Section 2, minor

∑
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Table 1. Information of parameters in the simulated system in each case study
Table 1. Information of parameters in the simulated system in each case study
Case 1 & Case 2

 R1 A = 540

 L1 A = 20 H
 R 2 A = 540

 L2 A = 20 H

 R A = 600

 L A = 0.1H

C 3 A = 100F

open t  0.6s

close t  0.6s

type : 12 - pulse

27
firing angle =  

50
CSA = 0.05mF



t  0.6 s
t  0.6 s

 S N = 250MVA

V1N = 11kV
V2 N = 6.3kV
V = 6.3kV
 3N
rP rimary = rSecondary = rTertiary = 0.002 pu

l P rimary = lSecondary = l Tertiary = 0.08 pu

 RLineB = 1

−3

 LLineB = 10 H


 RLineB = 1

−3

 LLineB = 10 H

V N = 11kV

f = 50Hz


 S SC = 100MVA

X =7
R


V N = 11kV

f = 50Hz


 S SC = 100MVA

X =7
R


 R1B = 540

 L1B = 20 H

 R1B = 540

 L1B = 20 H

 R 2 B = 540

 L2 B = 20 H
C 3B = 100F

 R 2 B = 540

 L2 B = 20 H
C 3B = 100F

open t  0.6s

close t  0.6s

open t  0.6s

close t  0.6s

type : 6 - pulse

type : 6 - pulse



5 t  0.6s
firing angle =  

42 t  0.6 s
C SB = 0.1mF



5 t  0.6s
firing angle =  

42 t  0.6s
C SB = 0.1mF

 S N = 250MVA

V1N = 11kV

V2 N = 6.3kV
r
= rSecondary = 0.002 pu
 P rimary
l P rimary = l Secondary = 0.08 pu


 S N = 250MVA

V1N = 11kV

V2 N = 6.3kV
r
= rSecondary = 0.002 pu
 P rimary
l P rimary = l Secondary = 0.08 pu


harmonic values of vol

changes at each harmonic order of the reference voltage
the harmonic values of voltage and current at PCC bus in
harmonic values of voltage and current at PCC bus in the system (Fig. 1), at t = 0.6s, the firing an
(operating point voltage) occurs after each other, and is
the system (Fig. 1), at t = 0.6s, the firing angle of RectifierB changes fro
applied to this Load A by this controlled voltage source. TheRectifierchanges
from 5 toto 42 ,, and
andininaddition
addition
is closed.
The changes
BreaB ker
is closed.
The generated
Breaker
B
B changes from 5
voltage and current wav
minor change in the magnitude and phase of the reference
generated changes in the voltage and current waveform are
current waveform are shown in Fig. 2.
voltage at each harmonic order is considered to be 5%. Usingvoltage and
shown
in Fig. 2.
(5), each of the CFAM elements is obtained. Then, to change
The result of determining the harmonic contribution of
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Fig. 2. Voltage and current waveform at PCC bus before and after considering the change in t = 0.6s at Case 1.
Fig. 2. Voltage and current
waveform at PCC
bus before
considering
the change
in t = 0.6s at Case 1.
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A
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(%)
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k I ,Load (%)
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According
AccordingtotoTable
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theload
loadharmonic
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detectedasaszero
zeroand
anditsitsvalue
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100%.
This
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theresult
resultthat
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linearload
loadconnected
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Nonlinear
load
connected
3-2-Case
2:
Nonlinear
load
connectedtotoa anetwork
networkwithout
withoutbackground
backgroundharmonics
harmonics
in the harmonic current changes generated at the PCC bus,
In
this
case,
the
desired
network
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but
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according
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3,byTransforme
isTransforme
a nonlinear
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Transforme
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Fig. 3. Connecting a nonlinear load and a network without background harmonic, in the PCC bus.
Fig. 3. Connecting a nonlinear load and a network without background harmonic, in the PCC bus.

Fig. 4. Waveform of voltage and current at PCC bus before and after applying the changes at the instant t = 0.6s in Case 2.
(a)current
Line-to-ground
(b) Current
of phase
Fig. 4. Waveform of voltage and
at PCC busvoltage
before of
andphase
after A
applying
the changes
at theAinstant t = 0.6s in Case 2.

Table 3. The results of determining the harmonic contribution due to change the PCC current in each of the
(a) Line-to-ground voltage
of phase
A
(b) Current
of phase A
harmonic
orders
for Case
2

Table 3. The results of determining the harmonic contribution due to change the PCC current in each of the harmonic orders for Case 2

k I ,Utility(%)
k I ,Load (%)

The result of determining the harmonic contribution of
Load and Utility of the system shown in Fig.3 in the harmonic
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current changes generated in the PCC for each of the harmonic
orders using (8) and (9) is given in Table 3.

r each of the harmonic orders using (8) and (9) is
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tion due to change the PCC current in each of the
or Case 2

13
17
19
According
to Table
3, in this case, as expected, the
0.27
0.13
0.39
harmonic
load
contribution
of all harmonics is much more
99.66
99.73 the estimated
99.87
99.61
than
network
contribution and is estimated to
be relatively close to 100% with a good precision. Given that
in this case
network
is completely homogeneous and all
monic load contribution
of allthe
harmonics
is much
the harmonics are due to the load, the results of the Table are
mated to be relatively close to 100% with a good
reasonable. However, it is observed that in some harmonics,
as compared
to other
harmonics,
the expected result for
ly homogeneous
and all the harmonics
are due
to
determining the harmonic contribution of the load and the
ever, it is observed that in some harmonics, as
network (100% and 0% respectively) is not estimated. The
reason
of contribution
this seemsof to
etermining the
harmonic
the be
loadthat the harmonic amplitude of
these harmonics is low and thus the accuracy of computations
imated. The reason of this seems to be that the
is reduced. This point should also be noted that in any case,
with
the first glance
to This
the Table, one can find that the
s the accuracy
of computations
is reduced.
harmonic responsible is the load, not the network. Like case
first glance to the table, one can find that the
1, since the harmonic orders other than 6k±1 are zero, they
case 1, since are
the harmonic
orders other
thanTable
6k±1
not included
in the
11

0.34

3-3-Case 3: Nonlinear load connected to a network with
background harmonic
In this case, according to Fig. 5, the nonlinear load
th background harmonic
connected to the PCC is similar to the nonlinearity load
nnected to the
is similar
the nonlinearity
inPCC
Case
2; andto the
network with the background harmonic
connected
to
the
PCC
is in accordance with the network with
armonic connected to the PCC is in accordance
background harmonic of the Case 1. Information about the
e 1. Information
aboutparameters
the system parameters
system
is givenisin Table 1. The operating point
and
CFAM
are
obtained
similar to the previous two cases. At
obtained similar to the previous two cases. At
Fig. 5. The connection of a nonlinear load and a network with
t = 0.6s both BreakerA and BreakerB are closed; in addition,
the5. The connection of background
Fig.
a nonlinear load
and a network
with bus.
background harmonic, in the PC
harmonic,
in the PCC
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occurred
in the in
current
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and
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voltage
ofofof
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the
PCC
PCCare
areshown
shownininFig.
Fig.6.6.
and
voltage
the
current and voltage of the PCC are shown
in Fig.
6.PCC are shown in Fig. 6.
the PCC are shown in Fig. 6.
The result of the harmonic contribution of Load and
Utility of the system shown in Fig. 5 in the harmonic current
changes generated in the PCC for each harmonic order using
(8) and (9) is given in Table 4.
According to Table 4, in each of the harmonic orders,
different contributions are estimated for each of the sides; in
some harmonic orders, Customer is detected as responsible,
and in some other, Utility is responsible. In the system under
consideration, due to the presence of 6-pulse rectifier at
the load side, it is expected that the harmonic orders 6k±1
generated in the system are due to the load. Using the proposed
method, according to result obtained in Table 4, the harmonic
contribution of load for orders 5, 7, 17 and 19 is estimated
at almost 100%, and the harmonic contribution of utility is
estimated to be zero. The harmonic orders obtained from
12-pulse rectifier are 12k±1. Harmonic orders 11 and 13 in
the examined system originate from 6 and 12 pulse rectifiers.
The main responsible of 11th harmonic flowing in PCC is
utility with sharing 65.84%. Also, the main responsible of 13th
harmonic flowing in PCC is customer with sharing 57.61%
Fig. 6. Waveform of voltage and current at PCC bus before and

Fig.
6.
Waveform
ofaofanonlinear
voltage
and
current
at
PCC
bus
before
after
applying
theinchanges
Fig.
Fig.
5.5.The
connection
connection
ofof
load
load
and
and
a anetwork
with
with
background
background
harmonic,
harmonic,
in
inthe
PCC
PCC
bus.
bus.
after
applying
the
changes
atand
the
instant
t = 0.6s
Case 3.at the instant t = 0
Fig.
5.The
The
connection
anonlinear
nonlinear
load
and
anetwork
network
with
background
harmonic,
inthe
the
PCC
bus.
(a) Line-to-ground voltage of phase A (b) Current of phase A
(b) Current of phase A
In this paper, a new method is proposed by using a CFAM (a) Line-to-ground voltage of phase A

4. Conclusion
. 5. The connection
of a nonlinear load and a network with background harmonic, in the PCC bus.

model of load to determine the harmonic contribution of
current changes around an operating point, in the PCC bus.
The contribution separating equations, which are based on

the diagonal CFAM for linear loads, are expressed, and then
presented as indicators using the “vector projection” method.
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Table 4. The results of determining the harmonic contribution due to change the PCC current in each of the
harmonic orders for Case 3

Table 4. The results of determining the harmonic contribution due to change the PCC current in each of the harmonic orders for Case 3

k I ,Utility(%)
k I ,Load (%)

To evaluate the proposed method, simulation was performed
in three case studies using MATLAB software. In all three
case studies, the results were close to the expected results.
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