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Abstract

This paperintroduces a fast method to localize the multiple harmonic sources (MHS) for rectifier based loads in power distribution system by utilizing periodogram technique with a single-point measurement approach atthe
point of common coupling (PCC). The periodogram is a fast and accurate technique for analyzing and distinguishing MHS location in power system. Matlab simulation is carried out several unique cases on |IEEE testfeeder
cases due to validate the proposed method. The identification of MHS location is based on the significant relationship of spectral impedance which are fundamental impedance (£,) and harmonic impedance (Z,) that's

extracted from an impedance power spectrum. It is verified that the proposed method is fast, accurate, and cost eficient in localizing MHS. In addition, this method also contributes 100% correct identification of MHS location.
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Abstract

This paper introduces a fast method to localize the multiple harmonic sources (MHS) for rectifier based
loads in power distribution system by utilizing periodogram technique with a single-point measurement
approach at the point of common coupling (PCC). The periodogram is a fast and accurate technique for
analyzing and distinguishing MHS location in power system. Matlab simulation is carried out several
unique cases on IEEE test feeder cases due to validate the proposed method. The identification of MHS
location is based on the significant relationship of spectral impedance which are fundamental impedance
(Z1) and harmonic impedance (Zn) that's extracted from an impedance power spectrum. It is verified that
the proposed method is fast, accurate, and cost efficient in localizing MHS. In addition, this method also
contributes 100% correct identification of MHS location.
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1. Introduction

It is vital in the harmonic analysis to identify the multiple harmonic sources with a particular
target to manage the issue associated with harmonic disturbances [1]. This issue continues
stretching out because of the present improvement, and changes of past conventional power
system loads into modern power electronic gadgets for instance, inverter, rectifier loads and
known as a harmonic producing source (HPS) [2]. In the real power distribution system, MHS
can be found at upstream and downstream at the point of common coupling (PCC) [3].
Distinctive procedures in order to identify MHS have been studied in numerous research. With
respect to least square and Kirchhoff’'s current law, state estimation strategy is presented [4].
Nonetheless, state estimation method requires numerous transducer for measurement
purposes and too costly [5]. In the meantime, the earliest method to identify the MHS is utilizing
power direction method, in any case this method speculatively, not precise when some
harmonics and current phase angle is more than 90° [6]. To overcome this problem, a critical
impedance method is introduced [7]. However, the procedure requires correct data of internal
impedances of utility and customer side, meanwhile in practice it is hard to quantify these
impedances values [8]. A harmonic current vector technique has additionally been proposed to
fix these issues [9]-[11], whereby the estimation of the harmonic contribution with no need of
exact date of client impedances. Nonetheless, it requires long estimation calculation of
harmonic contributions and difficult to measure harmonic impedance at client side with a
specific end goal to identify the MHS. In the previous study [12]-[14], a strategy known as
harmonic source estimation is proposed utilizing Bayesian estimation and harmonic state
estimation (HSE). This technique infers a high computational complexity and required the very
high cost of distributed measurement system setup [15]. With an alternate approach utilizing
two-points measurement approach, the author had proposed another technique by comparing
the first measurement at the PCC and the second measurement at the HPS by using
spectrogram method [16]. This approach gives a right data, nevertheless too expensive and
difficult to be executed [17]. In common practice, where accuracy, precision and quick
measurement are required, these procedures do not give the adequate result.
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This paper proposes multiple harmonic source identification utilizing single-point
estimation using periodogram, a new approach for identifying MHS with good accuracy,
quickness and cost efficient. The periodogram is a fast technique for characterizing and
identifying the multiple harmonic sources [1]. Furthermore, rectifier specifically will be utilized as
MHS in the distribution power system. The measurement data are analyzed periodogram and
represented in power spectrum representation. Moreover, the spectral impedance which is
fundamental impedance, Z; (50 Hz) and harmonic impedance, Z, at the PCC are estimated
from the power spectrum. Finally, the significant relationship between Z; and Z, from the
proposed method is used due to identifying the location of MHS.

2. Methodology
Localization of multiple harmonic sources is done with a single-point measurement utilizing
periodogram technique.

2.1 Periodogram
The periodogram power spectrum represents the distribution of power signal over frequency
and can be expressed as [10]:
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Where, Si(f) in the frequency domain; v(t) is voltage waveform; Vpc(t) is direct current voltage
and Af/2 is system frequency.

2.2 Principle of Proposed Method

The implementation of single-point measurement at PCC for MHS localization are shown in
Figure 1 and Figure 2. The position of multiple harmonic sources is categorized into three
condition. There are 3 conditions of MHS location by referring to the PCC:

1. Downstream: When MHS located at customer side.
2. Upstream: When MHS located at utility side.
3. Both streams: When MHS located between utility and customer side.

The measurement data are analyzed using periodogram and presented in power spectrum
representation. Furthermore, the parameters of the power system will be estimated from the
power spectrum and finally the identification of MHS location is based on the significant
relationship of spectral impedance which are Z; and Z, at the harmonic frequency.

3 phase
supply
PCCN-N PCC N-H PCC H-H PCCH-N
® — 1 %
A 4 A 4 v v y L 4
N N N H H N
Figure 1. Case 1 Figure 2. IEEE 4-bus test feeder for case 2, 3 and 4
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Whereby, N is non-harmonic load and H is harmonic producing load.

3.0 Results and Discussion

The reliability of the proposed method is tested and verified on IEEE 4-bus test feeder with 3-
phase full bridge rectifier that been utilized as the harmonic producing load.

3.1 Case 1: No harmonic sources in the system (NN)

Figure 3(a) demonstrates the voltage and current in the time domain. The peak voltage and
current were measured at 320.6V and 16.03A. Meanwhile, in Figure 3(b) it is observed that only
the fundamental components of voltage and current exist at 50 Hz. Figure 3(c) illustrates the

power spectrum of power impedance and clearly shown that only Zs with a value of 20 ohm is
existed.

Voltage Signal

Voltage (Volt)

10 20 30 40 50 60 70 80
Time (msec)
Current Signal

Time (msec)

(@)

The Power Spectrum of Voltage

Voltage (V)

o

T g 8 8 8
i3

Frequency (Hz)
The Power Spectrum of Current

Current (A)
o & 3
[
3

Frequency (Hz)

(b)

Title of manuscript is short and clear, implies research results (First Author)



1004 = ISSN: 2087-278X

The Power Spectrum of Impedance
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Figure 3. No harmonic source in the system (NN). (a) Voltage and current signal in time domain,
(b) The power spectrum of voltage and current, (c) The power spectrum of impedances.

Table 1. The spectral impedance for NN

Spectral impedance Value (Q)
Zsonz 20
Zn 0

It is evidently shown from the result that only the fundamental component is exist. Thus, the
significant relationship between Z; and Z; can be finished up as:

Zp=0ohm (3)

Z:# 0 ohm (4)

3.2 Case 2: Harmonic Sources at Downstream (NH)

In case 2, the effectiveness of the proposed method is analyzed when harmonic source located
at downstream. Figure 4(a) shows the voltage and current signal in the time domain with the
highest peak value of 315.1V and 73.36A, respectively. As depicted in Figure 4(b), harmonic
and inter-harmonic components exist at the frequency of 250 Hz, 375 Hz and 575 Hz. The
spectral impedance is shown in Figure 4(c), subsequently Z; is 4.206 ohm and each value of Z
is always lower than Z;.
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The Power Spectrum of Voltage
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Figure 4. A harmonic source at downstream (NH). (a) Voltage and current signal in time domain,
(b) The power spectrum of voltage and current, (c) The power spectrum of impedances

Table 2. The spectral impedance for NH

Spectral impedance Value (Q)
Zs0hz 4.206
Z250nz 1.848
Z375hz 2.459
Zs75hz 2.567

The result from Table 2 obviously demonstrates that the Z; is always larger than the Z, at the
downstream condition. Thus, the significant relationship of spectral impedance for the NH case
can be concluded as:

Z1>2Zp ()

3.3 Case 3: Harmonic Sources at Upstream and Downstream (HH)

The results achieved by the proposed method at the condition of the harmonic source located at
downstream and upstream are shown in Figure 5(a), 5(b) and 5(c). The highest peak voltage
and current are measured at 315.3 V and 60.45 A, respectively. Meanwhile, harmonic and inter-
harmonic components are detected at 250 Hz, 375 Hz and 575 Hz. Moreover, the spectral
impedance is demonstrated in Fig. 5(c), afterward Z; is 5.211 ohm and each value of Z; is
always greater than Z;.
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Figure 5. A harmonic source at upstream and downstream (HH). (a) Voltage and current signal
in time domain, (b) The power spectrum of voltage and current, (c) The power spectrum of

impedances.
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Table 3. The spectral impedance for HH

Spectral impedance Value (Q)
Zs0hz 5.211
Z250nz 5.291
Z375hz 5.851
Zs75hz 5.849

As shown in Table 3, the outcomes for case 3 explain that the Z; is always smaller than the Zj.
Hence, the relationship of spectral impedance for HH case can be composed as:

Z1< Zp (6)

3.4 Case 4: Harmonic Sources at Upstream (HN)

In this case the proposed method is executed when the harmonic source located at the
upstream side. Figure 6(a) presents the voltage and current signal in the time domain with a
highest peak value of 315.3 V and 59.49 A. In the meantime, Figure 6(b) shows that the
harmonic and inter-harmonic components were discovered at the frequency of 250 Hz, 375 Hz

and 575 Hz, respectively. The spectral impedance is shown in Figure 6(c), subsequently each
value of Z is equal with Z; with a value of 5.3 ohm.
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Figure 6. A harmonic source at upstream (HN). (a) Voltage and current signal in time domain,

(b) The power spectrum of voltage and current, (c) The power spectrum of impedances.
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Table 4. The spectral impedance for case HN

Spectral Impedance Value (Q)
Zsonz 5.3
Z250nz 5.3
Zs75h2 5.3
Zs75h2 5.3

The result tabulated in Table 4, clearly shows that the value of Z; is always same with Z; when
the upstream condition is applied. Thusly, the significant relationship of spectral impedance for
HN case can be finished up as:

Z1=Zh (7)
The overall results of proposed method were tabulated in Table 5 and a clear significant
relationship is observed between Z; and Z;. The significant spectral impedance relationship can

be plainly utilized for identifying the location of MHS in distribution power system.

Table 5. Spectral impedance characteristic for multiple harmonic sources identification

Case Upstream Downstream Spectral impedance characteristic
1 N N Znh =0 ohm
2 N H Z1>Zn
3 H H Z1<Zn
4 H N Z1=2Zn

Whereby, N is non-harmonic load, H is harmonic producing load, Z; is fundamental impedance
and Zpis harmonic impedance

4.0 Conclusion

The primary concern of this paper is to propose a fast localization of MHS with a single-
point measurement approach by using periodogram analysis. The main contribution of this
research is the significant relationship of spectral impedances which are Z; and Z, that been
acquired from the power spectrum of impedance in identifying the location of MHS in distribution
systems. In view of Table 5, the location of MHS in the distribution system can be identified and
distinguished unmistakably as follow:
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. When the Z is 0 ohm, no harmonic source exists in the system.

. When the Z; > Z;, there is a harmonic source at downstream.

. When the Z; < Z;, there is a harmonic source at upstream and downstream.
. When Z=Z;, there is a harmonic source at upstream.

Thus, considering above clarification, it is concluded that the proposed method is fast and
accurate in identifying the MHS location in the distribution system.
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