International Journal of Applied Power Engineering (IJAPE)
Vol. 5, No. 3, December 2016, pp. 130~136
ISSN: 2252-8792 a 130

Transient Analysis of Switching the Distributed Generation
Units in Distribution Networks

Mehrnoosh Vatani
Department of Electrical and Computer Engineering, Islamic Azad University of firoozkooh, Firoozkooh, Iran

Article Info ABSTRACT

Article history: Adding distributed Generators (DGs) to the passive electrical networks
] causes major changes in the specifications of the network including voltage

Received Sep 12, 2016 profile, short circuit level and transient stability. In this paper, the effect of

Revised Oct 20, 2016 DGs switching transient in network is considered. The DGs location is

Accepted Nov 26, 2016 changed in different buses. Two types of DGs are used (i.e. wind and

synchronous DGs). Switching transient signals are time variant. It has a

continuous spectrum of frequency. Fast Fourier and Wavelet transform
Keyword: methods are used for transient analysis. The proposed method is applied to

Distributed generator IEEE-13 Bus distribution system.

Fast Fourier Transform
Transient Stability
Wavelet Transform
Copyright © 2016 Institute of Advanced Engineering and Science.
All rights reserved.

Corresponding Author:

Mehrnoosh Vatani,

Departement of Electrical and Computer Engineering,
Islamic Azad University of Firoozkooh,

Iran.

Email: vatani.m83@gmail.com

1. INTRODUCTION

Distributed generators have several merits while connecting to the distribution network. Distributed
resources can amend the efficiency of providing electrical power. Also they can generate power locally
which is increasing available transmission capacity. Indeed DGs provide reliable power for industries.
However, using DGs offer several problems that have to be considered in distribution system. One of this
challenges is the penetration of DGs which impact the dynamic behaviour of power system.

In [1] analytical methods for determining the optimal location of a DG in radial systems have been
presented in order to minimize the power losses. In [2] an artificial bee colony algorithm has been used for
optimal distributed generation sizing and allocation in distribution systems. In [3] the impact of distributed
generation technology and penetration levels on the dynamics of a test systemhas been investigated. In [4] a
multi-objective placement and penetration level of Distributed Generators (DGs) has been examined. Both
technical and economical parameters of power system have been considered. In [5] Optimal placement of
protection devices and distributed generators (DGs) in radial feeders has been considered. In [6] voltage
based droop control has been developed for transition fromislanded to grid connected mode of microgrids. In
[7] many types of common transient analysis in distribution systems including inrush current, load switching,
capacitor switching and single phase to ground fault have been classified. In [8] relay logic for islanding
detection in active distribution system has been proposed. Several articles have done in the field of optimal
placement and sizing of DGs. Few reports are on the effect of DGs switching transient. This paper is aimed at
finding the effect of DGs switching transient. The rest of paper is organised as follows, In section 2, the
system under study is presented. The simulation results are discussed in section 3. Finally the paper is
concluded in section 4.
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2. SYSTEM UNDER STUDY

Figure 1 shows single line diagram of the IEEE-13 bus distribution system which is modeled on
EMTP-RV [9]. This system consists of 13 buses which are interconnected by means of 10 lines (i.e. overload
and underground lines with a variety of phasing),two shuntcapacitor banks, unbalanced spot and distributed
loads. Two different types of distributed energy resources are considered (i.e. diesel generator and doubly fed
induction generator). A 2-MVA, 480-V synchronous DG is located at bus 632. The DG is equipped with
automatic voltage regulator in power factor mode. The DG is connected to the distribution system through
4.16-KV/480-V transformers. A 3-MVA, 480-V variable speed wind turbine using doubly fed induction
generator is located at bus 692 which is under Pulse Width Modulation (PWM) control. The distribution
network is connected to the main supply system through a point of common coupling (PCC). Transient
waveforms of DGs switching are obtained by locating DGs in different buses. Fast Fourier Transform (FFT)
and Wavelet Transform (WT) are applied to the voltage waveforms.
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Figure 1. Single line diagram of IEEE-13 bus distribution system

3. SIMULATION RESULTS
This section presentthe simulation results over a typical distribution system.

3.1. Applying Fast Fourier Transform

A Fast Fourier Transform algorithm computes the Discrete Fourier Transform (DFT) of a sequence,
or it’s inverse. Fourier analysis converts a signal from its original domain (often time or space) to a
representation in the frequency domain and vice versa. The Fourier Transform X(f ) of a continuous signals

x(t) is given by:
X ()= j: x(t)e 127 it )

The continuous function X (f) is the frequency domain representation of x(t) obtained by summation of an
infinite number of complex exponentials [10].

The FFT is applied to the measured voltage signals in order to extract the frequency contents in different DGs
locations. The transient analysis is done by MATLAB. Figure. 2 shows the voltage waveform and transient
signals. Transient signals shown in Figure. 2 are obtained from locating synchronous SDG in bus 632 (no
movement from its base place).
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Figure 2. Voltage waveform and transient analysis of SDG switching in bus 632

Figure. 3 shows the transient voltage and frequency contents of SDG switching in bus 634. SDGs
frequency waveform shows that its location doesn't affect the frequency content obtained from FFT analysis.
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Figure. 3: Voltage waveform and transient analysis of SDG switching in bus 634

Figure. 4 and Figure. 5 shows the effect of changing WPDGSs location in buses 633 and 634
respectively. These signals are obtained from FFT analysis and relate to WPDGSs switching transient.
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Figure 4. Voltage waveform and transient analysis of WPDG switching in bus 633
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Figure. 5: Voltage waveform and transient analysis of WPDG switching in bus 634

It can be concluded from Figure. 4 and Figure. 5 that the location of WPDG does not affect the
frequency contents.

3.2. Applying Wawelet Transform
Wavelets Transform can be used as an aid to detection of features in transient signals. The wavelet

transform is used particularly for power system transients since it partitions the frequency spectrum
according to identifiable frequencies. Consider a complex valued function y satisfying the following

conditions [11].

o 2

[y dt<os @
[¥(e)”

Cy =2 do< o 3
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where y(o) is the Fourier transform of y(t). The first condition implies finite energy of function v, and the
second condition, the acceptability condition, implies that if y (®) is smooth then y (0)=0. The function y is
the mother wavelet. If y satisfies the conditions described above, then the wavelet transformof a continuous
signal s (t) with respect to the wavelet function y(t) is defined as:

X (b,a) = ‘P’(%).x(t)dt @

1 J'+°°
Jal-
where the ' denotes the complex conjugate of y. The parameter b corresponds to the time shift and the
parameter a corresponds to the scale of analyzing wavelet. If we define ya, b (t) as:

a0 = V(D) ©)

Nz

which means rescaling by a and shifting by b, then equation (4) can be written as a scalar or inner product of
the real signal x(t) with the function ya,b(t):

X (b,a) = .E:‘P;’b(t)x(t)dt ®)

This study is used Morlet wavelet as an mother function for the construction of continuous wavelet
transform. In this section wavelet transform is used for extracting frequency contents of DGs switching
transient signal. The following figures show the results of simulation and voltage transient analysis in
MATLAB.

Figure 6 and Figure 7 show the transient signals of SDG in different bus locations (i.e. 633 and 634
respectively). The instantaneous voltages are measured fromphase a.
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Figure 6. Voltage transient signal and frequency contents of switching SDGin bus 633
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Fault voltage transient
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Figure 7. Voltage transient signal and frequency contents of switching SDGin bus 634

Similarly Figure. 8 and Figure. 9 shows the voltage transient signal of WPDG in buses 632 and 634
respectively. The energy signals in per unit are obtained from WT.

Figure.

Figure 9
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8: VWoltage transient signal and frequency contents of switching WPDG in bus 632
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. Voltage transient signal and frequency contents of switching WPDG in bus 634.

The amplitude of emerged transient voltage is important. It must be restricted in its allowed range

by surge arresters.
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4. CONCLUSION

This paper showed the transient effect of DGs switching in distribution systems performance. Two
different kinds of distributed generation resources were considered (i.e. diesel generator and wind turbine
generator). For transient analysis discussion, determining system voltage in small intervals are required. On
the other hand, this type of signal is time variant and has continuous spectrumin the frequency domain. The
frequency spectrum must be extracted. Thus the conventional FFT and WT methods were used.

The proposed approach was implemented in a typical IEEE-13 bus distribution system. The test
system contained combination of over head lines and underground cables. Also the effects of reactive power
compensators are considered in simulation studies. Location of DGs were changed. The voltage transient
signals and their frequency spectrum were obtained from FFT and WT. The obtained results clearly showed
that the displacement of DGs in different buses (independent of the types of DGs) had no significant effect on
transient analysis and did not threaten power systemtransient stability.
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