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ABSTRACT— The power quality problem occurs due to
the non-standard current, voltage or frequency, this result in
disoperation of consumer equipment’s. So the present work
is to identify the important concerns in this area and hence
the measures that can improve the quality of the power are
recommended. Harmonic analysis in the distribution system
is absolutely necessary to study the behaviour of equipment
connected to the non-sinusoidal system environment for
designing, placing and sizing of distributed generation.
IEEE 13-bus balanced distribution system is considered for
analysis of harmonics. Harmonic analysis of the distribution
system gives the harmonics spectrum which in turn it gives
THD currents and THD voltages at many buses. Reduction
of harmonics is performed by simulation using distributed
generation. The simulation study shows the best
performance of the distributed generation placement at/near
the non-linear load buses. The balanced distribution system
model is simulated using MATLAB/SIMULINK 2012
software with static and non-linear loads.

KEYWORDS — Distributed Generation, Distribution
System, Harmonics Spectrum, THD currents, THD voltage.

l. INTRODUCTION

Now a day’s electrical distribution system is one of the
electrical systems between the very bulk power sources or
sources and the main switches. The main power quality
problems are voltage sag/swell and harmonics [1].

Harmonics is integer multiples of fundamental power
frequency. Harmonics are one of the most occurring power
quality problems. For an industry harmonics occurs more
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often power electronics —user equipment as the power
quality problems [2].

Harmonics currents and voltages cause additional
line losses and core loss in transformers. Energy meter
error is often a concern. Harmonics, the meter may
register maximum or minimum depending on the
harmonic distortion present and the response of the
meter. The problems caused by harmonic currents and
voltages are overloading of neutrals, over heating of
transformers, over voltage tripping of CBs, over
stressing of power factor improving capacitors and skin
effects[3].

Electronics adjustable speed drive (ASD) has
attracted the attention in the high efficiency. The
adjustable speed drive (ASD) is becoming a significant
load component for different applications in
distribution systems. Consider as a major problem is
the system harmonic distortion [4].

In this paper, design and modeling of ASD is
provided and modeling of distributed generation (wind
generation) is presented. IEEE 13-bus industrial
distribution  system  model is simulated in
MATLAB/SIMULINK a case study and harmonic
analysis is performed. Performance of distributed
generation in compensating current and voltage
harmonics is tested by simulation for variation of load
and location of distributed generation in distribution
system. THDs of voltage and current are used as
harmonic indices in this paper. The sensitivity analysis
is also performed to analysis the effect of distributed
generation values variation on Total Harmonics
Distortions at various buses.
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I1. Power Quality In balanced Industrial Distribution
System

Various problems can result from poor power quality,
especially in microelectronics environment. Electrical
problems on mechanical equipment went noticed in the past
but can high-tech equipment operations. Because
approximately. So percent of all power quality problems
originate from the consumer’s side on the equipment,
owners, managers, designers and other meter users need to
understand and avoid power problems[5].

Power quality defines as the physical characteristics of
the supply provided under normal conditions that do not
problem or problem in the customer’s processes. Power
quality problems exist on voltage, current or frequency
deviation results in a failure or in a disoperation of
customer’s equipment [6], [16].

The important in quality of power supply implying
basically voltage quality and electrical supply reliability. A
voltage quality disturbance relates to any disoperation of
meter due to deviations of the phase voltage from its normal
characteristics and the electrical supply reliability is
characterized by its adequacy (ability to electrical supply
the load), security (ability to with-stand sudden problems
such as system faults) and availability (long
interruptions)[7-8].

Power quality disturbances mainly occur in commercial
networks, Industrial networks and utility networks.
Phenomena, lightning are the frequent cause of power
quality disturbances. Switching phenomena, oscillatory
transients in the supply. The connection of non-linear loads
to the produce of current and voltage harmonic component.

Harmonics are sinusoidal waves of voltage and currents
with frequency integer multiples of fundamental frequency.
The harmonic voltages are super imposed on the sinusoidal
voltage of the system frequency. These currents and
voltages cause additional stress to other devices connected
to the electrical system [9]. The stress exceeds the
resistance level, the following may occur:-

1. Reduction of life time.

2. Early failure of capacitors and motor because of
over loading.

Disoperation of electrical devices.

Failure protection operation.

Wrong operation of ripple control receivers.
Negative effect on arc extinction.

oA

I11. Desien oF AbaustasLE Speep Drives (ASD)

Adjustable Speed Drives composed of an Induction
motor supplied by variable AC voltage derived from
converters. Hence the ASD classified into three major
components; the 1% is the front end (6 pulses or 12 pulse
rectifier). The 2" is the Inverter stage that converters the
DC voltage to control frequency and AC voltage to control
frequency and AC voltage to control the speed of the drive.
The final stage is the DC link (shunt capacitor) that couples
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Generation
the two main stages and help in minimizing the ripples
of the dc voltage in case of VSI and PWM technologies
[10].

The rectifier injects harmonic currents into the AC
input supply system due to its switching operation. The
inverter produces additional ripple in the dc link
current, which in turn penetrates into the input supply
side and hence pay a shares for harmonics. Any other
non-linear and transient loads, ASDs were represented
by harmonic current injection. The magnitude of these
harmonic currents was taken to be equal to (1/n)" of the
fundamental frequency, current for the n™ harmonic.
But in this case implies does not consider the
interaction between the current and the voltage
harmonics produced by the device. This might lead to
the failure estimation of the system distortion level. In
order of system disturbances, the ASD model together
will be represented in the frequency-domain to
accurately account for the harmonics [11-12].

L (’T pc
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Figure 1: General converter circuit for ASD

The shown in figure 1 is the basic adjustable speed
drive. In this drive is power electronics based design of
speed control.

IV. DistriBUTED GENERATION

Various utilities companies currently promote the
interconnection of independent alternative energy
sources in the distribution network. The insertion of DG
into the distribution system could either have a positive
or negative impacted characteristics DG and the
distribution system. Distributed Generation can be
favorable if it meets the basic requirements of the
system’s operating philosophy and feeder design. Some
recent studies have examined the impact of DG on a
system’s power quality. It was found that the effect of
DG on power quality depends on the type of
Distributed Generation, its interfaces with the main
system, the value of DG unit, the total size of the DG
relative to the system, the size of DG relative to a load
at the connecting point, and feeder voltage regulation
practice.

Having DG connected to a distribution network
may provide to harmonic distortion in the system,
depending on the interconnection on the various type of
DG and the converter technology. In terms of DG
interfacing, DGs dived into two types, namely inverter
based Distributed Generation and non-inverter based
Distributed Generation. Examples of inverter based DG
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are PV systems, wind generations, fuel cells, and micro
turbines, which use converters as interfacing devices to the
distribution system. On the other hand, small hydro
generation and induction generators are considered to be
non-inverter based Distributed Generation [13].

The DGs need to be placed at the distribution system
level of the electrical grid and located close to the load
centre. The impact of Distributed Generation on energy
losses, voltage profile, short circuit current, harmonics and
power system reliable are usually tested separately before
connecting it to the distribution system. The achievement of
the benefits from DGs depends greatly on how correctly
they are installed [14].

V.DESIGN OF DISTRIBUTED WIND GENERATION

Synchronous machine block used here is a built-in
model of MATLAB/SIMULINK present in the Simpower
systems of Simulink Library. It is operated in either
electrical generator or electrical motor mode. The mode of
operation is sincerely by the sign of the mechanical torque:
If Tm is +ve, the machine acts as a motor. If Tm is -ve, the
machine acts as a generator. Electrical part of machine is
represented by a fourth-order state-space model and the
mechanical part by a second-order control system. All
control variables and parameters are referred by stator. That
is indicated by the prime signs in the machine equations
given follow. The Stator and rotor quantities are in the
arbitrary two-axis reference frame (dq frame) theory [15].
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Figure 2: General Distributed Wind Generation
V. IEEE 13-Bus BaLancep DistriBuTiON SYSTEM

IEEE 13-bus distribution system feeding different
types of industrial and commercial loads show in Figure .3:
is considered for harmonics analysis. The system
transformer and feeder data are given in Table | and Table
I1. The system is fed from a main supply at 69 kV at bus 4
and a local generator of 13.8 kV operating at bus 1. A
power factor rated of 6000 kVAr capacitor is connected at
the point of common coupling (PCC) at bus no 3. The
harmonic producing load is the adjustable speed drives of
20 hp each are serving the customers at bus 7 and bus 10.
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TABLE |
INDUSTRIAL DISTRIBUTION SYATEM TRANSFORMER DATA
Transformer | Voltage MVA R X
(KV) rating (%) (%)
T1 13.8/0.48 1.50 0.9593 5.6694
T2 69.0/13.8 1.50 0.94698 7.9862
T3 13.8/0.48 1.25 0.7398 4.4388
T4 13.8/4.16 1.725 0.7442 5.9370
T5 13.8/0.48 1.50 0.8743 5.6831
T6 13.8/0.48 1.50 0.8363 5.4360
T7 13.8/2.40 3.75 0.4568 5.4810
TABLE II
INDUSTRIAL DISTRIBUTION SYATEM FEEDER DATA
From Bus To Bus Resistance Reactance
(ohm) (ohm)
1 3 0.023268 0.13800
4 5 0.0265 0.18000
3 6 0.0143 0.03820
3 9 0.0299 0.07924
3 11 0.0208 0.05510
6 8 0.5345 0.4545
6 7 0.9988 0.9765
8 10 0.9767 0.6543
11 12 0.9767 0.3467
11 13 0.9786 0.1234
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Figure 3: Single Line Diagram of IEEE 13-Bus Balanced
Distribution System
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V1. SimuLink MopEeL oF TesT SysTem
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B. Distribution System with Connecting One DG

TABLE Il1
DisTRIBUTION SYATEM WITH CONNECTINGNE ONE DG AT
VARIOUSBUSES
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Figure 4: Simulink Model of IEEE 13-Bus Balanced Distribution System

A. Distribution System Without Connecting DG
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VII. SimuLaTion REsuLTs
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DG Position Bus No THDi THDv
Connected in 3 1.09% 0.18%
bus 3 7 1.09% 0.18%

9 1.03% 0..21%

10 1.03% 27.51%

Connected in 3 0.17% 0.10%
bus 7 7 0.19% 0.10%

9 0.93% 0.08%

10 0.93% 41.29%

Connected in 3 0.63% 0.10%
bus 9 7 0.94% 0.10%

9 0.19% 0.09%

10 1.27% 0.20%

Connected in 3 0.66% 0.12%
bus 10 7 0.96% 0.12%

9 0.41% 0.12%

10 0.41% 52.01%

M— ;

Fundamental (60Hz) = 4.462 , THD=0.20%

TABLE Il
DisTRIBUTION SYATEM WITHOUT CONNECTING DG

Bus No THDi THDv I
3 0.69% 0.11% far

T M

7 1.01% 0.11% e

9 1.07% 0.12% 2
10 1.07% 42.93% A

— FFT anal

Fundamental (60Hz) = 211, THD=42 93%

Mag (% of Fundamental)

0 2 4 & i 10 12 # 16
Harmanic order

Figure 5: Voltage Harmonics Spectrum at bus 10 without DG
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C. Distribution System with Connecting One DG

TABLE IV

DisTRIBUTION SYATEM WITH CONNECTINGNE TwO DG AT VARIOUSBUSES
DG Position Bus No THDi THDv
Connected in 3 0.08% 0.14%
bus 3&7 7 0.10% 0.14%
9 0.07% 0.14%
10 0.07% 7.84%
Connected in 3 0.05% 0.14%
Bus3 &9 7 0.05% 0.14%
9 0.12% 0.14%
10 0.14% 0.14%
Connected in 3 0.05% 0.14%
Bus 3 & 10 7 0.05% 0.14%
9 0.12% 0.14%
10 0.12% 0.14%

— FFT analy

Fundamental (60Hz) = 44.7  THD=0.14%

Mag (% of Fundamental)

Harmonic order

Figure 7: Voltage Harmonics spectrum at bus 10 with two DG connecting
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at bus 3 & bus 10

Fundamental (60Hz) = 0.3008 , THD=0.12%

Mag (% of Fundamental)

8 10
Harmonic order

Figure 8: Current Harmonics Spectrum at bus 10 with two DG’s
connecting at bus 3 &bus 10
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VI1II. ConcLusion

In this work, a method for placement for a DG in
IEEE 13-bus balanced distribution system for
estimation and mitigation of harmonics presented.
Wind Generation is used as DG connected to do this
operation. When wind DG connected in 9" bus voltage
and current harmonics is reduced. If two DG are
connected at bus 3 & 9 or 3 & 10 it is found that the
voltage and current harmonics reduced. The size of
wind generation is 0.5 MW. The result simulated in
MATLAB/SIMULINK  and gives  successful
implementation of DG for reducing Harmonics.
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