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ABSTRACT

Theautomation of IPS(Industrial Power System) hasbrought about sever al advantages of increased
productivity and efficiency but it suffer sfrom incompatible problemsof over heating, noise, complexity
etc, which disturb itssmooth and fault tolerant implication. When ther esonance condition isreached,
theseeffectsbecomedetrimental and disturb thewhole power system. Thepur poseof thisresear ch work
istoincludesingletuned shunt typepassivefilter for harmonic imination of thecomponentsused in
industrial power system. For thispurpose, MATL AB simulation using sim Power system tool hasbeen
used to analyzetheeffectsof current harmonics. Third har monic effectshave been removed by the
addition of six pulseconverter technique. Thesimulation resultsshow that implication of singletuned
shunt (parallel connected) passivefilter removeseffects of succeeding order current harmonicsi.e.
fifth, seventh and eleventh etc. which arecausing substantial damage toindustrial power system. The
effectsof current harmonicscan besolved by installing without and with the application of proposed
filter. Further, it isobserved that thesefilter scontributein reduction of THD (Total Harmonic Current
Distortion) followed by improvement in power factor. Theseresultsaretaken consideringlimitsof IEEE
519-1992 standar ds.

KeyWords: Automation, Industrial Power System, Resonance, Single Tuned, Shunt PassiveFilter,
Sim Power System, Total Harmonic Current Distortion, Power Factor.

INTRODUCTION

n IPS network, nonlinear loads inject significant

amount of harmonic currents. These current

distortions not only affect the supply waveforms
but also create disinfections towards |oads pertaining to
power system components [1-4]. The various loads
include induction motors, synchronous generators,
distribution transformers and various types of metering,
instrumentation, protection and control equipment [5].
Therefore, considering these grave concerns, there is
optimal need for the elimination of substantially growing
harmonic effectsin IPS.

Three-phase, 6-pulse converter facilitates DC (Direct
Current) bus voltage for machines and equipment used
in proposed system. Thisintroduces phase multiplication
technique which significantly eliminate third order
harmonics. However, it pollutesthe AC power line with
succeeding dominant harmonic orderslikefifth, seventh
and eleventh etc. Harmonic pollution is due to
commencement of power electronic devices readily
available at power centers[6]. Harmonic power generates
various problems i.e. harmonic resonances, harmonic
losses, interference with electronic equipment etc [7].
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Passiveharmonicfiltersaretherefore, construed to provide
a path that diverts the severity of harmonic effects from
industrial power system [3]. These filters provide
characteristicsof relatively inexpensive compared to other
means of harmonic elimination methods. Further, it
improves system power factor by injecting reactive power
to the system [8]. Single tuned shunt passive filters are
commonly used passive harmonic filters developed at a
frequency significantly higher than system frequency. The
series tuned connection of these filters offer reduced
impedance values for relevant current harmonics. The
paralld (shunt) connectionispreferred for industrial power
system. Total current harmonic distortion commonly
abbreviated as THDi iskept lessthan allowablelimitsi.e.
5% in accordance with specification of |IEEE 519-1992
standards. The proposed filter retains the capability to
divert the effects of current harmonics from their usual
path. For example: if the system is tuned at a frequency
(i.e. 250Hz) then the current at this particul ar frequency is
grounded to avoid further damage to the power system.
Additionally, the proposed system isincompatible to work
at higher frequencies. These filters may further be
classified as series resonant type and trap type. They
offer the characteristics of low impedance and therefore
provide least path for the current flow at resonant

frequency.

This paper uses of single tuned shunt passive filter to
eliminate dominant current harmonicsin order to achieve
economic and fault tolerant solution of |PS.

2. PASSIVE FILTERS

Thesefiltersinclude RLC elements configured and tuned
to serve the purpose of harmonics control. Thefollowing
Fig. 1. depicts the types of passive filter arranged with
their schematic diagrams.

Singletuned filter constitute the characteristics of readily
available, economical type of shunt passive filter and is
frequently sufficient for the power system applications|[4,
9]. Thesefiltersare used as seriestuned filtersto decrease

the harmonic currents. These filters provide least
impedance path to IPS by connecting them in shunt
configuration. As aresult current harmonics are diverted
fromtheir normal path.

Passive filters use HPF (High-Pass Filter) [9] having the
tendency to cover wide range of frequencies is used to
drive out higher order harmonic frequencies. Threeforms
of high passfilter aregiveninFig. 1. 1st order HPF hasthe
disadvantage of high power lossat fundamental frequency
of the system; therefore it is not commonly used. 2nd
order HPFissimpletoimplement. It providesfinefiltration
characteristics thereby reducing harmonic frequency [9].
3rd order HPF outweighs the characteristics of fine
harmonic filtration when compared with 2nd order HPF.
However, itisnot commonly applicablefor low and medium
voltage application because it does not justify the
economy, reliability and complexity factors[6].

3. DESIGN CONSIDERATIONS OF
THESINGLETUNED FILTER

Singletuned filter issimpleand economical in construction.
For design purposes, the selection of appropriate size of
capacitor isessential which provides considerable power
factor at fundamental frequency. Fig. 1. shows schematic
diagram of the single tuned filter. The impedance versus
frequency curve of the single tuned filter shows that
impedance valueishigh at fundamental frequency which
gradually decreasesto 250 Hz i.e 5th harmonic frequency
and then again impedance value increases linearly with
frequency asshownin Fig. 2.

The following equation expresses the equivalent
impedance of thefilter given by:
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FIG 1. VARIOUS CONFIGURATIONS OF PASSIVE FILTERS
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1
Z=R+j[a)L—R} (1)

Equation (1) contains RLC elements commonly known as
passive elements e of the filter along with angular

frequency of the power system.

The zero reactance of the filter is the fundamental cause of
the resonant condition. The Equation (2) shows that

impedance of the filter and resistance are equal.
Z=R V)

The harmonic frequency for which filter is to be designed
is determined by the value of ® that causes series

resonance. This resonance frequency is given by:

P
Jr ZTC\/E )

Tuning order is the ratio of the harmonic frequency to the
fundamental frequency of the system. Then, inductive
reactance and capacitive reactance at the tuning frequency

can be expressed as:

X, = ho, @
Also,
Xep =7 ®)
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FIG 2. IMPEDANCE- FREQUENCY CHARACTERISTIC
CURVE OF THE SINGLE TUNED FILTER

Since the net reactance shows zero value at resonance
frequency, then

X =X ©6)

Lh Ch

The following formula is used to determine harmonic order

(h) given as:

v e _h
X, g, ™

Where, f, is the harmonic frequency and f, is the

fundamental frequency of the power system.

Quality Factor (Q): The quality factor described here
is based on resonance condition. Equation (8). shows
that quality factor varies inversely with resistance of
the filter, whereas, inductive or capacitive reactance
has direct relationship with the quality factor. Since,
quality factor depends upon resistance therefore this
parameter is used to measure the sharpness of the
tuning process. Quality factor can mathematically be

expressed by equation:

X X, 1 [L
_ ALk _ Ch:_/_
0= R R R\C @®

The resistive value of the filter can be obtained by selecting
the quality factor in the range of 20<Q<100 [10].

The larger value of the quality factor brings about
sophisticated results in harmonic reduction. It is
necessary to take optimal care of harmonic current
frequencies irrespective of other frequencies for which
single tuned shunt passive filter is designed because
these harmonic current frequencies are detrimental as
they follow least impedance path. These harmonic
currents contribute in increased power loss. MATLAB
software is used to perform computer based harmonic
simulation for analyzing the performance of single tuned

shunt passive filters.
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4. SELECTION OFFILTERS

Themagnitude of THD ishigher for lower order harmonic
frequencies as compared to higher order harmonic
frequencies. Therefore, design of single tuned filter
definitely helps to suppress the THD of lower order
harmonic frequencies. For suppressing the harmonics of
6-pulse Bridge converter three singletunedfiltersareused
inparallel configuration. Thesefiltersreducetheamplitude
of fifth, seventh and eleventh order harmonics[11].

S. SIMULATION RESULTS

The simulation model using single tuned shunt passive
filter is shown in Fig. 3. This model determines the
characteristics of supply current and supply voltage
waveforms. Table 1. specifies the simulation parameters
followed by the corresponding ratings of the simulink
mode!.

The simulation results before and after the application of
proposed filter isdetailed below:

51 Harmonic Filtering Characteristics
without PassiveFilter

Fig. 4 shows the simulation results of the waveform of
supply voltage and supply current before the application
of passivefilter. These results suggest that supply current
is distorted due to the loads related to I PS.

TABLE 1.SIMULATION PARAMETERS [12]

Supply Phase Voltage 220rms
Supply Inductance 1.6mH
Rectifier Front-End Inductance 23mH
Load Capacitance 50uF
Load Resistance 78Q

] te] L]

-

FIG 3. SMULATION MODEL OF INDUSTRIAL POWER SYSTEM USING SINGLE TUNED SHUNT PASSIVE FILTERS
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The spectrograph showing THD values of current

harmonicsisshowninFig. 5.

5.2
without PassiveFilter

After the use of single tuned shunt passive filter,

Harmonic Filtering Characteristics

the

results suggest that supply current waveformissinusoidal
irrespective of various loads pertaining to |PS as shown

inFig. 6.

The simulation results are shown trough spectrograp
shown in Fig.7. The obtained values are less than

h as
the

prescribed limitsof IEEE 519-1992 recommended practices.
Further, the spectrograph shows that amplitudes of fifth,
seventh and eleventh order harmonics have THD value of

current harmonicsless than 5% as shown in Fig. 7.
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FIG. 4. SUPPLY VOLTAGE AND SUPPLY CURRENT WITHOUT

PASSIVE FILTER
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FIG 5. SPECTRUM OF SUPPLY CURRENT WITHOUT
PASSIVE FILTER
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CONCLUSION

Current harmonics have substantial impact in making the
components of IPS dysfunctional thereby affecting
reliability, regulation and efficiency of the system. To
analyze the effects of severity of current harmonics,
Software based designed model using single tuned shunt
type passivefilter isusedin thisresearch work. Simulation
results are taken without and with the installation of
passivefilter using MATLAB. The proposed filterscontrol
supply current harmonicsat low and medium voltagelevels

of IPS lessthan 5% which isin accordance with limits of
| EEE 519-1992 standards.
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FIG 7. SPECTRUM OF SUPPLY CURRENT WITH PASSIVE
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