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Simplified Control Algorithm for
Power Quality Improvement in
Industrial Applications

Sindhu S*, Divya Dananjayan**, and M .R. Sindhu***

Abstract: This paper deals with the design and development of a control strategy for improving the power quality
inthegrid. The proposed control algorithm aimsat eliminating the harmonics, compensation of the reactive power
and power factor correction thereby enhancing the performance of system. Theoverall sysemisdesigned, devel oped,
operated in MATLAB-SIMULINK and system performance isvalidated by simulation results.
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1. INTRODUCTION

Most of the industrial and commercial loads are having non-linear characteristics such as electric drives,
computer loads, ballasts, switched mode power supply etc. These loads introduce power quality issues
such ascurrent distortions, voltage distortions, reactive power demand, low power factor, imbalance, excess
neutra current, etc[1]. Dueto severity of the effectsof power quality issues, various power quality standards
|EEE-519 [2], IEC-61000 [3] were set up by technical committees. To meet the specified standard limits,
different harmonic filters were suggested [4]. Numerous topologies of active filter were implemented by
various researcheq5][6]. Shunt active filter configuration is preferred as the reduction in current distortion
may lead to reduction in voltage distortions also. The shunt active filter is usually controlled to provide
reactive and harmonic compensation [7].The system discussed in this paper includes real power sharing
controller in addition to harmonic and reactive compensation.

This paper explainsthe industrial test system and deals with the performance andysis of the selected non-
linear system. The proposed control srategy design is discussed in detail and simulation of the system with
shunt active filter connected for harmonic and reactive power compensation is done usng MATAB/Simulink.

2. SYSTEM DESCRIPTION

Many industrial applications like electroplating, plasma processes which are non-linear in nature causes
many power quality issues which affects the system as whole and reduces the efficiency. This non-linear
load is modelled as a three-phase thyristor converter fed resistive load in laboratory. Initialy, the power
quality issues when the non-linear system is connected to the grid are studied. A shunt active filter is
connected to the system to rectify the power quality issues. A new control strategy is proposed which
generates pulses for the Shunt active filter and thus it compensates for the harmonics and reactive power.
Fig.1 showsthe block diagram of the system.
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Figure 1: Block Diagram of the System

3. SYSTEM OPERATION
3.1. Grid connected system without compensation

Initially the power quality issues are studied when the system is connected to the grid. Fig.2 representsthe
system when connected to the grid. Fig. 2 shows the smulation results obtained for each phase when the
non-linear load is connected to the three phase supply. From the waveforms it is clear that the source
current is non-sinusoidal which is due to the presence of harmonics and reactive power. Table 1 shows the
results obtained for various system parameters of non-linear system

Table 1 depicts the presence of harmonics and reactive power caused by the non-linear system. This
demands compensation of harmonics and reactive power in order to improve the power quality.

Tablel
System Parameter s obtained without compensation
Alpha Load current, Irms (A) THD, (%) P(kwW) Q(kVA) Power factor
0 8.2 15.6 49 0 0.96
15 8.06 184 4.8 141 0.9
30 7.32 22.2 4.3 2.46 0.8
45 6.06 25.43 2.87 2.87 0.6

0 4.35 28.06 1.44 1.44 0.4
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Figure 2: Simulation results obtained when the filter is not connected

4. PROPOSED CONTROL STRATEGY

Details shown in Table 1 and Fig.2 clearly depicts the need for Shunt active filter for the compensation of
harmonics and reactive power. There are different methods in which the shunt active filter can be controlled.
Various dgorithms and strategies have been proposed, tested and implemented in order to generate pulsesto
control thefilter. Some of the established control strategy are Instantaneous Reactive Power Control Technique,
Synchronous detection algorithm, Icosf algorithm[5]-[9] etc. A new control agorithmisproposed and developed
which aims in dimination of the current harmonics and compensation of the reactive power. The existing
control agorithm uses Zero crossing detectors, sample and hold techniques which isinefficient to produce the
accurate results at zero crossing and in unbalanced conditions. The proposed control algorithm uses smple
mathematica principles to provide accurate results. This aso works efficiently in unbalanced conditions.

According to the control algorithm, the real power component of the load current will be supplied by
the source while the reactive and harmonic components are provided by the shunt active filter. The three
phase nonlinear load currents are composition of fundamental and harmonics [10][11].The real component
and reactive components of the sensed load currents are separated with a second order biquad filter, which
has three portions-low pass filter, high pass filter and a band pass filter[12].

The fundamental component is extracted with the low-pass filter which has a cut off frequency of
50Hz. It has an inherent phase delay in each phase of 90 degrees. The currents obtained from the low-pass
filter are given as

iLa(Lpr) = lLa SIN(@t — ¢, ~90) =—1I 5 cos(at — 4,);
iLb(LpE) = | Lp SIN(wt —27/3— ¢, —90') =—1 |, cos(t — 27/ 3— ¢,)
iLeLpr) = e SiN(@t + 27 /3— ¢, —90') = -1 . cos(at + 27/ 3— ¢,)

@

The low-pass filter output currents are inverted to obtain real part of fundamental component of load
current. The output of band-pass filter with cutoff frequency of 49.9Hz and 50.1 Hz is the fundamental
component of load current and expressed as
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iLacepr) = | La SIN(@t — 3);iLnsrr) = | Lo SIN(@t - 27/ 3—¢4y);

iLc(grry =l Lc SiN(ot + 27 /13— ¢)

@)

Theload currents are passed through a peak detector. The output of both low-passfilter and band-pass
filter of each phase are divided by magnitude of fundamental peak load currents to extract out the sine and
cosine terms only.

i a(Lpr) = COS(@t — @,); i pLpr) = COS(@t — 272/ 3—¢hy);
iLC(LPF) = COS((O'[ + 27[/3_¢C)

iLaepr) = SiN(@t —¢,);i pepr) = SN0t —27/3-¢)); ©)

The unit template waveform is passed through a low pass filter of cut off frequency 50Hz and band-

pass filters with cut off frequency between 49.9Hz and 50.1Hz. The outputs of low pass filter and band-
pass filter are as in equation (4)

Ua(LPF) = COS(&)t);Ub(LpF) = COS(C()t — 27[/3)

UC(LPF) = COS(a)'[ + 272'/3)

Ua(BPF) =S|n(a)'[),Ub(BpF) :S|n(0)t_272'/3) (4)
UC(BPF) = Sln(a)'[ + 272'/3)

On multiplying the filter outputs of each phasein equation (4) by filter outputs of each phase in equation
(3), based on trigonometrical identities, the outputs obtained are shown in equations (5).

. 1
UacprydLacLery = E[COS% +C0S(20t — ¢,)]
. 1
Up(LpryLb(Lpr) = E[COS% +C0S(2(wt — 27/ 3) - ¢y)]

. 1
Ueprydierry = E[COS% +coS(2(wt + 27 1 3) - ¢ )]

. 1
Uacsrr)LacerF) = E[COS(r”a —CoS(2at — ¢,)]
. 1
Upepr) lLb(err) = E[COS% —Cos(2(awt — 2721 3) - ¢4,)]
®)
. 1
Ucepr)Leerr) = E[COS% —coS(2(wt + 271 3) - ¢;)]

The displacement power factor of each phase is obtained by adding equationsin (5)

COS¢, = %[cos¢a —Cos(2wt — ¢,)] + %[cosqﬁa —cos(2wt — ¢,)] (6)
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To maintain balanced source currents, displacement power factor and peak value of reference source
currents are obtained as average values of three phases and the average of the load current of each phaseis
taken so as to remove any unbalance in any of the phases.

cosg = COS¢, + coz;zﬁn + COS¢, @

The magnitude of the desired source current is expressed as

lge = ILavg cos¢ (8)

The reference source currents for each phase is given as

lsaqref) =I 1 sref [Uas Tepqrer) =l et 1Upi lscqrer) =l Tsres [Ug 9)

The compensation currents are obtained asthe difference between the actual load current and the source
reference currentsi.e.

I abe(comp) = 1Labe — I sabe(ref) (10)

The inverter losses are also met with active power drawn from AC mains. The error signal obtained by
comparing the actual capacitor voltage with areference dc value is processed using a Proportional Integral
controller. The required main currents are obtained with the help of PI Controller. The loss component of
mains current is obtained as the output of the PI controller iswl multiplied by the unit sine wave. The
compensation currents to meet switching losses are calculated as

Tabe(sw) = Iswi * Uabe (11)

The reference currents generated using an exponential composition algorithm are obtained as

iref _abc T iabc(corrp) - iabc(swl) (12)

The switching pulses for the shunt filter are obtained by the comparison of the reference and actual
filter currents in a hysteresis controller.

5. SHUNT ACTIVE FILTER COMPENSATION

Thus the comparison of the reference and the actual filter current generates switching pulses for the filter
and thus the compensating current is injected to the system to remove harmonics and for compensating the
reactive power thereby improving the power quality[11]. Fig 3(a) and Fig 3(b) shows the outputs obtained
at different stages of the proposed control strategy. The filter outputs are shown in Fig 3(a) and the power
factor obtained is shown in Fig 3(b).

Thus from the above simulation results it is very clear that the proposed control strategy is efficient
enough to improve the power factor and harmonics. The proposed control algorithm is then implemented
to generate pulsesto the shunt active filter.

Theshunt activefilter connected at the PCC of the systeminjectsthe current required for the compensation
to remove harmonics and the reactive power at point of common coupling Fig. 4 shows the smulation
results of the reference current obtained from the proposed control algorithm, actual compensation current,
and finally the sinusoidal source current in phase with the source voltage.

Table 2 showsthe results obtained for the shunt active filter connected system. The table clearly depicts
the compensation of reactive power, harmonics compensation and also power factor correction.
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Figure 3: (a) Output obtained at different stages of proposed control strategy
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Figure 4: Waveforms obtained for reference current, actual filter current and source current

Table2
System Parameter s obtained with compensation

Alpha

Load current, Irms THD, (%) P(kw) QkVA) Power facto

r

15
30
45
60

7.4 0.9 4.9 0 0.99
7.8 11 4.8 0.99
6.1 1.8 4.3 0.99
4.3 2.8 2.87 0.99

0
0
0
24 4.2 144 0 0.99
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The above simulation results clearly depict the reference current generated by the control
algorithm and the actual compensation current are equal. This current is fed by the shunt active
filter which makes the source current sinusoidal removing harmonics and compensatesfor the reactive
power.

6. DISCUSSION

The power quality issues in an industrial application when connected to the grid led to the proposal
of an effective control algorithm in order to improve the power quality. The simulation results
depict the effectiveness and efficiency of the proposed control strategy. The power quality factors
such as Current Harmonics were eliminated, Reactive Power was compensated and Power factor
was improved.

7. CONCLUSION

Many industrial application like electroplating leads to power quality issues when connected to the grid. In
this paper the power quality issues when a non-linear load connected to the load were studied. A control
strategy was designed and simulated which generates pulses to the shunt activefilter thereby improving the
power quality issues. The simulation results are shown which clearly depicts the compensation of reactive
power, harmonics and also power factor correction.
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