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ABSTRACT:In power system networks power quality problem may come from load side or source side. Load side
problems causes harmonics and reactive power issues and source side problems cause voltage stability problems.
Power quality improvement for sensitive load by a unified power quality conditioner (UPQC) with a distribution
system is conferred. UPQC consists of series and shut compensators for compensation of voltage disturbances and
current disturbances. Till now various control strategies are proposed for shunt and series compensators. In this paper
the instantaneous unit vector control theory under various loading conditions is analysed. With the proper control
strategy UPQC can compensate the harmonic and reactive power of the load. MATLAB/SIMLINK based model is
developed and simulation results are presented for various loading condition.

KEYWORDS:unified power quality conditioner (UPQC), Instantaneous d-g theory, harmonic currents, reactive power
and voltage distortion,

l. INTRODUCTION

Due to the presence of linear and non-linear loads the use of power quality compensator in distribution network is
increased from time to time. The non-linear loads draws harmonics andlinear loads draws reactive power from the grid.
This current drawn by harmonic load distorts the voltage at the utility grid and consequently distorts the operation of
sensitive loads. By using UPQC [1]-[2] not only improves power quality, it also regulates voltage for the sensitive
loads. UPQC comprises two compensators such as series compensators and shunt compensators [3], [4]. The shunt
compensators control by non-sinusoidal current reference and the series compensators control the distorted voltage
supply i.e. accountable for compensating the grid voltage. These current and voltage references may be obtained
through advanced control strategies [4],[5]. Some work shows effective technique for shunt and series compensators
that uses the sinusoidal references, but the requirement of harmonic extraction is gaining importance so that it does not
affect the smooth operation of various loads.

Many control strategies have been developed for UPQC. However still performance of UPQC is in contradiction under
various loading conditions. In this paper shunt compensator reference current is generated by using unit vector current
theory and series compensator voltage is derived from Synchronous Reference Frame theory.

11LUPQC TOPOLOGY,CONTROL STRETEGY

UPQC can eliminate both current and voltage quality problems. By using a unified power quality conditioner (UPQC)
[5]-[6], it is likely to certify a regulated voltage for the loads is balanced with little harmonic distortion at the grid. The
UPQC consists of two voltage source converters. One will act as shunt compensator and other will act as series
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compensator the volt-ampere rating of the shunt compensator is selected based on harmonic contents of the load. The
volt-ampere rating of series compensator is selected based on voltage sags and voltage swells. The dc-link voltage of
the UPQC is selected based on the peak value of the supply voltage.

Fig.1 shows the complete block diagram of proposed UPQC topology. It consists of two voltage sources converters
connected back to back, the shunt converter is connected to PCC through inter facing Inductors, linear and non-linear
loads that are considered. Series converter is connected in series with grid through injection transformers and LC filters.
Here voltage sag and swell problems are occurred from grid side. For harmonic and reactive power compensation the
dc-link voltage must be greater than supply voltage peak value with some multiplication factor. But for sag and swell
compensations dc-link voltage at most equal to supply peak voltage. For compensation of harmonics, reactive power,
voltage sags and swell the value of dc-link voltage must be chosen based on shunt compensator.
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Fig 1. Block diagram of the proposed UPQC topology.
11. SHUNT CONVERTER WITH UNIT VECTOR CONTROLLER
Instantaneous unit vector control theory is used for reference current generation for non linear load. Calculations are

similar to instantaneous power theory, but d-q load currents are obtained from equations (1) and (2). Here the load
current is measured in a-b-c frames, then converted to rotating
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Fig .2.Block Diagram of shunt ControlledUPQC.

Unit Vector Template:
U, =sin(8)
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. 2n
U, =sin (8 — ?)

U, =sin (6 +5) (1)

The dc-link voltage error V.,nyat nth sampling instant is given as:
Vdcerr(n)=V5c(n)—Vdc(n) )

The output of discrete-PI regulator at sampling instant is expressed as
Iy = Im@n—1) + KPVdC(Vdcerr(n) - Vdcerr(n—l)) + Ky Vacerr(n) (3)

Where Kpyge = 10 and Kjyqe = 0.05 are proportional and integral gains of dc-voltage regulator. The instantaneous values
of reference three phase grid currents are computed as

I =1,U,
I =1,.U, “
I:=1,.U,

The reference grid currents (1'a, I'b, 1'c) are compared with actual grid currents ( la, Ib, Ic) to compute the current
errors as
Iaer‘r = 1; - Ia
Iberr = Il; - Ib
Icerr = 1; - Ic
Inerr = 1‘:1. - In (5)
These current errors are given to hysteresis current controller. The hysteresis controller then generates the switching

pulses (Pito Pg) for the gate drives of grid-interfacing inverter. The average model of 4-leg inverter can be obtained by
the following state space equations

dInva _ (Vlnva B Va)

dInvb — (Vlnvb B Vb)
dInvc — (Vlnvc B Vc)
A _ Vi =Vn) (6)
dt Lsp
Wac _ UrnmvadtHmnbd tHimved Hinvnd) (7)

dt Cdc
WhereVva Vinvs Vinwe aNd Vi, are the three-phase ac switching voltages generated on the output terminal of the
inverter.These inverter output voltages can be modelled in terms of instantaneous dc bus voltage and switching pulses
of the inverter as

Vinva = (P;—P) Ve
Vs =21 > Py,
Vinva = (PF’;—P) Ve
Vinwa = 57V ©®)

Similarly the charging currents!,,,aa\Imvbas Imvea ON dC bus due to the each leg of inverter can be expressed as
IInvad = IInva(Pl - P4)
IInvbd = IInvb(Ps - PG)
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IInvcd = IInvc(Ps - Pz)
IInvad = IInva(P7 - PS) (9)

IV. SERIES CONTROLLER FOR UPQC

Figure.3.shows the block diagram of series controlled UPQC. It is the dual of the shunt APF, and is able to compensate
for distortion in the power line voltages, making the voltages applied to the load sinusoidal (compensating for voltage
harmonics). The filter consists of a voltage-source inverter (behaving as a controlled voltage source) and requires three
single-phase transformers to interface with the power system. The series active filter does not compensate for load
current harmonics but it acts as high-impedance to the current harmonics coming from the power source side. Therefore,
it guarantees that passive filters eventually placed at the load terminals will not drain harmonic currents from the rest of
the power system. Another solution to solve the load current harmonics is to use a shunt active filter together with the
series active filter, so that both load voltages and the supplied currents are guaranteed to have sinusoidal waveforms
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Fig.3.Block Diagram of Series Controlled UPQC.

SERIES CONTROLLER EQUATIONS:

1 = =]

Va zl ;3‘, f/?_,l coswt  sinwt] |}

Gl= o 2 2B|[€ A (10)
3 2 2 sinwt coswt
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V.MATLAB/SIMULINK ANALYSIS

Therefore by using the above control strategies for series active power filter, shunt active power filter combindly helps
to design a UPQC .The following MATLAB/SIMULINK model. Different cases of the UPQC, Case I: Harmonics and
Re-active power compensation with unit vector Controlled Shunt converter, Case Il: Voltage Sag compensation with
Series Converter, Case Ill: Harmonics, Re-active power and Voltage Compensation with both Series and shunt
converter based UPQC.
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Case I: Harmonics and Re-active power compensation with unit vector Controlled Shunt converter.
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Fig.4. Simulink model of Harmonics and Re-active power compensation with Shunt converter.

Fig.4. Shows the Simulink model of power system network with harmonics and re-active power compensation with
shunt converter.
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Fig.5. Simulink model of the unit vector controller.
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Fig.5. shows the control strategies for shunt converter of UPQC.
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Fig.6. Simulated output wave form of Source voltage, Source current, Load current and Shunt Converter current.
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Fig.6. shows the source voltage and current, load current and shunt converter current for harmonic and re-active power
compensation with unit vector controlled shunt converter.
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Fig.7. THD of Load Current shows 30.62%.

Fig.7. shows the total harmonic distortion of load current shows 30.62%.
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Fig.8. Source Voltage and Source Current with unit vector controlled Shunt Converter.
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Fig.8. shows the source voltage and current with unit vector controlled shunt converter.

Fundamental (50H=z) = 7¥.842 | THD= 3.93%
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Fig.9. Total Harmonic Distortion of Source Current shows 3.93%.
Fig.9.total harmonic distortion of source current with unit vector controlled shunt converter shows that it is reduced to
3.05%.
Case Il: Voltage Sag compensation with Series Converter
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Fig.10. Simulink model of Voltage Sag compensation with Series converter of UPQC.

Fig.10. shows the Matlab/Simulink model of power system network with voltage sag compensation with series

converter.
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ig .11.Simulated output wave form of Source Voltage with sag, Series converter injected voltage and load voltage.
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Fig.11. shows the output wave form of source voltage with sag, series converter injected voltage and load voltage with

voltage sag compensation with series converter.
Case Il1: Harmonics, Re-active power and Voltage Compensation with both Series and shunt converter based UPQC.

Fig.12. Simulink model of Harmonics, Re-active power and Voltage sag compensation with Shunt and Series converter of UPQC.

Fig.12.shows the Matlab/Simulink model of power system network with harmonics re-active and voltage sag
compensation with shunt and series converters of UPQC.
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Fig.13. Simulated output wave forms of Source voltage, Source current, Load current and Shunt converter injected current.
Fig.13.shows the output wave forms of source voltage and current, load current and shunt converter injected current.
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Fig.14. Source Voltage and Source Current with unit vector controlled Shunt Converter.
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Fig.14. shows the source voltage and current with unit vector controlled shunt converter.
Fundamental (50Hz) = 4 282 , THD= 29.91%
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Fig.15. THD of Load Current shows 29.91%.
Fig.15. shows the total harmonic distortion of load current shows 29.91%.

Fundamental (50Hz) = 1023 , THD= 2.77%
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Fig.16. Total Harmonic Distortion of Source Current shows 2.77%.
Fig.16.total harmonic distortion of source current with unit vector controlled shunt converter shows that it is reduced to

low value 2.77%
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Fig.17. Simulated output wave form of Source Voltage, Series converter injected voltage and load voltage under both harmonic load and voltage
distortion.

Fig.17. shows the output wave form of source voltage, series converter injected voltage and load voltage under both
harmonic load and voltage distortion.
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Table
Parameter Value
Source Voltage 320V
Source Impedance (0.1+j0.28) Q

DC Link Capacitance 3000uF
Load resistance 150 Q
Load Inductance 30mH
Interfacing Inductor 8.98nH

VI1.CONCLUSION

In this paper UPQC topology has been proposed with unit vector controlled shunt converterwhich has theability to
compensate voltage sagsand current harmonics at the load side. Thus large harmonic problems with non linear loads
anddistorted voltage magnitudes are also avoided. In this work a unit vector theory based control algorithm is used for
shunt converter and DQ control strategy is used for series converter. The system is tested for three conditions case 1:
only sag swells are considered and series compensation is tested and results are presented, case 2: only harmonics are
considered and shunt compensation is tested and results are presented, case 3: voltage sag and harmonics are
considered and results are presented . Simulation results are clearly show that power quality problems are well
mitigated with vector controller based UPQC.
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