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ABSTRACT

Power Quality is unease in modern power systemfor all. Incorporating renewable energy systems,
power electronic equipments have brought numerous problems in power system. Here this paper
handles with the power quality difficulties that occurs on the distribution network due to various
reasons. Here, the proposed one have integrated photovoltaic (PV) Unified Power Quality Conditioner
(UPQC) with synchronous reference frame (SRF), instantaneous reactive power, and PI control theory
is presented. But those devices are vulnerable to the variationsin input voltage generated by
involvement between the otherparts of system. In the modern age, as there is an increase in costlier
sensitive electronic equipment, quality of power received is required by all for a well founded and
safe operation in a power system. Power quality problems and low power factorat the PCC in a
single load as well as in bus system are here efficiently compensated by the system, which is connected
with shunt and series compensaters and a dc link capacitor. The efficacy of the system is studied
using MATLAB/Simulink in a 16 bus disttibution system under vatrious conditions that causes sag in

the system.

Keywords: Unified Power Quality Conditioner, Synchronous reference frame theory, Point of common coupling
1 Introduction

Use of conventional energy sources for meeting global energy demand is at risk now a days. The integration
of green energy to distribution network are now becoming popular. This integration reduces the
dependence on imported fuels. But for the amalgamation, we need power electronics converters. But these
converters as well as the non-linear loads in system causes some problems in power quality such as when
power factor is poot, voltage sag, swell, and when harmonics occurs. These power quality issues at
distribution level causes the decrease in efficiency of all the systems near to the bus system where the
problem occurs [8]. Voltage sag can be said as the reduction in magnitude of voltage in between 0.1 to 0.9
pu rms voltage for less than 1 minute [16]. Sag of voltage are produced in a distribution network due to
fault in any of the buses or can be due induction motors starting. Voltage swell is said to be rise in voltage
level occurring due to the sudden thrown off high loads lasting for few seconds to minutes. These power
quality problems can be harmful to equipment and appliances and even cause fire.

Some ways to reduce power quality issues in distribution network are maintaining voltage within limits
using voltage regulators and tap changing transformers or by reactive power compensation [6] since its
necessaty to maintain magnetic field in inductive loads using capacitors, inductors and static VAR
compensators or by harmonic mitigation using filters and harmonic mitigating transformers or by fault
detection and isolation or by usage of energy storage systems like batteries or flywheels. So power quality

improvement have to be a combination measures and technologies to ensure better quality of power supply

[8].
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To dwindle these problems customised devices have been mainly used in distribution side for example,
DSTATCOM (Distribution static compensators), DVR (Dynamic voltage regulator) and UPQC (Unified
power quality conditioners) were used. DVR acts against voltage related problems [5] which is a
disadvantage of the device and its subjected to long reactive power deficiencies. And DSTATCOM acts
for current related problems and UPQC combines both of these functions more effectively. UPQC setrves
similiar to a UPFC in transmission side. UPQC can be said as an extension of UPFC at the distribution
level.

Different types of UPQCs are there on the basis of configuration, constructions etc like Open UPQC [7],
single and three phase, UPQC-D, UPQC-DG, UPQC-I etc [14]. Open type UPQC has many
disadvantages such as its bulky, high losses and low efficiency [4]. In multi level converter based UPQCs
voltage unbalances may occur between different levels and there is a centralised controls [9]. The CSI based
UPQC configuration have higher losses and cost. It have an inductor in common whereas in VSI based
UPQC there is capacitor in common as energy storage. To level out sag, UPQC-P uses active power
regulation in this scenario, but an increasein magnitude of source current during that period can be noticed.
In case of reactive power control using UPQC-Q), sag is reduced by injecting reactive power via a seties
inverter, but it could not lessen swell in the system when VA loading is in minimum series voltage injected
at a particular angle concerning source current. In [13], conventional controls were used in together with a
Low pass filter applied to d-axis component that causes the distribution network’s PQ to drop. A mixed
strategy for compensation for PQ in LV secondary electrical distribution system is investigated here in [13]

which have three separate compensation mode using micro compensator.
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Figure 1: Block diagram of PV-UPQC

When there is no sources to support UPQC other than grid system, unbalance may occur. To mitigate
the problem renewable sources can be added to the network [2]. As we know the most abundant energy
sources is solar energy. The rate at which solar energy is received is greater compared withthe rate of usage.
Therefore the combination of PV with UPQCis the most suitable solution to the continuous unbalances
that may occur in the system as shown in fig.1. The benefits of using PV-UPQC in distribution network
include improved power quality, decreasein system losses, and increase in power transfer capability. ThePV
system can provide clean and renewable energy to network while UPQC compensates for power quality
issues [3].

For the proper functioning of the system, control signals have to be given which generates the
corresponding reference signals for determining the two converters switching which helps to get the desired
outputs [10]. Here in PV combined UPQC, range scale of PV depends on voltage across the dc link exists
with respect to two converters. In here, a singular configuration of PV is considered [1]. The implemented
control strategy should help to get balance between PV, load and grid. A three phase four wire system needs

more compensations. Sovarious types of shunt configurations for inverter have been tried [8]. The control
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can be divided into frequency domain which consists of wavelet transform which are inefficient during
dynamic conditions due to large memory its needs and time domain controls which mainly consists of soft
computingtechniques like ANN [11].

UPQC have two VSCs connected parallel to a capacitor which is the dc link [15]. And three of these systems
need to receive a control signal. Synchronous reference theory with instantaneous reactive power theory
were applied for formation of reference current signal as well as voltage signal for the VSCs. Proportional-
Integral control were applied for the maintenance of dc link capacitor voltage. Both of these converters
along with efficient control helps in diminishing the voltage current issues in a single load network with
an RL load connected via diode bridge rectifier of three phase and voltage issues in

distribution network bus system[12].
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Figure 2: Circuit diagram of PV-UPQC
1.1 Research contribution

- Implementing UPQC will help a 16 bus distribution network’s power quality problems related to
voltage and current to be minimised.

- Improving performance of series VSC when voltage sag and swell conditions appears.
1.2 Paper organisation

- UPQC implementation of UPQC for minimizing power quality problems relating to voltage and
the current in presence of non linear load.
- Performance improvement of series VSC when voltage sag and swell appears.

- Implementating UPQC in a 16 bus distribution network for minimizing voltage related issues.

2  System Structure

A PV integrated UPQC block diagram is shown in fig 1. UPQC is an electronics based device which can
be utilisedin recompense power quality issues which can be said as the merging of series and a parallel
compensator connected acrossthe dc link capacitor as common.

As the PV-UPQC depicted in fig.2 [1] comprises of an active filterthat is coupled to the grid in series
whereas another activefilter is connected parallel to grid. Here a single phase PV is used and is connected

to shunt converter. Based on the limit ofcurrent distortion and limit of loss of control in shunt compen-
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sater, voltage across the DC link should be greater than doublethe system phase voltage. So the dc link
voltage and voltage from PV would be same and therefore no boost converter is needed here. A series
injection transformer of three phase is connected from the source side to the series connected VSC. And
the load connected to the shunt compensator throughinterfacing inductors (Iy). There are some current
componentsthat are produced as a result of dynamic conditions. It cannot be controlled by compensators,
so they can be limited byusing interfacing inductors. Interfacing inductors helps in blocking dc offset
voltage between the two converters. Due to the switching of the VSCs high frequency components of
voltages were developed which can be eliminated using filters (I, C,) and (Cy, Ry). For protecting
UPQC from electricsurges and transients a low impedance path for high frequencycomponents had been
created. To study the efficacy of system when a non-linear load is connected, load of RL is provided through

a bridge diode rectifier.
3 Scheme of Control

The PV-UPQC is a complex device which consists of series voltage converter and shunt voltage converter
and PV isintegrated to increase renewable energy share and reduce fossilfuel usage. Effective control of the
components in the system will result in efficient compensation of problems related to power quality due
to presence of nonlinear load connectedand harmonics which is present in the system. The com- pensator
in series solves sag and swell and harmonics of load voltage and shunt compensator mitigates current
related issues and helps in regulating dc link capacitor voltages. As for control mainly three controls are
needed. One for shunt compensator, other for series compensator and for dc link voltage control. The
control scheme helps in generating reference signal for determining switching periods and timingsof
compensators and thereby giving results. Reference phase for the control have been generated using PLL
in simulink. Thereference angle determines the relationship between UPQC output voltage and grid voltage

and is used to ensure UPQC operates effectively in mitigating power quality issues.
3.1  Series converter control

In a PV integrated UPQC, series converter is essential in managing PQ in a system. SRFT and the IRPT
were the one used in here for controlling of series converter. In a three phase system, SRF theory
helps in decoupling of reactive and active power components. Here components of a three phase system
is converted to rotating reference frame so that power components will be easily and independently
managed. Here the voltages currents from both source side and load sideare measured and are converted
to dq0 frame. By converting to dq0 axis, the computation can be made much easier and also the power
component controlled separately. But IRPT is a control strategy which uses instantaneous power theory
to control the power flow with in a system. Here instantaneous reactive and active power of system are
calculated by using the voltage and current signals. The voltage level of any system can be regulated by
having control over the reactive power component. Load power and reference power are then calculated.
Voltage is calculated using these power and current which is converted back to abc frame and used as series

converter pulse with the help of hysteresis controller.
3.2  Shunt converter control

The systematic control helps in generating reference current for the switching of shunt converter. Dc link
voltage provides switching losses of the converters. Since PV is also merged to shunt converter controller
must be efficient to stabilise the dc capacitor voltage across converters. PI controller can be applied to
understand the error between measured and desired capacitor values. Resulting control signal can be applied

to shunt control technique. Reference current can be found out by SRF and IRPF integrating it with error
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of capacitor voltage. The reference current hence found out is converted back to abc parameters and pulses

are generated by using hysteresis controller.
3.3 Voltage control in DC link

In PV-UPQC, dc link voltage have to be maintained and its crucial. Controller tracks error between desired
and measured values of capacitor voltages for balancing the voltage across dc link. This paper have a PI
controller. PI controller is simple and its easier to implement. The voltage across link capacitor will be
balanced with help of shunt converter. The difference in the reference and actual voltage measured at the
link capacitor was calculated by P-I controller. The proportional term of PI controller helps in providing a

sudden response to error, and whereas integral term reduces error in steadystate .
4  Distribution Network

To analyse the effect of compensation using UPQC in electrical distribution system, a distribution network
of 16 bus is created as shown in Fig.3. The 16bus distribution network is here modeled as an radial
network, where the distribution lines is a tree-like structure with a single source node at the start and
multiple load nodes at the end. The radial networkis the simplest and its useful when the generation is in
low voltage. The distribution network is of 600 V, 100 MVA, 50 Hz input. Different conditions to create
sag are applied, andin each cases the performance of UPQC is studied.

4,1 Induction motor connected in one of the buses

Connection of an induction motor to a distribution network have significant effect in quality of power and
stability of the whole network. When induction motor is added to any of the buses, voltage sag occurs in
other buses also. Induction motor have a low power factor and have high starting current and these causes
voltage drop in buses. Induction motor starting on full voltage have effect of taking five to ten times or
more of motor full load current which is undesirable in terms of per-formance. Voltage sag may cause
equipment malfunctioning as well as disruptions and losses. To prevent these protective devices can be
used and operators can implement soft starters to reduce starting current, or can adjust network

configurations to minimize the impact of sag caused by induction motors.

Bt e 0in.2 mpnfenfn e

Load Bust

Figure 3: 16 bus distribution network
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4.2 Fault occurs in one of the buses

In a distribution network, faults will occur because of manyreasons such as failure of equipment, breakdown
of insulation, or other factors as external like lightning-thunder strikes. Fault in distribution network can
cause dip in voltage which is the temporarily dip in voltage at time during fault. When fault occurs, it may
spread to different parts of the network depending on the R/X ratio of the system. Closer the fault, the
greater the voltage sag. When fault occurs in any of the buses, it will causes voltage sag in neighbouring
buses too. When fault occurs in a system then current increases and voltage decreases. Current increase
occur due to decrease in system impedance and voltage decrease due to demagnetizing nature of armature
reaction. UPQC may not be able to fully compensate for all type of faults. The degree upto which UPQC

can compensate depends on several factors such as duration of sag and severity, load characteristics etc.
5 Simulation Results
5.1 Performance under sag condition

To study the performance of shunt and series converter, a sag as 0.6 pu is applied from 0.4 to 0.6 s. Its
shown as Fig.4. During sag, series converter converts dc voltage across dc link capacitor to ac and injects
it through a injection transformer as shown in fig. 5 and 6. And thereby the sag can be compensatedand a
sinusoidal waveform of equal magnitude is obtained at output as shown in Fig.9 and Fig.10. PV and the
grid are working intogether to meet the load balancing requirements byusing shunt VSC. This whole
performance of UPQC depends on the duration of sag as well as size and capacity of UPQC. But it have
limitation when the sag exists for a prolonged duration. Even when non linear load is present, UPQC helps
maintaining power factor as unity at common coupling point.

Sag in current
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Figure 4: Behaviour of system with sag

Voltage injected by series compensator

- A
S \ |
£ |

. L i
00 W J

Time

Figure 5: Injected voltage during sag
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Current injected by shunt compensator
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Figure 6: Injected current during sag

5.2  Performance under swell condition
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To study the performance of system under swell conditions,swell is applied as in Fig.7. Swell may cause

damage and malfunctioning to the other equipments in the system. Herewe can see that the injection

transformer injects voltage which have a phase shift of 180 degrees as shown in fig. 8 andhence

cancel out the swell as shown in fig. 9. The shuntcompensator in the UPQC system detects increase in

voltage and reactive power was getting injected to our system forregulating the voltage at coupling

point. By cancelling out the swell in voltage, UPQC can protect the devices from damageand the system

from shut down.

Voltage injected by series compensator

ol AAANANAAAAAAAAANAAANAAANN

/

LA

I

Vsel(V)
[=]
=-—-=_-_-‘;'_‘

)\
A

i

L
i

VUWVVVVVIVVVVVVVVIVY

VUV

I

04 042 044 048 048 05

Time

052 054 05 058 06

Figure 8: Injected voltage during swell
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5.3 Performance when induction motor is connected in system

Since induction motor draws a large starting current, it causes a voltage sag. An induction motor has been
connected to a 16 bus distribution network system in 16th bus. Then as shown in Fig.11 sag can be seen in
buses 13, 14, 15 and 16. And the amount of sag is seen more in 16th bus. So UPQC is added to 16th
bus. And due to the effect of UPQC, sag is compensated as seen in Fig.13.

Output current
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Figure 10: Output current
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Figure 11: Induction motor connected to network
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5.4 Performance when fault occur in system

Fault occurring in a network causes increase in current and thereby reduce the voltage. Hence sag occurs
to the fault occurring bus as well as in neighbouring buses. A three phase fault is putin to bus 16 from
0.2s to 0.3s to study the effectof UPQC for compensating the sag. As shown in fig. 12. the fault creates
sag in neighbouring buses; such as in 13, 14, 15, and 16th buses. The speed of spreading of fault depends
on factors like impedance, response time, fault type etc. A short circuit fault may spread quickly due to low
impedance whereasground fault spread slow as it has high impedance. The amount of sag is more in bus
16 because the fault is occurring nearthat bus, so UPQC is added in bus 16. The nearer the fault the
greater the sag. After adding UPQC, sag is compensated effectively as shown in Fig.13. The values of
variations found before and after compensation in MATLAB are given in Table 1.
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Figure 12: Fault occurring in system
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Figure 13: Output after compensations
Table 1: Values before and after Compensation.
Condition  [Before compensation After compensation
Sag 200 V 500 V
Swell 750 V 500 V
M 500 V 600 V
Fault 300 V 600 V
6 Conclusion

The compensation of Power Quality issues that can be seen in a distribution network are presented here.

The overall performance in presence of a non-linear load as well as in 16 bus distribution network are

validated here through simulation. The series converter effectively compensates for sag and swell, andthe

load voltage is maintained as such. And shunt compensator balances load and then make the current at grid

sinusoidal. Effectiveness of system can be further increased by adding PV to the system. By making the

system PV integrated the total burden can be reduced. So by effectively implementing the whole system,

the overall performance can be improved.
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