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Abstract— Tracking of system overall performance in phrases of Power Quality disturbances and its ill
effects on distribution network is growing attention of application towards tracking of Power Quality indices
like voltage sag, voltage swell, and harmonics. The paper introduces new index as Power Quality Distortion
Index (DI) which offers the contribution of every load on the total distortion of the power system. Presented
system set the basis of tracking and analysis of Power Quality indices for distribution network. The
characterization of Power Quality problems is found through non-widespread currents, voltages and
frequencies. The Power Quality is related to variations of supply voltage in the form of sags, swells, harmonics,
transients, and so on. These troubles outcomes in deterioration of energy deliver to end customers, technology
of various disturbances. The loads used by consumers also account for deterioration of Power Quality. Penalties
are charged for low power factor loads but at the same time negligence to sizable existence of Power Quality
parameters issues like voltage sags and harmonic distortions. Introduction of Custom Power Devices (CPD) is
an effective solution over Power Quality problems in distribution network. Paper presents diverse Power
Quality indices like Distortion Index as the computational parameter of Power Quality and design of Dynamic
Voltage Restorer (DVR) to compensate voltage sag in the system. Effect of DVR on Distortion Index (DI) is
also observed and outcomes are analyzed with the assist of MATLAB/SIMULINK.
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I[. INTRODUCTION

The power system layout has become extra complicated every day. It comprises numerous generating stations
and loads whose interconnection is through numerous transmission and distribution strains. Also, multiplied use
of power electronics based, plc primarily based circuit’s outcomes into growth in nonlinearity. These sorts of
loads are sensitive to Power Quality parameters including voltage sags, swells, harmonics, sparkles, fluctuations,

etc.

Existence of harmonic distortion is due to deviation in voltage, current or fundamental frequency. The
voltage sag is a drop off in root mean square value of voltage or current usually between 0.1 per unit to 0.9 per
unit at power frequency lasting for half cycle to 60 seconds. Fault clearing time refers the variety of 3 to 30
cycles [1].voltage swell is rise in root mean square value of voltage at power frequency between 1.1 per unit to
1.8 per unit lasting for half cycle to 60 seconds. Transients are the part of change within the variable disappears
in the course of alteration from one consistent state to every other.
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II. POWER QUALITY IMPROVEMENT

Enhancement in efficiency of power system desires continuous working which in addition attributes the
importance of monitoring for any form of disturbances that's to be taken into consideration as Power Quality
issues and also offer corrective measures on such problems to restrict the occurrences of those events.
Mitigation of Power Quality problems is difficult with the aid of the use of traditional equipments including tap
changing transformers, lightning arresters, surge arresters, capacitor banks, and many others. Also existence of
power electronics devices performs a vital role to decide performance of PQ) issues. Power Electronics primarily
based solutions are specially categorized as FACTS Controllers for transmission systems and Custom Power
Devices (CPDs) which contributes fundamental function in Power Quality improvement of distribution
network. Various CPDs are available consisting of Distribution Static Compensators (D-STATCOM), Active
Power Filters (APF), Dynamic Voltage Restorer (DVR), Battery Energy Storage Systems (BESS), Static VAr
Compensators (SVC), and so on. Dynamic Voltage Restorer (DVR) is identified as more efficient device among
of all devices

. Control Methods of DI'R

Control of DVR circuit topology is critical element for design and modelling factor of view, which includes
voltage disturbances identification with proper recognition strategies. Voltage supply converter at once impacts
DVR overall performance because it satisfies reactive power requirement. Therefore it is taken into
consideration as important a part of DVR [2]. The inverter control strategies are usually categorized as follows:

A)Linear B)Nonlinear

1. Feedback Control 1. Fuzzy logic Control
2. Feedforward Control 2. ANN Control

3. Multiloop Control 3. SVPWM Control

Fig. 1 DVR Controls

IHI. MONITORING AND ANALYSIS OF POWER QUALITY
PARAMETERS: A CASE STUDY

To analyze the impact of Power Quality parameter, a 11KV/440V, 200KVA substation is considered which
supplies power to an educational Institute, The effect on voltage sag, voltage harmonic distortion, current
harmonic distortion is observed by using implementing the layout of DVR System in MATLAB/SIMULINK as
shown in Fig.3.

DVR is a sequence connected Custom Power Device that's injected in between distribution network and the
load. Basic characteristic of DVR is to inject a required compensation voltage to mitigate Power Quality issues.
Nine distinct departments (D1-D9) of the institute are taken into consideration. The overall load linked to the
system is 600.68 kW. DVR is connected between supply side and department D2 considering different load
conditions.
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The DVR subsystem is shown in Fig. 3.

A. Results
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Table 2 shows System Parameters.
TABLE I
SYSTEM PARAMETERS

Sr. Parameter Value

No.

1 Transmission line voltage 11 kV

2 Transformer 11kV/440V 200KV A

3 Line frequency 50 Hz

4 Nominal voltage 440 V
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powergai

£ o
2 = D3

Line breaker

200 KVA

phase
V1
measur

by
ement _—1—5

w
Comper Gt

D2 . Vabc4, Tabed

Fig. 2 Simulink Diagram for Institution with DVR

E— — VS

L pe———
—s—

R Ty

abe to dq0 transformation

dg0 to abe
transformation

Fig. 3 DVR Subsystem

Fig. 4 indicates source voltage waveform wherein voltage sag is observed in among zero- 1 second. The

voltage and current waveforms of department in which nonlinear loads are substantial with inclusion of DVR

are shown in Fig. 5.
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Also, Fig. 6 and 7 indicates voltage THD values eatlier than and after DVR connection for a linear and

nonlinear load.
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Fig. 4 Source Voltage Waveform
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Fig. 5 Voltage and Current waveforms for D2

Fundamental (50Hz) = 224.9 , THD= 5.77%
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Fig. 6 Voltage THD for non-linear load (before DVR connection)
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Fundamental (50Hz) = 352.3 , THD= 4.04%
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Fig. 7 Voltage THD for non-linear load (after DVR connection)

THD readings are determined for nonlinear load. Also current THD readings are observed for linear and
nonlinear loads before and after DVR implementation inside the system and effects are represented in Table 2.

TABLE III
SYSTEM RESULTS
Load Type Vrup (%0) Itup (Vo)
Before After DVR Before After DVR
DVR DVR
Linear 4.92 1.90 4.77 0.66
Non-linear | 5.77 4.04 6.6 1.55

Table 2 indicates the decreased values of THD because of inclusion of DVR in the system. Same results can
be observed after connecting DVR in other departments of device with distinct loads

B. Distortion Index Caleulations
Along with THD analysis some other parameter known as Distortion Index (DI) is calculated for the system
and is analyzed via simulation. Following formulae are used to calculate DI.

Following formulae are taken into consideration to calculate Distortion Index.Let us consider V1 and I1 be

the fundamental voltage and current. V3, V5, V7,....Vn and I3, I5, 17,......... In are orders of harmonic
voltages and currents respectively.

Iy = \/132 +15° + 1,7 (1)
Vy = \/V32 + V5% + V2 )
Total Harmonic Distortion Voltage Vryp = Vi/V; 3)
Total Harmonic Distortion Current Itgp = Iy /14 4
Fundamental Apparent Power FAP = V; 14 5)
Current Distortion Power CDP = V; Iy (6)
Voltage Distortion Power VDP = Vyl; (7)
Harmonic Distortion Power HDP = Vyly ®)
Non-linear Apparent power NAP = vVCDP2 + VDP2 + HDP?2 ©9)
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Total Apparent Power TAP = VFAP? + NAP? (10)
Distortion Index DI = % * 100 (11)

Table 3 indicates DI values for departments D1-D9 in the system before DVR connection and after DVR

connection.

TABLE IIIII
DISTORTION INDEX
Department Distortion Index (%)
Before DVR | After DVR
Source Voltage 2.6507 1.9964
After Transformer 349758 31.8338
Voltage
D1 34.995 25.4469
D2 41.9388 37.2259
D3 48.5182 25.3123
D4 35.0075 25.3128
D5 34.9939 25.312
D6 48.4725 25.3124
D7 34,992 25.3089
D8 34.9906 25.3069
D9 34.9951 25.3094
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Fig. 8 Graphical representation of variation of DI with departments

IV. CONCLUSIONS

From various observations, the outcomes are in comparison. It has been highlighted that the harmonic
contents and Distortion Index is reduced significantly with the inclusion of DVR in system. In this regard, a new
procedure is presented which evaluates the Distortion Index with DVR and without DVR for non-linear loads
connected to the power distribution network.
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Contribution of Power Quality Indices is the most important subject to reveal Power Quality stages often.
From observations Total Harmonic Distortion displays most effective voltage or the current distortion, while,
Distortion Index(DI) pertains to distortion in distribution power. Hence DI can be introduced as main Power
Quality index for identification and evaluation of Power Quality levels present inside the distribution network.
The regulatory authority can consider this index as “Quality factor” or “Penalty Factor”
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