ISSN 2347 - 3983
Volume 8. No. 8, August 2020

International Journal of Emerging Trends in Engineering Research
Available Online at http://www.warse.org/lJETER/static/pdf/file/ijeter23882020.pdf
https://doi.org/10.30534/ijeter/2020/23882020

Implementation of Dynamic Voltage Restorer to Improve
the Voltage Stability of a multi Bus System

B Venkateshnaik®, A Nagaraju?, Sindhu M?
'GITAM, India, vbanakar@gitam.edu
’GITAM, India, nangajal@gitam.edu

SUVCE, India, sindhusudharshanks@gmail.com

ABSTRACT

In this rapidly growing universe, the growth of electrical
network is also very fast. Maintaining a good voltage profile
is also very challenging and difficult task in complex
networks. Voltage has to be stable in each and every
conditions while compensating both before occurrence of
fault and after occurrence of fault. If we don’t maintain the
proper reactive power in an electrical system than the voltage
stability will collapse. Whenever fault occurs in any point of
an electrical network there may be possibilities of collapsing
voltage stability and mismatch in requiring reactive power.
We need to give or supply the reactive power to improve the
voltage stability of the system. The reactive power
compensation can be done either in parallel way or by having
series compensation. Usage of FACTS devices in
compensation of reactive power is very common practice. For
shunt compensation usage of STATCOM is very common,
but it helps in improving power factor of the network if we
want to improve the voltage profile then we must go for series
compensation for better result. In this paper we have used
dynamic voltage restorer. A load flow analysis has done on a
standard electrical multiple bus system by using Newton
rapson technique and the results have analyzed before and
after series compensation. Matlab simulation is used for this
study.

Key words: Dynamic voltage restorer, Static synchronous
compensator, flexible AC transmission system.

1. INTRODUCTION

Extension of power system network and increase in the
demand in a frequent way, the controllability action also need
to build in a proper way. A strategy on controlling the system
voltage stability done on a standard multiple electrical bus
system. The control of reactive power either for compensation
or to get back has done. Matlab is a power full tool for the
purpose of conducting the load flow analysis by using various
mathematics tools. A proper location and size the FACT
device has been identified to enhance the voltage stability and
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to overcome the shortage in supply of reactive power. A test
has been carried out in matlab with the help of tangent vector
method and also considered both the cases of with and
without FACT device that is STATCOM [1]. More than two
indices of voltage stability been taken and reactive power
maintenance in the system had performed on a standard on
multiple electrical bus system. Here all the types of
compensation had tested that is series, parallel and
combination of these two [2]. Transient voltage stability has
been carried out in power grind. ldentification of location of
fault and compensation of reactive power done by using
FACTS devices through mat lab simulation [3]. [ A new
technique called modified voltage stability indices to perform
the voltage stability analysis on multiple bus system. A 230 kv
network has been modeled and the analysis has done in
matlab simulink [4]. A new algorithm has been proposed
which works on the novel pattern recognition technique. Here
simulation data and its output had obtained by in matlab
simulink and by observing the results the faulted bus has been
identified. After identification of faulted zone a proper
compensation technique is implemented to supply the
reactive power and the stability of network is maintained in a
healthy way [5]. With help of voltage quadratic equations
used in power flow analysis various parameters in the analysis
like voltage, current, power all measured and simaltenous
analysis is carried it in a matlab simulation by using a
standard IEEE bus system. A device used for compensation of
reactive power a placed in a specific location and stability is
measured [6]. A realization of closed loop control system for
optimization reactive power in automatic voltage control in a
load dispatch center is performed. Where a proper FACT
device is used for the implementation of compensation of
reactive power in a faulty section and result is observed in
matlab simulink [7]. As we all know those synchronous
motors and the static var compensators plays an important
role in stability of the electrical network, a proper
compensation device is used to supply of reactive power. This
will be helpful under voltage loss condition and also avoids
collapsing in the stability of the system [8]. A new algorithm
known as decision tree algorithm is used in the analysis of the
voltage stability in a power grid. Based on the results obtained
by using this algorithm a faulty locality is identified and a
proper compensation technique is used save and balance a
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complex electrical system. This performance is done on a
standard IEEE 39 bus system [9]. A new optimization
technique is proposed to establish the relationship between
controlled variables and controlling voltage. The analysis is
carried out on s small 5 bus system and stability of the system
is measured in matlab simulation [10].

2. SOLUTION APPROACH

2.1 Identification of weak bus
We have used newton raphson technique to conduct a load
flow analysis on a standard electrical multibus system.
Following equation is used in newton raphsnon technique.
We have formed a jacobian matrix shown in equation 1 and it
has sub matrices as J1, J2, J3 and j4. The load flow analysis’s
is done in matlab and the results has pasted in the result
section. We have taken 7" bus is weakest bus by using load
flow analysis, where we have assumed that fault has occurred
at 7" bus.
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2.2 Voltage collapse mechanism

In any electrical network either in transmission or
distribution once the system gets damaged by any kind of fault
the voltage at that point will get decreased sue to increase in
the reactive power demand. Especially the transmission lines,
transformers are much more affected to these phenomena
hence we need save and balance a complex network of an
electrical system by supplying the proper reactive power by
using various FACTS devices.

2.3 Reactive power

The power which will flow forth and back in an electrical
network. We need to have the sufficient reactive power in an
electric network to supply or deliver the voltage to the load
through transmission lines. The power triangle is shown in
figure 1.

0 (Reactive power)

P (Active Power)

¢ is the phase angle
The cosine of & gives the Power factor

Figurel: Power triangle
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2.4. Facts Controllers

These are the power electronics devices used for the proper
operation of power system to meet the require demand in a
profitable way. These are the most favorable devices for the
power transfer capability of the network with minimal
amount of losses. In our paper we have used dynamic voltage
restorer for series compensation of the power known as
reactive power.

2.5 Power system controllability

Figure 2 shows the power system network variable can be
easily controlled smoothly with minimal cost by using
FACTS devices.

‘/P=g::!‘,’TE2 sin & \

90" 1807
Angle &

Figure 2: Power system controllability

2.DYNAMIC VOLTAGE RESTORER

Itis FACTS device where more effectively adopted for series
balance and maintenance of reactive power. Among all the
power quality issues voltage sag is more severe than any other
issues, hence it is very important to overcome this issue to
maintain the voltage stability by using dynamic voltage
restorer.

3.1 Location of a dynamic voltage restorer

DVR is a series connectable device where it can adopted
along with the line which is to be protected. The DVR is
located at the load side where voltage needs to be boosted.
Whenever voltage sag type power quality issues will occurs in
load side of power system, DVR will step will supply the
dropped voltage to the load through step down transformer.
Hence a DVR always connected in series with the line of load.
Supply voltage side transformer and the DVR will meet up at
a common point known as the point is same and coupled with
other lines.
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Figure 3: Location of a dynamic voltage restorer (DVR)

3.2 Dynamic Restorer

configuration

Voltage (DVR) general

A DVR is always adopted and fixed along with the line across
the transformer. Whenever there is fault occurs and
additional voltage is required the voltage will be generated
with the help of voltage source inverter. Harmonic filters are
used to remove the harmonic present in the voltage which is
coming from voltage source inverter. Energy storage device is
nothing but either batteries or flywheel used as input for the
voltage source inverter. A control circuit is used to supply
contact magnitude of voltage irrespective of load fluctuations.
General configuration of DVR is shown in figure 4

"
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Figure 4: Dynamic Voltage Restorer (DVR) general configuration

4. MATLAB SIMULINK MODELLING

In matlab simulink a standard a standard electrical multibus
system is simulated and treated as test system. Fir that test
system fault is injected, for injecting fault a DVR is connected
to overcome the fault. Fault is injected at bus number 7. A
Test system without fault is shown in figure 5.
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Figure 5: Test system without fault

A Test system without fault is shown in figure 6.

Figure 6: Test system with fault

A DVR simulink model is shown in figure 7.

Figure 7: DVR simulink model
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A Test system with DVR is as shown in figure 8 e s et
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Figure 8: Test system with DVR Figure 9: Voltage at bus number 8 before fault

4. RESULTS

The readings obtained from load flow analysis and the
waveform of various parameters performed in matlab

Table 2: Load flow studies after the fault.
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Figure 10: Voltage at bus 8 after the fault

4176



B Venkateshnaik et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4173 - 4177

Table 3: Load flow studies after connecting DVR.
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Figure 12: Voltage at bus 8 after connecting DVR

4. CONCLUSION

By aobserving the above results, after connecting the dynamic
voltage restorer in series with the affected bus that is bus
number 7, the voltage profile has been improved very well and
smooth wave of all the three phases has been obtained as
shown in the figure 12. Hence by this paper we can conclude
that a dynamic voltage restorer is very efficient device in
improving the voltage profile of the system unlike
STATCOM.
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