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ABSTRACT

Multilevel converters with high voltage and power capabilities are best suited for unified power-flow controller
applications (UPFC application). Compared to other multilevel topologies, the three-level neutral-point-
clamped (NPC) converter supports back-to-back connections as the UPFC shunt and series converters. For
UPFCs, balanced voltages in the NPC multilevel dc capacitors and a constant dc-link voltage are required in
lieu of pulse width-modulated (PWM) multilevel control techniques. With the ability to operate in STATCOM,
SSSC, and precisely in the UPFC mode with the double balancing of dc capacitor voltages under line faults, the
proposed work offers three main contributions to improve the performance of the multilevel UPFC system,
thereby improving the UPFC ride-through capability. Shunt converters and the NPC series maintain a constant
dc-link voltage, which enhances the efficiency of real-time PWM production and balances the voltages of the
dc-link capacitors. Power System Stabilizer (PSS) and Automatic VVoltage Regulator (AVR) are used to stabilize
the response when transients produce faults in the power system. Load flow analysis is typically used to examine
the transients injected into the system as a result of fault occurrences. The UPFC is becoming a more significant
and efficient tool for controlling active and reactive power, enhancing system damping, and suppressing power
system oscillations. The results demonstrate and validate the proposed work, which examines the effectiveness
of UPFC in relation to the system's ideal and real response to attain stability. The efficacy of the suggested DC
link switch-based UPFC in mitigating power system oscillation is examined by an analysis of the dc link voltage,
current, real and reactive power, and line injection voltage. To regulate the voltage source converters' (VSCs')
current, voltage and phase of thetransmission lines the UPFC uses a proportional integral (PI) controller.

The voltage regulator and current controller plays important roll to generate control pulses for VSC. A

MATLAB simulation has been carried out to demonstrate the performance of the proposed model for UPFCin
achieving transient stability with real and reactive power control.
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I. INTRODUCTION
In power networks highly use of power electronic
devices because of their multiple functions:
compensation, protection and interface for
generators. It makes possible the insertion in the
power network of renewable sources of energy and
independent generators by transforming and

generation and propagation is necessary, to avoid
that kind of harmonic disturbances. The harmonic
attenuation more optimizing filters, efficient and
improving power electronic control, by a superior
awareness of the harmonics transfer capability
mechanisms.

adapting the electric energy.However, the current
and voltage harmonics will generate by switching
components, power electronic converters which
may cause measurements, stability and control
problems. A good knowledge on the harmonic
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The frequency domain or in the time domain are
effectuated by harmonic study. In case of time
domain, the application of Fourier transform gives
currents and voltages spectra. In time domain the
analytical harmonicsolution has not exist for the
considered system and the
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relations between harmonics cannot be simplified. In
case of frequency domain, there are many ways to find
out power network harmonic analysis exist [1]. The
simple way to calculate the sources of harmonic
current is exist by power electronic devices. Norton
equivalent is another way to calculate the harmonic
analysis. These two methods are mostly used to
calculate the network harmonic analysis. These two
technique are simple but not accurate, because of not
exist dynamics of the switching components.
More accurate models to design for power electronic
devices. In this transfer functions model, matrix
equations are linked with converter state variables.
Another method [2] Newton“s method is solved the
converter which is set of nonlinear equations. This
model has a high accuracy, but due to more
complexthey cannot be used in systems containing
multiple converters. When we reduce harmonics
induced by the switching process is required to express
accurate network harmonic analysis, easy and capable
method. Infrequency domain, the periodicity of the
converter variables in steady state put in matrix form.
In [3], the power electronic structures are built having
harmonic transfer matrices and implemented by
Matlab/Simulink. This method is mostly used for
stability analysis and because of these data simplified
and high frequencies areneglected. In [4], periodicity
method of variables is presented, but this gives only
numerical solution and it isnot applied in network
analysis and switching circuits. The analytical
expressions are not fit for harmonics expressions.
With the development of technology, the power
system utilities around the world changes rapidly with
improvements in power system structures and
operation.With the expansion of technology, system
will be more optimal and profitable operation in power
system regarding generation, transmission and
distribution system [1].
The main aim of FACTS Technology is follows:
» To enhance the power flow capability in
transmission network.
» To provide direct control over designated
transmission routes.
»  To enhance thermal limits of the transmission
line.
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»  Toimprove the damping of oscillations
and linecapacity [5].

FACTS technology is a collection of controllers
that are situated separately or coordination with
other devices to control one or more
interconnected power system such as shunt
impedance, series impedance, current, voltage and
damping oscillations. This concept is known as
FACTS Controllers [5].

1.1 Background

In 1980%s the Electric Power Research Institute
(EPRI) gives a theory of improve the stability and
reliability in power systems. This technology is
named as Flexible Alternating Current
Transmission Systems technology. By the using of
FACTS Technology it is ability to increase and
control as well as to improve the transmission
system with the stability of power flow, stability
limits in power systems [3, 4] In 1980s, a different
type of FACTS controller techniques introduced
as per demand of the power systems [5].

In 1990s introduced designed based on the concept
of combined series-shunt FACTS Controller
having the. It capability of improve the power flow
control with stability and reliability and also. The
ability to simultaneously control all the
transmission parameters without affecting the
power flow of transmission line i.e.voltage, line
impedance and phase angle, this is knownas
Unified Power Flow Controller (UPFC) [2].

1.2 Problem Formation
Now a day, in developing countries large number

of interconnected networks, the generation
reserves to increase the reliability of the power
system. However, fluctuations in reliability of
power supply increase with interconnection
complex system, it is very difficult to control the
power flow and security problems due to large
number of blackouts in world. And the reason is
fault sequences because of systematical errors in
the arrangement as well as operation, feeble
interconnection lack of maintenance or overload in
the network [2].

To reduce these consequences and to provide better
power flow along with line which makes system

stability and reliability required to new
transmission  lines installations. But new
installation is limited for some factor like

environment related issues, economic cost.
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This complex installing is new challenges the power
engineer to increase the power flow with
transmission line power system challenges the
power engineers to increase the power flow with
transmission line without implementation in the
system stability with security.

1.3 Aim of the project
Goal of the project in this thesis is the using of

Unified Power Flow Controller (UPFC). We take a
case study network of power system, with the help
of Newton- Raphson Algorithm and the
simulations of the algorithmfinding out the power
flow equation derived for networksolution in
MATLAB.

The active and reactive-power as well as voltage
magnitude control simultaneously of their fast
control characteristics is regulated by FACTS
controllers and it has also capability to continuous
compensating and maintain voltages level for
desired value and also the FACTS controller the
ability to improve both transient and small signal
stability margins. Without generation topological or
rearrangement change in the network Control the
power flows, under normal and abnormal
conditions, and also reduce power loss and improve
stability and performance. [1]. It is necessary to find
out the optimal location for installed the devices to
improve voltage stability margins and increase
network security [2-7]. According to proper control
objective, Reliability and loadability has been
studied [5-15]. Some papers aretried to find the
location for install Flexible Alternating Current
Transmission Systems to enhance power system
laudability and security [14-17]. In deregulated
power systems has been presented in optimal
allocation of these devices [18-19].
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II. METHODS AND MATERIAL
1. Flexible Alternating Current

TransmissionSystems (Facts)
According to definition of IEEE, “The Flexible
Alternating  Current  Transmission  System
(FACTS) is new technology based on power
electronic devices which offers an prospect to
increase power transfer capability, controllability
and stability of Alternating Current Transmission
Systems” [7].
To enhance the growth of industrial area, it is
required toprovide a stable, secure, controlled and
economic qualityin highly complex system. To
achieve for better quality of power, it is
compulsory to increase the transmitted by
installing new transmission lines or by improving
previous lines by adding new controlling devices.
Installation a new transmission lines is not possible
because of few reason like economic condition,
cost and time taken. Therefore power engineers
have to determined and examine to installed
control devices in existing transmission system.
After they come up the new concept to installed the
new control devices in existing transmission line,
which is flexible in nature.[12].
In1980s Electric Power Research Institute (EPRI)
was introduced the concept of Flexible AC
Transmission Systems (FACTS) technology, which
enhance the security, flexibility and capacity of
transmission systems.In this new concept which is
based on power electronic switching device and
dynamic controllers to increase the capacity of
power transfer and system utilization andalso
power quality, security, stability and reliability in
AC transmission system. This technology of
FACTS is known as FACTS controller.
Model based on facts devices Generation of

In This thesis we enhance the voltage study level EACTS Controllers:

considering investment cost and power losses by
optimallocation of multi-type FACTS devices.
Many genetic algorithms are optimization problems
like, and, congestion management, controller
optimization, economic dispatch and optimal power
flow etc in power systems [21-22].
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There are four generation in FACTS controllers
First Generation of FACTS device Controllers:

In generation of FACTS device controllers are
fallowed:

» (SVC) Staic Var Compensator,
» (TCSC) Thyristor Controlled Series
Capacitorand
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» (TCPST) Thyristor Controlled Phase St var
ShiftingTransformer. | enion &9 pa—
In this work, we have selected three different Contolr g
FACTS devices, location to improve voltage ynettonous
stability margins in power system, | gin ) p—
»  SSSC (Static Synchronous Series el Controle Sapimtor
Compensator), — 60
>  SVC (Static VAR Compensator), e —— <l—’ TS .
>  UPFC (Unified Power Flow Controller). ] camier | vovetion
In transmission line the power flow namely i - j is ©Fro
depend in line reactance, magnitudes voltage and Figure 1. Block Diagram of FACTS Controllers
phase angle in between sending buses and receiving
buses. This expression by Eq. 1 2. Different types of FACTS Controllers:

V.V, 2.1 First Generation of FACTS Controllers:
Py = 'sin(8i — &j)

) In first generation of FACTS controllers is based

on

L - Generalized Power Flow Controller (GUPFC)
In transmission line TCSC control line reactance thyristor technology.

and SVC can control reactive power in line. But giatic \ar Compensator (SVC):

UPFC control all power flow parameters like phase This is the first device of FACTS controller, it provide

angle, bus voltage, line impedance. So utilization in fast-acting reactive power compensation in transmission
power system by optimal choice and allocation of system,

FACTS devices is obtained. These controllers Circuit Description:
designed are based on the concept of FACTS In Static Var Compensator as shown in Fig 2 consist of
technology, which increases the reliability, stability thyristor controlled reactor (TCR), harmonic filters and
and power flow control is known as FACTS thyristor switched capacitor (TSC) which is connected in
controllers. This controller was developed to parallel to dynamic shunt compensation. The thyristor
overcome the problems occurring in power system. controlled reactor is control by thyristor valve, by
But some controllers having the capacity overcome changing the fire angle taking in account of voltage
the multiple problems in a power system and some limited in injected node. In this operation current
controller are limited to solve a particular problem. harmonics are must be filters to eliminate harmonics in
All these controllers are the family of FACTSthe SVC system. This filter has ability to produce the
controllersand these are follows: capacitive reactive power and absorbs the risk
First Generation of FACTS Controllers: harmonics.[13].
»  Static Var Compensator (SVC),
»  Thyristor Control Series Compensator
(TCSC).
Second Generation of FACTS Controllers:
»  Static Synchronous Series Compensator
(SSSO),
»  Static Synchronous Compensator
(STATCOM).
Third Generation of FACTS Controllers:
»  Unified Power Flow Controller (UPFC)
» Interline Power Flow Controller (IPFC) and
Fourth Generation of FACTS Controllers:
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Figure 1. Circuit Diagram of Static Var

Compensator[12]

Chracteristics of SVC:
The SVC provide, improve of power flow control,

increase the damping power oscillations and also
provide a dynamic voltage control to increase the
transient stability in power transmission system.
The SVC is mostly control the reactive power,
reduced the voltage level due to non-linear level,
improves the power factor, power quality and
reduces the energy consumption. [14].

Advantages:
» To maintain bus voltage near to constant
level.

» Toimprove transient stability.
It is mostly used in electrified railway, wind power

generation and metallurgy etc. [14].

Thyristor Controlled Series Compensator
(TCSC):

The TCSC is thyristor control based FACTS
technology having ability to control the line
impedance which is installed series with thyristor-
controlled capacitor in transmission line. In TCSC
a series capacitor installed toreduce the total series
impedance to enhance the transmission line
capability thus additional power willbe transferred

[7]1.

Circuit Description:
The TCSC device consists of three major
mechanisms i.e.:
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»  Capacitor bank,
» By pass inductors and

»  Bi-directional thyristors SCR1 and SCR2 in Fig
3.

N
AN
—& YV
Ii E>|VD 1eactor
A
{{1\] ‘..'" thyristor

Figure 2. Circuit Diagram of Thyristor
ControlledSeries Compensator
[15]

Characteristics of Thyristor Controlled Series
Compensator (TCSC):

The thyristor controlled series compensator
provides the power flow control, improving the
damping power oscillation, reduces the net loss
and providing voltage stability in power
transmission system network.

The thyristors of TCSC device provide flexible
adjustment having ability to control the continuous
line compensation. It has also capacity to solve
power system problems, like voltage stability,
dynamic stability,transient stability and steady state
stability in long transmission lines[15, 16].

2.2 Second Generation of FACTS Controllers:
In second generation FACTS control based on

voltage source converter.

(a) Static Synchronous Series Compensator
(SSSC):

In Static Synchronous Series Compensator it is

based on solid-state voltage source converter,

having  generates the voltage magnitude

independent from line current.

Circuit Description:
The SSSC consists of,

» DC bus (storage unit),
»  Converters and
»  Coupling transformer in Figure 4.
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power, the use of STATCOM the conversion of DC

In SSSC the dc bus used to the inverter synthesize
input voltage into AC

AC voltage waveform which is injected series with
transmission line through transformer having
proper phase angle and line current. If the injected
voltage is in phase with line current it changes a real
power and this voltage in quadrature with line
current it changes reactive power. However, it is
ability to change both realand reactive power in a
transmission line [17, 18].

k m

Vs Transmission line |
I_ AL
_IL> VY I

DC-AC
Converter

==

Vdc SSSCy

] Control

Figure 3. Block Diagram of Static Synchronous
SeriesCompensator (SSSC) [18]

Characteristics of Static Synchronous Series
Compensator SSSC:

The SSSC generate considerable voltage
independent from line current magnitude, by
modulating reactive lineimpedance and combining
both real and reactive power compensation to
provide high damping of oscillation.

To compensate both reactive and resistive voltage
dropis the capability to change both active and
reactive power, however it maintain a high effective
X/R ration independent from degree of series
oscillation.

The SSSC of the FACTS device is improve the
power flow control, damping of power oscillations
and transient stability [19].

(b) Static Synchronous Compensator
(STATCOM):
The STATCOM is designed based on Voltage

source converter (VSC) power electronic device
with Gate turn off and dc capacitor linked with step
down transformer installed in transmission line (Fig
5). To achieve the compensation active and reactive
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voltage in the system. It characteristics is more
effective than SVC and also used to voltage
control and reactive power compensation
control.

HY bUS  ee——

I A Qstatcom
ww

MV bus {Tn

Voltage-Sourced
Inverter

+V-
|(
I\

Figure 4. Circuit Diagram of
Static Synchronous
Compensator (STATCOM)
[20]

Characteristics of Static Synchronous
Compensator (STATCOM):

The STATCOM is installed in transmission
network improve the voltage stability by
controlling voltage in transmission and
distribution systems, provides the desired
reactive power compensation and improves the
damping power oscillation in power transmission
system.[20].

2.3 Third Generation of FACTS Controllers:
The third generation of FACTS controllers is

based on series and shunt compensation by
adding the feature of above generations

Unified Power Flow Controller (UPFC):
The UPFC is a grouping of series compensator

(SSSC) and shunt compensator (STATCOM)
link with common DC capacitor. It has ability to
simultaneously control every parameter of the
transmission systems, likevoltage, phase angle
and impedance.

Circuit Description:
UPFC consist of two converters, the first one

converter is connected series with the
transmission line through series transformer and
second one converter is connected shunt with
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transmission line through shunt transformer. The
DC capacitor is connected DC terminal
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of these two converters. To inject phase angle and
voltage magnitude in series with transmission line
to control the active and reactive power in series
converter. Thus, it changes active and reactive
power with line.

shunt side

O}

shunt
transformer

serics
transformer
—

Converter 1 I;;onvcncr 2

Figare 5. Circuit Diagram of Unified Power
FlowController [21]

series sid¢

| A
1@

Il
T

Characteristic of UPFC:
The UPFC has ability to solve all problems
occurring in the power flow control and

transmission line compensation with the help of
solid-state controllers, which provide flexibility
which is not obtained in thyristor-controlled
controllers.

2.4 Fourth Generation of FACTS
Controllers:Convertible Static

Compensator (CSC):

The fourth generation is the latest generation
FACTS controllers. It consists of recent
development in the field of FACTS controller. It has
ability to increase the powertransfer capability and
maximize the use of previoustransmission line [15].

Interline Power Flow Controller (IPFC):
The IPFC is based on the Convertible Static

Compensator of FACTS Controllers which are
connected in two different transmission lines. In
IPFC provides comprehensive power flow control
in multi- line transmission system having multiple
number of DC to AC converters. These converters
provide series compensation to each transmission
line. These converters are linked with DC terminals
and connected with AC systems through series
coupling transformers. It provides series reactive
compensation and addition of converter it control
the supply of active power with common dc link in
transmission line [21].
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Figure 6. Circuit Diagram of IPFC [21]

Characteristics of IPFC:
The installation of IPFC system in parallel inverter

to avoid the control of power flow problem in a
system among synchronous of power is required to
meet the active power demand.

Generalized Unified Power Flow Controller
(GUPFC):

It provides the realization of simultaneous power
flow inmany transmission lines. The GUPFC is
consist of combining three or more dc to ac
converters works together with the concepts of
voltage and power flow control of UPFC control to
multi voltage and powerflow control. In Fig 8.

¥, Vo ]
L
Series
Inwerter 1
Series
Inwvarter 2

Ven

Figure 7. Circuit Diagram of GUPFC [22]
2.5 Advantages of FACTS controllers in

PowerSystems

Power Quality and Reliability: Many
modern power industries required the high
quality ofelectricity in reliable order with no
fluctuation power supply having constant
voltage and frequency. If the fluctuation
occurring in system it

>
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effected in the quality of power voltage drops, SYStém, congestion management, voltage profile, less

frequency variations and loss that lead tointerruptions aCtive power loss, power system security in FACTS
in transmission system. Installation of TCSC having devices control. In FACTS device the response is quick
the ability to overcome this limitationin transmission and correct. Therefore these devices improve the voltage

consumer. controllers in multi-machine systems.

> Power system stability: In the transmission In this chapter power flow studies is developed from
system due to long transmission lines, interconnected Stéady state model of FACTS devices TCSC is simply
system, changing system loads and line fault occurs, tomodify the reactance of transmission line. But SVC
Instabilities in power system. It results reducedand UPFC using the power injection models [14-16].
transmission power. By the using of FACTS devices 1CSC, UPFC and SVC is modeled is bus as shunt
increase transfer capacity and reduced tripping in element in integrated into transmission line. By using
transmission line. MATLAB programming language the Mathematical
> Flexibility: By the using FACTS devices models for FACTS devices are implemented.
controllerthe transmission lines has flexible in nature TCSC:

with existing line requires only 12 to 18 months In transmission line the capacitive or inductive

> Environmental Benefits: By installing the new Compensator are modify reactance by TCSC. We know
transmission line is unconstructive impact on the that TCSC is modeled line reactance in transmission as

economical and ecological factors. however, by the below:

using of FACTS devices modify in existing

transmission lines makes the system more economical.
Reduced maintenance cost: Maintenance cost in
FACTS controllers are fewer as compared to the
installation new transmission lines by the increase
of number of transmission line. The probability of
fault occurring is more. But with the help of FACTS
devices converter minimize the faults in
transmission line. Thisis reducing the maintenance
cost.

3. Power Flow Control In Power System
In a transmission line the power flow depends three

important parameters namely,
»  Voltage magnitude (V),
» Line Impedance ( Z) and

» Phase angle between buses (0).
By using placement and co-ordination of several

flexibleac transmission systems controllers in large
scale power system networks and also small signal
stability, transient stability, damping oscillations,
increase load ability of power system network dynamic
performance of the power system, capability of power
transfer through the line, efficiency of power system,
quality of the power
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Xii= Xiinet
Xrese Xrese =

rrere Xiine
Where Xiine iS reactance of transmission line and

TCSCis compensation factor. TCSC reactance is
chosen between -0.7 Xijine 10 0.2 Xijine.
SVC:
SVC can be. In this paper SVC is modeled as an
ideal injection of reactive power in bus and also it
is used for both inductive and capacitive
compensation:

AQi = AQsvc
UPFC:
In this paper the UPFC models is represented by
two types. First one is coupled model and second
is decoupled model. In first type of UPFC model
(coupled model) is modeled with series
combination of voltage source and impedance in
transmission line. In second type of UPFC model
(decoupled model) it can be modeled into two
separated buses. First one is more complex
compared with the second one because of
modification of Jacobian matrix in coupled model
is inevitable. In conventional algorithms power
flow without modification of Jacobian matrix
elements can be easily implemented in decoupled
model, in this paper, but here decoupled model is
used for modeling UPFC in power flow study

(Fig9).
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Figure 9. Decoupled model for UPFC

UPFC controls power flow is installed in the
transmission line. To express the UPFC model in
load flow analysis, it has four variables: Py, Qul,
Pu2, and Qu2. And it is lossless, real power flow
from bus i to busj can be written as:

Pij =Pu
However, the UPFC cannot generate the real
power, butcontrol the power flow. So:
Puu+Pp=0
The output of the reactive power of UPFC,
Qul Quz2 isset of arbitrary value to maintain
bus voltage.

4. Mathematical Modelling

U, U  P.*Qu«
| — |
l Transmission I
k i Line i
S 5
i f
UPFC Controller

4.1 The Unified Power Flow Controller

In 1991 Gyugiy was introduced the Unified Power
Flow Controller. The UPFC is a member of third
generation FACTS controller proposed to control
voltage and power flow in systems It consist of
combining features of Series Synchronous
Compensator (SSSC) and Static Synchronous
Compensator (STATCOM). It has toability to
control active and reactive power in transmission
line as well as transmission parameters likevoltage,
impedance and phase angle.

4.2 UPFC Circuit Description
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This figure 10 consist of two voltage source
converter, first converter is connected at sending
end in shunt as shunt converter and second
converter is connected between sending and
receiving end bus in series as series converter,
One end of converters is connected to transformer
and other end is connected with common DC
capacitor link.

5. Working & Simulation
5.1 Proposed Model

CFereration
Uitz and Loads

G eneration Units
and Loads

Proposed UPFC

ViIZ2

VeIl | Switched |
| owtine [ 205 [ bt

TPRC CONTRCLLER.

Figure 10. Unified Power Flow Controller
[14]
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5.2 Proposed Circuit

The Matlab/Simulink model is used to
simulate thepower flow control in the 500
kV transmission line.

5.2.1 Study system model in
Matlab/Simulink withUPFC

The Unified Power Flow Controllers are used to
control 500 kV power flow in transmitting line.
The Unified Power Flow Controller is installed
in between the 500 kV buses B1 and buses B2
to simulate at installed in GENCO-1(generating
station) of 75km, in transmission line. This
installed Controller simulation is used to control
the reactive and active power flow through the
bus B2 and controlling voltage at bus B1. And
this Controller consists of two 100-MVA, three-
level, 48- pulse GTO-based converters, the first
one is connected in shunt with bus B1 and the
second one is connected in series between buses
Bl and B2. The shunt converters and series
converters are change our power through a DC
link bus. The series converter is injecting a
maximum number of 10% of nominal voltage
{28.87 kV'}in series with line bus B1 and B2. The
Matlab/Simulink model is used to simulate the
power flow control in the 500 kV transmission
line is shown in Fig. 11 [22].
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Figure 11. The study model of
Matlab/Simulink withUPFC
5.2.2  Shunt converter (48pulse GTO*s
voltagesource converter)

5.2.3 Series converter with 10% injection

The series converter be able of inject a maximum
number of 10% of nominal voltage (28.87 KV) in
series with line bus B1 and B2.

R PARAMETERS VALUES
The 48-pulse converter model consists of four Fregiecy 0wz
. . - C-link voltage 2kv
identical 12-pulse GTO converters interconnected gmmj -
with four 12- pulse zig-zag transformers, having STATCOM (GG [T 2.2
. . . . STATCOM (Vref pu): [Initial 1,1.005, 0.3*100
phase-shifted windings. The study model diagram S
Stop Time ]
of the 48-pulse voltage source GTO (gate turn off) UPFCPret(u). Il Fine
- - . UPFC Qref (pu): [Initial Final -0.6,0.7,0.5
converter is in Fig. SRESTATEON Vi)
12. The zig-zag transformer connections and the Shin STATCOM DI (UL00
. .. . . Shunt STATCOM [Kp Ki] -[12, 3000]*3
required firing-pulse gives the final 48-pulse SHURSTATGOM =
0 pel’atl On . [2 1] . Series UPFC’\:{;!&)Qref (pur100 8.7,-06]
Series UPFC voltage injection 0.07
&1 | ] o« [ Series UPFC [Kp Ki] [0.025, 1.5%4]
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Figure 12. Forty-eight-pulse GTO,,s voltage
sourceconverter.
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Figure 13. series converter with 10%
injection

III. RESULTS AND DISCUSSION
1. Simulation Result
On the basis of methodology and mathematical
modeling proposed in earlier discussions, the
values of various circuit parameters were
calculated and are tabulated as below-

Design Parameters
Table 1. design parameters
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2. Characteristics of P-Q with 0.1 pu
injectedvoltage

The characteristics of P and Q with 0.1 pu injected

voltage shows the UPFC controllable region in fig.

14. Having four sets of surface region i.e.,

1. Angle Viy =0 deg, P =956 MW and Q = 295
Mvar

2. Angle Vinj =90 deg, P = 1225 MW and Q = 10
Mvar

3. Angle V= 180 deg, P = 819 MW and Q = 370
Mvar

4. Angle Vin = 270 deg, P = 553 MW and Q = 66
MvarAnd one central region i.e.,

5. Magnitude Vin= 0, P =870 MW and Q = 60
Mvar

UPFC P-Q characteristic with 0.1 pu series injected vohage
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Figure 14 UPFC controllable region
3. STATCOM Response

A. By the varying of magnitude of the secondary
voltage Vs generated shunt converter control
the reactive power is obtained with keeping in
phase with bus B1 voltage and Vp in “Fig. 15,”
and Vs started to show at t = 0.5 sec due to
changing intothe value of reactive power.

2 %““v“v A

1 L 1 1 1 1 1
0.1 02 03 04 05 06 07

Time (sec)

Figure 15. Series and parallel injected
voltage

Vs VP Ip (PU)

S
o

B. Itisalso shown in Fig. 16 the Vg enlarge from
16 kV to 21 kV because of increasing the
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Figure 16. DC voltage

C. Vs started to show at t = 0.5 sec due to
changing into the value of reactive
power. Shown in fig. 17,and 17.

I
I
i \/\__,_x___,—
=
al
A58

1 1 1 1 L 1 1
01 02 03 04 05 06 07 08

Figure 15. Q on shunt
STATCOM

Figure 18. Reference
voltage

4, SSSC Response

A. By the varying of dc voltage the magnitude
of voltage injected is controlled and it is
proportionalto Vinj. Shown in fig.19. And
also regulate the common DC link voltage,
injected reactive power and voltage in
transmission line in the form of dynamic
condition.

i} 0I1 0‘2 0|3 0I4 0‘5 0‘6 OIT 08
Time (sec)
Figure 19. injected
voltage

B. The current I (pu), v, (pu) and I (pu) get
stable after 0.4 second shown in fig. 20.

fi y
I I I | | I I
0 0.1 02 03 04 05 06 07 08

Figure 20. phase current
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C. By the varying of dc voltage the magnitude of
the injected voltage is controlled which is
proportionalto Vinj. Shown in fig. 21. And
also regulate thecommon DC link voltage,
injected reactive power and voltage in
transmission line in the form of dynamic
condition.

o8
;0%— 4
2004 B
20020 ]

0 01 02 03 04 05 06 07 08

Figure 21. magnitude of injected voltage

D. It is also show in “Fig. 22” the Vdc increases
17.5 kV to 21 kV because of increasing the
reactive power which effect on the connected
DG throughthe DC link And also regulate the
common DC link voltage, injected reactive
power and voltage in transmission line in the
form of dynamic condition.

x10*

4
3
242
1
0

0 0.1 02 03 04 05 06 07
Figure 22. DC voltage

E. TheP (L1, L2, L3) is the active power shown
in fig.
23. And it is observe that resulting changes in
activepower flow in the 3 transmission lines
system.
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Figure 23. Active power reply in 3 transmission
line
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F. The Q (L1, L2, L3) is the reactive power shown

in fig. 24. And it is observe that resulting changes
in reactive power flow in the 3 transmission
lines.

Figure 24. Reactive power reply in 3 transmission

line
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5. UPFC Response

A. The steady state of active power is reached
(P=+8.7 pu) behind the transient period
approx. 0.15 sec. After new settings of P
(P=+10 pu)is ramped to by changing the
reference value t=0.25 second. In fig 25.

P Pref (pu)

I o

74

s | | | | | I 1
0 0.1 02 03 04 05 06 07

Time (sec)

Figure 25. UPFC responses active power
changing

B. The reference value of the reactive power is
changedat point t = 0.5 sec, to 0.7 pu and the
reactive power occurred a new value after
0.15 sec. in fig 26.

T

o
T

2 1 1 L 1 1 L
0 01 02 03 04 05 06 07 08
Time (sec)

Figure 26. UPFC responses reactive power
changing

a W AN

C. The P (L1, L2, L3) is the active power shown in
fig.
27. And it is observe that resulting changes in
active power flow in the 3 transmission lines.

08

1000 T

S00

PL1, L2, 130V

700
600, [y T

1 L L
1] 01 02 03 04 05
Time (sec)

The blue lineshows the UPFC response.

Figure 27. Active power response in 3
transmission line
D. The Q (L1, L2, L3) is the reactive power
shown in fig. 208. And it is observe that
resulting changes in reactive power flow in
the 3 transmission lines. The blue line shows
the UPFC response.

Figure 28. Reactive power response in 3
transmissionline
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6. FFT analysis

FFT analysis for the voltage in the Bus B1 after
stabilization. We can see that the harmonics is
reduced up to 1.04 %

FET wioan 10 of 40 ol of sabectint sigral
uuuuu

‘ ".l \/ 'ul '1|I | IIJI U llu' Siea amer,

& H0F 004 008 B0E 01 ONF 014 B16 418
Timwja)

' Frandpmental {[ilHz) = 8. 86030 , THO= 1 045,

] F 400 [ am 1000
Frequisnay i)

Figure 29-1 FFT analysis
7. Comparing results of UPFC response
Table 2 result analysis

PARAMETER REFEI;ENCE PROEOSE
S RESULT RESULT
Active power T=4sec,P= T = 3.8 sec,
+10 (pu) P
= +10 (pu)
Reactive power | T=6.5sec, Q T =16.2 sec,
= Q
+0.7 (pu) =+0.7 (pu)
Harmonics 1.2% 1.04 %
distortion
Injected voltage | T =0.62 sec, T = 0.6 sec,
Vinj Vinj =
=0.03 (pu) 0.03
(pu)
DC link T = 0.5 sec, T =0.09 sec,
capacitor Vdc Vdc =
voltage = 2*10"4 (pu) 2*10M
(pu)

IV. CONCLUSION AND FUTURE SCOPE

The stability of power system using FACTS devices
like UPFC is compared and discussed, with the
major disturbance the dynamics of the system is
comparedwith the presence of STATCOM & UPFC
in the system.Improvement in stability is compared
by the reference work which has been before now
done, by using the STATCOM. The simulation
results show that significant enhancement in the
system performance by the use of UPFC as system
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stabilization and the harmonics in the
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line voltage.The proposed high power multilevel
UPFC control strategy includes dc-link voltage
control gains with low sensitivity to dc link
current and the balancing of the dc-link capacitor
voltages using both multilevel converters.

The dc-link capacitor voltages are balanced
using both series and shunt multilevel
converters in spite of onlyone of the multilevel
converters. The main improvementis to reduce
the harmonics by .16% of the line voltage and
stabilisation of the system. This gives the
effectiveness of the proposed work to operate in
three different modes as per the requirement
compared to the works which have been already
implemented.

The proposed thought is modelled and designed
in MATLAB Simulink and the results verify the
effectiveness of the model. Transients and THD
are the major cause in the power system related
to power quality issues. This is useful to in the
high power transmission lines for the
stabilisation of the system and also to maintain
the line voltage as per the demand with good
power quality aspects. Here as the dc-link
capacitor is introduced between two converters
knownas series and shunt converters maintain
the level of it.
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