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Abstract: In this work, A STATCOM of 12-pulse two levels is used to regulate the bus voltage at
specific bus bar under many cases of abnormal conditions like load and source disturbances. The
proposed system consists of a single machine, transmission line and load. The compensation process are
performed and compared between the two suggested control methods, first, the conventional control by
using P1 controller only which is used to improve the voltage profile. Second, the adapting controller uses
self-tuning fuzzy Pl controller for improving the voltage profile. At the time of disturbance gets
occurrence, the P1 controller must change its parameters to recover the voltage profile into the stable state
at the disturbance moment. The simulation results show the improvements of voltage profile for both two
types and then compare them. The improvement of voltage profile using adaptation method is less over
shoot and attains a steady state faster than the conventional Pl when the system is subjected under many
disturbances. The results of the harmonic effect show low values of total harmonic distortion (THD) of
supply voltage and current. Moreover, it is acceptable with IEEE standards because a new technique of
Sinusoidal Pulse Width Modulation (SPWM) is used.
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1. Introduction

Recently, engineers are looking for a solution to make an electrical power system
more stable and efficient so in order to get these benefits, the flexible AC transmission
system (FACTS) such as STATCOM is used and locating at weak bus of power system
[1].

Power systems tend to be a widespread failure, because of their increasing power
demand, environment condition and traditional planning leading to instabilities in power
systems. Voltage instability is defined as a problem that leads to a greater power outage.
The contest between direct contracts and utilities can lead to unplanned power exchange
and hence, the control of voltage profile can be manage and improve voltage stability in
power system as well it can be more reliable and efficient[2]. Flexible AC Transmission
System (FACTYS) is defined as a revolution of power electronics that should be within
all parts of electrical power system.

FACTS devices are flexible AC transmission systems that combine both static
controllers and power electronics to increase the capability of power transfer and
improve the controllability. FACTS devices controller provide a suitable management
for more than parameter of AC power system. The technology of FACTS devices is
very essential to relieve some difficulties not all by ensure the power utilities to achieve
the most countenance from the transmission facilities and improve the reliability of grid
[2,3].

Voltage Source Converter (VSC) based on FACTS controllers are; Static
synchronous Compensator (STATCOM) shunt connected. The main function of a
STATCOM is to control and regulate the voltages at the weak bus in transmission
system shown in Fig.1, which is the simple structure of suggested power system with

STATCOM.
VA1 V2

POWER SOURCE
-+ 51 ¢
DC J —C
Side | :

AC Side

Static Synchronous Compensator (STATCOM)

Figure 1. The Simple Structure of suggested Power System with STATCOM

In the past works, many control strategies have been suggested for STATCOM
control. In [4] a multiple STATCOM using Particle Swarm Optimization (PSO)
algorithm is proposed to improve the voltage stability. The optimization of different
parameters is needed to acquire improved of voltage profile, minimum of total system
losses, minimum transfer of reactive power and maximum stability limit. In [5] a
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STATCOM with fuzzy logic controller is proposed for voltage regulation. It is
performed in the MATLAB/SIMULINK using the power system blockset (PSB). The
control strategy uses the method of bang-bang controller and a hysteresis current
process, the results prove that fuzzy logic controller gives a better performance than
conventional PI controller.

Obviously, PI controller is widely and popular used in control process and having
simplicity and robustness. In this work, Pl controller is kept to use but with an
adaptation for locating the gains of Integral controller online through any disturbance
take place by using fuzzy logic controller to enhance the process control and thereby the
voltage stability.

1. Compensation For Voltage Regulation

In any AC power utility, reactive power (Q) can be generated and stored from
capacitor and reactor at quarter cycle, furthermore, it is transmitted from the power
source during the next quarter cycle.

These processes can generate other losses and takes a part space enough from power
lines so the reactive power generators can be introduced to prevent the circulation
between source and loads as well as improving the voltage stability of AC power
system [6]. Fig.2a shows AC power source connected at bus_1 (V1) and inductive load
connected at bus 2 (V2) through a transmission line where typically without
compensation. From phasor diagram presented in Fig.2, the angle (e) belong to the
current at load area so that the current (Ip) is coincided with Voltage (V2).

However, the inductive load consumes the reactive power from the source, thereby it
can produces current through a power lines and increased of losses. When the reactive
power being provide close the load, the currents through lines will reduce of losses in
power circuit thereby enhancement of voltage stability. Fig.2b shows the device of
current source that compensates the reactive current by injecting or absorbing a current
(Ic) between the two nodes of system and compensated device. Finally, the voltage
stability can be achieved to minimize the reactive current. STATCOM generates voltage
support when the system is located under many disturbances.

The major advantage gained from using current source and voltage over using
(capacitors or inductors) is attributed to the reactive power supply that can be
independent from the voltage at PCC where the Q-V characteristics of the STATCOM
shown in Fig.3 [7].
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b) Compensation with a Current Source

Figure 2. Principles of Shunt Compensation in AC system
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Figure 3. The Q-V Characteristics of the STATCOM

-

2. Equivalent Circuit Model of STATCOM

The voltage source converter (VSC) based on STATCOM (shunt connected) requires
a suitable self-commutated device such as GTO, IGBT, IGCT, etc. Fig.4 shows the
equivalent circuit model of STATCOM that is connected to the main system by a
transformer. The symbols of va, vb and vc indicate the 3- phase system voltages at the
point of common coupling (PCC), ea, eb, and ec can be represented a 3- phase voltage
at AC side of STATCOM's converter. The transformer can be represented by; resistance
(R) and reactance(X) while the resistance (Rp) can represent whole losses in VSC. The
STATCOM draws a 3-phase current of ia, ib and ic. In DC side the capacitor (C) is used
to provide a suitable energy into the switching device. The main objective of the
controller is to meet the desired performance of the system according to the preset
requirement [8].
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Figure 4. Equivalent Circuit Model of STATCOM [9]

By using KVL equations based on Fig.4.

Va — ea=Ry* ia + LS*% (1)
Vb — eb=Rgx ib+ L *<* )
. dic
Ve — ec=Rg* ic + LS*E (3)
The equations stated in (1), (2) and (3) can form as a matrix below.
= o0 0]
lg I s R | lg Va — €4
plis[=]0 LS 0 ||in +L— Vb — ep (4)
Ic Il 0 0 —RSJI Ic ° Ve — e
LS
d
Where p = = operator
PerUnit system calculations:
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L5=_7C2—1R5=_1 p= )
Zpase wpCZpgse Zpase Zpase
. i , Vpas
lxz-x y Uy = » Zpase = L
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Parks transformation is utilized to convert the equation listed early from abc to dq

values in (5).
—Rs wp w
of — -/
ig] | L iq wp|eg — 1wl
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q —W L_’ q S eq
S
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The relation between ABC stationary axis and rotational axis of dq theory presented as
shown in Fig.5.

hq-axis

B-axis

A-axis

C-axis

Figure 5. Vector Scheme of Voltage and Current among ABC/dq Transformation
Power transfer between AC and DC side must be equal as shown in (6) below.
Pyje= P ==> v i.=>(e,i,+e i) (6)
dc — tac - dc *dc — dtd q *q

The DC-side as shown in Fig.4 can be formed as (7).

d ’c 1 il ’c

=m0y € (et 3 (7)
Where vl is defined as the magnitude of system voltage, that supposes the d-axis

close with vector of voltage where Vd =1v'l and Vq = 0 by ignoring of harmonics out

from converter as shown in Fig.5. The STATCOM state space equation can be achieved

in (8).

«/ -/

ta ta o [T
plig [=1Al|ig |- 22| o (8)
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Where "A" can be introduced in (9).
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Because of linearized form and certainty, the active power cannot be transferred at
balance point so it is conceivable to achieve of a decoupled term for i; and i.

—stb
Ald Aiy C,
i) = [ 2 Ai&]+ & (10)

The symbols C; and C, are introduced in (11) express the real and reactive power
vector of control technique. Therefore, by varying i; the active power flow is
regulated too, as well varying of i; can lead to regulate of reactive power flow [10].

Ku .y
—)(ig" — ia)

Car e o (i
2)(ig" — i)
The relationship between line to neutral AC-side terminal voltage with DC-side

voltage can be put through the following equations:

Cl] _ (Kpl
CZ (sz + —=

e'q = M.v/}.cosa (12)
e'q = M.v . sina (13)

From (12) and (13), the symbol (M) is defined as the modulation index that related
by a magnitude ratio between AC and DC side terminal voltage. The symbol (a)
represents the angle of bus voltage that is lagging or leading of inverter voltage. Fig.6
shows a block diagram of suggested power system with STATCOM controller and
decoupled vector control method.
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Figure 6. The Decoupled Vector Control Diagram of STATCOM [11]
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3. Model Of Statcom Using Matlab/Simulink/Psb

The main parts of power system are located by three area ; generation area by using
three phase AC voltage source of (11 KV, 100MVA ) with step-up transformer
(11KV/132KV, 100MVA), transmission area by using a power line extend about 21 km
and finally the load area by using inductive load of (14MW, 7MVAR) as shown in
Fig.7. The voltage source converter (VSC) is formed by using two bridges each one has
6-pulse two levels and the triggering pulses achieved by using Sinusoidal Pulse Width
Modulation (SPWM).

A A a A a A a
7\ r >
—n{)8 sl B3Eb E : |
-+ ¢ C c CYG Ye C [ 11
Programmable 11 kV, 100MVA Three-Phase B1 21-km B2 T

Voltage Source System Transformer
(Two Windings)

Bstatcom mmmmm  LOAD

- 3
vac
P1 Mutimeter
— [ vabep < msaicany
Ts = 5e-06 s. J—Pz labc f+—Tabc_Bstatcom|
powergui controller

1
DClLink ——

If

Bridge 2
Figure 7. Model of Power System with STATCOM using MATLAB /SIMULINK/PSB

To enhance the voltage regulation, the vector control strategy can be utilized because it
provides a fast response for controlling both of d-axis and g-axis currents. In the mode
of voltage regulation, the STATCOM can absorb /injects reactive power to regulate the
bus voltage under many disturbances. The g-axis current is responsible for controlling
the reactive power flow while d-axis current is responsible to regulate the DC voltage at
DC side of VSC [12]. The controller shown in Fig.8 consists of 3 regulators; AC voltage
regulator, DC voltage regulator and current regulator in addition of phase locked loop
(PLL) controller. The PLL is used to find the voltage vector angle for terminal bus bar.

|—> mag
MagV
e

AC voltage regulator
ldiq

labc —‘ s T'

idiq

Iqreft—

Measuremnt 1
Unit vdc1 vdvq vdvg m_Phi

Vvdc idref —'—EI R 1)

idiq_ref f
2400 vdc_ref m_Phi

dc voltage regulator current regulator

Figure 8. Model of STATCOM Controller using MATLAB/SIMULINK/PSB
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4.1. Current Regulator

The reactive current (lq) is regulated by using PI controller. The Iq regulator follows
Iq reference value which is adjusted using AC voltage regulator between +1 pu
(capacitive) and -1 pu (inductive). The output of the Iq regulator is the desired Vq
voltage which is generated by the inverter as shown in Fig.9 that implies the control
method of iq regulator by using PI controller.

_Disoete PID Controller1
F=08
=1

Discrete PID Controller2
q_Ref P=08
1=1

Figure 9. Model of Current Regulator (Idq) by using MATLAB/SIMULINK/PSB

The direct current (Id) is regulated by using Pl controller. Therefore, (Id) can
correspond to the small active power flowing into the STATCOM. The regulator
follows a reference current (Idref ) imposed by the DC bus voltage regulator. The output
of Id regulator is the desired direct voltage (\Vd) that is generated by the inverter as
shown in Fig.9 that imply the control method of (id) regulator by using PI controller
[13].

4.2. AC Voltage Regulator

The main purpose of using voltage regulator is to obtain the reference value of
reactive current. After modeling the measurement unit, the voltage magnitude of
STATCOM's bus bar is obtained by the formula state in (14). The value of voltage
magnitude is compared with its reference value that is always 1 pu. Then, the error
value is controlled by using a conventional Pl controller where the gain parameters of
P1 controller can be estimated using a trial and error method. The output of the AC
voltage regulator is the desired reference reactive current (Igref ).

| V] = /v§+ vg (14)

The model of AC wvoltage regulator can be simulated using MATLAB
/SIMULINK/PSB program as shown in Fig.10.
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Pliz) »(1) ‘

Outl

Discrete Pl Controller

Figure 10. Model of AC Voltage Regulator using MATLAB/SIMULINK/PSB Program with Conventional Pl
Controller

4.3. Adaptive PI controller Design

Clearly, the conventional Pl controllers used in industrial process are widely and
popular because of its simplicity and reliability. In practical process, the conventional Pl
controller with fixed parameter may not be an efficient and robust in case of variation of
system operating condition. Therefore, challenges urged to make a suitable technique to
overcome these problems. Adaptive tuning of PI controller is one of these methods that
are used to change the gain of integral controller online at any disturbances leading to a
change in the system condition. Fuzzy logic control with PI controller is adopted to
regulate the AC voltage in order to keep the voltage magnitude at the bus_2 near to 1
pu. Two inputs are presented in fuzzy logic; error (e) and change of error (Ae) as shown
in Fig.11 and one output of Integral (I) controller with fixed value of proportional (P)
gain.

) FUZZIFICATION
Error ——— = [ RULE

Change —_ins | Inference Engine |%‘* BASE

Error

| DEFUZZIFICATION ‘d

|

|Kp| Ki

L v

PI- CONTROLLER

iy

CONTROLLER O/P

Error

Figure 11. Fuzzy Logic based on Integral (I) Controller [14]

The model of AC voltage regulator with adaptive PI controller accomplished by
using a fuzzy logic control and modeled in MATLAB/SIMULIK/PSB program is
shown in Fig.12. In this work, the fuzzy logic used to adjust the value of Integral (I)
based on error (e) and variation of error (Ae). The final value of Ki presented in (15)
[15].
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Ki = Ki"+ AKi (15)

The value of Ki" is defined as a reference value of integral controller that can be
calculated using trial and error method, while the value of AKi is achieved by using a
Fuzzy logic with two inputs error (e ) and variation of error (Ae).

According to the influence of system parameters, the principle of tuning the integral
parameter changes in three cases:

a) At the moment of disturbance, when the voltage magnitude at bus_2 is far
towards positive from reference value, the error value is increased also. If the
error value is more than +0.025, the change of integral gain must be large to
make a suitable damped in disturbance magnitude of voltage.

b) At the moment of disturbance, when the voltage magnitude at bus 2 is far
towards negative from reference value, the error value is increased also. If the
error value is less than -0.025, the change of integral gain must be large to make
a suitable damped in disturbance magnitude of voltage.

c) The error value is limited between (+0.025 > e > -0.025) when disturbance are
vanished. Moreover, the change of integral gain must be zero and the output of
fuzzy-I controller is the fixed value of integral gain.

Outl
+_ € >
ref Kp . :l
= E'—PF‘ Pliz) r
Ki

-
t |
. .+
L AKi —
- Discrete PID Controller

Ae|
4’@
dudt Fuzzy Logic  —

Gain Controller

Figure 12. Model of AC Voltage Regulator by using Adaptive Pl Controller

It is necessary for tuning the controller gets the fast settling and take over an
algorithm to interact with error changing. Based on the control algorithm suggested in
this work, the gain parameters are calculated for integral controller by presented the
following steps [14]:

1- Sense the value of voltage magnitude and comparing it with reference value.

2- Estimate the error signal from comparison between voltage magnitude and its

reference value.

3- Calculate the change of error.

4- Perform the error and change of error mapping by membership function.

5- Calculate the tuning value of integral gain (AKi) and combining it with fixed

value of Ki" to get the final value of Ki.
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Fig.13 shows the control flow chart of adaptive PI controller, and observes the

progress of tuning integral controller.

INPUT TO THE SYSTEM FROM SENSORS

'

| COMPUTE ‘e’ |

!
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!

EXECUTE THE ERROR MAPPING BASED

TRIANGULAR MEMBERSHIP FUNCTION TO

:

DETERMINETHE FINAL VALUE OF Ki

NO

I5 "e» AND "Ae'=07?

Figure 13. Flowchart for locating the Integral Parameter

The memberships function of error(e) and change of error(Ae) choose a five fuzzy sets
defined as Positive Big (PB), Positive Small (PS), Zero (Z), Negative Small(NS) and
Negative Big (NB) and two fuzzy sets for output named as Positive Big (PB) and Zero
(Z) was used as shown in Fig.14 with rule base given in Table(1).

The region of error input variable can be ranged between a domain [-0.1, 0.15] and
change of error input variable can be ranged between a domain [-1, 1].

The membership function has been choosing by fuzzy logic toolbox. For input
variable of error (e), three triangle memberships are selected for (NS, Z, PS) and two
trapezoidal memberships are selected for (NB, PB). For input variable of "change of
error”, all five memberships are trapezoidal.

4 Membership Function Editor: ki i Sl e 4] Membership Function Editor: kk | = | |
[ File  Edit - View File Edit View
. N elot oo
FIS Variablos Membership function plots %! 557 181 FIS Variables Membership function plots ="' = 181
nb ns 2 ps b
— nb ns z P pb
E& AN %0
g output m outgtl
de te
ingut variabie "e” nout variable “de*
Current Variable Cusrent Membership Function (click on MF io select) Current Variable Current Membership Function (cick on MF to select)
Name e Mame nb MName de Neame nb
Type input s trapmf - Type nput Type trim =
Farams 0,157 -0.106 -0.05536 - - Params. £1.51-05]
Range Lot 018 [-0.157 -0.106 -0.0E536 -0.0366] T B
Disiay Range (0.1 9.15) | Hew Ciose | Display Fiange 11 | Help Close |
Selected variable “e” I Selected variable “de” |

Figure 14. Membership Function of Input; (a) Error (e), (b)Change of error(Ae)
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Table 1. Adjusting Fuzzy Rules of (AKi)

Ae [NB |NS Z PS PB
NB PB | PB PB PB PB
NS PB | PB PB PB PB
Z Z Z Z Z Z
PS PB | PB PB PB PB
PB PB | PB PB PB PB

Fig.15 shows the surface viewer for these rules

5. Simulation Results

Figure 15. Surface Viewer for Rule Base.

The STATCOM equipped at bus_ 2 should be maintaining the voltage near to 1 pu.
The cases of voltage regulation presented and categorized into three cases below:

Case 1: The suggested power system overloaded by allowing additional inductive
load of (9.8 MW, 4.9 MVAr) entered to bus 2 through a circuit breaker at time limited
between 0.4 and 0.6 second as shown in Fig.16. The results show the magnitude of
voltage at bus_2 with and without STATCOM as shown in Fig.17. It observed when the
load entered at bus 2 between the intervals mentioned earlier lead to increase of total
load between these intervals only, as well leads to decrease the voltage magnitude at bus
2 about 6% of terminal voltage for the same interval. In order to keep the voltage
magnitude at bus 2 near to 1 pu, STATCOM must be used and leads to improve the
voltage profile between the interval of disturbance. At the moment of disturbance
occurred, the voltage takes about two cycle before return to the stable magnitude of 1

pu.

141



Journal of Engineering and Sustainable Develop t Vol. 21, No. 02, March 2017 www.jeasd.org (ISSN 2520-0917)

Vabc P
J we oL ]
’ o Workspace

! [

Power
(Positive-Sequence)
AP—A ap—a a A a P
M\ 1 < labc | - |
n{ ) sb—<s Tt a% bp—— B-{—= b B a
1 =3 a 1
Cp—C [ g Yg C c c = [
Programmable 11 kV, 100MVA Three-Phase B1 21-km B2 B3
Voltage Source System Transformer
e (Two Windings)

A

Discrete,
Ts=Tss

Q L
powergui SCOPE §
additional
LOAD1 : < o O

sTaTcoM  LOAD| = &

Figure 16. Model of STATCOM equipped to Power System proposed at Load Disturbance
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Figure 17. Voltage Magnitude at Bus 2 under Load Disturbance

The output of Active and reactive power from STATCOM can be calculated at
STATCOM bus bar as shown in Fig.18. The STATCOM can inject reactive power only
because an inductive load suddenly entered to the power system at bus_2. It was cleared
that reactive power injected to the power system about 2 pu and needed to make a
voltage magnitude near to 1 pu.
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Figure 18. Active and Reactive Power produced form STATCOM.
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The control variables like Modulation Index (MI) and firing angle () are needed to
control the output voltage of VSC. Variation of MI between 0 and 1 leads to
compensation of reactive power as well voltage profile. In this case and other cases, the
firing angle couldnot shifting to control Active power because no energy storage used
with STATCOM as shown in Fig.19. It observed that modulation index increased from
0.7 to 1 and that required to increase the voltage magnitude until reached to the stable
state.
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Figure 19. Control Variables of STATCOM Controller at Load Disturbance

Fig.20 shows the Fast Fourier Transform (FFT) of the phase voltage and current at
bus 2. The results illustrate that harmonic content after STATCOM adding to the power
system are small because a new technique of SPWM is used in the STATCOM. The
value of total harmonic distortion (THD) for waveform started from 0.718 second is
0.3% for phase voltage and 0.57% for current. These values are acceptable for standards
of IEEE [16].
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Figure 20. Fast Fourier Transform (FFT) of ; (a)Phase Voltage at Load Disturbance ,(b) of Line Current at

Load Disturbance

Case 2: The proposed power system is located under source disturbance where the
voltage magnitude is raised to 1.05 pu in duration between 0.3 and 0.5 second and
reduced to 0.95 pu in duration between 0.6 and 0.8 second. Therefore, the results
concluded from bus 2 show the voltage magnitude with and without STATCOM as
clarified in Fig.21. It is observed that when the voltage source was exposed to a sudden
increase in voltage generated about 5% (1.05 pu of nominal voltage), STATCOM can
act and change its operating points into inductive by absorbing reactive Power from the
load equipped at bus 2. Contradictorily, when the source voltage decreased about 5%
(0.95 pu of nominal voltage), the STATCOM reacts to generate the reactive power to

bus 2 and changing its operating point from inductive to capacitive.

Fig.22 indicates the output of active and reactive power produced from STATCOM
located to source disturbance. It is observed that the voltage of power source increases
about 0.05 pu, the STATCOM will absorbed about 5 MVAr from power system to
recover the voltage at bus_2 to 1 pu. When the voltage of power source decreased about
0.05 pu, the STATCOM will injected about 5 MVAr to recover the voltage magnitude

at bus_2to 1 pu.
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Figure 21. Voltage Magnitude at Bus 2 under Source Disturbance
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Case 3: In this case, the adaptive Pl control method is applied to improve the

voltage stability by locating the gain parameters of integral part (Ki) control using fuzzy
logic control under any disturbances to the proposed power system and the type of
disturbance are similar to the "Case 2".
In this case, the source disturbance (as case 2) is subjected to the proposed power
system and hence, voltage level is raised to 1.05 pu in duration between 0.3 and 0.5
second, and is reduced to 0.95 pu in duration between 0.6 and 0.8 second. The voltage
profile at bus_2 is compensated by using conventional Pl and adaptive Pl control
respectively as shown in Fig.23. The results of adaptation method show an enhancement
in a voltage profile. The voltage waveform after compensation by adaptation method is
less over shoot and attains to steady state faster than conventional Pl for the period from
the beginning of simulation and when it is located under source disturbance in the
moment of increased and decrease in voltage source.
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Figure 23. Voltage Magnitude at Bus 2

Fig.24 shows the zooming of disturbance magnitude started increasing at the
moment of disturbance occure starting from 0.3 second and keep to rise until reaching
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the maximum value and then back to normal of 1 pu. It is noted that fuzzy-PI controller
gets an enhancment and a good response in voltage profile.In fuzzy-PI the disturbance
magnitude occuring in voltage profile is about 0.013 pu while in conventional PI ,the
disturbance magnitude is about 0.018 pu.

The variation of integral gain can be change at any disturbance as shown in Fig.25
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6. Conclusions

A STATCOM of 12-pulse two levels is introduced to improve the voltage stability of
the suggested power system that consists of three-phase voltage source, 21 km
transmission line and loads. In this work, two methods are studied related with
STATCOM's controller. First, the conventional PI controller introduced in AC voltage
regulator. Second, an adaptive Pl controller using self-tuning fuzzy-Pl controller
technique was used for locating gains parameters of integral (1) controller. The
simulation results of STATCOM with adaptation method show that voltage waveform
at bus_2 is less over shoot and attains a steady state faster than conventional Pl when
the system is subjected to many disturbances. Moreover, the addition of STATCOM at
bus_2 gets a low value of total harmonic distortion (THD) for phase voltage and current
and it is acceptable with IEEE-519 standards [16].
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Appendix — A
Parameters: ( Base - 5SMVA ), 5 MVAR STATCOM.

Converter parameters : two brides of IGBT — 12-pulse two level ; nominal AC voltage
=132 KV ; DC link voltage = 2.4 KV ; Capacitors (C ) = 0.02 F .

Converter Transformer: Each one of 3-winding Transformer Rating : (5/3) MVA ,50Hz
, 132 KV/1.25 KV , 3% (X)

Pl-controller Gains : AC Voltage Controller: Kp; = 0.5, Kz = 2500.DC Voltage
Balancer: Kpy = 0.001, K;2 = 0.15. Decoupled Current Controller: D-axis controller:
Kps = 0.8, K|3 = 1; Q-axis controller: Kps = 0.8, Ki4 = 1.

Thevenin's Equivalent VVoltage Source : Nominal Voltage: 11kV ; Source Resistance
and inductance : R=0.121Q , L=3.85mH, frequency: 50Hz; Short circuit level:
100 MVA

Step —up power transformer Rating : Nominal power :100MVA , 11KV/132KV ,50Hz,
Rp=0.002 pu , X,,=0.008 pu.
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