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Abstract - FACTS systems can quickly influence the
transmission line parameters like impedance, phase &
voltage to supply fast controller of transmission or
distribution response. This category of FACTS can be
inserted to the transmission line in shunt, like static
compensator or STATCOM, series like series
compensator or SSSC and common such as, unified
power controller or UPFC, and use the accessible energy
from the system. FACTS have been inspected in power
system area. There are numerous advantages in applied
FACTS family such as system stability increase, loading
ability of transmission systems, power quality
enhancement and increase usage of low generation cost.
When the fault occurs, more reactive power is demand
from the system to achieve the fault and return the
system to the stable condition.

Simulation results and discussion of the IEEE 14-bus
system with/without STATCOM unit during a single
line fault & three lines fault are investigated in this
paper. 14-bus system is modeled using the blocks of
Simulink. The purpose of this study is to promote a
STATCOM model for power quality improvement.

Keywords:  component;  System  power  quality
improvement; STATCOM; FACTS devices; IEEE 14-bus
system; System stability; Power system simulator.

OBJECTIVE

The study of the existing research in the present paper
has been undertaken with the following objectives:
1-To study the IEEE-14 bus system of power system.
2-To study of a STATCOM system to improve the
power system quality.

3-To make the model of IEEE-14 bus and STATCOM
systems analysis in MATLAB simulation.

l. INTRODUCTION

Power quality (PQ) has become an important rule
for the fulfillment of numerous applications such as
production & information technology, and has an
impact on high control & automation of technology
systems. So, PQ has achieved increased attention by
two industrial/commercial consumers [1]. Power
system has to be preserved from the climate
conditions, owing to increase electricity overloading.
Power electronics known as FACTS has been inserted

in order to control various parameters of transmission
line [2].

FACTS give features for enhancing transmission
line in terms of best application of existing property,
increase line reliability, transient stability of the grid
and increase supply quality for sensitive manufactures
[3, 4]. Application of several FACTS can help in
reducing the different PQ issues. The efficient applied
of power system resources for a connotation FACTS
was inserted lately. The basic connotation of FACTS
is depend on the applied of high power electronics in
order to dominate active power, reactive power and
also voltage in transmission line [5, 6].

STATCOM unit is a reactive compensation which

is a parallel inserted to the transmission & distribution
systems that based on VSCs which composed of self-
commutated switching units whereas, modern devices
of STATCOMs comprise commutated switches like
thyristors which is able on to injecting or absorbing
reactive power to recompense the transmission system
that is situated among the load and generators [7].
The working of STATCOM unit makes it to work as
source/load for transmission system and considered as
a member of the FACTS family. Moreover, in
distribution systems, STATCOM unit can replace a
var compensators or SVC [8].
This article is coordinated after introduction, section
Il describes basic configuration, operating principle
and the mathematical equations of a STATCOM
connected to a network, section Ill presents the
modeling analysis of IEEE-14 bus applied in this
work, section 1V presents the results & discussion and
finally, section V concludes this paper.

Il. STATCOM, BAsIC CONFIGURATION AND
OPERATING PRINCIPLE

STATCOM model composed of VSC, storage unit;
a magnetic transformer inserted in parallel and control
loops. VSC transforms voltage dc through the storage
unit to a collection of 3-phase voltages which are in
phase, connected with the system across the magnetic
transformer reactance. VSC inserted in parallel with
the system gives a multifunctional topology that can
be applied for distinct purposes like: regulation of the
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voltage and reactive power compensation, power
factor improvement and removal of current harmonics
[9, 10].

In STATCOM several technologies applied each
depends on the power ratings. For higher power
STATCOMs Gate Turn-of Thyristors (GTO) are
applied whereas for lower power STATCOMs
Insulated Gate Bipolar Transistors (IGBT) based
technologies are used [11]. System of STATCOM has
been known as IEEE based on the following three
elements. A functional model of STATCOM is shown
in Figure (1).

First element is Static: depend on the solid-state
switching units without rotating components; the next
element is Synchronous: identical to synchronous
machine based on three sinusoidal voltages and final
element which is Compensator: that presented with
compensation of reactive power [12].

The relation among fundamental component for
output voltage of the converter and the voltage
through capacitor is expressed by equation (1):

Vour = K * Vg @

Where,
K, is the coefficient that based on converter model,
No. of switching pulses & converter controls.
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Figure 1: Basic circuit arrangement of STATCOM [13].

The flow value from inverter to the line can be given
as follows:
Vout— V,

Iac — outX ac (2)
Where, X is magnetic transformer leakage reactance.
So, exchange of reactive power can be declared based
on the equation (3):

Vozut — Vout Vac cosa

Q= " ©)
The real power exchange among inverter voltage and
system can be computed as follows:

p= Vout Vac sina @)
X

The STATCOM V-I characteristics are depicted in

Figure (2). STATCOM losses are ignored & lstatcom

is supposed in order to be purely reactive. The

negative current point to capacitive case whereas

positive current point to inductive case. The limits on
both cases are symmetrical (). The BC slope is
presented for the characteristic of V-1 to prohibit the
STATCOM limits and to permit shunt operation of

both/more units.

Figure (3) show the principle

operation of a STATCOM. The characteristics of V-I
are illustrated by the following equation:
V= Vs + Xs 1 (5)

Where,

V, Positive sequence voltage
I, Reactive current (I1>0 point to an inductive case &
1<0 point to capacitive case)
Xs, Slope/droop reactance (generally among 1% and

5%)
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Figure 2: Representation of STATCOM V-I characteristics
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Figure 3: STATCOM system operation

Figure (4) depicts the block diagram of STATCOM
based on control of pulse width modulation (PWM); it
composed of, a phase-locked control (PLL) that
synchronizes on the positive-sequence component of
the voltage (V). The PLL output is applied to
calculate the d-q components of the 3-phase voltage
& currents (named as Vg, Vg or lg, 1g). Measurement
systems sensing the d-g components of positive-
sequence voltage & currents to be controlled and the
voltage (Vq). The main hypotheses taken in the
modeling step are: The supply voltages are stable,
resistance & capacitance of the line are ignored, unity

power factor,

free ripple of DC output and switches

are ideal/linear.
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Figure 4: STATCOM block diagram based PWM control

Figure (5) shows some applications of STATCOM
such as, improvements of PQ, control of reactive
power, regulation of the voltage, power swings or
oscillations damping, capacity enhancement of the
transmission line, stability of transient and voltage,
and application at system faults [14].

Figure 5: Various applications of STATCOM

Ill.  POWER SYSTEM FOR IEEE 14-BUs MODEL
UNDER STUDY

This paper produces the FACTS device in IEEE
14-bus system to power quality improvement. The
system performance with and without STATCOM
during single line fault and three lines fault conditions
are studied. Matlab/Simulink program is utilized for
simulation the system with and without STATCOM.
The standard of IEEE 14-bus is illustrated in Figure
(6). It contains of 5 synchronous machines, three of
that are synchronous compensator (STATCOM) only
applied for support of reactive power. There are 11
loads totaling 259MW & 73.5Mvar. The dynamic &
static system data can be created in Appendix A. This
system is vastly applied for voltage stability and low
frequency stability analysis. The IEEE 14-bus was
studied based Matlab/Simulink as in Figure (7).
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Figure 6: Standard of IEEE 14-bus system with STATCOM [15].
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Figure 7: MATLAB simulation model of IEEE 14-bus system
IV. RESULTS AND DISCUSSIONS

When the system running with & without STATCOM
a single-line fault & three-line fault are applied, with
fault resistance is 0.001Q.

Study Case (1): Single-line fault

System performances with and without STATCOM
are shown in Figure (8) in terms of voltage response
through single-line fault at bus 1, 2, 3, 4, 5, 8, 9, 13
and 14. It is noticed that with STATCOM, the
overshoot of the voltage response is better than the
system without STATCOM. Table (I) summarizes the
performance  specification with and  without
STATCOM through a single-line fault disturbance in
sense of overshoot.

Table I: Performance specification due to single-line fault
disturbance

Under overshoot
Bus number VT T T T I I I
Wihout STATCOM | 6019107 | 635 | 25 | L4 |33 [ 18| 130 | 10 | 148
WibSTATCOM  [32600° ) 54 |15 [ 1B 20 [ 1B |10 ] 17 | 14

Study Case 2: Three-lines fault

System performances with and without STATCOM
are shown in Figure (9) in terms of voltage response
through three-lines fault at bus 1, 2, 3, 4, 5, 8, 9, 13
and 14. It is noticed that with STATCOM, the
response of the system in terms of voltage, the system
with STATCOM is better than without STATCOM in
sense of overshoot. Table (Il) summarizes the
performance  specification with and  without
STATCOM during three lines fault disturbance.

Table II: Performance specification under three-line fault
disturbance

Under overshoot
Bus number ) T I T I & I A
Without STATCOM {1410 | I8 |4 || LI L1313 [ 13
Wik STATCOM. 12840 ) 14 [ L1 [ LS J LD LE L] 11 | 14




14

Shazly A. Mohamed

of A\
:: ) . SO
§ BROIRESIRESIN, 3 \4 / >\w i \%\\, .
=70 ) MO
bus )™

Voliage (pu}

8

6

4

NI

o BRI FEARINRTH T
2 =

.

.

.

0.15 a5
rime (se:)

bus (2)

f\
| i ,«,_ i ’ 1
D,J‘* (VY WJ"‘”‘ A A f f\H
E w“mJn.w'w}wr"" i R""... UL
?w W wh AT /"'"(‘ B H'f.)’. | )’;f“ ""M il I‘IIH V| \1‘
2 S ! \,“'_‘ I8 A8
-“’-{f ‘u" \,‘I\-' W J‘, Ft\ -‘“‘l“; !“‘t WM I ‘H \‘,, ‘U.J \ .' WY \;‘u \
. _ IRV IRTUT A ’ ]

005 o1 35 03 =5 0.3 A% CrE]

0-51\‘\ ‘ui JJ’ fl"f‘“‘\ l’"lfV] Iy I‘"""‘ AL ‘;.‘I

i TR T

5“'“\‘.’.\*“”\"# \”w"r‘u‘uf‘ '*"h 'j“.'\' ;\f I\

~asl ) j ,f PEME T
/ W \ ,44 Y “‘- TERY

bus (8)

Voltage ipu)

1|
2 o. ;li n.‘l o I1-"' l).‘)_“.“e (uno“:s LE l)J‘S 0.
bus (14)
(a)Waveform of voltage response without STATCOM
s S Ul
o
A4 " ;
2+ \ 1= “‘_(
oF, X W /‘rf -l ""‘_ f - e X LA
ar- \\
-/
W)
st \/
10} ¥
4 l.’l&? 01 0. ;j n!l Time (’e()ﬂ;! n‘j n:‘\i 04
bus (1)

8

6

4

R
o

4

6

RINONINONAVEY

L
0.35 04

‘bus (;;Tm (m?.‘zs
R &
1; uul 01‘ uil;us (3) o3 e one) CES o o o
D ‘/ A
e
TV I \}
15 wis o 0 ;us (4) n‘zme s o5 a5 o
E,’N U T
4 0.05 o a. :us (5) u‘lznme (“c)o‘zs 03 088 o.

.25
" Lime s

bus (13)

0615 0.2 EL] 0.3

Time (sec)
bus (8)



Performance Analysis of Power Quality Improvement for Standard IEEE 14-Bus based FACTS Controller 15

S .

Veltage (u)
& e -
= )

Voltage (pu)
e s s =
- in =l i = in

bus (14)
(b) Waveform of voltage response with STATCOM

Figure 8: Waveform of voltage response for the system with and
without STATCOM during single-line fault.
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3 APPENDIX-A
g’ The system details for IEEE 14-bus is specified in
g" Tables A.1-A.3
=l Table A.1: Loads details
a 1 Bus Laad By Leoad
4 - nunber | FOMW) | Q@fbar) | gumher | FAIW) [ @ flvar
o oo R e ol o3 = T T T T T T
. bus (5) ) L7 12.7 03 166
)] 042 12 ] o 5.
? | ER) 478 3.0 E: 1.k
7] 76 16 1) 6.1 1.6
&) 11.2 75 13) 133 5
T [] [] 14) 142 5
: Total load = 259 MW, 73.50 MVAR
’ Table A.2: transmission Line characteristics
M Buses | Revistance (pu) | Reactance (pu) | Line chargine (pu) | Rafine (pu) | TapRatio
2| I-1 00134 0059 0.053 0 1
= ' 0.054 0113 0.040 100 1
B 3 [ 1% 10H 0 1
= ; 14 0.058 0.176 00374 100 1
1 005 0171 I 10 1
al ! ! 3-4 0.067 0171 00348 100 1
Frme cuee” = [ [ 00128 0 I
. bus (9) R 0208 o W | W%
s i 4 0® 0.3562 0w 100 0988
. i-8 0® 0252 0w 100 0831
B VAT ANy 0.083 019 0 100 1
¥ ‘,“\y/\y/\& MIAVAYA 0013 0156 0 100 1
af 00662 0.1303 000 100 1
L 1 8 000 0.1762 000 100 1
. [0 011001 (1] 100 1
' o “rme reed 7 0 0.031 0083 (1] 100 1
3 bus (13) [V 00 o 0 1
. 00821 0.1821 0 100 1
1s 0.1l 0.10%9 0 100 1
£, ;X\‘ i ! 0134 i 00 I
P - -
WA Table A.3: Cost Coefficients and Generation Limits
il ] Bus | Poomin | Poomax | Qs min | Q, max Cost Coeflicients
os o o1z 45 ok oas o No. MW MW Mrvar. Mvar. a b C
bus (I;l;‘ 5 ] 10 =0 10 L0 [0 [T | D
. 2 20 140 =40 50 00175 | 1.75 0
(b) Waveform of VOItage response with STATCOM 3 15 100 o 40 00815 1.00 o
Figure 9: Waveform of voltage response for the system with and § 10 130 -6 4 00083 [ 325 | O
without STATCOM during three-lines fault. i 10 45 -G 4 00250 | 3.00 {0
Generating Cost =
V. CONCLUSION 21—1 a; Pcz + b;P;; + ¢ $/hr

The results indicate that, the system with STATCOM
device improve effectively power quality and reduce
overshoot as compared to system  without
STATCOM. Therefore, the results show that, system
with STATCOM is strong for variation of parameters.
Simulation and modeling of IEEE 14-bus system with
STATCOM device is employed for PQ improvement.
The system model is studied and tested based on
Matlab program and the numerical simulation results
owing to fault conditions such as, single-line fault &
three-line fault in terms of voltage response
with/without STATCOM are presented. The system
power with STATCOM is preferred and is fast, chive
the fault and returns the system to the stable condition
compared to system without FACTS devices.
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