
 

  

en
co
Tr
bo
Th
eq
ele
lin
fo
Th
ca
tra
Co

(T

st
in
be
lin
re
ac
lin

ap
po
co
(S
st

no
fe
th
us
on
flo

co

 

El
na

N

Abstract—W
nergy, present-d
ontinue to gro
ransmission Sy
oth in steady sta
hyristor Contro
quipment, whic
ectric power sy
nes. In this pap
or TCSC in mu
he simulation r
apable of contro
ansient stability
ontroller (PIPFC
 
Keywords—F

TCSC), Backste

OW a day
becoming 

ability maint
ncreasing load
een imposed, 
nes due to th
espect, FACTS
ctual capacity
nes or reconfi
TCSC as a s

pplied to solv
ower flow, 
ontinuous reac
SSR), dampin
ability, etc.[1]
Backstepping

onlinear theor
eedback contr
he TCSC with
sed for contro
n the backstep
ow in this pap
In the presen

ontrol is discu
 

Naimi Abdelham
ectrical Engineer

aimi_univ@live.fr

Activ
Bac

N

With the curren
day power syste
ow in both s
ystem (FACTS
ate power flow 
olled Series C
h is used for p
ystem and for i
per, a Backstep
ultimachine pow
results show th
olling the transm
y when compar
C). 

FACTS, Thyr
epping, BPFC, P

I. INT

y’s power sy
more compl

tenance stand
d demand [1]. 
and it is diffic

he financial a
S technology 

y without the 
guration [2]. 
significant me
ve diverse pr

limiting sh
ctance, mitiga
ng the power
]-[3]. 
g is a good 
ry that combi
rol [4]. Becau
h power system
ol of power fl
pping method
per. 
nt work, the ro
ussed for multi

mid and Othman
ring, University o
fr, othmane_elec@

ve Pow
ckstepp

nt rise in the 
ems which are l
size and com

S) controllers p
control and dy

Capacitor (TCS
power flow con
increase of cap
pping Power Fl
wer system is 
hat the TCSC 
mitted active po
red with conven

ristor Controll
PIPFC.  

RODUCTION 
ystem is unde
lex from ope
dpoints when
In recent yea
cult to constru
and environm
has been prop
requirement 

ember of FAC
roblems, such
hort-circuit c
ating Sub Syn
r oscillation, 

technology 
ines the Lyap

use of nonline
m, backsteppi

flow. A propo
d is designed t

ole of TCSC o
imachine pow

e Abdelkhalek ar
of Bechar, BP 41
@yahoo.fr). 

wer F
ping C

N

demand of e
large and comp

mplexity. Flexib
provide new f

ynamic stability 
C) is one of

ntrol of active p
pacities of trans
low Controller 
developed and
proposed cont

ower and impro
ntional PI Pow

led Series C

ergoing chang
eration, contr
n they meet

ars, great dema
uct new transm

mental issues. 
posed to prov
of new transm

CTS family ha
h as scheduli
currents, reg

nchronous Res
enhancing tr

which is ba
punov functio
ear characteri
ing technique 

osed controlle
to control the

on active pow
wer system.  

re with the Depar
17, 08000 Algeria

low C
Contro

Naimi Abdelh

 

electrical 
plex, will 
ble AC 

facilities, 
control. 
FACTS 

power in 
smission 
(BPFC) 

d tested. 
troller is 
oving the 
wer Flow 

Capacitor 

ges and 
rol and 
t ever-
and has 
mission 
In this 

vide the 
mission 

as been 
ing fast 
gulating 
sonance 
ransient 

ased on 
on with 
stics of 
can be 

r based 
e power 

wer flow 

rtment of 
a (e-mail: 

pro
co
po

Sy
po

bu

F

thr
bid
ins
ind
co

Contro
oller in
Syste
hamid, Othm

Backstepping
oposed and t
ntroller (PIPF

ower system o

The system 
ystem Coordi
ower system si

The different
us system with

 

Fig. 1 WSCC 3

A. Modeling t
The main circ
ree componen
directional thy
stantaneous va
ductor, respe
ntrolled trans

ol Usin
n Mul
m 

mane Abdelk

g power flow 
tested. It is 
FC) to impro
scillations und

II. POWER SY

studied in th
inating Coun
ingle line diag
tial-algebraic 
h IEEE Type-I

 

-Machine 9-Bu

the TCSC Dyn
cuit of a TCSC
nts: capacitor 
yristors  an
alues of the cu
ctively;  th
smission line;

ng A T
ltimac

khalek

controller (B
compared w

ove its perform
der three-phas

YSTEM MODEL

is paper is th
ncil (WSCC) 
gram shown in

equations for
I exciters are [

       

         1, …

          1, …
 

us power system

namics 
C is shown in 
banks , byp

nd . In Fig. 
urrents in the 
he instantane
;  is the in

TCSC 
chine P

BPFC) for TC
with PI powe

mance to dam
se short circui

LING 
he popular W

3-Machine 
n Fig. 1.  
r the m mach
[5]: 

  1, … ,

   1, … ,

… … ,         

… … ,     

m single line dia

Fig. 2. It cons
pass inductor 
2,  and  
capacitor ban

eous current 
nstantaneous v

Based
Power

CSC is 
r flow 
mp the 
it fault. 

Western 
9-Bus 

hine, n 

   (1) 
 

   (2) 
 

 (3) 
 

 (4) 

 
agram 

sists of 
 and 

are the 
nks and 
of the 

voltage 

d 
r 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:8, No:6, 2014 

867International Scholarly and Scientific Research & Innovation 8(6) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
6,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

84
86

.p
df



 

ac
fir
fr
st

w

 

 

 

 

 

w

• 

• 

• 

im

co
an

th
th
ca

m
co

as
to

cross the TCS
ring angle s
equency react
ate relationsh

. This
 

where 

 Nominal 
 Inductive

with  

B. Modes of O
TCSC modul

Thyristor 
conduction
Thyristor b
conduction
Vernier mo

In case of 
mpedance is ju

In case of 
onducting, mo
nd hence TCS

In vernier co
hat a controll
hrough the 
apacitive/indu

III. POW

The TCSC p
modes such as
ontrol mode. 

When TCSC
s shown in Fi
o minimize th

SC. Control o
signal , w
tance of the co
ip between th

s relationship c

reactance of t
e reactance of

Fig. 2 Config

Operation 
les have three
blocked (n

n). 
bypassed (con
n). 
ode with phas
f blocked op
ust capacitive 

bypass mod
ost of the line
C has small n

ontrol, thyristo
ed amount o

capacitor, 
uctive reactanc

WER FLOW CON

power flow c
s constant im

C operates in 
g. 3, the pow

he power erro

of the TCSC
which change
ompensator. T

he firing angle
can be describ

  

     

     

    

the fixed capa
f inductor  c

 

guration of a TC

e basic modes 
no gating a

ntinuous gatin

e control of ga
perating mod
reactance.  
de, as the 
e current flow

net inductive r
ors are conduc
f inductive c

thereby in
ce of the modu

NTROLLER FO

controller can 
mpedance mo

the constant 
wer flow contr

r ( P) which

C is achieved 
es the funda
There exists a 
e  and the re
bed as followi

    

     

     

     

     

    

acitor  
connected in p

CSC 

of operation [
and zero th

ng and full th

ate signals. 
de, the TCS

thyristors are
ws through thy
eactance.  

cted in such a 
current can c
ncreasing ef
ule.  

R TCSC (PFC
operate in d

ode, constant 

power contro
roller (PFC) a
h is the differe

 

by the 
amental 
steady-
actance 
ng [6]: 

 (5) 
 

 (6) 

 (7) 

 (8) 

 (9) 

 (10) 

parallel 

[7]: 
hyristor 

hyristor 

SC net 

e fully 
yristors 

manner 
irculate 
ffective 

C)  
different 

power 

ol mode 
attempts 
ence of 

ref
thr

(
req
tra

de
tra
P) 

Fi

co
Ly
sta
ba
lin
asy

tec
pu

 
Th
 

 
wi
 

 
wh
 

 
Th
 

   

ference power
rough line (
To adapt this

), a trans
quired then 
ansmission lin

Fig. 3 Pow

A. PI Power F
Here, a conve
signed to de

ansmitted pow
as shown in F
 

ig. 4 Proportion

B. Backsteppi
Backstepping
ntroller desig

yapunov func
ability of th
ackstepping, th
nearized and th
ymptotically s
Here, a prop

chnique is de
urpose, the pow

 
∆

he derivative o

ith 

here 

he derivative o

         3 

r ( ) sign
) and giv

s reactance (
sformation bl
the recalcula

ne. 

wer Flow Contro

Flow Controll
entional propo

etermine the 
wer. The input 
Fig. 4. 

nal Integral Pow
for

ing Power Flo
g method p
gn through 
ctions which 
he overall c
he origin non
he closed-loop
stable. 
posed contro
esigned to co
wer error is de

∆P

of (11) gives 

3 

of (13) gives 

3 

 

nal and measu
ves the reactan

) to the ap
lock (X to Al
ation of 

 

oller (PFC) diag

ler (PIPFC) 
ortional integr
TCSC reacta
signal is the e

wer Flow Contro
r TCSC  

ow Controller 
rovides an 
constructing 
can guaran

closed-loop 
nlinear system
p error system

ller based on
ontrol the po
etermined by: 

   

  

      

  
  

ured power f
nce ( ). 
ppropriate rea
lpha) refer to

 to inser

gram for TCSC

ral (PI) contro
ance to contr
error to minim

 
oller (PIPFC) d

r (BPFC) 
efficient too
step by ste

tee the asym
system [8]. 

m doesn’t need
m is guarantee

n the backst
ower flow. Fo

      

    

       

    

    
    

flowing 

actance 
o (5) is 
rt into 

 
C  

oller is 
rol the 
mize (

diagram 

ol for 
ep the 
mptotic 

With 
d to be 
d to be 

tepping 
or this 

 (11) 

 (12) 

 (13) 

 (14) 

 (15) 

 (16) 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:8, No:6, 2014 

868International Scholarly and Scientific Research & Innovation 8(6) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
6,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

84
86

.p
df



 

 

Then we can obtain 
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Then the Lyapunov function is defined as  
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Then 
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We choose  

                    (20) 
 
This implies that 
 

0              (21) 
 
where  is a given positive constant 

We can rewrite (17) 
 

 3        (22) 
                        (23) 

 
with 0 , 0 we obtain 
 

  
   

         (24) 
 

After integration of  , we obtain the output reactance 
of the proposed controller. 

IV. SIMULATION RESULTS 
The power system shown in Fig. 1 is studied through the 

computer simulation using the MATLAB/SIMULINK in 
MATLAB environment. 

The TCSC is placed in transmission line 7-5. Fig. 5 shows 
variation of TCSC reactance ( ) against of the firing 
angle  refer to (5). 

 

 

Fig. 5  vs.  Characteristic of TCSC 
 
In vernier control, one is the 141.4° 180° where 

 is capacitive, and the other is the 90° 118.3° 
where  is inductive. 

To assess the effectiveness of the proposed BPFC, we 
control the power flow through line 7-5 with a step variation 
of 110 100 110   at time 0 10 25  in 
capacitive mode (Fig. 6) and 75 80 75   at 
time 0 10 25  in inductive mode (Fig. 7). 

 

 
Fig. 6 (a) Power Flow in line 7–5 

 

 

Fig. 6 (b)  of TCSC 
 

 
Fig. 6 (c) TCSC Firing Angle 
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TABLE II 
TCSC DATA 

Parameters Capacitive mode Inductive mode 
(ohm) 42.58 42.58 
(ohm) 12.78 12.78 
 (ohm) 86 62 
 (ohm) 42 18 
 (degree) 180 118.3 
 (degree) 141.4 90 

 (PIPFC) 0.8 0.8 
 (PIPFC) 9 9 
(BPFC) 150 400 
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