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Abstract

The development and use of FACTS devices for power transmission system has led to the application of
these controllers to improve the stability of power systems. This paper discusses the optimal control of static
compensator (STATCOM) to improve transient stability. To demonstrate the ability of the proposed control
strategy, it has been applied on a single machine and multi machine power systems. Different modes of operation
of compensator regarding the modulation of active and reactive power has been considered. In multi machine
system, since the control signal based on the state variable is not available at the compensator bus, the derivative
of an electric quantity derived from local measurement has been utilized.
Key words: Transient stability, Optimal control, Static synchronous compensator, STATCOM,

FACTS Devices.

1- Flexible AC Transmission System
2- Static Synchronous Compensator



STATCOM

[] SVC
STATCOM
[]
STATCOM
SVC
STATCOM SVC
(
(5 00) SvC
STATCOM
dc
0
STATCOM

1- Bang - Bang

(SVQ)

I-1 SVC
STATCOM

STATCOM

STATCOM

STATCOM

STATCOM

[ -]



- (STATCOM)

()
[ s

v, 120

z = L 1
o] e czdfpk ol @—I&) |
Var— el w0 STATCOM

Vs

IS

SK, STATCOM -
1+ 5T, i
i iy STATCOM
()
d
L q [ |
Egﬁ =[-E; — (X, - X)1,1/ T, STATCOM
B =[~Epp — E; (X, =X)I, 11T, [
()
1 q,o T ,;o Eqp

qd

V,=E,-R1,-X,I, =-V,Sin(6)+R,1, +aL,I,
V,=E -RJI,+X,I,=-V,Cos(5)+R,I,—aL,1I,
V, :(Vd2+Vq2)l/2

() STATCOM -

(RL)

2, Lol

) ds(t)
o ar’

+ Da)p.u (t)i = mp.u (t) - Pep.u (t)

STATCOM  (SMIB)



V(6,0)

V(ﬁ,a))
L]
Vv do W do
Cdr 85 di dw di
()

v k]800
5_{3” Y Sm(&)} ()
v 2HP,
0 o (0 —awy) ()
ds(t) _ o\

7 = o(t)- o ()
do oy 4
E_ 2HPb( m e) ( )
P = 3; Sin(5)+37V(Re(1STATCOM)COS(5)

_Im(l STATCOM)Sin(5)) ()

y— _-%V(w — w0 )(1,Cos(8)+ 1,5in(6))

()

21:1 dZ(t)_ u(6)= P, (6) - Doolt)
ds(t) .\
o eb-es 0
[ ]
()
L]
V(e )—I;I,Pb(w—a’s)2

| 0-0)+ Y (coto)-cose )|
()
V(&,a))

3y’
X

53

()
WDg O w o
w; O w 0



v, ¥ ( ) ( )
2H
(1)="(0-w,) ()
a)S
k). k)4 .
v:(0)=P, -~ Sm(&)—T[Id Cos(5)+1, Sin(5)]
()
() v, v
ISTATCOM
: ( )
( ) ([q 1y )ISTATCOM
H,
#o.0)= -2 % [1, Cos(5)+ 1, Sin(6 )|y,

= —37V[Id Cos(§)+ I, Sin(é‘)](a) - a)s)

()
STATCOM
STATCOM - -
. STATCOM
Lsrarcon = K(CU — Wy )Sin5 ()
Istarcom
[MAX > [MAX S ISTA TCOM
Isrircom =K (w - wS)Sin(5), Ly < Lspircon < Lyux
]MIN > IMIN 2 ISTATCOM
()
() Istatcom

ISTATCOM

(0-w, )(I(,Cos(5)+ [qSin(&))

; 3
Ha = ;)]i[ |:Pm y X Sln(é):|l//1

w, 3V - _
TN [Id Cos(5)+1qun(5)]y/l+(a) o, v,
()
V, v
) __8Ha 3 ()
Y, = oo =y,
—-3r?
; :_6Ha:& % Cos(5) ,
0o 2 —%(—1{, Sin(8)+1, Cos(5))
()
(6=6, w=w, Istatrcom=0)
oV
lﬂl(a):O): aa) Sfor w=0
14
‘//2(5:5s s L srarcom ZO)ZW foro":o( )
() ()
l//l(a)=0):()
'//2(5:55 s L srarcom :0):0 ()



STATCOM

Ly s Laxe < Lsparcom
Tsrircom =K (w - wS)COS (5) s Ly < Tspircon < Dyx
1 >1

MIN ’ IMIN = T STATCOM

()

I o1 > ()
ISTATCOM ={ MAX STATCOM } ( )

]MIN ’ ISTATCOM <O

STATCOM - -

STATCOM

(@— ¢ )1, Cos(8)+1, Sin(6))20 )

2 0 =1,/1, > —tan(5)
< @

=1,/1, <—tan(5)
STATCOM

STATCOM

STATCOM

STATCOM

STATCOM ~—

I _ {IMAX > ISTATCOM 2 0 }

IMIN H ]STATCOM < 0

(@5 J5)

e
N

STATCOM - -
STATCOM

Lrircom :K(a)_a)s)C085 ()






0.2

018

0.16

0.14

012

0.1

0.08

0.08

0.04

002

0045

0.04

0035

003

0025

0.0z

0015

0.01

0.005




384 T T T T T

3|21

3|0

378t

376

Jrd

J70F

%60 L L L L L
-20 0 20 40 60 a0 100

() IEEE
STATCOM [ ]

Load
o
p Tow T T |30y
i0.0625 Sl AL i0.0584]
YS¢ 0,008 5+01.072 oollesinlooe [
8 B2 =;0745 B2 =j0.1045 233113
185230 E
G :
22 S 3 G
7 =] b [ o
212 22
ﬁ 1] t?\: ;I_‘
2fE =] I
-
2{= =
Loada ¥ Sfn o I Load B
1 Eles
= | ] [:=] _1
16547 =
IEEE -
. . . . . .
0 1 2 3 4 =) B

STATCOM



STATCOM

()
d oq do 0
dq _0q d5_0q )
dt 00 dt 00 .
() () ()
signal =K, 0q/06 ()
() ()
g () sve ]
()
9q : - -
q
Cq
signal:KRd—Ct] ()
()
q
d 0q do 0 dl
ql(t)=+|]A|2+|]B|2 () d—?zé'dt'i‘al q . SZ;:COM
STATCOM
:a_q.a)+ aq .d]STATCOM ( )
65 aISTATCOM dt
. d
S 1 BT
0g| | 9q | O
‘85‘ ‘61STATCOM‘



STATCOM

STATCOM

QI(t):+| IA|2 :]A[: :B/21A|EA|2 +Ble|EB|2
+2B,,B 4|E | Es|Cos(5) ()

BBB BAA

Z, | Iy

|
|
G, ) Eazs, v E 281Gy
LSTATCOM

aQ1 :+a| IA|2
00 0o
=-2B,,B 4|E |E,|Sin(6) ()
Sind
[ ]
d
SignalzKRE[|IA|2+|IB|Z] ()

()

K[l +11f ]

d
Lyr > KRE[|1A|2 +|13|2]zo

Lsrircom =

d
Loy s KREH I +|IB|2]< 0






(6]

(8]

[9]

[14]

[15]

YNi & L. Snider, “STATCOM Power
Frequency Model with VSC Charging
Dynamics and its Application in the Power
System Stability Analysis,” APSCOM-97,
Hong Kong, Nov. 1997.

C.A. Canizares, E. Uzunovic, J. Reeve and
B.K. Johnson, “Transient Stability Models of
Shunt and Series Static Synchronous
Compensators,” IEEE Trans. Power Drivery
December 1998.

E. Uzunovic, C.A. Canizares, and J. Reeve,
“Transient Stability Models of Unified Power
Flow Coutrollers and Control Comparisons,”
IEEE Trans. Power Delivery November 1999.
J. Machowski and D. Nelles, “Power system
transient stability enhancement by optimal
control of static VAR compensators,”
Electrical Power and Energy Systems, vol. 14,
no. 6, pp. 411-421, December1992.

W. Freitas and A. Morelato, “A Generalised
Curren Injection Approach for Modeling of
FACTS in Power System Dynamic
Simulation,” AC-DC Power Transmission, 28-
30 November 2001,Conference Publication
No.458 IEE 2001.

M.A. Pai, “Energy Function Analysis for
Power System Stability,” Kluwer. Academic
Publisher, 1989.

D E Kirk, Optimal Control.- An introduction
Prentice Hall, 1970.

Ilar F “Innovations in_the detection of power
swings in electrical networks,” Brown Boveri
No. 68, pp87-93. 1981,

P. M. Anderson and A.A. Fouad, “Power
system control and stability,” lowa State Univ.,
Ames, lowa, 1977.

IEEE Committee, “First benchmark model for
computer simulation of subsynchronous
resonance,” IEEE Trans. Vol. PAS-96, 1977.
D. Povh et al. “Load flow control in high
voltage power system using FACTS
controllers,” CIGRE, Jan. 1996.

E. Larsen et al. “Benefits of GTO based
compensation systems for electric utility
applications,” IEEE Trans. on Power Delivery,
7, (4), pp. 2056-2063, 1992.

(3]

STATCOM

STATCOM

Bose A., “Application of direct methods
transient stability analysis of power systems,”
IEEE Transactions on Power Apparatus and
Systems, vol. PAS-105, no. 7, pp .1629-1636,
July ,1984 .

Y. Wang, L. Xie, DJ. Hill, and R.H.
Middleton, “Robust nonlinear controller design
for transient stability enhancement of power
system,” Proceedings of the 31 st IEEE
Conference on Decision and Control, Tucson,
Arizon, 1992, pp . 1117-1122.

E.V. Larsen and J.H. Chow, “SVC control
design for system dynamic perfomance,”
proceedings of Special Symposium, 1987,
pp-36-52.

L. Gyugyi, “Power electronics in electric
utilities:static var compensators,” Proceedings
of IEEE, vol. 76, no. 4, pp. 483-494,
April1988.

P. Cholley, J. Lacoste and M. Tritignon,
“Dynamic shunt compensation performance
for  transient  stability = enhancement,”
Stockholm Power Tech. Proceedings on Power
Electronics, June 1995, pp. 77-82.



[10]

=100 MVA
\%
/ X d
/ R,
/ X4
/ X,
/ Too
/ Tio q
/ R,
/ Le
/ H
T g
P
/ D
K AE
/ T,
/ K,
T F
/ Qstatcom STATCOM
/ Psratcom STATCOM
MVA /
KV /
X, / /
Xg / /
Xq / /
Xq / /
X, / /
(oSSt ) / /
To /
T,
MW.s
( )




P, Q, Py Q
-l
/ / -/
/ / -/
-/
-/ / -/
-/ -1
/
/ / -/




