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Abstract- This paper investigates the effect of the static syn
chronous compensator (STATCOM) on small signal power 
system stability in a single-machine infinite-system (SMffi). 
Non-linear and linear models of a single machine have been 
derived. The STATCOM is modeled as the voltage source con
verter behind a step down transformer by a first order differe
ntial equation. Finally, the role STATCOM played in enlarging 
transmission capacity and improving transient stability is 
showed by simulation results and parameters variation on 
system response are discussed. 

I. INTRODUCTION 

Voltage control and reactive power compensation are two 

important functions concerning Flexible AC Transmission 

System (FACTS) controllers in the modern power systems. 

The major contributions of the FACTS devices analysis 

have been addressing the following basic issues: system 

dynamic and transient stability, increasing power transmissi

on capacity, damping power oscillations, maintaining netw

ork voltage [1, 2]. 

The FACTS devices are integrated in power system to 

control the generating and absorbing reactive power in 

specific lines and improve the security of transmission line. 

A static synchronous compensator (STA TCOM) is one of 

the shunt FACTS devices that can play a significant role in 

reactive power compensation [3,4]. 
Many papers have been published on modeling, operation 

and control fundamentals of the FACTS devices. A feedbac
k control strategy based on the detailed small-signal model 
for balancing individual dc capacitor voltages in a three
phase cascade multilevel inverter-based static synchronous 
compensator is presented in [5]. An approach to the problem 

of the STA TCOM state feedback design based on a zero set 
concept is presented in [6], which computational examples 
show that it is possible to derive the state feedback controll
ers with better robustness properties than those achieved usi
ng the approaches utilizing linear matrix inequalities. In [7] 
to reduce overall financial losses in the network due to 
voltage sags for three most widely used FACTS based devi
ces are optimally placed using a genetic algorithm. 

A power system is composed of many dynamic devices 

connected buses and loads. Power system controllers are 

often used to enhance the small signal stability performance 

of power systems during severe or stressed operating condi

tions. Small signal stability is best analyzed by linearizing 

the system differential equations about equilibrium operatin

g point. 

Damping the oscillations is not only important in increasi

ng the transmission capability but also for stabilization of 

power system conditions after critical faults. A STATCOM 

control has been found to enhance the damping of the power 
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system. This paper consists of five parts. The first part, the 

operation and application of STA TCOM is reviewed. In the 

second part presented the modeling of power system under 

study. In the third part a model of the system which is 

suitable for dynamic stability analysis systems is developed, 

the last part to prove the effectiveness of the proposed tech

nique, various simulation results using Matlab Simulink are 

shown under both change of parameters and deferent cond

itions of load. 

II. MA THEMA TICL MODELING 

STATCOM is a shunt connected reactive power compen
sation device that is capable of generating or absorbing 

reactive power and in which the output can be varied to 
control the specific parameters of an electric power system. 
The basic principle of operation of a ST A TCOM is the 
generation of a controllable ac voltage source behind a 
transformer leakage reactance (Xs) by a voltage source 
converter connected to a dc capacitor. The capacitor itself is 
energy storage with very limited energy capacity. The 
charged capacitor CDC provides a dc voltage to the converter, 

which produces a set of controllable three-phase output 
voltages with the frequency of the ac power system. 
Therefore the STATCOM provides only reactive power. By 
varying the amplitude of the output voltage Uc, the reactive 
power exchange between the converter and the ac system 
can be controlled. The ST A TCOM is modeled as a reactive 
current source with a time delay. Figure 1 show the power 
system considered in this study [8]. The voltage source 

inverter generates a controllable ac voltage Uc given by [9]: 
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Fig. 2. ST A TCOM connected to the power system and equivalent model 

(1) 

where UDC is the dc voltage, <D is the phase defined by 
PWM, and M is proportion with the modulation ratio (m), 

defined by the PWM, and the ratio between the ac and dc 
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voltage (k), depending on the inverter structure. The magnit

ude and the phase of Uc can be controlled through m and <D 
respectively. 

The single line diagram of the single machine infinite bus 
(SMIB) power system under investigation in this paper is 

shown in Figure 1. A STATCOM is connected to the bus M 
between the generator terminal (bus T) and the infinite bus 
(bus B). The reactance of the line from the bus T to the bus 
M is XI and the reactance of the line from the bus M to the 
bus B is Xz. The resistance of the line is neglected. The 
magnitude of the machine internal voltage, terminal voltage 

and infinite bus voltage is represented by E'q, UT and UB, 
respectively. The excitation voltage EF is supplied the excit

er and is controlled by the A YR. The torque angle 8 is 
defined as the angle between the infinite bus voltage and the 
internal voltage of quadrature axis. The relationships shown 
in Figure 2 are used to transform variables from one ref
erence frame to the other. The system has a STATCOM ins
talled in the transmission line. The synchronous generator 
connected an infinite bus is a multi variable nonlinear dyna
mic system, described by a well known set of equations. 

u, 

(a) Power system configuration 

q 

(b) Phasor diagram 
Fig. 3. Power system with a STATCOM 

In the detailed model of the power system with STACOM, 
in addition to the swing equation of the generator, the field 
and excitation system dynamics are considered. The STAT
COM is represented by a first order differential equation re
lating the STATCOM dc capacitor voltage and current. The 
non linear model of the SMIB system is given as [10, 11]: 

d -15=0) 0) 
dt 0 
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-

d
Eq=-, [Ep- Eq+(Xd-XdJidJ (4) 
t Tdo 

d 1 
dEp =-[-Ep + KE(UR -UTJJ (5) 

t TE 
d 1 1 

dt
UDC =CiDC-

R C 
UDC (6) 

DC DC DC 
Here 8 is the rotor angle, (0 is rotor speed, , EF is internal 

voltage, PE is generator output power, PM is input m
echanical power, UR is reference voltage, T'do is d-axis open 

circuit transient time constant, X'd and Xq are the direct and 
quadrature reactance of the generator. Therefore model for 
SMIB system with STATCOM is given with five state vari
ables and two inputs: 

III. LINEAR DYNAMIC MODEL 

(7) 

(8) 

Power system is a typical dynamic system. In the design 
of electromechanical mode damping controllers, the lineari
zed incremental model around a nominal operating point is 
usually employed. In this section a linearized incremental 

model including the voltage regulator and exciter of SMIB 
is obtained. The d and q components of terminal current can 
be written as: 

L1id = md L1E� + ndL11/J + qdL1U DC + PdL1!5 + kdL1M (9) 

L1iq =nqL11/J + qqL1U DC + pqL1!5 + kqL1M (10) 

The sensitivity constants are functions of the system para
meters and the initial operating condition. The real power 
output of the generator is describes as: 

L1PE = KIL1!5 + K2L1E� + KECL1U DC + KEML1M + KEPL11/J 
(11) 

The terminal voltage is given by: 

L1U T = K5L1!5 + K6 L1E� + KTCL1U DC +KTM L1M + KTPL11/J 
(12) 

The components of STATCOM current can be expressed 
as follows: 

L1l sd = mSdL1E� + nsdL11/J + q sdL1U DC + PsdL1!5 + ksdL1M (13) 

L1Isq = nsqL11/J + QsqL1U DC + PsqL1!5 + ksqL1M (14) 

By linearizing about an output point, the total linearized 
system model including SMIB and shunt FACTS can be 

represent by the following equation: 

d 
-L1X = AL1X + BL1U 

dt 
L1Y = C L1X + D L1U 

(15) 

(16) 

where �X is the state vector, � Y is the output vector, �U is 
the input vector, A is the state matrix, B is the control or 
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input matrix, C is the output matrix and D is the feed 
forward matrix. 

The following is a summary of the linearizing the equation 
of the system with respect to an equilibrium point as a set of 
first order differential equations, with time t in seconds, 

rotor angle b in electrical radians, and all other quantities in 
per unit. 

d -LIS =O)oLl O)  
dt 

d 1 K] K2 , 
-LlO)=-LlPM - - LIS - - LIE 
dt JM JM JM 

q 

_ K EC LlU DC 
_ K EM LIM _ KEF Lli/J 

_ K D LI 0) 

JM JM JM JM 

d , 1  K3 , K4 KDF -LlEq =-, LIEF - -, LlEq - -, LIS --, -LlI/J 
dt Tdo Tdo Tdo Tdo _ KDC LlU _ KDM LIM} , DC , 

Tdo Tdo 

d 1 KA KAK5 
-LIEF =--LlEF +-LlUR - -- LIS 
dt TA TA TA _ KAKTM LIM _ KAKTF Lli/J 

TA TA 
d ' 
dt LlU DC = K7L18 + KsLlEq + K9L1U DC + KCMLlM + KCFLI¢ 

(17) 
A STATCOM is a multiple input multiple output variables. 

Figure 2 shows the block diagram representation of the 
small signal performance of the SMIB installed with a 
STATCOM, where GM(s), GA(s), GF(s) and GD(s) are the 
transfer functions of machine, A VR, exciter and compensat
or, respectively, and: 

Fig. 4. Linearised model ofa SMIB installed with STATCOM 

K = 
[_ K EM _ K DM 

M 2H T' 
do 

KCM r (18) 
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(19) 

The block diagram of Figure 5 can be used in small signal 
stability investigations of the power system. Let a two-input 
and two-output process be represented by the block diagram 
shown in Figure 3 for which the transfer function is: 

(20) 

H(s) 
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L _____________ --.J 

Fig. 5. Two-input and two-output of the system 

Two control signals can be applied to the STATCOM, 

magnitude control (L1M) and phase angle control (L1<D). The 
block diagram of the ac voltage regulator and the dc voltage 
regulator with a lead-lag damping stabilizer are shown in 
Figure 4 and Figure 5, respectively. The proportional and 
integral gains are KpDC, KIDC and KpAC, K]AC for dc and ac 

voltages respectively. 

UDCR 

Lead Lag 
damping stabilizer 

Figure 6. The magnitude control circuit block diagram 

Lead Lag 
damping stabilizer 

Figure 7. The phase control block diagram 

IV. SIMULATION RESULTS 

The state equation and transfer function developed to 
describe a plant may change due to change of load. Thus 
plant parameter variations often occur in practice. Digital 
simulation is carried out by the MA TLAB software. For the 
simulation, different loading conditions with change of para-
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meters in the SMIB system are considered. The data used in 
this study are given in the Table I. The value of the sensitiv

ity constant of model power system for normal operating 
conditions with ST A TCOM is show in Table II. The undam

ped natural mechanical mode frequency and damping ratio 

for normal loading in open loop system is shown in Tables 
III. The desired eigenvalues are depends on the performance 

criteria, such as settling time, rise time and overshoot, used 
in the design. 

TABLE I 
DATA OF THE SMlB POWER SYSTEM 

Components Item Value 

Xu 0.6 
Xi I 

X'd 0.3 
Generator J 6 

KD 4 

rdo 6.3 
f 50 

Transmission line X, 0.3 
X2 0.3 

UTo I 
Loading normal PEo 0.9 

QEo 0 

CDC I 

UDCO I 
STATCOM Xs 0.15 

Mo 0.25 

<1>0 45.520 

AVR KA 10 
TA 0.01 

TABLE II 
SENSlllVITY CONSTANT OF MODEL POWER SYSTEM FOR NORMAL 

LOADING 

Constant Value Constant Value 

K, 
K2 
K3 

K. 
Ks 
K,; 
K, 
Kg 
K9 

Loading 
condition 

Normal 

0.8996 KEF -0.1748 
1.1313 KDF -0.1168 

2 KTF 0.0101 
0.6751 KeF -3.8658 
-0.0864 KEM 0.3694 
0.5028 KDM -0,4757 
-1.2958 KTM 0.3125 
0.2501 KcM 0.0843 
-0.0075 

TABLE III 
EIGENVALUES OF OPEN LOOp SYSTEM 

Eigenvalues Oln 

-0.0607 
-0.9766 

-99.1923 
-0.3810±j6.8423 6.8529 

11 

0.0556 

In this section, a Simulink model of the control scheme is 
developed to study the performance and dynamic system 

simulation with a number of disturbances. The power syste
m dynamic performances due to a step change in the M (-) 

and <D ( ... ) in the system without controller are show in Fig
ures 6 and 7. 

V. CONCLUSION 

The problem of small signal stability is usually one of 

insufficient damping of system oscillations. The LFO of a 

large electric power system are due to the mechanical mode 
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oscillations of the machines in the system. This paper prese

nted studies on the performance of the STATCOM controll

ers for the damping of LFO in a SMIB. Simulation studies 

on a simple power system indicate that the designed control

ler provides very good damping properties. 

tlme(seo) 

Fig. 8. Load angle deviation during a step change in the input 

tlme(seo) 

Fig. 9. STATCOM output current deviation during a step change in the 

input 
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