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ABSTRACT 
In a power system where the traditional synchronous generators are 
used for power generation, uncertainty exists because of small, 
continuous perturbations, such as minor load fluctuations, and 
insufficient damping which can lead to low frequency oscillation. To 
maintain the power system stability which involves damping of the low 
frequency oscillations, we can introduce Robust Damping Controllers 
using a combination of PSS and STATCOM. This paper presents the 
Design and Simulation of Robust Damping Controllers for Small-
Signal Stability Enhancement Using PSS and STATCOM in a Multi-
Machine System. This was achieved by modelling a 9-bus power 
system which is the Multi-Machine System, modelling a STATCOM, 
also modelling a PSS using MATLAB Simulink and finally simulating 
the entire system after the STATCOM and the PSS models were 
incorporated into the Multi-Machine System. The outcome of the 
analysis reveals that the design combination of the STATCOM and the 
PSS has an exceptional capability in damping a power system’s low 
frequency oscillations, and it also greatly improves the dynamic 
stability of power systems.  

 
INTRODUCTION 
  There is a massive rate of growth in 
today’s world, and because of such growth rate 
there is also the need for proportional growth in 
the generation, transmission and distribution of 
electrical power systems to meet the demand and 
requirements of the growth. The stability of the 
power system is also key to meeting the demand 
and requirements of the massive growth rate. 
Power system stability may be broadly defined as 
the property of a power system that enables it to 
remain in a state of operating in equilibrium under 
normal operating condition and to regain an 
acceptable state of equilibrium after being 
subjected to a disturbance [1]. The stability of this 
system needs to be maintained even when 
subjected to disturbance that is large and has a 
slim chance of occurring so that there will be a 

secure and reliable supply of electricity to the 
consumers. 
  In large-interconnected power systems, 
the variation in load and generation causes the 
rotors of synchronous machines to swing, causing 
changes in machine rotor angles, terminal 
voltages, and frequencies that affect the power 
system equilibrium. Furthermore, the efficiency of 
alternators, long transmission lines, distribution 
lines, and all appliances connected to the power 
system are affected by these changing 
characteristics. After a perturbation, synchronous 
machines attempt to regain equilibrium but at 
different rotor angles. Therefore, oscillations that 
are not damped completely may lead to an 
increase in low frequency oscillations in power 
networks, causing problems in system stability 
and reducing the power transfer capability of 
transmission lines [2,3,4]. The power system’s low 
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frequency oscillations are classified into two types, 
one with local area modes of oscillation that have 
a frequency range from 0.8 to 3 Hz and the other 
with inter-area modes of oscillations that range 
from 0.2 to 0.7 Hz [5]. 
  This low frequency oscillation in the 
power system is one of the main reasons for small-
signal instability, and to achieve stability of the 
system the low frequency must be completely 
damped by certain devices incorporated into the 
system.  The aim of this paper is to incorporation 
a combination of STATCOM (static synchronous 
compensators) and PSS (Power System 
Stabilizer) into a multi-machine system to enhance 
small-signal stability, and this will be actualize by 
first modelling an IEEE 9-bus system, then  
followed by the modelling of a STACOM and PSS 
device which are finally incorporated into the IEEE 
9-bus system using MATLAB Simulink.  
 
An Overview of PSS and STATCOM 
  The stability of a power system is its 
ability to develop a restoring force which is equal 
or greater than the force responsible for the 
disturbance of the system to maintain the stability 
of the system. In power systems, according to [6], 
there are three main groups of power system 
stability which are, rotor angle stability, frequency 
stability, and voltage stability, the small-signal 
stability is an aspect of rotor angle stability, which 
is the ability of synchronous machines in a power 
system to remain in synchronism after a small, 
continuous disturbances like load or generation 
changes. The stability of a power system is of 
primary concern as it is expected that the 
synchronous machines which form large parts of 
the traditional power system must operate and 
maintain a synchronous state.  

  Perturbation in the system produces low 
frequency oscillations and affects electrical 
generation that could lead to unstable machines 
that trip other units and collapse the system [7]. 
Application of a PSS is a first measure to enhance 
the small signal stability. A PSS is the preferred 
method to improve the power system damping 
effect [8,9]; its installation is economical and 
effective for stabilizing low frequency oscillations 
within a system [8,10,11]. 
 
Power System Stabilizer (PSS) 
  A Power System Stabilizer (PSS) is a 
device that enhances power system stability 
(Small-Signal Stability) by damping low-frequency 
electromechanical oscillations in synchronous 
generators. It does this by providing 
supplementary control signals to the generator's 
excitation system, which are in phase with the 
rotor speed deviations to create a damping torque. 
A conventional PSS was presented for power 
system network’s dynamic stability in [12]. 
  The Generic Power System Stabilizer 
(PSS) block can be used to add damping to the 
rotor oscillations of the synchronous machine by 
controlling its excitation. The disturbances 
occurring in a power system induce 
electromechanical oscillations of the electrical 
generators. These oscillations, also called power 
swings, must be effectively damped to maintain 
the system stability. The output signal of the PSS 
is used as an additional input (vstab) to the 
Excitation System block. The PSS input signal can 
be either the machine speed deviation, dw, or its 

acceleration power, Pa= Pm - Peo (difference 
between the mechanical power and the electrical 
power) [13]. 
  The Generic Power System Stabilizer is 
modeled by the following nonlinear system:  

 
Fig.1: The components of the Generic Power System Stabilizer 
 
  In order of the connection of the 
Simulink blocks we have 1 at the input as the rotor 

speed deviation, sensor, k is the overall gain, 
wash-out, lead-lag1, lead-lag2, limiter and 1 at the 
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output is the Voltage stabilization (Vstab). To 
ensure robust damping, the PSS should provide a 
moderate phase advance at frequencies of 
interest to compensate for the inherent lag 
between the field excitation and the electrical 
torque induced by the PSS action. 
  The model consists of a low-pass filter, 
a general gain, a washout high-pass filter, a 
phase-compensation system, and an output 
limiter. The general gain K determines the amount 
of damping produced by the stabilizer. The 
washout high-pass filter eliminates low 
frequencies that are present in the dw signal and 
allows the PSS to respond only to speed changes. 
The phase-compensation system is represented 
by a cascade of two first-order lead-lag transfer 
functions used to compensate for the phase lag 
between the excitation voltage and the electrical 
torque of the synchronous machine [14]. 
 
Static Synchronous Compensators 
(STATCOM)  
 
  This is a reactive power compensation 
device, the basic function of the STATCOM is to 
compensate with the reactive power it provides in 
the power system, that is, the device provides 
large percent of the reactive power needed in the 
power system when connected to the grid. It 
therefore implies that to achieve a unity power 
factor in a power system then a STATCOM needs 
to connect to the system to supply all the reactive 
power needed by the load, keeping the reactive 

power from the grid system equal to zero. Below 
is a block diagram which illustrates how 
STATCOM is connected to the system, and it 
functions 
          

 
Fig.2: The principle of operation of Static 
Synchronous Compensators (STATCOM) 
 
  The function of the STATCOM is 
possible because of its controller, where the 
alpha/beta (𝛼/𝛽) and d/q transformation take 
place for the grid voltage, load current and the 
inverter current, also with the introduction of the 
phase lock loop using alpha/beta voltages. With 
the transformed values the DC bus controller, 
access current controller and the q-axis current 
controller is implemented, the final output of the 
controller is given for the pulse width modulation 
(PWM).  Below is the block diagram of the 
STATCOM controller for a three-phase system 
             
Modelling of the IEEE 9-bus system in 
MATLAB/Simulink 

 
Fig.3: Three-phase STACOM controller 
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The modelling of the 9-bus system was 
achieved using the standard values of the IEEE 9-
bus system, which are the bus data and line 
parameters. With the help of these values, we 
were able to compute the values for the positive 
and zero sequence for the respective lines of the 
9-bus system. Below are the tables of values for 
the bus data, the line parameter and the line. 
Table 1: Bus data and line data for a 9-bus  

 
Table 1: Bus data and line data for a 9-bus  
diagram of the system. IEEE system 

 
 

 

Calculation of Line Parameters 
  For the calculation of the IEEE 9-Bus 
system line parameters, we used the following 
values for the base apparent power and base 
voltage. 
Base apparent power (Sb) = 100MVA 
Base voltage (Vb) = 230kV 
 
  The following formula were used to 
obtain the line parameters which are: 
 Length of transmission line  

L=
√𝑋𝐵

2𝜋𝑓
x speed of light in km                           (1) 

 
Where X is the line reactance and B is the line 
susceptance. 
Bactual=BpuxBbase                                       (2) 

Ractual=RpuXRbase                                      (3) 

Xactual=XpuxXbase                                       (4) 

Rbase=Xbase=
𝑉𝑏
2

𝑆𝑏
                                            (5) 

Bbase==
Sb

Vb
2                                                       (6) 

R0 = 3R1                                     (7) 
C0=3C1                                                                                            (8) 
L0=3L1                                                                                              (9) 
 
Below is the summary of the line parameters  

Fig.4: Line diagram of the IEEE 9-bus  System 
 
                Table 2: summary of the line parameters for a 9-bus IEEE system 
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  Where the parameters with subscript 
one (R1, L1,C1,) are the positive sequence while 

the ones with subscript zero (R0, L0,C0) are the 
zero sequence for resistance, inductance and 
capacitance respectively, 

  Finally, we model the system on 
MATLAB Simulink, and we run the load flow for 
the 9-bus system. Below is the modelled system 
with the load flow result where the swing bus has 
an active power of 162.04MW and a reactive 
power  of 1285.16MVar. 

 
Figure 3.1.2: Model of an IEEE 9-bus power system in MATLAB Simulink  
  
Table 3: Output for the load flow of the 9-bus system 

 
 
MODELLING THE INTEGRATED SYSTEM IN 
MATLAB/SIMULINK 
 
Modelling of the STATCOM controller in 
MATLAB/Simulink 

  Modelling of the STATCOM controller 
separately in MATLAB/Simulink was achieved 
using the various Simulink blocks to implement the 
alpha-beta (α/β) and d-q transformation, the 
transformed valves with the phase lock loop was 
use to also implement the DC bus controller, 
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access current controller and the q-axis current 
controller and the final output of the system was 
feed into the pulse width modulation (PWM) 
device connected the inverter. For the STACOM 
system we used a single supply to represent the 
grid but later we are going to incorporate the 

STATCOM system into the 9-bus system. The 
system was run with ode23t (mod. 
Stiff/Trapezoidal) solver with a relative tolerance 
of 1e-3. Below is the modelled STATCOM system 
with active and reactive power output for the grid, 
load and STATCOM device. 

 
Fig.5: STATCOM device model in MATLAB/Simulink 
 

 
Fig.6: Active and Reactive power output for the 
grid, load and STATCOM device 
   
  From the output display it can be seen 
that the STATCOM device actually compensated 

with the reactive power from the STATCOM 
instantaneous power display we can see a 
reactive power of 78790Var as against the active 
power which is -859.1W while for the 
instantaneous power output displayed from the 
Grid we can see a supply of 201200W active 
power as against -6333Var the reactive power 
while implies the Grip supply mainly the active 
power to the system. 
 
Modelling of the Power System Stabilizer in 
MATLAB/Simulink 
  The modelling of a Power System 
Stabilizer (PSS) for a power system is always 
achieved with the aid of an excitation system. For 
the 9-bus power system we were able to model 
the PSS system comprising of a multi-band power 
system stabilizer, excitation system, constant 
block and a bus selector which take the various 
input signals from the synchronous generator to 
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the input of the excitation system and the power 
system stabilizer. 
  The multi-band PSS (MB-PSS) is 
generally preferred over the generic PSS for a 9-
bus power system (a multi-machine system) 
because it provides better damping across a wider 
range of oscillation frequencies, including local, 

inter-area, and global modes. The PSS was 
configured using the standard IEEE values for the 
system and finally the system was incorporated 
into the 9-bus system. Below is the section of the 
power system showing the Power System 
Stabilizer (PSS).  

 
Fig.7: A section of the Power System Stabilizer taking input signal from the synchronous generator 
 
Integration of the STATCOM and Power 
System Stabilizer (PSS). 
  Finally, after the STATCOM and PSS 
were successfully modelled, it was integrated into 
the 9-bus power system, where the STATCOM 
was connected at bus 4 and the PSS was 
connected to synchronous generator 2. The 
STATCOM system was connected to bus 4 to 

improve system performance, voltage stability and 
the likes. But the optimal location for a STATCOM 
varies depending on the specific goal, studies 
have revealed benefits of using this location, 
which include enhancing voltage profiles and 
reducing fault impact. Below is the integrated 
system. 

 
Fig.8: STATCOM and PSS Integrated into the Multi-machine System (9-Bus System) 
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  After the successful integration of the 
STATCOM and PSS we ran a load flow, and we 
discovered an improvement in the voltage profile 
at the various buses as compared to the 9-bus 

system when the two devices were not yet 
integrated into the system. Below is the output of 
the load flow with integration of the STACOM and 
PSS.

 
Table 4: Load flow of the 9-bus system with the integration of STATCOM and PSS 

 
 
RESULT AND DISCUSSION 
  With the whole system integrated, that 
is, the STATCOM and the PSS connected to Bus 
4 and synchronous generator 2 of the 9-Bus 
power system respectively. To analyze the 
improvement in damping ratio and mode shapes, 
prior to application of any disturbance to the 
system, we carried out a procedure to check for 
the improvement in the system. First, we run a 
simulation without the PSS connected to the 
synchronous generator 2 using electrical power 
(Pe) and rotor speed as input to the bus selection 
from the synchronous generator to observe the 
damping ratio and the mode  shapes respectively. 
Below were the plots which displaced output of the 
electrical power input and rotor speed (ωm) for the 
damping ratio and mode shapes analysis 
respectively. 
 

Fig.9: Plot of Electrical power (Pe) without PSS 
and STATCOM connected to System 

 

Fig.10: Plot of rotor speed (ωm) input without PSS 
and STATCOM connected to the system 
 

 
Fig.11: Output Plot of Electrical power (Pe) input 
with PSS and STATCOM connected to System 
immediately after the Power System Stabilizer 
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Fig.12: Output Plot of Electrical power (Pe) input 
with PSS and STATCOM connected to System 
immediately after the Excitation System 
 
CONCLUSION 
  In conclusion, it is of great importance to 
take into consideration the integration of certain 
control systems-the likes of PSS and STATCOM 
which enhances the stability of a multi-machine 
system, like the 9-bus system we have model, and 
even more larger systems to mitigate any 
disturbances that may be introduced in the 
system. In essence, the importance of the stability 
of a system cannot be overemphasized. For the 
future it is also important we take into 
consideration to research into new control 
enhancement systems that can also improve the 
stability of the increasing penetration of renewable 
energy into the grid system. 
 
Acknowledgment 
  The authors would like to express their 
sincere appreciation to the team members for their 
valuable collaboration, dedication, and support 
throughout this research. Their insights and 
teamwork have been instrumental in the 
successful completion of this review. The authors 
also extend their heartfelt gratitude to Dr. S. A. 
Sabo for his exceptional mentorship, guidance, 
and encouragement, which have greatly enriched 
this work. His expertise and constructive feedback 
have been invaluable in shaping the quality and 
depth of this review. 

REFERENCES 
[1]. Kunju Muhammed, L. P.; Pal, B. C.; Oates, 

C. and Dyke, K. J. (2016). Electrical 
oscillations in wind farm systems: 
Analysis and insight based on detailed 
modeling. IEEE Trans. Sustain. 
Energy, 7, 51–62. 

[2]. Kundur, P. Power System Stability and 
Control, 3rd ed.; McGraw-Hill 
Education: New York, NY, USA, 1994; 
pp. 17–817.  

[3]. Machowski, J.; Bialek, J.W.; Bumby, J.R. 
Power System Dynamics: Stability and 
Control, 2nd ed.; John Wiley and Sons 
Ltd.: Chichester, UK, 1997.  

[4]. Anderson, P.M.; Fouad, A.A. Power System 
Control and Stability, 2nd ed.; Wiley-
IEEE Press: Danvers, MA, USA, 2002.  

[5]. Hannan, M.A.; Islam, N.N.; Mohamed, A.; 
Lipu, M.S.H.; Ker, P.J.; Rashid, M.M.; 
Shareef, H. Artificial intelligent based 
damping controller optimization for the 
multi-machine power system: A review. 
IEEE Access 2018, 6, 39574–39594.  

[6]. Kundur, P.; Paserba, J.; Ajjarapu, V.; 
Andersson, G.; Bose, A.; Canizares, 
C.; Hatziargyriou, N.; Hill, D.; 
Stankovic, A.; Taylor, C.; et al. 
Definition and classification of power 
system stability. IEEE Trans. Power 
Syst. 2004, 19, 1387–1401.  

[7]. Design of a Damping Controller Using the 
SCA Optimization Technique for the 
Improvement of Small Signal Stability 
of a Single Machine Connected to an 
Infinite Bus System by Abdul Waheed 
Khawaja, Nor Azwan Mohamed 
Kamari, ORCID and Muhammad 
Ammirrul Atiqi Mohd Zainuri, 

[8]. Yang, M.; Cao, W.; Lin, T.; Zhao, J.; Li, W. 
Low frequency damping control for 
power electronics-based AC grid using 
inverters with built-in PSS. Energies 
2021, 14, 2435.  

[9]. Wang, B.; Sun, K. Formulation and 
characterization of power system 
electromechanical oscillations. IEEE 

http://www.atbuftejoste.net/
mailto:bakarihenry341i@gmail.com


 
                                 JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 13(4), DECEMBER, 2025 
                              E-ISSN: 3093-0898, PRINT ISSN: 2277-0011; Journal homepage: www.atbufstejoste.com 

Corresponding author: Nyam Sesugh Abednego 
  justinabednigo@gmail.com  
 Department of Electrical and Electronics, Faculty of Engineering, Nigerian Defence Academy, Kaduna. 
© 2025. Faculty of Technology Education. ATBU Bauchi. All rights reserved 

304 

Trans. Power Syst. 2016, 31, 5082–
5093.  

[10]. Eslami, M.; Shareef, H.; Mohamed, A. 
Application of artificial intelligent 
techniques in PSS design: A survey of 
state-of-the-art methods. Prz. 
Elektrotechniczny 2011, 87, 188–197.   

[11]. Zhang, Y.; Chen, G.P.; Malik, O.P.; Hope, 
G.S. An artificial neural network based 
adaptive power system stabilizer. IEEE 
Trans. Energy Convers. 1993, 8, 71–
77.  

[12]. M. Santos, G. C. Santana, M. d. Campos, 
M. Sperando and P. S. Sausen, 

“Performance of Controller Designs in 
Small- Disturbance Angle Stability of 
Power Systems with Parametric 
Uncertainties,” in IEEE Latin America 
Transactions, vol. 19, no. 12, pp. 2054-
2061, 2021. 

[13].https://www.matthworks.com/help/sps/power
sys/ref/genericpowersystemstabilizer.ht
ml [online] 

[14]. Kundur, P., Power System Stability and 
Control, McGraw-Hill, 1994, Section 
12.5 

. 
 

 
 

http://www.atbuftejoste.net/
mailto:bakarihenry341i@gmail.com
https://www.matthworks.com/help/sps/powersys/ref/genericpowersystemstabilizer
https://www.matthworks.com/help/sps/powersys/ref/genericpowersystemstabilizer

