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ABSTRACT

The stability of the SMIB system in the presence of tiny signals is the major focus of this study. The
small signal stability of SMIB is shown first by graphing the eigenvalue associated with rotor
oscillations against the gain of the voltage regulator and the machine loading. Second, the very
low-level signals that are sent by the SMIB system will be more reliable as a result of the
incorporation of the pole placement technique and the use of TCSC in the production of PSS. A
comparison is made between the impacts of PSS and TCSC on the oscillations of the rotor's speed
and angle. During this last stage of the design process, consideration was given to the selection of
a feedback control signal for the PSS. The amount of time it takes to reply to messages is one of
the factors that determines how effective they are.
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1.0 Introduction

In order to perform an analysis of power systems, one must have keen perception as well as
thorough thought due to the increasing complexity of the systems and the wide network of
connections between them. Even a very little disruption has the ability to trigger oscillations, which, if
allowed to persist, may reach levels that are potentially dangerous and wreak havoc on the electrical
system. It is essential that the system be designed in such a way that these oscillations be
distinguished, so preventing them from generating any serious concerns. This is because it is essential
that the system be structured in such a manner that it is feasible. Because of this, it is necessary to
conduct an examination into the behaviour of the system when, "Small signal stability" refers to the
degree to which a power system maintains its composure even when subjected to relatively little
disturbances such as those described above. This is one manner in which the concept of stability in a
steady state has been developed further. Even though the transient stability limits are sometimes
breached, it is common sense that a power system should never vary from the small signal stabilty
constraints. This is true even if the limits on transient stability are occasionally exceeded. As a
consequence of this, it is very necessary to carry out research on and make improvements to the
stability of extremely tiny signals by using auxilliary controllers that are cleverly created. The
stabilisation of low-frequency rotor oscillations is intimately connected to the damping of these
oscillations. The eigenvalue technique, which is based on a linearized dynamic model [1, 2], is used to
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conduct the analysis of this phenomenon. Establishing PSS is not only efficient in terms of meeting
the aims of minimising oscillation in the power system and enhancing system stability [3-7], but it is
also cost-effective in terms of accomplishing these goals. In order to achieve the objective of
enhancing the system's functionality as a whole, a great number of experiments using PSS [8-14] and
TCSC controllers [15-22] were conducted. One of the aspects that can be utilised to increase the
stability of a power system is the ability of TCSC to control the system status in a quick way. This is
one of the features that may be employed. [22] investigates the operations carried out by TCSC
controllers when the oscillation of the signal is quite low.

Small signal stability is the major focus of this research. First, the effect that adjusting the
machine's loading and the voltage regulator's gain has on the stability of the tiny signal detected by
the SMIB must be considered. Plotting the Eigen value that corresponds to rotor oscillations is
required for this phenomenon's analysis. Second, to improve the SMIB power system's response to
minor signals, a pole placement strategy and an application of TCSC were included into the design of
the power system stabiliser. Stability in the electricity grid was a primary reason for this action. On
this page, the impacts of PSS and TCSC on rotor oscillations and rotor speed will be compared. In
addition, the selection of the PSS feedback signal was thoroughly researched at all phases of the
design process. Different signals are compared in terms of the responses they elicit and the time it
takes for those reactions to take place.

The following are the study's organisational components: Section II of this paper includes a
model of the SMIB system, as well as plans for the PSS and TCSC. Finally, in the last part, we'll have
a look at the findings of the study done on each event in turn In the fourth section of the essay, the
conclusion is explored.

2.0 Model Formations
2.1 SMIB System|[4]

Figure 1: Single Machine Infinite Bus System
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The synchronous generator's output is sent to the infinite-bus through a transmission line.
The machine equations are [7]:

(:1_? _ (Pml\;Pe) _ Kd(al’w_wo) (D
B o~ )
%=;—;Em +¥_:(Vref_vt) (4

State space model is given by:
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2.2 Design of PSS [15]
In the power industry, a second-order, single-input dynamic compensator with the transfer
function of is often employed as the PSS:

0p5%+615+0)
P — 20 1
SS(S) S2+4y,S+Yk

PSS is created via pole positioning method.

2.3 Design of TCSC[23]
The SMIB system with TCSC is shown in Fig 2 [8].

Fig.2 SMIB system with TCSC
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Adjusting the firing angle of the thyristor is required in order to make alterations to the
reactance of the TCSC. This phenomenon may be described as a rapid change in the relevant
reactance that is delivered to the power system [4]. This is due to shifts in the firing angle or the
conduction edge of the thyristor, both of which may induce variations. has the sort of connection that
may be characterized as being in a condition that is said to be stable [9].
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3.0 Case Study

You may find in the appendix all of the material that was taken into account for the case study
that was carried out on the single machine infinite bus system. The paper has an appendix that
contains this information for your convenience. The open-loop eigenvalues for the variable voltage
regulator gain and the machine loads are shown in Tables 1 and 2, respectively. Both tables may be
found below. Figures 3.1 and 3.2 illustrate the plots of eigenvalues that correlate to rotor oscillations
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over a range of gain levels and machine loadings, respectively. These plots are displayed for a variety
of loadings on the machine. These charts illustrate a range of different gains at a number of different
scales.

Figure 3.1 illustrates that as the gain of the voltage regulator increases, the real and imaginary
components of the eigen values also rise in proportion to the rotor's increasing frequency of
oscillation. This is demonstrated by the fact that when the gain of the voltage regulator increases, the
rotor's frequency of oscillation also increases. This illustrates that the damping coefficient reduces as
KR rises, and that an increase in KR also leads in an increase in the frequency of oscillations.
Additionally, this demonstrates that an increase in KR also results in an increase in the amplitude of
oscillations.

Table 1: Effect of Change in Voltage Regulation Gain (Kr)

V.R. Gain (Kr) OPEN LOOP EIGEN VALUES
20 0.0711 £ 6.30401
30 0.1335+£6.3351i
40 0.1821 £ 6.3758i
50 (BASE CASE) 0.2168 £ 6.4198i
60 0.2406 + 6.4639i
70 0.2551 £6.50511
80 0.2627 £+ 6.5433i

Fig.3.1: Effects of Variation in Kr on Rotor Oscillations

Effect of variation in Kr' on rotor oscillation

Irmaginary axies

Real axies

Table 2: Variation in Load Demand

LOAD in p.u. OPEN LOOP EIGEN VALUES
0.25 0.0018+7.3698i
0.50 0.0206+7.24571
0.75 0.0668+6.9858i
1 (BASE CASE) 0.2167+6.41961
1.1 0.5925+5.70981
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Figure 3.2: Effects of Variation in Load on Rotor Oscillations
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Figure 3.2 depicts how an increase in machine loading brings about a rise in the real
component of eigenvalues wrt to rotor oscillations, simultaneously bringing about a reduction in the
imaginary component of same values. As a result of this, it seems that the damping coefficient
reduces, and along with it, the frequency of rotor oscillations also lowers, as the loading of the
machine rises.

(B) The PSS was designed with the system in mind throughout its development. The speed of
the rotor is what provides the input for the output feedback signal. The design goal that was taken into
account was the eigenvalue assignment of the closed-loop system. As can be observed in figures 4.1
and 4.2, the temporal response of Aw and Ad the closed-loop system's and variables is measured by
making a step change in Vref. This can be seen in the figures. It has been discovered that the
introduction of PSS is what makes the system reliable once it has been deployed.

Figure 4.1: Result Shows of Change in Speed for Speed Signal for Normal System
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Figure 4.2: Response of Change in Angular Position for Speed Signal for Normal System
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(C) Figures 5.1 and 5.2 illustrate the temporal reaction of a change in rotor angular speed and
Vref. This response is regulated by a TCSC controller, which is shown in the figures. It has been
shown that making use of TCSC leads to a more stable operating environment for the system.

Figure 5.1: Time Response for Change in Rotor Speed (A®)
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Figure 5.2: Time Response of Change in Rotor Angular Position (Ad)
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(D) PSS was developed for the three distinct situations that were thought of by using a pole
assignment strategy and collecting one control signal at a time. This action was taken in order to make

room for the data. Following is a selection of five closed loop Eigen values that have been made in

order to examine the efficacy of control signals for a range of system strengths. These locations may

be found in:

-1 %7, 2.0, -6.0, -1.0

The following table provides further information on the closed-loop Eigen values that were

calculated for the different system strengths that were found:

Table 3: Closed loop Eigen Values for Strong System

Speed Signal

Power Signal

Frequency Signal

-47.7119 -44.1457 -45.2311
-0.7767+18.3808 -0.8664+17.1693 -0.8421+J7.1887
-6.1223 -6.0056 -5.9327
-2.0045 -2.0004 -2.4523
-1.0071 -0.9998 -0.9901

Table 4: Closed Loop Eigen Values for Normal System

Speed Signal

Power Signal

Frequency Signal

-46.1068 -42.2823 -40.8524
-0.9223+37.2714 -0.7224+36.2779 -2.2438+14.4477
-5.9735 -5.3846 -6.4836
-2.5436 -0.9994 -1.8478
-0.8492 -2.6873 -2.8455
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Table 5: Closed Loop Eigen Values for Weak System

Speed Signal Power Signal Frequency Signal
-45.0265 -44.8353 -40.8524
-0.9906+16.2613 -0.6784+35.5638 -2.2438+14.4478
-0.7871 -0.4284 -1.8476
-3.7727 -3.3426 -2.8457
-5.6955 -5.7233 -6.4835

According to the data presented in Tables 3, 4, and 5, the objective of the design, which
was to allot five closed loop poles to each of the instances, was successfully achieved, and the

sixth eigenvalue was found to be located, a significant distance from the origin.

A analysis of time response is conducted on each unique situation while taking into
consideration a step change in the reference voltage in order to explore the effectiveness of a

range of control signals. This analysis is done in order to determine which control signals are

most effective.

Fig. 6.1: Response of Change in Speed for Strong System
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Fig. 6.2 Response of Change in Angular Position for Strong System
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Figure 6.3: Response of Change in Speed for Normal System
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Figure 6.4 Response of Change in Angular Position for Normal System
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Figure 6.5: Response of Change in Speed for Weak System
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Fig. 6.6: Response of Change in Angular Position for Weak System
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The temporal response of and for a step change in reference voltage demonstrates that the
power signal is the most effective of the speed and frequency signals for all operating scenarios. This
is the case when compared to the other two signals. This is true despite the fact that the signal might
be travelling at any speed or frequency. When it comes to strong systems, efficacy is far and away the
most crucial factor.
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4.0 Conclusion

The results of an eigenvalue analysis may be used to determine what occurs when the load
demand and voltage regulator gain change. The system will become more unstable if both values are
increased, as can be seen from the eigenvalue plots for rotor oscillations. Additionally, by making use
of PSS and TCSC, the SMIB system's minuscule signal stability may be improved even further. The
appropriate location of the eigenvalue was given precedence over all other factors in the PSS design.
Both a frequency domain and a temporal domain analysis was carried out. Even though either of these
strategies may stabilise the system, using TCSC is preferable to PSS in this respect. Using the rotor's
temporal response in terms of speed and angle, this may be shown. By using a variety of feedback
control signals, the PSS's capacity to handle very small signals is improved. Several types of feedback
control signals are used to this end. If we look at how quickly rotor speed and angle change in
reaction to a step change in reference voltage, the power signal is clearly superior than the speed and
frequency signals. When observing the rotor's reaction to a step change, this is the situation.
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