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Abstract

The article discusses the stability of automatic control systems (ACS). The stability of the automatic
control system is the main characteristic of the automatic return of the system to its initial state of
equilibrium after exposure to certain influencing factors on this system. In other words, it is the
property of the system to maintain its resistance to external influences and its efficiency. The issue
of reliability is aimed at preventing unforeseen and dangerous consequences of system instability,
especially in such diverse fields as aviation, energy, and industry. A stable system ensures more
accurate performance of the specified functions and is less prone to probable failure, and they can
work for a long time without human intervention. An important place in the issue of determining
the stability of ACS is occupied by the identification of errors that occur mainly during transients
occurring in systems. The detected error is determined by the difference between the input signal
(setpoint) and the input signal. In addition, the error that occurs in the system depends on different
types of input signals, so these inputs can be stepwise, linear, etc. they can be typical. It should be
noted that bias error analysis is useful only for stable systems. That is, before investigating an error
in the system, it is necessary to determine the stability of this system. The article also considered the
issue of calculating the error in the system with negative feedback. Using the Matlab/Simulink
program, algorithms related to the detection of an error in the ACS are compiled. When studying
the issues of ACS stability, the issue of regulating the gain coefficients of various types through a
PID (Proportional-Integral-Derivative) regulator is being investigated.

Keywords: automatic control system, stability, excitation effect, transfer function,
gain factor, controller

I. Introduction

The stability of an automatic control system is one of the fundamental characteristics that
determine its overall effectiveness, operational quality, and long-term safety. In engineering terms,
stability refers to the system’s inherent ability to automatically return to its initial equilibrium state
after it has been subjected to external disturbances, internal fluctuations, or other influencing
factors. This means that even if the system experiences shocks, sudden changes in input, or
unexpected environmental conditions, a stable system will naturally correct itself and resume its
intended behavior without continuous external intervention.

In simpler terms, stability is the essential property that allows the system to resist external
impacts and continue performing its intended functions reliably and predictably. Without this
capability, even the most advanced automatic control systems could fail under real-world
conditions, compromising not only performance but also safety and operational integrity.

But why is stability such an essential requirement for any control system? To answer this
question, several key considerations must be highlighted [1-4]:
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1. Safety concerns — System instability can lead to unpredictable and potentially hazardous
consequences, particularly in critical industries such as aviation, energy production, chemical
processing, and manufacturing. In these sectors, even minor instabilities can escalate into major
accidents.

2. Accuracy and performance — A stable system is capable of executing assigned tasks with
higher precision, ensuring that operational goals are met without excessive deviations or
oscillations.

3. Reliability and durability — Stability is directly tied to the system’s long-term
dependability. A system that maintains stability is less prone to unexpected breakdowns, requires
fewer emergency interventions, and can function for extended periods with minimal maintenance.
This not only reduces operational costs but also ensures smoother workflows and greater
confidence in the system’s performance. Unstable systems, by contrast, can wear out components
faster due to erratic operation, leading to downtime, increased maintenance, and reduced service
life.

By mastering the fundamental principles of control system stability, engineers can design
solutions that are not only more reliable and efficient but also inherently safer. Stability knowledge
enables them to predict system behavior under various conditions, adjust design parameters
appropriately, and prevent potential problems before they occur.

Furthermore, the study of stability is far from a purely theoretical exercise —it plays a critical
role in a wide range of practical applications, including industrial automation, robotics, aerospace
engineering, power systems, transportation technologies, and many other fields. As technology
advances, these applications increasingly demand higher precision, faster response times, and
greater resilience, all of which depend on robust system stability.

The topic of stability also opens a broad spectrum for exploration. Numerous aspects can be
examined, such as different methods for analyzing system stability, the influence of nonlinear
effects that complicate traditional stability assessments, and the practical application of stability
theories across diverse industries. These areas not only expand academic knowledge but also
provide a strong incentive for further research, technological innovation, and the creation of more
advanced and resilient control systems.

Purpose. Relevance of the problem and related studies. Modern automatic information and control
systems (ACS) are highly complex structures, incorporating numerous interconnected subsystems
and components. This growing complexity introduces significant challenges in system modeling
and analysis. With the rapid evolution of technology, the integration of advanced tools such as
artificial intelligence, adaptive algorithms, and sophisticated software platforms further raises the
need for improved approaches to ensure and evaluate stability [5-8].

In contemporary engineering, the stability of both linear and nonlinear systems remains a
key area of study. Traditional analytical methods are constantly being refined, while new
techniques are being developed to address the unique challenges posed by increasingly dynamic
and intelligent control systems. The aim of the present article is to investigate the fundamental
issues related to the stability of control systems. Specifically, the focus is on:

- identifying and discussing the main parameters that define the stability of various types of
systems;

- analyzing typical scenarios and equivalent system models that are used to simplify stability
studies;

- emphasizing the importance of mathematical tools and calculations in evaluating system
stability and predicting system behavior under different conditions.

By addressing these aspects, this study contributes to a broader understanding of how
stability principles can be applied to modern control systems, ensuring that they meet the
demands of safety, precision, and reliability in a rapidly changing technological landscape [9-11].
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II. Materials and methods

In determining the stability of ACS, the determination of errors arising during the transition
processes occurring in the systems plays an important role. The determined error is determined by
the difference between the input signal (given value) and the input signal. In addition, the error
arising in the system depends on different types of input signals, since these input signals can be
step, linear, etc. types. It should be noted that the analysis of the determined error is useful only for
stable systems. That is, before examining the error in the system, the stability of that system must
be determined. Based on the value of the output signal, we can calculate the error using the
transfer function of an open or closed loop with the following expressions:
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Using the Laplace transform, we obtain the following expressions for different input signals,
for example [4]:
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Usually, when investigating the stability of systems, the distortions occurring in these
systems should also be taken into account. Let us assume that we need to compensate for the
distortion in any control system, in other words, the system has been introduced with unusable
signals (Fig. 1).

D(s)

R(s) *_E * Y
(s) (s) C(s) P(s) (s)

- +

Figure 1: Negative feedback circuit diagram

In order to determine the error caused by the excitation signal D(s) shown in Fig. 1 in the
system, we can use the following expression:

e(o0)=limsE(s) = L (6)

0 lim—" +1limG(s)
s>0P(S) -0

It should be noted that the signal entering the G(s) controller is not actually considered the
fixed error E(s). By error, we mean only the difference between the given value and the current
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value: E(s) = R(s) - Y(s) [12-16].
In the feedback loop depicted in Fig. 2, in the presence of a transfer function H(s), the signal
R(s) is distorted by the effect of that transfer function.

R6) *_E,®) )
—(O—— G(s) >

F

F. 3

H(s)

Figure 2: Scheme of ACS in the presence of transfer function H(s)

In this case, the structural diagram of the control system under study should be drawn as
shown in Fig. 3.

R(s) *_ E(s) G(s) Y(s)
& 1+G(s)H(5)-G(5) .

Figure 3: The equivalent circuit of the ACS depicted in Fig. 2

To illustrate the process more clearly, let's look at the issue of investigating the stability of an
ACS using the MATLAB program. Let's assume that the transfer function of the controller is
calculated by the following expression:
(s) _ k(s+3.5)(s+5.3) )
s(s+8)(s+9)

As can be seen from Fig. 3, the transfer function of the feedback loop is unity. In this case,

there will be no continuous error when a step signal is input to the system, but if a parabolic signal
is input, this will cause an infinite error [17-21]. That is, the error in the system will be eliminated
only by the influence of the step signal. First, we assume the amplification factor k=1 in expression
(7) and write the corresponding algorithm from the MATLAB command window.

s=tf("s");

G = ((s+3.5)*(s+5.3))/(s*(s+8)*(s+9));

T = feedback(G,1);

t=0:0.1:25;

u==t

[y,t,x] = Isim(T,u,t);

plot(t,y,'r",tu,’g’)

xlabel('Time (sec)’)

ylabel(" Amplitude’)

title('Input-red, Output-gree’)

Then we get the input-output characteristic shown in Fig. 4. As can be seen from this figure,

we can see that the output signal is about 16 times the input signal during a period of 20 seconds
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(the decision error is about 4), that is, the decision error of this system is quite large. In this case,
we can adjust the gain coefficients that bring the system to a stable state by using a PID
(Proportional-Integrator-Derivative) controller. For this purpose, the model shown in Fig. 5 is
designed [22-25].

RT&A, No 3 (86)
Volume 20, September 2025
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Figure 4: Time characteristics of ACS input-output signals
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Figure 5: Simulink model of ACS

The description of the parameters window of the PID controller included in the Simulink
model of the ACS is shown in Fig. 6.
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Figure 6: Description of the PID controller parameters window
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In Fig. 6, “Block response” is the system response, and “Tuned response” is the system
response corresponding to the value of the gain coefficients proposed by the PID controller. In Fig.
7, the values of the gain coefficients set for the stable system of the PID controller are given [26-28].

Main | FID Advanced | Data Types ] State Attributes |

Controller form: | Parallel ﬂ—

Proportional (P): |11.8017922207638

Integral (I): |4.23953885115103

Derivative (D): | =3.46197647842458 Filter coefficient (N): | 3.40897527591937

Tune...

Figure 7: Values of the PID controller’s adjustable gain coefficients for a stable system

II1. Conclusions

First and foremost, the study highlighted that the determination of system stability must
precede any error analysis. This approach is essential because instability can distort system
behavior to such an extent that meaningful error calculations become impossible or irrelevant.

A key focus was placed on the relationship between input signals and system errors. It was
established that the error — defined as the difference between the desired (given) input value and
the actual system output — is significantly influenced by the type of input signal. Since input
signals can vary, the resulting transient errors also exhibit different characteristics. This means that
system designers and engineers must take into account not only the magnitude of the error but
also its dynamic behavior under diverse operational conditions.

The study further explored the calculation and detection of system errors using advanced
modeling and simulation tools. By leveraging MATLAB/Simulink, a set of algorithms was
developed to accurately identify and quantify errors that arise in ACS during transient processes.
These algorithms provide a practical framework for engineers to simulate various operating
scenarios, analyze system responses, and refine designs before real-world implementation.

Additionally, the research examined the role of PID controllers in enhancing system stability
and minimizing errors. The process involved the adjustment of different types of amplification
coefficients (proportional, integral, and derivative gains) to optimize system response. The
findings reaffirmed that proper tuning of these parameters can significantly improve both stability
and overall system performance, effectively reducing steady-state and transient errors.

In summary, the study not only confirmed the central role of stability in ACS analysis but
also demonstrated practical methods for evaluating and improving system performance. By
combining theoretical stability considerations with simulation-based error detection and control
strategies, a comprehensive approach was established. This integrated perspective is invaluable for
the future development of ACS, ensuring they remain reliable, precise, and adaptable in
increasingly complex technological environments.
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