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Abstract
In electrical power plants, the excitation control system is an important part of controlling the output voltage of
the synchronous generators. The purpose of this paper is to utilize various methods of excitation control, such as
Proportional-Integral-Derivative (PID), Simulated Annealing (SA), and Neural Network (NN) controllers. Each method
is examined in terms of its effectiveness in enhancing system stability, reliability, and adaptability to varying operational
conditions. The study simulates and optimizes a 2 MVA/400 V synchronous generator driven by a three-phase diesel
engine with mechanical coupling and an exciter system. MATLAB 2021 is used to implement the Simulink model.
The dynamic responses of field voltage and field current to load changes were analyzed for each control technique.
Additionally, the performance of three-phase voltage and current for synchronous generator were examined over a
10-second timeframe. Our findings indicate that the PID controller offers straightforward implementation and reliable
performance under varying conditions. The NN controller implementation is more similar to the PID response, and the
SA controller demonstrates superior adaptability. The research underscores the potential of integrating these advanced
control techniques in synchronous generators, paving the way for enhanced stability and reliability in modern electric
power systems, with further implications for renewable energy integration.
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I. INTRODUCTION

The voltage control system acts as one of the main control
systems in electric power plants [1]. The capacity of the
engineer to supply the load with a reliable, continuous, and
ideally optimally quality service is critical to the effective
functioning of today’s complex power systems. For the equip-
ment that belongs to the end user to function properly, the
load needs to be supplied at a steady frequency and voltage
that are maintained within tight tolerances [2]. It is crucial
to note that variations in the actual power output of electric
generators mostly impact the voltage and frequency in the sys-
tem. The above factors states that a generator has two main
controllers. A governor regulates the generator’s rotational

speed or frequency, while an Automatic-Regulator of Volt-
age (AVR) keeps the generator’s voltage at a set level. The
AVR loop is made up of a lot of different devices/elements,
including a synchronous, amplifier, exciter, controller, and
many sensors. These are all combined into a single regulation
contour along with other signals like the Power System Stabi-
lizer (PSS) signal, VHz signal, generator current value, and
excitation current value. Fig.1 shows the shared architecture
of the AVR system, with e referring for the error signal, or the
difference between the reference voltage Vre f and the termi-
nal voltage Vt [3]. Even with the majority of electric power
systems having AVR controller, these systems occasionally
experience random vibrations at very low frequencies, often a
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Fig. 1. The automatic voltage regulator system’s general
layout [3].

few cycles per minute. The oscillation at low frequencies is
an undesirable phenomena. It is a part of the power systems.
Large oscillations are another issue the system faces because
of faults, temporary changes, and other disruptions. Small,
slow changes in load applied to a generator in a power sys-
tem result in a small signal (steady-state) stability issue. In
the event that the three system variables (frequency, power,
and voltage) do not return to their steady-state values within
predetermined timeframes and levels after a little disruption,
these variables will exhibit unstable or inadequately damped
low frequency oscillations [4–6].
The estimation of regulator parameters involved the mini-
mization of the related criterion function, also known as the
objective function. The goal of the regulator was to attain
the optimal response, that is, the desired generator voltage re-
sponse, when the reference value altered from 0 to 1 Per Unit
(p.u.) (nominal value). TableI shows the common objective
functions that are used. ITAE stands for time multiplication
by the error’s absolute value [7], IAE for the error’s integral
value [8], ITSE for time multiplication by the error’s weighted
squared [9], and ISE for the error’s squared integral [10]. The
objective function ZLG is widely recognized and is named
after the author who initially defined it, Zwe-Lee Gaing [3]
The criteria function of the mix of ZLG and ITSE is shortened
to OF [11].
Conventional excitation control techniques frequently fail to
reduce oscillations because they are based on elementary al-
gorithms. This paper uses various techniques of excitation
control, such as employing a PID controller, a simulated an-
nealing controller, and neural networks controller, to compare
their effectiveness in achieving optimal stability and reliabil-
ity in generator operation. The search’s goal is to create a

TABLE I.
THE MOST POPULAR OBJECTIVE FUNCTIONS

NO. common objective functions
1. ITAE =

∫
t|e(t)|dt

2. IAE =
∫
|e(t)|dt

3. IT SE =
∫

te2(t)dt
4. ISE =

∫
e2(t)dt

5. OF = µ(IT SE)+ZLG
6. ZLG = (1− e−β )∗ (OS+Ess)+ e−β (ts − tr)

simulation and optimization for a 2 MVA/400 V synchronous
generator powered by a 3-phase diesel engine that features a
mechanical coupling and an exciter system. Further integra-
tion with renewable energy sources can be investigated thanks
to this investigation.
To achieve this goal, the following tasks must be completed:
1- determining the dynamic response of field voltage (Vf ) and
current (I f ) in the excitation system once there is a change in
its load. It takes 3 techniques (PID, NN, and SA) for the best
response.
2- must examine the exciter system’s 3-phase voltage and
current measurements over a 10-second time frame in order
to confirm the built synchronous machine’s functionality.

A. Literature Review
In both traditional and modern Electric Energy Systems (EES),
Synchronous Generators (SGs) play a crucial role as voltage-
regulating devices [12]. Currently, AVRs [13], or excita-
tion systems [14], are used in microprocessor technology to
achieve voltage regulation.
AVR systems have many non-linear components, which makes
their modeling, design, work analysis, and testing extremely
complex [10,15–19]. Because of this, every component of the
AVR design is typically approximated and described using
basic transfer functions found in [16, 20–24]. All compo-
nents, with the exception of the controller, are denoted by
transfer functions of the first order [1, 3, 7, 19, 25–29]. On
the other hand, some research also demonstrates that a third-
order system represents the generator for AVR cycles [9].
The third-order model adds complexity to the system analy-
sis. Conversely, it recognizes a more precise machine model.
Additionally, generator models offered by fuzzy logic, neu-
ral networks, and similar techniques are used in several arti-
cles [9, 30].
According to the literature, using meta-heuristic algorithms
like the Future Search Algorithm (FSA) [17] , the Hybrid
Evolutionary Algorithm (HEA) [25], the Whale Optimization
Algorithm (WOA) [20], the Chaotic Yellow Saddle Goatfish
Algorithm (CYSGA) [16], the Local Unimodal sampling al-
gorithm (LUSA) [26], Taguchi combined Genetic Algorithm
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(TCGA) [31], the Particle Swarm Optimization (PSO) [3],
the Simplified PSO (SPSO) [7], and the CRaziness based
PSO (CRPSO) [28], Artificial Bee Colony (ABC) [28], The
Chaotic Multi-Objective Optimization (CMOO) [32], En-
hanced Crow Search Algorithm (ECSA) [18], Symbiotic Or-
ganisms Search Algorithm (SOSA) [33], Ant Colony Opti-
mization (ACO) [21], Invasive Weed Optimization (IWO)
[34], Sine Cosine Algorithm (SCA) [35], Differential Evolu-
tion (DE) [28], Chaotic Ant Swarm (CAS) [22], Equilibrium
Optimizer Algorithm (EOA) [29], and Imperialist Competitive
Algorithm (ICA) [36], It should be mentioned that determin-
ing the regulator’s parameters is a significant issue that has
been covered in a number of publications. A specific abbrevi-
ation appears in Table II.

II. THE PURPOSE AND GOALS OF THE
RESEARCH

This research aims to contribute to more robust and efficient
excitation control systems, enhancing the performance and
stability of modern electric power systems by:
1. Analyze the dynamic response of field voltage and field
current under varying loads.
2. Evaluate the effectiveness of PID, NN, and SA controllers
with ISE objective function in optimizing voltage response.
3. Conduct a comparative analysis of the proposed controller
techniques towards excitation system management. This
could focus on enhancements in performance metrics, which
include response time, stability, and disturbance rejection.

III. SYNCHRONOUS GENERATOR WITH
EXCITATION SYSTEM

Synchronous generator is commonly used in an engine that
produces electricity. In stator coils, a rotating magnetic field
(typically generated by a DC magnet) generates electricity.
This magnet can be powered externally, but it is more appro-
priate for placing the exciter, the small generator, on a single
shaft inside the same container. To feed this magnet in any
case, DC needs to be supplied to the rotor. A simple fix is
two slip rings [37], but they need to be worn and cared for
regularly. Any slipping contacts via the spinning rectifier are
prevented by integrating a tiny AC generator as an exciter on
the shaft of the rotor, rectified the current, and delivering it to
the rotor coils all on the same shaft. The exciter gets its field
current from a current that is sent into the exciter stator via
the power output of the main generator.
This approach makes it possible to design a complex system
with a simple yet efficient voltage control. In order to compen-
sate for the primary generator’s voltage drop as the load grows,
the excitation must be increased. This means that the exciter
must produce a higher field current, which can be achieved by

increasing its excitation. Consequently, the main generator’s
voltage can be modified by utilizing the DC supply of the
exciter stator. This regulation is carried out electrically by
an automatic voltage regulator [38]. The controller controls
the field current to keep the voltage output consistent across
all load types, with a predetermined output voltage defined.
Current brushless machines and synchronous generators have
an AVR. Because of its residual magnetism, the machine may
start itself. When it rotates, a tiny output voltage is created,
and this voltage is then increased by a small current passing
through the AVR and into the exciter [39]. This control loop
generates the nominal output voltage among certain machine
types. It’s possible that the magnetism has disappeared.
A small synchronous machine attached to the main synchronous
generator by a similar shaft provides the excitation method
for large alternators. To accomplish current rectification and
eliminate the need for slip rings to give DC power to the
synchronous alternators’ field, a revolving bridge diode is
mounted on the shaft of a synchronous machine. Using speed
as the mechanical input for the exciter machine, the syn-
chronous generator and exciter are mechanically coupled [40].
Fig.2 depicts the synchronous generator with the exciter sys-
tem, and Fig. 3 shows the excitation control techniques dia-
gram .
The DC from the excitation system is crucial to the syn-
chronous generator’s producing stability because it maintains
the magnetic connection between the rotor and stator windings.
On the other hand, a generator’s loss of excitation weakens
the connection between the stator and rotor, leading to im-
balances in mechanical and electrical power as well as faster
rotor speeds than synchronous. Furthermore, if early protec-
tion fails to activate in the event of an excitation loss-relay,
the generator and the grid could be destroyed.

Fig. 2. Exciter setup with synchronous generator [41].
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TABLE II.
DIFFERENT CONTROLLER WITH OPTIMIZATION ALGORITHM AND THE CORRESPONDING OBJECTIVE VALUE

NO. Types
Controller Proposed algorithm Objective function

[10] 4 different PID SA-MRF ZLG
[15] N/A SA-EA multiobjective

[16]
Fractional

order
PID (FOPID)

YSGA OF

[17] PID FSA ZLG
[18] PID ECSA IAE
[19] Robust model predictive (MPC) AOA ZLG
[20] PID,PIDA WOA ISE
[21] PID ACO-NM ZLG
[22] FOPID CAS ISE
[23] FOPID CSA ITSE
[24] Sugeno fuzzy logic (SFL) PSO MF
[25] PID GA-PSO ZLG
[26] PID LUS ITSE
[27] PID ChO ISE,IAE,ITSE,ITAE
[1] PID ABC,DE ISE
[28] PID EO ZLG
[29] PID PSO Multi objective
[31] PID TCG Multi objective
[32] FOPID CMOO ITSE
[33] PID SOS ITAE
[34] FPID IWO ISE,IAE,ITSE,ITAE
[35] FOPID SCA ZLG
[36] gray PID (GPID) IC ZLG

As shown in Fig.3, the four fundamental excitation procedures.
An AVR is used in all methods to provide DC output to the
exciter stator. Every technique has a certain emphasis point.
• Shunt Method, also known as Self-Excited Excitation Sys-
tem: This technique gets the excitation current from the gener-
ator’s stator. Practical and useful, it might not be appropriate
for applications involving non-direct loads.
• Excited Excitation Boost System (EBS): This technique in-
creases the excitation current by adding a second excitation
source. Although it involves more wiring and elements, it is
more effective.
• Permanent Magnet Generator (PMG): In this technique, the
excitation current is produced by a permanent magnet. It is
frequently utilized in situations where non-direct load opera-
tion is necessary.
• Auxiliary Winding (AUX): This technique provides the ex-
citation current by means of an extra winding in the stator.
Larger establishments find it more functional, although more
parts and wiring are needed [41].

Fig. 3. Excitation control techniques [42].
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A. AVR Controller Types
For any modern AVR to operate, the input reference voltage
and output voltage must be compared. The difference is am-
plified using an amplifier, and then the amplified difference is
utilized to control the regulatory element to minimize the volt-
age error. This creates a negative feedback control loop [43].
For getting stable output voltage there are many controllers
adequate with this purpose.

1) The PID Controller
The proportional-integral-derivative (PID) controller method
used to control the S.G.’s terminal voltage when it comes to
varying operational loads and power factors. The operational
principle involves detecting the terminal phase voltage and
utilizing it as a feedback signal through the PID controller to
generate a command-setting signal that adjusts the excitation
voltage of the synchronous generator. However, publications
also take into consideration an actual PID controller, which
has a variable corresponding to the filter coefficient (marked
as N) in addition to the preceding gains, as the ideal PID is
impractical to implement [10]. For discrete input values, use
the discrete formula of the PID controller (see Fig.4) for a
discrete PID block diagram.

IdealPID C(S) = KP +Ki/s+Kd .s (1)

RealPID C(S) = Kp +Ki/s+Kd
N

(1+N/s)
(2)

DiscretePID C(S)=Kp+Ki
TS

(z−1)
+Kd

N
(1+N.TS/(Z −1))

(3)

It hinges on the precise tuning of three key parameters in
alignment with the system dynamics. When it comes to a
proportional controller (Kp), its primary impact lies in dimin-
ishing the rise time while concurrently diminishing, albeit
not completely eradicating, the steady-state error. Though
it could worsen the transient response, an integral control
(Ki) will have the impact of removing the steady-state inaccu-
racy. Enhancing the transient response, decreasing overshoot,
and raising system stability are the outcomes of implement-
ing a derivative control (Kd) [44]. Fig.5 shows AVR system
with PID controller with consider the values of Kp = 5,Ki =
8,Kd = 1, and N = 100.

Fig. 4. Discrete PID block diagram

Fig. 5. AVR system with PID controller.

2) Neural Network Controller
The use of neural network-based techniques for the control
of systems with complicated, linear, or non-linear dynamics
has grown in prominence within the scientific literature. More
specifically, adaptive designs, optimum control systems, and
multivariable analysis are areas where a great deal of current
knowledge exists, but neural reasoning-based approaches are
still relatively new.
The synchronous generator control challenge is one example
of a system with complex linear or non-linear dynamics for
which current advancements in the field of neural networks
(NN) may lead to novel strategy development. Recent years
have seen a significant amount of study on the use of NN in
dynamic systems control; notable works on this topic include
those by Narendra et al. [45], Psaltis et al. [46]. Developing a
neural network-based controller in the area of power system
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controls through offline and/or online learning processes is
the goal in order to get the responses that are required.
In this work, MATLAB’s nnstart command was employed,
which offers a strong tool for creating and refining AVRs for
synchronous generators. Neural networks can be trained to
manage the excitation system’s field voltage by users using the
Neural Network Fitting App and setting the network design.
According to Fig.6, the block architecture of the neural net-
work training displays the schematic representation of a neu-
ron on the left. A neuron typically receives multiple inputs.
The elements in the input vector n=[n1,n2,n j] are weighted
by elements w1,w2,w j of the weight matrix W respectively.
The weighted inputs and the bias b of the neuron are added to
create the net, this can be written as:

net = ∑
R
j=1 n jw j +b (4)

Subsequently, an active function f receives the net input n
and produces the neuron output a:

a = f (net) (5)

The log-sigmoid activation function is used in this investiga-
tion. The following expression can be used to describe it [47].

f (x) = 1/(1+ e−x) (6)

Fig. 6. Feed-forward neuron network training [47].

To train the neural network, the Levenberg-Marquardt method
was employed. It is a common training technique. A function
represented as the sum of squares of nonlinear functions is
found to have a local minimum. The Levenberg-Marquardt

approach combines the best features of both the steepest de-
scent method and the Gauss-Newton algorithm, which are
stability and speed, respectively [47].
Weight and bias tuning, as well as the inclusion of hidden lay-
ers and the choice of activation functions, are all possible with
this program as shown in Figs. 7 and 8. This strategy can be
especially useful for enhancing the power system’s transient
response and stability by adjusting to fluctuating loads and
disturbances.

Fig. 7. Neural network fitting with 10 layers and 45 training
data.

Fig. 8. Neural network fitting with 10 layers and 80 training
data

Plots for several data sets (training, validation, test, and all
data) illustrate the relationship between the target values and
the network’s output values. Each plot’s R-value, or correla-
tion coefficient, indicates how strong the linear link is; values
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Fig. 9. AVR system with NN controller.

nearer 1 signify a stronger correlation. According to Fig.9,
the network has undergone successful training and is capable
of generalizing to voltage regulator.

3) Simulated Annealing Controller
Large-scale optimization issues can be solved using the tech-

nique known as simulated annealing (SA), which was initially
presented by Kirkpatrik et al. [48]. The concept behind the
process is similar to how molten metal cools and anneals.
The system finds the least energy state for a cooling process
that proceeds slowly. To make sure that a low energy state is
reached, slow cooling is necessary.
By exiting local minima early in the computation, this re-
search aims to avoid them. It just looks for the bottom of
the local minimum toward the end of the calculation, when
the temperature or likelihood of accepting a worse answer
is almost zero. By reducing the cooling schedule, one can
trade calculation time for a better probability of obtaining
an accurate solution. The likelihood of identifying the ideal
solution increases with slower cooling, but run times also
increase. Therefore, the key to using this technique effectively
is figuring out a cooling schedule that produces satisfactory
results quickly. The first step in a typical SA process is to
randomly generate an initial solution. The existing answer
undergoes a modest, random modification in the beginning.
Next, the objective function values of the new and existing
solutions are computed and compared. If the new solution has
a higher value or if SA implements the probability function,
the old solution is replaced. Since temperature parameter T
has the same significance as temperature during the physical
annealing process, it is used in the calculation of this likeli-
hood. The following conventional SA algorithm pseudo-code

 

Let 𝑇0 = starting temperature , Iter = number of 

iterations, k is the time index of annealing set 𝑇 = 𝑇0 

Let 𝑥 =A random solution 

Repeat: 

For i = 0 to  Iter 1 

           Let 𝑓(𝑥) = 𝑓𝑖𝑡𝑛𝑒𝑠𝑠 𝑜𝑓 𝑥       

          Make a small change to 𝑥 to make 𝑥𝑛                     

          Let 𝑓𝑛(𝑥𝑛) = 𝑓𝑖𝑡𝑛𝑒𝑠𝑠  𝑜𝑓 𝑛𝑒𝑤 𝑝𝑜𝑖𝑛𝑡                

          Calculate ∆𝑓 =  𝑓𝑛(𝑥𝑛) − 𝑓(𝑥)          

           If ∆𝑓 ≤ 0  then      

                                 𝑥 = 𝑥𝑛 

Else  

           If rand [ 0, 1] < exp (−
∆𝑓

𝑇
) 

                               𝑥 =  𝑥𝑛 

End if 

𝑇𝑖+1 =  𝑇0 exp((𝑐 − 1)𝑘);           0 < 𝑐 < 1 

End for 

Output : the solution 𝑥. 

 

Fig. 10. SA algorithm pseudo-code [49].

has been applied to our issue, see Fig.10. The initial tempera-
ture values, the cooling schedule, the number of cycles to be
completed at each temperature, and the stopping condition to
end the procedure make up the annealing program of the SA
algorithm [49].
By definition, the majority of the characteristics in simulated
annealing are fixed. The temperature is the only parameter
that changes during the computation. Using the Boltzmann
algorithm, an exponential schedule form, and the molting met-
als way, the system at higher temperatures and then gradually
reduce it by a factor during the annealing process [49]:

Ti+1 = T0 exp((C−1)K) (7)

where c is decided to be 0.8; and T0, the starting temperature,
is set to be approximately 1000; K is the time index of anneal-
ing that is calculated as the time step size multiplied by the
ith number of iteration and the total number of iterations is
determined to be 100 for about 10s simulation. In this work,
the integral squared error ISE of Vt of the SG is taken as the
objective function (i.e., the goal of the minimization). The
SA Simulink model, which is displayed in Fig.11, provides
proof of the resilience and strength of SA in handling issues
brought on by outside disruptions.

B. Simulink Power Generator Model
The synchronous generator’s field terminals are directly

linked to the rectifier bridge’s output. It is not necessary
to filter due to the large field inductance. Table III provides
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Fig. 11. AVR system with SA controller.

an explanation of the system’s interesting content, and Fig.12
shows Simulink model under discussion in this work. MAT-
LAB 2021 is used to implement the simulation.
Connecting the input Vf to the synchronous generator’s real
field terminals is crucial. The subsystem known as Field Con-
nections measures the synchronous machine’s field terminal
voltage. It uses a current supply that is proportionate to the DC
field current and powered by the bridge’s DC current output.
The field voltage that needs to be applied to the synchronous
machine’s inputs; it is equal to the voltage that exists across
this current source. Controlling the exciter’s field voltage
allows to alter the generator’s voltage.
The diesel engine provides all of the mechanical power for the
main synchronous and the exciter machine. With a nominal
field current I f n of 100 A, the real voltage applied to the rotor
(rather than the field voltage observed from the stator) can be
used.

The synchronous machine is configured to deliver 500 kW, or
25 percentage of the rated value, in the interval of 0-3 seconds.
A circuit breaker is used at t = 3 seconds to switch on an extra
1 MW.

IV. RESULT AND DISCUSSION

The results obtained for optimizing AVR controller. namely,
we considered three regulators: PID, ANN, and SA algorithm.

A. Dynamic Reaction of the Field Voltage and Current
When the Synchronous Generator Provides Power with
An Interval Alter

When the power given by the SG changes, the excitation cur-
rent increases to 105 A from 63 A at t = 3 seconds in order
to keep the terminal voltage at 1 pu but Vt stabilize on the

Fig. 12. Synchronous machine with exciter system and
mechanical coupling

value of 0.42 instead of 1 without a controller. There is a high
field inductance value, the voltage of the field Vf (as seen in
Fig. 13 contains a ripple of 300 Hz that is hidden from view
with the field current. Fig. 13 shows the response without a
controller. On the left side of figures, the terminal voltage is
shown in each case.

Fig. 13. Shows the synchronous machine’s terminal voltage
(pu), the field voltage (V) and the field current (A) without
the simulation’s controller

The PID is inserted in the AVR Simulink diagram and run
first. In this case, as shown in Fig. 14 the values of Vf and
I f calculate from the AVR output. The excitation current in-
creases to 185 A from 115 A at t = 3 seconds in order to keep
the terminal voltage at 1 pu at t = 7 seconds.
It may design and enhance AVR controllers that ensure SGs
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TABLE III.
LIST OF MATERIALS

Function Essential component Type
Main power generator Synchronous 2 MVA, 400 V, 1.500 r.p.m,50 Hz

Exciter system
Small synchronous

machine 8.1 MVA, 400 V, 1.500 r.p.m,50 Hz

Rectifier can receive the exciter’s 400 V output voltage Transformer 10 kVA , 400 V/ 12 V

Fig. 14. Shows the synchronous machine’s terminal voltage
(pu), the field voltage (V) and the field current (A) with PID
,the simulation’s controller.

run dependably and effectively in a variety of power system
configurations by using the flexibility of MATLAB and the
capabilities of nnstart.The simulation results obtained with
the neural network customized learning method are displayed
in the Fig. 15. Setting up an appropriate network architecture
is the initial stage in creating a NN controller.
There were no set protocols or standards in place before for
choosing this structure. The process involves training the neu-
ral network with a limited number of neurons and observing
the performance that results. If the performance is deemed
insufficiently exact, the NN is trained again with a greater
number of neurons and its accuracy is evaluated.We placed it
into practice by using Matlab’s nnstart function.It is simple
to use; to provide the optimal response for field voltage and
current, just match the target values with the network’s output
values. the excitation current increases to 190 A from 115 A
at t = 3 seconds in order to keep the terminal voltage at 1 pu
at t = 6 seconds.

Fig. 15. Shows the synchronous machine’s terminal voltage
(pu), the field voltage (V) and the field current (A) with ANN
,the simulation’s controller.

We discovered that SA functions satisfactorily. After the
first two seconds of operation, as seen in Fig. 16, the con-
troller’s effect becomes noticeable. It displays the SG system
variable deviations’ time response following the introduction
of a disturbance.This shows how resilient and successful SA
is at handling issues brought on by outside disruptions. the
excitation current increases to 210 A from 115 A at t = 3
seconds in order to keep the terminal voltage at 1 pu. We can
increase the accuracy by giving a high iteration, so we get the
best result, but at long-term responses.

B. Monitoring the exciter system’s 3-phase voltage and cur-
rent readings over a 10-second time frame

In Figures (17, 18, and 19) the 3-phase voltage and current of
the 2MVA/400V synchronous generator are displayed over a
10-second operation with a zoom region of change in power
delivered by the SG for each case. As seen in Figures (17, 18,
and 19) the synchronous machine’s terminal voltage indicates
that, upon load exchange during the 3-second transient, the
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Fig. 16. Shows the synchronous machine’s terminal voltage
(pu), the field voltage (V) and the field current (A) with SA
algorithm, the simulation’s controller.

machine returns to its nominal voltage. The speed instruction
maintains the nominal voltage of the output frequency of 50
Hz and an output speed equal to one pu. When evaluating
the voltage and current waveforms under these variations,
as demonstrated in Figures, the simulation complied with
the findings and was reasonable. The PID and ANN offer
exceptional replies in comparison to the SA algorithm, which
produces the weakest response in terms of terminal voltage.
This system with mechanical coupling is more viable for high-
scale generation control because the suggested mechanical
coupling with exciter for SGs offers greater resilience for
managing the field current.

Fig. 17. Waveforms of the synchronous generator’s
three-phase voltage and current (2 MVA, 400V) with PID.

Fig. 18. Waveforms of the synchronous generator’s
three-phase voltage and current (2 MVA, 400V) with ANN.

V. CONCLUSION
This paper shows simulations to solve the SG control problem
utilizing PID, ANN, and SA algorithms. Once second loads
are connected through a circuit breaker, the controllers have
been successfully utilized to build a control law that reduces
oscillations within synchronous generators. According to the
findings, PID and ANN controllers’ responses stay the same
across simulation, but Vt in SA will be decrees amount to
0.72. In addition, the results of our study have indicated that
PID and neural controllers are potentially powerful methods;
the results in both are similar in response, where stability of
Vt begins after an interval of 3 to 7 sec. It had confirmed
the robustness of the ANN when it possessed the capabilities
necessary for finding the best solution for controlling the os-
cillations in synchronous generators. It was discovered that
the SA controller worked to solve this issue. Compared to the
NN controller, it is simpler to understand because it is intu-
itive and only requires a basic function of evaluations. In this
instance, the data on terminal voltage demonstrate damped
oscillations, but the system takes an interval of 3 to 8 seconds
to reach its stable state at a 0.72 value of 1 pu. It would be
beneficial to modify parallel computing algorithms to obtain
real-time performances; nevertheless, this approach is left for
later research. With some degree of confidence, it can be said
that the controllers provide a workable solution for excitation
control of SG issues in light of the simulation findings ob-
tained.
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Fig. 19. Waveforms of the synchronous generator’s
three-phase voltage and current (2 MVA, 400V) with SA
algorithm.
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