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Abstract: - This study presents a model with a fuzzy logic controller (FLC) for controlling a two-mass electric drive operating with a
dynamic load. In the Simulink environment of the MatLab software package, a model of the mechanical part of the electric drive system
with a proportional integral differential (PID) controller was built, which was tested for two different characteristics created by the
technological mechanism. The low performance of a system with a PID regulator has been proven, especially in electric drive systems
operating with a shock load. The expediency of using Fuzzy logic regulators for electric drive systems operating under uncertain conditions
is substantiated. To ensure the required efficiency of the electric drive system, a FLC model has been developed in the Fuzzy Logic Toolbox
environment of the MatLab software package. To control the mechanical part of the electric drive system 16 laws have been formulated.
Tests of the electric drive control system model with a FLC confirm its high efficiency when changing the load torque according to various
laws. A hybrid model was synthesized with the help of the ANFIS editor. It has been confirmed that the hybrid network provides satisfactory
identification quality.
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. INTRODUCTION
The efficiency of modern industries, transport and life support is determined by the quality of management of the
electric drive system used in them [1-3]. The main function of the electric drive is to set in motion the working
mechanisms in accordance with the requirements of the technological regime. This movement is performed by the
mechanical part of the electric drive, which includes the rotor of the electric motor, a transfer device and a working
mechanism [4, 5]. Standard controllers are often used in complex process control systems. Currently, proportional-
integral-derivative (PID) controllers continue to be used in the electric drive control systems because of their
versatility, simplicity and reliability [6, 7]. A large number of works are known in which the use of a PID controller
has made it possible to provide the expected indicators [8-12]. These controllers are especially successfully used in
the electric vehicle control systems [10, 11, 12], ensuring their smooth operation. The results show that with the
help of a PID controller, it is possible to quickly and accurately ensure the required speed of an electric vehicle
[11,12].
To improve the performance of control systems for the technological processes, it becomes necessary to use a PID
controller in combination with Model Predictive Control (MPC) [13]. This approach is applicable to the electric
drive systems operating in a predictable mode. In practice, it is difficult to simulate the exact characteristics of
dynamic phenomena occurring in various modes of operation of the electric drive systems of a number of
technological mechanisms. In some modes, the characteristics of the motor can have a significant effect on the
fluctuations in the elasticity of the mechanical part of the electric drive system. These fluctuations, in turn, affect
the performance characteristics of the power part of the drive system, contribute to the deformation of elastic links
and the occurrence of other emergency situations. The use of traditional methods of controlling the electric drive
system is especially ineffective in the case of technological mechanisms operating with a randomly varying load
[14, 15]. To solve this problem, the idea of replacing linear regulators with nonlinear ones is used, which is
implemented using a neurocontroller.
A number of works are known in which controllers of artificial neural networks are used in control systems of the
electric drives [16-19].
Due to the constant training of the neural network, the neuroregulator allows you to adapt to changing conditions,
predict and anticipate changes in the system and work ahead of the curve, reducing the inertia and delay of the
system [16].
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Despite the fact that neurocontrollers provide high speed and high control efficiency, among their disadvantages it
is still possible to highlight the fact that neurocontrollers are mainly designed and adapted for a specific object of
regulation. In addition, it is difficult from an implementation point of view.
A serious alternative to digital control is the use of fuzzy logic capabilities [20,21], which allows to reduce the
complexity of control algorithms, reduce the time of design and implementation into production. In control systems
of complex technological processes, controllers based on fuzzy logic are especially effective [21].
The qualitative indicators and accuracy of the automated control system (ACS) are determined, after the
disappearance of the external influence and the completion of transient processes, by the ability of the system to
return to a steady state.
The analysis shows that, although the results obtained in the field of the electric drive control are of great practical
importance, they are still focused on individual special cases of the electric drive system control. They lack the
ability to eliminate external influences and return the system to a steady state with high performance and accuracy
after the completion of the transient process.
Taking into account the applied features of controlling the mechanical part of the electric drive control system, it
can be established that the synthesis of the regulator, taking into account their fuzzy characteristics, is of actual
scientific and technical interest.
The aim of the study is to simulate a fuzzy controller for controlling the mechanical part of the two-mass electric
drive system, which increases control efficiency due to processing speed and high accuracy.

Il. MATERIALS AND METODS
In this work, the mechanical part of the electric drive system with a random load change is used as a controlled
object, the block diagram of which is shown in Fig. 1.
The first mass (moment of inertia Ji) is represented by an electric motor. The second mass (moment of inertia J,)
is represented by a technological mechanism. The motor and mechanism are connected by an elastic structure with
a stiffness coefficient of c.
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Fig.1. Diagram of the mechanical part of the electric drive
The mathematical model of a two-mass mechanical model looks like this:
day
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where MD is the torque of the electric motor, M. is the torque of resistance of the technological mechanism on
the motor shaft, Mi, is the stretching moment; Cis the stiffness of the connection between the electric motor and

the technological mechanism, @1:@2 gre the rotational speeds of the motor and the mechanism, respectively.

In this case, studies were conducted on the electric drive system of the grinding process, which is widely used in
mineral processing and the production of building materials. This process is difficult to control due to the fact that
inside the crushed load regularly undergoes qualitative and quantitative changes, which are of an uncertain nature
[22]. The results were considered for 2 cases of changes in the torque of resistance, which are more common in the

grinding process:

2 3
- the torque of resistance created by the mechanism changes according to the Mo +My @, +M; (wZ) +Ms (w2)
law (Fig. 2),
- the torque of resistance created by the mechanism has a stepped shape (Fig. 3).
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Fig. 2. The torque of the resistance of the technological mechanism varies according to the

Mo +Mo2 + mz(mz)2 +mg (o )3 law.
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Fig. 3. The torque of the resistance of the technological mechanism varies according to a stepwise dependence
In the Simulink environment of the MatLab software package, a model with a PID controller of the mechanical part
of the electric drive system was built (Fig. 4). Observations were made for 2 different cases of load changes
mentioned above.
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Fig. 4. Model with PID controller of the mechanical part of the electric drive system.
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Fig. 5. In case of a change in the load torque shown in Fig. 2: a) the motor rotation speed before the PID
controller, b) after regulation.
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Fig. 6. In case of a change in the load torque shown in Fig. 3; a) the speed of rotation of the motor before the PID
controller, b) after regulation.

It follows from Fig. 5 and 6 that with a dynamic change in the torque of load resistance, the PID controller does not
provide the desired regulation. In one case, the angular velocity of the motor is regulated with a significant delay
(Fig. 5), and in the other case, the change in the speed of rotation of the electric motor is partially regulated (Fig.
6), which cannot be considered a satisfactory result.

Taking into account the results obtained, the possibility of using a controller with fuzzy logic was considered. The
fuzzy logic controller is successfully used in control systems due to the following features:

. has a nonlinear structure and can be successfully used both in systems with nonlinearities in their structure
and in systems with nonlinear external influences.
. It can have many input and output variables that are related to each other by certain rules. The rules work

in parallel, even if a conflict of rules is allowed by a specialist, then other rules can resolve the conflict that has
arisen.

. Modeling of a fuzzy controller is simplified by applying the "if"- "then" rules.

The core of the Fuzzy logic controller is a block with fuzzy logic [20] (Fig. 7).

Fuzzy Rule
Baze

Input = s Output
:>| Fuzzification Fuzzy Defuzzification /——
signal J  Unference J J signal

Fig. 7. The structure of the basic block of fuzzy logic.

The structure of the basic block of fuzzy logic includes three main blocks [20]. The fuzzification block, the logical
solution formation block and the defuzzification block. In the block of the logic solution shaper, fuzzy sets are
processed, the output signal of the block is determined by the methods of specifying the fuzzy implication and
composition.

The transition from the space of physical variables to fuzzy ones is carried out using the fuzzification operation
(fuzz) and is determined by the type of specification of fuzzy membership functions (in the form of a Gaussian
function). The return to physical variables is performed by a defuzzification operation (dfz) and is performed by
center of gravity (cog) methods.

J

Il. RESULTS
In order to increase the efficiency of the mechanical part of the electric drive system, a model of a fuzzy controller
was developed. Details of the results obtained are given below.
To build a control system with a fuzzy controller, sets of input signals have been generated. For this purpose, we
used data obtained for its rotation speed as a result of observations of the operation of the electric motor (Fig. 8).
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Fig. 8. The speed of rotation of the motor during long-term operation of the motor.
Using the Fuzzy Logic Toolbox environment of the MatLab software package, a Sugeno-type fuzzy output system
was created (Fig. 9) with four inputs (wo(k), Wo(k-1), W1(k-1), W1(k-2)) and one output (w1(Kk)).

Wo(k) (12 MFs)

Sugeno
Type 1 fw)

Wi(K) (14 MFs)

Wz(k-2) (12 MFs)
Fig. 9. Generation of a Sugeno type fuzzy output system with 4 inputs and one output.

A Gaussian membership function was chosen for the input variables. Their number is set according to the number

of points in the sequence of the input signal. For the mechanical part of the considered electric drive system, their
number is set to 12.

A database of rules has been formed. Each rule establishes the correspondence of the membership functions of the
incoming variables to the numerical value of the output variable.

16 Rules have been formulated for controlling the mechanical part of the electric drive system (Fig. 10).

2335



Weight

Name

a) b)

J. Electrical Systems 20-7s (2024): 2331-2340

Fig.10. a) the base of rules; b) the process of processing the input signals of the fuzzy controller of the mechanical
part of the electric drive system.

The surface of a simulated fuzzy controller for controlling the two-mass electromechanical system is presented.

Fig. 11 shows a surface view of the relationship between the inputs Wo(k), Wo(k-1) and the output W1(k).
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Fig. 11. Dimensional input—output surface plots.
Using the Neuro - Fuzzy Designer interface, the system has been trained, tested and checked. About 2000 data were
collected at the input and output of the system. The collected data was divided into three separate datasets, of which
50% were used for network training, 25% for testing, and 25% for re-checking. The training error was 0.0911 (Fig.
12). In Fig. 13, the training data are marked with blue dots, and the corresponding to them output values of fuzzy

logic are marked with red asterisks.

2336



J. Electrical Systems 20-7s (2024): 2331-2340

@ Neuro-Fuzzy Designer: FuzzyModel4d — m] X

File Edit View

- . . C— e
® @) o0 [[|O
omvas | comoss ||| st || venmou ||| texnor |

Fig 12. Training error.
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Fig. 13. Training data.
After training, you can visually evaluate the structure of the constructed fuzzy hybrid neural network ANFIS
(Fig.14)

[@] Anfis Model Structure - [m] x

Fig. 14. Structure of the created hybrid network.
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Fig. 15. Fuzzy control model of the mechanical part of the electric drive
Layer 1: Input is the input layer of a hybrid neural network for phasing.
Layer 2: The Inputmf are the outputs of the neurons in this layer represent the values of the membership functions
at specific input values.
Layer 3: Rule outputs: The neurons of this layer are the degrees of truth of the prerequisites of each rule of the
system's value base.
Layer 4: Outputmf: The neurons of this layer calculate and form the values of the outputs of variables.
Layer 5: Output: The neurons of this layer perform a defuzzification operation.
To confirm the reliability of the efficiency of controlling the mechanical part of the electric drive system using a
fuzzy controller, it was modeled in the Simulink environment (Fig. 15).
The model tests shown in Fig. 15 confirm the high efficiency of the control system with a fuzzy logic controller
when changing the load torques according to various laws (Fig. 16).
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Fig. 16. Control of the rotation speed of the electric motor using a PID controller and a fuzzy logic controller: a)
the load torque varies according to the law shown in Fig.2; b) the load torque varies according to the law shown
in Fig.3.

IVV. CONCLUSIONS
The electric drive systems of various mechanisms used in technological processes are exposed to randomly
changing factors during operation, which can make the elastic vibrations of the mechanical part of these systems
the most intense. In order to avoid accidents caused by elastic vibrations occurring in the mechanical part, the
possibilities of using traditional regulation were considered. For cases of changes in the load torque created by the
technological mechanism, according to two different laws, graphs of changes in the rotation speed of the electric
motor before and after PID regulation were considered. It was found that the use of a traditional control system
with a PID controller does not provide satisfactory required results.
During operation, the elastic links of the mechanical part can deform and wear out, causing uncontrolled changes
in the stiffness of the joint and the stretching moment. It turns out that the complexity of controlling the system
under consideration is due to both a random change in the torque of resistance created by the mechanism and
unknown changes in the parameters of the mechanical part during operation. They served as the basis for modeling
new intelligent approaches to controlling the mechanical part of an electric drive system.
To control the mechanical part of the electric drive system, a model with a Fuzzy logic controller was proposed.
The model with four inputs and one output was created in the Fuzzy Logic Toolbox environment of the MatLab
software package. To ensure the operation of the system, a set of input signals was formed, which made it possible
to formulate 16 rules for controlling the mechanical part of the system.
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The performance of the proposed model was evaluated in the Simulink environment. A comparative analysis of the
control capabilities of systems with PID controllers and fuzzy logic controllers has shown that, regardless of the
nature of the change in the torque of resistance, the fuzzy logic controller provides high control efficiency. In
particular, at the time of suspension of the learning process, the error was 0.0911.

The identification error of the hybrid network synthesized based on the training results did not exceed 9 %, which

is a satisfactory result for the electric drive system under consideration.

The results obtained suggest that the use of a fuzzy logic algorithm to control the mechanical part of an electric

drive system makes it possible to ensure high quality indicators for systems with previously unknown or highly

variable parameters, which makes their use in drive mechanisms of technological units very promising.
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