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FEATURES OF INTEGRATING ANSYS AND SIMULINK SOFTWARE
FOR MATHEMATICAL MODELING OF TRANSIENT PROCESSES IN
AN ASYNCHRONOUS MOTOR

OCOBJIUBOCTI OB’€EJHAHHS ITPOI'PAM ANSYS TA SIMULINK
A MATEMATHYHOT'O MOJAEJIIOBAHHS HIEPEXI/THUX ITPOIECIB
B ACUHXPOHHOMY JIBUI'YHI

The paper presents an algorithm for creating a coupled model to study transient processes in
an asynchronous motor with a squirrel-cage rotor using Ansys Simplorer-Maxwell2D and Simulink en-
vironments. An integrated model is proposed, combining electromagnetic calculations in Ansys Max-
well2D with a control system in Simulink. This approach enables more accurate analysis of electrome-
chanical processes during transient studies.

The combined use of the software allows the model of the asynchronous motor to account for
magnetic core saturation, leakage fields in stator slots, current displacement in rotor slots, eddy cur-
rents in the rotor shaft, hysteresis, short-circuit rings, and slot skew. Key aspects of the development,
debugging, and data exchange between the software environments are discussed.
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The proposed approach can be applied to improve methods for designing and analyzing electric
drives, as well as for educational purposes in higher technical education. Future research prospects
include extending the model to incorporate energy converters.

Keywords: asynchronous motor, transient processes, coupled modeling, electric drive, dynamic
characteristics.

Y pobomi pozensioaemuvcs aneopumm cmeopents CniibHOL MoOei 07151 OOCTIONCEHHS NEPEXIOHUX
npoyecie 8 ACUHXPOHHOMY OBUSYHI 3 KOPOMKO3IAMKHEHUM pomopom y cepedoguwax Ansys Simplorer-
Maxwell2D ma Simulink. 3anpononosano inmezpogary mooeinb, uo NOEOHYE eneKmpoOMAacHImHI pospa-
xyuku 6 Ansys Maxwell2D 3 modennio cucmemu kepysauns y cepedosuwyi Simulink. Taxuil nioxio do-
380JI51€ 3HAYHO NIOGUYUTNY MOYHICTb PO3PAXYHKIE eeKMPOMEXAHIYHUX XAPAKMEPUCTIUK HIO Yac MO-
0e108aHHsL NePexiOnUX NPpoyecis, SKi CYnposoOAHCYIOms NYCK, 3YRUHKY, A MAKOIC 3MIHY HABAHMANCEHHS
ACUHXPOHHO20 eNIeKIPONPUBoOd.

CninbHe 8UKOPUCMARHS 3A3HAYEHUX NPOSPAMHUX 3AC00I8 0aeE 3MO2y 8PAXY8amu CKIaOHI (izu-
YHI A8UWYA, AKI HEMONCIUBO aDO CKIAOHO 8I000paA3UMU Y CIPOWEHUX MANEMATNUYHUX MOOEAX. HACU-
YeHHsI MAZHIMONPOBOOY, PO3CIIOBAHHA MASHIMHO20 NOJIL 8 NA3AX CINAMOPA, GUMICHEHHS. CIMPYMY 8 NPO-
BIOHUKAX POMOPA, GUXPOBI CIMPYMU Y 8ATY, AGULE 2ICIEPE3UCY, 6NIUE KOPOMKOZAMKHYMUX Kileyb, d
maxkooic eghexm cxocy naszig. Onucano ocHO8HI emanu no6y008u MoOei, Memoou HAIA200HCEHHS A
ocobnusocmi 06MiHy Oanumu Mmiswe cepedosuwamu Ansys ma Simulink na ocnogi ko-cimynayii.

3anponorosanuii nioxio moogice Oymu GUKOPUCTAHULL 0I5t B0OCKOHANEHHS MeMOOI8 aHALi3y ma
NPOEKMYBAHHSL €IeKMPONPUBoois, 0cobIUB0 Y SUNAOKax, Koau nompibna eucoxka mounicms. OKpim
Yb020, MaKa MOOelb € ePeKMUBHUM HABYATbHUM THCMPYMEHMOM Y 8UWIL MeXHiuHill oceimi 011 Oe-
MOHCIMpayii CKIAOHUX eneKmpoMacHImHuX npoyecis. Ilepcnexmusu nooanvuux 00CHioNHceHb 6KI0YA-
HOMb PO3UWUPEHHSI MO0 3 YPAXYBAHHAM Nepemeoprosadia eHepeii, & maKoxc KIOYeHHs Meni08ux i
MEXAHIUHUX MOOeell 01151 KOMNIEKCHO20 AHANIZY eIeKMPONPUBOOHUX CUCTIEM.

Knwowuoei cnosa: acunxponnuii 08ueyH, nepexioni npoyecu, 63acmue MOOENIO8AHHS, eleKmpo-
npuUoo, OUHAMIYHI XapaKmepucmuxu.

Problem’s formulation

Asynchronous motors (AMs) are the most common type of electric machines in industry and
household applications due to their simple design, high reliability, and efficiency. They are widely used
in electric drives for various purposes and operating conditions. The most challenging operating condi-
tion for AMs is the transient state, which is accompanied by significant currents (up to 7 times the
nominal current) and electromagnetic torque (up to 4 times the nominal torque).

The analysis of transient processes involves determining electromagnetic parameters, which are
often assumed constant and calculated without considering design specifics. Using the Ansys Simplorer-
Maxwell 2D software (student version) enables the AM model to account for magnetic core saturation,
stator slot leakage fields, current displacement in rotor slots, eddy currents in the rotor shaft, hysteresis,
short-circuit rings, and slot skew, as well as determining nonlinear electromagnetic parameters. The
Matlab Simulink software, with its mathematical packages and virtual modeling capabilities for electric
drives, facilitates the development of control systems. The integrated use of Ansys Simplorer-Maxwell 2D
and Simulink allows for consideration of AM design specifics and virtual modeling of control systems.

Developing an integrated model that combines the AM and control systems is a crucial task for
improving the accuracy of calculations and optimizing the operating conditions of electric drives.

Analysis of recent research and publications

Analysis of recent studies and publications confirms that co-simulation using Ansys Maxwell,
Simplorer, and Simulink is an effective approach for precise modeling of electric drive characteristics,
as it accounts for the design specifics of asynchronous motors (AMs) and their control systems.

In [1], co-simulation of an AM and its control system is demonstrated, where finite element anal-
ysis in Ansys Maxwell enables the determination of electromagnetic field distribution and calculation of
electromagnetic torque, while Ansys Simplorer models the interactions between the motor and the inverter.
Simulink is used to develop the control system, allowing real-time testing of vector control and direct
torque control algorithms. This approach significantly enhances the accuracy of motor characteristic cal-
culations, reduces errors in determining AM performance, and optimizes energy consumption.
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Study [2] focuses on using co-simulation to analyze direct torque control of AMs. Ansys Max-
well facilitates the determination of electromagnetic parameters that are challenging to obtain with tra-
ditional mathematical models. Ansys Simplorer models the interaction between the inverter and the
motor, while Simulink implements the control system, enabling evaluation of direct torque control effi-
ciency and comparison with vector control. The results show that co-simulation reduces torque ripple,
improves the dynamic performance of the electric drive, and accounts for nonlinear dependencies.

In [3], co-simulation is employed to evaluate the performance of an asynchronous motor (AM)
under traction load. The use of Maxwell enables the assessment of magnetic core saturation effects on
AM characteristics. Simplorer is utilized to analyze transient processes in the power supply system,
while Simulink is used to test control algorithms, facilitating the calculation of energy consumption and
power losses in the system. The study confirms that co-simulation provides more accurate results com-
pared to classical methods, particularly in calculating thermal regimes.

In [4], a Simulink model of direct torque control is presented, applied in co-simulation with
Maxwell to improve the prediction of transient processes. Simplorer enables modeling of the electro-
mechanical interaction between the motor and the converter, accounting for the impact of switching
processes on drive performance.

Analysis in [5] demonstrates the effectiveness of co-simulation for predicting the characteristics
of synchronous reluctance machines. The combination of Ansys Maxwell, Simplorer, and Simulink allows
for the determination of electromagnetic parameters, energy losses, and optimal operating conditions.

In [6], the finite element method is used to analyze electromagnetic processes in an asynchro-
nous motor (AM), with Maxwell providing more accurate results compared to classical d-g models.

In [8], co-simulation of the AM startup mode is conducted using Maxwell2D and Simplorer,
with a control system developed in Matlab Simulink. The study also highlights the advantages of the
finite element method over traditional mathematical models, confirming the effectiveness of Max-
well2D in co-simulation.

Studies [7, 11—12] explore the capabilities of co-simulation in Simulink and ANSYS environ-
ments for analyzing electric drive control algorithms. [7] focuses on torque modeling, [9] demonstrates
the benefits of vector control systems in reducing torque ripple and improving switching performance,
and [10] evaluates the impact of pulse-width modulation control of the inverter on energy losses in a
traction AM. In [11], direct torque control is combined with Maxwell for magnetic field analysis, while
[12] investigates control algorithms under near-real-world conditions, enabling a comprehensive evalu-
ation of their effectiveness in transient processes.

Overall, modern research confirms that co-simulation using Ansys Maxwell, Simplorer, and
Simulink enables the consideration of nonlinear electromagnetic characteristics of the magnetic core,
AM geometric parameters, and the impact of switching processes in energy converters and control sys-
tems. This approach reduces errors in determining electromagnetic torque and characteristics, making it
promising for optimizing electric drives by comprehensively accounting for all key system parameters.

Formulation of the study purpose

The purpose of the study is to develop an integrated model of an electric drive with an asyn-
chronous motor, combining field modeling in Ansys Maxwell2D with a control system in MATLAB
Simulink, to achieve more accurate analysis of transient processes during motor startup.

Presenting main material

The development of a model for co-simulation of transient processes in an asynchronous motor
(AM) begins with creating a project in Ansys Simplorer, where a portion of the electric drive control
system is designed (Fig. 1). The schematic in Fig. 1 represents a virtual model that includes the AM
field model created in Maxwell 2D [13] and a voltage control system. This model enables comprehen-
sive analysis of electromagnetic and control processes in real time within the framework of co-simula-
tion with MATLAB Simulink.

To establish a connection between Maxwell 2D and MATLAB Simulink, Ansys Simplorer is
first opened, and a new project is created via the menu for creating a new file. Next, the project name is
specified, and an appropriate directory for saving is selected. Then, the AM field model, developed in
Maxwell 2D, is added. The parameters of the developed AM model are configured based on reference
and calculated data [13, 14].
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Fig. 1. The virtual model of the electric drive, developed in MATLAB Simulink and Ansys
Simplorer environments

The next step involves adding a co-simulation module to enable interaction between Ansys Sim-
plorer and MATLAB Simulink. In the project management window, navigate to “Twin Builder — Add
Component — Add Simulink Component” and select the Co-Simulation Module. This adds the Ansoft
Co-Simulation Interface element to the schematic (Fig. 2). This element serves as a link between the
two software environments, facilitating the transfer of variables between them. In its parameters, the
variables to be transferred must be specified, and proper connection with other schematic components
must be ensured. If necessary, the “Real Quantity Input” data conversion module is added to ensure
correct connection. The Real Quantity Input block (Q = BLS) in Ansys Simplorer is used to input real
numerical values into the model, enabling the transfer of analog signals between different system com-
ponents. The Real Quantity Input functional block serves as an interface between mathematical and
physical models, with its primary purpose being the transmission of variable parameters — such as
current, voltage, speed, or torque—to functional blocks, ensuring accurate modeling of control systems.
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Fig. 2. Structure of the Interaction Module between Ansys Simplorer and Simulink Using the
Ansoft Co-Simulation Interface

Parallel to the development of the electromagnetic model in Ansys Simplorer, a control system
model is created in MATLAB Simulink. To achieve this, MATLAB is launched, and a new project is
initiated in the Simulink environment (Fig. 3). Within this project, a dedicated module implements the
startup system for the asynchronous motor (AM) from the power grid.

The electrical part of the model is constructed using the Simscape Electrical library, which in-
cludes all necessary power electronics components, control nodes, and measurement elements. To verify
the simulation results in Simulink, a simplified mathematical model of the asynchronous motor is also
developed. This model accounts for electromagnetic parameters determined based on [13]. Additionally,
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control and measurement blocks are incorporated into the system to record key characteristics and ena-
ble comparative analysis of simulation results.
To facilitate interaction between Simulink and Ansys Simplorer, a dedicated co-simulation
module, AnsoftSFunction, specifically the S-Function block, is added. This block is responsible for
transferring data such as voltage, current, torque, and speed between the two environments. In the mod-
ule’s settings, the correct path to the asynchronous motor (AM) model files used in co-simulation must
be specified, along with the parameters for variable exchange between MATLAB and Ansys (Fig. 4).
This ensures accurate signal transmission between the two control system models.
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Fig. 3. Structural Diagram of the Control System in MATLAB Simulink

After completing the steps of adding and configuring the software blocks, co-simulation is ini-
tiated. Before launching the model in Ansys Simplorer, it is necessary to verify the correct connection
of all elements. Then, in the MATLAB Simulink environment, the model is executed, during which the
interaction between Simulink and Ansys Simplorer is validated.
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In co-simulation within environments like Simplorer and Simulink, specific steps must be fol-
lowed to establish connectivity and apply the Co-Simulation Module blocks. After creating both the
electromechanical model (Fig. 1) and the control system model (Fig. 3), the first step is to add input-
output ports to the Sim-to-Sim Interface block (Fig. 4). These ports must then be connected using the
“Link” command. Next, in the settings window (Fig. 2), the Simulink project from which the ports for
co-simulation will be used is selected, after which they are automatically added to the created Co-Sim-
ulation module. The subsequent step involves launching the control system through the Simulink envi-
ronment. This approach enables simultaneous simulation of both models.

To compare the transient characteristics of the AM startup mode, simulations were performed
in the MATLAB Simulink model, Ansys Simplorer (Fig. 1), and MATLAB Simulink (Fig. 3). The
startup characteristics of the AM in the MATLAB Simulink-Ansys Simplorer model are shown in
Fig. 5, while those in the MATLAB Simulink model are depicted in Fig. 6. For the mathematical mod-
eling, an AM of type 4AA63A4U3 [15] was selected, with a power rating of 250 W and a rotational
speed of 1500 rpm. In the MATLAB Simulink AM model, electromagnetic parameters were used as
defined in the reference [15].
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Fig. 5. Startup Characteristics of the Field Model of the 4AA63A4U3 Asynchronous Motor
(AM): a— Startup current in the stator winding of phase A; b — Electromagnetic torque; ¢ — Angular
velocity of the rotor
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Fig. 6. Startup Characteristics of the AM with Constant Electromagnetic Parameters
(4AA63A4U3): a — Startup current in the stator winding of phase A; b — Electromagnetic torque;
¢ — Angular velocity of the rotor

Comparative analysis of the startup characteristics shows that the model developed in MATLAB
Simulink and Ansys Simplorer, which accounts for the nonlinearity of magnetic materials and the geo-
metric parameters of the AM, differs from the MATLAB Simulink model with constant electromagnetic
parameters. Specifically, the maximum current value is 12 % higher, the electromagnetic torque is 11 %
lower, and the transient process completes 6.2 % faster. The electromagnetic torque (Fig. 5, b) exhibits
harmonics caused by the toothed geometry of the rotor and stator. When compared to reference data
[15], the simulation results in MATLAB Simulink and Ansys Simplorer indicate that the maximum
startup current in Ansys Simplorer exceeds the reference value by 12 %, while in MATLAB Simulink,
itis 14 % lower.

Conclusions

In this study, integrated models were developed for the joint simulation of transient processes
in an induction motor (IM) using Ansys Simplorer, Maxwell2D, and Simulink environments. The pro-
posed methodology enables the combination of a finite element model with a control system.

The analysis of the simulation results demonstrated that the proposed approach improves mod-
eling accuracy compared to the use of constant electromagnetic parameters typically found in reference
data [15].

Promising directions for future research include the expansion of the model to analyze the op-
eration of induction motors powered by energy converters.



Posznin 2. MozaemoBaHHS Ta ONITUMI3AIlisl B TEXHOJIOTIT KOHCTPYKITIHHUX MaTepialliB 79

[1]

[2]

3]
[4]
5]
(6]
[7]
(8]
(9]

[10]
[11]
[12]

[13]

[14]

[15]

References

RefreeDrive Project. (2019). Finite Elements Model Co-Simulation of an Induction Motor Drive
for Traction Application. [Online]. Available: https://www.refreedrive.eu/wp-content/down-
loads/Finite_element_model_co-simulation_of_an_induction_motor_drive_for_traction_appli-
cation_aiecon2019 RFDa.pdf

A. K. Singh, P. Kumar, C. U. Reddy, and K. Prabhakar. (2016). Simulation of Direct Torque
Control of Induction Motor Using Simulink, Simplorer, and Maxwell Software. [Online]. Availa-
ble: https://www.researchgate.net/publication/302479453

Performance Evaluation of an Induction Motor Drive for Traction Application. Academia.edu.
[Online]. Available: https://www.academia.edu/67039178

Direct Torgue Control of Induction Motor Simulink Model. MathWorks File Exchange. [Online].
Available: https://mwww.mathworks.com/matlabcentral/fileexchange/78396

Co-Simulation Analysis for Performance Prediction of Synchronous Reluctance Machine Drives.
MDPI Electronics. [Online]. Available: https://www.mdpi.com/2079-9292/10/17/2154
Modeling and Simulation of Induction Motor Based on Finite Element Analysis. ResearchGate.
[Online]. Available: https://www.researchgate.net/publication/313455870

Torque Control of Induction Motor Using Simulink/Matlab. CS Journals. [Online]. Available:
https://csjournals.com/IJITKM/ICFTEM/pdf/2.%20eceee/38-%20357

Modeling and Simulation of Induction Motor Based on Finite Element Analysis. IJPEDS.
[Online]. Available: https://ijpeds.iaescore.com/index.php/IJPEDS/article/view/5826

Space Vector Modulation Based Direct Torque Control of Induction Motor Using Matlab/Sim-
ulink/Maxwell/Simplorer. Academia.edu. [Online]. Available: https://www.aca-
demia.edu/33109158

Nishanth, F. (2022). Simulation and analysis of inverter fed three phase induction motor using
SVPWM technique. arXiv. https://arxiv.org/abs/2209.05254

Direct Torque Control of an Induction Motor Drive. MathWorks Documentation. [Online]. Avail-
able: https://www.mathworks.com/help/sps/ug/power-motordrive-IM-DTC-HYST.html

Direct Torque Control of Induction Motor. IJAMTES. [Online]. Available:
https://ijamtes.org/gallery/1%20conf-ee.pdf

M. Zahrebaiev, M. Zvonetskiy, and O. S’yanov. (2024). Mathematical modeling of transient pro-
cesses in a squirrel-cage induction motor using a field-based approach. Mathematical Modeling.
DSTU. no. 2(51), pp. 66-76.

M. Zahrebaiev, M. Zvonetskiy, O. Ryazantsev, and O. S’yanov. (2024). The influence of electro-
magnetic parameters of a squirrel-cage induction motor on transient processes. Scientific Pro-
ceedings of Dnipro State Technical University (Technical Sciences), no. 2(45), pp. 136-145.
Electric motors of the AIR, 4A, AO, VAO, VR, AIM series: supply, repair, description and refer-
ence data. Ukrnasosservice. [Online]. Available: https://ukr-nasos.com.ua/ru/uslugi/el-
ektrodvigatelya-seriy-air-4a-ao-prodazha-remont-opisanie-i-obmotochnyie-dannyie.html

Crnucoxk BUKOPHMCTAHOI JiTepaTypH

Finite Elements Model Co-Simulation of an Induction Motor Drive for Traction Application
[Enextponnuii pecype] / RefreeDrive Project. — Pesxxum noctymy: https://www.refreedrive.eu/wp-
content/downloads/Finite_element_model_co-simulation_of_an_induction_mo-

tor_drive for traction application aiecon2019 RFDa.pdf, BinpHui.

Simulation of Direct Torque Control of Induction Motor Using Simulink, Simplorer, and Maxwell
Software [Enextponnuii pecypc] / A. K. Singh, P. Kumar, C. U. Reddy, K. Prabhakar. — Pexxum
JOCTYITY: https://www.researchgate.net/profile/ Amit-Singh-5/publication/302479453_Simula-
tion_of_direct_torque_control_of _induction_motor_using_Simulink_simplorer_and_max-
well_software/links/57730b07808ae4645d609d187/Simulation-of-direct-torque-control-of-induc-
tion-motor-using-Simulink-simplorer-and-maxwell-software.pdf , BimsHwmiA.


https://www.researchgate.net/publication/302479453
https://www.researchgate.net/publication/313455870
https://csjournals.com/IJITKM/ICFTEM/pdf/2.%20eceee/38-%20357
https://ijpeds.iaescore.com/index.php/IJPEDS/article/view/5826
https://www.academia.edu/33109158
https://www.academia.edu/33109158
https://www.mathworks.com/help/sps/ug/power-motordrive-IM-DTC-HYST.html
https://ijamtes.org/gallery/1%20conf-ee.pdf
https://ukr-nasos.com.ua/ru/uslugi/elektrodvigatelya-seriy-air-4a-ao-prodazha-remont-opisanie-i-obmotochnyie-dannyie.html
https://ukr-nasos.com.ua/ru/uslugi/elektrodvigatelya-seriy-air-4a-ao-prodazha-remont-opisanie-i-obmotochnyie-dannyie.html

80

Marematrude momaemoBanus Ne 2(53)2025

10.

11.

12.

13.

14.

15.

Performance Evaluation of an Induction Motor Drive for Traction Application [Enekrponumit
pecypc] / Academia.edu. — Pexum nmoctymy: https://www.academia.edu/67039178/Perfor-
mance Evaluation of an Induction Motor Drive for Traction Application , BimbHUiA.

Direct Torque Control of Induction Motor Simulink Model [Enextponnuii pecypc] / MathWorks
File Exchange. - Pesxxum JOCTYIY: https://www.mathworks.com/matlabcen-
tral/fileexchange/78396-direct-torque-control-of-induction-motor-simulink-model , BimsHmii.
Co-Simulation Analysis for Performance Prediction of Synchronous Reluctance Machine Drives
[Enextponnuii pecypc] / MDPI Electronics. — Pexxum moctymy: https://www.mdpi.com/2079-
9292/10/17/2154 , BinbHUH.

Modeling and Simulation of Induction Motor Based on Finite Element Analysis [EnexTponnmii
pecypc] / ResearchGate. — Pexum gocrymy:  https://www.researchgate.net/publica-
tion/313455870_Modeling_and_Simulation_of_Induction_Motor_based_on_Finite_Ele-
ment_Analysis/fulltext/589b685baca2721ae1b7938d/Modeling-and-Simulation-of-Induction-Mo-
tor-based-on-Finite-Element-Analysis.pdf , BinbHui.

Torque Control of Induction Motor Using Simulink/Matlab [Enexkrponnunii pecypc] / CS Journals.
— Pexum goctymy: https://csjournals.com/IJITKM/ICFTEM/pdf/2.%20eceee/38-%20357-
Torque%20Control%200f%20Induction%20Motor%20Using%20Simulink.pdf , BinpHMiA.
Modeling and Simulation of Induction Motor Based on Finite Element Analysis [Enextponnuii
pecypc] / IJPEDS. — Pexum pmoctymy: https://ijpeds.iaescore.com/index.php/IJPEDS/arti-
cle/view/5826 , BiabHMIA.

Space Vector Modulation Based Direct Torque Control of Induction Motor Using Matlab/Sim-
ulink/Maxwell/Simplorer [Enextponnuii pecypc] / Academia.edu. — Pexum mocTymy:
https://www.academia.edu/33109158/Space_Vector_Modulation_Based_Direct Torque_Con-
trol_of Induction Motor using Matlab Simulink Maxwell Simplorer , BibHHIA.

Nishanth, Fnu. Simulation and Analysis of Inverter Fed Three Phase Induction Motor Using
SVPWM Technique [Enexrponnuii pecypc] / Fnu Nishanth // arXiv. — 2022. — Pexxum moctymy:
https://arxiv.org/abs/2209.05254.

Direct Torque Control of an Induction Motor Drive [Enexrponnuii pecypc] / MathWorks Docu-
mentation. — Pexxum moctymy: https://www.mathworks.com/help/sps/ug/power-motordrive-IM-
DTC-HYST.html , BitbHMiA.

Direct Torque Control of Induction Motor [Enexkrponnuti pecypc] / IJAMTES. — Pexxum noctymy:
https://ijamtes.org/gallery/1%20conf-ce.pdf , BinbHwmii.

Zahrebaiev Mykhailo, Zvonetskiy Mykhailo, S’yanov Oleksandr. (2024). Mathematical modeling
of transient processes in a squirrel-cage induction motor using a field-based approach. Mathemati-
cal Modeling. DSTU. Ne 2(51) 2024. 66-76

3arpebaes M.C., 3Bonenpkuii M.C., Pa3annes O.B., C'smop O.M. BmuB enexTpomarHiTHUX
napamMeTpiB aCHHXPOHHOTO JIBUTYHA 3 KOPOTKO3aMKHYTOIO KJIITKOIO Ha NepexigHi npouecu. 30ip-
HUK HAayKOBHX Tpaib J{HIPOBLCKOTO JEPKABHOTO TEXHIYHOTO YHIBEpCHTETY (TEXHIYHI HAYKH).
Kawm’staceke, IJTY, 2024. No2 (45), 216 c., 136-145

Elektrodvyhuny serii AYR, 4A, AO, VAO, VR, AYM postavka, remont, opys ta dovidny-kovi
danni. Ukrnasosservis. [Electric motors of the AIR, 4A, AO, VAO, VR, AIM series supply, repair,
description and reference data. Ukrnasoservice]. ukr-nasos.com.ua. Re-trieved from https://ukr-na-
sos.com.ua/ru/uslugi/elektrodvigatelya-seriy-air-4a-ao-prodazha-remont-opisanie-i-obmo-
tochnyie-dannyie.html [in Ukrainian]

Haoiiuna oo peoxoneaii 02.06.2025
Ipuiinsama nicra peyenzysanns 09.09.2025
Onyb6nixosana 23.10.2025



