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DEVELOPMENT OF A SIMULATION
MODEL AND TESTING
METHODOLOGY FOR FREQUENCY

CONTROL SYSTEMS OF AN
INDUCTION DRIVES USING
SINAMICS G220 AND DIGITAL
TWIN TECHNOLOGY

The object of research is information processes of control in Sinamics G220 frequency converters with an induction drive.
The research problem lies in the need to develop simulation models of components of control systems for technological objects, as well
as to design methodology and implement procedures for their testing based on Digital Twin technology.

A functional scheme of a Sinamics G220 simulation model with an integrated induction drive has been developed in the TIA Portal
environment. A project of a frequency control system for a 5.5 kW induction drive has been developed through parameterization, and
setup of the communication environment based on Simatic S7 tools. Procedures for parameterization and Digital Twin generation were
applied to create a virtual Sinamics G220 with an integrated induction drive.

The functionality of the operating modes of the Digital Twin has been defined and implemented, involving the application of the
following variable parameters of rotational speed and mechanical load:

— Speed setpoint (1000 rpm and 2950 rpm with a period of 20 s);

— Ramp Function Generator (1.0 s "Up"and 1.0 s "Down");
- Constant load torque (0.95 and 0.75 p. u.).

A procedure for setting the "Speed setpoint” via virtual digital inputs has been implemented for the operating modes "Setpoint chan-
nel’, "Fixed setpoint’, and "Binary’, providing 16 predefined "Speed setpoints’

Testing of the Digital Twin was carried out using the built-in WEB server for two parameter sets with switched "Speed setpoints”
and variable mechanical load "Constant load torque’ The testing results confirmed the adequacy of the simulation model’s response to
changes in input parameters and operating modes of the Digital Twin of the Sinamics G220.

The obtained results are of practical significance for the commissioning of frequency control systems for induction drives using

Sinamics G220.
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1. Introduction

In the conditions of modern technological development, auto-
mated control systems for technological objects (ACS TO) play a sig-
nificant role, resulting in an increase in productivity, quality, safety and
efficiency of industrial production as a whole [1]. The application of
virtual commissioning concepts in automation and robotics is a priority
for solving compatibility problems between virtual modeling and real
systems [2]. One of the directions for increasing the technical and eco-
nomic indicators of robotic systems is the development of mathematical
models that describe the behavior of the robot and their verification
based on experimental data [3]. Such criteria for ACS TO [4] neces-
sitate the use of the latest technologies for the design, digital modeling,
testing, commissioning and maintenance of ACS TO components,

including for power electronics [5]. Issues of methodology and assess-
ment of trends in conceptual development and digital transformation of
real cyber-physical systems based on their "Digital Twins" are reflected
in the work [6]. A systematic review of the literature on the applica-
tion of "Digital Twins" in the energy sector for smart grids identifies
architectures that include a physical entity, bidirectional communica-
tion, a virtual entity (modeling and simulation), data management,
and services [7]. Distributed energy systems are complex and require
continuity of service. In this context, "Digital Twins" with an appropri-
ate architecture can be an effective solution for real-time management
of such systems and control of physical assets [8].

One of the promising trends in the development of the methodol-
ogy for building modern ACS TO is the use of "Digital Twins" to study
the operating modes and information processes of interaction between
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ACS TO components based on virtualization technologies. This ap-
proach also correlates with the modern concepts of the industrial
revolutions "Industry 4.0" and "Industry 5.0" The theoretical concept
of "Digital Twins" can also be transformed into a practical mechanism
with empirical evaluation and achieve high accuracy of forecasting
based on machine learning (ML) [9].

A systematic review of the functionality of the transition from the
concept of "Industry 4.0" to "Industry 5.0" based on scientific findings
indicates that the technological component based on "Digital Twins' is
transformed into the digitalization of human-machine interaction [10].
The tasks and results of the application of "Digital Twins" for virtual
commissioning of IoT components of robotic complexes based on
SCADA and cloud technologies in the direction of "Industry 4.0/5.0"
are highlighted in the research [11]. The potential of "Digital Twins"
technology for synchronous motors, its feasibility assessment for real-
time modeling, fault detection, predictive maintenance and identifica-
tion of key problems are considered in [12].

At the same time, the creation and testing of hardware and software
tools based on simulation models and "Digital Twins" is an integral part
of a comprehensive approach to solving the above scientific and technical
problems. The results of applied research focused on the development of
a hybrid software solution for potential communication between equip-
ment from different manufacturers, as well as virtual commissioning of
unified components of control systems are given in [13].

A feature of the developed methodology for testing ACS TO based
on "Digital Twins' is the use of the TIA Portal tool environment (Siemens
AG, Germany), which provides simulation modeling modes approaching
real time [14]. In [15] it is shown that the evaluation of the results of indi-
rect control of the torque value is acceptable for specific industrial appli-
cations of Sinamics G120 frequency converters (Siemens AG, Germany).

Emulation of energy systems, such as asynchronous drives, has
increased due to the development of computing resources and the
possibilities of digitalization of ACS TO components. Tool platforms
provide a universal approach to the design, optimization and research
of frequency control systems for electric drives. In [16], the results of the
design of an asynchronous machine using "Digital Twin’, which models
its performance and behavior under failure conditions, are presented.

The use of "Digital Twins" in the power industry and other indus-
tries is a relevant topic of research, especially regarding the potential
of "Digital Twins" for optimizing automated control processes. In [17],
generalized approaches to the creation of "Digital Twins" and mod-
els in general are presented. At the same time, the proposed recom-
mendations are aimed at supporting the further development and use
of "Digital Twins" as a promising direction of modern ACS TO engi-
neering. Requirements for the reliability of energy converters in vari-
ous industries form separate tasks of accurate "on-line" identification
of system parameters under different load conditions. Identification
technologies based on "Digital Twins" provide fast and accurate identi-
fication of system parameters based on modeling methods without ex-
isting real equipment [18]. Methods of applying "Digital Twins" for the
development and testing of frequency control systems of electric drives
are especially relevant for the dynamically developing electromobility
industry [19]. In addition, the widespread use of frequency control
systems of electric drives in modern conditions of industrial production
is closely related to the need to optimize production through maximum
automation of technological processes and saving energy resources.

Based on the above, the development of a testing methodology
based on simulation models and the "Digital Twin" technology cre-
ates new prospects for expanding the functionality, improving control
algorithms and studying information processes of interaction between
components of the ACS TO.

In [20], the development of the "Digital Twin" of the frequency con-
verter of an asynchronous machine for predicting electrical parameters
in stationary modes using machine learning methods was considered.

The effectiveness of different model architectures (simple neural net-
work, parallel, serial and serial with a physical component) for predict-
ing the main parameters (Voltage, current, frequency and temperature
of IGBT) was compared. The models were trained on experimental
data from the test bench, and their accuracy was assessed by error met-
rics. The best results were shown by the sequential physically-oriented
model, which provided a low relative error within 0.2-0.7%. The results
obtained indicate that the combination of "Digital Twins" and machine
learning allows for accurate real-time forecasting and opens up pros-
pects for condition monitoring and optimization of power electronic
systems. The limitation of the research is that only stationary modes of
system operation were considered, the model analysis was not general-
ized to other types of converters or dynamic modes, and the interpreta-
tion of ML components needs to be clarified.

In [21], an approach to diagnostics and fault-tolerant control of
three-phase converters (T-type rectifier) based on "Digital Twins" is
considered. The proposed "Digital Twins' model is implemented using
a Deep Neural Network (DNN), which is trained on experimental data
in the "off-line” mode and refined in the "on-line" mode to increase ac-
curacy. The main task is to detect and localize faults (failures of power
switches, failures of current and voltage sensors. Diagnostics is based on
a comparison of the dynamic behavior of the real system and its "Digital
Twin". Experimental results confirm that the proposed approach in-
creases the reliability of the converter and allows the implementation
of the "sensorless-control” mode. A feature of the research is the use of
the difference in dynamic characteristics as a diagnostic feature and
experimental validation. The limitations of the work include the orien-
tation on a specific type of converter (T-type rectifier), dependence on
the quality of training data and the interpretation of the DNN model
that requires clarification. In [22], the application of the "Digital Twins"
technology for Primary Frequency Control (PFC), forecasting the tech-
nical condition and increasing the reliability indicators of a hybrid
wind-diesel power system is considered. The main idea is to create an
integrated model that combines the physical system, its "Digital Twin"
and bidirectional data exchange between them in real time. This ap-
proach allows for monitoring, diagnostics and predicting component
degradation. The paper analyzes the topological features of the "Digital
Twin" including models (physics-based and data-driven), data flows,
network interaction, failure prediction and predictive maintenance
technologies. This corresponds to the current direction of technology
development — hybrid "Digital Twins" (physics and AI). At the same
time, given the originality of the proposed approaches, further solutions
are required to validate and adapt the research results to real unified
hardware and software tools of control systems, operating conditions
of technological equipment.

In [23], a method for building "Digital Twins" for monitoring the
state of three-phase power converters in real time is proposed. The
method is based on the creation of "Digital Twins’, which works syn-
chronously with the real control system and performs the function of
a constant "watchdog’, providing evaluation of electrical signals without
the use of additional sensors or calibration. The practical implemen-
tation is demonstrated on the example of a 3L-NPC (Neutral Point
Clamped) converter with experimental validation. To assess the degra-
dation of components (in particular, the LC filter) a hybrid optimiza-
tion approach was applied, combining Particle Swarm Optimization
and a genetic algorithm (GA), which work sequentially to increase the
accuracy and reliability of parameter identification. The advantage of
the work is real-time orientation, the absence of additional hardware,
and experimental verification. In addition, the use of hybrid optimiza-
tion provides a more accurate assessment of degradation processes
compared to separate algorithms. At the same time, the research has
a number of limitations - the approach was tested only for a specific
3L-NPC topology, the use of evolutionary algorithms can create ad-
ditional computational load when scaling the system.
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In [24], the application of the "Digital Twins" concept for electric
drives using the Extended Kalman Filter (EKF) is investigated to esti-
mate the internal states of an induction motor in real time. The pro-
posed approach involves the creation of a synchronized "Digital Twins’,
which is integrated with the control system and allows estimating pa-
rameters such as speed, currents and magnetic fluxes without the use of
physical sensors. The results obtained demonstrate that the use of EKF
as part of "Digital Twins" allows achieving high accuracy of state estima-
tion and ensuring stable operation of the electric drive in real time. The
main advantage of the research is the combination of "Digital Twins"
with classical methods of state estimation, which provides an acceptable
interpretation and the possibility of practical implementation. At the
same time, the proposed solutions have a number of limitations related
to the dependence on the accuracy of the mathematical model of the
electric drive in real conditions with uncertainties. In addition, the use
of EKF involves linear approximations, which reduces accuracy with
significant nonlinearity of the control modes.

In [25], a comprehensive review of advanced control of induction
motors is presented. A systematic synthesis of control methods (includ-
ing control strategies, advanced algorithms, and sensorless methods)
is presented. A comparative analysis highlights the effectiveness of di-
rect torque control strategies based on artificial intelligence methods
that provide an optimal balance between torque dynamics and system
stability. However, their industrial implementation remains limited
due to algorithmic complexity and high hardware requirements. The
main goal of the work is to generalize existing approaches to control
electric drives, classify them, and determine development prospects.
The authors consider both classical control methods (in particular,
PID control and vector control) and modern intelligent approaches,
including algorithms based on Al fuzzy logic, and neural networks.
Considerable attention is paid to "sensorless” control methods. The con-
sidered control algorithms can serve as the basis for building behavioral
models as part of "Digital Twin" systems. At the same time, the problems
of constructing topologies of "Digital Twins" and implementing interac-
tion between a physical object and its model remain unsolved. In ad-
dition, the research is limited only to aspects of control, not including
design, operation and maintenance.

In [26], deals with the problem of increasing the accuracy of posi-
tioning and tracking trajectories in feed drives of high-speed machines.
The main aim of the research is to analyze the influence of different
methods of "feedforward” control on the quality of reproduction of the
given motion. The work developed a simulation model of the feed drive,
which allows studying the behavior of the system when using different
control strategies. It is shown that the use of "feedforward” compo-
nents allows to significantly reduce the errors of tracking trajectories
in feed drives of high-speed machines. The work also emphasizes that
the dynamic limitations of the mechanical structure and the presence of
oscillations can significantly affect the efficiency of control, and there-
fore the balance between the complexity of the model and its practical
implementation is important. The proposed approaches allow to assess
the acceptable limits of accuracy improvement and to formulate recom-
mendations for tuning feedforward algorithms. However, the research
has a limitation, which is the need for integration with real data and
equipment, as well as synchronization between the physical system and
its "Digital Twin" in real time.

In [27], a method and an example of using "Digital Twin" for
virtual commissioning of technological equipment to accelerate en-
gineering processes, improve employee skills, and save material re-
sources are presented. Ways to solve this problem are formulated by
identifying promising approaches to creating environments with in-
tegrated "Digital Twins" for virtual commissioning of equipment in
the process of industrial production. The developed system includes
different levels of interaction between the operator and the "Digi-
tal Twin" of the "Cossembly” type, which can be implemented on the

basis of behavioral "Cobots" to optimize production. The proposed
solution is based on "WinMOD" (Winmod GmbH, Germany) -
a platform for creating "Digital Twin" real-time systems for PLC,
SCADA simulation, production line modeling and operator training.
Asa PLC Simatic S7-1500 (Siemens, Germany), the simulator "PLCSIM
Advanced" (Siemens, Germany) was used, which interacts with in-
dustrial robots. At the same time, if "Digital Twins" PLCs have been
used for a relatively long time, then building simulation models based
on "Digital Twins" frequency converters for electric drive equipment
requires the use of the latest technologies and further research.

The results of the analysis of literary sources [20-27] allow to con-
clude that the problem of improving the topologies of "Digital Twins'
optimized for real hardware and for operation in modes close to real time
needs to be solved. At the same time, the complexity of approaches, the
unification of design procedures, the compatible functionality of compo-
nents and the adaptation of "Digital Twins' for their scaling to real indus-
trial control systems and technological equipment are especially relevant.

Considering that modern industrial production massively uses
frequency-controlled electric drives [28-30], it is advisable to inte-
grate the latest tools for creating "Digital Twins" into the modeling
systems of ACS TO, for example, based on the "DriveSim Engineer”
toolkit (Siemens, Germany).

Thus, the object of research is defined as information control processes
in Sinamics G220 frequency converters with an asynchronous drive.

The aim of research is to develop a simulation model and a method-
ology for testing the operating modes of the Sinamics G220 frequency
converter with an asynchronous drive with a variable mechanical load
in the ACS TO based on the "Digital Twin" technology.

To achieve the aim, the following tasks were set:

1) to develop a functional diagram of the Sinamics G220 simulation
model with an asynchronous drive based on the "Digital Twin’;

2) to perform parameterization and configuration of the simulation
model components in the tool development environment;

3) to implement the functionality of the "Digital Twin" Sinamics
G220 operating modes with an asynchronous drive;

4) to test the "Digital Twin" Sinamics G220 with an asynchronous
drive for operating modes with a variable speed and mechanical load.

2. Materials and Methods

The aim of research will be achieved if, in the process of developing
a simulation model and testing methodology, separate "Digital Twins'
of a frequency converter, asynchronous drive and communication
environment are combined and their joint functioning in real time
is implemented.

Before conducting the research, the following assumptions were
made: information processes during the interaction between "Digi-
tal Twins" of a simulation model of a frequency converter, an asyn-
chronous drive can be reproduced with certain restrictions in relation
to physical systems.

The following simplifications were made: the developed simula-
tion model and testing methodology based on "Digital Twins" is tied to
a specific type of hardware and software and will require expansion of
functionality and improvement for further scaling.

The simulation model and testing methodology were developed
on the basis of unified hardware and software Simatic S7 (Siemens,
Germany) [31]. The testing methodology and simulation model based
on "Digital Twins" provide for a vector "sensorless-control” mode of
frequency control of an asynchronous drive.

To implement the simulation model and methodology for testing
the frequency control system of an asynchronous drive based on "Digi-
tal Twins" technology, the following hardware was used:

- frequency Converter: Sinamics G220 PN (Siemens AG, Ger-

many) [32];
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- asynchronous Drive: SIMOTICS 1LE1 (Siemens AG, Ger-
many) [33];

— communication: SINAMICS DriveSim Virtual Network Inter-
face (Siemens AG, Germany) [34].

The following instrumental software was used to implement the tasks:
— TIA Portal V20 software platform (Siemens AG, Germany) [35];
- optional software for integrating Sinamics Frequency Con-
verters into TIA Portal V20 projects "StartDrive Advansed V20"
(Siemens AG, Germany) [36];

- software for generating and parameterizing "Digital Twins" Sin-
amics G220 and asynchronous drives "DriveSim Engineer V2.1"
(Siemens AG, Germany) [34].

The above unified hardware and software tools are tools for project

management, conﬁguration, parameterization, implementation ofa com-
munication environment, application programming, simulation model-

ing and testing of ACS TO, including those based on "Digital Twins"

3. Results and Discussion

3.1. Development of a functional diagram of a simulation model

of Sinamics G220 with an asynchronous drive based on "Digital Twin"

The simulation model of FC Sinamics G220 PN with induction

motors based on "Digital Twin" provides for interaction between the
TIA Portal V20 tool software environment and the virtual Frequency

Converter via the virtual "SINAMICS DriveSim Virtual Network
Interface’.

The simulation model includes the following components:

— TIA Portal V20 (software environment for project development,
configuration and parameterization of hardware, communication
setup, development of control algorithms, visualization and interac-
tion with virtual components of process control systems);

- SINAMICS StartDrive Advanced V20 (optional software pack-
age for integrating the Frequency Converter into TIA Portal pro-
jects with configuration, parameterization, diagnostics and com-
missioning functions);

— DriveSim Engineer V2.1 (software package for generating and
parameterizing "Digital Twins" of the FC Sinamics G220 PN;

- "Digital Twin" of the Frequency Converter Sinamics G220 PN
with integrated induction motors (from integrated in TIA Por-
tal V20 to induction motors with individually defined parameters);
—  SINAMICS DriveSim Virtual Network Interface (for communi-
cation of TIA Portal with "Digital Twin");

- built-in WEB server of the Frequency Converter (for para-
meterization, commissioning, visualization and study of operat-
ing modes).

Fig. 1 shows the functional diagram of the simulation model of

the FC Sinamics G220 PN with integrated induction motors based
on "Digital Twin" technology.

SIMULATION MODEL OF THE «FC SINAMICS G220» WITH INTEGRATED INDUCTION MOTORS
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Fig. 1. Functional diagram of the simulation model of FC Sinamics G220 PN with integrated induction motors based on the "Digital Twin" technology
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The functional diagram of the simulation model is developed based
on an integrated approach, which involves the use of unified hardware and
software tools and the latest technologies for building "Digital Twins" of
components of electric drive control systems. The TIA Portal tool platform
with the integrated SINAMICS StartDrive software package form a design
environment for the implementation and study of operating modes of elec-
tric drive systems based on Frequency Converters with integrated induc-
tion motors. When developing the functional diagram, the latest technolo-
gies for generating "Digital Twins" of the Frequency Converter using the
DriveSim Engineer V2.1 software package were used [14, 34]. Bidirectional
interaction between the TIA Portal tool platform and the "Digital Twin" of
the FC Sinamics G220 PN is carried out via the SINAMICS DriveSim Vir-
tual Network Interface. Additionally, for the tasks of parameterization and
study of the operating modes of the simulation model, the use of the built-in
WEB server "Digital Twins" of the FC Sinamics G220 PN [37] is envisaged.

3.2. Parameterization and configuration of the components of
the simulation model in the instrumental development environment

3.2.1. Parameterization and configuration of FC Sinamics G220
PN with integrated induction motor

Before the start of development, the following parameters of the
FC Sinamics G220 PN simulation model with integrated induction
motor were determined:

— the FC Sinamics G220 PN simulation model with an asynchro-

nous drive is developed to study the operating modes, testing and

commissioning of unified hardware and software tools of the Simat-
ic S7 control systems (Siemens AG, Germany);

- development environment — instrumental software "TTA Portal

V20" with an additional extension package for the integration of fre-

quency converters 'SINAMICS StartDrive Advanced V20';

- "Digital Twin’ Sinamics G220 PN with integrated asynchronous

drive 1LE1001-1BA62-2xxx is generated and parameterized using

the DriveSim Engineer V2.1 software package);

— the algorithm and control parameters are implemented in the

"Digital Twin" of FC Sinamics G220 PN and provide for the speed

setting mode via "Digital Input” (DI);

— the power of Sinamics G220 PN with integrated asynchronous

drive ILE1001-1BA62-2xxx is 5.5 kW;

— the nominal speed of the asynchronous drive 1LE1001-1BA62-

2xxx is 2950 rpm.

For the simulation model and testing methodology of FC Sinamics
G220 PN with asynchronous drive, the following speed and variable
dynamic load settings will be used:

— variable speed setting (1000 rpm, 2950 rpm with a period 0of 20 s);

0_D proj_270226 Drive 0

Devices | Plant objects

- "Rump-Function-Generator” parameters (1.0 s — "Up"and 1.0's

"Down");

— "Constant load torque” parameters (0.95 and 0.75);

- "Intrising moment of inertia" parameters (0.0012 kg - m?).

Development, configuration and parameterization of components
of the simulation model of FC Sinamics G220 PN with an asynchronous
drive in the tool environment "TTA Portal V20" includes the following:

- creation of a simulation model project in the tool environment

"TTA Portal V20';

- configuration and parameterization of FC Sinamics G220 PN;

- configuration and parameterization of the asynchronous drive

1LE1001-1BA62-2xxx;

- parameterization of the communication environment of the FC

Sinamics G220 PN simulation model with integrated drive;

- generation of the "Digital Twin" of the Sinamics G220 PN with

the integrated asynchronous drive 1LE1001-1BA62-2xxx with de-

fined parameters using the "DriveSim Engineer V2.1" tools;

- activation and parameterization of the FC Sinamics G220 WEB

server "Digital Twin'.

Fig. 2 shows the result of configuring and parameterizing the FC
Sinamics G220 PN in TIA Portal V20.

The section (Devices & networks) of the developed project "Sin-
amics_G220_DSE_v2.1_proj_270226_1" for FC Sinamics G220 in-
cludes the following components (from left to right):

- Project tree: Drive_unit_1 [G220];

— Device view: Drive control (Sinamics G220), Commu-

nication Module PROFINET (CM PN: X150 P1, X150 P1),

MOTOR (MOT);

- Hardware catalog: SINAMICS G220 — G220 PN (6SL4113-

0Cx15-xxxx, 5.5 kW).

Fig. 3 shows the result of configuration and parameterization of
Induction motor 1ILE1001-1BA62-2xxx in TIA Portal V20.

The section (Devices & networks) of the developed project "Sin-
amics_G220_DSE_v2.1_proj_270226_1" for 1LE1 Induction motor
includes the following components (from left to right):

- Project tree: Drive_unit_1 [G220];

- Device view: Drive control (Sinamics G220), Commu-

nication Module PROFINET (CM PN: X150 P1, X150 P1),

MOTORS (MOT);

- Hardware catalog: Motors — Induction motors (1LE1001-

1BA62-2xxx, 5.5 kW, No encoder).

Fig. 4 shows the result of parameterization of the communication
environment [38] of the FC Sinamics G220 PN simulation model with
integrated 1LE1 induction motors.
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Fig. 2. Result of configuration and parameterization of FC Sinamics G220 PN in TIA Portal V20

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 3/2(89), 2026

79 —)



INFORMATION AND CONTROL SYSTEMS: ISSN-L 2664-9969; E-ISSN 2706-5448
( SYSTEMS AND CONTROL PROCESSES

a 0_D proj 270226 Drive 0
Devices | Plant objects Topology view Network view Device view || Options
i pology P
=4 =0 P73 =] Device overview 03
= S
o 2 ... [Module slot [Type Article no v |Catalog H
Nome N < < i contol [ [t @) o
~ L sinamics_G220_DSE_v2.1_pro| 2702261 [ ] & - S D RS0 esta1i3ocxsam | oo T = g
W Add new deice o S G R e g —
£ Devices & networks = o — -1 saucs 6220 sl &
v I3 Drive unit_1(6220] o = » = 6220 |
£ » [ 6220 0P ol
I\ Device configuraton Ethernet commissioning interface issioning interface B G220 v
% Online & diagnostics DRIVE-CLIQ interface DRIVE-CLIQ interface - =]
B i cuick sty & 65L4 1000000 XcFx 3
12 Guided quick startup Notor_1 1LET induction motor 1LE1001-18A62-200x = s
o E " » [ G220 Rsd85 | 3
1% Parameterization 3 s =2
= o -
Vi Rotate & optimize = . 8
® recename ot @ DRVE-CLiQ motors E
) . e ey ErE— ~ 138 inducton motos
» [ User-defined lists |'a Properties  |% Info i |% Diagnostics B o ot —
v [ Traces General | I0tags | System constants | Texts | & 1LE5 induction motors {'
& Add newtace 1 — T ~ @ 1°C1 induction motors 3
¢ Add new measuring function u e Motor - selection - 1LE1 =] @ 1743 induction motors [
%Y settings il Catalog information @ 1PHS induction motors L
- ’ =
» 58 Measurements 620 | Woior = selection=1LE7 Guided quick startup: (A & 263 induction motors =l
» [5i Combined measurements 0 ~ Motor details = -
4] v | Information i~
» i Ungrouped devices s P g
» i ecurtysetigs L Notorbake Deve: 2 [~z
~ = = 2 Selection | Article number Rated speed  Rated power | Encoder @
» [ Cross-device functions.
P e @ L i T, <Fiter [&] <riter> (3] <Fiter> [5] <Fiter> [] L]
= ﬁ P f ©  1LE1001-18A22-2xKx 295000 pm 400KW  Noencoder 3
8 colaboration devices il ©  1LE1001-1BA22-2xIx  2950.00 rpm 4.0 kW No encoder z
T i @  1LET001-1BA62-2x0¢  2950.00 rpm 550 KW, No encoder 2
B O 1UE1001-18A62 266 295000pm 550K Noencoder U T T -|z
¥ Supervision settings ©  1LE1001-1BA62-2xGx 2950.00 rpm 5,50 kW No encoder
» [g Logs o 1LE1001-1BA62-2xPx  2950.00 rpm  5.50 kW No encoder Article no.: 1LETX006X0000 100X =
» @ nstruction profes ©  1LE1001-1BA62-2xQx 2950.00 rpm 550 kW, No encoder T | —
D el ™ ©  1LE1001-18A62-24R 295000 1pm 550KW  Noencoder
= ©  1LE1001-1BA62-2xKx  2950.00 rpm 550 kW No encoder [« | Description:
—
» [ Languages & resources = ’ U
B ] [ Bl > ‘The non-specified 1LE1 motor must be
<[ ] I>] v parameterized before downloading.
Fig. 3. Result of configuration and parameterization of induction motor 1LE1001-1BA62-2xxx in TIA Portal V20
Devices | Plant objects [& Topology view |k Network view |[IY Device view | i
5 = B | ¥ Network| 1 Connections [HM connectio -] "H Network overview Connections 1/0 communication VPN TeleControl 3|
| 3
== g
[l 4 Device Type Address in subnet Subnet H
Name _ ~ SINAMCS G_1 SNAMCS G -] @
~ | Sinamics_G220_DSE_v2.1_pro] 270226_1 S SNAMCE 6220 ]
[ AEATECE . . ~ Communication module N 19216804 PNIE_T 5
ch Devces & netvorts Drive unit_1 oL ot e
32 Drive unit_1(G220] . Port2 Port o
e e E G220 issioning interface  Etheret commissioning interface 172162003 Not connected %
4, Online & diagnostics o
4
2 Guided quick startup 5
¥ Parameterization A
Vit Rotate & optimize 8
®) Accepiance test . o
» [ tser-deed s Not assigned Bl
» [ Traces =4
» £ Ungrouped devices |- E
» g Securiy settings L 2
» [38 Cross-device functions =
B s o 172.16.200.3 — m
» (g} Common data E
b e &
» ] Documentation settings . g
S PN/IE_1: 192.168.0.4 )
» [4l Version controlinterface 3
» 3 Online access =

Fig. 4. Result of parameterization of the communication environment of the FC Sinamics G220 PN simulation model with integrated 1LE1 induction motors

The section (Devices & networks) of the developed project "Sin-
amics_G220_DSE_v2.1_proj_270226_1" for the communication envi-
ronment includes the following components (from left to right):

- Project tree: Drive_unit_1 [G220];

- Network view: Network — Drive_unit_1[G220];

- Network overview: Communication module (CM-PN - IP ad-

dress 192.168.04), Ethernet commissioning interface (IP address

172.16.200.3).

B /| DriveSim Engineer - TIA Portal Add-In - Create instance

3.2.2. Generation of the Sinamics G220 PN Digital Twin with Instance created successfully
an integrated asynchronous drive

The simulation model assumes that a full-fledged project for real
hardware is first developed in the TIA Portal tool environment, and © Cconfiguration v
then this project is transferred to the generated Sinamics G220 PN FC
Digital Twin. This approach ensures the maximum approximation of
the simulation model to real hardware by using the same tool environ-
ment for both real components and their Digital Twin.

To create the Sinamics G220 PN FC Digital Twin, the DriveSim
Engineer V2.1 software package was used, which allows, in addition to
generating the Digital Twin, to simulate various types of mechanical
loads on virtual induction motors [14, 34]. Fig. 5 shows the procedure for
generating the Sinamics G220 PN FC Digital Twin with integrated in-
duction motors and specified parameters using DriveSim Engineer V2.1.

As a result of executing the "Digital Twin" generation procedure:

- the correctness of the hardware configuration "Configuration”

was checked;

- the"Contact the SINAMICS DriveSim Manager service” service

was activated;

@ Contact the SINAMICS DriveSim Manager service v

@ DriveSim instance created ~

X ) ) A . Fig. 5. Procedure for generating a "Digital Twin"
- the FC Sinamics G220 PN instance "DriveSim instance created of the FC Sinamics G220 PN with integrated induction motors using

was opened‘ DriveSim Engineer V2.1
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The following system parameters of the "Digital Twin" were generated:

- 1ID: 7e5576fd-0f87-4d7f-ba53-7896002df131;

— Name: Sinamics_G220_DSE_v2.1_proj_270226_1.SINAMICS

G_1._Virtual_1;

— [P address: 172.16.200.3.

Fig. 6 shows the DriveSim Manager panel with the active instance
"Sinamics_G220_DSE_v2.1_proj_270226_1.SINAMICS G_1._Virtual _1"

Thus, the active instance of the "Digital Twin" FC Sinamics G220
PN "Sinamics_G220_DSE_v2.1_proj_270226_1.SINAMICS G_1._
Virtual_1" interacts with the project in TIA Portal V20 in the same way
as real equipment and is the basis of the simulation model.

3.2.3. Activation and parameterization of the WEB server "Digi-
tal Twin" FC Sinamics G220 PN

The integration of WEB servers into the hardware and software
tools of the ACS TO [9, 25] (PLC, Frequency Converters, Smart Sen-
sors and Actuators, SCADA) is a modern trend and corresponds to the
concepts of "Industry 4.0" and "Industry 5.0". The integration of WEB
servers into the ACS TO provides the following functionality:

- remote monitoring of technological processes via the WEB in-

terface in real time;

- visualization of equipment operating parameters (time trends,

tables, information panels);

- control of technological objects via standard browsers without

the need to install specialized software;

- collection, storage and processing of technological data from

sensors, actuators, PLC and other devices;

- administration, diagnostics and maintenance of technological

equipment based on network technologies.

WEB servers are especially useful in solving simulation modeling
problems of ACS TO components based on "Digital Twin" technolo-
gies, where on the one hand unified hardware and software tools are
used, and on the other hand there is no physical interface. At the same
time, there are various ways to organize a virtual interface in simulation
modeling problems [14, 34, 39]:

— by means of tool software based on internal virtual data ex-

change protocols;

- based on virtual interfaces and I/O of individual "Digital Twin"

ACS TO components;

- based on integrated WEB servers "Digital Twin" ACS TO com-

ponents.

The developed methodology is based on the application of all the
above methods. Fig. 7 shows the procedure for activating the integrated
WEB server "Digital Twin" FC Sinamics G220 PN.

n DriveSim Manager

DriveSim instances | Notifications | About |

M Sinamics_G220_DSE_v2.1_proj_270226_1.SINAMICS G_1.Virtual_1

FC Sinamics G220 PN uses two independent networks:

— PROFINET interface [X150]: Web server access via HTTPS

(port443);

- Ethernet commissioning interface [X127]: Web server access

via HTTP (port 80);

- Ethernet commissioning interface [X127]: Web server access

via HTTPS (port 443).

Fig. 8 shows the result of accessing the integrated WEB server "Dig-
ital Twin" FC Sinamics G220 PN in the sections "Diagnostics” — "Con-
nection overview".

The section "Diagnostics’ — "Connection overview" of the WEB
server "Digital Twin" FC Sinamics G220 PN displays the current structure
of all components of the simulation model (Operation unit <> Con-
verter <> Motor) with the corresponding parameters and communica-
tion connections.

3.3. Implementation of the functionality of the operating modes
"Digital Twin" Sinamics G220 with an asynchronous drive

The functionality of the operating modes "Digital Twin" Sinamics
G220 PN with an integrated induction motor is determined by the
parameters in the section "Guided quick startup’ for the object "Drive
unit_1 [G220]' [40].

Fig. 9 shows the sequence of parameterization of the operating modes
"Digital Twin" Sinamics G220 PN with an integrated induction motor.

The sequence of parameterization of the functionality of the oper-
ating modes "Digital Twin" Sinamics G220 PN with integrated induc-
tion motor includes:

- Connection to PLC: operating mode Sinamics G220 PN with

PLC, or without PLC;

- Application: modes "Speed control’, "Positioning” or "PID con-

troller”;

- Operation mode: modes "Standard Drive Control - SDC', "Dy-

namic Drive Control - DDC’, or "Selecting other closed-loop con-

trol mode";

- Limits: "Maximum speed’, "Minimum speed’, "Rump-up time

"OFF1 rum-down time’, "Quick stop — OFF3 rum-down time’, "Mo-

tor current limit’, "Supply voltage’;

- 1/O configuration: "Select I/O presetting’;

- Telegrams: "Communication telegrams for the PLC’,"No telegram’;

- Rotate & optimize: "Define the criteria for optimization’;

- Summary: "Configuration summary".

The individual parameters of the "Digital Twin" Sinamics G220 PN
with integrated induction motor are defined in the "Parameterization’
section for the "Drive unit_1 [G220]" object.

- m] X
Start all | Stop all I Remove all I
® 172162003 Y ES

Fig. 6. DriveSim Manager panel with active instance "Sinamics_G220_DSE_v2.1_proj_270226_1.SINAMICS G_1._Virtual 1"

JDevices u Plant objects ‘

Sinamics_G220_DSE_v2.1_proj 270226_1 » Drive unit_1 [G220]

i S|k bveniczn ] W 4[] @ T W

Name

General

¥ | sinamics_G220_DSE_v2.1_proj 270226_1
B Add new device
rh Devices & networks
~ |4 Drive unit_1[G220]
[y Device configuration
|%| Online & diagnostics
2 Guided quick startup
3 Parameterization
Vit Rotate & optimize
® Acceptance test
» (3§ User-defined lists
» [ Traces

} General

} OPC UA

} PROFINET interface [X150]
Module parameters
} Protection & Security

} Ethernet commissioning interface [X127]
Device selection - G220
Time synchronization / Time of day

} Hardware settings

Web server

X127: Web server access via HTTP (port 80)
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X127: Web server access via HTTPS (port 443)
\!lFixed wvalue (1) selected

X150: Web server access via HTTPS (port 443)
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Fig. 7. Procedure for activating the integrated WEB server "Digital Twin" FC Sinamics G220 PN
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Fig. 8. Result of accessing the integrated WEB server "Digital Twin" FC Sinamics G220 PN in the sections "Diagnostics” — "Connection overview"
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Fig. 9. Sequence of parameterization of the operating modes "Digital Twin" Sinamics G220 PN with integrated induction motor

Fig. 10 shows the "Operation mode" parameterization procedure
for the standard operating mode of the "Digital Twin" Sinamics G220
PN with parabolic amplitude-frequency characteristic.

The procedure is performed through the section "Parametriza-
tion" — "Basic parametrization” — "Operation mode” — "Speed set-

Sinamics G220

point” — "Standard Drive Control (SDC)" — "Speed dependent (para-
bolic characteristic)

The next required functional parameter is "Setpoint channel’,
which defines the source of the control signal for the "Digital Twin"

"

PN (Fig, 11).

Sinamics_G220_DSE_v2.1_proj_270226_1 » Drive unit_1 [G220] » Drive control [G220] » Parameterization

Cup=R=]
~ Basic parameterization
Configuration summary

Motor optimization
} Dafasefs
units
Inputs/outputs.
~ Setpoint channel
Function selection
Motorized potentiometer
Fixed setpoints
speed setpoint
Speed limiting
} Ramp-function generator
~ Drive control
 Standard Drive Control
Current imitation
SDC characteristic
Power unit
Motor
~ Drive functions
} Brake control
Automatic restart
Flying restart
} Messages / Monitoring
} Safety Integrated
} Technology functions
Control logic

[o] ing mode

B Yo " %Y Standard [0CDS00 (act{=] | 42 Start editing (/2 Finish editing | 4= Back — Forward

Speed setpoint

Operating mode

@ (11 standard Drive Control (SDC)
(O [21 Dynamic Drive Control (DDC)

() [0] Selecting other closed-loop control modes

Optimize for

|11 Speed-dependent load (parabolic characteristic) ||

> Typical application

- Pumps, fans and compressors with flow characteristic
- Blasting technology (wetand dry biasting)

- Mills, mixers, kneaders, crushers, agitators

- Horizontal conveyors

- Simple spindes

¥ Typical characteristic values

- Robust vector ontrol for simple handling

- Motor power up to 45 kW

-Ramp-up times greater than 5- 105
- Continuous motion with constant load
- Static torque limiting

- Stationary speed accuracy

Fig. 10. Procedure for parameterizing "Operation mode" for the standard operating mode "Digital Twin" Sinamics G220 PN
with parabolic amplitude-frequency characteristic
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Fig. 11. Procedure for determining "Setpoint sources” for "Digital Twin" Sinamics G220 PN
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For the developed simulation model, it is assumed that the in-
duction motor rotation speed is set via Digital Inputs (DI) for "Set-
point channel” — "Fixed setpoint” of the FC Sinamics G220 PN [41].
Fig. 12 shows the procedure for parameterizing "Setpoint channel" for
"Digital Twin" Sinamics G220 PN in "on-line" mode.

The procedure is performed through the section "Parametri-
zation" — "Setpoint channel” — "Fixed setpoint” — "Fixed speed
setpoint select mode” — "Binary" and allows to set 16 predefined
speeds of the induction motor via 4 DI [42]. Fig. 12 shows the ac-
tivation of "Bit 0" and "Bit 1", which corresponds to the code com-
bination "0011", which sets the output speed for the "Digital Twin"
Sinamics G220 PN - 3000 rpm.

3.4. Testing the Sinamics G220 Digital Twin with an asynchro-
nous drive for variable speed and mechanical load modes

The testing process of the Sinamics G220 PN Digital Twin with
integrated induction motors will include the following:

- parameterization of the Digital Inputs/Outputs (I/O) of the Sin-

amics G220 PN Digital Twin (Fig. 13);

- activation of the ON/OFF(OFF1) mode via the virtual Digital

Input "DI0" in "DriveSim Manager” — "Controls" — "Digital in-

put"— "DIO (FDI: 1)’ — "Set/Reset” (Fig. 14, a);

- setting one of two different speeds (1000 rpm) via the virtual

Digital Input "DI1" in "DriveSim Manager" — "Controls" — "Digi-

tal input”— "DI1 (FDI: 1)’ — "Set/Reset (Fig. 14, a);

- setting the other of two different speeds (3000 rpm) via vir-

tual Digital Inputs "DI2-DI3" in "DriveSim Manager" — "Con-

trols" — "Digital input"— "DI2 (FDI: 2)" and "DI3 (FDI: 2)' — "Set/

Reset" with a period of 20 s (Fig. 14, a);

- parameterizing the change of mechanical load "Load settings’

on the "Digital Twin" Sinamics G220 PN with integrated induction

motor (Fig. 14, b).

As a result of parameterization of virtual Digital Inputs, the op-
erating modes and speed of the Digital Twin" Sinamics G220 PN are
set (Fig. 14, a):

- DI 0 (XI311) activates parameter ¢840[0] "ON/OFF (OFF1),

which activates the three-phase power supply of the "Digital Twin"

Sinamics G220 PN power unit;

- DI 1 (X1312) activates parameter c1022[0] "Fixed speed

setpoint selection bit 2, which sets the speed setpoint of Sinam-

ics G220 PN - 1000 rpm (Fig. 10);

- DI 2 (X1315) activates parameter c1020[0] "Fixed speed

setpoint selection bit 0', which sets the speed setpoint of Sinam-

ics G220 PN - 1500 rpm (Fig. 10);

- DI 3 (X1316) activates parameter c1021[0] "Fixed speed

setpoint selection bit 1, which sets the speed setpoint of Sinam-

ics G220 PN - 2000 rpm (Fig. 10).

The following basic mechanical load parameters are available in
"DriveSim Manager” that can be changed (Fig. 14, b):

- constant load torque, 0.01 p. u,;

- linearload torque, 0.01 p. u,;

- quadratic load torque, 0 p. u.

Dimension p. u. (per unit) — representation of physical quantities
as a fraction of the base value (used to simplify calculations in electrical
systems for machines and mechanisms).

In addition, for testing the "Digital Twin" Sinamics G220 PN, it is
possible to "Import” from the available database [34] additional me-
chanical load parameters (Fig. 14, b):

- intrinsic moment of inertia, kg - m?;

- external moment of inertia, kg - m%;

— torsional stiffness, Nm/rad;

- damping constant, Nms/rad.

Set of parameters "Digital Twin" Sinamics G220 PN No. 1:

- frequency converter: SINAMIC G220 PN (6SL4113-0Cx15-xxxx,

55kW);

— etlectric drive: Induction Motor (1LE1001-1BA62-2xxx, 5.5 kW);

- device supply voltage: 400 V;

- speed control mode: "Setpoint channel

point” — "Binary';

- speed parameters: two speed values with a period of 20 s (1000 rpm

and 2950 rpm);

- constant load torque, 0.95 p. u. (Fig. 15).

Fig. 16 shows the results of testing the "Digital Twin" Sinam-
ics G220 PN with an integrated induction motor for parameter
set No. 1 using the WEB server. The time dependences of the servo
rotation speed in rpm for the parameters "Speed setpoint” and "Speed
actual value” (Fig. 16, a) and "Output voltage” and "Absolute current
value" (Fig. 16, b) are shown.

Fig. 17 shows the results of testing the "Digital Twin" Sinam-
ics G220 PN with integrated induction motor for parameter set No. 1
using the WEB server. The time dependences for the parameters
"Torque actual value” and "Active power value” are shown.
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Fig. 12. Procedure for parameterizing the "Setpoint channel” for the "Digital Twin" Sinamics G220 PN in the "on-line" mode
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Fig. 13. Parameterization of Digital Inputs/Outputs (I/O) "Digital Twin" Sinamics G220 PN) - “on-line" mode
Parameter set No. 2 "Digital Twin" Sinamics G220 PN No. 2 differs From the comparative analysis of the test results, it follows that the
from parameter set No. 1 by the Constant load torque value equal to  simulation model "Digital Twin" FC Sinamics G220 PN adequately
0.75 p. u. (Fig. 18). responds to changes in the parameters of the speed of rotation "Speed

Fig. 19 and Fig. 20 show the results of testing the Sinamics G220 PN setpoint” and the mechanical load "Constant load torque equal to'
Digital Twin with integrated induction motor for parameter set No. 2. Thus, the developed simulation model and testing methodology for

Fig. 21 and Fig. 22 show a comparison of the results of testing ~ Sinamics G220 PN frequency converters with an asynchronous drive
the "Digital Twin" Sinamics G220 PN with an integrated induction  based on "Digital Twin" technology can be effectively used to study
motor for parameter set No. 1 and No. 2 at "Speed setpoint” speeds of  the operating modes of components of control systems for technologi-
1000 rpm and 2950 rpm. cal objects.
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= ) Quadratic load torque 0
DI2 (FDI: 2) Set Reset
Import
Parameter | Value | Unit |
Offset fime o B m Intrinsic moment of ilneru.a 0.0120000001 kg-m:
—V Extemnal moment of inertia 0 kg-m?
Setall FDIs Torsional stiffness 0 Nmirad
. Damping constant 0 Nmsrad
a b

Fig. 14. Parameterization of the "Digital Twin" Sinamics G220 PN in "DriveSim Manager":
a — activation of the "ON/OFF(OFF1)" mode and setting the speed of rotation of the "Digital Twin" Sinamics G220 PN via virtual Digital Inputs;
b - changing the mechanical load in "Load settings"

183548cc-3aee-47f7-9a34-f59b98b14421 - Controls

Digital inputs  Load settings

Data was changed

The simulation instance was running
| Parameter \ Value | Unit } during the change. To apply the new

Constant load torque 0.95 parameters, the simulation instance
8 must be restarted.
Linear load torque 0.01
Quadratic load torque 0 Do not forget to save the RAM data
retentively before restarting the
instance.

Fig. 15. Parameterization of the "Digital Twin" Sinamics G220 PN in "DriveSim Manager" (Constant load torque equal to 0.95 p. u.)
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Fig. 16. Results of testing the "Digital Twin" FC Sinamics G220 PN using the WEB server for parameter set No. 1:

a — Speed setpoint and Speed actual value; & — Output voltage and Absolute current value

Drive unit_1:
Operation - Everything enabled

v Torque actual value 17.08 Nm

28.

) )

Th ]

<, L_\U[—J ﬁ\}! \/_)U[\-
8.
132347 132356 132404 132413 132421 132430 132438
[ ]
v Active power actual value 1.79 kW

7.

| e
N W

yo— \— ]

13:24:04

07
13:23:47

13:23:56 13:24:13 132421 13:24:30 13:24:38

Fig. 17. Results of testing "Digital Twin" FC Sinamics G220 PN by WEB-server means for parameter
set No. 1 (Torque actual value and Active power value)
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Fig. 18. Parameterization of the Sinamics G220 PN Digital Twin in DriveSim Manager (Constant load torque equal to 0.75 p. u.)
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Fig. 19. Results of testing the "Digital Twin" FC Sinamics G220 PN using the WEB server for parameter set No. 2:
a — Speed setpoint and Speed actual value; & — Output voltage and Absolute current value
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Fig. 20. Results of testing the "Digital Twin" FC Sinamics G220 PN using the WEB server for parameter
set No. 2 (Torque actual value and Active power value)
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Fig. 21. Results of testing "Digital Twin" FC Sinamics G220 PN for parameter set No. 1 (Constant load torque equal to 0.95 p. u.):
a - "Speed setpoint” equal to 1000 rpm; & — "Speed setpoint” equal to 2950 rpm
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Fig. 22. Results of testing "Digital Twin" FC Sinamics G220 PN for parameter set No. 2 (Constant load torque equal to 0.75 p. u.):
a - "Speed setpoint” equal to 1000 rpm; & — "Speed setpoint” equal to 2950 rpm

3.5. Discussion of the results

The main criterion in developing a simulation model and testing
methodology for frequency converters "Sinamics G220 PN" with an
asynchronous drive for control systems based on "Digital Twin" tech-
nology was the creation of a functionally adequate simulation model
and a comprehensive solution to the formulated problems.

Before starting the research, an analysis of scientific publica-
tions [1-8] was conducted, which highlight the basic principles of
construction, relevance and prospects for the use of "Digital Twins"
technology in the design, modeling, creation and maintenance of the
life cycle of the ACS TO. In addition, the implementation of research
in the above direction closely correlates with modern concepts and
examples of building ACS TO "Industry 4.0" and "Industry 5.0" [9-12].

A feature of the developed simulation model and testing meth-
odology is the use of the TIA Portal tool environment (Siemens AG,
Germany), which provides simulation modeling modes with an ap-
proximation to real time [13-15].

The widespread use of frequency control systems for electric drives
in modern industrial production conditions is closely related to the
need to optimize production through maximum automation of tech-
nological processes and saving energy resources [16-19].

The results of the analysis [20-27] allow to conclude that further
solutions are needed to improve the topologies and methods for model-
ing components of the ACS TO and systems as a whole based on their
"Digital Twins. Solving such problems is aimed at creating simulation
models based on "Digital Twins" with their maximum approximation to
real control systems and technological equipment operating in real time.

Considering that modern industrial production massively uses
frequency-controlled electric drives [28-30], it is advisable to inte-
grate the latest tools for creating "Digital Twins" into the modeling
systems of ACS TO, for example, based on the "DriveSim Engineer’
toolkit (Siemens, Germany) [35].

As a toolkit for conducting research, a modern software platform
and unified hardware and software tools "Simati S7" (Siemens AG,
Germany) were used [31-36].

Based on the functional diagram (Fig. 1), a project was devel-
oped in "TIA Portal V20", which includes the implementation of pro-
cedures for configuring and parameterizing the Sinamics G220 PN
frequency converter with an integrated asynchronous drive
"SIMOTICS 1LE1" (Fig. 2-4). The simulation model and testing method-
ology involve the use of the virtual interface "SINAMICS DriveSim Virtual
Network Interface” for interaction between the TIA Portal project and the
"Digital Twins" of the system (Fig. 1). The advantage here is that the project
is first developed based on real hardware in the "TIA Portal” tool envi-
ronment, and then this project is transferred to the "Digital Twin" of the
Sinamics G220 PN (Fig. 1). To generate the "Digital Twin" of the Sinamics
(G220 PN frequency converter with an integrated asynchronous drive and
specified parameters, the "DriveSim Engineer V2.1" toolkit [34] was used.
This toolkit allows, in addition to generating "Digital Twins' (Fig. 5, 6),
to simulate various types of mechanical loads on the virtual asynchro-
nous drive (Fig. 14, b). Despite the binding of the proposed solutions to

frequency converters of the "Sinamics G220" type, such converters have
afairly wide range of output powers within (0.55-160 kW) [32].

In the research, for the tasks of parameterization and visualiza-
tion of the system operating modes, an integrated WEB server of the
frequency converter "Sinamics G220" was used, which functions both
on the physical converter and on "Digital Twins" [14, 34, 39]. Integra-
tion of WEB servers into hardware and software tools of the ACS TO is
amodern trend and provides the following functionality:

- remote monitoring of technological processes via the WEB in-

terface in real time;

- visualization of equipment operating parameters (time trends,

tables, information panels);

- control of technological objects via standard browsers without

the need to install specialized software;

- collection, storage and processing of technological data from

sensors, actuators, PLC and other devices;

- administration, diagnostics and maintenance of technological

equipment based on the latest network technologies.

WEB servers are especially useful when solving problems of simu-
lation modeling of ACS TO components based on "Digital Twin" tech-
nologies, where unified hardware and software tools are used, but there
is no physical interface (Fig. 7, 8).

For the simulation model and testing methodology, the research
implemented the "Operation mode" parameterization procedures for
the standard operating mode of the "Sinamics G220 PN" frequency con-
verter with a parabolic amplitude-frequency characteristic (Fig. 9,10).
Such a characteristic is typical for pumping units, fans, compressors,
mixers, grinders, conveyors and other technological equipment with
variable mechanical load [43-47].

One of the functional tasks when creating simulation models of
ACS TO components is the implementation of virtual methods for
specifying input parameters. For the developed simulation model, in
contrast to the research with speed setting via the communication
bus [14], a method of setting the speed of the asynchronous drive
via Digital Inputs (DI) "Sinamics G220" [41, 42] was defined. The
procedure "Setpoint channel" — "Fixed setpoint” of the FC Sinam-
ics G220 PN was implemented (Fig. 12).

Testing of the simulation model "Digital Twins" of the frequency
converter "Sinamics G220" with an asynchronous drive was carried
out for operating modes with variable speed and mechanical load. The
corresponding parameters "Digital inputs” and "Load settings” were
set via the virtual panel (Fig. 14) in "DriveSim Manager” with the ac-
tive instance "Sinamics_G220_DSE_v2.1_proj_270226_1.SINAMICS
G_1._Virtual_1"(Fig. 6).

As a result of testing, transient processes were investigated during
the interaction between virtual components of the simulation model
in the "on-line" mode. Testing was carried out for two sets of input
parameters (Fig. 15-20):

"Speed setpoint” (1000 rpm and 2950 rpm), which were switched

with a period 0of 20 s;

~ "Constantload torque” (0.95 p. u.and 0.75 p. u).
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Time trends of transient processes were constructed and absolute
values of technological parameters were obtained: "Speed setpoint’,
"Speed actual value’, "Output voltage’, "Absolute current value’, "Torque
actual value and" and "Active power value". The results of testing the
simulation model of the frequency converter "Sinamics G220" with an
asynchronous drive based on "Digital Twins" technology confirm the
operability, functionality and adequacy of the model’s behavior.

The simulation model did not use a PLC, and to control the operat-
ing modes of the frequency converter and the asynchronous drive, virtual
discrete inputs "DI0-DI3" of Sinamics G220 PN were used (Fig. 11-14, a).
The TIA Portal V20 project, which includes the parameterized Sinam-
ics G220 PN frequency converter and the asynchronous drive, is an inte-
gral part of the simulation model and can be transferred to real hardware.
In this case, the virtual interface "SINAMICS DriveSim Virtual Network
Interface” for communication of the TIA Portal project with the "Digital
Twin" (Fig. 1) must be switched to hardware. Similarly, in a real system,
instead of virtual discrete inputs for controlling the operating modes of
Sinamics G220 PN, real inputs with control signals from hardware PLCs
or other control devices must be used.

The limitations of research include the fact that only some of the
available parameters of the virtual mechanical load were involved in
the process of testing the simulation model. In addition, Restrictions
are defined for the "DriveSim Engineer V2.1" toolkit [48].

The TIA Portal development environment also supports the inte-
gration of MATLASB Simulink models based on the "SIMATIC Target"
technology [49]. At the same time, the "SIMATIC Target" technology
requires a PLC with ODK (Open Development Kit) support: Software
PLC SIMATIC $7-1500 or CPU 1518 ODK. This approach compli-
cates the implementation of the simulation model due to additional
components and procedures, and the integrated MATLAB-Simulink
models may require additional correction and research for their practi-
cal application.

The research can be continued in the direction of creating new im-
proved and promising simulation models based on the "Digital Twins"
technology with the functions of regulators and control of additional
technological parameters.

4. Conclusions

1. Based on the proposed functional scheme, a simulation model
and a methodology for testing and studying the operating modes of the
frequency control system for an asynchronous drive based on the "Digi-
tal Twins" technology have been developed. The functional scheme of
the simulation model includes virtual frequency converters Sinam-
ics G220 PN, asynchronous drive SIMOTICS 1LE1 and SINAMICS
DriveSim Virtual Network Interface, which interact with each other in
real time.

2. A project for a frequency control system for an asynchronous
drive has been developed in the TIA Portal tool environment. The
hardware and communication environment of the project have been
parameterized. "Digital Twins" of the Sinamics G220 PN frequency
converter with integrated asynchronous drive SIMOTICS 1LE1
and WEB server have been parameterized and generated using
the DriveSim Engineer V2.1 tool for 5.5 kW. This makes it possible
to test and study the operating modes of the system based on the
time trends of transient processes and absolute values of technologi-
cal parameters.

3. The functionality of the simulation model and testing method-
ology "Digital Twin" Sinamics G220 PN with an asynchronous drive
was implemented by integrating the procedures:

- parameterization of the operating mode with a parabolic ampli-

tude-frequency characteristic: Parametrization — Basic parametri-

zation — Operation mode — Speed setpoint — Standard Drive

Control (SDC) — Speed dependent (parabolic characteristic);

- parameterization of the setpoint source for up to 16 predefined
speeds of the asynchronous drive via Digital Inputs (DI) of the fre-
quency converter: Parametrization — Setpoint channel — Fixed
setpoint — Fixed speed setpoint select mode — Binary.

4. The transient processes during the interaction between the virtual
components of the simulation model in the "on-line” mode were tested
and studied. Testing was carried out for two sets of input parameters:

- speed setpoint (1000 rpm and 2950 rpm), which were switched

with a period of 20's;

— constant load torque (0.95 p. u.and 0.75 p. u.).

Time trends of transient processes were constructed and abso-
lute values of technological parameters were obtained: Speed setpoint,
Speed actual value, Output voltage, Absolute current value, Torque
actual value and, Active power value.

The results of testing the simulation model of the frequency con-
trol system based on the "Digital Twins" technology allow to draw
a conclusion about the operability, functionality and adequacy of
the development.
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