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USING A DIGITAL TWIN FOR DIAGNOSTICS OF TECHNICAL SYSTEMS

Octavian Narcis VOLINTIRU , Mihail - Viad VASILESCU, Ionut Cristian Scurtu, A. 1. Epikhin M A. Modina

The article discusses the features of the development and application of a digital twin for the diagnostics of
technical systems. Special attention is paid to the choice of the most appropriate type of digital twin. Also, in
the process of research, a functional diagram of the interaction of the digital twin and the process under study
was built. In addition, an algorithm for the development and use of a digital twin for diagnosing the technical
condition of an industrial robot is proposed.

Key words: robot, diagnostics, digital twin, algorithm.

N CHOJIb30BAHUE IA®POBOI'O JIBOMHUKA I JUATHOCTHKHA

TEXHUYECKHUX CUCTEM

Octavian Narcis VOLINTIRU

Mihail - Vlad VASILESCU,

Jonut Cristian Scurtu,

A.A. Enuxun, kKauouoam mexsHuveckux HayK, OoyeHm
M.A. Moouna, kaHouoam mexHU4ecKux HayK, OoyeHm

B cTaThe paccMoTpeHbI 0c00EHHOCTH Pa3paboTKU U IPUMEHEHHS ITU(POBOTO IBOMHUKA TS IMArHOCTUKY TEX-
HU4eckuX cucTeM. OT/IeNbHOE BHUMAHUE Y/IeTIeHO BRIOOPY HauboIIee M0 IX0/LIIIEro THIla IMpPOBOro JBOH-
HHUKa. Takke B IIpoIlecce MCCIIEAOBAHUS IOCTPOEHA (YHKIMOHAIBHAS CXeMa B3aUMOJIEHCTBHS IUPPOBOTO
JIBOMHIMKA U MCCIIETyeMOr0 TEXHOIOIMIECKOro Iporiecca. Kpome Toro, Ipe/iioKeH alropuT™ pa3paboTK U

TIpUMeHeHVS 1 (POBOTO ABOMHMKA YT TUATHOCTUKY TEXHUUECKOTO COCTOSHUS MPOMBITIIEHHOTO poGoTa.
KitoueBble ciioBa: poGoT, TMarHOCTUKA, TTUPPOBOMA JBOUHIK, ATTOPUTM.

To date, the automation of production pro-
cesses and technological systems has moved far
ahead. In the context of the Fourth Industrial Revolu-
tion, a large modernization is being carried out, many
control and monitoring systems have been developed,
a variety of sensors and devices control the operation
of equipment and components, and many processes
are performed automatically. The information gener-
ated by such technological systems is measured in ter-
abytes [1].

Under these conditions, modern engineering
science is trying to solve a wide range of diverse
problems, such as increasing operational efficiency,
reducing unplanned equipment outages, reducing
downtime, increasing and improving profitability.
Shutting down a particular technology node can mean
losing thousands of dollars every minute. Performing
regular maintenance helps avoid unplanned down-
time, but does not guarantee that equipment will not
fail.

The development of any predictive mainte-
nance system for technological systems is based on
sensor data that can be used to train a classification
and fault detection algorithm. This algorithm is then
exported to simulation software such as Simulink ®
and then embedded into the control block as code [2].
However, it is not always possible to obtain data from
physical equipment in the field with typical failures.
In turn, deliberately generating failures under more
controlled conditions can be time consuming, costly,
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and in some cases even impossible.

In this case, targeted measures can only
slightly increase the efficiency of diagnostic opera-
tions. Obviously, in order to solve the problem, a
comprehensive response based on analytical science
and advanced digital technologies is fundamentally
needed.

It seems that the solution to this problem is the
creation of a digital twin of a technological system or
specific equipment. This approach will allow engi-
neers to generate all the sensor data needed for a pre-
dictive maintenance workflow, including tests with
all possible combinations of faults and faults of vary-
ing severity.

Thus, the study of the possibilities of using a
digital twin to increase the level of performance and
reliability of technological systems is an urgent task
today, which determines the choice of the topic of this
article.

An analysis of modern methods for managing
the process of servicing components of various tech-
nical systems is contained in the works of such au-
thors as: Valeev A R., Mastobacv B.N., Akokhova
N.V., Zakiryanov R M., Wang, Yucheng; Tao, Fei;
Zhang, Meng; Wang, Lihui.

Features of the introduction and use of digital
twins as a modern way of monitoring the technical
condition of equipment of various industrial systems,
engineering units and assemblies are described by
Feoktistov A.G., Kostromin R.O., Sidorov 1A,
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Gorsky S.A., Basharina O.Yu. ., Hu, Chunliua; Fan
Weicun; Zeng, Elan; Hang, Zhi.

The following researchers paid their attention
to the software aspects of the implementation of dig-
ital twins, formalization of requirements for compu-
ting power: Bublikova A.S., Kabaldin Yu.G., Shata-
ginD.A., Anosov M.S., Kolchin P.V., Zhang, Chao-
yang; Ji, Weixi; Liu, Kuo; Han, Wei.

However, despite the existence of a sufficient
number of scientific and technical solutions for the
practical implementation of digital twin technology,
today there is no systematic approach to solving the
problem of creating digital twins, which would take
into account all aspects of the application ofthis tech-
nology: from the development of models and pro-
cessing of multimodal digital twin data to protection
information that characterizes the object under study.

Inview of the foregoing, the purpose ofthe ar-
ticle is to consider an integrated approach to the de-
velopment and application of a digital twin for diag-
nosing technical systems.

The task of diagnosing technical systems as
physical objects using a digital twin includes several
important subtasks that are associated with obtaining

data about the object of study, preprocessing the data,
presenting the data in the form of a certain set (data
structure) and subsequent processing [3]. Related
tasks that should also be solved within the framework
of performing diagnostic procedures are: modeling
the state of a technical system, analyzing data that re-
flect the characteristics of an object and determine the
specifics of its operation as well as describe the ex-
ternal features of the object as a whole and its com-
ponents.

The digital twin consists of a visual model of
the object under study and a behavioral model imple-
mented on the basis of appropriate mathematical cal-
culations and data representation models that provide
synchronization between the virtual and real systems
at the level of data coming from sensors installed for
continuous monitoring of the object under study [4].

To develop a digital twin that will allow diag-
nostics of technical systems, first ofall, it is necessary
to choose the type of digital twin used. To select the
right digital twin you should clearly define the scope
of the purpose and the benefits that can be obtained
from each ofthem (see Fig. 1).

I" Process Digital Twin
A System/mechanism digital twin
Bee' . " .
ivP Digital twin (element of SPP)

Kon
por TWin Digital Component

Fig.- 1 Types of digital twins

The biggest difference between the various
types of digital twins lies in their scope. Typically,
different types of digital twins co-exist in a system or
process, the combination of which produces the best
effect.

Table 1 provides a more detailed description
ofthe types of digital twins and the scope of their pos-
sible application.

To solve the problem of diagnosing technical
systems, according to the author, the most appropriate
combination of such types of digital twins as a com-
ponent twin and a process twin. Such a combination
will take into account all the necessary aspects of the
technological system, including thermal, mechanical.

electrical, chemical, hydrodynamic, material, opera-
tional, economic, statistical and others.

At the next stage, it is necessary to build a dig-
ital twin implementation scheme that meets the initial
requirements. Focusing on these conditions, the
model should provide control over specific elements
and the technical system as a whole, interact with it
by obtaining information storing this information
and processing it according to different scenarios [5,
6, 7]. Preliminary testing of the results should also be
carried out. According to the result, certain com-
mands can be sent to the element. In other words, an
information-measuring system is required that is con-
nected to the control object and receives from it the
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value of certain parameters. Figure 2 shows a func-

tional diagram of such a model that satisfies the re-
quirements of working with real-time information

Table 1- Characteristics of different types of digital twins

Type of digital twin
Component twin, e.g. rotor,
blade
Double twin, e.g. turbine, en-
gine

Twin of a system/assembly,
such as an aircraft

Process twin, e.g. manufactur-

ing process

Use case scenario
Helps field service technicians continuously monitor and offer predictive maintenance, re-
ducing equipment downtime (both planned and unplanned) and enabling predictive mainte-
nance business models for technical systems
When two or more components work together, they form what is called an asset. Asset twins
allow you to study the interaction of these components, creating a lot of performance data
that can be processed and then turned into useful information.
Helps designers, architects and engineers improve future product releases and engineering
models to optimize performance and efficiency
It provides an opportunity to obtain new operational data for production and planning mod-
els, which allows formulating strategic conclusions, recommendations, and is also the basis
for the development of roadmaps. Also, process twins allow you to determine whether all
systems are synchronized in order to work with maximum efficiency, whether delays in one
system affect the work of others. Process twins can help identify precise timing patterns that
ultimately determine overall efficiency.

Data
/ N Uses Identification
Information and Cybl data block
R Data 1
measurin : :
9 diagnostics Data transfer
systems CYB3 New model
Sensor readings Indicators |
Emergenc
..g . y Digital
Notification
model
Optimization
Indicators block
New
model
Optimal
parameters
Model testing
Results

environment

Fig. 2 - Functional diagram of the interaction between the digital twin and the technological system under study

Let us describe in more detail the elements
shown in Fig. 2

1. The control object is a technological pro-
cess, the device whose behavior is monitored. In this
case, these canbe sensors, the indicators of which will
be the input parameters of the digital twin.

2. Information-measuring systems - a set of
measuring technical means for obtaining and pro-
cessing information to the type that is necessary for
the operation of the diagnostic system.

3. Human-machine interface (HMI) - provid-
ing communication between the operator and the in-
stallation. If there is information that needs to be re-
flected urgently, then it goes specifically through this
block. For example, indicators of voltage, tempera-
ture, technical fluid pressure, etc.

4. Knowledge base management system
(CYB3) - works when searching, recording and ex-
tracting information from the knowledge base of the
system. Knowledge bases contain not only infor-
mation about the received object, but also inference
rules that allow you to build a semantic relationship
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between incoming and available data.

5. Database management system (CYBJ) -
provides recording and storage ofthe necessary infor-
mation.

6. Identification block - monitoring the current
behavior of the technical system.

7. Optimization block - implementation of the
scenario for the optimal mode of operation of the
technical system.

8. Digital model - builds a model based on the
available data, which includes a set of parameters and
functions that implement the algorithm of the process
of functioning of the simulation object. Thanks to this
model, it is possible to design and predict the behav-
ior of the system.

9. Model testing tools - various software envi-
ronments that check the received systems to minimize
errors, as well as check models for integrity and com-
pliance with established requirements.

10. Process control system (CYTIT) - acts as a
"control panel”, implements interaction with sensors,
sending them commands about the necessary changes
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or stopping work, for example, when analyzing input
data and a critical situation occurs.

Now let's consider a generalized algorithm for
developing and using a digital twin for diagnosing the
technical condition of an industrial robot|8,9J. The
main purpose of using a digital twin is to determine
the technical condition of an industrial robot and the
remaining service life of its elements, based on a
combined study of data from control systems, as well
as modeling the operation of units based on real phys-
ical indicators, as shown in Figure 3.

The algorithm for achieving this goal includes
four stages:

model.

2. The second stage is focused on the syn-
chronous simulation setting of the physical models of
the operation of the key components of the robot.
Since simulation of the operation of nodes is used to
calculate their useful life, models must be constantly
tuned to avoid possible deviations between their real
and simulated functionality.

3. The third stage involves modeling the ac-
tions of the robot based on physical data, using the
collected parameters of the sensors and the controller
as input.

4. The fourth step combines the results of the

1 The first stage consists of advanced physi-simulation and controlled data of the robot, which

cal modeling of the robot. In addition to kinematic
and dynamic characteristics, it is necessary to inte-
grate a set of virtual sensors into the simulation
Real technical system

Photoelectric sensors

Motion sensors

will determine its current state and predict the remain-
ing service life.

Real technical system

Optical
sensors
Physical modeling
I a
Reliability Currentper- Tempera- g gc
formance ture data, S
parameters speed, etc. g £
]
Digital twin
Analysis of the current
state of units and assem-
CBBPCHHO blies and determination of CcBa CBU

their useful life

' average recovery time
<

average confirmation time

Fig. 3- Scheme of combined simulation of industrial work using physical systems and a digital twin

Thus, summarizing the obtained results, we
note that the digital twin has a significant efficiency
potential for the development of a predictive mainte-
nance algorithm that can be implemented in the real
equipment controller. The process of technical diag-
nostics based on the digital twin can be automated,
which will allow it to quickly adapt to changing con-
ditions, processed materials and equipment configu-
ration.

In promising studies, it seems appropriate to
consider in more detail the stages of the proposed al-
gorithm for the development and application of a dig-
ital twin for diagnosing the technical condition of an
industrial robot.
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KOMIUVIEKC HPOFPAMMHO-AHHAPéTHBIX PEUIEHUM
AJIA ADPOT'TAPOANHAMHNYECKOU JIABOPATOPUU
H. I1. Boiiuyyk, xaHouoam mexHu4ecKux HayK, OoyeHm

A.B. I'punex, kaHouoam mexHuvecKux HayK, OOYyeHm
A.B. Kopnes, xanouoam mexHudeckux HayK, Capuiuti Hayunsiii compyorux (Ykpauna)

C.1O. Anexcany, kypcanm
A.M. Quwgenxo, kypcanm

M.A. Moouna, kaHouoam mexHuyecKux HayK, OOYeHm

B cratbe nokasaH oIbIT pa3paGoTKU KOHTPOIIBHO-M3MEPUTETHFHON U PETHCTPUPYIOIIEH ariapaTypsl UL a3po-
THJIPOIMHAMUYECKOU JTabopaTopuu [ 'ocy1apc TBEHHOTO MOPCKOTO yHUBEpeuTeTa uM. aam. O.d. Ymakosa (Ho-
BopoccHiicK). [IpoaHan3UpoBaHbl CYIECTBYIONHE METOTbI M3MEPEHHS U PEryIHPOBAHUS CKOPOCTH ITOTOKA.
Tloka3zaHa cxema ¥ IIPUHIMI PA0OTH MUKPOIIPOIIECCOPHOIO YCTPOHCTBA IS PErYIMPOBaHUS JBUTaTEIs 110-
CTOSIHHOT'O TOKa B COCTaBe adpoAMHaMI4ecKo TpyOsl. OrrcaHa cxeMa 0 AKIFOUEHHS JaTUMKOB, PEryisropa
YacTOTHI U JIOTIOTHUTENBHBIX YeTpoicTB. 1lokazaHa pazpaCoTaHHasMOIeNb yeTpoticTa B cpeje SimInTech u
SIIEMEHTH IIPOTPaMMHOIO YIIPABIICHHUSI YCTPONUCTBOM, IIPUBEJEHBI PE3YIHTAThl MOJETHPOBAHUS CHCTEMBL
OripejieieHHBIE TTI0Ka3aTe M KauecTBa CHCTEMBI PEr'y IMPOBAHMS ITIOKA3aIH Y IOBIUTBOPUTEIBHBIE PE3YIIHTAThL.
IIpemnoxeHa cxema peai3alii a3poIMHAMIIECKUX BECOB Ha THPOCKOIIMUECKOM JIATUHKE € aKCEIEPOMETPOM.
KiroueBble c1oBa: a3porupoauHaMuieckasi 1abopaToprsl, U3MEpEHHe MIO0TOKa, PEryIITOp, JBUraTelb II0-
CTOSIHHOT'O TOKa, aIlapaTypa, a3poJMHaMUUECKHE BECH

COMPLEX OF SOFTWARE AND HARDWARE SOLUTIONSFOR

AEROHYDRODYNAMIC LABORATORY

I P. Boychuk, A. V. Grinek, A.V. Kornev, S.Y. Aleksyanc, A.M Fishchenko, M. A. Modina
The article shows the experience of developing instrumentation and recording equipment for the aerohydrody-
namic laboratory of the Admiral Ushakov Maritime State University (Novorossiysk). The existing methods for
measuring and controlling the flow rate are analyzed. The scheme and principle of operation of a microproces-
sor device for controlling a DC-motor as part of a wind tunnel is shown. The scheme of connecting sensors,
frequency controller and additional devices is described. The developed model of the device in the SimInTech
environment and elements of software control of the device are shown, the results of the system simulation are
presented. Certain indicators of the quality of the regulatory system showed satisfactory results. A scheme for
the implementation of an aerodynamic balance based on a gyroscopic sensor with an accelerometer is proposed.
Key words: aerohydrodynamic laboratory, flow measurement, regulator, DC motor, equipment, aerodynamic
balance.

Beenenne

Jna u3ydeHus THAPOAMHAMUKHA Cya0B [1, 2]
MOJYYHIIO IMHPOKOE PACIPOCTPAHCHHE HCIIOIH30BA-
HUC 0ACCCITHOB, B KOTOPBIX MOJCITH CYI0B OYKCHPY-
FOTCA IO BOAEC TEJCIKKOH, ABIDKYIICHCA B BO3AY IHOM
CpeAe Mo penbcaM, IMPOJOKCHHBIM IO KpasM Oac-
ceitHa. B GacceiiHax nccaeayeTcss He TOIbKO IPSIMO-
JHMHEITHOE TBW)KCHHE CYI0B, HO M KPYTOBOC.

Pa3paboTka perucTpupyromei ammaparypsl
[3, 4] u cuCTEMBI ABTOMATHYECKOTO YIIPABJICHUS B CO-
CTaBE A3POTHAPOIMHAMHYECKOI 1adoparopuu odec-
NCIUBACT BO3MOKHOCTH ITOJIYyUCHIA H606XOZ[I/IMI>IX
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TAPAMETPOB CPEBI 1 MPOBEIACHHUS HCCJICIOBAHUH
H TCM CaMBIM OOCCIICUWBAS TOMYUCHHC OOIICC TOU-
HBIX 3HAUCHUH [5] B TEUCHHUH MMPOJODKUTEIBLHOTO Tic-
pHOIa MPOBEACHUS HCCIICTOBAHUS a3POTHIAPOIMHA-
MHYCCKHX CBOHCTB OOBECKTOB.

Lemsro paboTs! ABIACTCAPA3PAOOTKA CPEACTB
PETUCTPAIMN BBIXOOHBIX 3HAYCHHUH MOTOKA BO3Oyxa
B A3POAMHAMITICCKON TPyOe, peann3anus aBTOMATH-
YCCKOW CHCTCMBI  VNPABJICHHSA  HATHCTAKOMICTO
YCTPOHCTBA U OOCCHCUYCHUE CUMTHIBAHUS TMAPAMET-
POB C HCCIICYEMOTO OOBCKTA. A TAKKE OMPCIACIICHIC
BO3MOKHOCTH HCIIOJIb30BAHHUA BI)I6paHHI>IX MCTOAOB
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