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DIGITAL TWIN OF GAS RECIPROCATING COMPRESSOR UNIT:
CONCEPT, ARCHITECTURE & PILOT IMPLEMENTATION

Combination of information and operational technologies has led to a new way of production, to a new technological
revolution, known as Industry 4.0. The Digital Twin plays a central role in this technology. The Digital Twin is a
predictive maintenance tool, and allows you to simulate various options for device failures taking into account their
operation modes, environmental influences and various degrees of wear. The concept of creating a digital twin of a
real physical object of research is proposed - an AJAX DPS-180 internal combustion engine with a gas piston com-
pressor, which is designed to pump gas from gas wells. A feature of its work is autonomous long-term operation in
the field with the remoteness of the service personnel, direct environmental impact and ensuring the reliability and
stability of work. Therefore, monitoring the parameters of the engine with the subsequent prediction of its failures is
especially important. The work on creating a digital twin for AJAX DPS-180 is being carried out in cooperation and
with the support of Armco-Engineering, the operator of this equipment.

Six stages of the process of creating a digital twin of a given object are shown: collection and preliminary processing
of data on the technical state of a real object; early detection of malfunctions, predicting the time of failure; service
planning; optimization of financial and time resources for service. Equipping a real object with various sensors made
it possible to continuously collect data on its technical condition, and technologies of the industrial Internet of things,
such as Big Data and the predictive statistical model, predict failure times with high accuracy.

The developed and implemented schemes for equipping an object with data collection equipment and a diagram of
the flow of this data in the Internet of Things are presented. The basis of the data collection system is a microcontrol-
ler, a set of a crankshaft speed sensor and thermocouples, a multiplexer and 16-bit analog-to-digital converters that
convert thermo-EMF of thermocouples. At the moment, channels for measuring the speed, coolant and exhaust gas
temperatures have been implemented. It is proposed to use the ThingSpeak server as a remote resource as a cloud
aggregator and carrier of this data. The MATLAB mathematical package integrated into the resource is used as a da-

ta analyzer.
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Introduction

Combination of information and operational
technologies has led to a new way of production, to a
new technological revolution, known as Industry 4.0.
Categories such as Big Data, Machine Learning, Digi-
tal Twin, Predictive Model, unknown until recently,
have gained exponential development thanks to the
advent of Cloud technologies and the Industrial Inter-
net of Things.

The Digital Twin plays a central role in this tech-
nology. But what is it? The simplest definition of this
concept is given by Gartner Inc.: “A digital twin is a
digital representation of a real-world entity or system”
[1]. But we would prefer the following definition: “The
digital twin is a virtual display of real objects, process-
es, people and their systems”. The implementation of
digital twin is an encapsulated software object that
mirrors a unique physical object, process, organization,
person or other abstraction.

In the context of this work, we will be interested
in the digital twin of an industrial product. They can be
classified into two types [2, 3]: Digital Twin Prototype
(DTP) and Digital Twin Instance (DTI). DTP describes
real physical objects in general, based on a Physical
model of an object and is conditionally permanent. DTI
reflects the behavior of a specific instance of a real
object with which it is associated by “digital threads” -

these are flows of information about the state of this
real object. DTI is based on a statistical mathematical
model and varying in accordance with changes in the
physical object in operation. We can say that the DTP
is a parent for the real object, which, in turn, gives
birth and accompanies the DTI. In some cases, the sec-
ond parent for the DT may be the DTP.

The real physical object of our study is the AJAX
DPS-180 Gas Reciprocating Compressor, designed for
pumping gas from gas wells. This is an integrated two-
stroke gas internal combustion engine - reciprocating
compressor. A feature of its operation is autonomous
long-term work in the field with the remoteness of the
operating personnel, direct environmental influences
and ensuring reliability and stability of work.

Our work on creating a digital twin for it is car-
ried out in cooperation and with the support of the
Armco-Engineering LLC - the operator of this equip-
ment.

Digital Twin Creation Process

We see the steps of the implementation process of
this project as follows:

Step #1. Concept creation. Determining the goal
that is achieved using the Digital Twin. It is necessary
to decide what benefit for the enterprise the twin intro-
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ductions will have in terms of eliminating unresolved
problems and/or financial profit.

Step #2. Architecture design. Determine the ra-
tional configuration and capabilities of the twin, which
will allow with minimal cost and quickly achieve the
stated purpose of its use.

Step #3. Pilot implementation. The rapid imple-
mentation of a pilot program that will help to show its
value to the enterprise, train and adapt the development
team, show ways to expand technical solutions.

Step #4. Stabilization and Tweaking. Improving
the stability and reliability of the system, improving its
interface.

Step #5. Development and expansion. Expanding
and increasing the number of "digital threads" - data
transmission channels.

Step # 6. Data storage.

One of the most important tasks of the digital
twin is to minimize the failures of a real technical ob-
ject. A modern approach to equipment maintenance is
based on the Reliability Centered Maintenance Meth-
odology [4]. At the same time, the following types of
services can be used for equipment:

 Failure.

Mean time between failures without maintenance.
It is used when the equipment is not critical, it is easy
to replace, its repair is accompanied by relatively low
costs, or it is aging equipment, which is practically not
repairable and finalized until the final failure.

» Proactive.

Search and elimination of possible causes of fail-
ure. It is used to ensure the maximum possible over-
haul life of equipment through the use of technologies
for detecting and suppressing sources of failure.

» Preventive.

Similar to preventative maintenance system. It is
prescribed for equipment whose “criticality” is low;
this is determined by such factors as low cost of down-
time for production, the ability to quickly replace spare
parts.

» Predictive.

On-line monitoring and diagnostics of equipment
status: allows repairs as needed; allows you not to
spend resources on scheduled maintenance of equip-
ment that is still able to work normally; reduces the
chance of an unexpected breakdown.

Our Concept of Digital Twin

We are interested in Predictive maintenance
which is based on continuous diagnostics and monitor-
ing of equipment status. The implementation of Predic-
tive maintenance is achieved through the sequence of
activities:

» Collection and pre-processing of data on the
technical condition of a real object.

 Early fault detection.

 Prediction of failure time.

 Service Planning.

« Optimization of financial and time resources
for servicing.

The first three points of Predictive maintenance
implementation relate to the responsibility of the Digi-
tal Twin. Rest is the area of company management
responsibility.

Equipping a real object with various sensors will
allow the continuous collection of data on its technical
condition. Industrial 10T technologies such as Big Data
and a predictive statistical model can predict failure
times with high accuracy. This will make it possible to
quickly take measures to ensure the normal operation
of the equipment.

Thus, the Digital Twin is a predictive mainte-
nance tool, and allows simulating various options for
device failures taking into account their operation
modes, environmental influences and various degrees
of wear. It is important that the Digital Twin is always
kept up to date through the implementation of continu-
ous communication with real object.

Cloud technology should be used to solve this
problem. Figure 1 features the data flow scheme devel-
oped and implemented by our team.

As a cloud aggregator and data storage medium,
the ThingSpeak server is used as a remote resource.
MATLAB mathematical package integrated into the
resource is utilized as data analyzer. The choice of this
particular resource is explained by the convenience of
using all benefits from the environment of scientific
and engineering mathematical calculations offered by
the MATLAB software for data analysis, mathematical
models creation and virtualization of research.

Integral energy
unit

loT Client
MATLAB

Fig. 1. Data roaming architecture

This project has its own channel on the Thing-
Speak server, with an access through the URL address.
For connecting and managing data on the ThingSpeak
server, the MATLAB package includes special librar-
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ies. The results of processing incoming data can be
opened to the public access on the server or used for
local needs, for example, to create a predictive model.
Object data collection equipment
Figure 2 features the scheme of equipping the fa-
cility with data collection equipment.

1
Fig. 2 Object data collection equipment

The basis of the data collecting system is a mi-
crocontroller, a set of crankshaft speed sensor and
thermocouples, a multiplexer and 16-bit analog-to-
digital converters, which converts thermo-EMF ther-
mocouples (Fig.3). The characteristics of the micro-
controller are given in Table 1. Fluid temperatures are
measured using thermocouples of type J (temp range -
35t0 871° C).

Thermocouple
ot

(type I

Thermocouple
)

(tvpe)

Fig. 3 Data acquisition system diagram
1 —microcontroller, 2 — battery, 3 — engine speed sensor, 4
— comparator, 5 — multiplexer, 6 — analog-to-digital con-
verter

Analog-to-digital converters have two differential
inputs and are connected to the microcontroller via the
I12C bus. The multiplexer is based on the TCA9548A
chip and is designed to connect devices via the 12C bus
with the same MAC addresses.

The rotational speed of the crankshaft is calculated
from the time period of the signals of the inductive

sensor (Magnetischer Pick Up Altronic 791018-2),
which is mounted directly opposite the flywheel, and a
ferromagnetic plate is fixed to the flywheel.

Table 1. Microcontroller specifications

Microcontroller ATmega2560

IC Wi-Fi ESP8266

USB-TTL con- | CH340G

verter

Power Out 5V-800 mA

Power IN. USB 5V (500 mA max.)
Power IN. | 9-24V

VIN/DC Jack

Power Consump- | 5V 800 mA

tion

Logic Level 5V

Wifi Wi-Fi 802.11 b/g/n 2.4 GHz
USB Micro USB

Clock Frequency 16 MHz

Operating  Supply | 5V

Voltage

Digital 1/0 54

Analog /0 16

Memory Size 256 Kb

Data RAM | 8 Kb

Type/Size

Data ROM | 4 Kb

Type/Size

Interface Type serialOTA
Operating tem- | —40° C/+125° C
perature

Length x Width 53.361 x 101.86 mm
Antenna Built-in\external antenna

The microcontroller converts and processes the
primary information received from the engine speed
sensors and thermocouples, and sends the processed
information to the server (Fig.4).

You can see their work in real time at the address
https://thingspeak.com/channels/875479. The data re-
fresh rate is 21 seconds. You can use the ThingView
Android application to monitor incoming data using
computer browser or mobile Internet devices.

Next, we proceed to parallel execution of the
fourth, fifth and sixth project stages. We believe that
this project is, in principle, infinite in terms, because
during the life cycle of the real object and its digital
twin, it not only lives, but also has the opportunity to
develop.
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Fig. 4. Remote monitoring of engine parameters (data
received from the server ThingSpeak)

a — exhaust gas temperature, b — coolant temperature
of the cooling system, c - engine speed

Conclusions

An approach to Predictive maintenance, which is
based on continuous diagnostics and monitoring of
equipment status the AJAX DPS-180 gas Reciprocat-
ing Compressor, designed for pumping gas from gas
wells, is proposed.

The implementation of Predictive maintenance is
achieved through the sequence of activities: collection
and preprocessing of data on the technical condition of
a real object; early fault detection prediction of failure

time; service planning; optimization of financial and
time resources for servicing. The first three points of
Predictive maintenance implementation relate to the
responsibility of the Digital Twin. Rest is the area of
company management responsibility.

Thus, the Digital Twin is a predictive mainte-
nance tool, and allows you to simulate various options
for device failures taking into account their operation
modes, environmental influences and various degrees
of wear.

Cloud technology is used to solve this problem.
As a cloud aggregator and data storage medium, the
ThingSpeak server is used as a remote resource. The
MATLAB mathematical package integrated into the
resource is utilized as a data analyzer.
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IUD®POBOM JIBOMHUK 'A30BOI'O MOTOPKOMITPECCOPA:
KOHIENNUSA, APXUTEKTYPA 1 SKCIIEPUMEHTAJIBHOE BHE/IPEHUE

A.A. Ilpoxopenxo, C.C. Kpasuenko, E.H. Conooxuii

Coueranne HHPOPMAIMOHHBIX M OIEPAIlMOHHBIX TEXHOJIOTHH IIPHBEJI0O K HOBOMY CIIOCOOY IIPOHM3BOJACTBA, K HOBOM
TEXHOJIOTHYECKOH PEeBOIIOIHH, U3BecTHOI Kak Industry 4.0. L{udpoBoii IBOHHKUK UTpaeT LEHTPATbHYIO POJIb B 3TOH TEXHOIOTHH.
Digital Twin - 3T0 HHCTpYMEHT /sl NPO(HIAKTHYCCKOrO OOCITY)KHBaHHUs, KOTOPBIA IO3BOJSIET MOJCIHPOBATH Pa3IHYHbBIC
BapHUaHThI OTKA30B YCTPOHCTB C YUETOM UX PEKUMOB PaOOTHI, BIUSHHS OKPYKAIOIIEH Cpelbl U pa3InuHON cTerneHn u3Hoca. Mx
MOYKHO pa3JIelIuTh Ha JBa THIA: IPOTOTHI IH(POBOro JBOHHIKA U AK3EMIULIp IIU(POBOTo IBOHHMKA. [IpeanokeHa KOHIEIIHs
co3JaHus NU(PPOBOTO ABOWHHMKA PEealbHOTO (pHu3nMdeckoro o0beKTa MCCIEAOBAHMS - JBHTaTels BHyTpeHHero cropanus AJAX
DPS-180 ¢ ra3omopuiHEBEIM KOMIIPECCOPOM, KOTOPBIA IpEIHA3HAYCHHBI JUIi OTKAYKM ra3a W3 Ta30BbIX CKBAXKHUH.
OCOOEHHOCTEIO €ro paboTHI SBIISIETCSI aBTOHOMHAS JUTUTENIbHASL paboTa B IOJIEBBIX YCIOBHUSX C YAAICHHOCTHIO 00CITyKHBAIOIIETO
MepcoHana, MPSMBIM BO3IEHCTBHEM OKpYyKaromieil cpefsl 1 oOecrnedeHreM Hae)KHOCTH U cTabmiibHOCTH paboTsl. IlosTomy oT-
CJIS)KMBAaHKE TTapaMeTPOB PabOTHI ABUTATENS C MOCIEAYIOINM MTPOTHO3MPOBAHUEM €TI0 OTKa30B SIBISIETCS 0CO00 aKTyalbHBIM.
Pabora mo co3nmanuto undposoro asoiuuka 11 AJAX DPS-180 Benercs B koomepalyi U Mpu MOAAEPKKE KOMIAHUH «Armco-
Engineering» - oneparopa 3Toro o00pynoBaHusl.

[Moka3zaHsI ImecTh STAIOB IpOIiecca CO3AaHMs IM(PPOBOTO ABOWHHKA JJAHHOTO 00BeKTa: cOOp M mpeaBapuTensHas 00paboT-
Ka JIaHHBIX 0 TEXHHYECKOM COCTOSHUH PeanbHOro 00beKTa; paHHee 0OHapyXeHHe HEUCIIPaBHOCTEH, TPOrHO3UPOBAaHNE BPEMEHU
0TKa3a; IUITAHUPOBAHME YCIYT; ONTUMH3AIUs (UHAHCOBBIX M BPEMEHHBIX PeCypcoB Ha obOciyxuBanne. OcHalleHHe peasbHOro
00BEKTa pa3ITHYHBIMU AATYHKAMH TTO3BOJIMIIO HETPEPHIBHO COOMPATh AAHHBIE O €r0 TeXHHYECKOM COCTOSHHHM, a TEXHOJOTHH
npoMsinuieHHOr0 MHTEepHEeTa Beniel, Takue kak Big Data n predictive statistical model mporHo3upyIoT Bpemst 0TKa3a ¢ BEICOKOM
TOYHOCTBIO.

[puBenens! pa3paboTaHHBIC M peaJH30BaHHBIE CXEMbI OCHAIICHUS OOBEKTa 00OpyJOBaHHEM cOOpa HaHHBIX M CXeMa
MOTOKA 3TUX JaHHBIX B MHTepHeTe Bemeil. OcHOBA cHCTEMBI cOOpa JaHHBIX - MUKPOKOHTPOJUIEP, KOMIIIEKT JaTYMKa JacTOTHI
BpalleHUS] KOJEHYATOro Baja M TepMOmap, MYJIBTUIUIEKCOp © 16-OMTHBIE aHaAnoro-muQpoBble IpeoOpa3zoBaTeNH,
npeo6pazyromue Tepmo-2/1C Tepmonapsl. Ha naHHEI MOMEHT peann30BaHbl KaHaJ bl I3MEPEHHS YacTOThI BPallleHHsI, TeMIIepa-
Typ OXJNaKAAIOIIEH KUAKOCTH M 0TPaOOTaBIINX ra3oB. B kadecTBe 061a4HOrO arperaTopa ¥ HOCHTENS STHX JAHHBIX IPeIoxKe-
HO wucHois3oBaTh cepBep ThingSpeak kak ynaneHHBIH pecypc. B kauecTBe aHanmmsaropa HaHHBIX —HCIOJB3yeTCs
WHTETPUPOBAHHBIH B pecypc MareMarudeckuii maketr MATLAB.

KoroueBbie ciioBa: udpoBoil IBOWHHK; Ia30MOPIIHEBON KOMIIPECCOPHBIH arperar; HHTEpHET Bellei; MOJeIb IPOrHO3H-
poBaHUSI.

LU®POBUM ABIMHUK F'A30BOI'O MOTOP-KOMIIPECOPA:
KOHIENNIIS, APXITEKTYPA I EKCHEPUMEHTAJIBHE BITPOBA/’KEHHS

A.0. IlIpoxopenko, C.C. Kpaguenxo, €.1. Conookuii

IMoennanus iHdopMaliifHUX 1 omepaumiiHUX TEXHOJOTI MNpPHBEIO OO HOBOrO Croco0y BHPOOHHITBA, 10 HOBOI
TEXHOJIOT1YHOI peBooLii, BimoMoi sik Industry 4.0. LludpoBuii nBilfHUK rpae MeHTpaIbHY Poib B Lill TexHOorii. Digital Twin -
e IHCTPYMEHT Ml Npo(iNaKTHYHOTO OOCIYrOBYBaHHS, SKHH JIO3BOJISIE MOJENIOBAaTH Pi3HI BapiaHTH BiIMOB HPHUCTPOIB 3
ypaxyBaHHAM X pexHMiB POOOTH, BILTHBY HABKOJNMIIHLOTO CEPEIOBHINA i Pi3HOTO CTyTeHs 3HOCY. [X MOKHA PO3JiTUTH Ha 1Ba
TUTH: TPOTOTHUI IH(POBOTO IBIHHUKA Ta €K3eMIUIAP MU(PPOBOro ABiifHNKA. 3alIPOIIOHOBAHO KOHIIEMIII0 CTBOPEHHS HU(PPOBOTO
JBIfHUKA peabHOr0 (i3MYHOro 00'€KTa JOCHIIKEHHS - ABUTyHa BHYTpiHboro 3ropsiHs AJAX DPS-180 3 rasonopriiHeBum
KOMIIPECOPOM, KW MPHU3HAYECHUH IS BiAKaYyBaHHS Ta3zy 3 Ta3oBHX CBepAJOBHH. OcoONUBICTIO HOro poOOTH € aBTOHOMHA
TpuBaja pobOTa B MOJBOBMX YMOBaxX 3 BiJJJAJICHICTIO OOCIYrOBYIOUOTO IEpCOHANY, NPSIMHUM BIUIMBOM HABKOJMIIHBOTO
cepenoBumIa i 3a0e3leueHHsAM HaIiHOCTI Ta cTabimpHOCTI poboTh. ToMy BiACTe)KEHHA MapameTpiB poOOTH ABHTYHA 3
MOJANBIINM MTPOTHO3YBaHHSIM HOTO BiJMOB € OCOONMBO akTyalbHMM. PoGota 3i ctBopeHHs muppoBoro nsiiiHuka st AJAX
DPS-180 Benersest B koonepariii Ta 3a miaTpuMku koMnaHii « Armco-Engineeringy - onepaTtopa 11s0ro o0aJHaHHSI.

[Toka3aHi mIiCTh eTamiB MpOILECy CTBOPEHHS HU(PPOBOTO ABIHHUKA JaHOTO 00'ekTa: 30ip 1 momepenHs oOpoOKa AaHHUX PO
TEXHIYHUI CTaH PeaTbHOro 00'€KTa; paHHE BHSBICHHS HECIPABHOCTEH, MPOTHO3YBAaHHS 4Yacy BiJIMOBH; IUIaHYBaHHS IOCIYT;
onTuMizamis (iHAHCOBHX 1 YacOBHX pecypciB Ha oOcmyroByBaHHs. OCHAIleHHS pealbHOTO O00'€KTa PI3HUMH TaTYHMKAMHU
JI03BONIMIIO Oe3mepepBHO 30MpaTy JaHi Mpo Horo TeXHIYHMH CTaH, a TEXHOJOTii mpomucioBoro IHTepHeTy pedeil, Taki sk Big
Data i predictive statistical model mporHo3ytoTs yac BiIMOBH 3 BUCOKOIO TOYHICTIO.

HaBeneno po3po0uieHi Ta peati3oBaHi CXeMH OCHAIEHHs 00'ekTa 001aAHaHHIM 300py AaHHX i CXeMa NOTOKY IIMX JIaHHX B
InTepreri pedeit. OcHOBa cucTeMu 300py JaHUX - MIKPOKOHTpPOJIEP, KOMITIEKT JaT4nKa YacTOTH 00epTaHHs KOJIHYACTOTO Baja i
TepMornap, MyJIbTHIIEKCOp i 16-6iToBi aHamOTrO-1M(POBI NEpeTBOPIOBati, sIKi epeTBoprooTh TepMo-EPC tepmomnapu. Ha nannit
MOMEHT peasli30BaHi KaHaJIM BUMiPIOBaHHS YaCTOTH 0OCPTaHH:, TEMIIEPaTyp OXOJOIKYIOUOT PiANHY 1 BiJNpaliboOBaHKUX ra3iB. Sk
XMapHHH arperatop i HOCiff IIUX JTaHUX 3aIlPpOIIOHOBAHO BUKOpHUCTOBYBaTH cepBep ThingSpeak sk Bigmanenuii pecype. B sxocti
aHaiizaTopa JaHMX BUKOPHUCTOBYETHCS IHTETpOBaHUii B pecypc MaTemarnunuii naker MATLAB.

Kirouosi cioBa: nupoBuii ABIHHUK; ra30MOPITHEBHN KOMIIPECOPHUI arperar; iHTepHET peueil; MoJeb MPOTHO3YBaHHSI.
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