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DEVELOPMENT OF AN AUTOMATED INFORMATION
SYSTEM FOR ACCOUNTING AND MOVEMENT OF WIND
TURBINE EQUIPMENT

The number of operating wind farms in the world is growing year by
year. Kazakhstan annually increases the number of wind turbines, which
currently stands at more than 200.

In this regard, today there is a problem related to the need to develop
programs that allow solving problems related to the accounting and
movement of wind farm equipment.

This task must be solved primarily due to the large number of
equipment requiring replacement, repair and maintenance.

The presented article describes the developed program «Automated
information system for accounting and movement of wind farm equipment
in wind farms of the Republic of Kazakhstan.

The program database contains all the basic equipment and
automation used in the operation of wind turbines.

The program stores data about the equipment of each wind turbine
with the coordinates of the location of the latter, which can be provided
online from any access point.
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The program is developed in the MS SQL management studio, C#
software environment. The program menu is quite informative and
ergonomic.

The developed program can be used for practical purposes in
companies engaged in the operation of wind farms.

The difficulty in creating a common database on wind turbine
equipment in Kazakhstan lies in the heterogeneity of wind turbine
equipment, since suppliers are different manufacturers, and both public
and private companies are engaged in operation.

Nevertheless, an algorithm of the program is currently being
developed using machine learning methodology, which allows updating
the database on wind turbines based on information from any open
sources.

Keywords: automated information system, management, accounting,
program, data, efficiency, wind turbine.

Introduction

To date, according to [1], 341,000 wind turbines have been installed on
our entire planet.

Wind turbines operate on the principle of maximizing the use of wind
power, which in this case acts as a source of primary energy. By rotating the
blades, they generate kinetic energy, and the generator then converts this kinetic
energy into electrical energy.

The amount of energy a wind farm can produce depends on the location,
size of the turbines and the length of their blades.

According to WindEurope, in 2021, European wind farms generated
437 terawatt-hours (TWh) of electricity, covering an average of 15 % of demand,
although in several countries this exceeded 20 % of electricity coverage, for
example, in Portugal (26 %), Spain (24 %) and Germany (23 %) [2].

Currently, there are the following types of wind turbines [3]:

- terrestrial, they are the most common, located on land at least
3 kilometers from the coast and are fed by ground air currents. The advantage of
this location is its easy accessibility and proximity to the power grid;

- coastal, located on land, but less than 3 kilometers from the coast, can
use both onshore and offshore winds to produce energy;

- structures are being built in the open sea a few miles from the coast,
while the wind force is greater, at a lower altitude and more uniform than on land.

Table 1 shows the data on wind farms operating in Kazakhstan for the
period 2020 [4; 5; 6; 7; 8].
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The first wind farm in Kazakhstan, launched in Yerementau, Akmola
region, 2013. Currently, 22 wind turbines are in operation, each with a capacity
of 2 MW. Capacity expansion is expected to double.

In the city of Kokchetav, the installation of wind turbines is carried out
by a private investor, and installation continues today.

The increase in the number of wind farms increases the requirements
associated with high-quality operation of equipment, monitoring and timely
replacement of failed sets of equipment.

Work related to the accounting and movement of wind farm equipment
should be carried out on an ongoing basis.

To date, the 1C program is used for accounting and movement of
equipment, which does not provide the functionality necessary for high-quality
and reliable control of complex equipment installed on wind turbines. In this
regard, the relevance of the study lies in the need to develop an automated
information system for accounting and movement of wind turbine equipment.

Table 1 — Locations of wind farms

Ne Place Name Company Power Year Location
Mvt
1 COC Hypa Hevel Kaz 100 2020 Akwm. reg
1 COC Nurgisa Eneverse 100 2019 Alm.reg

Kunkuat

3 1 VES Zhanatas | ZhES 100 2020 Zham, reg

4 1 Ses SH-100 M-Kat green 100 2019 Zham, reg

5 1 Ses Saran SES Saran 100 2019 Kar.reg

6 1 VES tecnology | VET 100 2019 Atyr.reg

7 2 Astana Expo Green energy | 50 2017 Astana

8 1 VES Kaskelen | Mistral 50 2020 Alm.reg
energy

9 1 VES Uk-50 UK SES-50 50 2020 Uk.reg

10 |1 SES Kentay Hevel Kaz 50 2020 Turk.reg

11 2 SES Burnoe Burnoe 50 2017 Zham, reg

12 1 SES Agadyr Kaz Sapar 50 2019 Kar.reg

13 | 2 SES Baykonyr | Boykonyr 50 2019 Kyzyl.reg
solar

14 |1 SES KZT KZT Solar 50 2021 Turk.reg

15 |1 SES Ybrai Zhol electric 50 2021 Kost.reg

16 |1 SES Badamsha | Arm Wind 48 2021 Akt.reg

17 | 2 SES 1 WES 45 2015 Akm. reg

Erementay
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- to develop an information logical model of an «automated information
system for accounting and movement of wind turbine equipmenty;

-create a database of the «automated information system for accounting
and movement of wind turbine equipment», which includes equipment,
components, electrical appliances, automation, control equipment, including
transmission.

Materials and methods

When developing the program «Automated information system for
accounting and movement of wind turbine equipment», the following methods
were used:

- methods of logical and physical design.

- IDEF1X notation.

Programs:

- Visualstudio,

- With#;

- Windows Form;

- MS SQL management studio.

The program is written in Russian.

Results and discussion

This publication does not consider the creation of an information-
logical model, as it is described in another publication. Fig.1 shows the ILM
(information and logical model) of the «Automated information system for
accounting and moving a wind turbine.
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Figure 1- ILM "Automated information system for accounting and movement
of wind turbine equipment

Presented, ILM, provides, definition of entities, attributes for each
entity, relationships between entities. Fig. 2 shows the main components of the
wind farm.

<—— Blade

Hub

Generator
Drive train

Rotor

<—— Tower

Figure 2— The main components of the wind turbine

The main nodes of the wind turbine include:

-a gondola in which a wind generator, brakes, sensors and other
auxiliary equipment are installed,;

- the tower in which all automation and control transmission are located,
cable — growth with cables, control cables;

- rotor blades of a wind turbine;

- the foundation.

Let's consider the functionality of the program. The program is started
using a batch file WindPowerApp.exe Fig. 3.

Figure 3 — The command file of the program
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Fig.4, shows the main menu of the program.

Figure 4— The main menu of the program

The following operations are located on the left side of the menu:

- list of tables;

- optional;

- the weather.

Clicking on the «List of tables» menu opens access to all tables, both
for filling in and receiving reports.

The blades of the wind turbine are not subject to repair and must be
disposed of after a service life of 15-20 years, Fig. 5 shows a table with data on
the blades.

Figure 5- Table with data on wind turbine blades

One of the most important information is object data, which contains
information such as installation location, coordinates, inventory number,
installation date, etc., Fig.6.
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o 2 1

Figure 6 — Object data.

In this table, the data on the time of installation of the blade and its
service life are important. The program has the ability to send an alarm when the
control dates expire.

In real time, we can find out information about wind and air temperature

anywhere in the world Fig.7.

e mickey

Figure 7— Weather Information

The program allows you to receive reports in Excel, save, forward and
print Fig. 8.

) e

Figure 8— Generating reports

It is possible to convert reports to excel.
Conclusions
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The developed program "Automated information system for accounting
and movement of wind turbine equipment” is designed to:

- automate the process of accounting and moving equipment;

- exclusion of the influence of the human factor in making managerial
decisions;

- storing and receiving data on the nomenclature and serial numbers of
equipment online;

- provision of data on the location of the facility and equipment;

- timely informing the staff about the need to dispose of equipment with
expired service life.

To date, software is installed as part of wind turbines during installation,
the functionality of which is limited by monitoring the physical condition of a
node, which does not ensure the effectiveness of managing wind farms [9-14], in
particular at a significant distance from the control point.
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PA3PABOTKA ABTOMATHU3UPOBAHHON MH®OPMAIIMOHHOM
CUCTEMBI YUYETA U IBUXKEHUSA OBOPYJOBAHUSA BETPOBBIX
YCTAHOBOK

Konuuecmeo pabomarowux emposvix cmanyuii pacmem 6 Mupe
200 om e2oda. Kasaxcman eoce200HO Hapawueaem KOIUYECMBO
6EMPOBLIX YCMAHOBOK, KOMOPOe 8 HACmosiyee epems cocmagisem dofee
200. Bemposvie ycmanoeku 00beOUHEHHble 6 Gempogvie NAPKU,
mpeOylom nocmosiHHO20 KOHMPOJIsL 8 YACMU YAPAGIEHUs NaApaMempamu
000py008anus, nepedauu GblpAOOMAHHOU EKMPUUECKOU SHepeUuu
cemb, obecneyeHus nepedauu KOPPEKMHBIX OAHHBIX C OAMYUKOS,
usmepumenvuoll annapamyp. Eciu npoepammamu, yuacmeyiowumu 6
KOHmMpOLe 30 NOKA3AHUSIMU ASMOMAMUKU U Npubopos, eemposvle
YCMaHoBKU obecneuenvl Ha BbICOKOM YPOGHE, MO NPOSPAMMHAS YACHb
obecneuugarowas yuem, O8udiCceHue 000py008aHus, ONd 3AMeHbl,
PpeMOHma u m. 0, NPAKMUIecKu OMCcymcmeyem.

B omotl ces3u na ce2oomswinuil Oenv, cywecmeyem npoonema,
CBA3AHHASL ¢ HEOOX0OUMOCIBIO PA3PAOOMKU NPOSPAMM, NO3EONTIOUUX
pewums 3a0ayu, no yuyemy u OBUICEHUIO 000PYOOBAHUS 8empPOBbIX
yemanoeox. Jlannas 3adaua, mpebyem pewienus npesicoe 6ce2o 6 63U
0 ¢ OObLUUM KOTUYECBOM 000PYO0BAHUS, KOMOpoe mpebyem 3amMeHbl,
pPeEMOHmMA U 0OCIYHCUBAHUSL.

B npedcmaenennoti cmamve, npedcmasiiena pazpabomanHas
npocpamma « A6momamuzuposanHnas UHGOPMAYUOHHASL CUCTEMA YYemd
u 08udiceHuss 060py00sanUs 6emMpoBbIX YCMAHOBOK». B  6aze dannbix
npocpammvl pasmewenbl 6ce OCHOBHOE 000py0oeanue, A8mMoMamuKd
ucnonv3yemas 8 pabome 6empogol YCmMaHoGKu.

Ilpoepamma, xpanum Oaunvie no 0060pPy00sanHuUIo, KaNCOOU
6EMPOYCMAHOBKU, ¢ KOOPOUHAMAMU PA3MEUeHUst NOCLeOHEl, KOMOopble
Mozym Ovlmb NpedoCmasienvl 8 pedicume OHIAUH, U3 000U MoUKU
docmyna.

IIpoepamma paspabomana 6 npocpammuoun cpede MS SQL
management  studio, C#  Menwo  npocpammer  docmamoyHo
unopmamusHo u apeonomuuno. Paspabomannas npospamma modicem
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Oblmb  UCNONBL308AHA Ol NPAKIMUYECKUX yeneli 8 KOMNAHUAX
SAHUMAIOWUX IKCIYAmayuel 6empogbix CIaHyuil.

Kniouesvie  cnosa: asmomamusuposannas — unpopmayuoruas
cucmema, ynpasneuue, yyem, npozpammd, Oanuvle, d¢gexmuernocms,
8empo8asi YCMaHo8Kd.

*K. M. Axuwes®, K. Apvinzazun?, A. Kanxenos *, JK. Hypmaii *,
B. Buiibocwinos ®

K. Kynaxasos aTeiHaarsl Kazak TexHONIOrUAnap skoHe GH3HEC YHUBEPCHTETI,
Kasakcran Pecrrybnukacer, ActaHa K. ;

2 TopaitreipoB yausepcuteTi, Kazakcran PecryGmukacsl, [1aBiojap .

3. Apabaes atbinaarsl KbIpFbI3 MEMIEKETTIK YHUBEPCHTETI,

Keipreizcran Pecriyonmikacel, bimkex k.

'KEJ KOHJIBIPFBLJIAPHI 7KABJIBIKTAPBIHBIH KO3FAJIBICHI
MEH ECENKE AJYJbIH ABTOMATTAH/IbIPBLIFAH
AKIAPATTBIK KYWECIH O3IPJIEY

onemoe JHCYMbIC ICTeUmin dcen CManyusIapblHbly CAHbl JHCbLIOAH
Jrculea apmuln Keneoi. Kasakcman ol cauibit dceil KOHObIPRbLIAPbIHbIY
canvin Kebetimin kenedi, on Kazipei yakvimma 200-0en acaowi. Ken
napkmepine  Oipikmipineen  Jicel  KOHObIPRLLIAPbL  HCAOObIKMbIY
napamempiepin backapy, eHOIpiieeH 31eKmp IHePIUsAChIH dcelice bepy,
damuyuxmepoeH, oauiey annapamypaiapuiian OYpuic oepexmepoi bepyoi
Kammamacwls emy 6ouicinde mypakmol 6axwvliayovl maian emedi. Ezep
ABMOMAMUKA ~ MeH — acnanmapobly — Kopcemkiumepin — Oaxvliayed
Kamulcamoih — 0A20apaamanrapmen  dicel  KOHOBIPLLIAPbL  HCOAPbL
Odeneelide KAMMAMAchl3 emiice, OHOA ecenke anyovl, HCAOOLIKMbIY
KO38AbICHIH, AYLICIBIPY, JICOHOEY JCoHe M.O. KAMMAMACHI3 ememin
bagoapramanvix 66nim ic HCy3iHOe HCOK.

Ocvizan  bOaiinanvicmel, Oyeinei manda ocen  KOHObIPEbLIAPbI
2HCAOOLIKMAPLIHLIY  ecebi MeH KO032ablchl OOUbIHWA MiHOemmepOoi
weutyee MyMKIHOIK Oepemin 6agoapaamanapovl azipiey Kajxcemminicine

batinanvicmol npobrema b6ap. Byn minoem, ey andvimen, ayvlcmulpyob,
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AHCOHOEYOI JiCoHe MEXHUKANbIK Kbl3Mem Kopcemyoi Kajicem ememin
KenmezeH HcaboblKkmapaa 6atlianblcmsl uleulyoi manan emeoi.

Ycvinvinzan maxanada «oscenl KOHOBIPEBIIAPHI HCAOOLIKMAPBIHLIH
KO32abICbl MEH ecenke anyobly AdGMOMAmMmMaHObIPbLIZAH AKNAPAMMbIK,
acytieciy azipreneen bagdapnamacvl ycelmwvligan.  Bazoapramanuiy
Manimemmep  baszaceinda  Oapavik  Hezizei  owcabovikmap, — dicel
KOHOBIPEbICHIHbIH HCYMICLIHOA KOJIOAHBLIAMbIH A8momMamuxa oap.

bazoaprama xesz-xeneen Kipy HyKmecinHeH OHAQUH pPedCUMIHOe
YCOIHBLLY bl MYMKIH COH2bI OPHALACHIBIPY KOOPOUHAMMAPbIMEH HCAOOBIK,
apOip dicen KOHOBIP2bICHL OOlbIHUA OepeKmepOi CaKkmaiobl.

bazoaprama 6azoapramanvix  opmaoa azipnencen  MS  SQL
management studio, 6Gipee#. Bazoaprama  ma3ipi  dcemxinikmi
AKNApammolk, JCIHE IP2OHOMUKANLIK. O3Ipienzen 0a20apiama el
CMAHYUANAPLIH  NAUOANAHAMbBIH — KOMAAQHUALAPOA — NPAKIMUKALbIK
Makcammap yuiin RauOaIaHbLLY bl MYMKIH.

Kinmmi ce3dep: aemomammarnovipuliean axnapammuli cylie,
backapy, ecenke any, basoapnama, Oepexmep, muimoinik, oacen
KOHObIPEbICHL.
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