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DEVELOPMENT OF AN INFORMATION AND LOGICAL DATABASE MODEL
FOR ACCOUNTING AND MOVEMENT OF WIND TURBINE EQUIPMENT
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The article describes the information and logical model (ILM) of the database of accounting and movement of
equipment of wind turbines of the Ermentau wind farm in the Akmola region. IFM is implemented in accordance
with the IDEF1X methodology. The relationships of entities are shown and analyzed, the types of connections,
the use of primary and foreign keys are determined. The application of the IDEF1X methodology used in the
development of relational databases is shown, the conditional syntax is specially designed to build a conceptual
scheme. The advantages of the IDEF1X methodology are described.
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Makanaza AKMosna oObIChIHIaFbl EpMeHTay el 9JIeKTp CTaHIMSCHIHBIH JKeNl TeHepATOPJIAPbIHBIH XaOIbIKTa-
PBIH ecellKe ajty ’KoHe KbUDKBITY JePEKKOPBIHBIH aKIapaTTHIK-Torukajblk Monesi (ILM) cunarranran. [FM idef 1x
S/liCHaMachIHA COMKeC JKy3ere achIpbuiapl. HplcaH KaTeIHACTapBl KOPCETUITEH KoHe TaJaHFaH, KOCBLIBIM TY PIIepi,
Gacrankpl ’oHe CHIpTKBl TYyHiHTepi KOJaHy aHbIKTaFaH. Pensiusuibik MasliMertep 6a3achiH xkacayaa KOoJIaHbl-
JatbiH idef1X oicHaMachlH KOJIaHY KOPCETUIreH TYXKbIPhIMIAMAJIBIK, CXEMaHbl KYpPYy YUIIH HIAPTThl CUHTAKCUC
apHaiibl xacanras. Idef 1x omicteMeciHiH apTHKIIBUIBIKTAPHI CHIIATTAJFAH.
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B cratbe onmcana nHGOpMAaIMOHHO-Tornveckast Mojens (ILM) 6a3bl JaHHBIX ydeTa U epeMelieHrst 000pyI0-
BaHMsI BETPOreHEpaTopoB DPMEHTAYCKON BETPOIICKTPOCTAHIMK B AKMOMIMHCKON oOnactu. IFM peanmsoBaHa B
cootBercTtBum ¢ Metofonoruert IDEF1X. Tloka3aHsl 1 poaHaIM3MPOBAaHBl B3aMMOCBSI3U CYIIHOCTEH, Onperee-
HBI TUIIBI COEJMHEHUH, MCIOIb30BaHNE NIEPBUYHOIO U BHEIIHero kiovyed. [TokazaHo nmpuMeHeHne MeTOJOJIoruu
IDEF1X, ncrionbs3yemoii py pa3padoTKe pessIOHHBIX 0a3 JaHHbIX, CHEMaIbHO pa3paboTaH yCIIOBHBINA CHHTAK-
CHUC JJIs1 IOCTPOEHUsI KOHLIENTYalIbHOU cxeMbl. Onucansl npeuMyinectsa merogosoruu IDEF1X.

KiroueBsle cJjioBa: CyIIHOCTb, aTpuOyThI, METOIOJIOT s, MH(OPMAIIMOHHO-JIOTUYECcKast MOJIE/b, Oa3a IaHHBIX,

BETporeHepaTop, 000pyI0oBaHUE

Introduction. Wind turbines include expensive
and technically complex equipment that ensures the
conversion of wind energy into electrical energy. The
service life of wind turbines is up to 30 years, so much
attention is paid to issues related to reliability, quality
of installation and components of turbines.

Due to the need to withstand various types of loads,
both static, dynamic, structural and environmental, high
requirements are imposed related to ensuring the safety,
functionality and manufacturability of the VU.

At the same time, it should be understood that the
greatest impact on the VU is exerted by external factors,
which include climatic conditions, installation sites, and
the presence of man-made impacts.

The current standards, IEC 61400-3-1 [1], IEC TS
61400-3-2 [2], DNVGL-ST-0437 [3], are designed
to normalize various requirements for design loads
(DLC), normal, emergency and other situations during
transportation or installation, to assess the maximum
fatigue loads on the system, which The VU can
withstand all prevailing environmental conditions
during its design life.

Taking into account various normal and extreme
conditions for various design situations leads to the
need for constant monitoring and monitoring of a larger
number of components of the control unit, ensuring the
normal operation of all technological equipment.

Meeting the requirements related to carbon
neutrality forces the world powers to increasingly use
wind energy to generate electricity [4-8].

VUS using aerodynamic lift are divided into
horizontal and vertical depending on the orientation of
the axis of rotation.

The latest trends of WU are the approach with a
horizontal axis or propeller type, which include [9]:

-blades;

-braking systems;

- gondola;

-rotary mechanism;

-electric generator;

-automation and control;
-the tower;

-lightning protection;
-wind force sensor;
-transmission;

-control cables;

- other mechanisms.

The gondola houses an electric generator, a gearbox
and a rotor and almost all the equipment that ensures
the operation of the VU Fig.1.

To date, according to [10], about 38% of the
operating costs of the VU are for maintenance.
Equipment failure: On average, there are 8.3 failures
per turbine per year, including 6.2 minor repairs, 1.1
major repairs and 0.3 major replacements. Workforce:
On average, it takes 116 days and 9 specialists to carry
out a major replacement and 7 days and 3 specialists
for minor repairs. Frequent delays due to ‘days of
no access’ caused by bad weather. Aging equipment:
Some analysts predict that operating costs will increase
from 184,000 pounds per Megawatt per year when the
turbine is new to 426,000 pounds per MW per year
when the turbine is 15 years old [10].

In this regard, in order to optimize the process
of timely repair, maintenance and replacement
of equipment, measures are needed related to
the development of a database of accounting and
movement of components of the VU, for timely
replacement and repair, and elimination of equipment
downtime.

The relevance of the research lies in the need
to develop an information and logical model of
the database of accounting and movement of the
components of the VU, which is the basis of a relational
database.

The object of the study is the VU of the Yerementau
wind farm, the subject of the study is the management
of the process of accounting and movement of VU
equipment.
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Figure 1- The main elements of the wind turbine
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Figure 2 -Information and logical model of the database of accounting and movement of the equipment of the
wind farm

The purpose of the study. Development of an
information and logical model of the database of
accounting and movement of WU equipment.

Methods and materials. The information logic
model was developed in the ERwin case environment,
which allowed us to get our idea of the data structure,
expressed in terms of the entity-connection model in
IDEF1X notation, for subsequent generation of the
database schema. Building an information model in the
ERwin case environment requires the implementation
of certain sequences:

1. Creating a logical ER model.
2. Definition of the physical data model.

3. Generation of the database schema in the target
DBMS environment (at the author's choice) [11-12].

Discussion of the results. In our case, ERwin is
used only as a means of implementing the principles
of building an information and logical model and
is a popular CASE tool to support the IDEF1X
methodology.

In Fig. 2.the information-logical model (ILM) of
created in the ERwin case is shown.
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The main entities of the developed ILM include:
- DATA ON THE OBJECT ID;

- DATA ON THE ELEMENTS OF THE WIND
TURBINE (TOWER) ID;

- ROTOR ID;

- BLADES ID;

- WIND GENERATOR ID;

- GONDOLA ID;

- AUTOMATION AND ID MANAGEMENT;
- ID ROTARY MECHANISM;

- BRAKE SYSTEM ID;

- THE MAIN LOAD-BEARING COMPONENTS
OF THE ID;

- TRANSMISSION ID;
- ID SCREW ADJUSTMENT SYSTEM.

As shown in Fig.2 IFM, the entities, attributes,
primary keys and relationships of each entity are
reflected. The main elements of the WU equipment are,
object data, which include:

-installation location;
-coordinates;

-type of soil;

-wind roses;
-average wind speed;

-the direction of the mass flight of birds;

The inventory
number of the wind
turbine

Installation

|

location

The bearing part of the wind farm consists of a
foundation. The wind farm foundation is the element
on which all the equipment is mounted, therefore it is
made of monolithic reinforced heavy concrete of high
strength class, the mass of which is tens or hundreds of
tons.

The wind turbine tower is mounted directly on the
foundation using anchor bolts. The wind farm tower is
made of either metal or reinforced fiberglass. Ladders,
a growth cable for power cables and controls are
attached to the inside of the tower. Power cabinets with
control equipment are located on the concrete floor of
the tower.

The blades of the wind farm turbine are attached
directly to the rotor of the wind turbine and can reach
a length of more than a hundred meters and weigh up
to several tens of tons, are made of fiberglass or carbon
fiber.

The wind farm gondola is mounted using anchors to
the tower, it houses a wind generator, control sensors,
a braking system, adjustment systems and various
auxiliary equipment. The gondola has upper and lower
hatches for access and maintenance of equipment.

Unlike many of them, the parent entity here can be
attributed to each, since the failure of one part of the
node can lead to the shutdown of the entire system.

Let's take a closer look at each entity.

The entity "7OBJECT DATA” contains the following
attributes Fig.3:

Coordinates W

Date of ’

installation
Date of
commissioning

Figure 3 - Attributes of the entity "OBJECT DATA”

The essence of the "Blade” contains the following attributes Fig.4:
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Figure 4 - Attributes of the "Blades” entity

The "GONDOLA? entity contains the following attributes Fig.5:

Manufacturer J

Figure 5 - Attributes of the "BLADES” entity

We will analyze the paired connections of the
information-logical model (see Fig.6) between entities.

1.”Object classifier” and “Technical Specification”
object (see Fig. 3). For two related objects: one image
of the first object "Object Classifier” corresponds

Object classifier

ID cod object

to one image of the second object “Technical
Specification”, and one image of the second object
“Technical Specification” corresponds to one image
of the first object "Object Classifier”. The one-to-one
relationship.

Technical Specification

ID cod Technical
Specification (FK)

Object name

Name specification

Figure 6 - Connection bet ween the entities «Object classifier» and «Technical Specification»

The entity is described in the IDEF1X diagram by a
graphical object in the form of a rectangle. The upper
part is called the key attributes, and the lower part is
called the attribute area. The key attributes of the object
”Object Data” contain the fields ”"ID cod object”.

The key attributes contain the primary key for the
object. A primary key is a set of attributes selected to
identify unique instances of an object. The primary key
attributes are located above the row in the key area.
Non-key attributes are located under the row in the

attribute area.

In the example, the attributes “ID _code object”,
”ID_code_specification” are a potential key, since
they are unique for all instances of the “technical
specification” entity. When choosing a primary key
for an entity model, an additional (surrogate) key is
often used, that is, an arbitrary number that uniquely
identifies an entry in the entity.

A surrogate key is best suited for the role of a
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primary key because it is short and identifies instances
in an object the fastest. In addition, surrogate keys can
be automatically generated by the system so that the
numbering is continuous. Potential keys that are not
selected as primary keys can be used as secondary or
alternative keys[13].

Tower

ID cod Tower

One recipe classifier can contain multiple recipe
compositions, and a recipe composition can correspond
to only one recipe classifier.

2. Connection of the “Tower” object and the
”Gondola” object.A one-to-one connection. (see fig.7)

Gondola

ID cod Gondola (FK)

Tower name

Gondola name

Figure 7 - Connection of the entity «Tower» and « Gondola»

As we can see from the model, the essence of
“Tower” depends on the essence of "Gandola” and on
the essence of "Object data”.

Object data

Object name
ID cod coordinates of the object
(FK)

Connection of the entity «Object data» and the entity
« ID cod _ Object data » (see fig.8).

Turbine blades

Blade Data

ID cod Blade length (FK)

ID cod blade material (FK)

ID cod weight of the blades (FK)

Accessibilitv of the obiect

Service life

Figure 8 - Connection of the entity «Object data» and entity «Turbine blades»

A one-to-many connection. Blades from different
manufacturers, with different service life, can be
supplied by different suppliers at the same facility.

Often, in the final implementation of a relational
database, different data access indexes are mapped
using alternative keys. If the objects in the IDEF1X
diagram are connected, the connection passes a key
(or a set of key attributes) to the child object. These
attributes are called foreign keys (FK). Foreign keys are
defined as attributes of the primary keys of the parent
object, which are passed to the child object through
their connection. The transmitted attributes are called
migrating [13].

In the IDEF1X notation, dependent entities
are represented as rounded rectangles (see Fig.2).
Dependent entities are further classified into entities
that cannot exist without a parent entity, and entities
that cannot be identified without using a parent key
(entities that depend on identification). For our case,
all entities depend on the entity "Object Data”, since
they cannot exist without it.

When identifying entities that do not depend on
other objects in the model, they are called independent
entities [13].

In IDEFI1X, the concept of dependent and
independent entities is expanded by the type
of relationship between two entities. Identifying
relationships are indicated by a solid line between
entities.

Non-identifying connections unique to IDEF1X also
connect the parent entity to the child. Non-identifying
connections are used to display another type of transfer
of foreign key attributes - transfer to the data area
of a child entity (below the line). Non-identifying
connections are displayed as a dotted line between
objects. Since the transmitted keys in a non-identifying
connection are not part of the primary key of the child
object, this type of connection is not displayed in any
identifying dependency [13].

The information logic model (ILM) is based on the
analysis of all entity relationships, where PK (primary
key) is the primary key that was defined during the
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design of entities, and FK (forein key) is a foreign key relational database development methodologies is:
that includes attributes that form relationships between - strict hierarchy and standardization of modeling;

entities. . . .
- the established standards allow to avoid various

The logical structure of the relational database is built  jnterpretations and violations in the constructed model;
on the basis of the developed information and logical

model. Currently, there are a large number of software ) o '
products for the development and administration of - there is no need to eliminate their consequences,
databases that can be used to create a database of Which hasa positive effect on the quality and timing of

accounting and movement of wind turbine equipment. ~ the project.

Conclusions. Summarizing the above, we note that ~ 1he presented IFM is the basis for creating a
the advantage of IDEF1X compared to many other database, which will be discussed in another article.

- avoid critical and unforeseen situations;
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