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Abstract

Oil production is a complex technological process. For this, many complex installations are used, with a
different principle of operation. When learning how to work with them, the equipment itself is not always
available. Therefore, one of the solutions to this problem is the use of a specialized software package. The
proposed work describes a software system for training oil production units using modern virtual reality
technology. During its creation, realistic graphical 3D models of an oil pumping unit, an oil drilling rig, a
crawler mobile drilling rig and a mobile drilling rig based on a car were developed. These models were
animated using the Blendler software. This makes it possible to enhance the visibility of the principles of
operation of oil-producing installations. For a more significant visual effect, these models were placed in
a specialized Unity software environment running the Android operating system, supplemented with
theoretical material and formed pictures of virtual reality.
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1. Introduction

Oil production and oil refining are complex technological processes. Researchers Fyk and Khripko
(2015) note they require a lot of specialized equipment. It is quite difficult to use, and when studying in
an educational organization, there is not always physical access to the equipment, as it is expensive.

A description of the setups can be found in Krets and Shadrina (2011). In particular, oil production
requires the use of drilling rigs. A drilling rig is a set of surface equipment required to perform well
drilling operations. The drilling rig consists of drilling derrick, substructure, tripping equipment, main
engine, mud pump, blowout prevention equipment.

A drilling rig is a high and durable structure above a well for lowering and raising downhole
motors, drill pipes, drilling tools, placing drill stands after they are pulled out of the well and protecting
the working crew from precipitation and wind. The main parameters of the tower are the carrying
capacity, weight, height, dimensions of the upper and lower bases, the length of the stand, and the storage
capacity for the drill pipe stands.

Mobile drilling rigs can be used to perform drilling operations in densely built-up areas or in areas
with difficult terrain.

Training in the basics of the operation of various oil production units mentioned above is possible
using a specialized software tool using virtual reality technology.

Virtual reality (virtual reality) is a complex technology that allows you to generate, using computer
software and hardware, a three-dimensional digital environment transmitted to a person through his
sensations and representing a semblance of the surrounding real world, which imitates the impact or
reactions to the user's impact by projecting the created effects onto him. consciousness with full
immersion for maximum approximation to reality.

The use of virtual reality is described in articles by Onyesolu and Eze (2011), Rakhmatullaev et al.
(2021), SchleuBinger (2021), Smolin et al. (2018).

Virtual reality has a variety of properties:
i. plausibility is how realistic virtual reality looks;
ii. interactivity - this criterion reflects the possibility of interaction with objects;
iii. machine-generated criterion - based on hardware, which guarantees constant performance;
iv. an accessible part for study - to provide an opportunity to explore a large and detailed world;
V. the created effect of presence - the involvement of the user in the gameplay through his senses.

This allows you to widely use the possibilities of virtual reality in the learning process.

2. Problem Statement

As mentioned above, there are many technical devices for oil refining and oil production. The

study of their work is associated with the following problems:

i The complexity of the operation of installations consisting of many parts.
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ii. Lack of physical access to equipment in the educational organization.

iii. A large number of equipment with different operating principles.

At the same time, understanding the operation of the equipment is impossible in the absence of the
equipment itself. And the presence of an oil rig, for example, is a great difficulty in learning, since this is

often unrealistic.
3. Research Questions

The proposed study addresses the issues of accessibility of training in the basics of oil production

installations through visual study using modern virtual reality technology.
4. Purpose of the Study

The purpose of the work is to create a special software tool that allows you to visually demonstrate

the operation of oil production units. This software is for teaching purposes.
5. Research Methods

In the course of the work, the following research methods were used:

i System analysis (to collect information on oil producing installations).
ii. Visual modelling (to create graphic 3D models of oil production units).

iii.  Virtual reality technology.

6. Findings

As a result of the work performed, a specialized software tool was developed that allows teaching
how to work with oil production units.

Since this software package is complex, an activity diagram was built to demonstrate how to work
with it, which is shown in Figure 1. An activity diagram is a diagram that allows you to visualize a
specific use case in more detail. This is a behavioural diagram that illustrates the flow of activity through

a system. The principles of its creation are described in Dubakov and Silich (2005).
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Figure 1. User Activity Diagram
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Blender was used to create 3D graphic objects. Based on real images of the installations, 4

different 3D models were created:

i. oil pumping unit consists of 73,195 peaks;
ii. oil rig consists of 60,792 peaks;
iii. mobile crawler drilling rig consists of 57,576 peaks;

iv. the vehicle-based mobile drilling rig consists of 56,425 peaks.

An example of a 3D model is shown in Figure 2.

Figure 2. Oil pumping unit

An animation was developed for each created 3D model using the software tool, demonstrating

their work. Figure 3 shows an animation of a mobile drilling rig.

Figure 3. Development of 3D model animation
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To create the effect of presence, virtual reality, the Unity project was developed to work with
mobile devices on the Android platform. A description of working with Unity can be found in Istratova
and Cherniy (2017), Pasko, (2016), Vinogradov and Cherkasov (2016). In the book Hawking (2016),
Linoves (2016) you can find a description of the technology of working with the software package and
examples of application.

Since virtual reality allows you to graphically represent information, a sequence of changing

"pictures” - scenes - was developed. As a result of the development of the project, 21 scenes were created:

i 1 starting scene;
ii. 2 scenes teach the user how to work with virtual reality;

iii. 1 main menu scene;

iv. 4 scenes with 3D models;
V. 4 scenes with general installation schemes;

Vi. 2 scenes with video material;

vii. 7 scenes with theoretical material about oil.

Figure 4 shows the scene for selecting the type of oil production unit under study. An example of a
scene view with a 3D model of a mobile drilling rig based on a car and information about it is shown in

Figure 5.

Figure 4. Selecting the type of oil production unit
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Figure 5. Scene with 3D model

7. Conclusion

The main result of this work is the development of visual 3D models of oil production units. They
allow you to visualize their structure. Each model is animated. This provides visibility when teaching the
principles of operation of these installations.

As a result, a specialized software tool with virtual reality technologies has been created, which

allows teaching the use of oil production units.
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