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Abstract

The article discusses an approach to the creation of a training simulator developed at Saratov State Agrarian
University on the basis of modern technical and software solutions. The advantage of the proposed design of a
training simulator for controlling motor and tractor equipment and agricultural units is the availability of a VR
simulator for mastering the necessary skills when performing maintenance in a virtual space. The developed
simulator will make it possible to increase the efficiency of the training process for tractor drivers in vocational
training centers and other educational institutions with the acquisition of skills in driving tractor equipment, incl.
using agricultural hinged and trailed units.
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Introduction

The information and patent search revealed MTZ-1221 integrated multifunctional tractor simulator, containing a
standard tractor cabin assembly, installed on a dynamic platform consisting of a fixed and movable base connected
by six pneumatic cylinders with hinges, a panoramic screen with a viewing angle of 180°, rear-view mirror
monitors, instructor's workplace, and motor-drives [1, 2].

The disadvantage of the known design [2, 3, 5] is the insufficient panoramic view of the trainee in the cabin, and
as a consequence, the lack of an overview of the soil cultivation process with agricultural units.

Materials & Methods

Based on the foregoing, in the settings of Saratov State Agrarian University, a tractor and agricultural equipment
simulation system was developed [3, 4, 5, 6].

The simulator is a modern hardware and software complex designed to teach how to drive an MTZ tractor,
including in agricultural work, as well as to improve or correct the existing driving skills of tractor drivers with
different levels of training.

The training simulator will be useful for training special equipment drivers in training centers, as well as for
primary or secondary vocational education related to the training of tractor drivers, incl. for the agro-industrial
complex.

A tractor and agricultural equipment simulation system (Fig. 1), consisting of a tractor cabin assembly 1, mounted
on a six-stage dynamic platform, consisting of a fixed 2 and a movable base 3, interconnected by pneumatic
cylinders 4 with hinges 5; instead of glasses the tractor cabin is equipped around the perimeter with the monitors
6,7,8,9,10,11,12,13; the instructor's workplace 14, an independent compressed air supply system 15. Between the
movable 3 and fixed 2 bases of the six-stage dynamic platform, connected by four pneumatic cylinders 4 with
hinges 5, a base 16 is installed, in the center of which a hinge 17 and a guide sleeve 18 are located for
communication with the movable base 3.
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Monitors located around the perimeter of the tractor cabin display the learner the environment and show
everything around the vehicle up to 360°.

The proposed design works as follows: the vertical movement of the movable base 3 is ensured by the synchronous
movement of four pneumatic cylinders 4 from the compressed air supply system 15. The stationary 2 and movable
3 bases are a rigid frame, pneumatic cylinders 4 of reciprocating motion and suspension elements at the point of
their connection with the movable and fixed bases are equipped with spatial hinges 5. With the synchronous
movement of the pneumatic cylinders 4, the specified displacement values in the vertical plane are provided. In
this case, the central hinge 18 provides additional stability to the platform.

The training simulator allows the trainee [7, 8, 9]:

- To practice basic motor skills of wheel tractor driving;

- To study the general principles of wheel tractor control in different weather conditions and time of day;

- To study and acquire skills of operating a wheeled tractor, including with various trailed and hinged units, in
practice without the risk and depreciation costs associated with the operation of a real training vehicle,
maintenance costs and fuel and lubricants;

- To carry out automatic recording of students' mistakes and save the statistical results of training and examination
races in a personalized database.

The software of the 3D tractor movement simulator, considering the physical parameters and dynamics of the
vehicle, as well as the properties of the virtual environment, provides training and examination runs on an
agricultural field.

The simulation system allows the trainee [6, 8, 9]:

- To study the composition, location of controls and instrumentation of the cabin, as well as practical training in
the rules for using controls;

- To study the order of pre-starting and starting the engine, warming it up after starting, stopping the engine,
monitoring its operation;

- To simulate starting-off techniques from different positions, gear shifting, taxiing, braking in various ways,
reverse motion;

- To simulate acceleration characteristics, changes in the speed of movement in the speed range of a real vehicle,
the time of inertia, the time of rolling on ascents and descents;

- To study the control of the hydraulic system and attachments;

- To study the operation peculiarities of rear PTO driven machines;

- To simulate different times of the day: day/night;
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- To simulate a sound signal, the noise of a running engine, and the main units and components of the machine at
the trainee's place;

- To simulate the occurrence of simple malfunctions, reflected in the change in instrument readings and/or noise
effects;

- To use an intelligent system for selecting the optimal mode of the machine-tractor unit [10].

One of the advantages of the proposed design of a training simulator for controlling motor and tractor equipment
and agricultural units is the availability of a VR simulator for mastering the necessary skills when performing
maintenance in a virtual space.

Fig. 2 shows a student immersed in virtual reality for a shift maintenance, consisting of an instructor workstation
1, base stations 2, VIVE controllers 3, HTC VIVE helmet 4, wireless adapter and communication module 5, and
QC 3.0. fast charge battery 6.

or

i . i
Fig. 2: VR Simulator
The simulator operates as follows. A computer generates a virtual space. At the installation site of the simulator,
a border is formed by means of base stations, beyond which the user should not go. The generated virtual space
is displayed on the helmet screen and duplicated on the instructor's computer with continuous conversion

according to the programmed program.

Result & Discussion

This simulator offers to simulate a virtual shift maintenance service for the Belarus-1523 tractor. With the help of
software and hardware, the student will be able to move around to complete tasks. VIVE wireless trackers are
used for additional immersion and tracking of the necessary tools for shift maintenance, and their number may
change in the process. The VIVE tracker transfers any object of the real world to the virtual space. The user in the
virtual world will be able to freely approach the equipment and perform the necessary tasks, which will also be
monitored and controlled by the instructor at the working computer. This simulator is educational in nature. It
offers several modes of maintenance, including independent work, actions with pop-up windows of prompts, etc.
In addition, the results of the trainee's work can be recorded for its detailed analysis, clarification of the correct
and consistent algorithm of actions.

Thus, the developed simulator will make it possible to increase the efficiency of the training process for tractor
drivers in vocational training centers and other educational institutions with the acquisition of skills in driving
tractor equipment, including using agricultural hinged and trailed units, as well as their technical maintenance.
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Conclusion

The principles of developing practical skills are being laid down with simultaneous theoretical training in modern
simulators and in training and educational programs based on them. A special place in the development and
implementation of virtual reality systems is occupied by the process of perception of a virtual space and the
interaction of their operators with objects located in this space. The development of modern computer technologies
makes it possible to significantly improve the quality of training operators to control various equipment including
automotive vehicles. The developed simulator will make it possible to increase the efficiency of the training
process for tractor drivers in vocational training centres and other educational institutions with the acquisition of
skills in driving tractor equipment, particularly, using agricultural mounted and trailed machines, as well as
carrying out their maintenance.
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