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В работе рассмотрено проектирование и разработка компьютерной модели пульта контроля и 

управления заправкой топливом гражданского самолёта Sukhoi SuperJet 100.  

В процессе проектирования представленной в статье виртуальной имитационной модели рас-

смотрены и отобраны компоненты заправочного пульта и системы заправки самолёта SSJ-100, 

достаточные для дальнейшей программной реализации. Отбор необходимых компонентов для мо-

дели проведён, используя метод декомпозиции реальной системы. Сначала были выбраны функцио-

нальные элементы непосредственно пульта заправки, после чего разобрана система заправки на 

компоненты, которые позволяют имитировать работу моделируемого пульта. 

Для программной реализации имитационной модели были описаны программные классы объек-

тов и взаимодействия между ними. Программные алгоритмы реализованы в среде Unity с исполь-

зованием языка C#. Созданная программа использует трёхмерную графическую составляющую и 

собрана под запуск на web-браузере. Также разработаны программные компоненты, позволяющие 

изучать функции пульта заправки как самостоятельно, так и в режиме контроля знания элемен-

тов и алгоритмов работы с пультом заправки. 

Представленная модель включена в программу-тренажёр для обучения технических специали-

стов навыкам обслуживания самолёта в условиях ограниченного доступа к реальному или аппа-

ратному имитационному оборудованию и используется как часть практического тренажёра  

в СибГУ им. М. Ф. Решетнёва и может быть функционально расширена в дальнейшем. 
 

Ключевые слова: пульт заправки самолёта, компьютерная имитационная модель, виртуальный 

тренажёр. 
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The article considers the design and development of a computer model of the fueling monitoring and 

control panel of the Sukhoi SuperJet 100 civil aircraft. The presented model is included in a simulator pro-

gram for training technical specialists in aircraft maintenance skills under conditions of limited access to 

real or hardware-simulated equipment. 
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In the process of designing of the presented simulation model, the refueling panel and the SSJ-100 air-

craft refueling system sufficient components were considered and selected for further software implementa-

tion. The selection of the necessary components for the model was carried out using the decomposition me-

thod of the real system. First, the functional elements of the refueling panel itself were selected, after which 

the refueling system was disassembled into components that allow simulating the operation of the simu-

lated panel. 

To implement the simulation model, software classes of objects and interactions between them were de-

scribed. Software algorithms are implemented in the Unity environment using the C# language. The cre-

ated program uses a three-dimensional graphic component and compiled for launching on a web browser. 

Software components have also been developed that allow studying the functions of the fueling panel both 

independently and in the mode of control of knowledge of the elements and algorithms for working with the 

fueling panel.  

The developed model is used as part of a practical simulator at the Reshetnev Siberian State University, 

and can be functionally expanded in the future. 
 

Keywords: airplane refueling panel, computer imitation model,  virtual simulator. 

 

Introduction 

This article presents the results of computer  control panel modeling and control of civil aircraft 

SSJ-100 refueling during ground handling. Using real equipment to master the initial skills of techni-

cal personnel servicing the aircraft can lead to breakdowns and malfunctions, and in some cases can be 

dangerous for an untrained specialist, more over, it is costly and takes up the specialist's working time.  

Therefore, the current task for solving this problem is the imitation of civil aircraft equipment by 

implementing the necessary simulators. In this case, there is a choice between implementing a simula-

tor on a software and hardware complex or a completely software one. The most reliable work experi-

ence will be obtained on a simulator using hardware components similar to real equipment. But this 

approach may be inferior to a completely virtual complex for the following reasons  [1; 2]: 

–  the cost of real equipment is quite high;  

– there is a need to maintain and support the equipment;   

–  it is more difficult to increase the number of copies of real equipment, unlike virtual equipment;  

– in the distance learning mode, potential access to virtual equipment is not lost .  

That is why a fully virtual implementation of the simulator can be considered an appropriate and 

justified solution. Moreover, fully virtual simulations have already proven themselves as full-fledged 

means of studying, researching and monitoring real systems in various industries, including aviation 

and aviation-technical [3–8], and can also be visually presented for a clear demonstration of their work 

to the user [5; 9]. 

 

Statement of the problem  

This paper will examine the virtual implementation of the control panel for refueling and some 

components of the aircraft refueling system required to simulate the operation of the panel. The ele-

ments of the computer model are developed as independent agents, with their own functions and vari-

able properties, which are subsequently implemented as classes of objects in the software environ-

ment.   

First of all, we consider the components of the SSJ-100 aircraft refueling console. The following 

elements can be distinguished on it: a power switch, a switch for checking the console indicators, refu-

eling system status indicators, switches and indicators for controlling automatic refueling, switches 

and indicators for controlling manual refueling, draining and pumping fuel. The user interacts with 

these elements directly, so they must be implemented first.  

The next step is to implement the operating algorithms for several components of the control panel, 

which simulate the operation of elements of a real aircraft refueling system.  [10]: 

– aircraft fuel tanks ; 
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– fuel filling and drain valves ; 

– aircraft fuel filling and fuel draining system ; 

– required fuel quantity setter ; 

– automatic aircraft refueling system ; 

– checking the indicator lights ; 

– supplying power to various elements of the filling station when it is turned on . 

Further, for computer implementation it is necessary to create full-fledged three-dimensional mod-

els for the components with which the user interacts. 

The final stage should be the development of training modules for training technical personnel us-

ing the developed virtual model. 

The result of the computer implementation of the control panel for refueling should be a software 

application simulating the operation of the control panel, accessible for use via a global or local net-

work. 

 

Design of a simulation model  

We consider in greater detail the components of the SSJ-100 fueling console, in particular, the ele-

ments with which the user interacts. The console elements presented in the previous section can be 

divided into three groups: toggle switches, numeric LED indicators, and regular LED indicators.  The 

design of the refueling console uses two- and three-position toggle switches, which are the main ele-

ments for transmitting control commands from the operator to the refueling system.  When the switch 

position is changed, a command is sent to the fueling console system to perform a certain procedure. The 

procedure performed depends on which switch sent the command and what position it is in. LED indica-

tors are used to display the current state of the filling system to the user. Numeric LED indicators display 

quantitative data of the system. Regular LED indicators switch depending on the state of the qualitative 

attributes of the system. The general scheme of this interaction is shown in Fig. 1.  

 

 
 

Рис. 1. Упрощённая модель взаимодействия пульта управления с системой заправки 
 

Fig. 1. Simplified interaction model of control panel with the fueling system 

 

The “Refuelling System” block must be broken down into its constituent elements and their func-

tions to simulate a real refuelling system (Fig. 2). The following virtual analogues of the previously 

listed components are used in the refuelling system simulation : 

– fuel tank objects for recording and changing the amount of fuel inside the aircraft ; 

– fuel valves that can be opened and closed. These elements are used to indicate which fuel tanks 

are open for filling and whether the fuel drain valve is open;  

– an object simulating the pouring of fuel into an aircraft. This object is designed to calculate the 

rate of  fuel amount change  in the tanks depending on the valves currently open, as well as the start 

and stop of the process of pouring fuel into an aircraft;  
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– fuel demand object setter. Used by the user to specify to the automatic fueling system the amount of 

fuel that should be in the aircraft's tanks; 

– object simulating an automatic refueling system. Monitors the amount of fuel in the tanks, opens 

and closes valves, starts and stops the fuel flow through the object simulating a fuel transfusion;  

– an object for simulating the check of the light indicators of the refueling console. It has two check 

modes: check of all indicators and check of the sensor indicators. When the check is started, the corre-

sponding light indicators should light up, when the check is turned off, the light indicators should re-

turn to the normal state;  

– an object for simulating a power supply system. When the power is off, the elements of the fuel-

ing console are disabled and do not perform the functions of controlling the fueling system when the 

user enters. When the power is on, the elements of the console operate normally. 

 

 
 

Рис. 2. Схема структуры и связей имитационной модели пульта заправки 
 

Fig. 2. Diagram of structure and interactions of fueling panel imitation model 

 

It is also worth considering that the program being developed must contain modules for training the 

user in knowledge and skills of working with the control panel and refueling control. To simplify the 

exchange of data between functionally separate modules, it is advisable to use a special interface com-

ponent that allows access to some data and functions of one of the modules. Therefore, when imple-

menting a program for a refueling system, such a component must be selected and implemented.   

The presented descriptions of the elements and their connections are further used to implement the 

software implementation of the remote control simulation.  

 
Software implementation of the simulation model  

The software product Unity, created by Unity Technologies, was used as the environment for creat-

ing the virtual simulator [11]. The chosen software solution is excellent for modeling agent systems 

and visual demonstration of models [9].  This environment uses the C# language [12] to describe the 

algorithms for the operation of various components of the program being developed and has the ability 

to assemble a ready-made solution for a web platform in the JavaScript language and using the 

WebGL graphic library [13].  
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Based on the selected functions and elements for the virtual refueling control panel, the following 

classes were designed and developed, simulating the operation of a real refueling control and man-

agement system:  

– NumericGauge are numeric indicators that store the number transmitted to it and visually display 

it using three-dimensional models of segmented digits corresponding to the actual indicator on the re-

mote control.  These objects also contain methods for providing the function of testing the remote con-

trol LED indicators. When the indicator test begins, a logical variable is set that causes the indicators 

of all digits to light up completely, respectively displaying numbers consisting of only eights. When 

testing is completed, the numeric indicators display the last number transmitted to them;  

– Indicators are light indicators that can be turned on and off by a command from other simulation 

objects. The transmitted state is stored in the object variable and is displayed by changing the bright-

ness of the material on the three-dimensional model of the object. When testing begins, the light indi-

cators light up, and when testing is completed, they display the last state transmitted to them;  

– TumblerTwoWay и TumblerThreeWay are classes implementing two- and three-position switch-

es, respectively. Two-position switches change their position when you click the mouse. Three-

position switches change their position when you hold the mouse down and move it up and down. 

When their position changes, an event corresponding to the new position of the switch is triggered on 

the switch object. Each of the events has various methods and functions attached to other simulation 

implementation objects that are launched when the events are triggered. Functions and methods are 

attached to events depending on which switch and its position the event corresponds to;  

– FuelTank is a class implementing three aircraft fuel tanks. Contains data on the current, mini-

mum, and maximum amount of fuel and methods for adding and subtracting the current amount of 

fuel in the tank. When the amount of fuel changes, the new value is transmitted to the corresponding 

indicators of the refueling console;  

– FuelValve is the implementation of aircraft fuel valves. Three valves for pumping fuel into the 

aircraft and one for draining fuel. They are controlled by two-position toggle switches and display the 

open/closed state on conventional indicator lights;  

– FuelFlow is an object for simulating the process of pouring fuel into an aircraft. Starts and stops the 

process of pouring fuel when the corresponding switch is on or by commands from the automatic refuel-

ing system. Performs various fuel pouring operations depending on the currently open fuel valves. If on-

ly the fuel tank valves are open, then fuel is pumped into the corresponding tanks. If only the drain valve 

is open, then fuel is drained from the aircraft. Other configurations result in fuel being pumped from 

tanks with closed valves to tanks with open valves;  

– PreselectFuel is an object for controlling the required fuel quantity setter. It stores the required fuel 

quantity and changes this quantity when moving the three-position switch. The required fuel quantity is 

displayed on the numerical indicator on the remote control;  

– AutoFueling is a class that simulates the operation of an aircraft automatic refueling system. It 

opens valves and starts a simulated fuel transfer to evenly fill the fuel tanks to the amount specified by 

the setter ; 

– PowerSystem и IPower are classes that simulate the power supply to various elements of the fuel-

ing console when it is turned on. IPower is an interface containing methods for receiving a signal that 

power is being supplied to an element of the console. This interface is implemented on all elements of 

the console and changes a variable indicating that power is being supplied to a given element. If there is 

no power on the switches, events for controlling the fueling system are not triggered on them. If there is 

no power on the LEDs, they stop displaying the information supplied to them. The PowerSystem object 

contains references to all objects implementing IPower and issues an on/off command. Power supply is 

controlled through a single switch that is not controlled by the PowerSystem;  

– PanelTest is a class that controls the functionality check of the control panel LED indicators. It 

can enable the check on all LED indicators or only those that should be connected to the fuel system 

sensors. It is controlled via a three-position switch;  
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– FuelSystem is a facade class [14], which refers to the other classes of the fuel supply system and 

the refueling console and is used to manage and retrieve data about the current state of the refueling 

system from a single interface. This object is designed to simplify access of any other program com-

ponents to the data and the function of simulating the console and fuel system.  

Fig. 3 shows a description of the software system using a UML class diagram for the classes de-

scribed above.  

 

 
 

Рис. 3. Классовая UML схема имитации пульта заправки 
 

Fig. 3. Class UML diagram of fueling panel imitation 

 

The presented components were implemented as software algorithms in the C# language and at-

tached to objects of a three-dimensional model of the control panel for refueling in the Unity environ-

ment (Fig. 4) to simulate its operation. Models of three-dimensional objects were developed using the 

Blender program developed by the Blender Foundation [15].  

The developed model of the control panel can be used for manual refueling (Fig. 5), automatic re-

fueling (Fig. 6), fuel draining (Fig. 7) and fuel transfer between tanks (Fig. 8).  

 

 
 

Рис. 4. Трёхмерная модель пульта заправки в программе 
 

Fig. 4. 3D-model of fueling panel in program 
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Рис. 5. Шаги выполнения ручной заправки 
 

Fig. 5. Manual refueling steps 

 

 

Рис. 6. Шаги выполнения автоматической заправки 
 

Fig. 6. Automatic refueling steps 

  

  

 

Рис. 7. Шаги процедуры слива топлива 
 

Fig. 7. Defueling procedure steps 

 

Рис. 8. Шаги процедуры переливания топлива  

между баками 
 

Fig. 8. Fuel transfusion between tanks  

procedure steps 

 

 

Practical application  

Currently, the presented simulation model is used in the simulator "Control and management con-

sole for refueling Sukhoi Superjet 100" [16]. This program contains software components for perform-

ing two types of tasks: studying the elements of the refueling console and algorithms for working with 

the control and management console for refueling. Each type of task contains a training and testing 

mode.  

The first type of task is used to study the elements of the control panel and their location.  

In the training mode of this task, the user can click on each of the elements of the control panel to get 

its description. In the test mode, on the contrary, the user is given a description of the element  

that must be found on the control panel. The study of the elements of the gas station control panel is 

carried out using the StudySystemManager study module (Fig. 9). This class tracks the user's interac-

tion with StduyObject objects, which are attached to the corresponding elements of the three-

dimensional model of the gas station control panel. Processing of user interactions with these objects 

is delegated to two implementations of the IStudySystem class: one for the training mode, the other for 

the test mode.  
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Рис. 9. Схема системы изучения элементов пульта заправки 
 

Fig. 9. Fueling panel elements study system diagram 

 

In tasks for studying algorithms, the user is given the opportunity to first study various algorithms 

for refueling, draining and pouring fuel into an aircraft, and then perform these algorithms with a min-

imum number of explanations. To perform these functions, the module for studying work algorithms is 

divided into 4 types of objects (Fig. 10):   

– TasksController is used to initialize and complete the current task and collect data about the fuel-

ing system state through the FuelSystem object; 

– TasksHolder – these are objects that correspond to one algorithm of working with the remote 

control (task). They contain a list of tasks required to complete the task, as well as methods for manag-

ing them;  

– Task – is one of the tasks that must be completed to complete the work algorithm. It contains a 

list of subtasks and methods for managing and displaying task execution. A task is considered com-

pleted if all its subtasks are completed;  

– TaskGoal is a subtask class that contains the name of one of the variables of the fuel system si-

mulation of the FieldName enumeration type and its required value. To separate the logic of working 

with different variables from this class, two others are produced: BoolTaskGoal for logical variables 

and FloatTaskGoal for numeric variables. Objects of this class receive the current value of the fueling 

system variable through the GetBoolFieldByName functions for logical variables and GetFloatBy-

FieldByName for real variables from the FuelSystem object. Then the subtask is marked as completed 

if the required value of the variable is achieved inside the fuel system and remains so for a certain pe-

riod of time.  
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Рис. 10. Схема системы обучения алгоритмами работы с пультом 
 

Fig. 10. Diagram of study system for fueling panel work algorithms 

 

 

The presented method of using the developed simulation model of the refueling console is one of 

the potentially possible ones. If necessary, the software model can be modified to perform other tasks.  

 

Conclusion 

The paper considers a virtual simulation model of the Sukhoi Superjet 100 aircraft refueling control 

and management console. The system architecture, its components and interaction links between them 

were designed. According to the proposed architecture, a software implementation of the simulation 

model was developed using the Unity environment for a web platform. This software solution is im-

plemented as a simulator containing components for studying the elements and algorithms of the refu-

eling console, as well as monitoring this knowledge. At the moment, the developed solution is used at 

the  Reshetnev Siberian State University as a virtual laboratory practical course in the discipline "Fuels 

and Lubricants" for the training direction 25.03.01 "Technical Operation of Aircraft and Engines". In 

the future, the presented simulation model can be expanded to perform other tasks.  
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