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The development of digital technology allows continuous improvements in many areas. This paper reflects the 

development of a new fuel measurement method. To measure the fuel, the authors propose three fuel sensors and a 
computational element to simulate the position of the fuel level in space with further calculating the volume of fuel, to 
reduce errors due to the fuel meters operation. The main advantage of this system is the elimination of errors arising 
from the evolution of an aircraft, as well as its uneven movement. 

The paper demonstrates a phased development of a laboratory test bench to study the three-point method to 
measure fuel. In the course of the work, a vessel is assembled to simulate the fuel tank of the aircraft. The vessel is a 
glass container with submersible measuring sensors. Also, the research contains calculation of the bridge electrical 
circuit to compute a voltage value at each sensor. In the test, transformer fluid substitutes fuel, since it acted as a di-
electric. The program code for the microcontroller is recorded. 

The proposed method has several advantages in comparison with traditional methods of measuring the fuel level;  
a mathematical model is presented, on the basis of which the level of fuel in the aircraft fuel tank is measured. 
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Развитие цифровых технологий позволяет непрерывно производить улучшения во многих сферах деятель-

ности. Данная работа посвящена разработке нового, несуществующего на данный момент метода измерения 
топлива. Для измерения топлива предлагается использовать три топливных датчика и вычислительный эле-
мент для моделирования положения уровня топлива в пространстве с дальнейшим расчетом объёма топлива, 
что позволит уменьшить погрешности, возникающие при эксплуатации топливомеров. Главным преимущест-
вом данной системы будет устранение погрешности, возникающей при эволюциях воздушного судна, а также 
при его неравномерном движении. 

В данной работе проводится поэтапная разработка лабораторного стенда для исследования трехточеч-
ного метода измерения топлива. В ходе работы был собран сосуд, моделирующий топливный бак воздушного 
судна. Сосуд представляет собой стеклянную емкость с погружными измерительными датчиками. Также 
был проведен расчет мостовой электрической схемы, рассчитывающей значение напряжения на каждом дат-
чике. В качестве замены топлива использовалось трансформаторное масло, выступающее в качестве диэлек-
трика. Был записан программный код для микроконтроллера. 

Предложенный способ обладает рядом преимуществ в сравнении с традиционными способами замера 
уровня топлива. В работе представлена математическая модель, на основе которой производилось измерение 
уровня топлива в топливном баке воздушного судна. 
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Introduction. The main objective of the method is to 
eliminate an error in case the surface of the fuel deviates 
from the position when the fuel is not affected by external 
forces [1]. 

The three-point method of fuel measurement involves 
the use of three fuel meters that determine the coordinates 
of the points located on the surface of the fuel and the 
electronic computing device with the geometric character-
istics of the fuel tank introduced into it [2–4]. 

The obtained spatial coordinates of the three points lo-
cated in the fuel tank in the computing device can be used 
to simulate the plane at the fuel surface (fig. 1). The re-
sulting plane isolates the upper (empty) part of the fuel 
tank [5–8]. Using the mathematical apparatus of the re-
sulting truncated figure (truncated fuel tank), we can cal-
culate its volume. 

The development of the pilot plant includes four 
stages: 

1. Fuel tank model design; 
2. Calculation and installation of electrical circuits of 

the fuel gauge; 
3. Firmware of the microcontroller; 
4. Test and adjustment of the installation. 
Fuel tank model design. The result of the first stage 

of constructing a fuel tank model is a vessel that is a glass 
flask with a square section and a wooden cover with holes 
to install submersible fuel meter sensors [9–11]. We use 
aluminum pipes with a diameter of 10 mm and 16 mm 
assembled in the form of coaxial capacitors as submersi-
ble sensors (fig. 2). 

For the calculation, the inner lower surface of the ves-
sel is divided into similar sectors (fig. 3). 

 
 

 
 

Fig. 1. The cross section of the fuel tank by the plane of the fuel level 
 

Рис. 1. Сечение топливного бака плоскостью уровня топлива 
 
 

    
 

Fig. 2. A vessel to measure liquids     Fig. 3. Selected sectors of the surface 
 

Рис. 2. Сосуд для измерения жидкости               Рис. 3. Выделенные сектора поверхности 
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The second stage consists of the calculation and instal-
lation of the measuring bridge generating a misalignment 
signal from 0V to 5V. 

Calculation and installation of electrical circuits  
of the fuel gauge. For the calculation and simulation  
of the scheme, we use an “online electric” resource  
for the interactive calculations of power supply systems 
(fig. 4). 

Based on the modeled scheme, we install three 
schemes of the measuring bridges for each sensor sepa-
rately to a prototyping board. Further, elements are con-
nected to the submersible sensor as a capacitive element 
[12; 13]. 

Firmware of the microcontroller. Microcontroller 
“WAVGAT” (fig. 5) is chosen to be a computing device 
due to its docile computing performance and ease of 
firmware. 

Microcontroller firmware is performed according to 
the following code; and an integrated development envi-
ronment Arduino is used as the development environ-
ment. 

Fig. 6 shows a part of the code, responsible for creat-
ing a program code with unchanged values to be used for 
the future mathematical calculations of the fuel level.  

Fig. 7 demonstrates a section of the program code, de-
signed to indicate the analog inputs, which are supplied 
with an analog signal in the form of voltage from 0 V  
to 5 V. This signal comes from the bridge circuit of the 
measuring unit. 

At this stage (fig. 8) analog-to-digital conversion of 
the input signal is performed to facilitate further mathe-
matical calculations [14; 15]. The calculated values as 
well as the constant values are used to continuous compu-
tation of the secant plane. 

 
 

 
 

Fig. 4. Electrical diagram of the measuring bridge 
 

Рис. 4. Электрическая схема измерительного моста 
 
 
 

 
 

Fig. 5. Microcontroller WAVGAT 
 

Рис. 5. Микроконтроллер WAVGAT 
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Fig. 6. The designation of the model vessel dimensions  
and the position of the submersible sensors 

 
Рис. 6. Обозначение размеров модели сосуда  

и положение погружных датчиков 
 
 

 
 

Fig. 7. Designation in the code of analog inputs 
 

Рис. 7. Обозначение в коде аналоговых входов 
 

 
 

 
 

Fig. 8. Analog-to-digital conversion and computation  
of the secant plane equation 

 
Рис. 8. Аналогово-цифровое преобразование  
и вычисление уравнения секущей плоскости  
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Nested loop (fig. 9) calculates the height of the fuel 
level in each sector of the fuel tank model. 

 

 
 

Fig. 9. Nested loop 
 

Рис. 9. Вложенный цикл 
 
After the firmware, the output channels of bridge cir-

cuit rectifiers are connected to the microcontroller analog 
inputs and the operation of this system is tested. Trans-
former oil is used as a dielectric to replace aviation fuel; 
this eliminates the need to do insulation for submersible 
sensors. 

Conclusion. By applying these corrections in the cal-
culations, it becomes possible to perform computations 
with higher accuracy. It is possible to notice, the virtual 
truncated model corresponds to the real level of fuel tank 
filling factor, and the error in case of external forces does 
not occur, since the section plane will tilt in the virtual 
model while maintaining the volume. 

The system shows some deviations during the meas-
urements, but in general, the reliability of this measure-
ment method has been confirmed and has got prospects 
for further development with more accurate measuring 
devices for better measurement accuracy. 
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