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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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Pazeumue yugpogvix mexnono2uii no360/1sem HenpepbleHO NPOU3EOOUMDb YIVUULEHUsL 80 MHO2UX chepax Oesimeib-
Hocmu. Jannas paboma nocesiugena paspabomre H08020, HECYWEeCmBYIOWe20 Ha OAHHbIN MOMEHN Memood UsMepeHus
monauea. /[ns uzmepenus moniuea npeoiazaencs UCNoib306ams mpu MONIUGHbIX OAMYUKA U GbIYUCTUMETbHDLIL le-
MeHm 0151 MOOEIUPOBAHUS NOONCEHUSL YPOBHS MONAUBA 8 NPOCMPAHCMEE C OANbHEMUM pAciemom 00béma monauea,
YMO NO360AUM YMEHbULUNG HOZPEUHOCIU, BO3HUKAIOWUE NPU IKCHIYAMAayuu moniueomepos. 1 nasuvim npeumyuecn-
60M OGHHOU cucmembl 6y0em ycmpaneHue noePeuwtHOCmu, O3HUKAouell npu I60T0YUAX 030YUHO20 CYOHA, A MAKICE
npu €20 HePaBHOMEPHOM OBUINCEHULL.

B oannoti pabome nposooumcs nosmannas papabomka 1ab60pamoprHo20 CmeHOa 05 UCCAEO08AHUSL MPEXMoyeH-
HO20 Memoda uzmepenus monaued. B xode pabomel Ovin cobpan cocyo, mooerupyrouull MonIusHslll 6aK 8030YUHOZ0
cyona. Cocyo npedcmaensiem co60l CMEKIAHHYIO eMKOCMb C HOSPYICHBIMU UMepumenvuvimu oamuuxamu. Taxoce
ObLT nposeder pacuem MOCMOBOU HNEKMPUYECKOT CXeMbl, PACCUUMBIEAIOWell 3HAYEHUEe HANPSANCEHUS HA KAHCOOM Oam-
yuke. B kauecmee 3amenbl MONIUBA UCHOIB308ANOCH MPAHCHOPMAMOPHOE MACIO, BbICHYRAIOUee 8 Kauecmee OUdJieK-
mpuxa. Buli 3anucan npoepammublii Koo 0Jist MUKPOKOHMPOLEPA.

Ilpeonooicennviii cnocob obnadaem psaoomM RpPeuMyuwjecme 8 CpAHeHUu ¢ MpaouyUOHHbIMU CHOCObaMU 3amepd
VpogHsL monaugd. B pabome npedcmasiiena MamemMamuieckas Mooeib, Ha OCHO8e KOMOPOI NPOU3800ULOCH USMEPEHUE
VDOGHSL MONUBA 8 MONIUBHOM OAKe 6030YUHO20 CYOHA.

Kniouesvie crosa: Jla6opam0pﬂaﬂ ycmanoska, moniaueomep, MONIUBHDBILLL 6CZK, nocpewHocnts, asuayusl.
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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

Puc. 1. Cedenne TonmuBHOTO 6aKa MIOCKOCTBHIO YPOBHS TOIINBA

Fig. 2. A vessel to measure liquids

Puc. 2. Cocyn anst u3MepeHust KUIKOCTH

Fig. 3. Selected sectors of the surface

Puc. 3. BelieneHsble ceKTopa OBEPXHOCTH
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The second stage consists of the calculation and instal-
lation of the measuring bridge generating a misalignment
signal from OV 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

Puc. 4. SHGKTpI/I‘-IeCKaSI CXeMa U3MEPUTEIIbHOI'O MOCTa
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Fig. 5. Microcontroller WAVGAT

Puc. 5. Mukpokonrpoiiep WAVGAT
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z@
za

S/Const: size
int xMax = 12@;
int yMax = 12@;
int zMax = 708;
int &5 = 17;

int z@;
int z1;
int zZ;

A/Const: coordinate

float x@ = xMax * @.15;
floot y@ = yMax * @.15;
float x1 = xMax * @.85;
float y1 = yMax * @.15;
float x2 = xMax * @.15;
float y2 = yMax * @.85;

Fig. 6. The designation of the model vessel dimensions
and the position of the submersible sensors

Puc. 6. O603HaueHNE Pa3ZMEPOB MOJIEIH COCya
U TI0JIOKEHUE TIIOTPYKHBIX JAaTYUKOB

vold setup() {
AF put your setup code here, to run once:
Serial.begin(960@);

ffHeight
pinModeCA@, INPUT);
pinModeCAl, INPUT);
pinMode(AZ, INPUT);

}
Fig. 7. Designation in the code of analog inputs
Puc. 7. O603HaueHNE B KOJIE aHAJIOIOBBIX BXOJ[0B
= analogRead(A@);

= map(z@, @, 1823, @, 208);

F/Z8 = constrain{z@, @, 2008);

zl
zl

= analogRead{Al);
= map{zl, @, 1823, @, 268);

/21 = constrain{zl, @, 28@);

zZ
zZ

= analogRead(AZ);
= map(zZ, @, 1@23, @, 2@@);

Ffze2 = constrain(zZ, @, 208);

int
int
int
int

int
int

A= (Qyl +y0) * (22 - z8)) - ((y2 - y@) * (z1 - z8));
B=((x1+x0) * (22 - z8)) - ((x2 - x@ * (21 - z@0);
C= (0 + x@) * (y2 - y8)) - ((x2 - x@) * (y1 - y8));
D=(-x@*A)+ (y@ *B) - (z0 * ();

=

= 8;
zZ=8;

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

Puc. 8. AnanoroBo-nudpoBoe nmpeodpazoBaHue
U BBIYMCIICHUE YPABHEHUS CEKYILEH INIOCKOCTH
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Nested loop (fig. 9) calculates the height of the fuel
level in each sector of the fuel tank model.

for (int x = 1; x <= xMax; x++) {

for (int ¥y = 1; ¥y <= yMox; y++) {
Z=((-x*A) +(y *B) -D) /
V+=5*7;
}
}

Fig. 9. Nested loop

Puc. 9. Biio)XeHHBIN UK

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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