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Urgency of the research. The issue of a pneumatic car — air car developing is very important nowadays, as the environ-
ment is threatened by a variety of emissions from cars. The decision has to be made. There are various alternatives to internal
combustion engines, and one of them is compressed air engines.

Target setting. The main goal is to develop a car that runs on compressed air and create a frame that matches the dimen-
sions specified for the competition.

Actual scientific researches and issues analysis. In recent years, Aventics has organized competitions and races on
pneumatic vehicles. These races have been running by Emerson for thirteen years. The pneumatic cars had to take part in
all categories of competitions. We have been dealing with this issue in Slovakia for the third year, and this pneumatic car
is our third model.

Uninvestigated parts of general matters defining. This article describes a car that runs on compressed air, as well as
describes in more detail the frame used and its design features.

The research objective. The purpose of this study is to analyze the pneumatic vehicle, its parts and to give a detailed
description of the manufactured frame and its properties. The corresponding frame was made on the basis of the conditions
determined by Emerson's competitions.

The statement of basic materials. The analysis was conducted on the basis of the terms of the competition. These conditions
are determined by the maximum and minimum dimensions of the car. Based on these conditions, a frame was developed, it was
previously analyzed by FEA - MKP. The description of the frame is given below.

Conclusions. This article describes the design of a pneumatic car for competitions. The competition focus is cars powered
by compressed air. The pneumatic cars were developed by bachelors and technical school. The design of this car has passed the
initial inspection and has been approved by the organizers of the competition.
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Fig.: 7. References: 10.

Problem definition. The basic concept is based on the rules of the XIII International Com-
petition of Pneumatic Motorists Aventics. This is a competition of students’ teams that include
future bachelors and engineers. This year the third concept of the pneumatic car has been de-
veloped for this competition [1].

Fig. 1. Designed vehicle — pneumatic car

This model has four wheels as well as two cylinders used as a drive. This type of drive does
not produce harmful emissions. The car offered (Fig. 1) can participate in competitions with a
restored or new car. This year a new one has been built, the total weight of which does not
exceed 90 kg.
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The dimensions of this car met the requirements. The maximum length of the car is 2500
mm, and the maximum width is 1700 mm. The height is 90% of the width. The ground clearance
between the bottom of the vehicle and the ground must be at least 70 mm. The proposed vehicle
with the specified dimensions is shown in Fig. 2.
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Fig. 2. Pneumatic car with dimensions

This year a concept consisting of a simple design has been proposed. The structure is strong,
and a steel profile is chosen as a building material. Last year, three wheels could be used to
design the concept. The rules of the competition no longer provide for the concept of three
wheels, so the design was developed that now 4 wheels are used. The vehicle designed in this
way is more stable in corners [2].

The frame was made of square and rectangular steel profile pipes, as they are easier to work
with than round ones. The main structure consists of square pipes measuring 25x25x2 mm, as
required by the rules, the load-bearing structures will be made of pipes of different sizes taking
into account their purpose [3].

Features of the frame. The car is 2157 mm long, 1158 mm wide and 8§65 mm high. Ap-
proximately 90 kg is the maximum weight of the car. The height of the ground clearance is 90
mm. This new concept is a vehicle that can cover the maximum distance using less compressed
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air. We chose a four-wheeled concept with a radius of 16 inches. It was decided to use the
engine, which will consist of two air cylinders with a diameter of 63 mm and a piston stroke of
320 mm located on the left side of the car. The driver is located right in the middle of the car.
A compressed air tank is installed on the right side of the car. The gearbox is located behind the
driver's seat. The engine is controlled by the Arduino Mega 2560 system [4].
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Fig. 3. Pneumatic car and basic parts

In order to meet the conditions of the competition, it was necessary to adhere to the stated
dimensions. Since the decision on the concept of four wheels has been made this year, there have
been several changes compared to the first concept. The frame can narrow with these changes
and thus decreases overall. The driver's seat is located in the middle of the car. The frame of the
vehicle serves as a protective frame. The frame created in this way protects the driver even in
case of a collision or overturning. The concept was developed for maximum driver protection [5].
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Fig. 4. Comparison of the first and third concept
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Collision simulations. In the first study, a frontal collision was simulated by applying a force
of 10 kN to the front of the frame. The frame showed minimal deformation, and the maximum
stress reached only half the yield strength. Carried out simulation of a head-on collision and over-
turning of the car is shown in Figure 5 [6].
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Fig. 5. Simulation of the frame
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The front axle is sprung, the rear axle is stationary. The ground clearance of the front axle
varies from 80 mm to 94 mm during the suspension, the rear axle has a fixed clearance of 94
mm [7]. Control system of vehicle. This vehicle uses two linear cylinders. The cylinders are
connected by a belt. This engine is designed by Arduino - Mega. The whole system is powered
by a lithium-polymer battery 6S - 1 P, 24 V with a capacity of 10,000 mAh [8].

The diagrams start by checking the emergency stop button (SBE). After that, if the emer-
gency stop button is on, the system will stop and both cylinders will be empty, if the emer-
gency stop button is off, the system will continue to operate. After applying the power to the
Arduino-Mega controller, the driver must adjust the settings on the display. After that, the
Arduino Mega controller reads the signal on all sensors. Then all values are shown on the
display. The system continues to check the brakes. If the brakes are on, both cylinders (C1,
C2) will go out and the brake lamp will light up. Otherwise the system continues to check the
accelerator pedal, the brake light will go out. If the accelerator pedal is switched off, the air
supplied to both cylinders will be switched off. If the pedal is on, the system continues to
check the mode. If the signal from the ST6 sensor is correct and the signal from the ST6
sensor is incorrect, then the pistons are pushed out. If the signal from the ST6 sensor is incor-
rect, but the signal from the ST6 sensor is correct, then the pistons are retracted into the cyl-
inder. Then the cycle repeats.

Fig. 6. Planned position of electrical parts

The electrical cabinet will be located in one of the positions marked by orange rectangles,
the exact position will be selected when assembling the car with an emphasis on safety, weight
distribution, cable management and the driver comfort. The cabinet will provide the required
level of protection IP54 or better. The planned position of the pneumatic safety switch is
marked with a red circle. The planned position of the electric safety-stop is marked by a red
hexagon [9].

In the following Figure. 7 is shown the concept. The first two concepts also participated in
the competition [10].

139



Ne 3(21), 2020 TEXHIYHI HAVKHU TA TEXHOJIOTIi
TECHNICAL SCIENCES AND TECHNOLOGIES

Fig. 7. Designed pneumatic cars in last three years

Conclusions. For the last three years the Department of Robotics has taken an active part in
the international competition in pneumatic vehicles. This year the students have created the third
concept of the pneumatic car. The first two concepts also took an active part in the competition.
The last concept of the pneumatic car has been developed on the basis of the experience gained
for the first two years.

This article describes one of the main parts of a pneumatic vehicle. The car has been designed
to meet the requirements of the competition. One of the main parts of the vehicle design is the
modeling of the frame to ensure safety requirements in case of accidents. As this car is a students’
project, it could not be completed due to the ongoing Covid-19 pandemic. This proposed vehicle
will be built soon when students return to the department.

Acknowledgements. This article was created with the support of the project KEGA:
010TUKE-4/2020 - Introduction of new knowledge and innovative approaches to the process of
robotics training in accordance with Industry 4.
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Ilimep Mapyinko, Mixyraw I atioyx
ABTOMOBLJIb HA CTUCHEHOMY HOBITPIL, IHEBMOBLJIb 2020

Akmyanvhicmos memu 00cnioxncenna. [Ipoonema po3podku nHeemomoobins € dydce aKkmyanbHO, OCKIIbKU CbO200HI HA-
BKONUULHbOMY CEPeO0GUULY 3A2PONCYIOMb PI3HI GUKUOU, 8upobaeHi asmomodinamu. Heobxiono snaiimu ii piwenns. B danuil
yac edice ICHYIOMb PI3HI AlbMEPHAMUBU OBULYHAM GHYMPIULHBO20 320PAHHSA, | 00HA 3 HUX — ye OBUSYHU, U0 Npayooms Ha
CMUCHYMOMY ROBIMPI.

Ilocmanoexa npoonemu. OcnogHa mema - cmeopumu aemomo0ine, U0 NPayloe Ha cmucHeromy nosimpi. llepuiovepeosea
Mema - Cmeopumu pamKy, o 8ionosioae posmipam, 6USHAYEHUM 3MASAHHAMU.

AHaniz ocmannix 0ocniodicens i nyonikauin. B ocmanni poxu komnaris Aventics opeanizo8y8ana 3MazanHs 3 Nepesomie
Ha nHeemomobinax. llpomsaeom ocmanHix mpuHadyamu poxie i 0o menep yi nepecoru o4oatoe komnaria Emerson. Leii asmo-
MOO6INbL Mas bymu npedCmasieHuM y 6Cix HOMIHayinx KOHKYpcy. Mu 3atimaemocs yicto npodaemoro 6 Crosauuuni exice mpemii
DIK, [ ye Haua mpems MoOeb.

Buoinenna nedocnioxncenux yacmut 3a2anvhoi npooaemu. Y yiii cmammi onucyemocs agmomooing, sKuil ipUEoOUmMsbCst
6 PYX CIUCHEHUM NOBIMPSM, | Oilbul 0eMAIbHO ONUCYEMBCS GUKOPUCIAHA pama ma ii 0cobausocmi.

Ilocmanogka 3a80anna. Memoio 0ano20 00ciONCeHHs € AHANI3 NHeEMOMODIS, 11020 Yacmun i demaineti, ONUC GUSONOG-
nienoi pamu i ii enacmueocmeii. Bionosiona pama byna 6ucomosnena 3a yMoe, 6U3HaveHux KoHkypcom Emerson.

Buknao ocnoenozo mamepiany. Ananiz npoeooumocs 6uxo0a4u 3 ymMoe KoHkypcy. Lli ymosu eusHauaomoscsa Makcumans-
HUMU [ MIHIMAIbHUMY 2abapumamu agmomooins. Buxoosuu 3 yux ymoe, 6yna cnpoekmogana pama ma nonepeoHvo niooana
ananizy FEA - MKP. Onuc kopnycy HageOdeHo Huicue.

BucHnoeku 6ionogiono 00 cmammi. Y yiti cmammi onucyemocs KOHCMPYKYIs NHeeMOMOOLIsL Olisl 3Ma2anb. 3Ma2anHs
OpIEHMOBAHT HA A8MOMOOBINL, WO NPAYIOIONMb HA CIMUCHYMOMY nogimpi. L[i nneemomo6ini po3pobrsomoecs bakaraepamu i cmy-
Odenmamu iHJceHepHux cneyianvhocmeii. Konempykyis yvbo2o aemomoobins npouuia nepeurHULL 0210, SKULL CXEANUNU OPSaHi-
3amopu KOHKYpCY.

Knwuogi cnosa: cmucnene nosimps; nHeemo0ins, pama.
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