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AUTOMOBILE WITH PNEUMATIC ENGINE

Urgency of the research. In the modern times, more often, there are alternatives to the drive, which help the environ-
ment. First of all, there are many engine alternatives, but also hybrids with low emissions.

Target setting. The main goal was to design a vehicle that powered by compressed air. Then take the vehicle to competi-
tion. For one pressure cylinder, this vehicle get over a longer track and the other category reached a higher speed.

Actual scientific researches and issues analysis. In the past few years were realized ten Aventics pneumobil competi-
tions. That year was the eleventh grade of this pneumatic competition. This vehicle ran for the first ride in all categories.
There are many publishers in the field of pneumatics systems. The issue of pneumatic motors is new in Slovakia, since it is
one of the first pneumatic driven vehicles.

Uninvestigated parts of general matters defining. This article focuses on analysis of the proposed of pneumatic driven
vehicle and few parts of this vehicle.

The research objective. The aim of the research was to design and assembly a compressed air-powered car that was
supposed to attend in competition of pneumobil.

The statement of basic materials. The analysis consists of basic information about competition, by Aventics. The definition
of the vehicle is described below. Based on this knowledge, the 3D model and frame of the vehicle are further developed. MKP-
FEA simulations were performed on this frame. Basic information and parts of the pneumatic engine have been provided.

Conclusions. This article describes the design, simulations, parameters and basic parts of a pneumatically-powered ve-
hicle. The design of a pneumatic driven vehicle is based on the rules by Aventics. Based on these rules, the development of
this vehicle was realized. The next step was to analyse the frame that protect pilot in the event. One of the simulation was
described and explained. Some of the basics were also described. The result of this student project is a vehicle that took place
in the Hungarian town of Eger. The vehicle ran in each of category. There were a total of 51 teams from all over the world.
Only 34 teams completed the technical inspection. In the “long distance” category finished in 15" place.
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Problem definition. The concept of the car is based on the rules of the International Aven-
tics Pneumobil Competition 2018. It is the first car of this type made in Slovakia. The car has
a three wheel chassis with twenty six inch wheels and is powered by a pneumatic three cylinder
engine with a volume of 1885 cm® powered by compressed air. As an energy source, the air
pressure of 20 MPa in a pressure vessel. The pneumobil does not produce any harmful emis-
sions like gasoline and diesel combustion engines.

Fig. 1. Proposed vehicle model of pneumobil
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The pneumatic engine consists of three star-shaped pneumatic cylinders which are gradually
actuated and by means of a crank gear, the linear motion of these pistons is transformed into a
rotary movement of the output shaft of the motor [1]. The torque of the motor is then transmit-
ted by the chain gear to the rear drive wheel of the vehicle. The front wheels are mounted on
suspension axles. Monitoring the vehicles operation and ensuring maximum drive efficiency is
addressed by the Bosch Rexroth IndraContol L10 PLC system.

The length of the car is 2390 mm and the width is 1480 mm. The maximum height is
1113 mm. The weight of the entire vehicle is approximately 150 kg. The clearance height of the
chassis is 88 mm. The clearance height can be adjusted by as required. The frame of the vehicle
is made up of a welded steel structure designed to meet the relevant safety regulations to pro-
vide the driver with maximum protection in the event of an accident.

When designing the structure, the front impact of the car and its overturning was also simu-
lated. The car is equipped with four-point safety belts and safety pneumatic elements. The pres-
sure vessel is located on the side of the vehicle so that it is protected by a safety frame in the
event of an accident. The car is equipped with all-wheel disc brakes and the braking system
consists of two separate circuits, front and rear. Two brake cylinders are used, each for one
brake circuit. The rear brake circuit includes a handbrake. Pneumatic elements and control unit
for this car have been provided by sponsors Aventics and TBH Technik, s.r.o.

3D model and frame of the vehicle. The concept of the car is based on the rules of the
competition. The 3D model has been designed to meet the limits of lengths, width and height.
Fig. 1 shows model of the frame.

Fig. 2. 3D model of the frame

3D model and frame of the vehicle. The concept of the car is based on the rules of the
competition. The 3D model has been designed to meet the limits of lengths, width and height.
Fig. 2 shows model of the frame.

The pneumatic frame is made of welded steel tubes of 25x2 size and the auxiliary elements
are made up of rectangular sections measuring 40x25x2. The seat of the pilot is located at the
center of the frame over which is a protective armor to protect the rider in case of overturning.
The whole structure of the frame is designed to provide the rider with maximum protection in
the event of any accident. On Fig. 3 is real frame of the vehicle.
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Fig. 3. Frame of pneumobil

The simulation simulated the perpendicular impact of the vehicle into an obstacle where the
front part of the frame was loaded with a force of 1000N. Fig. 4 shows a frame shift which is
minimal and the rider is safe. Protection of the rider is ensured in particular by the protective
frame, the safety sports seat and the 4 point seat belts. The bottom of the vehicle is covered with
2 mm aluminium plate all over the area.
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Fig. 4. Simulation of the frame

The pressure cylinder is located on the side of the vehicle, next to the rider’s seat. Because
of the center of gravity it is positioned as low as possible and is fastened with two steel strips
and clamps. These strips and clamps are removable, allowing the pressure vessel to be replaced.
Puffer container has a CE-Certificate: 2009/105 EC and 97/23 EC (P.E.D.).
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Pneumatic engine. The engine consists of three linear pistons that are arranged in the star,
the pistons being turned 120° to one another [2]. The pistons are mounted in steel frames and
the piston tips are mounted on one crankshaft. The ends of the pistons are attached to the frame
by means of pins containing the bearings and at the same time the pins connect the frames [3].

With their linear motion, they rotate together with the crankshaft, which with the help of
sprockets and chains, transmits the torque through the gearbox to the driven wheel. The motor is
attached to the frame by means of four bearings that are mounted to the frame by M16 screws.
The engine is located on the right side of the frame. Fig. 5 shows star shaped engine.

Fig. 5. Star shaped engine

This pneumatic star shaped motor consists of few parts. Primary components are two steel
frames and three linear pistons, by Aventics. Another parts of the sprocket wheels, the crank-
shaft and the gearbox. At the beginning of each pistol is coupling pin. Frames connected togeth-
er with stiffener platforms [4].

The drive system is presented with a two-speed gearbox that is inspired by automotive com-
petitive vehicles. It uses a gearing system. Sprockets are used to facilitate the passage of higher
axial distances. Gears are controlled by pushrods to provide torque transmission either through
the first gear or the second permanent gear that drives the rear wheel.
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Fig. 6. Pneumobil

The front wheels are fitted as well as on ordinary bicycles, so the wheel is mounted on the
axis and attached to the nut. The rear wheel is mounted on the produced shaft, which is stored in
the bearing houses. The rear axle is driven from the gearbox and is connected to a rear wheel
that includes a freewheel. The rear wheel is attached to the shaft with lock rings and adjusting
screw in the bearing house. Fig. 7 shows team on competition.
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Fig. 7. Pneumobil in Eger, HU
Conclusions. This article describes the design, simulations of frame, parameters and basic
parts of a pneumatically-powered vehicle. The design of a pneumatic driven vehicle is based on
the rules by Aventics. Based on these rules, the development of this vehicle was realized.
The next step was to analyse the frame that protect pilot in the event. One of the simulation
was described and explained. Some of the basics were also described. The result of this student
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project is a vehicle that took place in the Hungarian town of Eger. The vehicle ran in each of
category. There were a total of 51 teams from all over the world. Only 34 teams completed the
technical inspection. In the “long distance” category finished in 15% place.
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Ilemep Mapyunxo, Mixyraw I'atioyk, Mapow Ilanko
ABTOMOBUIbB I3 IHEBMATUYHUM JIBUT'YHOM

Axkmyanvnicmbs memu 0ocnioxcenun. YV naw uac Habyearmsv NOWUPEHHS AbIMEPHAMUGHT 08USYHU HA OXcepenax na-
JUBa, sKi He 3a0pyOHIoioms 008KiLIs. Ichye eenuka KinbKicmb Pi3HOBUOIE OBUSYHIE HA AILIMEPHAMUGHUX 0JICepeNax nalued, a
makooic i3 2IOPUOHUMU YCMAHOBKAMUL.

ITocmanoexka npoonemu. OCHOBHOIO MeMOK € NPOEKNYBAHHA ABMOMODINA, WO NPAYIOE HA CHIUCHEHOMY NOGImpi.
B3zamo yuacmo y 3mazanuax nHesmamuuHux asmomooinis. Ilpu momy s camomy mucky 6 yuniHopi yei asmomodins noooias
6inbuLy 8iocmany, a 6 it 00csie bilbll BUCOKOL UBUOKOCHIL.

Ananiz ocmannix docnioscens i nyonikayii. 3a ocmanmi Kinbka pokie 63amo yyacmos y oecamu 3mazanHax Aventics 3
nueemomobinem. B ypomy poyi 6ys oounadysmuii paz yuacmi 6 3macannsix. Llei asmomobine ¢hiniuiyeag nepuium y 6cix xame-
eopisax. V eanysi nnesmamuunux cucmem onyonikoearo 6azamo npays. [lumanna nnesmamuynux 08ueyHie € nogum y Cnosay-
YUHI, NPeOCMAaBNeHUtl NHEGMAMUYHUL MPAHCROPMHULL 3CI6 € OOHUM 13 NEPUIUX A8MOMOOGINIE i3 NHEBMAMUYHUM NPUBOOOM.

Buoinenns nedocnioycenux wacmun 3azansnoi npobnemu. Y yiti cmammi 0cHO8HA y8aza npuodinacmovcs ananizy 3a-
NPONOHOBAHO20 ABMOMOOIISL 3 NHEBMATUYHUM NPUBOOOM U OESKUX 1020 eeMeHMIE.

ITocmanoeka 3aedanusn. Mema docniodxcenns nonseana 6 momy, wob cnpoekmysamu i 3i6pamu agmomoobine i3 nHes-
MAMUYHUM BPUBOOOM OIA YHACHI Y 3MALAHHAX NHEBMOMODINIB.

Buxnao ocnoenozo mamepiany. Ananiz cknadaemvcs 3 0CHoO8HOL inghopmayii npo mypuip Aventics. Hasederno onuc as-
momobins. I[Ipodoesarcerno docniodcennss 3D-modeni pamu asmomobins. s yiei pamu 6yno suxonano mooemosanns MKP-
FEA. Tlpeocmasneno ochogy in@opmayiio npo nHeemMamuynuil 08Uy i 1020 0emai.

Bucnogxu 6ionosiono 0o cmammi. Y yiii cmammi onucano KOHCMPYKYiio, MOOeN08aNHSA, napamempu i OCHOBHI 4a-
CMUHU NHEBMAMUYHO20 A8mMoMo0ini. Koncmpykyis nneemMamuuno2o asmomodinsa cnpoekmosana 3a npaguiamu Aventics. Ha
OCHOSI yux npasun Oyia 30ilcHena po3pooxa agmomobins. Hacmynuum kpokom 6yé ananiz pamu, aKka 3axuyac niioma 6io
O00POAHCHLO-MPAHCNOPMHUX nPpu200. ONUCAHO Ul NOSICHEHO 00UH 13 8apiaHmie Mooentogants. Jlesaxi 0cHO8HI Momernmu 6ynu
MaKodic nosicheri. Pezynbmamom ybo2o cmyoeHmcbko2o npoekmy € asmomooin, KUl npeoCcmasieno 8 Y2opcbKomy Micmi
Ezep. Asmomobine 6pas yuacme y 6cix kamezopisx, Oe 3azanom smazanuca 51 komanoa 3 ycvoeo ceimy. Tinvku 34 komanou
3a6epuuiy MexXHiuHul 02140. Y kamez2opii «0062a OUCmanyisy NHeeMamudHull agmomoobine nocie 15-e micye.

Kniouosi cnosa: nuesmamuunutl 0sueyH, smazannst Aventics, nHeeMomoo6ino.
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