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THE PNEUMOBIL DESIGN

The article describes the design of the body of a pneumobil that is to take part in international races. The shape of the
body is designed in CAD software with emphasis on aerodynamic properties. There were also limitations in the design of the
shape resulting from the safety and technological possibilities of production. The skeleton will be made of epoxy resin and
glass fiber, which will be applied to the hoof made of extruded polystyrene by milling. The article describes the method of
production, including technological conditions.
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Urgency of the research. Given that there are significant climate changes at the moment
and that they deal with a lot of topics, they are emissions and ecology, a large part of emissions
are generated by motor vehicles. That is why in recent years manufacturers have been looking
for an alternative. These include, for example, electric cars, hybrid drives, ethanol engines, hy-
drogen vehicles, as diesel vehicles are banned from entering in some cities. The experimental
drive is a compressed air motor [3].

Target setting. The article is focused to the design of a pneumobil, which is prepared by
our faculty and participated in the 2019 race. The pneumobil has a typical frame, but the body
is worse in aerodynamics, exterior and weight. In the chapter they will be able to compare other
vehicles that participate in the race. Modeling possibilities in CAD / CAM systems will be
described. The body design will work in the Creo Parametrics program [2].

Actual scientific researches and issues analysis. Ongoing sales and EU rules are forcing
more and more new products in vehicle propulsion systems than in any other area. In terms of
the environment, not only the search for a more efficient system, but also so-called renewable
energy sources or green energy drives can be developed as an alternative to a conventional
internal combustion engine [4].

Analysis of existing research and publications. Every year since 2008, the Hungarian
city of Eger has hosted international races on vehicles powered by compressed air. The event is
intended for students of technical universities. The competition has three disciplines: maximum
range, sprint and slalom. Our university has been regularly participating in the competition
since 2018. In 2018, it was the first to participate in a three-wheeled vehicle with a star engine,
which was quite a problem, and therefore in 2019 they participated in a completely new four-
wheeled vehicle [1; 2].

Introduction. In the twelfth year of the competition, our university participated in a 4-
wheeled vehicle to create the body, we first needed to model a 3D model. For modeling, we
used the CAD system Creo Parametric. Since it is possible to see our body in 2019 in (Fig. 1),
it was created from several parts, we decided that it would be better to create the body than
one whole part.
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Fig. 1. Penumobil Air Force TUKE v 2019 [7]

The initial step in modeling in 3D CAD systems is to create a model of the part, followed by
the creation of drawing documentation for this part. The software also enables the assembly of
multiple parts into functional units, into so-called assemblies. It is again possible to create draw-
ing documentation from the assembly. When creating a model in all 3D modeling software, in-
cluding SolidWorks and Creo Parametric, the first step is to create a 2D or 3D sketch. This sketch
can be placed on any plane or in space, in the case of a 3D sketch. After creating the sketch, the
conversion of the area model into spatial comes. This allows a number of functions such as ex-
truding a sketch into space, rotating around an axis, and so on. This step is stored with all param-
eters in the command tree, which clearly shows the construction process of the part. After ana-
lyzing the body of similar cars, our body will be built around the entire frame. The model was
created according to the model of the frame, which had the exact dimensions of the car and the
dimensions of the wheels, which in this case is important to us. The model has better acrodynamic
properties, in the front part on both sides we have holes that are oriented for cooling the brakes
and less air resistance. In (Fig. 2) is a front view of the body design. On (Fig. 3) it is possible to
see the design of the body when viewed from behind [5].

Fig. 2. Front of the body of pneumobil
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Fig. 3. Rear of the body of pneumobil

Body production
Design of the process of manufacturing the model of the body model using milling from
polystyrene. Thanks to the created program, a real-size body model will be milled from extruded
polystyrene, consisting of several parts that will be connected to each other and will form a real-
size body model. Next, the process of producing the final version from epoxy resin and glass fiber
will be described [4].
Table 1
General comparison of composite properties depending on the type of reinforcing fiber (+
Favorable, ++ very favorable, - unfavorable)

Properties Composites :
glass fibers aramid composites carbon composites

Density +/- ++ I
Tensile strength + + +
Flexibility - + T+
Compressive strength + - i
Damping - + R

Static and dynamic stress ++ + ++
Dielectric properties ++ ++ -

Adhesion properties ++ + i
Price ++ +- _

Using the program created in the CAM system from our 3D model, a body model, in real
dimensions, will be milled on a CNC milling machine made of extruded polystyrene. Thanks to
the possibilities of Creo, we can simulate the milling process and see the final product after mill-
ing, the process can be seen in (Fig. 4).

Fig. 4. Simulation of milling process
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In our case, the maximum dimension that can be milled is 1000x500mm, because it is the
maximum allowable size for our CNC machine. When milling, we use a 12 mm ball cutter for
polystyrene. When milling, we divide the work into two stages. The first stage will involve
rough machining (roughing), which has the task of removing as much material as possible in
the shortest time, and we will enter the following parameters for the CNC machine:

spindle speed: 12000 rpm.

feed rate: 80 mm /s

immersion speed: 30 mm /s

The second stage consists of a welded phase of surface machining, the so-called finishing
machining, in which the last remnants of material are removed and the part gets the final shape
of the product. The following parameters are required for the operation:

spindle speed: 12000 rpm.

feed rate: 60 mm /s

immersion speed: 20 mm / s.

As a result, our model will consist of several parts that will need to be joined together. We
will connect with the help of assembly foam and screws into one component as a whole, which
will form a model of the body in real dimensions from polystyrene.

Subsequently, a flat surface without joints and unevenness will be created by machining.
We will machine by grinding with corner thicknesses of sandpaper with a grain size from 60 to
400. And in the event of unevenness and gaps, we will apply putty.

The next step in production will be the preparation of a model for the application of poly-
meric material and reinforcing fiber. Firstly, it is necessary to ensure a better separation of the
finished body from our model. Therefore, it is necessary to cover the model with aluminum
tape, so that the composite material does not damage the polystyrene and apply a special sepa-
rating wax to the surface. As a result, the model is then easily removed from the finished mold
and will be undamaged.

We apply the composite material to the prepared model using a brush, in our case we chose
an epoxy resin called thermoset. This material has many advantages, for example: easy produc-
tion, low price, low weight and good properties under dynamic loading. After applying the first
layer of epoxy resin, it is necessary to lay the reinforcing fiber with thin strips. As a reinforcing
fiber, we chose glass fiber, which is also a better option for our body, due to its properties and
especially the price. The fiber has relatively high strength and fire resistance. We apply epoxy
resin to the deposited layer of glass fiber, the surface of it, 2-3 times, unless the thickness of our
body is at least 1.5 mm. After catching the material, we can separate our body from the model.
After separation, we get the finished body as a whole made of composite material. For the final
appearance of the body, it is necessary to prepare it for painting and create a flat surface, by
grinding and guiding. The choice of sanding paper for machining depends on the evenness of
the surface, for example, the grain size from G120 to G600. After reaching a flat surface, we
can paint the body with synthetic paints.

Conclusions. The work is dedicated to the production of a car body, which is made by our
university for participation in a car race in Hungary, in the city of Eger. Every year, races for
compressed air cars have been held since 2008. Our university has been participating in the race
since 2018. By designing a new body, we will improve the aerodynamic properties of the tire,
which will improve our team's view of a better result. Based on the design, a body that will take
part in the race next year will be produced, as we could not take part in the competition due to
the COVID 19 pandemic.
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JU3AWH MTHEBMOBLITY

Bpaxosyiouu, wo na oanuti Momenm 6i00y6aromvCs 3HaUHL 3MIHU KIIMAMY i w0 60HU CIOCYIOMbCA 6A2amvox mem, ye
BUKUOU A eKON02IA, 3HAUHA YACTUHA 8UKUOI8 cMEOpIocmbes asmompancnopmom. Oce YoMy OCIMAHHIM YACOM 8UPOOHUKU
wyKaromo anemepHamusy. J{o Hux Hanexlcamv, Hanpukiao, enekmpomooini, 2IOpuoHi npueoodl, OBUSYHU 3 eMAaHOIOM, d6MOMO-
0111 3 B00HEM, OCKIILKU 8 OesIKUX MICIAX 3a00POHEHO 6 130 asmomobinsam Ha OuzenvbHux 0sueyHax. Excnepumenmanvuuil npueio
— ye 0s8ucyH 31 cmucHeHum nogimpsam [3].

Cmammsi 30cepeddicena na Ou3aini NHeGMOMOOLIA, SIKULL NiO20MOGIEHUI HAWUM (aKyibmemom ma 6pas yuacms y ne-
pezonax 2019 poky. [Tneemomobine mae munogy pamy, aie Ky306 2ipuiuii 3a aepoouHamiKoio, 308HiuHnicmio ma 6azon. Y pos-
OiNi BOHU 3MOAHCYMb NOPIGHAMU THWI MPAHCNOPMHI 3aco0u, AKi bepymb yuacme y conyi. byoe onucano moxciusocmi mooeno-
eanns 6 cucmemax CAD / CAM. JJusaiin kysosea npayiosamume 6 npoepami Creo Parametrics. [2]

Tomouni npooasici ma npasuna €C smyuyioms cmpeopiogamu 6ce Oinviuie HOBUX NPOOYKMIB Y CUCMeMAX PYXY A8mMomo-
oinis, Hidic y OYOb -AKill iHWil chepi. 3 noensdy HABKOTUWHBO2O cepedosuLyd, He MITbKU NOUWYK OLibul eheKmueHoi cucmemu,
ane i max 36ami NOHOGIIOBAHI Odcepena eHepaii abo npueoou 3eneHoi enepeii Moxcyms Oymu po3pobneni K arbmepHamued
36UUATIHOMY 0BUSYHY 6HYMPIUIHLO20 320PsHHS [4].

Lopoxky, nouunarouu 3 2008 poxy, yeopcwvke micmo Eeep npoeooumuv MidCHaApoOHi 20HKU HA a8MOMOOINAX 3i CIMUCHEHUM
nosimpam. 3axio npusHaueHull 01 CmMyOeHmie MexHiuHUX 6y316. IMA2aHHA MAOMb MPU OUCYUNIIHU: MAKCUMATHY OUCHAH-
yiro, cnpunm ma cranom. Haw ynisepcumem pecynsapno depe yuacmo y kouxypci 3 2018 poky. V 2018 poyi 6in nepwium 6318
yuacme y mpuxkonicHoMy mpaHcnopmHomy 3aco0i 3 08USYHOM 3ipKu, wo 06y10 oocums npobremamuynum, i momy y 2019 poyi
6OHU 635U YUACMb Y AOCONIOMHO HOBOMY YOMUPUKOLICHOMY a MpaHcnopmuomy 3acobi [1; 2].

Poboma npucesuena supobHuymey Ky306a asmomoOiis, 6U20MoGIeH020 HAWUM YHIGepCUMemoM OJis y4acmi 6 agmone-
peeonax 6 Yeopuguni, 6 micmi Eeep. [L[opiuno 2onku Ha agmomoobiax 3i cmucHenum nogimpsim npogoosmucs 3 2008 poxy. Haw
yHigepcumem bepe yuacmu y nepeconax 3 2018 poxy. Po3pobusuiu Ho8uULl KY308, MU NOKPAUUMO AePOOUHAMIYHT 61ACUBOCT
WUH, WO NOKPAWUMb YAGNEHH: HAWoi KoManou npo kpawji pesynomamu. Ha ocnogi dusaiiny 6yoe ueomogneno Ky308, AKui
8i3bMe YUaAcmb Y nepe2onax HACMynHo20 poKy, OCKibKU MU He MO2NU 835mu yuacms y Konxypci uepes nandemito COVID 19.

Knrwouosi cnosa: nnesmomobins,; cmucHene nogimps,; Ky308;, mpaHCROPMHULL 3acio,; KOMNO3UMHUL MamepidJ.

Puc.: 4. Tabn.: 1. bion.: 7.
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