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ANALYSIS OF EXISTING DRIVE UNIT SOLUTIONS
FOR THE PNEUMOBILE PROJECT

Urgency of the research. Today, there is a need to provide alternative propulsion methods in the automotive industry.
Compressed air is one of the alternatives to fossil fuels.

Target setting. To test the possibilities of using compressed air as energy for vehicle propulsion, a competition is organized,
where teams from European universities are presented under the auspices of a company producing pneumatic components. We from
the Institute of Automation, Mechatronics, Manufacturing Technology and Robotics also took part in this competition twice. The
results of the competition, supplemented by the presentation of a vehicle not yet implemented, are the subject of this article.

Actual scientific researches and issues analysis. As this is an analysis of the results achieved, the article deals with the
ways in which they were achieved rather than with methods of a scientific nature.

Uninvestigated parts of general matters defining. As this is an evaluation of the achieved results, the article does not address
specific problems in the theoretical area. The results are presented for review by the reader and give room for his own assessment.

The research objective. The aim of the article is to acquaint the public with the results and the ways in which they were
achieved. It is also a kind of invitation for potential people interested in this issue.

The statement of basic materials. The basis for the creation of the article was information from student works, the result
of which were described vehicles.

Conclusions. The conclusions in the article show the problems that need to be solved for the further continuation of the
project, if possible with other "enthusiasts" in the field using compressed air for non-traditional purposes.
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Introduction. The previous issues of the magazine already mentioned the activities that
were undertaken by our institute in the previous years of the Aventics/Emerson PNEUMOBILE
Competition race. The competition since 2007 is traditionally organized in the Hungarian city
of Eger. It takes place as a 3-day meeting of enthusiasts, at which individual teams from differ-
ent European countries present their results in the construction of a vehicle whose propulsion
is based on compressed air.

Variants of drive units. There are a relatively large number of variants of the vehicle drive
unit construction [2]. In our performance so far in the competition, we have built 3 drive unit
concepts. Two of them were confronted directly in the competition, the construction of the third
was stopped by the situation around the coronavirus pandemic.

Since the competition regulations allow to build a drive unit exclusively with max. four
linear single - piston pneumatic actuators (exclusively from AVENTICS, now part of
EMERSON) PRA series [6], the solvers must look for a suitable mechanical variant of the
transformation of a linear actuator into a rotary one.

The competition is divided into three separate races [1], the results of which are limited by
certain conditions of the pneumatic and mechanical elements used. It is therefore necessary to
determine their optimal arrangement so that the vehicle can drive as fast as possible and have
sufficient acceleration with minimal air consumption.

Obstacles in this effort are the limited amount of compressed air, its compressibility, the rate

of air consumption of individual components and their force effects. All in interaction, Fig. 1.

- COMPRESSIBILITY

FORCE
(TORQUE)

PRESSURE

=

] CONSUMPTION

Fig. 1. Parameters influencing the construction of the drive unit
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If we start from a precisely defined and non-renewable supply of compressed air (10 dm?
of medium, in recent years N> compressed to a pressure of 20 MPa) the course of loss of me-
dium is obvious and at the end of pumping the supply also a gradual decrease of usable pressure.

The recalculated volume of air to a pressure value of 1 MPa (the value of the max. pressure
with which the vehicle drive can operate) is from Boyle's law (Boyle-Mariott's law):

p1. Vi = p,.V, = konst, teda 20 MPa. 10 dm® = 1 MPa.V, = V, = 20.10 dm® = 200 dm?.

Drive unit concepts. So far, three types of power units have been built. The first, Fig. 2,
used a trio of pneumatic cylinders with a diameter of 100 mm and a stroke of 80 mm, their
arrangement being a star with an angular displacement of the cylinders of 120 °. The torque
was transmitted to the rear axle formed by one wheel.

ngine Mounts
Coupler

Fig. 2. Engine of the first vehicle [4] - modified by the author

The second version, Fig. 3, used two cylinders with a diameter of 100 mm, but the stroke
was 320 mm, with both cylinders engaging independently of the rear driven axle via the rack
and pinion mechanism and the interaction of the ratchet mechanism (only half of the drive unit
is shown in Fig. 3).
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Fig. 3. Engine principle of the second vehicle [9] - modified by the author

The third version due to the COVID 19 pandemic has not yet been completed (work in
progress approx. 65%), Fig. 4. It uses a pair of cylinders with a diameter of 63 mm and a stroke
of 320 mm. The cylinders are coupled together at the end of their piston rods and fixed to a
toothed belt. It engages in pulleys equipped with ratchet mechanisms, which ensures torque
when moving in both directions.
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Fig. 4. Third vehicle engine principle (in preparation) [8] - modified by the author
From the point of view of vehicle characteristics, it is possible to evaluate individual
versions as follows:

Force characteristics
Theoretical force of used actuators at different pressures:

Table 1
Theoretical forces of used pneumatic cylinders [N]
Piston Pressure [MPa]
Di t
g | 01 [ 02 | 03 [ o4 | 05 | 06 [ 07 | 08 | 09 [ 10
63 312 623 935 1247 1559 1870 2182 2494 2806 | 3117
100 785 1571 2356 3142 3927 4712 5498 6283 7069 | 7854

The efficiency of the drives is usually around 85-90%. We present the theoretical strength
and efficiency of the used cylinders only for information, because they do not give a picture of
their use for the required torque. It strongly depends on the engine concept itself.

Torque characteristics

The torque on the output shaft of the drive unit is approximately 487 Nm in the case of the
Ist vehicle, 122 Nm in the case of the 2nd vehicle and 253 Nm (theoretically) in the case of the
3rd vehicle.

Achieved (expected) speeds

The vehicle must reach a speed of at least 15 km/h, as this is a condition of the Long
Distance competition. However, as the Acceleration Race is also run, it is usually higher. The
results of vehicles in previous years are shown in tab. 2. For the third vehicle that is being built
with a view to placing in the Long Distance competition, the estimated speed is up to 20 km/h.

Table 2
Results of the Acceleration Race competition in the previous two years [10; 11]
Year Place Race No. Team Name Time Speed
2019 16 16 Air Force TUKE 27.270 38.29
2018 21 22 TUKE SjF 34.965 30.60

Air consumption

As the supply of media is limited, this is one of the decisive criteria. The air consumption
of a pneumatic drive is calculated from one double stroke of the drive, the total theoretical
consumption of individual drive units is given in tab. 3.

Table 3
Air consumption per double stroke of cylinder
. . Consumption
Diameter of linder stroke Number of -
Car cylinder [mm] < [mm] cylinders of on[fl;%l]m der [1;101::;;
1 100 80 3 1.256638 5.654868
2 100 320 2 5.026548 10.053096
3 63 320 2 3.989698 7.979396
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However, these are only theoretical values. In order to determine the overall effect of pro-
pulsion in conjunction with other vehicle equipment, it is necessary to determine the movement
characteristics of the vehicle by measurement (testing). The calculations involve determining
gear ratios that determine the amount of travel traveled per stroke of the drive.
While in the case of the engine of the first vehicle it is a gradual stroke of each of the engine
cylinders to perform one revolution of the engine output shaft, for the other two drives this
conversion is not applicable.

We therefore present the results documented in the competition, Tab. 4.

For the third vehicle in question, the estimated distance per bottle at an average speed of 15
km/h is approximately 6 km.

Table 4
Results of the Long Distance competition in previous years [10,11]
Year Place Race No. Team Name Average Speed Distance
2019 17 16 Air Force TUKE 16.690 km/h 3208 m
2018 15 22 TUKE SjF 14.509 km/h 3075 m

Gearboxes

Due to the performance characteristics of any air-powered mechanism, a suitable gearbox
is also an important piece of equipment.

In the first vehicle, a simple 2° gearbox controlled by a pair of pneumatic cylinders was
used, Fig. 5.
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Fig. 5. Simple two-speed gearbox [4]
For the second vehicle, a commercial variator called NuVinci was used [7], Fig. 6.
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Fig. 6. NuVinci variator principle [7], modified by the author

However, its use was not a suitable solution (it could not eliminate torque peaks from the
engine).
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The third vehicle has in the design a four-speed gearbox controlled by four single-acting
pneumatic cylinders, Fig. 7.

2nd gear

[ SR —

1st gear
3rd gear
4th gear

=

o &

Fig 7. Four-speed gearbox [5]

Differential

In the case of the first vehicle, a differential was not required, as it was a three-wheeled
version of the vehicle with a wheelbase: two at the front without a drive, one driven at the rear.

In the case of the other two vehicles, a simple differential made by modifying the industrial
idlers was used, Fig. 8 [4; 9].

Fig. 8. Simple differential [4]

Conclusions. From the results so far in the competition Aventics/Emerson PNEUMOBILE
Competition race can be drawn the following conclusions:

1. On vehicle No. 2 to replace the NuVinci gearbox with a more reliable variant and to
test it for individual parameters.

2. Complete and thoroughly test the third vehicle.

3. Evaluate the degree of change of the concept and replacement of unsuitable compo-
nents on the monitored parameters.

Up to participation in the announced races on time May 13-15, 2021, Eger will show how
much the parameters of the registered vehicles have been improved.
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AHAJII3 ICHYIOYMX PIINEHB ITPUBOJHUX BJIOKIB
JJIsA HIHEBMOBIJIBHOI'O ITPOEKTY

Axmyansuicmo memu 0ocniodxncennn. Coo200Hi 8 A6MOMOOLNbHIL RPOMUCIOB0CI ICHYE nompeba y cmeopeHHi alomep-
HamueHux memooie nepecyeans. CmucHene nogimps — 00HA 3 AlbMEPHAMUE GUKONHOMY NANUB).

Ilocmanoexa npodaemu. [1[ob nepegipumu MOICIUBOCT BUKOPUCIAHHS CIIUCHEH020 NOGIMP3L 8 AKOCI eHepeii 05 npu-
6eO0eHH s 8 PYX MPAHCNOPMHUX 3AC00I6, OP2AHI308YEMbCS KOHKYPC, HA AKOMY NPeOCMABLeHi KOMAHOU €6PONETICLKUX YHIBepCU-
memie nio e2i00 KOMNAHIL, Wo eupodIse nHeemamuyni komnonenmu. Mu, npayisnuxu Incmumymy agmomamuxu, mexampo-
HIKU, GUPOOHUYUX MEXHONOo2Il [ poOOmMOomexXHiKuU, MAaKodxc 08iui 6panu yuacmo y yvomy KoHKypci. Iliocymxu KoHKYpCy,
00N0GHEeHI NPe3eHMAayIEIo e He peanizo8ano20 asmomoobiis, € npedmemom yici cmammi.

AHaniz ocmannix docniocensv i nyonikayin. OcKkinoky ye ananiz 00CAHYMUX pe3yIomamis, y Cmammi po32nadarmoucs
WAAXYU IX OOCACHEHHS, d He MemOoOU HAYK0B8020 XapaKmepy.

Buoinenna nedocnioxncenux yacmun 3az2anvHoi npoonemu. OcKinoku ye oyinKa 00CASHYMuUX pe3yibmamie, 6 cmammi
He po321s0armoscsi KOHKpemHi npooiemu meopemuyHoi oonacmi. Pezynomamu npeocmagneni uumayegi 0ist O3HAUOMICHHS |
3anUUMaArme micye 0isl 1020 61ACHOL OYIHKU.

Ilocmanoeka 3ae0anna. Mema cmammi - 03HALOMUMU 2DOMAOCHKICIb 3 Pe3YIbMamamu 00CHiONCeHHs | cnocobamu ix
Odocsienenns. Lle maxooic c6o2o pody 3anpoutents Onsi NOMEHYIIHO20 CRIGPOBIMHUYMEA NH00el, SIKI YIKAGISIMbCS YUM NUMAHHSIM.

Buknao ocnosnozo mamepiany. Ocro6oro 01151 CMEOPeHHs CMAMMI ROCIYHCUNU 8I00MOCI 31 CIYOeHMCLKUX pobim, pe-
3YIbMAmMaml sKux 6yiu OnUcani aemomooLi.

Bucnogku 6ionosiono 00 cmammi. Bucnogku 0o cmammi nokazylome npobiemu, ki Maiome Oymu eupiweri 0 nooa-
JIbULO20 NPOOOBICEHHS NPOEKNLY, AKUO MONCIUGO, 3 THUUMU «eHMY3Iacmamuy 6 yiil 2any3i, wo 6UKOPUCHOBYIOMb CIUCHEHE
noGimpsi 05t HeMpAaOUYIHUX Yinell.

Kniouogi cnosa: npockm nneemodins; ananis;, napamempu NHeGMOOBUSYHA; NHEGMAMUYHI KOMNOHEHMU.
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