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ABSTRACT 
In general, it is specifically significant to de-
sign the units of the Pneumobile race vehicles 
according to the competition's principles. It 
could mean that we do the dimensioning of the 
parts for a short lifetime in order to save mass, 
but also to implement everyday solutions par-
ticularly for the needs of the competition to 
minimize costs. Nevertheless, a present-day 
Pneumobile is always a small moving test lab, 
where the students can try out such own ideas 
which help to improve their professional de-
velopment. This paper presents the design and 
dimensioning of such a gearbox, which was 
created for a Pneumobile. This gearbox be-
longs to the orbital gear-drive systems. This 
kind of solution is almost only used in toys 
nowadays, but it will be clearly seen that this is 
suitable for this usage as well. As compared to 
the well-known applications there is a funda-
mental difference that we want to switch the 
gearbox under load without a disengaging 
clutch or stopping the motor. While connecting 
the gears, the load of the teeth can be increased 
to the multiples of the nominal load, which has 
to be handled and taken into account by di-
mensioning. For this reason, we present in this 
paper the basic construction and operation of 
the gearbox as well as those factors that we 
considered during the design and dimension-
ing. Currently we are testing the second ver-
sion of the gearbox, thus we share the gained 
experiences from the first version as well. 
 
Definitions: 
Pneumobile: a vehicle, which transforms the 
energy of the pressurized gases with the help 
of pneumatic parts into kinetic energy [1]. 
 
1.INTRODUCTION 
Pneumobiles at the University of Miskolc 
 The teams of the University of Miskolc 
are being taken part in the Pneumobile compe-
titions since 2008. One team is typically at 
work for 3-4 years. In their first year, the teams 
usually aim to build functionally working ve-

hicles, but later they develop these Pneumo-
biles in several way. [2], [3], [4]. 
For the second or third year, a Pneumobile is a 
moving test lab, where the students try out 
their own different ideas. 
 
2. REQUIREMENTS FOR A GEARBOX OF 
    A PNEUMOBILE 
The need of a gearbox in the Pneumobiles are 
not certainly necessary thanks to the design 
and operation of the motors. However, it could 
be an advantage by deeper analyzing of the 
processes in the cylinders, if the transmission 
ratio can be modified during operation. In ad-
dition to these, the competition firstly provides 
the professional development of the students. 
From this aspect, designing any kind of me-
chanical unit can be beneficial. 
 In this paper, we present the design of a 
given Pneumobile’s gearbox, therefore the 
requirements are valid for this vehicle. 
 The maximum RPM of the given vehicle’s 

driven shaft is 342 1/min, the torque on the 
driven shaft is 42 Nm. 

 The gearbox must have two forward gears. 
 One of the gear’s transmission ratio must 

be underdrive, the other must be overdrive. 
Their proportion must be at least 2.  

 The gearbox must have a neutral. 
 Connection of the gears during the opera-

tion of the motor without a clutch is an ex-
pectation. 

 The parts of the gearbox must be manufac-
tured on general machining tools. 

 For cost effective reasons, straight-toothed 
gears with the module of 1, 1.5, 2 or 3mm 
must be used.  

Based the above written requirements, the 
design of an orbital gearbox seemed reasona-
ble. 
 
3. THE OPERATION OF THE GEARBOX 
Fundamentally, this sort of a gearbox is built 
up by four pinions with the same number of 
teeth and two other toothed gears with differ-
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 Thereafter, we examined that how big 
module and face width are necessary with the 
new parameters in order to have a sufficient 
flank pressure at least in 70 percent of the cou-
pling time. 
 For this calculation, the value of the 
lubrication factor was chosen for 0.4 and the 
value of the KA operating factor was increased 
to 2.25. From the available modules with fair 
prices the 3mm was chosen and after investi-
gating the available space we increased the 
face width to 30mm. 
 In this manner, we got 6.72 for the safe-
ty factor of the flank pressure, which does not 
decrease to a critical value neither in case of a 
very small contact ratio factor. 
 This fact, that the centre distance is not 
constant means also, that it does not makes 
sense to specify an ISO 1328 accuracy grade 5 
for the pinions, the accuracy grade 8 may be 
sufficient [8], [9]. This means significantly less 
cost, which allows the pinions to be manufac-
tured of hardened BC3 steel.  
 
8. SUMMARY 
Penumobile competitions are perfect opportu-
nities to test ideas of students in the field, they 
can push their boundaries. One of those 
boundaries is the design of complete working 
gearboxes. Our gearbox is working fine now, 
has reached its calculated lifespan without any 
signs of gear damage.  
 The contact ratio factor is one of the 
most important parameters of all gear drives. 
Most standards recommend that its value be 
higher than 1,15. But there are cases, when this 
cannot be achieved. Is the contact ratio factor 
below 1, high dynamic loads affect the teeth. 
There are not recommendations for such cases 
neither in the standard DIN 3990 nor in the 
standard ISO 3663 [10]. The low contact ratio 
can be taken into account by the factor KA, but 
it certainly has its limitations. Our gearbox is a 
simple problem in this world because of its 
short lifespan, and because the contact ratio 
factor is only for a short time below 1, but 
managing low contact ratio is a major problem 
in many applications. 
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