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Abstract 

The paper describes the Bombardier Monorail train, its application in urban areas and 

especially the development and industrialization of the drive unit, Engineering Center Steyr 

has performed for the completely new drive.  

It describes the specific challenges for such a drive unit like very high endurance 

requirements respectively mileage requirements, compact design, integration of the 

permanent magnet motor parts, optimized cooling system especially for the electric parts, 

design and integration of wheel bearings carrying up to 13 to vertical force, design and 

integration of a planetary gear set to provide ratio to the electric motor and high efficiency of 

the drive. 

The drive unit consists mainly of a housing carrying the loads of half of a car, wheel bearings, 

a planetary gear set, active electric motor parts, cooling jacket, resolver and brake disk. 
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0 Introduction 

With 60% of the global population expected to live in cities by 2030 and the number of 

megacities on the rise, timescales for creating urban transport networks to ease congestion 

are shrinking. Moving large numbers of passengers safely, comfortably and efficiently are top 

priorities for transport authorities, and driverless monorails are emerging as one answer to 

capacity challenge. 

One advantage of the monorail is that it does not require major infrastructure or civil works, 

making it very quick to build and less disruptive to install compared to deep tunnels. As the 

ground footprint of the guide-way is small, monorails can be incorporated into existing. 

Belying their futuristic appearance, monorails make use of proven technology. They may be 

the most appropriate mode to select when the deciding factors include compatibility with the 

urban environment, a rapid construction timescale and good aesthetics. Support structures 

and rail components can be prefabricated off-site and assembled quickly along the route. 

Monorail routes can feature tighter curves and often steeper grades than other modes, a 

major benefit in dense urban areas.  

Monorails can even be routed through buildings ï as in Las Vegas. And for motorists stuck in 

traffic, nothing says ónext time, take public transportô like the sight of a monorails elegantly 

speeding overhead on its elevated track. 

Bombardier had established concepts of the train and basic ideas for the drive; then 

Bombardier was looking for someone to bring in specific drive and especially planetary 

gearbox know-how. This partner should also have know-how on the integration of the electric 

parts and especially in developing the cooling system. 

First, in a concept phase and considering the know-how of ECS out of other drivetrain 

programs, the overall drive unit concept was established. Then the 3D model of the drive unit 

was set up, along with analytic calculations for dimensioning the planetary gear set and the 

wheel bearings; one main item was the development of the cooling system, in a close 

cooperation of design and 3D fluid simulation. Prototypes have been built and tested on rigs 

at ECS as well as in the Monorail train by Bombardier. 

The production of the drive is done on a series assembly line at ECS, tailor-made for the 

volume. Before delivery, each unit passes an End-of-Line test rig, where its function is tested 

and its characteristics recorded to ensure the quality level. 
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1 The Train  

Monorail is a driver less and fully automated transport vehicle with a full aluminum body. The 

futuristic design covers high innovative solutions, based on proven technology. 

1.1 The train ï solution 

Figure 1 shows train and its advantages. 

 

Fig. 1: The train - solution 

1.2 The train ï projects 

Figure 2 shows the current Monorail Innovia 300 projects of Bombardier. 

 

Fig. 2: The train - projects 
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1.3 The train ï Sao Paulo 

Some important and interesting facts about the Sao Paolo project are shown in figure 3. 

 

Fig. 3: The train ï São Paulo 

With 18 million inhabitants, São Paolo is the financial centre of Brazil and South America. 

The 10th richest city in the world, São Paolo faces many urban challenges, including serious 

traffic congestion, stretching the already extensive metro, suburban rail and bus network to 

its limits. To tackle these problems, further network expansion is planned by transport 

operator Companhia do Metropolitano de São Paolo, including construction of a monorail to 

serve the eastern suburbs. 

2 Drivers and targets for the train and its drive 

2.1 Drivers for this drive solution 

The drivers for this solution are summarized in figure 4. The smaller size of the drives 

improves the space availability inside the train and it makes maintenance easier. 

 

Fig. 4: Drivers for this solution 
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2.2 Targets of the drive 

Following targets for the train and the drive had been defined, figure 5:  

 

Fig. 5: Targets for the drive 

3 Functions, concept and design of the drive 

Considering these targets and the limited package, a completely new and very compact drive 

has been established, by concept work, design, simulation and later on with prototype build 

and testing. 

3.1 Functions of the Drive 

Figure 6 shows the functions the drive in its application has to provide. 

 

 

Fig. 6: Functions of the drive 
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3.2 Design of the drive 

Figure 7 shows a section through the drive with its main components. The parts, that have 

interface functions respectively are interfaces, are printed in italics. This cut away picture 

shows very well that a very compact drive has been designed and brought into series 

production. 

 

Fig. 7: Drive design 

4 New drive, new features 

The main benefits of the new developed drive are summarized in Figure 8. Those features 

make this drive quit unique in the rail market.  

 

Fig. 8: New drive, new features 

5 Dimensioning of drive, planetary gear set 

The dimensioning of the drive was based on the specification provided by Bombardier. Since 

this is a new application, Bombardier and ECS together established final criteria for the drive. 
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5.1 Dimensioning 

The dimensioning of the rotating parts considers following items: data from simulated round 

trips with different payload conditions provided by Bombardier; simulated data from ñspecial 

eventsò like one train is pushing another train which is without propulsion; emergency brake 

maneuvers. 

The dimensioning of the structural parts considers these items: wheel forces due to vertical 

and lateral loading and vibrations, respectively propulsion and braking, simulations of 

different curve radii and their influence on wheel loads. 

The dimensioning is done for rupture safety and endurance, with a differentiation between 

durability and proof loads. 

5.2 Planetary gear set 

One of the mechanic key elements of the drive is the planetary gear set. It is needed to adapt 

the electric motor characteristics to the requests of the train to the drive. A single planetary 

gear stage with a quite high ratio of 7.44 has been developed, figure 10. 

 

Fig. 9: Planetary gear set 

6 Integration of the electric machine 

The propulsion of the unit is provided by an electric machine. This machine had to be 

integrated with several aspects: mechanically, electrically and thermally (cooling). It has to be 

supplied with high voltage current for the drive and there are low voltage connections for the 

sensors. 
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Fig. 10: Integration of the electric machine 

7 Cooling layout and optimization 

To enable an optimal use of the electric motor, the cooling system and especially the cooling 

channels have been optimized, applying design engineersô know-how, but supported by 3D 

flow simulations of the coolant and by simulating the heat transfer. 

 

Fig. 11: Cooling layout and optimization 

8 Testing 

The different topics with their respective focus are addressed in various different tests, 

performed on adequate test rigs at ECS in Austria as well as on the Bombardier test track in 

Kingston, Canada. 

The main tests are described on the next pages, stating the basic criteria and some 

important aspects and values of the different test. 
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8.1 Lubrication and Ventilation 

An elementary function of such a drive is to have proper lubrication and to avoid oil coming 

out of the ventilation. These basic functional tests and corresponding optimizations have 

been done first. Figure 13 states the main data. 

 

Fig. 12: Lubrication and Ventilation 

8.2 Radial seal ring test 

This test is to verify the durability of the radial seal rings. It is an endurance test. Figure 14 

shows the main information about it. 

 

Fig. 13: Radial seal ring test 

8.3 Dyno test (rotating) 

This test is to verify the durability of the rotating parts, mainly the gears and bearing of the 

drive. Figure 15 shows the main specifications. Two units in back to back alignment were 

used; therefore two units were tested within one run, which allowed to get a higher number of 

results within the same time and with limited additional costs. 
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Fig. 14: Dyno test (rotating) 

8.4 Wheel bearing & planetary carrier tests 

With one set up, but two different test programs, the wheel bearings and the planetary carrier 

have been tested in the fatigue lab, fig. 16. 

 

Fig. 15: Wheel bearing & planetary carrier tests 

8.5 Housing parts fatigue test 

For the housings parts, another test set up was used. By this test, the non-rotating housing 

parts have been tested with an adapted test program, figure 17. 

 

Fig. 16: Housing parts fatigue test 


