GLOBAL MODELISATION OF THE SWISSMETRO MAGLEV
USING A NUMERICAL PLATFORM
Prof. Marcel Jufer
LAI- STI EPFL – Ecole polytechnique fédérale de Lausanne - CH 1015 Lausanne marcel.jufer@epfl.ch

Dr Vincent Bourquin

NUMEXIA SA, PSE_A - 1015 Lausanne

Dr Mark Sawley

NUMEXIA SA, PSE_A - 1015 Lausanne

bourquin@mac.com
mark.sawley@numexia.com

ABSTRACT: Since 1992, the Swissmetro project has the goal to build an underground high speed (400 km/h)
Maglev system, with linear motor propulsion, contactless energy transmission in a tunnel with partial vacuum. The Swissmetro project is approaching a realisation phase based on the following stages:
• A global modelisation of the vehicle in a tunnel, including aerodynamic, mechanical, electromechanical
and acoustical behaviour.
• Preparation of an industrial development in relation with a test facility and a pilot track in Switzerland
The paper describes the numerical platform and the vehicle structure. Validation process on aerodynamics is
developed. Multi-physics approach, including heating, vibrations and noise is applied to different components.

1 INTRODUCTION

2 INDUSTRIAL DEVELOPMENT TODAY

Since 1992 the Swissmetro Maglev project goal is to
build a first pilot track, underground, high speed and
with partial vacuum.

A significant effort in the industry today is put to reduce the development cycle that needs to be carried
out from the idea to the final product available on
the market. In the same time, this whole process
needs to be made reliable and robust by an adequate
combination of technical, organizational and financial components. The final goal for a company is to
remain competitive by providing the best solution
for the market needs.

For a government, the jump from a classical
transportation principle to a news one, with a change
of paradigm, is difficult to integrate for several
reasons :
•
•
•

Administrative and legal inertia;
Change reluctance;
Risk according to the long period of pay off.

In order to promote the Swissmetro solution and
to prepare its technology transfer and its industrialisation, the global project has been modelized using a
numerical platform integrating the following aspects:
•
•
•

Complete data file;
Multi-physics approach, including aerodynamics, mechanics, electromagnetism, healing and
noise;
Flexible approach allowing a rapid change of
parameters and the test of vehicle variants.

This effort is more and more characterized by a
significant change in the development methodology,
which is now carried out with the intensive use of
numerical technologies. This new approach allows
reducing significantly, and sometimes totally, the
necessity to carry out tests and experiments on prototypes. Moreover, the iterative design process (3)
can be carried out in a more efficient way. A typical
modern approach used for the development of a
product is summarized in Fig. 1. The interactions between the different components of an industrial project are clearly shown. These interactions necessitate
a significant number of iterations until a solution can
converge toward the best compromise, taking into
account all the constraints of a project. Using modern numerical technologies, these iterations can be
done faster and at reduced costs from the preliminary design to the manufacturing process. In the
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same time, a large reduction of financial and economical risks can be achieved:

4 NUMERICAL MOCK-UP
A numerical mock-up of the Swissmetro vehicle, as
designed during the main study, has been created.
The primary structure is similar to the fuselage of an
aircraft (semi-monocoque structure).

Fig. 1: Typical design approach for product development

All the numerical technologies and their associated processes are grouped in what is called a “numerical platform” operated by an integrated product
team.

Fig. 2: Vehicle structure (inner view)

3 NUMERICAL PLATFORM
A Numerical Platform consists in:
•
•

•

•
•

A network of workstations, computing servers
and associated equipment. This network must
allow for team delocalization.
A team combining different expertises to be
combined in order to develop the product in an
integrated way. The team can be either centralized or decentralized.
A PLM (Product Lifecycle Management) tool
that stores all the data associated with the project. It is the backbone of the product development process.
A methodology for an integrated development
using processes compatible with ISO 9000:2000
quality standards.
Visualization and communication tools allowing
transdisciplinary analysis of results.

In the framework of the Numerical HISTAR project, a numerical platform has been created and operated to undertake the following actions:
1.
2.
3.
4.
5.

Creation of a first numerical mock-up of the
Swissmetro vehicle.
Structural analysis of the vehicle (primary and
secondary structures).
Internal ventilation analysis of the cabin.
External aerodynamics of the vehicle, including
drag computations, cooling and aeroacoustics.
Collaborative engineering processes and results
sharing.

Fig. 3: Vehicle structure (outer view)

The electromechanical components developed
during the main study have been modeled and the
secondary structures (connecting the electromechanical equipment to the primary structure) have
been designed and modeled as well as elements such
as doors and pressure bulkheads.

Fig. 4: Linear motor

Fig. 5: Levitation and guiding electromechanical components.

Fig. 6: Doors and pressure bulkhead.
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5 INTERNAL VENTILATION
The ventilation strategy for the geometry of the
cabin has been investigated in order to check for
passenger comfort.

Fig. 7: Vehicle without aerodynamic fairings.

A preliminary structural analysis has been undertaken. The main dimensions of the components of
the structure have been validated and the design of
the doors and pressure bulkhead, which are critical
elements of the structure, have been improved.
Fig. 10: Air flow simulation during the ventilation of the cabin.

The results have shown that a distribution of the
location where the air is pulsed inside the cabin provides the best results in terms of temperature distribution and passenger comfort.

Fig. 8: Displacement on the primary structure associated with
the pressure loads (preliminary design).

6 EXTERNAL AERODYNAMICS

Fig. 8 shows the results obtained on a preliminary
design of the vehicle structure that shows the flexibility of the components maintaining the pressure
bulkheads and the doors in position, provoking a
larger displacement of these components when a
pressure load is applied inside the cabin.

The first step in the aerodynamic analysis was the
validation of the methodology to analyze numerically a vehicle moving in a tunnel and to compute its
drag. This step has been realized using the experimental results of an experiment undertaken in Caltech in 1972, see (6). Vehicle models were launched
in vertical tubes and their drag was measured.

Fig. 9: Stress visualization of the secondary structure maintaining the levitation magnet in its operational position.

The total weight estimated using the numerical
mock-up is 1% lighter compared to the estimations
done during the main study. Some components are
lighter and others heavier. The most important aspect is that the uncertainty has been significantly reduced. The value for weight obtained during the
main study for the structural main components is
thus confirmed (23 tons).

Fig. 11: left: experimental set-up, ref. (6) – right: numerical
model of the vehicle.

The results of this validation are shown on Fig.
12.
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cant load on the structure and a significant level of
noise.

Fig. 14: Boundary layer separation at the tail: velocity field in
the symmetry plane and streamlines at the surface of the body.
Fig. 12: Results of the comparison between numerical and experimental results.

It can be seen that the numerical and experimental results show exactly the same tendency. The differences between the numerical approach and the
experimental results can be explained by differences
in the geometric modeling of the vehicle model (the
numerical model was simplified compared to the experimental model which comprised non documented
elements to guide the vehicle inside the tunnel
model).
The flow around the vehicle has been analyzed
and drag computations have been undertaken. The
integration of the electromechanical equipment to
the primary structure has been addressed considering
drag, cooling and structural aspects. A preliminary
acoustical analysis has been undertaken.
6.1 Flow visualization

On Fig. 14, the effect of the secondary structure
on the wake of the vehicle is shown. It can also be
concluded that the flow at tail becomes significantly
unsteady with the introduction of the secondary
structure. The extremities of the vehicle play an important role on the unsteadiness of the flow at the
vehicle tail (it must be noted that the same geometry
must also satisfy the constraints associated with the
nose of the vehicle, since the vehicle must be able to
ride along both directions). The ellipsoidal geometry
considered so far in the project is not adequate.

(a)

(b)
Fig. 15: General flow along the vehicle and at tail: (a) pressure
field, (b) velocity field

The external flow computations have been undertaken to analyze more precisely the effects of the
secondary structure on the flow.
A major conclusion is that the position of the
secondary structure generates an airflow along the
vehicle that comes from the bottom to the upper part
of the tunnel. This phenomena has a very positive
impact on the cooling of the electromechanical systems and thus, must be preserved. It avoids the accumulation of heat in the intergap between the electromagnets and the guideway.

Fig. 16: 3D visualization wake effect at the tail of the the vehicle: cross-section showing the velocity field.

6.2 Drag

Fig. 13: Pressure distribution on the nose and streaklines along
the body (nose is on the left)

Another conclusion is that the geometric transition from nose to secondary structure is a critical
element, as the actual transition generates a signifi-
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Drag computations have been undertaken. The parameters are i) a blockage ratio (vehicle crosssectional area divided by tunnel cross-sectional area)
of 0.46, ii) an operational pressure of 10 kPa and iii)
a speed of 350 km/h. The numerical value obtained
for the drag force is 15 kN, which is slightly less
than the drag estimated during the main study in
similar conditions. Once again, the values obtained

during the main study are confirmed and the uncertainty is reduced to approx. 5%.
It should be stated here that this value of drag can
be reduced by the reduction of the frontal area of the
vehicle and by the increase of the aerodynamic area
of the tunnel. Preliminary analysis have shown potentials for drag reduction (these improvements
should decrease the blockage ratio which has a predominant effect on drag).
6.3 Cooling
The cooling of the electromechanical elements has
been investigated. The main conclusion of this study
is that the cooling of the inductors of the main study
should be increased by transferring the heat to a
more important surface in contact with the flow to
maximize the heat transfer in low pressure environment. The geometry of the levitation inductor can be
slightly improved to increase the cooling and to reduce the noise (see next topic). The flow about the
vehicle can absorb the heat generated by these elements.
The values of the convection coefficient obtained
numerically are lower than the one used so far for
the electromechanical analysis. A more detailed
analysis has been presented in (5).

Fig. 18: Noise [dB] in different areas of the vehicle

Noise sources are essentially in the wake and at
the starting point of the secondary structure.
It appears that aeroacoustics strongly influence
the design of the equipments that must be installed
along the vehicle and that are in contacts with the
external flow. It is important to consider the noise in
connection with the thermal analysis and drag in order to find adequate way to handle simultaneously
the wide scope of parameters to satisfy all the different multidisciplinary aspects related to the design of
the secondary structure.

7 SUMMARY OF MAJOR RESULTS
The use of the numerical platform has allowed creating a first numerical mock-up of the Swissmetro
maglev system.
Aerodynamic and structural analyses have allowed confirming the feasibility of the system operated as defined during the main study and to improve the system.
Fig. 17: Thermal wake in a longitudinal section (levitation
magnet on the left, guiding magnet on the right). The thermal
wake is evacuated to the upper part of the tunnel thanks to a
flow generated by the secondary structure that goes from the
bottom to the upper part of the tunnel.

6.4 Aeroacoustics
Aeroacoustics computations has been undertaken in
order to identify the main sources of noise, the results are presented in the following figure.

A delocalized team has been working on the development of the maglev sharing in real-time the
same numerical mock-up. The numerical platform
has been equipped with state-of-the-art communication tools. The processes for design and project reviews have been created in order to maximize the efficiency of the development process.
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