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ABSTRACT: Maglev vehicles, which are levitated and propelled by electromagnets, often run on elevated
flexible guideways comprised of steel and concrete. Therefore, an analysis of the dynamic interaction between the Maglev vehicle and the flexible guideway is needed in the design of the critical speed, ride, controller design and weight reduction of the vehicle. This study introduces a dynamic interaction simulation technique that applies structural dynamics. Because the proposed method uses detailed 3D FE models, it is useful
to calculate the deformation of the elevated flexible guideway, the dynamic stress, and the motion of the vehicle. By applying the proposed method to an urban transit Maglev vehicle, UTM01, the dynamic response is
simulated and validated. From the results of the study, we concluded that simulation of dynamic interaction
between the Maglev vehicle and the flexible guideway is possible and that computational mechanics has a potential
1 INTRODUCTION
Maglev vehicles often run on an elevated flexible
guideway that is mainly made of steel and concrete.
Fig. 1 shows an urban transit, Maglev UTM-01,
which has been developed and test-driven at KIMM,
running on an elevated steel girder guideway. UTM01 runs on an elevated guideway with steel girders,
or, although not shown in Fig. 1, an elevated guideway with concrete girders. Elastic deformation was
found in both the elevated guideways when a
Maglev vehicle ran on each of them. This elastic deformation dynamically interacts with the Maglev
vehicle, which deteriorates the running performance
of the vehicle. In this sense, the elastic deformation
of the elevated guideway should be included to
simulate the exact running performance. The running performance simulation can be usefully utilized
due to its capability of analyzing the stability of the
levitation controller, ride quality, curve negotiation,
and safety of the elevated guideway without a physical system.
Dynamic modeling and simulation of Maglev vehicles running on elevated flexible guideways have
been mainly performed in the development of the
TRANSRAPID[1-5]. Researchers have typically
employed the modal superposition method based on
the simplified Bernoulli-Euler beam equation to represent a flexible guideway[1-5]. The method has
been used to understand the fundamental dynamics

of a Maglev vehicle. To apply the Bernoulli-Euler
beam model, an elevated flexible guideway with irregularity and complicated geometry should be simplified in the manner of a simplified Bernoulli-Euler
beam.
Using the 3D EF (Finite Element) model, a running simulation of a Maglev vehicle is presented in
the study. The elevated guideway and the vehicle are
modeled by the detailed 3D FE model. Using the
proposed method, modeling and simulation were
conducted using the commercial program, LSDYNA. Motions of the guideway and running stability were investigated. From the results of the study,
we concluded that simulation of dynamic interaction
between the Maglev vehicle and the flexible guideway is possible and that computational mechanics
has a potential.

2 MODELING
2.1 Vehicle
2.1.1 Car-body
The car-body of the Maglev vehicle studied in this
study, UTM-01, is shown in Fig. 1. The structure of
the car-body is similar to the car-body of a conventional rolling stock. The FE model for the car-body
mainly consists of the beam, solid and shell element,
as shown in Fig. 2.
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2.1.2 Bogie
As shown in Fig. 1, UTM-01 is comprised of three
bogies. As also shown in Fig. 3, the structure of a
bogie is composed of the electromagnet, side frame,
tie beam, traction bar, air spring, damper, and rubber
connecting the traction bar. Stiffness and damping of
a suspension element generally appears to be nonlinear, but it is simplified to be linear in this study.
Then, the suspension element is simulated in LSDYNA simply by using a DISCRETE element that
represnet the linear spring-damper. Fig. 2 shows the
FE model for the car-body and the bogie that consists of 23,778 elements altogether.

2.1.3 Levitation force
Levitation force F (i, c) is defined as Eq. (1) in Fig. 4
and it is the function of the current i(t ) and the air
gap c(t ) .
F (i, z ) =

μ 0 N 2 A ⎡ i (t ) ⎤
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Here,
A : area

μ 0 : electrical coefficient
N : number of turns

The relation between the current and the voltage
of a system that has resistance R is as follows:
v (t ) = Ri (t ) +

μ 0 N 2 A di (t )
2 z (t )

dt

−

μ 0 N 2 Ai (t ) dz (t )
2 z (t ) 2

(2)

dt

As seen in Eq. (1) and Eq. (2), F (i, c) is controlled
using voltage v(t ) . The voltage is determined by a
levitation controller.
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Fig. 1: Maglev vehicle UTM-01 running on a elevated guideway
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Fig. 2: FE model of UTM-01
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Fig. 3: Bogie of UTM-01
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For the running simulation of the Maglev vehicle,
the controller should be incorporated in the model.
The characteristic of the levitation force from Eq.
(1) to Eq. (2) appears to be non-linear as shown in
Fig.5. However, a technique that makes it linear at a
normal position is used to facilitate the simulation

[6]. In the study, the levitation force could be expressed by the simplified linear spring-damper, as
shown in Eq. (3).
F = F0 + k( c − c0 ) + dc&

(3)

The estimates for stiffness k and damping d were
calculated using the simulation results, where the
controller is incorporated as shown in the reference[7]. In this study, the CONTACT element of
LS-DYNA was used in modeling the levitation force
as shown in Fig. 6. The guideway was defined as the
MASTER and the bogie the SLAVE. In the study,
the penetration and velocity of the penetration were
measured at all of the positions defined as the
CONTACT element, and then the levitation force
was calculated using Eq. (4).
F = F0 + k( δ − δ 0 ) + d δ&

2.2 Elevated guideway
The structure of the elevated guideway is shown in
Fig. 7. The FE model for the structure shown in Fig.
8 is comprised of 80,961 elements. As shown in Fig.
8, it considered the steel girder, concrete, cross arm
and detailed shape of the guideway. Fig. 9 shows the
boundary conditions and simulation section. The
simulation section is the 2 spans (40 m-long). For
the vehicle to enter, 1 span on the left is included,
but the first span and the other two spans are separated. The boundary conditions of the elevated
guideway, as shown in Fig. 9, are that it is fixed in
the middle and movement in a horizontal direction is
possible at both ends. These boundary conditions are
identical to a real elevated guideway.

(4)

That is, the air gap was modeled as penetration. In
applying structural dynamics, supplements for a realistic modeling technique for levitation force are
required.
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Fig. 6: Model of interaction between Maglev vehicle and
guideway

Fig. 8: Guideway of UTM-01
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3 ANALYSIS
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Fig. 7: Guideway of UTM-01

A running simulation of UTM-01 was implemented
through the method suggested in the modeling. Fig.
10 shows a Maglev vehicle running on an elevated
guideway. Fig. 11 shows the vertical displacement at
point A shown in Fig. 9. The maximum displacement at 10 km/h appears to be about 5.5 mm. Fig. 12
shows the displacement at the same location measured through a real experiment, which appears to be
5 mm. The simulation result was a little higher than
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Fig. 11: Simulated displacement of the girder at 10 km/h
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in a real experiment but the discrepancy was just
10 %. Therefore, it can be considered that the simulation result was similar to the experimental result.
The running stability was investigated by increasing
the velocity. To evaluate the running stability, the
velocity was increased by 20 km/h from 10 km/h to
130 km/h. Fig. 13 shows the displacements of the
girder in accordance with the increase in velocity. It
is analyzed that the displacement response doesn’t
diverge but stabilizes in accordance with the velocity increase. For an exact stability evaluation, however, the non-linearity and effects of the frequency
should be considered by modeling the controller for
the levitation force in a more realistic way. Fig. 14
shows the acceleration in the vertical direction of the
center bogie. It was also stabilized just like the displacement of the girder. Fig. 15 shows the stress on
the elevated guideway during the run of the vehicle
caused by dynamic load. It is analyzed that it is safe
until 130 km/h from the strength aspect. Like this,
the detailed 3D FE model enables researchers to
analyze the displacement, velocity, acceleration and
dynamic load. On the other hand, it is still difficult
to consider a variety of running conditions. This
study focused on a running simulation technique, not
on the exact analysis of simulation results.
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Fig. 12: Experimental displacement of the girder at 10 km/h
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Fig. 13: Simulated displacements of the girder
Fig. 10: UTM-01 running on the elevated guideway
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Fig. 14: Accelerations of the second bogie

Fig. 15: Contours of stress at 130 km/h

4 CONCLUSION
This study suggests a running simulation technique
for a Maglev vehicle that applies 3D FE model.
With the suggested technique, a research was conducted on an urban transit, UTM-01. The suggested
technique can analyze dynamic load, as well as the
detailed behaviors of the vehicle due to its employment of the detailed 3D FE model. As a result, it is
expected that the technique can be applied

in designing a Maglev vehicle and an elevated
guideway. However, to improve the reliability of the
simulation results, it should be required to solve
problems such as the detailed modeling of levitation
force, consideration of non-linearity of the suspension element, and the reduction of calculation time.
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