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Abstract: Maglev train with no mechanical contact of the innovative technology, as well as a series of excellent economic and
environmental advantages came into being. More and more people pay attention to it, and it has become one of the most
promising transportation means in the new century. According to the actual operation of maglev train, a boundary constraint
method is proposed in this paper. On the basis of the actual operation of maglev train, a method of boundary constraint is
proposed, and the finite element model is established by using HyperMesh software. Afterwards using ANSYS analysis software
to analyzed the statics performance of levitation chassis under the four working conditions of maglev vehicle, and static strength
of the levitation chassis based on von Mises stress was assessed. In accordance with the results, the parts with high stress are
optimized. The result showed that the stress intensity on the back of the air spring mounting base is relatively high. This situation
can be improved by changing the radius to 40 mm fillets. The strength of other parts meets the standard requirement and provided
the basis for further optimization calculation. The results have laid a foundation for the fatigue strength test of the suspension
chassis of high-speed maglev train.

Keywords: High-speed Maglev Vehicle, Levitation Chassis, Finite Element Modeling, Static Strength

forward improvement suggestions on the local structure [2].
The structure of levitation chassis is different from that of
traditional bogie. Due to the limitation of materials, riveting
and bolt connection are chosen to combine the two parts. In
order to make each levitation control unit have decoupling
ability, auxiliary elastic parts and hinges are used to realize
this function. It is difficult to realize the function of each
connected part in the finite element software. For high-speed
maglev train levitation chassis, we analyze the connection
mode of levitation chassis and secondary suspension part and
establish the finite element model with hypermesh software.
According to the actual stress condition, a set of load and
constraint project is designed. ANSYS finite element analysis
software is used to analyze the static strength of levitation
chassis under four different working conditions and we put
forward feasible suggestions for structure optimization [3].

1. Introduction

Maglev train is a modern high-tech rail transit project
driven by magnetic levitation force. It realizes the levitation
and guidance between the train and the track without contact
through electromagnetic force, and then wuses the
electromagnetic force generated by linear motor to pull the
train to run. Maglev trains mean that these trains use the
fundamental principle of magnetism to float on rails instead
of the old steel wheels and rail trains [1]. Maglev train runs
on the track through Ilevitation, so there are strict
requirements on the material and weight of the whole
structure. The maglev train levitation chassis reduces the
weight of the levitation chassis as much as possible on the
premise of meeting the strength requirements. In order to
solve the contradiction between strength requirements and
weight requirements, it is necessary to calculate and analyze
the structural strength of the levitation chassis, so as to
determine the structure of the bogie reasonably and put
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2. Finite Element Model

2.1. Structure Description

The structure of high-speed maglev car body is divided
into the following three parts: maglev bogie (levitation
chassis), the secondary suspension and the carriage. The
levitation chassis is composed of a beam frame, a suspension
frame and a longitudinal connection structure, in which the
beam frame includes two beams, a bolster support beam and
an air spring support beam. The suspension frame comprises
two supporting arms and upper and lower connecting parts.
The longitudinal connecting structure includes a longitudinal
beam, a hinge and a swinging handle. A beam frame and two
suspension frames constitute a suspension frame unit. The
two suspension frames constitute a levitation chassis through
a longitudinal connection device [4], and each part is
connected by bolts and rivets. Different from the traditional
concept of bogie, the rubber suspension (electromagnet
suspension) in the levitation chassis is primary suspension,
and the air spring part of the swing pillow is secondary
suspension. The levitation chassis is the key structure
connecting the suspension electromagnet, guiding
electromagnet, brake electromagnet and the car body, which
can realize the decoupling of the structure.

2.2. Finite Element Modeling

The main body of the levitation chassis is made of
aluminum alloy. The mechanical connection of aluminum
alloy mainly includes rivet connection and bolt connection.
The whole structure is connected by a large number of rivets
and bolts, which is the difficulty of modeling. After a large
number of experiments and studies, the connection mode of
rivets and bolts is simulated by coupling and constraint
equation method [5]. The pre-tightening force of bolts adopts
equivalent force method, which makes the calculation fast
and efficient, and can correctly reflect the stress condition of
the whole levitation chassis. The finite element method is
shown in Figure 1. In order to improve the efficiency of finite
element simulation, it is usually necessary to simplify the
finite element model reasonably, and reduce the number of
features of the model by suppressing or deleting those
features that have no or little impact on the problem [6].
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Solid185 unit is used for meshing. The discrete model has
2332377 nodes and 7610622 units. The finite element model
of magnetic levitation chassis is shown in Figure 2.
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Figure 1. Finite element method for mechanical connection.

y

Figure 2. Finite element model of maglev bogie.
2.3. Material Parameters

Levitation chassis is mainly made of aluminum alloy with
high strength, high elasticity and light density through
welding and other processes [7]. Levitation chassis and
component materials mainly include EN AC-42100S T6, EN
AW-6005A T6, EN AW-6082 T6 and 40CrMo. Among them,
as the swing rod is an important connecting structure
between the car body and the levitation chassis, as well as the
main force transmission component. Thus, 40CrMo is
adopted, and the rest materials are all made of aluminum
alloy [8]. The material performance parameters are shown in
Table 1.

Table 1. Material performance parameters.

Material Elasticity modulus/(MPa) Poisson's ratio Density/(kg-m'3) Yield strength/(MPa)
EN AC-42100S T6 0.7x10° 0.33 2680 274
EN AW-6005A T6 0.7x10° 0.33 2700 241
EN AW-6082 T6 0.7x10° 0.33 2710 255
40CrMo 2.06x10° 0.25 7900 950

3. Load Condition and Constraint Mode

Since there is currently no relevant standard for the
calculation of maglev levitation chassis, the actual working
condition of maglev train dynamics is analyzed to determine
the working condition for the calculation of the strength of

the levitation chassis. First, the direction principle of the
coordinate system is defined. Longitudinal is the direction of
lane slip plane. Lateral is the lane slip plane and
perpendicular to the driving direction. The vertical direction
is perpendicular to the slip plane. This paper will list four
typical abnormal working conditions for analysis.
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3.1. Constraint Mode and Loading

The function of the levitation chassis is to load
electromagnets and transfer the suspension force, guiding
force, traction force and braking force to the carriage through
the secondary systems [9]. According to the actual operation
principle of the levitation chassis, the vertical constraint is at
the shaking pillow connected with the car body, the
transverse constraint is at the mounting seat of the guiding
electromagnet, and the longitudinal constraint is at the
connecting hole of the longitudinal beam and the traction rod.
According to the stress mode of the levitation chassis during
operation, longitudinal and vertical loads are applied to the
suspension electromagnet mounting seat, longitudinal and

transverse loads are applied to the guiding electromagnet
mounting seat, and transverse, longitudinal and vertical loads
are applied to the connecting swing rod and apron board [10].

3.2. Load Working Condition

According to relevant calculation experience, taking into
account such basic conditions as snow load, magnetron
dynamic special load, wind load, turning radius, acceleration
and so on, four abnormal load conditions under non-fault
conditions as shown in Table 2. are formulated. Meanwhile,
static equivalence principle is adopted to calculate and
analyze the load of each working condition [11-13].

Table 2. Working table for load calculation of maglev bogie.

Abnormal load under non-fault condition

Working condition S3A S5A S3B S5B
Snow load S-Weight of snow S- Weight of snow S- Weight of snow S- Weight of snow
Acceleration/Braking Acceleration Acceleration Braking Braking

ay -1.1 -1.1 1.1 1.1
Acceleration (m/s”)  a, -2.0 -2.0 -2.0 -2.0

a, 1.2 1.2 1.2 1.2
Turning Radius ;L:;Slgfl Turn left R=350m Turn left R=1000m Turn left R=1000m
Wind speed 10m/s 37 m/s 10m/s 37 m/s

4. Analysis of Calculation Results

Through ANSYS software, according to the above four
working conditions to the levitation chassis strength analysis
[14]. Generally speaking, for plastic materials such as steel,
copper and aluminum, the Von Mises equivalent stress can be
selected for strength evaluation according to the fourth
strength theory [15]. The overall stress contour of the
levitation chassis under four working conditions are shown in
Figure 3. respectively.
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(a) Overall stress distribution diagram of S3A working conditions
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(b) Overall stress distribution diagram of SSA working conditions
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(c) Overall stress distribution diagram of S3B working conditions
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(d) Overall stress distribution diagram of S5B working conditions

Figure 3. Overall stress distribution diagram of maglev bogie.

The maximum stress occurs at the swing rod connected
with the secondary suspension and the car body, and the
sublarge stress occurs at the stiffened plate at the back of the
air spring. Taken S5B in the most severe working condition
as an example, the stress distribution at the mounting seat of
the air spring is shown in Figure 4.
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Figure 4. Location of sublarge stress occurring in S5B working conditions.

The connection between the stiffened plate at the back of
the air spring mounting seat and the vertical plate is
optimized into fillet, and fillet is initially chosen as R=10mm
to replace the previous structure. Taken S5B as an example,
finite element strength analysis is carried out after structural
optimization. The stress distribution of air spring mounting
seat is shown in Figure 5.
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Figure 5. The place where the large stress occurs at the fillet R=10mm under
S5B condition.

The corner at the connection between the stiffened plate at
the back of the air spring mounting seat and the vertical plate
was expanded from R=10mm to R=40mm. Still taken S5B as
an example, the stress distribution at the air spring mounting
seat was shown in Figure 6.
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Figure 6. The place where the large stress occurs at the fillet R=40mm under
S5B condition.

The following conclusions can be drawn from the above

figures and tables:

(1)Under the four working conditions, the maximum
stress occurs at the swing rod connected with the
levitation chassis and the car body, of which the
maximum is 320.68MPa and the material is 40CrMo.
The permissible stress of the material is selected and
the static strength of the swing rod meets the
requirements.

(2) Under the four working conditions, the secondary large
stress occurs at the stiffened plate on the back of the air
spring mounting seat, and the maximum value is
283.85MPa, which has exceeded the permissible stress
of the material and is a serious stress concentration.
After the initial optimization of the joint as a fillet of
R=10mm, the average stress drops to 256.95MPa. Then
we expand the fillet to R=40mm, and the average stress
drops to 207.83MPa. After the analysis of the above
results, it is suggested that the joint between the
stiffened plate and the vertical plate at the back of the
air spring mounting seat should be treated as bending
corner, and the corner radius of the connection should
be increased, so as to reduce the stress value at the back
of the air spring mounting seat.

(3)Under the four working conditions, the maximum
stress appears under the S5B working condition,
indicating that after increasing the turning radius and
adding the dynamic special load, the loading condition
is more severe and the overall stress of the levitation
chassis is worse.

(4) Except that the stress of the stiffened plate at the back
of the air spring mounting seat is relatively large, the
stress of the rest of the levitation chassis is all less than
the yield limit, which meets the requirements of static
strength.
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5. Conclusion

In this paper, according to the structural characteristics of
levitation chassis of the high-speed maglev train with a speed
of 600 km/h designed by CRRC Qingdao Sifang co., Ltd.,
hypermesh and ANSYS software are used to design a
modeling scheme for the mechanical connection mode and
the secondary suspension, and the static strength is calculated
according to four abnormal working conditions.

The structure of levitation chassis of the high-speed
maglev train with a speed of 600 km/h and the finite element
analysis results show that suspended load, guide load, drive
load and brake load during normal operation is passed on to
the bracket through magnet connection device, and then to
the car body by the air spring, because the levitation chassis
from the magnet and slide force is passed on to the secondary
suspension and car body. Thus, under the four working
conditions, the stress concentration on the stiffened plate at
the back of the air spring mounting seat is serious. It is
suggested that the joint should be changed into fillet which
can decrease the stress of the stiffened plate at the back of the
air spring mounting seat. The rest parts all meet the static
strength requirements of their materials, which provides the
basis for the subsequent structural optimization.

Meanwhile, this paper provides a constraint mode and
loading mode for finite element calculation of levitation
chassis of the high-speed maglev train, which can be used to
evaluate the stress intensity of levitation chassis, laying a
simulation foundation for the fatigue strength test of
levitation chassis of the high-speed maglev train.
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