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Abstract. The Electro-Magnetic Suspension (EMS) type of high-speed Maglev transportation system is a kind of new type
of transportation system, which utilizes the electromagnetic interaction force of active control to realize contactless suspension
and guidance between vehicles and track, thus overcoming the friction resistance of traditional wheel-rail vehicles and achieving
high-speed operation. Due to the high running speed and the small redundancy of suspension clearance variation, the high-speed
maglev vehicle is more sensitive to external interference with the control of the active suspension control system, especially
under the excitation of track irregularities, so track irregularities has a great impact on the suspension stability and running
stationarity of high-speed Maglev. In this paper, based on a typical magnetic levitation control method, named Proportion-
Integral-Derivative (PID) controller, and by using the dynamic software SIMPACK, a three-dimension high-speed maglev
simulation model with 258 degree of freedoms is constructed which takes the PID controller as the suspension and guidance
control system, and the vibration response of high-speed maglev vehicle under the excitation of track deformation is
investigated. Besides, the running stationarity of the vehicle is analyzed. In order to reduce the influence of track irregularities on
the vibration of the vehicle, the parameters of the PID control system and the secondary suspension parameters of the vehicle are

analyzed and adjusted to realize the smooth running of the vehicle under the track irregularities excitation.
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1. Introduction

As a high-speed rail transit system different from
traditional wheel-rail vehicles, EMS-type high-speed
maglev has higher running speed and better safety because
of its non-contact support and guidance. (Wu and Huang.
2004, Chandra and Agarwal.2013) , However, due to the
active control mode of suspension and guidance, it is more
sensitive to the disturbance from track deformation and
irregularity, track deformation easily causes vehicle
vibration, and has a greater impact on the comfort and
stability of vehicle operation. Therefore, EMS type has
stricter requirements for suspension and guidance control of
high-speed maglev, as well as track deformation and ride
comfort. . Scholars at home and abroad have also carried
out a lot of research in the field of track excitation and
impact on Maglev vehicles. Based on TR08 maglev vehicle,
the response power spectrum of maglev vehicle is
calculated by using virtual excitation analysis method.
(Zhou et al. 2008). The dynamic response of low-speed
maglev vehicle and clearance under sinusoidal excitation is
analyzed. (Jiang et al. 2007). Deng et al. (2007) The
dynamic model of high-speed maglev vehicle-track beam is
established by using the multi-body system software
SIMPACK. The dynamic response of the track is calculated
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when the high-speed maglev train passes through, and the
results are compared with the measured ones. The dynamic
response characteristics of suspension system under step
disturbance are simulated(Lin et al. 2010). The dynamic
analysis model of high-speed maglev vehicle track is
established. The dynamic response of simply supported
beam and two-span continuous beam is analyzed and
calculated. The influence of track ride comfort on dynamic
response is studied by assuming track spectrum as
excitation.(zhai et al. 2005 and zhao. 2009). Current
research often simplifies the vehicle greatly, so as to
establish the numerical model of vehicle dynamics to
simulate, the degree of freedom of the vehicle is less, or the
suspension and guidance force is simplified to spring
damping force. It is difficult to establish a more complete
vehicle model through mathematical model, while using the
multi-body dynamics software SIMPACK can build a more
complete multi-degree of freedom vehicle model, and
imitate it. The real results have high accuracy. Therefore, in
order to study the effect of track deflection on vehicle
vibration response, a 258-DOF vehicle model is constructed
by SIMPACK, and the suspension and steering force are
controlled by PID control method. Through parametric
analysis of track stiffness, the influence of track vertical
bending stiffness on vehicle vibration acceleration and
stability is simulated and studied.

2. Vehicle-track dynamics simulation model

2.1 Vehicle-track dynamic model
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High Speed Maglev Demonstration Line in China, this
paper simplifies the complex vehicle and track properly,
and establishes a more complete three-dimensional high
speed maglev vehicle and track model by using virtual
prototype SIMPACK, so as to carry out dynamic simulation
analysis.
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The topological relationship  between vehicle
components and vehicle relative to track is analyzed. As
shown in Fig. 1, in SIMPACK, the body has six degrees of
freedom relative to the earth, i.e. the fixed reference
coordinate system, so the connection with the earth is
articulated with six degrees of freedom. The suspension
frame is composed of two "bow" suspension frames and
longitudinal beams, and the longitudinal beams need to be
elastic in practice. Deformation realizes the decoupling
function of suspension frame. Because rigid body model is
used in modeling, the longitudinal beam can not produce
elastic deformation, so the longitudinal beam is specially
treated here. The suspension frame is decomposed into two
suspension frames, one is suspension frame 1 and the other
is suspension frame 2. The suspension frame 1 and the fixed
reference frame also have six degrees of freedom. Therefore,
the connection between suspension frame 2 and the earth is
articulated with six degrees of freedom. The suspension
frame 1 is articulated with three degrees of freedom, which
can express the elastic deformation of the longitudinal beam
and realize the decoupling of the suspension frame; the
bolster connects the vehicle body and the suspension frame,
and the connection with the suspension frame is articulated
with one degree of freedom of rotation, and the vehicle
body is connected with the suspension bar. There are two
degrees of freedom of rotation between the suspension bar
and the bolster, and there are three degrees of freedom of
rotation between the suspension bar and the vehicle body.
Therefore, the suspender is articulated and bolstered with
two degrees of freedom, and the restraint relationship
between the suspender and the car body is translational
freedom in three directions, releasing rotational freedom in
three directions. The guide electromagnet and suspension
electromagnet are articulated with six degrees of freedom to
keep the displacement between the electromagnet and the
suspension frame in six directions, and the suspension
frame is connected with spring force element at the same
time. A series of suspensions are formed to restrict the
relative  displacement and vibration between the

electromagnet and the suspension frame.

In summary, six degrees of freedom relative to the
ground are considered for the car body, including shaking
head, roll, lateral movement, nod, sink and float, and
expansion; two degrees of freedom relative to the
suspension frame are considered for the swing rod; one
degree of freedom relative to the suspension frame is
considered for the bolster; and six degrees of freedom
relative to the ground are considered for the suspension
frame 1, such as shaking head, roll, roll, nod, sink and
expansion. 2. Consider three degrees of freedom relative to
the suspension frame 1, such as roll, nod and shake head,
and 6 degrees of freedom relative to the suspension frame 1,
such as shake head, transverse movement, nod head, sink
and float, roll and expansion, etc. for the electromagnet.
Therefore, a total of 258 degrees of freedom for a single
vehicle.

2.2 Magnet-guideway contact model

The relationship between the magnetic track is the
interaction between the train and the track. The reasonable
simulation of the electromagnetic force is the key to the
dynamic analysis of the train and the track. In this paper,
PID method is used to control the suspension force and
guidance force of high-speed maglev vehicle. PID
(Proportion Ratio, Integral Integral, Derivative Differential)
controller linearly combines the proportion (P), integral (1)
and differential (D) of the suspension gap deviation into
control variables to control the suspension. The control
mode is shown in Figure 2.(P. K. 1987)
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Fig.2 Principle of PID Controller

In the figure above, the &§ is the suspension clearance,

the &, is the balance suspension clearance, and the Az is
the variation of the suspension clearance. According to the
figure above, under the ideal control law, the output control
force can be simplified as follows:

t
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kd = kp Td (3)

Among them, kp is a proportional coefficient; k;is
an integral coefficient; k, is a differential coefficient; T;

is an integral time constant; T; is a differential time
constant.

The stability of the suspension system can be
effectively maintained by choosing the three coefficients
reasonably and controlling the integral time and differential
time. The modular mechanical decoupling structure of
TRO8 makes the decentralized control of each suspension
frame possible, so the reasonable PID control parameters
can be selected by studying the single point suspension
control. Next, the parameters of the PID suspension control
coefficient and the selection of integral and differential time
are studied.

SIMPACK is used to establish a single-point
suspension control model. The force element adopts 110
proportional force element. Its output force is controlled by
an active controller, and the controller adopts 129 PID
controller. The total weight of the vehicle is 631460N.
There are 14 suspension electromagnets in each walking
mechanism. Two PID controllers are installed on each
suspension electromagnet. The load on each suspension
point is 22552N. In the single-point levitation control model,
the levitation equilibrium position is set at 10 mm from the
origin and the position after disturbance is 6 mm from the
origin. The target transient response characteristics of the
levitation point under the control of the controller are
defined as: the maximum overshoot = 10%, and the
adjustment time is 0.1s. Let k, takes the value as 750000
7500000. 7500000, T4 take as 100, and T; take as 0.01,
respectively to analyze the influence of proportional
coefficient.
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Fig.3 Change of Suspension Clearance under Different
Proportional Coefficients

As shown in Fig. 3, in this suspension control model,
the increase of proportional coefficient K, will accelerate
the response of the system, but too large and too small
proportional coefficient will lead to insufficient stability and
large overshoot. As can be seen from formula 2-3, the value
of proportional coefficient will affect the integral constant
and differential constant under the condition that the

integral time constant and differential time constant remain
unchanged, so the appropriate selection should be made.
Ratio coefficient.

And next, let k, equal to 7.5e6,
0.01. 0.005 respectively.
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Fig.4 Change of Suspension Clearance under Different
Integral Time Constants

As shown in Figure 4. With the decrease of integral
time constant T;, the stronger the effect of integral, the
shorter the time of eliminating static error and the better the
stability of the system, but the instantaneous acceleration
will be greater, and the integral time constant T; is more
sensitive to external excitation. Therefore, the appropriate
integral time constant T; should be chosen.

Through trial calculation, considering the stability of
control system, eliminating static error time, system
response time, overshoot, sensitivity to disturbance and
other factors, and taking 10% overshoot and 0.1s static error
elimination time as the control index of transient response
characteristics, Kp value is 7.5e6, T; value is 0.01, T4 is 100.

2.3 Vertification of model

In order to preliminarily verify the validity of the
simulation model, a typical line condition is set to verify the
model. Setting the working condition of the line as a
sinusoidal curve, the expression

is y = 0.005sinf———x) , The variation of track
24.768

irregularity with mileage is shown in Fig. 5. The vehicle
with active control model and spring damper model
described above are used to simulate the variation of
suspension clearance.
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Fig.5 Sinusoidal irregularity
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The simulation results of the vehicle with active control
model and spring damping model are compared with those
of the vehicle with irregular suspension clearance as shown
in Fig. 6.
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Fig.6 Suspension Clearance Contrast between
different vehicle-guideway contact relationship

It can be seen from the figure that the suspension
clearance of the vehicle with active suspension control
fluctuates slightly up and down at the initial position, and
its wavelength is longer. The variation of suspension
clearance of the vehicle with spring damping passively
follows the irregular track with the same frequency
sinusoidal fluctuation, and the fluctuation amplitude is less
than 2 mm, which meets the requirement of high-speed
maglev clearance fluctuation. Therefore, the validity of
active suspension control and vehicle model can be
preliminarily verified.

Table 1 Vehicle degree of freedom(DOF)

Ups .
. Sidew .
and Sidew Shake Telescopic Part Total
Part downs  aysy. |nger Nody A Xe number DOFs DOFs
Zc ¢
Carbody N N N N N N 1 6 6
Swing rod — — ol v — — 16 2 32
Bolster — — v — — — 16 1 16
Suspension \ Y \ S \/ v 4 6 24
Framel
Suspension — — S S S — 4 3 12
Frame?2
swpewion y4 A AN ! 14 6
Guidamce S N 6 72
magnet \ Y S S | | 12
Barking 6 12
magnet V V J \ 2

3. Parametric analysis of the effect of vertical rail
stiffness on vehicle vibration

In order to simulate the excitation of vehicle vibration
caused by the irregularity of deflection under different track
beam stiffness, two track beam spans and four different
track beam bending stiffness are selected for simulation
analysis. Because the modulus of the existing track beams is
3.096m, the span of the two kinds of track beams selected
in this section are 24.768m and 30.96m, respectively.
Formula (6) shows that when the track span is fixed, the
vertical stiffness of the track beam can be determined by the
corner of the end of the beam. The smaller the vertical
stiffness of the track beam, the larger the vertical angle of
the end of the beam, the larger the vertical deflection of the
track beam and the corresponding increase of the
deflection-span ratio under the vehicle load. Therefore, the

change of track vertical stiffness can be represented by the
change of beam end turning angle. When the span of track
beam is fixed, the change of beam end turning angle reflects
the change of track beam section bending stiffness.
Therefore, in this paper, the change of beam end turning
angle is used to represent the change of track beam bending
stiffness. In order to simulate the most disadvantageous
working conditions, the vehicle simulation speed is 431
km/h, the highest operating speed of Shanghai high-speed
maglev line. The vertical deflection irregularity of the track
beam is the vertical displacement of the track beam along
the length direction. According to equation (6), the vertical
deflection equation of the beam can be derived. From the
equation, it can be seen that the deflection of each point of
the beam is related to the span of the beam and the rotation
angle of the end of the beam, which is proportional to the
rotation angle of the end of the beam, and the rotation angle
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3.1 Influence of vertical flexural stiffness of rail
beam on vehicle vibration

In this section, the vertical flexural irregularities of
24.76m and 30.96m span beams under different section
flexural rigidity of track beams are constructed by changing
the end rotation angle of beams. As an excitation, the
influence of section flexural rigidity of track beams on
vehicle vibration response is studied and analyzed. From
formula (6), the curve of track beam's bending irregularity
can be obtained as shown in Fig. 7-8. It can be seen from
the graph that the mid-span deflection of the beam is about
1.5 mm, 3 mm, 45 mm and 6 mm when the end rotation
angle of the beam is 0.0002 rad, 0.0004 rad, 0.0006 rad and
0.0008 rad respectively, and the mid-span deflection of the
beam with span of 24.768 m is about 1.33 times of that of
the beam with span of 30.96 M. The mid-span deflection of
the beam with span of 30.96 m is 2 mm, 4 mm, 6 mm and 8
mm respectively. The flexural deformation periods of the
beams with two spans are 24.768 m and 30.96 m,
respectively.
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Fig.8 Deformation Curve of 30.96m Rail Beam under
Different Beam End Rotation Angle alpha

In order to analyze the influence of the change of
bending stiffness of track beam section on vehicle vibration,
the vertical vibration acceleration of vehicle is compared
and analyzed. From Fig. 9 to Fig. 10, it can be seen that the
larger the beam end rotation angle is, the higher the vertical
vibration acceleration is.

0.5

e aaaea

Vertical Acceleration (m/s?)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (s)
Fig.9 Vertical acceleration of Vehicle under 24.768m beam
with different stiffness
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Fig.10 Vertical acceleration of Vehicle under 30.96m beam
with different stiffness

Further analysis of the ratio of the amplitude of the
vertical vibration acceleration shows that the ratio of the
change of the amplitude of the vertical vibration
acceleration to the change of the angle at the end of the
beam changes synchronously. The ratio of the two is close
to each other, and the ratio is about 1:2:3:4. Therefore, it
can be considered that the vibration acceleration of the car
body changes in the same proportion with the deflection of
the track beam, and the bending resistance of the track
beam is similar. The vehicle flexural irregularity caused by
stiffness has a great influence on the vehicle vibration and
enlarges the vibration response proportionally. Therefore, in
practical engineering, the control of the flexural rigidity of
the track beam should be taken into account as well as the
control of the cost. The stationarity index Sperling is used
to further calculate and analyze the vertical stationarity
index values of the end, middle and tail of the vehicle under
different track beam flexural irregularity excitation. .

w, = 7.08"/A3F(f)/f (M

®)

Among them, Wi and W are single frequency and
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(m/s2), f is vibration frequency (Hz), F (f) is frequency
correction coefficient, F (f) is 0.325 F2 when frequency f is
0.5-5.9; F (f) is 400/f2 when f is 5.9-20; F (f) is 1 when f >
20.

Firstly, the frequency spectrum of the vibration
acceleration of each measuring point is converted by fast
Fourier transform. Then the amplitude and frequency
domain of the vibration acceleration are calculated
according to formulas 7 and 8. Statistical stationarity index
values of each measuring point are obtained as shown in
Tables 2, Fig.11 and Fig.12.
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Table 1 Vehicle Sperling
Span (m) 24.768 30.96
Beam End I?:;tg;lon Angle o Front Middle Back Front Middle Back

0.0002 1.68 1.12 1.59 1.97 1.54 1.61
0.0004 2.08 1.38 1.95 243 1.90 1.98
0.0006 2.34 1.56 2.21 2.75 214 2.23
0.0008 2.56 1.70 241 2.98 2.34 2.43

From Fig. 11, Fig.12 and Table 2, it can be seen that
with the increase of the end rotation angle of the track beam,
that is, the decrease of the bending rigidity of the track
beam, the increase of the amplitude of the flexural
irregularity and the corresponding increase of the
stationarity index value, but the relationship between the
increase of the stationarity index value and the increase of
the end rotation angle of the track beam is not equal.

The ratio of the increase of the index value is smaller
than that of the decrease of the end rotation angle of the
track beam, because the stationarity index value is affected
not only by the magnitude of the vibration acceleration, but
also by the vibration frequency. Therefore, the change ratio
of the stationarity index value is different from that of the
end rotation angle of the track beam, which also means that
the influence of the bending stiffness of the track beam on
the vibration acceleration is more stable than that of the
track beam. The influence of sex index value is greater. At
the same time, it can also be observed that for beams with
span of 24.768m and 30.96m, the stationarity index values
of the end and tail are greater than those of the central
measuring point, and the stationarity index values of the end
are the largest. Therefore, for a single car, the stationarity of
the tail of the car body is slightly better than that of the end,

and the stationarity of the middle of the car body is the best.

3.2 Influence of random irregularity excitation on
vehicle vibration under variation of flexural rigidity

In order to study the effect of random track irregularity
on vehicle vibration under different vertical bending
stiffness, Huang et al. (2008) was used to analyze the
vehicle vibration response under vertical track irregularity
excitation by superimposing the track beam deflection
described in Figures 7 and 8 on Shanghai High Speed
Maglev Demonstration Line using inertia benchmark
method. The measured track vertical random irregularity
samples of Shanghai high-speed Maglev Demonstration
Line are shown in Figure 13. It can be seen from the
samples that the vertical random irregularity of high-speed
maglev line is dominated by long-wave irregularity caused
by beam-end deviation. The wavelength is between 20m
and 30m, and the irregularity amplitude is between 2 and
3mm.
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Fig.13 Measured irregularity samples

In order to analyze the influence of vertical random
irregularity on the vertical vibration of vehicles in track
beams with different bending stiffness, the vertical random
irregularity samples are constructed by superimposing the
vertical random irregularity samples mentioned above on
the basis of the deflection of 24.768m track beams. The
principle of superposition is that the random irregularity of
high-speed maglev lines is dominated by long waves of
20m-30m. In order to meet the track irregularity caused by
the deflection of the beam, the uneven settlement of the
support at the end of the beam and the installation error of
the function keys, the position of the larger part of the
random irregularity is aligned with the position of the end
of the beam with the position of the deflection irregularity

as far as possible.
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Fig.14 Deformation plus irregularities

In order to analyze the influence of vertical random
irregularity on vehicle vibration response, the vehicle
vibration response under flexural deformation excitation

—— Deformation
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Time (s)

(@) a =0.0002

s (ASEM19)

and random irregularity excitation is simulated and
compared, and the comparison chart of vehicle vertical
vibration acceleration shown in Fig. 15 is obtained. It can
be seen from the graph that the wvertical vibration
acceleration of the vehicle after superimposing random
irregularities is greater than that when only flexural
deformation excitation occurs. With the increase of beam
end rotation angle, the maximum amplitude of vertical
vibration acceleration caused by superimposed random
irregularities is close to the increase multiple of the value
under flexural deformation excitation. When the beam end
rotation angle is 0.0002 rad, the former is about 1.8m/s2,
while the latter is only about 0.25m/s2, the former is about
7.2 times of the latter; when the beam end rotation angle is
0.0004 rad, the former is about 2.25m/s2, and the latter is
about 7.2 times of the latter. The value of the former is
about 0.4m/s2, the former is about 5.6 times of the latter;
when the beam end angle is 0.0006rad, the former is about
2.5m/s2, while the latter is about 0.75m/s2, the former is
about 3.3 times of the latter. When the beam end angle is
0.0008rad, the former is about 2.8m/s2, the latter is about
1m/s2, and the former is about 2.8 times of the latter. Based
on the above analysis, it can be concluded that the influence
of wvertical random irregularity on vehicle vibration
acceleration decreases with the increase of beam end
rotation angle, i.e. the decrease of bending stiffness of track
beam section. However, the vertical vibration acceleration
increases more obviously than that of the line without
random irregularity. Therefore, the wvertical random
irregularity has a great influence on the vertical vibration of
vehicles. The greater the flexural rigidity of the track beam
section, the greater the impact. Because the greater the
flexural rigidity of the track beam section, the smaller the
deflection of the track beam when the vehicle passes by.
The vibration is mainly caused by the vertical random
irregularity excitation.

Deformation
DeformationtIrregularities

2.0 ‘
.54

1.0+
0.5
0.0+
-0.54

-1.04

Accleration (m/s?)

-1.54
2.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (s)

(b) a =0.0004



The 2019 Wor/dinjggﬁgfggggoﬁhe Wei Wu, Dong-Zhou Wang, Xiong Zhou, Wei Nan Xu and Xiang Yun Kong
Advances in Structural Engineering and Mechanics (ASEM19)

A7 NA ANAN

— Deformation

Jeju Island, Korea, Septembe:‘

207 DeformationtIrregularities
1.5
\ N
Ng 1.0 /\ ‘;" \\ /\\(\ [ ’\ “f\\ "/\)\
B I | |
E osqlh L) i) i “\ /\“\
g oofl | L b ) A AL
<l Y I\ J [
g 05 b Y
8 10 Voot
< \ || \
-1.5 \ N v
|
-2.04 U
-2.5 T T : . ; X
0.0 0.5 1.0 L5 2.0 2.5 3.0
Time (s)
(c) a =0.0006

Deformation
2.0 DeformationtIrregularities
1.5 N
< 1/ H ‘,(’,\ /M/‘\ “,m/‘\ q
g oyt NV N AN AN ‘m ‘
1/ 1 | [ N \\\ I \hu
g Y \\w e ee/\) WAV AY Vﬁ‘/
= .54 \ / it Wl \y \ \
Frr WM N v
5] . f | | |
< 159 IR YR
-2.0 v ‘H‘ v
2.5 Y
-3.0 T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (s)
(d) o =0.0008

Fig.15 Comparisons between the Flexural Irregularity of 24.768m Beams and the Vertical Irregularity of Tracks

Table Q7! X AT 2L ARE SR &Yt Vertical Sperling value

Span 24.768m 30.96m
Type Deformation [ Deformation+Irregularities Deformation [ Deformation+Irregularities
Measurement Point Front | Middle | Back [ Front [ Middle [ Back Front | Middle [ Back | Front [ Middle | Back
0.0002 1.68 112 1.59 1.90 1.60 1.83 1.97 1.54 1.61 2.08 1.63 1.78
« 0.0004 2.08 1.38 1.95 2.10 1.72 2.05 243 1.90 1.98 2.38 1.87 2.01
0.0006 2.34 1.56 221 2.28 1.83 2.26 2.75 2.14 2.23 2.68 210 224
0.0008 2.56 1.70 2.41 2.47 1.95 2.44 2.98 2.34 2.43 2.93 2.29 2.43
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Fig.16 The relationship between Sperling value and « of
24.768m -span beam

The wvertical stationarity index values of the end,
middle and tail of the vehicle are further calculated, and the
statistical results are shown in Table 3 and Fig. 16-Fig. 17.
It can be seen from the charts and graphs that under the

same beam end rotation angle, i.e. the same section stiffness,

the longer the span of the track beam, the greater the
stationarity index value. At the same time, when the span of
the track beam is fixed, the stationarity index value
increases linearly with the increase of the beam end rotation
angle. By comparing the vertical stationarity index values
of vehicles under the excitation of deflection deformation
and random irregularity of superimposed track, it can be
found that when the span of track beam is fixed, the vertical
stationarity index values of track beam end will increase
correspondingly because of the influence of random
irregularity when the angle of beam end is small, that is,
when the bending rigidity of track beam section decreases,
the vertical stationarity index values of track beam end will

T T T
0. 0004 0. 0006 0.0008

Rotation Angle a

Fig.17 The relationship between Sperling value and « of
30.96m -span beam

T
0.0000 0.0002

increase correspondingly. The vertical stationarity index
values of the two methods are close to each other. Therefore,
it can be concluded that the greater the bending stiffness of
the track beam section, the greater the impact of vertical
random irregularity of the track on vehicle ride stability.

4. Conclusion

Based on TR08 maglev train of Shanghai High Speed
Maglev Demonstration Line in China, the dynamic
simulation model with 258 degrees of freedom is
constructed by SIMPACK, and the suspension and steering
force are simulated by PID control. The parametric analysis
of the influence of track vertical stiffness and random
irregularity on vehicle vibration response is carried out. The
following conclusions can be drawn from the simulation
study:

(1) Under the excitation of track deflection, the
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the bottom plate of the carriage is better than that of the end
and the tail. The deflection of the track beam has a great
influence on the vibration of the vehicle, and the vibration
response increases proportionally with the increase of the
end rotation angle of the track beam, i.e. the decrease of the
bending stiffness of the cross section of the track beam.

(2) Through the simulation and analysis of the effect
of the measured vertical random irregularities on the
vertical vibration response of vehicles, it can be seen that
the vertical random irregularities have a greater impact on
the vertical vibration of vehicles. The greater the flexural
rigidity of the track beam section, the greater the impact.
However, compared with the case where only the track
flexural deformation occurs, when the vertical random
irregularities are superimposed, the change of the flexural
rigidity of the track beam section will occur. With the
increase of beam end rotation angle, the stationarity index
value increases linearly. That is to say, the greater the
bending stiffness of track beam section, the greater the
influence of track vertical random irregularity on vehicle
stationarity.
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