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ABSTRACT
The deviation of high-speed maglev line, which is mainly from the height difference
between the two ends of a girder, has great influence on ride safety and comfortness of
maglev vehicles. Deviation adjustment is also the core content in the maintenance of
high-speed maglev line. Therefore, it is of great significance to study the inspection
and analysis methods of the line deviation for high-speed maglev lines. In this study,the
deviation was obtained through a specific module, which is composed of two steps.
First, partial filtering, integration and resampling methods were applied to the measured
data signal, then an Elliptic filter was used to achieve the required line deviation.
Another module was developed for deviation analysis. In this module, both a
vehicle/guideway interaction model and an electromagnetic interaction model were
established. The influence of the resulted line deviation was considered in the
electromagnetic force. Then a numerical integration method was used to solve the
modules. In order to analyze the dynamic responses under different end deviations of
girder, several deviation profiles were used for simulation. The analysis results
indicated that the end deviation of a 24.768m girder cannot exceed 6mm, line deviation
of M and N shapes are unfavorable.
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1.INTRODUCTION
In addition to self-excited vibration, line deviation will also induce drastic vibration
during the operation of high-speed maglev vehicle. Furthermore, the vibration will be
amplified with the increase of vehicle velocity. During the installation and operation
stage, there are various types of deviation that will happen, which were caused by the
geometric error, settlement of the pier and foundation. Among those types of deviation,
the long wave deviation will influence the stability and comfortness of the vehicle. At
present, the long wave line deviation adjustment is the core content in the maintenance
of the maglev line. But how to determine the adjustment should be further clarified.
Scholars at home and abroad have done a lot of researches in this field. Zhou et al
(2008) calculated the vehicle response Power spectrum Density (PSD) by the analysis
method of virtual excitation based on the prototype of TR08 maglev vehicle; Jiang et al
(2007) analyzed the dynamic responses of low-speed maglev vehicle under sinusoidal
excitation; Deng et al (2007) established a vehicle/guideway dynamic interaction
model by software of SIMPACK，to calculate the dynamic responses of vehicle and
guideway, and verified the field test results; Lin et al (2010) simulated the dynamic
response characteristics under step disturbance; Zhai & Zhao (2005) and Shi et al
(2014) respectively proposed high-speed maglev vehicle/guideway interaction dynamic
analysis model to compute the dynamic responses of girder girder, and studied the
dynamic response under the excitation of virtual irregularity PSD. Unfortunately, all the
existing researches used line deviation hypothetical values, let alone the deviation
adjustment method from the point of view of dynamics. In this paper, based on the
experimental deviation value of high-speed maglev line, the impact of line deviation
was analyzed. In April 2016, field test was conducted on the line deviation at the
location of 19.1km~19.45km of Shanghai high-speed maglev demonstration line, after
processing the data signal, line deviation samples were obtained. Furthermore the
virtual irregularities were constructed under different end deviations of girder, which
were input into the vehicle/guideway interaction model to investigate the dynamic
response.
2. Frame of the present study
As showed in Fig.1, the study consists of two modules. I.e. processing module and
analysis module.
The processing module firstly obtains the magnet displacement data signal by
partial filtering and integration of acceleration data signal, then combined with the air
gap data signal, the preliminary line deviation profile can be obtained. Finally, the long
wave line deviation can be derived by a high pass filtering method. The deviation
analysis module aims to investigate the vehicle vibration acceleration, air gap variation
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The magnet vertical displacement
Z
acceleration B , by Eq.(2)

ZB

is obtained by integrating magnet vibration



Z B (t )   Z B (t )dt 2  C2t  C1

(2)

C1 and C2 are the constants determined by the initial condition, which are meaningless
here, besides, their existence will eventually lead to the saturation of the integrator. In
order to remove their influence, it needs to filter the data signal by using a partial filter
that was given by Eq.(3), which can be found in Du et al .,(1997)：
(1  d )(1  z 1 )
R( z ) 
(3)
1  (1  d ) z 1

d is the cut-off frequency , which determines the damping feature of the filter

and transition bandwidth. After trial and error, d was adopted at 1/20000 rad/s.

where

In order to obtain the displacement value of the electromagnet, electromagnet
acceleration should be integrated twice. In terms of the characteristics of the line
inspection system, the rectangular numerical integration method was adopted in this
paper.
The measured line deviation will be changed with the variation of vehicle running
velocity. Therefore, a resampling method is utilized to transform the time signal into
spatial signal to eliminate the influence of velocity. Owing that the gap sensor output
signal contains the square wave signal of the tooth and slot sequence of the stator
pack.When the gap sensor passes through the stator tooth, the peak of the velocity
signal appears, and while the valley of the velocity signal appears as the gap sensor
passes through the stator slot. The stator tooth width is 86mm, and the rising edge of
the square wave signal is used as the sampling pulse to convert the time signal into the
spatial signal. So space sampling interval is 86mm.
After the above procedure, the values of the initial line deviation are determined.
Then an elliptic filter is designed for filtering out the undesired frequency components
or random noises in the spectrum of the decaying signal. The design flow of the filter is
displayed in Fig.4. The design method is based on the digital filter technical index and
converts the time domain into the frequency domain.

Fig.4 Filter design flow
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In order to reduce the number of computational degrees of freedom, the mode
superposition method was introduced in the guideway model. Firstly, it needs to
calculate the vibration frequency and mode shape of the guideway, then by using the
orthogonality of vibration mode shapes, the equations of nodes coupled with each other
are decoupled. So that they can be transformed into independent modal equations, the
method can be found in Xia & Guo (2008). It is reasonable to assume that , there is no
relative displacement between the guideway girder and the function components,
modal analysis is carried out in the guideway model, the mode shape of the pier node
is identical to the corresponding girder node, the mode between two node is
determined by Lagrange interpolation method, the cross section deformation is
neglected in the vibration.
By using the expansion theorem, the nth girder modal equation can be expressed
by Eq.(7)
qn  2 nn q  n2 qn  Fn

(7)
where, ξn and ωn are the damping ratio and natural frequency of nth vibration mode
shape; Fn is the generalized force, which is the product of magnetic force and mode
shape  ( x ) .
The displacements Zkdz of the girder can be expressed by Eq.(8).
Nb

Z kdz   qnvn ( x)
n 1

qn is the generalized coordinate,  ( x) is the vertical vector of the nth mode
N
shape, b is the number of mode shape.
where

n
v

(8)

The displacements of the kth control point of the jth suspension frame of the ith
vehicle in the girder Z kdijk can be expressed as superposition of the displacements of
girder and the value of the line deviation Z s , by Eq.(9).
Nb

Z kdijk   qnvn ( xijk )  Z s ( xijk )

(9)
By combining the vehicle numerical model and guideway girder model, the
vehicle/guideway interaction dynamic equation can be expressed by Eq.(10)
n 1

 M vv
 0


0   Xv   C vv
 
M bb   Xb   Cbv

C vb   X v   K vv
 
Cbb   X b   K bv

K vb   X v   Fvb 
  
K bb   X b   Fbv 

(10)

where M , K , C are the mass,stiffness and damping matrix of the vehicle/guideway
 
system; X , X , X are the displacement, velocity and acceleration vector respectively;

Fvb Fbv

,
are the interaction forces between vehicle and guideway, the subscript v and
b stand for vehicle and guideway respectively.
4.2. Electromagnetic guideway interaction force
The maglev vehicle adopts the decoupling concept of multiple point independent
suspension guidance control system, which endues the vehicle with characteristics of
mechanical flexibility and mechanical static. Single point suspension system is the
basic unit of the electromagnetic action. In terms of the electromagnetic theory,
proposed by P.K.sinha (1987)，the electromagnet momentary attraction force F is
expressed by Eq.(11)

u N 2 A  i(t ) 
F (i, c)  0
4  c(t ) 

2

(11)

u0 is the magnetic permeability of the vacuum, A
is the effective areas of the magnetic pole, i (t ) is the current in the circuit, c(t ) is the air
gap value between the magnet and the stator surface of the guideway.
Because an open system has inherent instability, the air gap variation must be
controlled within an error range by a closed feedback control method. There are many
programmes for current feedback control, in terms of the conditions of the high-speed
maglev system, feedback programmes of air gap, air gap variation velocity and air gap
variation acceleration can be chose ,which can be found in Shi et al., (2007), by Eq.(12)
where N is the number of turns of coil,

i (t )  k p c (t )  kv z (t )  ka 
z (t )

(12)
where kp,kv,ka is the position, velocity, acceleration feedback coefficient respectively.
The relative parameters can be seen in Table 1,by Shi et al.,(2007).

0

Table 1 High-speed EMS maglev system
Explanatory note
The total weight of suspend object
The pole face area
The number of turns in the magnet winding
Air permeability

Value
700kg
356cm2
300
e
4 -7H/m

c(t )

Magnetic air gap

0.01m

kp

Feedback gains corresponding to the air gap
change
Feedback gains corresponding to and the
acceleration of the magnet
Feedback gains corresponding to and the
acceleration of the magnet

6000

Parameter
m
A
N

kv
ka

60
1

In terms of the theories above, a computer program has been written to perform
dynamic analysis, the solve processing flow is shown in Fig.9.

Fig.9 Program flow
5.Threshold analysis of line deviation control
In the maglev line deviation maintenance, the current practice is to adjust the end
deviation of girder. In this paper, based on the field measured line deviation data,
several kinds of line deviation with different amplitude scales of end deviation of the
girder are simulated, which is used for comparative studies.
5.1.The calculation conditions under different amplitudes of end deviation of girder
Based on field measured line deviation, as shown in Fig.10, the virtual line
deviation was constructed in Fig.11, in which, the end deviation of girder was set on the
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Vertical acceleration (m/s 2)

the range of 0～4mm of deviation, but rises slowly when the deviation exceeds 6mm,
however, the values do not exceed 0.4 m/s2 throughout. According to the passenger
comfortness requirements, the allowable values of the largest vertical acceleration are
generally taken as 0.4 m/s2 in China, so the vertical acceleration can reach the
requirement. In line of the high-speed maglev technology specifications, the variation
of suspension air gap should be controlled within 2mm. Fig.13 (a) demonstrates that
the largest gap variation increases slowly when the deviation is about 0～3mm, and
grows rapidly as the deviation exceeds 3mm. Besides, Table 2 shows that in the
condition of 6mm deviation，the gap variation can reach 2.1mm, which has exceeded
the allowable variation range. Besides, from the Fig.13 (b), it can be found that the
largest acceleration of girder mid-span increase rapidly as the deviation is in the range
of 0～4mm，and the growth of largest acceleration is alleviated as the deviation
exceeds 4mm, the acceleration can reach 2.5 m/s2 when the deviation is 6mm. From
the analysis above, we can see that when the deviation is larger than 6mm, the gap
variation exceeds the adjustment range of 2mm. And simulation result in Fig.14 shows
that when the deviation is greater than 8mm with a 500km/h running velocity, the
collision will happen between the suspension magnet and the guideway. Therefore,
end deviation value of girder should be controlled within 6mm.
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Fig.12 Time history curve of dynamic responses under different end deviations of
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Table 2 Relation between end deviation of girder and vehicle operation index
Deviation

Largest
acceleration of
vehicle
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0.25

1.5
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0.27

1.5

2.43

6mm
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Fig 16 The relation curve between deviation combinations and vehicle acceleration and
air gap variation
6.CONCLUSION
This paper applied an inertial reference method and data signal processing
method to evaluate the field measured deviation of high speed maglev line. The
processed signals were input into the vehicle/guideway dynamic interaction model for
simulation of the dynamic response. The main conclusions are as follows:
1) The inertial reference method, data signal processing method and the
vehicle/guideway interaction model are effective in the study of line deviation, which
can be applied in high speed maglev line maintenance.

2）Under the running velocity of 430km/h, the vertical acceleration of the vehicle
will growth rapidly with the increase of deviation when the end deviation of girder is
within 4mm. But the growth trend will be alleviated when the deviation exceeds 6mm,
and the air gap variation will exceed the variation range of 2mm. Moreover, the
suspension magnet will collide with the stator surface when the deviation exceeds 8mm
with a running velocity of 500km/h. Therefore, to ensure the ride safety and
comfortness, the line deviation of guideway cannot exceed 6mm, which should be paid
attention in the line maintenance .
3） The line deviation of M shape and N shape combinations may aggravate
vehicle vibration, and amplify the air gap variation. Therefore, the two shapes of
deviation should be avoided in the line maintenance.
REFERENCES
Zhou,J.S., Li,D.G., Shen,G., “Pseudo-excitation analysis method of riding quality for
maglev vehicle” J.Journal of Traffic and Transportation Engineering, 2008, 8(1):5-9.
Jiang, H.B., Luo, S.H., Dong,Z.M., “Influence of Track Irregularity to the Low-speed
Maglev Vehicle Dynamic Response”J.Railway Locomotive & Car, 2007, 27(3): 3032.
Deng,Y.Q., Luo,S.H., Liang,H.Q., Ma,W.H.,“Simulation model of maglev coupling
dynamics performance based on SIMPACK” J.Journal of Traffic and Transportation
Engineering, 2007, 7(1):12-16.
Lin,K.W., She,L.H.,Shi, W.M., “Dynamic analysis considering the interference of step
railway for maglev system”J.Electric Locomotives & Mass Transit
Vehicles,2010,33(5):7-8.
Zhai,W.M., Zhao,C.F., “Dynamics of maglev vehicle/guideway system (I)-magnet/rail
interaction and system stability”J ． Chinese Journal of Mechanical
Engineering,2005,41(7):1-10.
Shi,J., Fang,W.S., Wang,Y.J., and Zhao.Y.,(2014), “Measurements and analysis of
track irregularities on high speed maglev lines”, J. Zhejiang Univ-Sci A(Appl
phys&Eng) 2014 15(6):385-394
Du.H.T., Gao.L.K., Fan.Y.P., (1997), “Application of digital filtering technology in track
inspection”,J. Chinese of Railway Science 1997 18(1)
Xia,H., Guo.W.W., “Lateral dynamic interaction analysis of a train-girder-pier system”
J.Journal of Sound and Vibration, 2008,31(8),927–942.
P.K.Sinha., “Electromagnetic
Ltd,1987

Suspension

Dynamic&control”

J.Peter

Peregrinus

Shi,J., Wei,Q.Z., and Zhao.Y.,(2007) “Analysis of dynamic response of the high-speed
EMS maglev vehicle/guideway coupling system with random irregularities” J.Vehicle
System Dynamics 45(2),1077-1095

