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Dynamic Interaction Analysis between Maglev Train with Airgap
Control Algorithm Based on Acceleration Feedback and Guideway
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Abstract

Since the variations of electromagnetic suspension forces of maglev trains have close relations with the acceleration of the
levitated bodies, it is basic to control the levitation forces using the measured acceleration of vehicles. In this study, an airgap control
algorithm based on acceleration feedback is applied to maglev trains and a dynamic analysis method is developed considering maglev
train—guideway interaction. Using the developed method, dynamic behaviors of a maglev train-guideway interaction system are
investigated. It is observed from the analysis that the current design guidelines can be satisfied when the proposed airgap control
algorithm is employed. Using the contorl algorithm, the current guidelines can be improved and economical maglev railway guideway

structures can be designed.
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Fig. 1 Maglev train-guideway interaction system
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Table 1 Physical properties for a maglev train-guideway
system

Property Explanation

% Velocity of a maglev train

N, Number of bogies per cabin

M, I, Mass and rotational inertia of a cabin

M, 1, Mass and rotational inertia of a bogie

Displacement and rotation of a cabin

Displacement and rotation of the jth
bogie

N, Number of the second suspensions

Spring and damping constants of a
suspension

Forces in the kth suspension of the

P o
®). (®) jth bogie

.k 2.k

Number of electromagnetic

N,
suspensions (EMSs)

ems

Ko Magnetic permeability of vaccum

Number of turns of coil, effective area
Apss Bos of magnetic pole, and reluctance of

EMS

n,

ems

Current and voltage in the 1th EMS

() (s : .
i), ) of the jth bogie

Air-gap, velocity, and acceleration at

w0, 0 W1 ek BMS of the jth bogie

Electromagnetic force in the 1th EMS

FIE(t
) of the jth bogie

Flexural rigidity and mass per unit

ET, .
" length of a guideway

L Span length of a guideway

Number of considered natural modes
of a guideway

N

qu

o(x) The nth natural mode of a guideway

“(1) The nth modal coordinate of a
et guideweay

The nth modal mass, damping, and

MY, CF K . .
stiffness of a guideway

w(z,t) Deflection of a guideway

K, K, K,

W Feedback gains

ems

AV = K MG + KA+ K A2 (1)
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Table 2 Governing equations for

R R = B R I R ) A e

A1
A

a maglev train-guideway system

M, A2 d c. ~(a,, +b,, . Az,
B D o e vl
¢ 0. S| T \dy +b k. . +bx‘,k c.+Hlc, ||A6,
+ii_ —C, b\,kcz Az..b.j
== (a\‘,j +b.Je. —by, (a\‘.j +b,, )Cz +H,H,c, Agh,/
For the cabin -
v, ¥, k. —(a,, +b, k. Az,
22 ) 2
==l (ax,j +bx,k z (a\,j +bx,k) k. +Hk, ||A6,
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‘ Converged solution at time ¢ — At ‘

‘ Assume that Ag,(¢) =Ag, (t—At) ‘

N
l

Governing equations (2) ~ (4) for a maglev train

Compute displacements of a car body Az, A,

displacements of bogies Az, ;, A6, ;

ms

currents in electromagnetic suspensions A}

Converged solution
for a maglev train?

smv

Compute levitation forces F.”;

|

Governing equation (5) for a guideway
Update Ag, (?)

|

‘ Proceed to time ¢+ A¢ ‘

Fig. 2 Flowchart for solution of Maglev train-guideway
interaction system
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Fig. 4 Dynamic responses of maglev train-guideway
interaction system
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Fig. 5 Maximum dynamic responses of maglev
train-guideway interaction system
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