The Performance Analysis of Eddy Current Brake System
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Abdract — This paper dexribes the performance analyss of eddy current
brake sygem conddering a change of rail condudivity and equivalent gadk width
by 2-dimensona Finite Element Method (2-D FEM). The 2D analyssmodd of
theeddy current brake can not reflect the leskage flux reuilting from the fringng
effect and variation of condudtivity, these magnetic features are ignored when the
analyssof paformance. Generally, it isactualy difficult to analyze 3-D moddsin
time varying problem. The paformance o the eddy aurrent brake has bemn
analyzed by proposed 2D FEM for an accurate analyss To prove the andlyss
method, theanalysisresult hasbeen compar ed withthe experimental result.

INTRODUCTION

The increase of speed range in a high gpeed train accderatesthe
development of braking systems. The general braking systems rely
on the adheson force between the rals and the wheds The
environment problem such as noise and mechanica wear resulting
from friction gives rise to adoption of a way of touch free brake.
Therefore, the proportion of the touch free linear eddy current brake
has been gradually increasad and studied. In the design of the eddy
current brake to obtain a good performance, it is very important to
predict the performance based on accurate analysis method [1].

An eddy current brake used for one of a touch free brakeis
composed of DC excited magnet poles and reection rail. The eddy
current induced by a related action between the reaction rail with
conductivity and magnet poles produces braking force in trains.
Thus, the parameters such as rail conductivity, temperature on rail,
the dimension of magnet and structure of rail have influenceonthe
braking performance.

We can not accurately analyze the brake system by 2D FEM
because the 2D modd andyss can not take into account al
magnetic phenomena The 3D andyssisineviteble for the accurate
andyds, however, it is complicsted and tekes much lager
computation time in the time varying fidd problem. Therefore itis
possible to gpply correction factor into 2D andyds with ressonable
technique, and we can reduce the computation time and improve the
accuracy of 2D andyss [2]. This paper presents the efficient 2D
andysis method from the correction of conductivity and eguivaent
stack width.

The transverse edge effect due tothedifference of ectromagnet
stack width and rail width produces that the rail whole conductivity
is lower than its actua conductivity [3]. So the performance of the
eddy current brake regarding the transverse edge effect has been
andyzed by usingcormpensated conductivity. In addition, toimprove
the accuracy of 2D andysis, the fringing effects is compensated by
the equivalent stack widith from solving static magnetic field with the
adof ascaar potentia. From thisstudy, theexperimental resultsare
compared with both the braking force cdculaed by actud
conductivity and compensated conductivity of the rail.

THE ANALYSISMETHOD

Analysis model
Fig. 1 shows the experimental eddy current brake system used as
an andyss modd. The specifications are presented in teble |. Fg. 2
shows the one pole andyss modd of experimentd system to
analyze braking performance with proposed analysis method.

Field Analysis
The dectromagnetic equetion for the time varying fidd problem
with vector potential A isasfollows:

Fig. 1. Experimental system

Table|. Specifications

Item Vdue Item Vdue

MMF per slot 1064 (A) Magnet stack width ~ 100(mm)
Airgap 8 (mm) Fly wheel width 240 (mm)



Diameter of flywhed  44.25 (mm)  Materia of fly whed S20C
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Fig. 2. Analysis model
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where Jy isthe gpplied current density, s istheral condudtivity, V iste
lineveocity inthesurface of flywhed and misthe magnetic permeehiility.
The compensated conductivity of rail s isused inequation (1).
The rall is moving dong x direction with \, velodity. Therail is
flywhed type in analysis modd, hence not only the velocity of x
component but also y component should be concerned as shown in
Fg. 2. Applying Coulomb gauge condition to equation (1) can be
rewritten for 2-D cartesian coordinate, asshownin equation (2).
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The equation (2) is the characteridic equation to analyze 2D
FEM for the eddy current brake with flywhesl.
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Equivalent Stack Width Calculation
In order to cdculate the equivdent stack width, the governing
equation with magnetic scalar potential Wcan beexpressed asfollows

KxmNW) =0 (€)

We can obtain air-gap flux per unit width F and stored energy
W, from solving the equation (3).

®=SxB=wxLxB=w>x xH 4)
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whereSisthemagnet area, w isthe mechanical stack width andv is
the whole element of the analysis model.

The magnetic reluctance A is expressed by the relation of the
flux and stored energy in air-gap.

:

&

Expenimental valee
o =1 60107 Comrection

Braking foree (M)
g

8

[ S T S S . .
] 0 & &0 B0 i0o

Velocity (k'
A = 9ISyt o = 2Wp /D° ©)

where Sy is the effective area of magnet and g is the mechanicd air-
gap.

Hence, the equivaent stack width can be cal culated aseguetion (7).

Lt = (D% )/ (2Welo ) @)

ANALYSISRESULT AND CONCLUSION

Fig. 3 shows the equipotentid digtribution, which is not
conddered the correction of ral conductivity, and the boundary
condition for theexperimental modd at 125(km/h). Fig. 4and Fig. 5
show the aitraction and braking force according to velocity with
proposed andyss method. The equivalent stack width of the
andysis modd is 128.22(mm). From this result, we note that the
vaiaion of ral conductivity affects the braking performance and
there is a large difference of performance between the actua rall
conductivity 5.4 10° ( 3 /m) and compensated rail conductivity
1.6 1& (©¥m). Then the result of the analysis considering the rail
conductivity is good agreement with the experiment result
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Fig. 3. Equipotential distribution without correction at 125(km/h)
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Fig. 4. Thevariation of attraction forces according to the velocity for the conductivity
Fig. 5. The variation of braking force according to the velocity for the conductivity

The many design vaiables have influence on the braking
performance. Therefore, It is necessary to know exactly on which
the parameter has an effect in order to design the optima eddy
current brake. For these reasons, this paper deds with rdigdle
andysds of braking performance according to parameter and the
andyss result is compared with experiment vaue. The magnet
dimengion, which hasthe minimized atraction force and maximized
barking force, is determined from the analysis result.

The parameter of the number of pole, dectric ampereturns and
dot width is sdected. Fig. 1 showsthe andyssflow to anadysisthe
effect of parameter. In order to obtain religble anaysis result, the
equivadent stack width due to difference of rail and megnet width is
caculated by fidd variable with scalar potentia, and the correction
of rail conductivity according to number of polesisachieved

these magnetic features, so the analysiswithout these conditionisa

These magnetic feature present in 3-D
In 2-D analysis model, These magneticfeatureisignored

The effective 2-demenbtion FEM

the efficient 2 dimensional

is to analyze the performance of eddy current brake sysem acoording to
variation of dedgn parameter. The dlament of touch free linear eddy brake

sygem increase with high gpead of trangportation system, it is necsssary to
design magnet of eddy current brake with high rdiability and performance

Therfore, the effect of desgn parameter induding the number of poles dedric
ampae-turns and dat width is investigated by 2 dimensiona Finite Element

Method (FEM) considering the equivalent stack width.

INTRODUCTION

The increase of speed range in high speed train accderae the
devdopment of braking sysem. The generd breking sysems
relying on the adhesion force between the rails and the wheds.
However, the environment problem such as noise and mechanica
wear reaulting from friction gives rise to adopt away of touch free,
S0 the proportion of touch free linear eddy current braking has been
gradually incressed and studied. An eddy current brake used of one
of atouch free brakeis composed of aDC excited magnet polesand
reection rail. Eddy current induced by a related action between the
reaction rail with conductivity and magnet poles produces braking
force in train. In the other words, the kinetic energy of the train is
converted as dectrica energy induced on the reection rail, which is
dissipated astemperature onrail.

The eddy current brake systems have to be equipped with the
favorable circumstance of maximum braking force and deceleration
to building volumeor mass, high braking forceat small rate, assmall
aspossible normal forcesand stable construction. Thesecontentsare
reflected in thedesign of magnet of eddy current brake. Inthedesign
of eddy current brake, it isvery important to predict the performance
based on accurate andysis method. The many design varigbles have
influence on the braking performance. Therefore, It is necessary to
know exactly onwhich theparameter hasan effect in order todesign
the optimal eddy current brake. For these reasons, this paper dedls
with reiable andysisof braking performance according to parameter
and the analysis result is compared with experiment vaue. The
magnet dimension, which has the minimized attraction force and
maximized barking force, is determined from the analysis resuilt.

The parameter of the number of pole, dectric ampereturns and
dot width is sdlected. Fig. 1 shows the andysis flow to analysisthe
effect of parameter. In order to obtain religble anaysis result, the
equivadent stack width due to difference of rail and magnet width is
caculated by fidd variable with scalar potentia, and the correction
of rail conductivity according to number of poles is achieved

Fig. Analysisf low



paameter effectthe propose of process of detall design and
andysdis of influence on braking force according to variation of the
parameters to achieve above-mentioned brake performancein high
speed trains. In addition, optimized eddy current brake sysem is
designed by proposed method to maximum braking force and
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Fig. 2 Experimental model the parameters, such as the number of pole, eectric ampere-turns

and dot width have influence on the braking characteristics. For
thesereasons, theaim of thispaper isthe propose of processof detail
design and andysis of influence on braking force according to
vaiaion of the parameters to achieve above-mentioned brake
performancein high speed trains

sparameter
This paper fouce on
The charicteristic of magenet

In order to design



This paper presents braking performance and design process of a
touch free linear eddy current brake operated dectricaly for whed
rail high speed trangportation systems. The eddy current brake
systems have to be equipped with the favorable circumstance of
maximum braking force and deceleration to building volume or
mass, high braking force at smdl rate, as sirdll as possible norma
forces and stable congtruction. The parameters, such as the number
of pole, dectric ampere-turns and dot width have influence on the
braking characterigtics. For thesereasons, theaim of thispaper isthe
propose of process of detall design and anaysis of influence on
braking force according to variation of the parameters to achieve
above-mentioned brake performancein high speed trains. In addition,
optimized eddy current brake system is designed by proposed
method to maximum braking force and decel eration.

In order to dbtain rdiable analyss reault, the equivalent sadk width due to
difference of rail and magnet width is calculated by fidd variable with scalar
patential, and the correction of rail conductivity according to number of poesis
achieved.






