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ABSTRACT

A novel 3D design is proposed here of the long primary
double sided linear induction motor for the electromagnetic
analysis. The calculations based are on the method of finite
element method. The cardinal design of the double sided long
secondary linear induction motor is obtained and verified with
the experimental motor. The design so obtained can be used to
calculate various electromagnetic parameters of the motor.
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1. INTRODUCTION

With the advancement in technologies and high speed moving
systems the need for the development of linear induction
motors increased. There are basically two designs of the linear
induction motor viz. single sided linear induction motor and
double sided linear induction motor. As the motors provide
gearless systems and immediate thrust force the linear
induction motors are very useful in the designing of the
electromagnetic aircraft launch systems or electromagnetic
railways. Here separate cooling arrangements can be made for
primary and secondary of motor. The backlash effect is
eliminated as the gearless system is absent in these motors.[1-
4] The guiding principle in the designing of these motors is
that when stator of these linear motors carries 3phase
sinusoidal ac currents balanced in times with a three phase
winding balanced in time such that a magnetic field is
produced which moves from leading phases axis to lagging
phase axis it is attached to the cart or the object which
requires motion with a rotor which is stationary in the rails.[5-
7] The field so produced helps in levitating the object along
with the propulsion thereby alleviating the problems with gear
system and the wheel cart system. Due to the symmetric
nature of the double sided linear induction motor the
additional normal force f, is absent in case of double sided
linear induction motor. [8]

The working of the linear induction motor is similar to that of
the normal induction machine that is when a three phase
winding balanced in space carries three phase currents
balanced in time the rotating magnetic field is produced which
revolves from leading phase axis to lagging phase axis with a
magnitude of 1.5 times the leading phase axis and aligned in
its direction. This principle is used in the designing of the
linear induction motors.[9-10] However, the main difference
lies in the application of finite element method due to end
effects which become prominent when the magnetic field in
the primary starts linking partially with the magnetic field in
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the secondary. These end effects, are related to the slip and
goodness factor. These longitudinal end effects are the main
cause for the lower power factor of the linear motors thereby
causing poor efficiency. The fringing effect so observed is due
to the improper flux linkage of the rotor and the stator fields.
The product of efficiency and the power factor of the linear

. . 1
induction motor usually does not exceed 3 whereas the

conventional induction motors are found to have this product
around 0.8. [11] The design of the double sided linear
induction motor under consideration is as shown in figure 1.
When the stator of the conventional induction motor is cut
open and unrolled it forms the basis for the basic design of the
double sided linear induction motor so it has two primaries
and one secondary supported with back iron to keep it fixed.
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Fig:1 Double Sided Linear Induction Motor

For the development of the double sided linear induction
motor the model under consideration has been discussed in
the above diagram (fig.1). Once the autocad 3-D design of the
motor has been made the finite element based model
technique is implemented using finite element based (FEM)
software the technique for the finite element is that first of all
the meshes are created depending on the design of the model
under consideration for example for a 1-D a line segment may
be taken into consideration and for a subsequent 3-D design
triangular or quadrilateral elements may be taken into
consideration though tetrahedron is the most effective of them
all as it covers all the irregularities and nonlinear spaces.[12-
14] After, this suitable boundary conditions are applied as
depending upon the domain of the model under consideration
be it electromagnetic electrostatic or transient. Here the zero
tangential boundary conditions are applied. Thus when the
proper region is selected the fields are calculated on the
required parts of the motor thus if the error is more than the
required value then the number of meshing elements are
increased so as to decrease the relative percentage error
caused due to irregularities in the material. The flowchart for
the method used is depicted below.
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Fig 2: Flowchart Of Finite Element Method

2. LONG PRIMARY DOUBLE SIDED
LINEAR INDUCTION MOTOR

The experimental design of the motor specifications under
consideration on which analysis has been performed is
tabulated as under in table 1.

TABLE 1 Motor Design Paramters[15]

Parameters Value
Phases 3
Poles,2p 10
Length of primary 3800mm
Width of primary 254mm
Width of secondary 530mm
Number of slots 160
Width of slot 189.369mm
Slot pitch 249.335mm
Number of turns per coil 1

Air gap 38.0mm
Current per phase 1000A

In this paper the main work has been done in the designing of
the 3-D Finite element based double sided linear induction
motor model using the meshing techniques and the magnetic
field linkage has been obtained of the primary with the
secondary. The currents supplied to the stator in the linear
motor are given by the equation[16-18]

Lipc=IW2 cos(wt — (i — 1).2?” 1)

The translational magneto motive force so produced by the
currents given to the stator are given by

F(x,t):l.SFm((cos (Wt - %x)) + jsin(wt — %x)) )

Where F, = %(

kwNph
2p

Mim
And the speed of the field so produced is given by
=27 ©)

The paramters of the secondary are dependent on the slip(s)
and the goodness factor (g)

G=w.tT

~

w=2nf,T= -
”

Where w is the primary frequency

L., is the magnetization inductance

R,.is the resistance of secondary referred to primary

For low speed of linear induction motors the condition with
slip and goodness factor is

Sp.G =1 [19]

3. DESIGN OF FINITE ELEMENT
BASED MODEL

The design of the long secondary reaction plate doubles sided
linear induction motor shown here. The model is formed using
the help of solidworks as shown in fig. 2.

Fig 3: Front View Of Double Sided Linear Induction
Motor

The design of the motor when suitable three phase winding
connections are applied to the stator of the motor carrying
three phase currents is shown in fig. 3. The corresponding
sectional view of the motor is shown below.
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Fig 4: Sectional View Of Double Sided Linear Induction
Motor With Three Phase Windings Placed In Slots

The quadrilateral elements are taken for the self adaptive
finite element method. For a 1D design the elements taken
maybe a line segment and the for 2D analysis the
elementsmay be rectangular or triangular in nature for a 3D
based model only tetrahedron based elements can be taken
into account as they would cover the non linear and non
planer surfaces completely.The meshing of the double sided
linear induction motor has been done creating 11038 elements
as shown in fig.4 [20-22]
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4. RESULTS AND DISCUSSIONS

Once the designing part of the motor has been done the motor
elements are further analyzed according to the flowchart
mentioned above and the motor is checked for the
corresponding errors along with the number of elements taken
into consideration and their respective efficiencies along with
the time taken for the simulations. As shown in the table
below

TABLE 2: Analysis Of Meshing Elements.
Total number of mesh element: 110328

Num Min Max RMS | Min Max Mean

Tetrahe edge edge edge tetvo | tetvo | tetvol

drons lengt | lengt | lengt | | |

h h h
Seco- | 2265 76.4 186. 1077 | 2.215 | 269563
ndary 757 342. 877 1.7 98e+
1 217 006
Seco- 2195 | 73.8 188. 2802 | 2.351 | 278159
ndary 018 360 007 0.8 83e+
2 006
Prim- | 6071 429 118. 9855 | 6542 | 63095.4
aryl 31 898 292. 78 6.4
554

6357 48.9 1315. | 4982 | 62482.9
Prim- 683 235. 117. 34 51
ary2 072 301

The graphical view is shown here that is the relative
percentage error decrease with the increase in number of
meshes the number of finite meshing elements varies
inversely with the percentage error and varies directly with
the amount of time taken and correspondingly slow
convergence which is shown in figure 5 down below.
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Fig 6: Percentage Error Vs Number Of Elements
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When, the number of elements are fixed and the relative
percentage error in the refinement of the meshing model is
fixed the corresponding linkage of the magnetic flux has been
observed linking with the secondary. The end effects are seen
here as the magnetic flux is leaking in the exit and the entry
ends of the reaction plate. As shown in the figure 6. Only the
active view that is the magnetic flux linkage with the
secondary is shown .

Fig 7: Magnetic F:qu Linkagg Of The Seéghdary Windings

With the fig. 7 the end effects are clear that is the main
leakage occurs when the magnetic field lines try to enter the
secondary. This leakage can be controlled by varying the air
gap between the primary and the secondary though other
factors like speed of the rail has to be kept under
consideration as well.
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Fig 8: Magnétic Flux Léakage I.E. End Effects

The graph between the variation of the magnetic field as we
move along the length of the secondary is shown in fig. 8 as
below,
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Fig 9: Graph Showing The Magnetic Flux Leakage
Maximum Near The End And It’s Variation As We Move
Away From The End

Hence, in modeling of 3-D finite element method we can
clearly see that as the number of tetrahedral formed are
increased the percentage error goes on decreasing from 1-D to
2-D to 3-D design of the motor.

Though, the tetrahedral elements are tabooed with
convergence being slow and taking more time and huge
memory space requirements. It is also seen that the magnetic
flux leakage is basically at the entry and exit ends of the
secondary leading to poor efficiency and improper flux
linkage.

5. CONCLUSION

The long secondary double sided linear induction motor has
been designed in this paper to which 3-D finite element
method has been applied. The refinement with the use of 3-D
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elements has been done as they are much more precise and
accurate as they are beneficial in calculating the complete
geometry of the motor. Further, the design of the motor can be
improved there upon by the proper selection of materials and
with the variation in air gap. The designing of the proper air
gap will help the inventor to design the motor with proper
specifications. Air gap remains an important constraint as if it
is kept too large there is huge amount of flux leakage and
leading to huge amount of losses and end effects. Contrarily if
the air gap is kept too small it does not allow the high speed of
the trains thereby leading to more wear and tear.

5. REFERNCES:

[1] Musolini, A. and Raugi, M. Et Al. “Force optimization of
a double sided tubular linear induction motor”, IEEE
transactions on magnetics, Vol. 50, No. 12, December
2014.

[2] Yang T., Zhou L., and Li L. “Influence of design
parameters on end effect in long primary double sided
linear induction motor”, IEEE transactions on plasma
science, Vol. 39, No. 1, January 2011.

[3] Boldea I. and Nasar S, 2002. The induction machine
handbook.

[4] Boldea 1., Linear electric machines, drives, and
MAGLEVs handbook.

[5] Bianchi N., Electrical machine analysis using finite
elements.

[6] Laithwaite, E.R., 1966, Induction Machines for Special
Purposes, Chemical Publishing Company, Inc.,New York.

[7] Isfahani A. H., Ebrahimi B. M., and. Lesani H. “Design
Optimization of a Low-Speed Single-Sided Linear
Induction Motor for Improved Efficiency and Power
Factor” IEEE Transactions on magnetics, Vol. 44, No. 2,
February 2008.

[8] Qaseer L., and MarzoukR.,“Hybrid Finite-Element—
Boundary Element Analysis of a Single-Sided Sheet Rotor
Linear Induction Motor” IEEE Transactions on energy
conversion, Vol. 29, No. 1, March 2014.

[9] P.P.Silvester and R.L.Ferrari, 1983 Finite Element
Analysis and Design of Electromagnetic Devices
Cambridge University Press, Cambridge, England.

[10] Abdollahi S. E., MirzayeeM., and. Mirsalim M., “Design
and analysis of linear induction motor for

transportation”, IEEE transactions on magnetic, Vol 51,
No 7 July 2015.

[11] Strang, Gilbert; Fix, George, 1973 “AnAnalysis of the
Finite Element Method”, Prentice Hall, ISBN No.0130
329460.

[12] Gieras J. F., 1994, Linear induction drives. oxford, U.K.:
Clarendon.

[13] Roberto A. H., de Oliveira, and Dietmar Berger, “Finite
element analysis of the forces developed on linear
induction motors”Power Electronics Conference and 1st
Southern Power Electronics Conference
(COBEP/SPEC), 2015 IEEE 13th BrazilianDate of
Conference: 29 Nov.-2 Dec. 2015.

[14] Amiri E. and Mendrela E. A., “A Novel Equivalent
Circuit Model of Linear Induction Motors Considering
Static and Dynamic End Effects” IEEE Transactions on
magnetics, Vol. 50, No. 3, March 2014.

[15] Cuong N. V.[Koseki T., “Numerical analysis for the
influence of the construction of the secondary reaction
plate on the characteristics of linear induction motor - for
urban rail-guided transportation”,Industrial Electronics
Society, IECON 2013 - 39th Annual Conference of the
IEEE, 10-13 November 2013.

[16] Manna M. S., Marwaha S., andMarwahaA.“Performance
optimization of linear induction motor by eddy currents
and flux density distribution analysis”, journal of
engineering science and technology, Vol. 6 No. 6, 2011.

[17] ZhanY.g, Zhang M., Ma W., “Modeling of a Double-
stator Linear Induction Motor” IEEE Transactions on
magnetics, VVol. 27, No. 3, September 2012.

[18] Jia-xiang Y.[Feng-lian M. A., and Yan-huaY.,
“Numerical Analysis of Starting Characteristic of
Tubular Linear Induction Motor Based on Finite
Element Method” Electrical and Control Engineering
(ICECE), 2010 International Conference , 25-27 June
2010.

[19] Zhao J., Trillion Q. Zheng, Wei Zhang, Jin Fang, Yang
Z.,and Liu Y. “Design and Electromagnetic Analysis of a
Prototype HTS Linear Induction Motor “Energy
Conversion Congress and Exposition (ECCE), 2010 .

[20] Han J., Dul Y., Li Y.,Zhou J. T. and Xu W. ”Study and
Optimized Design of Stator Core Structure in Single-
Sided Linear Induction Motor” Electrical Machines and
Systems, ICEMS 2008. International Conference., 17-
20 Oct 2008.

[21] Cole A. P., Sabonnadiere J. P., “Finite element solution
of saturated travelling magnetic field problems” IEEE
Tranractions 011 Power Apparatus and System, Vol.
PAS-94, No. 3,June 1975.

[22] Ooi B. T. and White D., “Traction and Normal Forces in
the Linear Induction Motor” IEEE Transactions on
power system apparatus and systems, Vol. Pas-89, No.
4, April 1970

30


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Roberto%20A.%20H.%20de%20Oliveira.QT.
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Dietmar%20Berger.QT.
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7413933
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7413933
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7413933
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6683943
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6683943
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6683943
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5628462
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5628462
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4753968
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4753968

