Mansoura Engineering Journal

Volume 21 | Issue 4 Article 5

12-1-2021

Theoretical Comparison between (XI & C) Cores of Homopolar
linear Synchronous Motor.

S. El-Drieny
electrical engineering Department., Faculty of engineering., EL-Mansoura University., EI-Mansoura, Egypt.

Follow this and additional works at: https://mej.researchcommons.org/home

Recommended Citation

El-Drieny, S. (2021) "Theoretical Comparison between (XI & C) Cores of Homopolar linear Synchronous
Motor.," Mansoura Engineering Journal: Vol. 21 : Iss. 4, Article 5.

Available at: https://doi.org/10.21608/bfemu.2021.153098

This Original Study is brought to you for free and open access by Mansoura Engineering Journal. It has been
accepted for inclusion in Mansoura Engineering Journal by an authorized editor of Mansoura Engineering Journal.
For more information, please contact mej@mans.edu.eg.


https://mej.researchcommons.org/home
https://mej.researchcommons.org/home/vol21
https://mej.researchcommons.org/home/vol21/iss4
https://mej.researchcommons.org/home/vol21/iss4/5
https://mej.researchcommons.org/home?utm_source=mej.researchcommons.org%2Fhome%2Fvol21%2Fiss4%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/bfemu.2021.153098
mailto:mej@mans.edu.eg

Mansoura Engineenng Joumal (MEJ) Vol. 21, No 4, December 1996 E. 28

Theoretical Comparison Between (X| & C) Cores of
Homopolar Linear Synchronous Motor
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Abstract

This paper presents the theoretical comparison between two different
geometries for the core of homaopolar linear synchranous motor HLSM. The theoretcal
analysis estimated the airgap flux density , the attracuon and traction forces This
analvsis is based on a magnetic field study using 3-dimensional finite difference
method FOM of scalar magnetic potential. The average resuits of zero and infinite
permeability boundanes 1s considered. The flux per pole, under a.c. limbs either in “C”
or in “XI" core is taken for obtaining the majority of normal force. Results reveal
that the “X1” core shape was the optimum form because it prowvides higher both
of traction and antraction forces than “C” core. But, the exwa ron required
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and attraction forces than “C"  core. But, the extra ron required
and the cost of rail track poles were the weak points for unchoosing this form in
practicel application. An experimental investigation is camed out on laboratory stauc
prototype motor LSPM of “C” core HLSM 10 venfy the theoretical results. (t is shown
that the experimental and computed results are in good agreement.

1. Introduction

Linear motors with transverse magnetic circuit prowviding both traction and
attracuon torces were introduced in 1974 [1]. A recent addition to this form of hinear
moiors 15 “XI" core type (2] and it is shown in figure (1). This geometry evolved by
addition of two extra oo limbs to enclose the primary windings overhang of “C” core
geomelry as shown in figure (2).
Usuaily problems associated wath applications of linear motors in urban
wansport vehicles [8,11] are
13The exact traction force should be matched with the correct attraction force at all
umes of the duty cycle. Hence the correct airgap flux density which meets the
traction and attraction force requirements should be investigated.

2)The (powerAweight) ratio of linear motor must be high as much as possible

3) The cost of rail track poles should be mimmum.

Accordingiy, this paper presents a theoretical companison between two cores
XTI core and “C” core for HLSM 10 choose which one s able to satisfy the above
requirements. The companson is based on the analysis of magnetostatic potential
ansing from d.c. excitation using 3-dimensional finite ditference method FOM[3].The
slotted effect of amature core and the iron saturation are neglected in theoretical
calculatons. Once, the airgap flux density is obtained, the tracuen and attraction
forces can easily be estimated[4)]

2. Field Computation:

The volume of either “C-core” or “Xl-core” homopolar linear synchronous
mator (HLSM) 1s enclosed in 3-dimensional region as shown in Fig. (3) this is seen
o extend 10 cm beyond the iron surface. The 3-dimensional region can be formulated
in differential form of scalar magnetic potenual P as follows:
region doesn’ contain a source (current free region)

(D

Considenng filling up this region with a set of umiformly spaced nodes of
spacing umt length. Fig.(4) shows a cubic element from a large mesh containing 6
nodes Each of six element connected 1o any node is taken to have umt permeance
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unless an wron boundary s less than lem distance when the reluctance is
roportionally Jess),

The network, which contaiung all nodes, is solved by representing itina
omputer program and appiving a technique known as successive over relaxation
S.O.R) method (5] . Relaxation of a nctwork consists of treatng all nodes in
equence but one node at a ime. Taking the example of figure (4), the node equation
s simply based on Kirchoff’s current law :-

N+ Py+P;+Py+Ps+Ps— 6P, =0 @)

If the left hand side of this equation is evaluated for an arbitrary choice of node
sotentials a quanuty not equal to zero will most likely result. This is called a
‘residual” and 1s proportional to the total flux converging on the central node. For a
ausfactory solunon the residual at all nodes should, for successive iteration, be very
:mall compared with the flux passing through any one element (they should ideaily be
:ero). The node potentials are obtamed when the computer program has achieved
sonvergence to a highest residual of a magnitude less than 10™.

The computer results are hoid in a large array of magnetostatic potentials in 3-
limensional specifying potental for pole pitch of HLSM at Icm intervals. This is the
nost suitable form for permanent file storage. It is possible by simple steps to compute
he armature flux and the pole flux distribution from the magnetic poteatial and the
rermeance of elements of the mesh. Each branch of (Finute Difference Method)
“D.M. 1s associated with a flow quantity camed between two points at either end of
he branch. This s directly related to the flux in the magnetic field. The flow,
:quivalent to the flux, in each branch, 1s calculated from the potennal difference
icross the branch.

P2
P
[y h >
P; o 3 S E— P
P(x.y,z)
" X
P ’
y
B z

Fig {4) : Electrical analogue of sgle node
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1.€.

Branch flux ¢=[“°:2)(P,—P:) ©)

-

where L is the branch length P, and P, are the branch potenual and Ho IS

the permeance (PM). The branches have possible directions, hence the fluxes are the
individual flux components i 3-dimensions. The calculatons are normalized for
simplicity taking the basic mesh. as one umt (L=1) and working with a nomnal
excitation of 100 AT.

The fluxes are calculated taking u=l and h=| to give normalized units as
tollowings:
Firstly, in case of “C" core

left hand-core flux

ba = PU[S 07 [P(3,3. 2000 - P52, @)
Right hand core Bux:
s = P[00 PG5y, )] - P .20 )

Secondly; in case of “XI” core
Left hand side outer core flux ¢

= PM [Z‘:::ﬁ"'mp(x Y,Zguy) = p(x, y,z,)] (6)
Left side outer core flux ¢,
ha = PM ST plx yz,) = plxpaz,)| ™
Right hand side outer core flux ¢g
by = PM [T b3, 201 = pUx,0,2,)] ®
Right hand side outer core flux ¢p

s PM[ BRI k.3 T g ~ AU, vz,)] ©)
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where -
PM : Permeance.
P+ Node potenual
cw  Rught & left (a.c. windings) core wadth.
ow Right & left outer core width.
Zs  Surface of ammature core ievel.
PP - Pole pitch.

in case of HLSM a full pitch region i1s considered, and the interfaces with
adjacent regions (a,b) are treated as zero permeability boundaries giving a “Positive
mirror image” field on the remote side of the boundary. The remaining boundacies
(c.def) taking, for first solution as zero permeability and for second solution the
permeability assumed to be infinity, then taken the average of both the first, and the
second solution [6]. The HSLM iron core and track-pole assumed to have nfinite
permeability and not to be saturated. Also the effect of open slots 1s neglected,

3. Adjustment of track-pole potential :

The pole of the HSLM is a block of iron whose potential is not known at the
start of the finite difference solution. [ts potential must be denved as the solution
proceeds to converge, but an esunmate of say 20 umts may speed the imtial
calculations. For a single block of iron the derivation of the biock potential is a simple
extension of the relaxation process. The block is sumply treated as a giant node within
the mesh and is relaxed in the following way:

The total flux entenng the block is calculated by summing the contnbutions
from “n" nodes connected to the block. The result is the block residual Rg ,
see Fig. (5).

Re= 0, (A - RS, (10)

where S, 1s the permeance of the ™ element. The amount of potential
adjustment AP, required to reduce the block residual to zero s denved from the
equation

e -(p+aR)]s, =0 an
e

AP = Z:si(P' - P,,)S,.

’ z:ﬂ S’

(12)
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ap,=Rs (13)

If all branches connected to the block have unit permeance the block residual i1s
given by

RB- ZLI(PP -Po) (14)
And Sg , the charactenstics permeance of the block, 1s given by -
Sg=n (15)

The block residual is not evaluated in a single stage as a node residual would
be. Instead, for the nodes inside the block, the residual is calculated if there ure nodes
in free space, but instead of being relaxed, the residual is added to a cumulative sum
to form the block residual, Rg, . This residual is used at the end of each set of
iterations to calculate the block potential adjustment. The value of Rg denved m this
way would be shghtly different 10 that derived by evaluating the flux contnibutions to
the block at the end of individual iterations since node values next to the biock are
being relaxed one at 2 me and are therefore being changed while the block residual
calculation is n progress.

The validity of the technique is, of course, not in question swince the same
conditions for convergence apply but the rate of convergence may be altered. It is
possible to use an acceleration factor (relaxation factor) in changing the block
potential and one is used to obtain the current solutions. By the above techmque the
potenual of the block is readjusted and all nodes wathin it gel the new potential P, .

Figure (5) Relaxation of a single
block.
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4. Normal Force Calculation:

the normal force is greatly influenced by the d.c. excitauon m.m.f. which vanes
considerably with operating conditions. For a given (track) pole shape and siator
dimensions the special distribution of magnetic scalar potential is calculated for 100
Ampere tumns for d.c. excitation coll. The flux per pole and the peak flux density due
to 100 AT then can be calculated. Normal force and thrust are calculated from the
Maxwell stresses derived from the field of net potentials. When the field equation
solved numerically it is often convenient to determine the forces by surface integration
of Maxwell’s second stress tensor (7], in air, over any surface enclosing the part on
which the force is produced. The stresses consist of a tension along the lines of force,

| : b 3
5 Ho H? and an equal pressure at right angles to them. Resolving in the normal and

tangential directions relative to arbitrarily chosen surface as shown in Fig. (6), the
component of the stress directed away from the surface is

/

Az
p(x+ly,z) Ap
p(x.y,z) -
P(X,Y,Z"" l ) I Y Y
% p(x.y+l.2)

Fig. (6) Surface of integration to calculate tangential & normal stresses

F, =§;¢0(H3 - H}) (16)

and the tangential stress 15
Fo = u,H,H, (7

where,
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H, = H, = T (plx.r,2,) = p(x.9,2,00)] (18)
H, = 3o 05 [plx+ Ly, z) - pleyz) + plx+ Lz )= P yize)]  (19)
Hy=To02'05 [ple,y+1z,) - plxyz) + plxy+ Lz ) - Axyze))]  (20)
H,:"—‘Hf,-i-Hj 1)
Thrust= ¥ 4.7, (22)
Normal force = %,u‘,[z AHE =S A(HE + Hj)] (23)

This approach is written into a computer subroutine which calculate the thrust,
normal force per pole for 100 AT excitation.

5. Discussion of computed and laboratory results :

A prototype laboratory static motor (PLSM) with “C” core 1s constructed from
laminations with open slots, and used d.c. excitation coils only [9,10] . The air-gap 15
held at Tem and the d.c. coil is excited with the d.c. supply available. The armarure
flux 1s measured using a search coil and flux meter. The comparison between the
computer predicted armature flux values with those measured on (PLSM) is shown i
table {1). The remarkable point which anses from this table 1s that, there is a
difference between the predicted values of armature flux and that obtained by
experimental measurements. This 1s due to the effects of open slots and magnetic
saturation in the wron core, which are neglected n the theoretical investigations. The
companson of magnetizing fluxes computed for (C,XI) cores at |00AT d.c. excitation
1s shown in table (2). It wall be noticed from this table that the armature flux in case of
(X1-core) is greater than by about 15% than the case of (C-core). Similarly; both the
normat force stress and thrust force stress are greater by 33% in case of (XI-core) than
in case of C-core as shown in table (3).

Table (1): Static flux and its comparison with theory at SA excitation
field for C-core.

{ Test ® (mwb) ” Computation ¢ (mwb)
B: Armature flux L.H.S l 0.54 [ 076

C. Armature flux R.H.S I 0.55 I 0.77
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Table (2) : Comparison of computed maguetizing fluxes for
(C.XI) cores at 100AT d.c. excitation.
fux / pole (mwb)

C-core Xl-core
- . HLSM ! HLSM

A" Core flux L.H.S ] —] 01786
B: Armature flux L H.S [ 0076 0.089
C. Armature flux R.H.S 0.077 |: 0.091
_— — —

D: Core flux R H.S [ —[ 0191

E: Track flux I 0.136 | 0.16
Table (3) :Comparison of computed forces for (C,XI)
cores when 100At d.c. excitation.

| C-core | X1-core
Normal force siress N/m? \“ 1.3
Thrust force stress N/m® I 129

6. Conclusion

The traction and attraction forces of HLSM are influenced by awgap flux
density which depends on the core shape. Therefore, i1t is important duning early stage
of design of such type of linear motors to study which one i1s able to overcome the
problerns associated with practical apphcations for urban transport vehicles. The
(power/weight) rauo has also to be in mund of the designer as well as the rail track
pole cost. For this purpose, the theoretical analysis, applyiog the 3-dimensional finite
differcnce method FDM has been suggested, using the scalar magnetic potentials as
the main field parameters. In this analysis the d.c. excitauon has been only considered
and the magnetic saturation and slotted armature are neglected. Once, the flux per
pole 1s obtained for different core-shape (XI,C) the traction and attraction forces are
easily obtained. However, computed results reveal that
1) XI-core shape gives hugher traction and attraction forces than C-core by about 33%.
2) The (power/weight) ratio of XI-core motor is smaller than of C-core motor
3)The cost of rail track poles of XI-core is higher than of C-core motor.

So, the paper spots the light on the above facts to be under the hand of the
designers. Conclusively, the C-core motor 1s recommended in practical applicaton for
urban transport vehicles.

Laboratory measurements which have been carried out on LSPM to measure
the Aux under different positions of core-shape, show a reasonable agreement with the
theoretical investigation.
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List of Symbols
cw. Right and left (a.c winding )core wadth.
Fi : Thrust per unit area
Fn : Normal force per unit area.
n . All nodes connected to the poles.
ow : Right and left outer core wadth .
P : Scalar magnetic potental { or node potential ).
PM : permeance.
PP . pole pitch.
Rg ' The block residual.
S, : The permeance of the elements which connected to the pole.
Zs . Surface of the armature core level.
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Fig. (1) X I- Core homopolar linear Syncbronous Motor
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Fig. (2) C. Core homopolar Linear Synchronous Motor
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Fig ( 3) Three dimensions region for physical model and track pole
showing mesh boundaries definition

(a) C-core (b) XI-core




	Theoretical Comparison between (XI & C) Cores of Homopolar linear Synchronous Motor.
	Recommended Citation

	tmp.1671720843.pdf.VWIbt

