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Introduction

Recent technical progress has considerably enlarged
the use of LAM'sTheir use in different mechanisms
involving translation and sinusoidal motions simplifies the
cinematic schemes, increases efficiency and dependability
of the whole installation.

This has stimulated theoretical and experimental research
in the LAM's area. The development of theories and
computational methods in unilateral and bilateral LAM's a
high standard [1, 3].

However, unilatera LAM's without inverse magnetic
circuits have drawn less attention despite their widespread

use; thisis what motivated this work.

Assumptions of computational model of aLAM

Preliminary computations have shown that the
moving body's length (laminated bars) is much greater than
that of the inductor which allows neglecting the input
/outputting effects of the moving body in the active zone
(Fig. 1).

The motion speed being of 3 to 5 nV/s, it is then
possible to neglect the lateral longitudinal effect. The
dimension of inductor's core is selected so as to exclude
saturation and to avoid the transversal force on the sheets.
Taking into account these considerations we have used the
following assumptions in the computations:

1. The moving body isinfinitely long

2. Theinductor isinfinitely long

3. The inductor's core has an unlimited magnetic
permeability a zero electric conductivity

4. The core width isinfinite

5. The conductor has neither teeth nor slots; in the
computations an air gap isincluded

6. The magnetic permeability of the moving body is
independent of the coordinates and the conductivity is
constant.

7. The cross-section of the moving body is rectangular

8. The conductor winding is represented by an infinitely
thin layer of current on the active surface of the core.

9. The winding does not contain higher harmonics so
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Fig. 1. LAM’s computation model

J=Jme'™ , (1)

where X — a measurable coordinate in the direction of
motion of the moving body; o = 7/7 —the pole step.

Jm =2 AK,, 2

where J;,, — the current density magnitude; A — the linear
load; k,, —the winding factor.

Developments of computational model of a LAM

Given the above assumptions, the EM field varies
periodically along the x coordinate which allows the
representation of all quantities characterising the EM field
in the corresponding form. For example, the complex
magnitude EM field is given by:

H=Hmne'™, ®)
where Hm — the magnitude of the field intensity is
independent of the X coordinate.

Throughout in this article the index m in the notation



of the field quantities refers to complex magnitude
depending only onthe y and z coordinates.

In the solution of the field equations, differentiation
with respect to X corresponds, according to (3), to a
multiplication by (—i« ). Hence integration with respect to

X corresponds to a multiplication by (- }i/a ). This was,

the three dimensional problem is reduced to a two
dimensional problem. Using fiddd symmetry, field
computations will take place in a domain covering half the
cross-section of the moving body; the model based on the
above assumptionsis represented in Fig. 2[4, 5].
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Fig. 2. computation’s grid

InFig. 2 a — half the width of the moving body; A —
thickness, § —air gap.

The scalar magnetic potential method along with the
vectorial current function density method [6-8] has been
used in the field computations. According to this method,
the magnetic field intensity will be:

|:|m:|:|0m—grad0m, (4

where H om — the complex magnitude of the vectorial

current function density; U m — the complex amplitude of
the scalar magnetic potential.

The above, along with Maxwell's first equation lead
to:

r0t|:|0m::]m- 5)

In general, the vector H om has components along the
three coordinate axes. However, this number can be

reduced to two due to the fact the magnitude of H om is
unlimited except the case of formula (5). In our case, it is

preferable to take H omx = 0 leading to:
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Hm=Hom - —, (7)
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Using equations (2) to (7), Maxwell's equations lead

to the following expression for Hom andU m.

2. . L]
a How—ﬂzHow:k28Um+
0z oy
0 0Hom
(2, ®)
oy o0z
62|:|0mz 2. ZaU.
g m  gep o2 Sm
07> pHo 0z *
o oH
(), ©)
oz oy

where k?= —iouy ; p?= a®—k?, o = 2af;s — angular

frequency of current in the moving body; s —dliding, f; —
the current frequency.
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These equations are solved in the moving body
domain. In a non conductive environment where, we also

(10)

have Jm =0 and Hom = 0. Hence the scalar potential
satisfies Laplace equation:
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Y + e -a“U_ =0. (11)

Discussion

Equations (8) to (11) are solved in the following limit

conditions. y=a, me = 0. Hence according to

y=a
equation (6), we have:
Homl =0 (12
y=a
Similarly, we have:
Je| . =0 (13)
Z=6+A
H omy|,_, =0, (14
Z=6+A

where the tangent components of H . at the moving body

surface are zero. While the normal component may be
computed using equations (8) and (9).

0J,y .
On the symmetry axess —— =0, J
y=0

Furthermore Hmy = 0. That is why, according to

y=0
equations (6) and (7), we have:

Hom| =0, (15
y=0
oH,
—Ome|  —Q, 16
Y (16)
y=0
ou.
m =0. 17
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The scalar potential equations on the moving body
surface can be obtained using the continuity of the
magnetic flux on the interface:

§ BdS=0. (18)

Application of these conditions gives the scalar
potential (Fig. 3).
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Fig. 3.
separation

Continuity conditions a the medium
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whereR = 7 .
Ho

The index “n” in the expression of H omn indicates
the normal component of the limit of the vectoria current
intensity function.

The scalar potential at angular points of the moving
body is determined by the same equations as for the case
where, y =0.

(19)

On the inductor surface, we must haveH,| =J,,
z=0
so that equations (2), (4) and (7) lead to:
. i
U =—3dn. (20)
z=0 a
; I —al.
U, =-—3J,e"?. (21)
z=L,

It is necessary to set the externa limits far enough
from the moving body. In this case the scalar potential of
the field must represent in itself, the field potential of the
inductor in the absence of the moving body:

U [

=——J

y=Ly

" me (22)

To reduce computer memory storage requirements in
the computation of the field, a specia grid (Fig. 2) was
developed and used [4]. In the region where the field varies
a little, a grid with large célls h is used. The smaller cells
used in the region of high variations of the field (air gap,
moving body) are selected according to recommendations
appeared in A. Medvediev'sthesis[9].

h=024 |—2— , (23)
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A. Boudiaf. Numerical Magnetic Field Computation in a Unilateral Linear Asynchronous Motor without Inverse Magnetic
Circuit // Electronics and Electrical Engineering. — Kaunas: Technologija, 2009. — No. 2(90). — P. 81-84.

This work is concerned with the development of a numerical method for computing the EM field acting in a unilateral linear
asynchronous motor (L.A.M) without an inverse magnetic circuit, with and without a permanent magnet, the method does not take into
account the longitudinal border effect. The scalar magnetic potential and the two dimensional vectoria current function are used to solve
the field equations taking into account a volume distribution of current into driving body. To reduce space complexity during the
numerical computation, a specia grid with larger cells in the integration of weak field variations was used. Ill. 3, bibl. 11 (summariesin
English, Russian and Lithuanian).

A. bBoynnad. UncjioBoe BbIYHCICHUE MATHUTHOIO 110JISl B O/IHOCTOPOHHEM JIMHEiiHOM ACHHXPOHHOM JBHUrarteJie 0e3 HHBEpCHOI
MAarHMTHOIi cXeMbl // DJIeKTPOHUKA U J1eKTpoTexHuKa. — Kaynac: TexHosorus, 2009. — Ne 2(90). — P. 81-84.

AHanu3upyercs pa3BUTUE YHUCIOBOTO METOJA Ul BBIYMCICHHS 3JIEKTPOMArHUTHOIO IOJS, JEHCTBYIOIIEIO B OJHOCTOPOHHEM
JIMHEHHOM aCHHXPOHHOM JBHrareiie 0e3 MHBEPCHON MarHUTHOH cxeMbl. IIperncraBieHBl BapHaHTHI KOTAA B JABUraTelle HCIIOJB3YeTCs
MOCTOSIHHBIH MarHUT M KOoria Her. MeroJ He BKJIIOYaeT MpPOJONBHBIA KpaeBoit s(dexrt. CKalspHbIi MarHUTHBIA MOTEHLHANT U
JBYXMEPHBIC BEKTOPHbIC (YHKIMH TEKYIIUX NIEKTPUYECKUX TOKOB HCHOJB3YIOTCS JUIS TOTO, YTOOBI PELIMTH I10JIEBbIE YpaBHEHH,
NIPUHHUMAIOIINE BO BHUMAHHE paclpenenienne oobema Toxa. M. 3, 6ubsm. 11 (pedepars! Ha aHIIMICKOM, PYCCKOM U JIATOBCKOM $I3.).

A. Boudiaf. Skaitmeninis vienpusio tiesinio asinchroninio variklio be inversinio magnetinio grandyno magnetinio lauko
skaidiavimas // Elektronikair elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 2(90). — P. 81-84.

Aptariama, kaip kuriamas skaitmeninis metodas, skirtas vienpusiame tiesiniame asinchroniniame variklyje be inversinio magnetinio
grandyno sukuriamam elektromagnetiniam laukui apskaiciuoti. Analizuojami atvejai, kai variklyje naudojamas nuolatinis magnetas ir
ka jis nenaudojamas. Metodas nejvertina isilginés ribos poveikio. Skaliarinis magnetinis potencialas ir dvimatés vektorinés sroves
funkcija naudojami sprendziant lauka isreiskiancias lygtis, jvertinant tarinj srovés pasiskirstyma. Kad modelis biity ne toks sudétingas,
tose zonose, kur laukas kinta nedaug, panaudotas didesnio zingsnio tinklelis. II. 3, bibl. 11 (anglu kalba; santraukos anglu, rusy ir
lietuviy k.).



