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Introduction

Modern technologies and mechatronic systems not
only widely apply rotational electrical motors but aso
operating devises of linear motion, namely linear induction
and arc electric motors. When compiling new systems
based on the mentioned above motors, it is required to take
into consideration that the moving parts of these systems
have to undergo frequent braking. By using mechanical,
hydraulic, pneumatic and electromechanical devices or by
switching the motor of the drive into the mode of electric
braking, it is possible to generate the braking force. The
mentioned above method is the one to be most widely
applied in practice, because of the efficient performance of
an electric motor.

Automatic systems with linear induction motors (L1M)
are most commonly realised through the non stationary
braking modes: dynamic, regenerative (generator), single —
phase, capacitor, frequency (inverter), opposite connection
braking and braking by pulsating current. During the
moment of braking in the moving part (secondary
element), in some cases in the inductor there appear rather
complicated interrelated electromagnetic and
electromechanical transitional processes. That is why,
recently there have been published severa scientific
articles, dealing with the non stationary modes of braking
of LIM [1, 2].

One of the most promising methods of the analysis of
the non stationary braking modes is spectrum mode [3]. By
applying it the spectrum characteristics of the braking
current of LIM are presented in article [4]. In article [5]
there are presented the results of the calculations of the
braking force and the dynamic characteristics of the
braking mode of LIM are analysed.

The review of the similar publications indicate that so
far the number of substantially justified methodologies
haven’'t been enough which could allow the research of the
non stationary processes of braking of LIM and would let
calculate their dynamic characteristics taking into account
the specific characteristics typical for the magjority of such
type motors. Due to the longitudinal edge effect of the
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open magnetic circuit and finite length of the active zone,
LIM is specified by possessing the interna magnetic and
electric asymmetry [6]. The mentioned above asymmetry
is not available for rotational electric motors. That is why
the known mathematical models of the rotational motors
and methods of analysis are considered not to be applicable
for the research of such type non symmetric LIM. It is
required not only to search for new models but
scientifically to justify them as well.

The purpose of the work is to calculate and analyse the
transitional processes of the braking force of LIM.

Braking for ce calculation patterns

For the calculation of the transitional processes of the
braking force, in this work there is applied the theoretical
simulation model of [4, 5]. According to the model the
spectrum method was applied for the analysis of all the
braking modes of LIM, based on the theory of
electromagnetic field and Fourier integral transformations.
It is considered that during the moment of braking there
isn't any saturation of the magnetic circuit of LIM that is
why in such alinear system there validates the principal of
the super-position of the magnetic fields. Because of that
principal, the total magnetic field H of LIM inthe air gap
is compiled of two components[4]:

H=H;+H,; D

where H, — the complex amplitude of the primary or
inductor generated magnetic field, H, — the complex
amplitude of the secondary magnetic field or the field of
the induced currents in the secondary element.

When the spectrum method is applied with the
expressions of the theory of residuum it is possible to
calculate by analytic method the magnetic fields H, and

H, .of any mode of braking. Then the force of braking is

possible to be calculated by several ways. The force,
conditioning the elementary volume dx, dy, dz of the
secondary element, is calculated in the following way:



dFy,, = —“—20 ReH , j (x,t)dxdydz; @)
where yg = 471077, H/m — magnetic permeability of the
secondary element; Re — the real part of the complex
number; j(x,t) — the integrated complex of volume
density of the braking current.

Total force operating within the boundaries of the

active zone of the analysed model is expressed by the
volume integral:

Fam=—"2Re [ H,j(xH)dV |,
2w
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where V — the volume of the secondary element, in which
there is generated the braking force and according to which
the expression (3) isintegrated.

For the calculation of the forceit is possible to use and
the equality of Parseval determining the relationship
between the elementary component of the force and the
complex amplitudes of its spectrum characteristics:
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where H,. — the elementary component of the continuous
spectrum of the secondary magnetic field; H,, — the
spectrum characteristic of the secondary magnetic field;
ie— the integrated complex of the elementary component

of the continuous spectrum of the braking current; I (ior) —
the integrated complex of the spectrum characteristics of
the volume density of the braking current; o — spatial
freguency  of the braking current and elementary
component of the magnetic field; i =+/~1.

Based on Parseval equality (4), instead of (3) it is
possible to write the following:

Fam = —22Re [ H,, [ (iz)da . 5)
4
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The expression (5) results into the simpler calculation
of the braking force because there is no need to search for
H , expressions according to the reverse change of Fourier,

for each mode of braking .
The main expressions of the braking force

Following the expressions (3) and (5) the braking
force is considered to be the integral sum of elementary
components. In this work the braking force is calculated
following the expression (3), after determining the
complex amplitude of the secondary magnetic fieldH , . In
this case, for all the modes of braking, there are derived
rather complicated expressions of force, indicating that the
transitional process Fy, is characterized by three

components:
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(6)

where F;, — the component of the braking force, evaluating
only the transversal edge effect as well as the velocity
change and is validated for the motor with an infinitely
long active zone; F, — a free component of the braking
force, existing only during the transitional process, F; —

the component which evaluates longitudina and
transversal edge effects and their interrelation.

In the case of dynamic braking, when the direct
current flows via the inductor windings, the following
expression are derived to calculate component F; :

F=F Rerg[g'—+—‘°‘”ﬁ“ —1005Ph ik,
0

}; (7
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where F, — the braking force of the ideal motor without
the edge effects; h, —the coefficient evaluating the
transversal edge effect; g, — magnetic number of
Reynolds, T, — an electromagnetic constant of time; K,
and K, — integral functions dependent to the Fresnel’s
integrals.

The argument f,, of the trigonometry functions in

expression (7) is the function of time. The following
expression was derived to calculate it:

2
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wherew —the angular frequency of the induced currentsin
the secondary element; v, and v, —theinitial and critical

velocities of braking of the secondary element; T, — an

electromechanical constant of time.
Free component of the transitional process of the
braking forceis calculated in the following way:
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For LIM model in which the secondary element is

wider than the active zone of the inductor (b>c), there is
derived such an expresson for the coefficient of
transversal edge effect:

sh(z % JI=iggv)
n%ﬂll—isov g
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where % — arelative width of the active zone; & = %

— a relative width of the secondary element; v — the
velocity of the secondary element at the time of braking.

Bn = @Vo, [t - (8)
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hy = Re{l—

(10)




The expressions of the integral functions K, and K
are the following:

K= exp(— %.e)iexp(%ejcosﬁndt ; (1)
Ks= exp(—%.e):j)exp(%e)sinﬁndt . (12)

Theresults of calculations

Following the derived expressions (7 — 12) there are
calculated the dynamic characteristics of braking and
transitional processes of force by means of software
Mathcad 2001 Profesional. There are presented the
transitional processes of the relative braking force F,/F,

inFig.1, a) and b).

0.04
0.03
0.02
0.01

F./F,

|- &=

—
P
A

4 8

-0.01
-0.02
-0.03
-0.04
-0.05
-0.06

clt=0.2

0.12
0.15
0.1
0.05

F.J/F,

A

N

4

-0.05
-0.1
-0.15
-0.2
-0.25
-0.3

\\i

c/t=0.8

b)

Fig. 1. The transitional processes of the relative braking force
Fi/Fo . when Reynolds's numbers &, and the widths of the

active zones ¢/t arediverse

The change of the free braking force F,/F, within
the time is presented in Fig. 2. The dependencies of the
coefficient h, ontherelative width c/z of the active zone
are presented in Fig.3. The diagrams of the change of the
integral functions K, and K are presented in Fig.4.
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Fig. 3. Dependencies of coefficient hy on the width c¢/z of the
active zone under diverse Reynolds' s numbers
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Fig. 4. Diagrams of the integral functions K. and K within
the time change

From expression (7) there is possible to derive that
component F; doesn’t depend on the number p of the pole
pairs of the motor, and the same time on length L of the
inductor’'s active zone. Because of that the force F
dosen’t estimate the longitudinal edge effect and validates
for the model of the motor with infinitely long active zone.
In such a model braking force F; dosen’t generate braking

at the initial moment while free component F, of the force
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Issues on the modes of the electric braking of the linear induction motors (LIM), the patterns for the calculation of the braking force
are discussed. There is stated the fact that for the analysis of al modes of braking there is applied the spectrum method, based on the
theory of electromagnetic field and Fourier integra transformations. There is determined that the transitional processes of the braking
force of LIM Fy,, = f(t) are characterized by means of three components of the force evaluating the change of the velocity of the

secondary element, the transversal edge effect and interrelated interaction of the transversal and longitudinal edge effects. Following the
expressions derived, separate components of the force are calculated by means of software Matchad 2001 Professional. The results of
the calculation indicate that in the model of the motor with the infinitely long active zone at the initial moment, the braking force is not
generated that is why such a model from the point of efficiency of the braking process is insufficiently correct. Il. 4, bibl. 6 (in English;
summaries in English, Russian and Lithuanian).

B. Kapamonac, J. MaTkeBuuyc. PacueT nepexofHbIX NPOLECCOB TOPMO3HOIO YCHJIUSI JIMHEHHOr0 aCHHXPOHHOI0 ABUraTes //
JJIeKTPOHHUKA U dJIeKkTpoTexHuka. — Kaynac: Texnouorus, 2009. — Ne 3(91). — C. 81-84.

PaccMaTpUBarOTCsl BOIPOCHI HJIEKTPHYECKOI0 TOPMOXKECHHS JIMHEHHBIX acMHXpOHHBIX asurareneit (JIA), oOcyxmaroTcs croco0bt
pacuera TopMO3HOTO ycuiusi. [TokasaHo, 4To JIs aHajM3a BCeX CHOCOO0B TOPMOYKCHHUSI IPHMEHEH CIICKTPAIbHBIH METOJI, OCHOBAHHBIH
Ha TEOPHH IJIEKTPOMArHUTHOTO IOJISL U UTErPaAIbHBIX IpeobpasoBaHuili @ypbe. Y CTaHOBICHO, YTO MEPEXOIHBIC MPOLIECCHI TOPMO3HOTO

yemmust  Fy,, = T(t) JIALl xapakrepusyior Tpu COCTaBISIOLIME, YYMTHIBAIOLINE W3MEHEHHE CKOPOCTU BTOPHYHOIO OJIEMEHTa,

ToTiepeyHbit kKpaeBoil addexr, a Tawke B3aMMOAEHCTBHE INPONOIBHOTO M IONEPEYHOro KpaeBeIX 3(d¢exros. [lo momyueHHBIM
BBIPOKCHUSIM OT/ENIBHBIC COCTABJSIONIME CHIIBI OBbUIM pAacCYMTAaHbl C IPUMEHEHHEM KOMIIbIOTepHOH moprammbl Matchad 2001
Professional. Pe3ynbraThl pacyeToB MOKa3bIBAKOT, YTO IS MOJEIHN JBUrateliss ¢ OECKOHEYHO JUIMHHOM aKTHBHOW 30HOW B HauaJlbHOM
JTane TOPMOXKCHUSI TOPMO3HOE YCHJIME HE CO3JaeTcs, MOATOMY Takas MOJENb C TOYKH 3peHHs 3(PPEKTHBHOCTH TOPMOXEHHS HE
SBJISIETCS BIIOJIHE KOppeKTHOU. M. 4, 6ubin. 6 ( Ha aHIIIMHCKOM SI3BIKE; pedepaThl Ha aHIIIMHCKOM, PYCCKOM U JINTOBCKOM $13.).

B. Karaliinas, E. Matkevi¢ius. Tiesiaeigio asinchroninio variklio stabdymo jégos pereinamyjy procesy skai¢iavimas //
Elektronikair elektrotechnika. — Kaunas: Technologija, 2009 — Nr. 3(91). — P. 81-84.

Nagrin¢jami tiesiaeigiu asinchroniniy varikliy (TAV) elektriniy stabdymo rezimy klausimai, aptarti stabdymo jégos skaiciavimo
budai. Parodyta, kad visy stabdymo rezimy analizei taikomas spektrinis metodas, pagristas elektromagnetinio lauko teorija ir Furjé
integralinemis transformacijomis. Nustatyta, kad TAV stabdymo jégos pereinamuosius procesus Fy,, = f(t) apibudina trys jegos
dedamosios, jvertinancios antrinio elemento grei¢io kitima, skersinj krasty efekta ir skersinio bei isilginio krasty efekty tarpusavio
saveika. Pagal gautas iSraiskas atskiros jégos dedamosios buvo skaiciuojamos kompiuterine programa Matchad 2001 Professional.
Skaiciavimo rezultatai rodo, kad variklio modelyje su be galo ilga aktyviaja zona pradiniu momentu stabdymo jéga nesukuriama, todél
toks modelis stabdymo efektyvumo pozitriu yra nepakankamai korektiskas. I1. 4, bibl. 6 (angly kalba: santraukos angly, rusy ir lietuviy
k.).
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