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Introduction

Any technological equipment is characterized by
proper operational parameters, which are set as
requirements in elaborating mechatronic system with linear
induction motors. As the linear induction motor (LIM) has
worse efficiency, the advantage of mechatronic with LIM
appears just in the case when LIM is designed for proper
equipment singly and becomes a concurrent part of that. It
is underlined in [1] that dynamic features of electric drive
with LIM are always better than rotating that due to
smaller inertia of moving parts. As the linear electric drive
has less number of mechanical elements, its elasticity is
smaller. Linear electric drive has no reducer present;
therefore the linear drive has no clearance. Due to these
features dynamic characteristics of the linear induction
drive are better. Dynamic processes of the electric drive
with linear induction motors include all types of possible
transition processes, between them and braking those.

Braking mode of LIM compose a separate problem.
Braking performance of polyphase flat double sided LIM
with non-magnetic secondary has been analyzed in [2]
using field theory techniques. The analysis based on the
solution of quasi-one-dimensional electromagnetic field
distribution in the air gap is presented in [3].

Stationary mode of LIM braking is considered in [4]
and the schemes of LIM winding connection at braking
performance are proposed in [5]. Articles [2, 3, 4] give
steady state dependences between the force, developed by
LIM and LIM speed. The dynamic performance of linear
induction drive with different connection of LIM windings
at braking is considered in [6, 7, 8, 9]. The braking with
direct current is analyzed in [6]. The problems of single
phase braking are considered in [7, 8].

Simple construction of linear motor allows to change
its parameters and developed force in simply way. For
example, the secondary element, made from different
materials, is characterized by different reduced resistance,
which changes the force-speed characteristics of LIM.

The article discusses dynamic performance of the
electric drive with LIM at direct current braking. Influence
of the secondary resistance for braking characteristics at
different ways of LIM windings connection is analyzed.
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Model of the linear induction motor at direct current
braking mode

If the LIM is supplied by balanced three phase
voltage and all the phase impedances of the LIM are
assumed to be equal, then it’s mathematical and computer
models, designed in moving with synchronous speed and
stationary reference frame, are presented in [9]. These
models give possibility to simulate motoring and reverse-
current braking modes. At LIM operation in direct current
braking mode, the possible ways to supply the LIM
windings by direct current voltage is shown in Fig. 1 [5].
The circuits presented in the Fig. 1 indicate, that LIM
during braking is supplied by unbalanced voltage,
therefore the way of LIM windings connection must be
considered during elaboration of LIM dynamic models for
braking.

a) b) c)

Fig. 1. The schemes of LIM windings connection at direct current
braking mode

c

The model to investigate unbalanced dynamic modes of
linear induction drive is designed on the base of
symmetrical components, which employs the expanding of
any unbalanced voltage to three symmetrical components.
According to this, the model of braking mode contains
three models, developed for direct, reverse and zero
components of supply voltage (Fig. 2). The differential
equations of LIM, supplied by direct component, are
presented in [9]. The equations of LIM, supplied by
reverse component, are derived in [10].

Simulation gives time response of force, developed by
motor, speed and current. The starting process is modelled
at operating just one direct component of voltage. This
corresponds to starting of LIM with supply by symmetrical
voltage. At direct current braking all three components
present in the model.
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Fig. 2. The model of LIM direct current braking

At this time instant frequency of supplied voltage
components is set equal to zero.

Components of LIM inductor current 7,/ are
calculated as:
. U
I, =a (¥, -¥Y K |=;
x1 s( x1 x2 r) R1 (1)
. U
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Phase current /, is found as:
I,=1,coso -1, sinwy, 2
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where U, is applied voltage, R,is inductor resistance and
v
\Px2’

K, is coefficient depending on ratio of inductor and
secondary element parameters and «, is angular

W ,are inductor flux linkage components,

x1?

W ,is secondary element flux linkage components,

frequency.
Model to calculate components of LIM currents is
given in Fig. 3.

Churrents x, w

Fig. 3. Model to calculate components of currents 1 1> 1 yiodios I 2
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Simulation results

Fig. 4-6 indicate the starting and braking processes of
electric drive with LIM at the same direct current voltage
and different ways of inductor windings connection at
braking. The other changeable parameter is reduced
resistance of the secondary element. The rated value
isR, =48,84 Q for real frequency controlled LIM.
Application of LIM secondary elements, made from
materials with different resistivity, allows changing R,

very simply. Mentioned figures show reduced R, causing

shorter braking time for all inductor windings connection
modes.
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Fig. 5. LIM speed at direct current braking voltage 110 V,
connected according to Fig. 1b and different values of secondary
element resistance

Fig. 6. LIM speed at direct current braking voltage 110 V,
connected according to Fig. lc and different values of secondary
element resistance

Fig. 7-9 indicate the force developed by LIM during
starting and braking when different ways of inductor
windings connection are present and different resistance of
secondary element R, .They show the greater braking force

to be developed at attachment of voltage just to one LIM
winding (Fig. 7). Supply of direct current voltage to series
connection of two windings give the smallest braking force
as well as to series parallel connection of windings gives
about 20% greater than latter. Therefore the braking time is
the smallest for the circuit shown in Fig. 1a.
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Fig. 7. Force developed by LIM at direct current braking voltage
110 V, connected according to Fig. la and different values of
secondary element resistance
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Fig. 8. Force developed by LIM at direct current braking voltage
110 V, connected according to Fig. 1b and different values of
secondary element resistance
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Fig. 9. Force developed by LIM at direct current braking voltage
110 V, connected according to Fig. 1c and different values of
secondary element resistance
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The paper presents investigation into non-symmetrical dynamic breaking modes. The non-symmetrical model of linear induction
drive with different connection of inductor windings at dynamic braking is presented. Model comprises three models of linear induction
drive made for direct, inverse and zero components of supply voltage. Developed model gives possibility to investigate starting process
and dynamic characteristics by direct current breaking, compare dynamic characteristics and evaluate influence of motor parameters to
that. Presented results of simulation show the force, developed by motor and braking time dependence on the resistance of secondary
element. The greatest braking force and the smallest braking time are obtained at the supplying by braking voltage one phase winding.
I11. 9, bibl. 10 (in Lithuanian, summaries in English, Russian and Lithuanian).

P. PunksaBuuene, C. JIncayckac, A. lllnanukac. McciaenoBanne HeCMMMETPHYECKHX IWHAMHYECKHX PEKHMMOB TOPMOKEHHSI
JIMHeHHOT0 ACHHXPOHHOI'0 ABUTaTe s // DJIeKTPOHNKA M dj1eKTpoTexHnka. — Kaynac: Texnousorus, 2006. — Ne. 4(68). — C. 59-62.

HccnenyroTcs HECMMMETPHYECKHE JAWHAMUYECKHE PEKHMBI TOPMOXKEHHs JIMHEHHOro acuHxpoHHoro apurarens (JIAJD).
Paspaborana koMmnbrotepHas Mojeib JIAJL mpy pa3HOM COEMHEHUH OOMOTOK IPU TOPMOXXEHHH MOCTOSIHHBIM TOKOM. MO/IeNb COCTOHT
u3 tpex ™opaenerr JIAJl, pa3paboTaHHBIX i1 TPSAMOM, OOpaTHOW M HYJIEBOW IOCICAOBATEIILHOCTH HAIMPSIKCHHUS TMHTAHUSL.
PazpaboTaHHbIii MOJIENIb TIO3BOJISIET MUCCIIEAOBATh MyCKOBOM M JAMHAMHYECKHH PEXHUM TOPMOXKCHHs MOCTOSHHBIM TOKOM JIMHEHHOTO
ACHHXPOHHOTO JBUTraTellsl, CPaBHUTh XapaKTEPUCTUKU M MCCIEN0BATh BIMSHUE MapaMeTpoB JBuratesns. IIpeacTaBieHHbIe pe3ysbTaThl
UMHTAIUK TP PAa3HOM COEJAMHEHHH OOMOTOK JJIsi IOJaull ITOCTOSHHOTO TOKa IOKa3bIBAIOT 3aBUCHMOCTH OT COINPOTHBIICHHS
BTOPUYHOTO 3JIEMEHTa, U MaKCHMaJIbHOE yCHJINE TOPMOXKCHUS M HAaUMEHbIIAs IIUTEIFHOCTH TOPMOXKEHHS IOY4aeTcs NpH MOAAYH
HaNpsDKCHUsT TTOCTOSIHHOTO TOKa Ha OJHY (a3Hyro oOMoTky apurarens. Mn. 9, 6ubn. 10 (Ha juTOBCKOM si3bIKe; pedeparsl Ha
QHIIMICKOM, PYCCKOM U JIATOBCKOM 513.).

R. Rinkeviciené, S. Lisauskas, A. §lepikas. Tiesiaeigio asinchroninio variklio nesimetriniy dinaminiy stabdymo reZimy tyrimas
//Elektronika ir elektrotechnika. — Kaunas: Technologija, 2006. — Nr. 4(68) . — P. 59-62.

Nagrinéjami tiesiaeigio asinchroninio variklio dinaminiai stabdymo nuolatine srove rezimai. Pateikiamas tiesiaeigés elektros
pavaros modelis, gautas skirtingais budais jungiant variklio apvijas stabdymo metu. Modelj sudaro trys TAV modeliai, kurie atitinka
simetrines tiesioging, atvirksting ir nuling variklio jtampos dedamasias. Sukurtas modelis variklio paleidimo ir dinaminio stabdymo
rezimams tirti, gautoms charakteristikoms palyginti, variklio parametry jtakai dinaminéms charakteristikoms jvertinti. Pateikti stabdymo
nuolatine srove rezimy imitacijos rezultatai esant skirtingiems variklio apvijy jungimo blidams stabdymo metu rodo, kad stabdymo
trukmé ir sukuriama stabdymo jéga priklauso nuo antrinio elemento varzos. Didziausia stabdymo jéga ir maziausia trukmé gaunama, kai
nuolating jtampa prijungiama tik prie vienos variklio fazinés apvijos. Il. 9, bibl. 10 (lietuviy kalba; santraukos angly, rusy ir lietuviy k.).
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