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Introduction

In the industry automation systems widely are used
small power and relatively small speed linear induction
motors (LIM) and on it base designed controlled linear
electric drives linear electric drive [1-9]. The mechanical
characteristics of these LIM and controlled linear electric
drive are close to linear characteristics. The influence of
slip to the LIM inductor current is small also the dynamic
force and current amplitudes are low. Theoretical
performance and mechanical characteristics of motors and
drives derived from the LIM electromagnetic expressions
are complicated [10]. Problem gets more difficult because
of LIM is asymmetrical three phase electrical energy
receiver with reverse current component, which creates
breaking force component. Because of that, theoretical
mechanical characteristic of a low speed LIM crosses the
speed axis lower synchronous speed point, when the low
speed LIM supplied by the symmetrical three phase source
mechanical characteristic with influence of end effect
crosses speed axis over mentioned point. When designing
the LIM and linear electric drive it is useful to use
simplified LIM and linear electric drive mechanical and
performance characteristic expressions, derived with
respect to mentioned linear induction motor and on it base
designed electric drive properties.

The examples of inductors and secondary elements
used in the design of LIM, based on the calculation
method, explained in this paper, are shown in Fig. 1.
Simplified expression of linear induction motor
primary current

In the paper [3] on the principles of LIM series
equivalent circuit the mechanical and performance
characteristic expressions for multipolar drive when the
width of the secondary element is equal to inductor width
are obtained. LIM inductor current under this working
conditions are calculated by:
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Fig. 1. Examples of linear induction motor elements designed in
the VGTU Automation department: a — flat construction LIM; b —
cylindrical construction LIM (CLIM)



where U; - LIM inductor phase voltage; &ps=¢-

Reynold’s magnetic number;
4(s)= (Rl2 + X = 2a, X\ X + 0l X7 )ggsz +
+2a R X &5 + \RE + X7 )2 RE + X7 2
A3)

where R; —resistance of LIM inductor phase winding; X,

X=X, +Xy;

— leakage reactance of LIM inductor phase winding; X, —

magnetizing reactance; «@; and a,— approximation
coefficients, associated with LIM series equivalent circuit
inserted resistance and reactance, which reflect influence
of secondary element to inductor, with magnetic Reynolds
number, magnetizing reactance and slip.

Expression (1) in [3] derived from the respect to LIM
natural end effect and inductor three phase current system
asymmetry. However when calculating mechanical
characteristics, mentioned factors causes different sign
errors, so in the first multifunction linear electric drive
design stage we can not to take into account these
parameters.

By examine (1) root numerator binomial and
denominator polynomial numerical values, when the slip s
changes, it is possible to simplify expression of current
components. Results for experimental motor are shown in
Table 1.

Parameters of experimental linear induction motor:
R =282Q; X;=59Q; X, =824Q; g =0,284;

a1 =0,618; oy =0,427.

Table 1. Results for experimental linear induction motor

Nota- E ) Calculation error
1 Xpression
tion s=0 s=0,5 s=1
B 14252 1 1,02 | 1,081
B(s)-B(0
AB% M-100% 0% 2% | 8,1%
B(0)
(R12 + X[ —2a, XX ) +
An 0 2,78 | 11,14
+a? X2 J3s?
Ay |2a1R X 1608 0 4,08 | 8,16
2 2
Ay | RE+ XD 210 | 210 | 210
Ay(s)| Ay + Ay + 43 209,6 |216,46| 228,9
4y(s)-4,(0)
% —1000/ 0, _ o/ | _ %
A4, % 400 0 0% [~1,24%|—1,02%
1+&8s> 477 | 471 | 4,72
C 3 3 3
4(s) 10° | 10° | 10

Nota- B ) Calculation error
: xpression
tion s=0 s=0,5 s=1
Cls)-C(0
AC% (2'0 ( ) 100% 0% |-1,24%/| -1,02%
2.2
D I+&ps 0,0691 |0,0686 | 0,0687
Ay(s)
1+5§s2
Uy
I 4(s) 151 | 151 | 15,1
(when U; =220V)
22
Ul 1+€0S
I 4(s) 878 | 8,711 | 872
(when Uy =127V)
I(s)-1;(0
AL% A6)=100) 1gg0, 0%  [-0,79%] -0,68%
54(0)

From the Table 1 we can see that in the paper [1]
derived LIM inductor current expression can be strongly
simplified, when calculation errors are not exceeding some
percentage:

1+£§s

RE+ X}

2

Il :U] (4)

Simplified binomial 1+&2s®> and polynomial (2)

expressions let us get simplified expressions of LIM
performance characteristics.

Linear induction motor performance characteristics

Considering expression (4) we get these formulas for
supply network apparent and active power calculation:

1+els? 1+els?
2 0 2 0
Sy =mUj ]/— =mUj TR Q)
AI(S) Rl +X11
2 nggsz +a X605+ R,
R =mUj ; (6)

R + X
where m — number of LIM inductor phases.

Power factor and efficiency of linear inductor motor
are calculated as:

nggsz + alegos + Rl .

Jisads?RE+ x2)

cosQ) =

()
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- alego(l—s)s
nggs2 + X, E05 + Ry

®)
Expressions of linear induction motor mechanical
characteristics

Force, developed by linear induction motor, is
calculated by the formula

_miIfRy

24,

F )

Expression (9) can be expressed by the Kloss formula

# o 26(+ags;) : 10)
N Si

7+7+2610Sk

Sk S

where F; and s; — LIM breakdown force and slip;

2
X
Fp= g (11)
2@7[11(131 +X11)ia1R1XmJ
2 2
1 Rf +X
sp =t — |51 =5 (12)
&0 Rl +X11—2a2X11Xm+a1Xm
ay — coefficient, calculated as
aRkX,&
ag =220 (13)
Rl +X11
Given expressions valid and for characteristic

computation of cylindrical type of LIM (CLIM). In this
case a; =a, =1. Then

—_—

Sp =t (14)

We can propose that the LIM breakdown slip is less
than CLIM breakdown slip because of expression (12) root
value is less than the root value of expression (14).

The comparison of theoretical and experimental results

In a Fig. 2 the static characteristics of theoretical and
experimental results of LIM with narrow secondary
element are shown. The LIM starting currents and forces
values are shown by dots in this figure are calculated by
using formulas of this paper. From the Fig. 2 we can say
that these parameters have to be calculated by simplified
method to increase the multiple-choice designing of linear
electric drives.
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Fig. 2. Performance (a, b ¢) and mechanical (d) characteristics of
LIM with narrow secondary element: calculations by
expressions in [3]; — — — experimental results; - - - calculation by
simplified expressions

Conclusions

1. Small power and low speed linear induction
motor electrical characteristics let us to simplify
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Z. Savickiené, A. J. Poska. Simplified Calculation of Linear Induction Drives Characteristics // Electronics and Electrical
Engineering. — Kaunas: Technologija, 2007. — No. 5(77). — P. 15-18.

The paper presents new and simplified expressions for performance and mechanical characteristics of the linear induction motors
(LIM). It enables to increase the speed of designing of different multifunction mechanisms of linear induction motors. On the base of the
given expressions, results compared to experimentally and theoretically derived calculations with advanced origin conditions. The
simplified computation methodology is based on facts, that theoretical mechanical characteristic of a low speed LIM crosses the speed
axis over synchronous speed point because of influence of end effect and goes below the speed point because of asymmetry of currents.
However in the first stage of design it is useful not to take into account LIM features which influences the different sign errors. Ill. 2,
bibl. 10 (in English; summaries in English, Russian and Lithuanian).

3. CaBunkene, A. l0. Ilomka. YnpoumeHHbIH pacyeT XapaKTepPHUCTHMK JHMHEHHOr0 ACHHXPOHHOIO JJIeKTponpuBoaa //
JJIeKTPOHHUKA U djekTpoTexHuka. — Kaynac: Texnonorus, 2007. — Ne 5(77). — C. 15-18.

[IpuBeneHbl HOBBIE YIIPOLIEHHBIE BHIPAXKESHUS IS pacueTa pabouux U MEXaHWYECKUX XapaKTePUCTUK HU3KOCKOPOCTHBIX JIMHEHHBIX
acuHXpoHHbIX nsurateneit (JIAJl) mamnoit momiHoctH. OHM TMO3BOJSIIOT YCKOPHUTH IPOIIECC MHOTOBAPMAHTHOTO INPOEKTUPOBAHUS
JMHEHHOTO 3J1EeKTPONPHBOJA NS PAa3IMYHBIX MEXaHU3MOB. Pe3ynbTaTel pacueToB, MPOBEAEHHBIX IO MONYUYEHHBIM BBIPAXKEHHAM
CPaBHEHBI C AKCHEPHMEHTATBHBIMH JaHHBIMH U PE3yJIbTaTaMU PAcdeTOB IO MCXOIHBIM TEOPETHIECKHM BBIPAKCHUSIM. Y POIIECHHAS
METOJMKa pacyeTa XapaKTepHUCTUK pa3paboTaHa ¢ yIETOM TOTO, UYTO TEOPETHUECKHE MEXAHHUECKHE XapaKTEPUCTUKI HU3KOCKOPOCTHBIX
JMHEHHBIX AaCHHXPOHHBIX JBUTATeNCH W3-3a BIMSHHS IIPOJOJBHOTO KPaeBOro (KOHIEBOro) dS¢dekra MpOXOIIT BHINE TOYKU
CHHXPOHHOH CKOPOCTH, a U3-32 aCHMMETpHH (Da3HBIX TOKOB, — BEIIIE €€, T. €. He y4eT yKa3aHHbIX SIBJICHUH IPUBOJUT K Pa3HO3HAYHBIM
norpemrHocTaM. M. 2, 6u6i. 10 (Ha aHrmiickoM si3bIKe; pedepaThl Ha aHTIIMHCKOM, PyCCKOM U JIATOBCKOM $I3.).

Z. Savickiené, A. J. Poska. Supaprastintas tiesiaeigiy asinchroniniy elektros pavary charakteristiky skai¢iavimas // Elektronika
ir elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 5(77). — P. 15-18.

Pateiktos naujos supaprastintos mazos galios ir greifiy tiesiaeigiy asinchroniniy elektros varikliy (TAV) darbo ir mechaniniy
charakteristiky iSraiSkos. Jos igalina paspartinti daugiavarianti ivairiy mechanizmy tiesiaeigiy elektros pavary projektavima. Pagal $ias
iSraiskas atlikty skai¢iavimy rezultatai palyginami su eksperimentiniais ir teoriniais, gautais skai¢iuojant pagal sudétingesnes pradines
iSraiSkas. Supaprastinta charakteristiky skaiiavimo metodika grindziama faktais, kad mazy grei¢iu TAV teorinés mechaninés
charakteristikos dél galy efekto greidiuy as$i kerta vir§ sinchroninio greiéio tasko, o dél sroviy asimetrijos — Zemiau jo. Todél pradinéje
projektavimo stadijoje tikslinga neatsizvelgti { nurodytas TAV savybes, lemiancias skirtingo Zenklo paklaidas. Il. 2, bibl. 10 (angly
kalba; santraukos angly, rusy ir lietuviy k.).

18



