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Wide usage of induction motors (IM) in the different fields of economy is motivating
necessity for research of physical phenomenon, which occurs in its working process

Big quantity of researches is devoted to investigation and analysis of the asymmetric modes
of the IM [3.,4,5]. However there remains a problem of simultaneously assurance of accuracy
and simplicity of solution until to now.

The assessment of three-phase IM operation at asymmetry of voltage is rather actual problem
under the conditions of development of new technologies.

The mathematical model consists of 3-phase feeder and connects the induction motor with an
indefinitely infinite -power network was developed for analysis of asymmetric supply mode
of the IM. This model gives opportunity to simulate asymmetric damage on stator terminals
of the IM (Fig.1.).

network

Figure 1. The scheme of the model

The mathematical model of transients modes of alternating current electric machines presently
often the bases on Park-Gorev’s equations traditionally operated in d,q,0 coordinate system
[2]. At absence of a zero component the complete system of the equation of mathematical
model of the induction motor in means of relative units is:

o 414
Y1a = Riha = P0eV1g *
. dl/'lq
Yig = Riitg * @0et¥1a + (1)
o oy
Ysa = Ralpg = (@ = @OWog +—
dl//zq
Usg = Ralag +(@ger =W +—
do
Ty 0 = Mgy M, | (2)
dr

Yia = %1ha * Xaaa
Yig = Xlilq + Xadi2q; 3)
Vod = X2a * Xaaha
Vog = X2i2g * Xadhy®

where Ty~ time constant of the motor in electrical radians;
M = X iy dilq _izqil J)" electromagnetic torque.
gt tog g~ components of stator and rotor voltage;

Uyg =ty = 0 for induction motor with a squirrel-cage rotor;
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Vid-VigV2dV2g " components of flux linkages;

g5y s by, - COMponents of stator and rotor currents;
o - angular rotation speed of rotor;

@, - angular rotation speed of coordinate system;

X, Xy, X, 5,17, 7, - parameters of the induction motor;

M gy, M ;- electromagnetic moments and load.

Ua,b,c
Raf, Laf

— 1
Ror, Lof

I e JUE)
Rcf, ch

Figure 2. The scheme of bonding process of active-reactive devices

The initial equations of active-reactive devices (fig.2.) in phase coordinates might be
presented in the following kind:

Ua R, 0 o ig L, 0 o ig
, d|.
Up|=|0 Ry 0 |x|ip|+[0 L0 < li|- 4)
U, 0 0 R. ic 0 0 Le io
where Upbe ™ phase voltages;
lybe ™ phase currents;

R — active resistances;
a,b,c

L —inductances.

a,b,c
Or in contact notation:

CARERTTARIAEATA )

Indexes a,b,c at sizes designate corresponding phases. Using transformations of Park it is
possible to get the differential equations of active-reactive resistances. The matrix of direct
linear transformation of Park looks like:
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5 cosd  cos(@—120°) cos(6+120°)
M| = 3 sin@ —sin(@—120°) —sin(@ +120°) (6)
1 1 1
2 2 2
do
a0 _ 7
P (7

The matrix of return linear transformation of Park is represented as follows:

5 cosd —sin @ 1
|MH| = E cos(@ —120°) —sin(€—120°) 1 (8)
cos(@ +120°) —sin(@+120°) 1

Using transformation of Park it is possible to get the differential equations of active-reactive
resistances connected to the network in d,q,0 coordinate system.

In equations (6), (8) @ - a corner of turn of d,q,0 coordinate system, relating to a,b,c phases
coordinates.

Having applied forward transformation of Park and multiply both sides of equation term by

term, from the left on [M ;] matrix, we get:

[Mﬂ]*[Uﬁh]:[Mﬂ]*[RPh}*[iph}+[M”]*[Lph}*%[iph:| ©)
Ud
where [M ]| = [Uph} =|U, |= [quo] , using [MH“] = [iph] = [idq0] , we might get:
UO
I:Ud,QO}:[MH]*I:Rph:I*I:MH_l]'I:idq0:|+[MH]*[Lph:l'%{[MH]'[idqo]} (10)

Differentiating product of matrix, {[M H] . [i dq()]} we might get:

[UMOJ - [Mﬂ] *[Rl’h ] *[Mﬂ_l} ' [iqu]Jr[Mﬂ] *[LPJ *[M”_l } *%[i‘f‘io]Jr[Mﬂ] *[Lﬂh]*%[Mﬂ_l ] *[idqo] (1 I )

If to designate:
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R, 0 o0

|R|=|mp| <o &, 0 XMH‘I‘ (12)
0 o R
L, 0 0

|)=|mp| <o L, 0 XMH‘I‘ (13)
0 o L
L, 0 0

x| =[p| <oz, 0 d‘MH_l‘ (14)
0 o L

Taking into account (12)-(14) expression (9) becomes:
. dr. .
[Uino ] =[R1# [ ]+ 121~ o |+ [T | (15)

If open the system of active-reactive resistances and plug in the stator windings of the
induction motor the voltage on the stator terminal we can quantify on the further equation:

-l e et e | a9

q lq q

Equation (16) is free of zero component because of switching the IM stator the zero wire is
absent.

To use the numerical methods of integration (such as Runge-Kuta) it is proposed to resolve
the system (1), (3) concerning derivative currents:

La o 000 Ui a, 4ap 4 dy bLa
d|he | _ 00, 00 y U, + Ay Ay Ay Ay y hy
dt| iy, 00 O, 0 Uy sz Gz dyz Ay Ly
g | 100 0 O] |Uy,| [aa an ay ay] |b
r X2 X 7 X o
I | _ Tad ad'2 . _ Yad .
where @, =———; Ay =| O b 3= s A4 v
X g XX g XX g Xg
X2 r X o X
ad . S | ad 2%ad
Ay =—| o + s ay ) ay = . Ay =, >
XX g X X X g%
X X, X X X,
2Xad 1Xad X _ X
as = g a3 = s ay; = ) zn ( 3 ; ja
XXy X)Xy X)Xy X
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X X X X, X,V
ad”'1 . _ "taa . _ . —-__12 .
a, =———, ap =—"— a43—[ w, + j, ay, ;

] 9
XX g X g X X X)X g
2
X 1 X
[ M oad . _ _ . _ _ ad .
Xag =% > 0=0,=—; 0,=0, = )
X, x', x, X',

Considering that the currents and derivative of currents of the induction motor and active-
reactive resistances are identical in (16) it is possible to substitute matrix expressions of stator
currents of the induction motor. Than equation of stator currents can be written as:

o -elee Ttalale M & g [Hen]y [enagian o

If exchange in (17) %[C;] to [C;] we might get:

{[wI+cle e el =[v - [GNRI[C [ -[C L) 6 J=[H]-[C]ILIC )+ [i);
[+ ezl J+lef vl =v ]-[C IR -G & [l H]-[G LG )+ [1]

The voltage on the induction motor terminals in final is:

w]={+[clie T el +{[u]-lalR e = [-[alL[c L H-[a)Le]=[ as)

Thus setting values of active-reactive elements included in equation (18) there is opportunity
to simulate an asymmetrical feed of the induction motor, with use of usual symmetric model
of the induction motor in d,q coordinate system.

The three-phase coordinate system is symmetrical if the voltages in all phases are identical in
magnitudes and in phases. In reality there are some deviations from symmetry: in some cases
they are larger, in others - smaller. The reason of asymmetry usually is non-uniformly
distribution of loading on the phases, created by single-phase load [3]. Heating of the engine
happens larger at asymmetry of a voltage, than at the same loading and a feed from a network
with a symmetric voltage. The engine work deterioration is explicable by current in phases
become unequal on value, increasing in one and decreasing in other phases in comparison
with a symmetric mode at the same load. The value of the safe load on a shaft depends on

value of a current in the most loaded phase. At rated load one of phases may appear
overloaded [5].

Calculation shows, that long admissible capacity of engines at asymmetry of voltage
decreases in comparison with nominal.
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Figure 3. The curve of change of speed of rotation Figure 4. The curve of change of the
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Figure 5. The curve of change of currents of the IM

From the figures 3-5 displaying curves of change of speed of rotation, the electromagnetic torque and currents from time, got as a result of
modeling of two-phase asymmetry of a feed of the induction motor, it is possible to make the following conclusions: the rotating electromagnetic
moment of the motor is proportional to a current and a magnetic flux. At a voltage reducing the magnetic flux of the machine decreases therefore
decreases the running torque of the motor. As for the moment of the working machine resistance becomes larger than the moment of the motor,
there comes braking, rotor spinning speed decreases. Thus the current in a rotor and stator increases up to such value at which the broken balance
is restored. Thus, despite of reducing of a voltage, a current of the motor increases.

References
1. N. W Tpeme «neKTpOMEXaHUYECKHE MPOILIECCHl B MAIIMHAX MepeMEHHOr0 Tokay. — JI. Dueprus, 1980. — 344,
2. 0. A. Mommunuckuii, A. Il. TletpoB «MaremaTudeckue Moaenu Tpex(asHbIX aCHHXPOHHBIX IBUTATENICH, BKIIOYEHHBIX B OAHO(A3HYIO

CeTby, KypHal «nekrpuuectBo» Nr. 2/2000.

3. U. A. CpipoMATHUKOB «PeXUMBI pabOTHl ACHHXPOHHBIX M CHHXPOHHBIX nBurarenei»/Ilox pea. JI. I'. MaMmukonsHna.-4-e u3., nepepao.
N non. — M.: Dueproaromusaat, 1984. — 217-223 ctp.

4. N. T1. KonbuioB «MaTtemaTudecKkoe MOICTUPOBAHUE JICKTPUUECKUX MAIIUH. Y YeOHHK TSI BY30B.-3-¢ u3/l.-M.:Bricmras mik., 2001.

5. Leonhard, Werner. 2001. Control of Electrical Drives. Springer-Verlag Berlin Heidelberg New Y ork.

Konuhova M., Ketners K., Ketnere E., Klujevska S. Asinhrona dzinéja darba analize d,q koordinatu sistema baroSanas asimetrijas apstakjos

Asinhrona dzineja darba nesimetriska sprieguma ietekmé noveértéjums moderno tehnologiju attistibas apstaklos ir [oti aktuals uzdevums. Piedavataja darba parejas procesu
izpétei asinhronaja dzinéja tiek piedavats veidot asimetrijas apstakjus ar aktivi induktiviem elementiem, kas tiek attéloti a, b, ¢ fazu koordinatu sistéma, kura saista
asinhrono dzinéju ar bezgaligi lielas jaudas elektrisko tiklu. Izmantojot tieSo un atgriezenisko Parka parveidojumu, tika noteikta sprieguma asimetrijas vertiba asinhrond
dzinéja spailés. Tas Jauj imitet asimetrisko bojdjumu uz asinhrond dzinéja spailes. Asinhrona dzinéja matematiskais modelis tiek istenots uz Parka-Goreva vienadojumu
pamata d, q koordindtu sistema, vienadojumu, kas atrisinati saistiba ar stravu atvasindjumiem, parveidojot Kosi formda. Darba tiek pardaditi matemdtiskas modelésanas
rezultati, ka ari rotéSanas frekvences, elektromagnétiska momenta un stravas laika grafiki asinhrond dzinéja barojosa sprieguma divfazu asimetrijas apstakjos.

Kohunova M., Ketner K., Ketnere E., Klujevska S. Analysis of asymmetric supply mode of the induction motor in system of d,q coordinates

The assessment of three-phase induction motor operation at asymmetry of voltage is rather actual problem under the conditions of development of new technologies. In
proposed work for asymmetric supply modes investigation is offered conditions of asymmetry to set with the help of active-reactive elements, presented in a, b, ¢ phases
coordinates system that connecting the induction motor with indefinitely high power network. Using direct and reverse Park conversion it is defined voltage asymmetry value
on the induction motor clamps. That allows simulating asymmetric damage on induction motor stator terminal. Induction motor mathematical model is implemented on the
base of the Park-Gorev’s equations in d,q coordinate system, reducing equations to Kochi form, solved relative to current derivative. In proposed work are given mathematic
modeling results and curves of spinning speed, electromagnetic torque and currents in time scale at induction motor two-phase feed asymmetry.

Konioxoea M., Kemnep K., Kemnepe E., Knioeeckaa C. Ananusz pabomovl acuHXpoHH020 06U2amensn npu HeCUMMEMPUN NUMAHUA 8 cucmeme Koopounam d,q

Oyenka pabomvl ACUHXPOHHO20 O8ULAMENs NPU HECUMMEMPUU HANPSINCEHUS. 8 YCI0BUSX DA3GUMUsL HOBEHUUX MEXHOIOUL S6TISeMCsl 8eCbMd aKmMydanbHoU 3adaveil. B
npeonazaemou pabome Oas UCCIEO0BAHUSA NEPEXOOHLIX PEAHCUMOB ACUHXPOHHO20 O8Ucamens Npeoardeaemcs YCl08Usi HEeCUMMEMpPUU 3a0asamv ¢ NOMOWbLIO AKMUGHO-
UHOYKMUBHBIX IIEMEHIN08 NPEOCMABIEHHbIX 8 (DA3HOU cucmeme KOOpouHam a,b,c, c6:a3b18AIOWUX ACUHXPOHHDIL 08UAMENb C Cemblo OECKOHEUHO OOIbULOU MOWHOCMU.
Hcnonvzys npsimoe u obpamnoe npeobpasosanusi Ilapka, onpedeneno 3HadeHue HeCUMMEMPUU HANPSIJICEHUs HA 3aXACUMAX ACUHXPOHHO20 Ogucamens. Dmo Nno360.sem
UMUMUPOBAMb HECUMMEMPUUHOE NOBPENCOCHUE HA 3AXCUMAX ACUHXPOHHO20 Osueamens. Mamemamuyeckas MoOenb ACUHXPOHHO20 O8u2ameist peanusyemcss Ha OCHOBe
ypasuenusix Ilaprxa-I'opesa 6 cucmeme xoopounam d,q, ¢ npugedeHuem ypaswenuti 6 gopme Kowiu, paspeuieHHbIX OMHOCUMENbHO NPOU3BOOHLIX MOK08. B pabome
NPUBOOSIMCS PE3YIbMANbL MAMEMAMUYECKO20 MOOCTUPOBAHUL U SPAPUKU 3A6UCUMOCIU YACMOMbL BPAUEHUSL, INECKMPOMAZHUMHO20 MOMEHMA, MOKO8 OM 6peMeHU npu
08YX(ha3HOU HeCUMMEMPUYU RUMAIOWE20 HANPAICEHUS ACUHXPOHHO20 O8ULAMESL.
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