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MATHEMATICAL MODEL OF AN ASYNCHRONOUS MACHINE
IN REAL COORDINATES OF STATE
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MATEMATHUYHA MOJIEJIb ACHHXPOHHOI MAIIIMHU
Y PEAJIBHUX KOOPIUHATAX CTAHY
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A mathematical description of an asynchronous machine with
unreduced parameters in the space of real phase coordinates
is given. When studying an asynchronous motor in a dual
power supply system with controlled converters in rotor and
stator circuits, there is a need for an AM model without pa-
rameters, in which the processes in the stator and rotor cir-
cuits will correspond to reality in magnitude. In addition, such
a model is necessary when analyzing the energy parameters of
the whole electric drive controlled by the rotor. To observe
real processes in the stator and rotor, the model should be de-
signed in separate spatial coordinate systems. In reference
books for AM with a wound rotor (WR), as a rule, the real pa-
rameters (resistances, currents and voltages) of the stator and

rotor and the voltage reduction coefficient (k,) are given.
Bringing currents and resistances (inductances) is carried out
by coefficients k, =k, and k, =k’ respectively. Let's con-

sider the description of the machine without reduction of pa-
rameters. For the convenience of further consideration, let’s
introduce the general value of the mutual inductance.

We obtain an equation for the electromagnetic moment in real
coordinates. Let's design a model in the MATLAB dynamic
modeling environment using vector-matrix representation.
Matrix algebraic operations with vector variables are imple-
mented by Matlab Fn blocks, which are the calls to user-
defined functions described in the form of M-files. The content
of Matlab Fn functions is considered. On the model, the pro-
cesses of starting of an AM with a phase rotor of AK-52-6 type
were. Shows the graphs of start-up transients. The processes
in the obtained model coincided with the results of modeling
of this engine in the model with the coordinates reduced to the
rotor. Thus, the energy processes described by this model cor-
respond to the processes to the model with the given parame-
ters, and the processes of currents and flux linkages changing
of the stator and rotor are real.

The model designed in the MATLAB/Simulink dynamic model-
ing environment can be used to study double-powered asyn-
chronous electric drives.

Keywords: mathematical model, asynchronous machine, start-
ing process, stator, rotor, given parameters.

Introduction. When constructing mathematical
models of asynchronous machines (AM), the generally
accepted and most common is to consider the processes
reduced to a stator or a rotor. In this case, the model us-
es the parameters reduced, respectively, to the stator or
rotor. In addition, to simplify the mathematical descrip-
tion, the stator and rotor processes are considered in a
single spatial coordinate system (including a triaxial
one) [1]. This eliminates variable mutual inductances
that depend on the angle of rotor position.

When studying electric drives (ED) controlled by a
stator, it is advisable to use models with a fixed general-
ized coordinate system, and parameters reduced to the
stator; when rotor control — with the coordinate system
associated with rotor and parameters reduced to the ro-
tor.

However, when studying an asynchronous motor
in a dual power supply system with controlled convert-
ers in rotor and stator circuits, there is a need for an AM
model without parameters, in which the processes in the
stator and rotor circuits will correspond to reality in
magnitude. In addition, such a model is necessary when
analyzing the energy parameters of the whole electric
drive controlled by the rotor. To observe real processes
in the stator and rotor, the model should be designed in
separate spatial coordinate systems. At present, software
packages allow to design models of any complexity;
therefore, the AM model in separate spatial coordinate
systems is quite realizable.

The objective of this work is to design a mathe-
matical model of AM with real processes in the rotor
and stator, both by level and in frequency.

Research results. The electrical part of the AM
with separate triaxial spatial coordinates, using the re-
duced (to stator or rotor) parameters, is described by the
following equations
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vectors of voltages, currents and flux linkages of the sta-
tor and rotor in oblique coordinate systems associated
with the stator (A, B, C) and the rotor (X, y, z), respec-
tively.
Flux linkages are defined as follows

Yr Mc Ly |lig Ig
where Ly =diag(Ly L, Lg); Ly =diag(L, L, L;);
Li=L +L ; Ly=L +L_;

cl 2 3
M.=M,C, C=[c3 cl c2],
c2 3 cl

cl=cosy,; c2=cos(y,+27/3); c3=cos(y,—2x/3),
where M|, — is the maximum value of the mutual in-

ductance between the stator and rotor windings,
2

M 12 :_Lm;
3

L —inductance of magnetizing;

m

v, — electric angle of rotation of the motor shaft
yezjwedtzZprdt.

The electromagnetic moment developed by the
asynchronous motor is determined from the stator and
rotor currents

M,= _ZpiSTMSiR > 3)
sl 52 s3
where Mg =M ,S, S=|s3 s1 52|,
s2 s3 sl

sl=siny,; s2=sin(y, +27/3); s3=sin(y, —27/3).

In reference books for AM with a wound rotor
(WR), as a rule, the real parameters (resistances, cur-
rents and voltages) of the stator and rotor and the volt-
age reduction coefficient (k,) are given. Bringing cur-
rents and resistances (inductances) is carried out by co-
efficients k, =k, and k, = k. respectively.

Let's consider the description of the machine with-
out reduction of parameters. Further, the upper symbols
will indicate the reduction: s — to the stator, r — to the ro-
tor.

The system of equations (1) will have the same
form

s Ses d s r rer d ”
ug = Rgig +E\ys; u, = Ryiy +E\VR. 4

Knowing that inductances are given in the same
way as resistances, we can write

M}, =M, -k, .
For the convenience of further consideration, let’s
introduce the general value of the mutual inductance
M M .
M102 =—t=—t =M1)2\/k7r=er2ki'
TR

i

Let’s change the components of equations (2) into
real coordinates of the state

or
; Ces |

Wi = L+ My = L+ M 2 =

i

s

C

_YSzs er xS es 0er
= Lig + iy = Lgig + Mg, %)
i

W = Lidi+ MU = Ly + M{ ik, =

_ Yo Ty es _qr or 0T =5
=Lgiy + Mg kig = Lgip + M( i

where My, =M/ C .
Arguing in a similar way, we obtain an equation
for the electromagnetic moment in real coordinates:

Me = _Zpi;TMgi’R > (6)

where Mg = M/S.
The rotor speed is defined as the solution to mo-
tion equation

M -m =792 (7)
T

Equations (4-7) represent a mathematical model of
AM with real parameters.

Let's design a model in the MATLAB dynamic
modeling environment using vector-matrix representa-
tion [2,3]. Matrix algebraic operations with vector vari-
ables are implemented by Matlab Fn blocks, which are
the calls to user-defined functions described in the form

of M-files. The model in phase coordinates « /g — I, » is

shown in Figure 1.

Here functions of Matlab Fn have the following
content:

1) Matlab Fn (Psi_I np) forms from flux linkage
vector [\|IS WR]T and the angular position of the rotor,

according to the equation

WM

2) Matlab Fn (Formir Me np) forms the electro-
magnetic moment (6) from the vector of currents and
the position of the rotor shaft.
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Fig. 1. AM model in the MATLAB dynamic modeling environment:
a — conection of the block-subsystem of the AM model; b — the structure of the subsystem

Table

Matlab Fn function content

Matlab Fn (Psi_I np)

Matlab Fn
(Formir Me np)

function Io=Psi_I(u)

global Ls Lr M12 0

Psio=u(1:6)';

Gamma=u(7);

c1=M12_0*cos(Gamma);

c2=M12_0*cos(Gamma-+2*pi/3);

c3=M12_0*cos(Gamma+4*pi/3);

Lo=[Ls 00cl c2c3;
0LsO0c3clc2;
00Lsc2c3cl;
clc3c2Llr00;
c2¢clc30LrO;
c3¢c2cl00Lrx];

Psio=Psio(:);

Io=inv(Lo)*Psio;

lo=[lo'];

function
Mem=Formir Me(u)
global Zp M12 0
Is=u(1:3)';
Ir=u(4:6);
Gamma=u(7);
m1=M12_0*sin(Gamma);
m2=M12_0*sin(Gamma-+
2*pi/3);
m3=M12_0*sin(Gamma-+
4*pi/3);
MM=[m] m2 m3;

m3 ml m2;

m2 m3 ml];
Mem=-Zp*Is*MM*Ir;

On the model, the processes of starting of an AM
with a phase rotor of AK-52-6 type with the following
parameters were investigated
Uy, =380V, E,, =85V, I,=8A; I,,=212A;
k. =k’ =18,
J=0,1 kg-mz;
R, =0,15 Q
x, =55Q; x =0,3 Q; x; =0,18 Q.

As a result of the calculation:

L, =0,332H; L, =0,0181H; M}, =0,0495H.

Figure 2 shows the graphs of start-up transients.

The processes M,(¢) and @(¢) in the obtained model

coincided with the results of modeling of this engine in
the model with the coordinates reduced to the rotor [4,
5].

n, =910  rpm; R =1,23 Q;

Thus, the energy processes described by this model
correspond to the processes to the model with the given
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parameters, and the processes of currents and flux link-

ages changing of the stator and rotor are real.
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Fig. 2. Transient processes during starting the AK-52-6 machine

Conclusions. A mathematical description of an
asynchronous machine in the space of real phase coor-
dinates with unreduced parameters is obtained.

To take into account the mutual magnetic influ-
ence of the stator and the rotor, the concept of general
mutual inductance is proposed.

Modeling has confirmed the correctness of the ac-
cepted approach.

The resulting model can be used in the study of

asynchronous electric drives designed by system of a
dual power supply.
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Pynues €.C., llleBuenko I.C., Pomanyenko IO.A.
MartemMaTHYHA MOJeJIb ACHHXPOHHOI MAIIMHH Y pPeaJbHUX
KOOPAMHATAX CTAHY

Hasedeno mamemamuunuil OnuUc acUHXpOHHOL MAUUHY 3
HenpugeoeHUMU Napamempamu 6 Npocmopi peaibhux @azo-
sux koopounam. Y 0ogionuxax onss AM 3 ¢aznum pomopom
(DP), six npasuno, HABOOAMbCS peanvbHi napamempu (Onopy,
cmpymu I Hanpyau) cmamopa i pomopa i koepiyichm npuse-
Oenns Hanpye. Ilpueedenus cmpymie i onopig (iHOykmueHoc-
meti) s0iiicnioemocs koeiyienmamu 'k, =k, ma k, =k’ ei-
0nogiono. Y Oauiti cmammi po3eisHymo onuc MawuHu 6Oe3
npugedenHs yux napamempie. [us 3pyuHOCmi nOOANLUIOZO
PO3271510Y 66€0€HO 3a2ANbHE 3HAYEHHSL 83AEMHOT IHOYKMUBHOC-
mi.

Ompumano eupaz O1s eNeKMpoMAHIMHO20 MOMEHMY 6
peanvrux koopounamax. Ilobyooseana modenv @ cepedosuuyi
ounamiunoeo mooemosanuis MATLAB, suxopucmogyiouu eex-
mopHo-Mmampuune npeocmasienus. Mampuuni aneebpu 3 ee-
KMOPHUMU 3MIHHUMU peanizyiombcea Onokamu Matlab Fn, wo
npeocmasnanms cob0r 36epHEeHHsT 00 NPUSHAYEHUX Ollsl KO-
pucmyesaya yukyitl, onucanux y eueasioi M-gaiinie. Posens-
Hymo smicm @yuryiti Matlab Fn. Ha mooeni 0ocniosicysanucs
npoyecu nycky AM 3 ¢gpaznum pomopom muny AK-52-6. Hase-
0eHo zpagiku nepexionux npoyecigé nycky. Ilpoyecu 6 ompu-
Maniti MoOeni Cnignany 3 pe3ynbmamami MOOeIOEAH A YbO2o
08USYHA 8 MOOei 3 KOOPOUHAMAMU, HABEOeHUMU 00 POMOopd.
Enepeemuuni npoyecu, onucysami yiero mooennio, 8ionogioa-
H0Mb npoyecam 8 Mooei 3 HABeOeHUMU NAPAMEMPAMU, A NPO-
yecu 3MIHU CMPYMIE | NOMOKO34ENJIeHHs Cmamopa i pomopa €
peanbHumi.

THobyoosana 6 cepedosuuyi OUHAMIYHO20 MOOENIOBAHHSL
MATLAB / Simulink modens mooice suxopucmogysamucs npu
00CNIONHCEHHI  ACUHXPOHHUX — eeKMPONPUBodi6  NoOBIliHO20
HCUBTIEHHSL.

Knrouosi cnosa: mamemamuuna mooeib, ACUHXPOHHA
Mawiuna, npoyec nycKy, Cmamop, pomop, Hagedexi napamem-

pu.
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