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Abstract. The paper is devoted to the creation of a model of an induction drive in a rotating coordinate system during
the transition from a three-phase system to a two-phase one. New mathematical replacements are proposed to
simplify the solution of equations. From these mathematical replacements a model was created in Matlab Simulink.
This model was compared with the model from the Simulink standard library. The comparison was made for the

following output parameters: speed, load torque, stator current. The adequacy and correctness of the created model
were proved and all the mathematical equations describing it were described.
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Introduction

The electromechanical properties of an induction
electric motor are most easily and conveniently
studied wusing mathematical modeling, which
determines the relevance of the topic accepted for
consideration.

At present, the development of mathematical
methods for the study of electrical machines is
associated with the widespread use of computers,
which makes it possible to implement the most
complete models of transient processes with a
minimum number of assumptions. The essence of
the methods consists in the development system of
a model and their implementation on a computer
in the form of software systems for carrying out
computational experiments in any possible conditions
for the functioning of electrical machines. Possessing
the simplicity of varying the structure and parameters
of the design scheme, the mathematical model, with
an appropriate level of adequacy, makes it possible to
obtain, in the course of computational experiments,
the necessary information for the development
and design of electrical machines, their control and
protection systems. However, as you know, the
complexity of the phenomena, occurring in electric
machines of alternating current during transient
processes, makes their mathematical description
and study without several simplifying assumptions
practically impossible. The desire to take into account
the main factors that determine the properties of the
machine, and neglect the secondary factors leads to

EXFA the consideration of an idealized electrical machine.

Such amachineisusually characterized by the absence
of saturation, hysteresis, and eddy currents in the
magnetic circuit, the absence of current displacement
in the winding conductors, complete symmetry of
the stator windings, and several other assumptions.
[1] These are the assumptions made when simulating
an induction electric motor operation in Matlab
Simulink when choosing default blocks from the
Simscape/Machines library. This standard model is
based on the RL circuit. For more accurate results of
electromechanical processes, flowing in an induction
electric motor, it is proposed to use a model of an
electric motor in a rotating coordinate system. At
the same time, there are various ways of calculating
this model. Some of them are based on vector control
[2-4], others were developed in the 20th century
[5-7], and many also have their own unique ways
of describing. [8-12] However, these methods use
vector multiplication, Euler transformations, and
the substitutions made when calculating differential
equations lead to many terms in the equation.
Therefore, this article proposes the calculation of
the induction motor model in a rotating coordinate
system during the transition from a three-phase
system to a two-phase one.

Mathematical calculation of the induction drive
model

Initially, the induction drive is a three-phase
electric machine with an implicit-pole rotor, it is
proposed to simplify this model to a two-phase
one. To simplify the mathematical description of



induction drive, the space vector method turned out
to be suitable. The method allows linking the rotor
flux linkage equations into a single system with
vector state variables. The essence of the method is
that the instantaneous values of symmetric three-
phase state variables (voltage, currents, flux linkage)
can be mathematically transformed so that they are
represented by one space vector. We represent a
system of equations with vector state variables for the
case with an arbitrary orientation of the coordinate
system.

Us = rgi’s+%+y‘akﬁ, (1.1)
Un= r;;ﬁ+%+j(ak—pl9m)’l_f;, (1.2)
T = w5l + Toin, (1.3)
T = ain+ Tals, (1.4)
m = kMod(¥: *7,), (1.5)

v,
T. g =m=—me. (1.6)

Here Us, Uy, is, in, s and ¥ are two-element
vectors of voltages, currents and flux linkages,
presented in an arbitrarily oriented orthogonal (two-
phase) coordinate system in the form of components
along the coordinate axes. The variable w, is used to
set an arbitrary frequency of rotation of the coordinate
system. The auxiliary matrix constantj serves to «flip»
the components of vector variables and simplifies
the form of writing the system of equations. 7, r —
Resistance of stator and rotor, m — torque.

Expanding the content of space vectors, the flux
linkage equations 1.3, 1.4 are substituted into the
stator and rotor voltage formulas, while equating 1.2
to zero, since the electric motor is short-circuited.

d(2ss + T,in)

U, = nii+ - +ja(zsis + zain),  (2)

UE = TRZR+7(leRdt L ZS) + (3)

+j(ae=pOu)@ain+ 2.75) = 0.
The change in the rotor current vector is expressed

from equation 3

dT Th > Tm d» .o . T - . T
Q= T dp i s jpYa T (4)

The rotor current vector is expressed from
equation 1.4 and then substituted into equation 4

-

7= T —xais )
R Tn s

diH :_THanTR + TR.Tilis _ .Tfn dls _

dt .’L‘,zzz .’L‘?q T dt (6)

—jay x”IFR-I— . xmqf”.

Equations 5 and 6 are inserted into equation 2 to
calculate the stator voltage vector
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The following replacements are introduced

r= 7:5‘+k}2i/r}h (8.1)
ke =2, (8.2)
xZ
xv—xs‘_?:, (83)
X
Ti==" (8.4)

Let’s describe the vectors of stator and rotor
voltages with introduced substitutions

- 1 dre - L/ —
U; = 1515+ .’Ez(f%s +ja'1c.’L"Sis - kRTq}:.R +].pl9m]€anl?, (9)

ﬁ kRTR’L_s_FWT:"_ dg;R

In the case of coordinates orientation along the
stator flux linkage, the moment can be expressed
from equation 1.5 as

m =T siss— ¥ splsa- (11)

In this case, the stator flux linkage vector from

equation 1.3 is transformed by replacing the rotor
current vector from equation 5

<T‘R Tuls )
Tr

And this equation 12 of the stator flux linkage
vector can now be written along the axes, taking into
account the replacements 8.1-8.4

T = x5is + 2, (12)

¥ =2z + k¥, (13)

Accordingly, in the equation of moment 11, it
is possible to replace the vectors of the stator flux

linkage along the axes
m = kﬂ(mﬁ_ TRBE)

Space vectors of stator voltage, stator current,
rotor flux linkage can be described by these equations

(15)

Us = Us, +jUs, (16.1)
iy = s+ Jisy, (16.2)
=¥t (16.3)

As a result of changes, substitutions and
transformations, the system of equations 1.1-1.6,
which mathematically describes the work of the
induction drive in a rotating coordinate system, will
take the following new form

— 2505y —

> z's.dis
Us: mg,—l—%

17.1)
_%ﬁ _pﬁmk}zm,
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US;:Ti—'S:+ di —akx’sﬂl— (17 2)
—%ﬂ} O
a1 g d%, _
Ur T ¥t =g (17.3)
_kRTRZSz - ( ay —pﬁm) q}_.l?;,
— dT‘RJ
Un=0= T ¥+ i (17.4)
_kR’f'Rlsy ( ay —pl9m) T_‘H;
m=kn(T iz, — Cayis. ), (17.5)
dv,.
T. g =m=—me. (17.6)

!
Accepting T"s = % the system of equations 17.1-
17.6 transforms into operator form

[7%6:7'(1 +T/Sp) s — A T'sts, — (18.1)
—TZT‘H, _pl’mkRT‘Hy;
U%g: r(1+T’sp)isy_akﬂ?'Sin_ (182)
——RWRZ, +p19mk12qrm7
Un=0= (1 +Tp) ¥ — (18.3)
—krTais, — ( ay Pl9m) T‘Rﬂn
m;: 0 :%(I_FTRP)S”M_ (18.4)
_kRTRiSy + (ak - pﬁm) Thy
m =kp (¥ ris,— Cayis), (18.5)
T.pd,=m—m,. (18.6)

From equations 18.1, 18.2 the stator current is
expressed
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Use = (Usz + akx,SiSy + %T&p -
8 19)
—pl9 leFHy)TT')
_ , - ke
Tsy — (USy — x5t T+ TT'Ry -
8 (20)

_ 1
POk ) )

And from equations 18.3, 18.4 the rotor flux
linkage is expressed

T‘Rz = kptnis, + (ak _pl97n) TRU Ji%lma (21)
WRy = kR’rRiSy_ (a/k_pl?m) T'Rll_g—’—%lﬂ) (22)

The speed from equation 18.6 will be
9, = Tjtp (m—m.). (23)

Thus, from the obtained final equations 19-23, a
mathematical model of induction drive in a rotating
coordinate system was created. At the same time, this
model was transformed from a three-phase into a
two-phase one — figure 1.

Imitation modeling

In this paper, a model of an AIR16054 induction
electric motor is considered with the following para-
meters presented in Table.

To assess the adequacy and correctness of the
assembled model, it was proposed to compare it
with the induction motor model from the standard
Simulink/Simscape library — figure 2.

The rotor speed and the torque developed by
the motors are shown in the figure 3 for the model
in a rotating coordinate system — blue, and for the
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Figure 1 — Model assembled in Simulink
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AIR160S4 parameters

Power, Speed, Voltage, Efficiency, Power Moment of inertia,
Motor kW i v % factor Is/In  Ms/Mn Mmax/Mn kg-m?
AIR160S4 15 1450 400 89.5 0.86 7.7 2.2 2.6 0.075
ok Tm
A A >
<Rotor speed (wm)>
+ m
N B B >
<Electromagnetic torque Te (N*m)>
o] o}
-
B Discrete
_ 5e-05 s.

powergui

Figure 2 — Standard model of an induction motor in Simulink
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Figure 3 — Output characteristics of electric drives: a — speed, b — torque, c — stator current




B YHuBepcuTeT eHbeKTepi — Tpyabl yHUBepcuteta No4 (85) « 2021

standard model — orange.

From the obtained characteristics, it can be seen
that the output values coincide, and the processes take
place at the same time. However, the system from the
standard library is more oscillatory, so the model in
the rotating coordinate system has a better transient
process. It is planned to compare these models with a

and the used methods have shown the adequacy
and correctness of their use. Analysis of the data,
obtained from simulation modeling of the developed
model, showed small discrepancies with the
standard block from the Simulink library. The use of
the obtained mathematical equations, as well as the
model assembled in Matlab Simulink, will make it

real electric drive to obtain the most accurate results
in further researches.

possible to qualitatively evaluate the operation of an
induction drive in statics and dynamics. This model
will be used in future research, including the creation
of a buffer power source based on a supercapacitor
for an induction electric drive.
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