INTERNATIONAL JOURNAL OF MATHEMATICAL MODELS AND METHODS IN APPLIED SCIENCES

Volume 9, 2015

Three-axis dynamic modeling of induction
motor

Ya. Dorjsuren, L. Tumenbayar and J. Tsevegmid

Abstract— This paper presents a new modeling and simulation
method for the three phase asynchronous motor. This model called
three-axis dynamic model of induction motor. The dynamic model is
examined by Matlab/Simulink as a rated power of 55 kW
asynchronous motor. New three-axis dynamic model is compared
with conventional d and g-axis dynamic model. Comparative results
are shown as the functions of stator and rotor current, angular speed,
and torque of the three phase induction motor. The new model is
shown as better results than the d-q model.

Keywords— Stator winding, rotor winding, induction motor,
differential equation, dynamic model, simulation.

. INTRODUCTION

N mining industry in order to operation of mineral

resources and processing a number of equipments are used.
These equipments are mostly contains electric motor drive
system for example, excavator, ventilator, pump, lifting
equipment, mining combine, drilling machine, conveyer, mill,
crusher and others. The above mentioned equipments have at
least one and more three phase asynchronous motor.
Because of simple structure and reliable operation the
asynchronous motors have been used widely in the field of
industry.
Mathematical modeling of the asynchronous motor is difficult
and some researchers [2-12] have developed the model by
transferring into d and q axis. However, more accurate model
can be derived by using o, B, v axis. Therefore, this paper is
aimed to obtain dynamic model of the motor which has been
transferred into three-axis.

This paper is extended version of Dynamic modeling of three phase
asynchronous motor. The article (Dynamic modeling of three phase
asynchronous motor) was published in Proceedings of the 3" International
Conference on Automatic Control, Soft Computing and Human Interaction
(ASME *15).
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1. D AND Q AXIS DYNAMIC MODEL OF INDUCTION MOTOR

In order to achieve mathematical model of the three phase
asynchronous motor, a direct quadrate (d-q) transformation
dynamic model has been used widely.

Because of its simplicity, which means the reduction of
three quantities into two quantities, the model is a relatively
easy to develop.

General scheme of the two phase induction motor has been
used to design d and q axis dynamic model of the three phase
asynchronous motor.

Fig.1 General scheme of two phase induction motor
Driving the differential equation by applying Kirchhoff's
voltage law for each phase, associated with above scheme, as
follows:

Stator circuit:

Uy, =Tl + d:r;/tSA
dy (1)
usB = rsBlsB + dtSB

Rotor circuit:
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. d
Uy =Tl Lo
dt
dy )
Ug =Tgis+—2
B rB'rB dt
Motor mechanical equation:
do,
m ®3)
Magnetic flux of the stator:
l// = LsAlsA + I‘mIrA
. (4)
Ve = Llg + Lylg
Magnetic flux of the rotor:
Wi = Lialea + Lyl 5)

Wi =Ll + LmisB

Fig. 2 has been derived by transferring the general scheme
which is given by Fig. 1 into d and g-axis, with 90° angle
difference.

Fig.2 The d and g-axis equivalent scheme of induction motor

Differential equation of the stator winding which is
transferred to d and g-axis is given by below equation:

. dy
Uy = Tglsg + dtSd

(6)
. dy,
Usy = Tglog +— -

Contrarily, differential equations of the rotor are:
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dy,
urd = r-rdlrd + dtd +60|,qu
()
d
U =ri +—

Where : @, — angular velocity

Transferred magnetic flux of the stator windings can be seen
as follows:

l// - lesd + Lmird

(8)
l//sq = Ls Isq

+ Lmqu

Accordingly, magnetic flux of the rotor is obtained as shown
in equation (5)
Vi = I‘rlrd + I-misd

(9)
‘//rq = Lrqu

+ LmlSq

Active and inductive resistances of the phases are equal in
three phase induction motor. Which means can be written as:

Ly =L, =L
Li=L,=L
o =Tg =1,
g =l =T,
Uy =U, =0

The currents of the rotor and stator are derived by using
equations 6, 7, 8 and 9, eventually taking Laplace transform:

Stator currents:

U
T
i ~ rs p ms rd
« 1+ pT, )
1
- f_ mesirq
g =—"7"—"—
1+ pT,
Rotor currents:
i _ mer sd (Trqu +Tmr sq)
" 1+ pT, )
i —_ mer sq (Trlrd +Tmr sd)
A 1+ pT,
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L Isd pT () i
Where: T, = — — stator time constant : > T T
I :
S Isg T o 1
L, o —>{ Tor >Q BT |
T, =—" — stator electro-magnetic time constant o
;
rS
L T, |e
T, =—" - rotor time constant i
r . .
' Isq [ pTowr ()] ' -
- o TLpTil -
T, =—" - rotor electro-magnetic time constant ) )
r Isd o 1
f = Tor >® BT
(0]
Electromagnetic moment: -
m - .o T, |
M =L, (iggivg gy ) (12) r
2 Fig.4 d and g-axis structural diagram of rotor
Where: M - Number of phase. d and g-axis structural diagram of induction motor is built
by Fig. 3 and 4. d and g-axis structural diagram of induction
Angular velocity of the rotor: motor can be shown in Fig. 5.
M -M.
0, =——"> (13)
pTM

d and g-axis structural diagrams of the stator and rotor
windings are determined by equations 10-11. d-q structural
diagram of stator can be studied as shown in Fig. 3.

Usq 1 Isd
| pT+1)

I pT ©)

rd ms
| pTHL

uSq 1 isq
T+

Iy pT
| o

Fig.3 d and g-axis structural diagram of stator

d and g-axis structural diagram of rotor can be studied as
shown in Fig. 4.

Fig.5 d and g-axis structural diagram of induction motor
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The d and g-axis dynamic model of three phase induction
motor is generated by "d and g-axis structural diagram of
induction motor" (Fig.5). d and g-axis dynamic model of the
induction motor can be shown in Fig.6.

torque

il

0.4283582s)
hd
0.4388s+1

pTmsl(pTs+1)

. [
0.43885+1

pTms/pTs+111

Fig.6 d and g-axis Matlab/Simulink model of induction motor

Magnetic field of the stator and rotor of asynchronous motor
influences to each other and a quantity of interaction
determines the current which flows trough motor and torque of
the motor shaft. In circumstance, a change of one parameter,
the rest of the parameter changes due to, to study transient
process of the asynchronous motor is difficult [1].

General scheme of the motor has been used to design
dynamic model of the three phase asynchronous motor. To
obtain system equation is relatively simple because the
windings of the stator and rotor given by separately in the
scheme.

THREE-AXIS DYNAMIC MODELING OF INDUCTION MOTOR

ISSN: 1998-0140

530

Volume 9, 2015

Fig.7 General scheme of three phase asynchronous motor

Driving the differential equation by applying Kirchhoff's
voltage law for each phase, associated with above scheme, as
follows:

Stator circuit:

. dy,
u,=ri, +—=
A A'A dt
. dyy
U, =Ll +—— 14
B~ 'B'B dt (14)
dy
Ue =l +——=
c ~Icle dt
Rotor circuit:
. dy
Ua = I’ala +d—ta
Uy = i, + L (15)
d
. d
U, =ri, +-Ze
dt
Motor mechanical equation:
d
12% M, =M (16)

Magnetic flux of the stator and rotor influence to each other
permanently, and magnetic flux of the one winding depends on
the magnetic fluxes of rest of the windings.

Magnetic flux of the each phase is:

Wa=Lala+ Laglg + Lacle + Lagly + Lyl
Bala + LBbIb + LBclc

We = Leie + Lgelg + Lacle + Leala + Loyl + Lecle

b + LAclc

W = Lgig + Lygiy + Lgcic +L (17)

Equation (17) states that magnetic flux of the each phase
consists of the sum of other magnetic fluxes. However, in no
ideal case one of magnetic flux of the phase could decrease
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magnetic flux of another phase. Consequently, it is necessary
to taking into account a direction of the magnetic flux.

By dependent on the phase shift of a supply voltage, the
sequences of the generated magnetic fluxes in the stator
windings of the asynchronous motor holds A—B—C order,
and results rotating magnetic field in the stator.

Therefore, for the purpose of to consider these equations it
is desirable to transfer the equations into axis [3].

Fig. 8 has been derived by transferring the general scheme
which is given by Fig. 7 into af,y-axis, with 120° angle
difference.

Fig.8 The a, B, y-axis equivalent scheme of asynchronous motor

Differential equation of the stator winding which is
transferred to three-axis is given by below equation:

dy,,
usa = rSO(ISa + dtS
dy.
; B
Ugp =TFplsp + d,[S (18)
o Ly
sy rsyIS}/ dt
Contrarily, differential equations of the rotor are:
. d - o,
_ura = rralra + Fre + (l/jrﬂ l//r}’) "
dt J3
: dl//rﬂ (l//ry _l/lra)a)r
—U =TI + + (19)
rg rgrp dt \/5
. dl//r;/ (l//ra _l//rﬂ)a)r
-, =T + +
dt J3

Where : @, — angular velocity

Transferred magnetic flux of the stator windings can be seen
as follows:
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. 1. . 1. .
Ve = Ls(xls(x _E Lmlsﬁ’ _E Lmlsy +
1 1)
+Lm (Ira _Elrﬂ _Elryj’
. 1. . 1. .
!//sﬁ' = Lsﬁlsﬁ' _E Lmlsy _E Lmlsa +
(20)
. 1. 1.
+L |1 ,—=1,—=1I., |;
m( rB ota 9 ryj
. 1. . 1. .
Ws;/ = Lsyls;/ _E Lmlsa _E Lmlsﬁ +

+Lm (iry _%ira _%irﬂj;

Accordingly, magnetic flux of the rotor is obtained as shown
in equation (17)
1.
2")

Vie = Lraira + I-m (isa _%isﬁ -

1 . 1, .
—E Lmlrﬁ —E Lmlry
. 1. . 1.
V/rﬂ = Lrﬂlrﬁ' + I-m (_Elsa + Isﬁ _Els;/)_
1 1 (21)
__Lmir __Lmira
2 r2

. 1. 1. .
l//r}/ = Lr;/lry + I-m (_Els,a _Elsﬁ' + Is;/j_

S T
2 2

m'ra m'rp

Active and inductive resistances of the phases are equal in
three phase induction motor. Which means can be written as:

Lsa = Lsﬂ = LS;/ = LS
Lra = Lrﬂ = Lry = I‘r

rsa = rsﬁ’ = rs;/ = rs

rra = rrﬂ = rry = I’r

The currents of the rotor and stator are derived by using
equations 18, 19, 20 and 21, eventually taking Laplace
transform:

Stator currents:

531
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uSlZ
rs
sa = +
1+ pT,
1. 1. 1. 1.
mes Elsﬂ +Elsy ra _Elrﬂ _Elry
+
1+ pT,
Usﬂ
. I,
= +
Y14 pT,
o (212 (1,2 2)
ms 2 sy 2 sa rp 2 ry 2 ra

+
1+ pT,
Rotor currents:
. 1. 1. 1. 1.
_mer Isa _Els/i _Elsy _Elr/i _Elr;/
- 1+ pT

. . 3. 3.
(Tr (Irﬂ —|W)+Tmr (leﬁ —Elsy -

1, 1.
EIW‘FEIW ,

NG

1+ pT
pT (i 1| 1i ¥ Ei j
B mr sp 2 sa 2 sy 2 ry 2 ra
1+ pT
3 3 1
(Tr(ir —i,)+T, (is ~=i im+iwar
i 27 2 2 2
V3
1+ pT
. 1. 1. 1. 1.
_mer Is;/ _7|sa Elsﬁ Ir/j Elm
B 1+ pT, B
3 3 1 1
T(i =i )+T | =i ——i ——i +—Ii 0]
( r(ra r/i) mr(2 sa 2 sp 2 rg 2 raj) r
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L, ,
Where: T, = — - stator time constant

S

Ly o
T,s =—" - stator electro-magnetic time constant

rS
T, =—— - rotor time constant
rr
L, o
T, =—" - rotor electro-magnetic time constant
r

r

Whereas, electromagnetic energy of the induction motor:

1 ) ) . .
W == Ity d . +w 1 +w 1+
2 2 (l//sa sa l//sﬁ sp l//sy sy l//ra ra (24)

+l//rﬂ|r,5 + l//r;/lry)

Electromagnetic moment:

V3

M = pn?'—m[(isair;f +isﬂira +i57irﬂ)_

(25)
~(igghep +igglr, +igyi )]
Angular velocity of the rotor:
M —M,
o, =—"—"" (26)
pT,

Where: T, =J - mechanical time constant

IV. MATLAB/SIMULINK MODEL OF INDUCTION MOTOR

The three-axis structural diagrams of the stator and rotor
windings are determined by equations 22-26.

The three-axis structural diagram of stator can be studied as
shown in Fig. 9.



INTERNATIONAL JOURNAL OF MATHEMATICAL MODELS AND METHODS IN APPLIED SCIENCES Volume 9, 2015

isa Three-axis structural diagram of induction motor is built by
Fig. 9 and 10. Three-axis structural diagram of induction
motor can be shown in Fig. 11.
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Fig.9 Three-axis structural diagrams of the stator

The three-axis structural diagram of rotor can be studied as
shown in Fig. 10.
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Fig.10 Three-axis structural diagrams of the rotor Fig.11 Three-axis structural diagrams of the induction motor
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The three-axis simulink model of the stator is implemented
by "Three-axis structural diagram of stator" (Fig.9). The three-
axis simulink model of the stator can be shown in Fig.12.
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Fig.12 Three-axis stator Matlab/Simulink model

The three-axis simulink model of the rotor is implemented
by "Three-axis structural diagram of rotor" (Fig.10). The
three-axis simulink model of the rotor can be shown in Fig.13.
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Fig.14 Three-axis Matlab/Simulink model of induction motor

V.RESULT

In case of study 4A225M4 type motor has been used for

simulation. The technical characteristics are given by in Table
1.

1>

501
[ aaatt Transtee Ford

Ny
=g

Fig.13 Three-axis rotor Matlab/Simulink model Ne | Name of parameter | Parameter Data Table 1.
The three-axis simulink model of the induction motor is 1 | Power P, 55 kW
implemented by "Three-axis structural diagram of the 2 | Number of phase m 3
induction motor" (Fig.11). The three-axis simulink model of 3 Number of pole 2p 4
the induction motor can be shown in Fig.14.
4 | Frequency f 50 Hz
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5 | Voltage \Y 220V

6 | Stator inductance | L, 0.0294 H

7 | Rotor inductance L, 0.0297 H

8 | Mutual inductance | L, 0.0287 H

9 | Stator resistance R, 0.067 Q

10 | Rotor resistance R 0.032 Om
11 | Power factor CoS¢ 0.908

12 | Moment of inertia | J 0.621 kg'm®

A comparison between d-g and three axis simulation results
can be seen in Fig 15 to 20.

2 4 [ g 10

Fig.15 Rotor current of 4A225M4 motor (Three-axis)

Fig.16 Rotor current of 4A225M4 motor (d and g-axis)
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Fig.18 Stator current of 4A225M4 motor (d and g-axis)

As mentioned before, simplification of d-q transformation
model there are only two parameters controversially, three axis
model shows each current of the phases. Accordingly, an
overshoot of the current in transient period can be seen more
precisely.

w
12

Fig.19 Angular speed of 4A225M4 motor
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Fig.20 Torque of 4A225M4 motor

In addition, d-q transformation model estimates the Iq
current as a function of I;, which does not allow to simulate
independently.

By transferring into three-axis an accuracy of the transient
process is improving. Response of the parameters of the
analysis can be controlled more precisely.

In practice the currents which flows trough phases are not
equal. The above mentioned two axis model was not able to
reveal the differences of the phase currents.

From the result of the simulation it is obvious that
difference of the phase currents can be seen clearly and gives
us possibility to compared study.

VI.

In this paper we have obtained dynamic model of the
induction motor which transferred into three-axis.

From the simulated result we can conclude that the derived
dynamic model of the induction motor gives more detailed
transient characteristics which allow us to predict and to
analyze the narrowed behavior of the motor.

CONCLUSION
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