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Abstract

The purpose of this paper is to develop a generalized model using Matlab/Simulink program
to study the dynamic behavior of a three-phase induction motor. Dynamic models are used to
better understand the behavior of an induction motor in both transient and steady-state
conditions. The dq axis transformation theory is applied in the rotor reference frame to study
the dynamics of the motor. A model has been developed using the Matlab/Simulink software
for dynamic modeling of a 4-pole induction motor with a power of 0.75 kW, power factor
cos=0.76, efficiency n=73%, rated current 11=2.05 A. The developed model is used for
research the influence of changes in stator resistance, moment of inertia and load torque. The
results show that the torque characteristic curve and rotor speed of an induction motor depend
on the rotor resistance and moment of inertia. All differential voltages, currents and magnetic
fluxes between the stationary stator and the moving rotor are also modeled.

Keywords: Matlab/Simulink software, induction motor, dqg transformation, modelling,
current, torque, speed.

Introduction

In electrical machine theory, it is known that any multi-phase electrical machine with an n -
phase stator winding and an m -phase rotor winding can be represented by a two-phase model.
Therefore, the mathematical description of the processes in a rotating electrical machine is
based on examining its two-phase model.

The voltage and torque equations describing the dynamic state of an asynchronous motor
change over time. Solving these differential equations can involve some complexities. Dynamic
modeling establishes all the mechanical equations for varying inertia, torque, and speed over
time. It also models all differential voltages, currents, and magnetic fluxes between the
stationary stator and the rotating rotor [1, 2].

Dynamic models (mathematical models) are used to better understand the operating modes of
an asynchronous motor in transient and steady states. This mathematical model, created with
MATLAB/Simulink, represents a three-phase asynchronous motor, including the
transformation from a three-phase system to a d-q axis system (Figure 1). The main advantage
of MATLAB/Simulink is that the modeling of electromechanical processes can be performed
simply and quickly using the program’s functional blocks [3].

Controlling three sinusoidal currents is a complex task, but there is no need to control all three
currents. This task can be simplified using Clark (E. Clark) and Park (R. H. Park)
transformations for stator currents. First, Clark transformation is used to convert the three-phase
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Clark transformation is intended to convert currents from a three-phase stationary coordinate
system to a two-phase stationary coordinate system. Park transformation is intended to convert
currents from a two-phase stationary coordinate system to a rotating coordinate system along
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the rotor flux vector, where variables are referred to the stationary current system. Park inverse
transformation is intended to convert stationary currents from the rotating coordinate system to
2 a two-phase stationary coordinate system [5].
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Figure 1. dg0 Transformation Scheme of an Asynchronous Motor

Thus, each individual equation among the model equations can be easily implemented in a
single block, allowing all machine variables to be available for monitoring and verification
purposes. In this study, the model of the asynchronous motor is brought into the stator and rotor
variable coordinate systems for dynamic characteristic modeling using MATLAB/Simulink [6].

I1. MODEL OF THE ASYNCHRONOUS MOTOR

The model equations can be derived from the dgq0 transformation scheme of the asynchronous
electrical motor shown in Figure 1. The current-related equations associated with this scheme
can be obtained as follows [7, 8]:
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Yas = Lgigs + L lar (1)

¢qs = Ls iqs + Ly, iqr 2

Yar = Ly igr + Lin igs 3)

l/)qr =L, iqr + Ly, iqs (4)
Then, by substituting the values of the flux linkages, we can determine the currents:

. Ly Lm .

lgs = Flpds - Tlpdr ) (5)

. Ly Ly .

lgs = Flpqs - Tlpqr ) (6)

. Lm Lg .

lar = _Tlpds + Flpdra (7

. Lm L

lgr = _Tlpqs + Fl/)qr; (8)
Here D =LsL,—L%; 9)

To find the voltages, we use the following formulas:
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'g\_ Vgs = Rsigs + pWas (10)
L Ugs = R iqr + plpqr (11)
w Var = Ry lgr + DYar + 0mPyr (12)
Vgr = R, iqr + plpqr + wmPar (13)

N Based on the above equations, the torque and rotor speed can be determined as follows:
- T, = % pLn (iqs lgr — lgs iqr) (14)
= o = LT, 1) (15)
- Here, p- is the number of poles; J- the moment of inertia (kg/m?). For a squirrel-cage rotor
g asynchronous motor, the rotor voltages UqrU_{qr}Uqr and UdrU_{dr}Udr are zero in the
cC magnetic flux equations, as the rotor bars are considered to be short-circuited. After calculating
_ the torque and speed equations using the dg-axis currents and stator currents, the applied
_8 voltages to the electrical motor (stator) should be derived through dg-axis transformation [1-3].
o In a balanced condition, the three-phase stator voltages of the asynchronous machine can be

0 expressed as follows:

U_'J Ug = V2 Uppys sin(wt) (16)
> Up = VZ Upps sin(wt — ) (17)
Ue = V2 Upms sin(wt +2) (18)
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These three-phase voltages are transmitted to the synchronous rotating coordinate system in
only two phases (dg-axis transformation). This can be done using the following two equations:

U,1 .11 172 —1/21[Va

[Uﬁ] “3lo V32 —V3)2 o

In this case, the voltages along the direct and quadrature axes are as follows:

0] =[ eoss cosa] 1] @

The instantaneous values of the stator and rotor currents in the three-phase system are
calculated using the following transformation:

(19)

iy cosf —sinf iy

[iﬁ] - [ sin @ cosf _iq] (21)
iy 1 0 ] ;

[ib =2|-1/2 —V3/2 [l.“ (22)
ic ~1/2 V372 |°°

I1l. DYNAMIC MODEL OF THE ASYNCHRONOUS MOTOR

In this section, a three-phase asynchronous motor model is simulated using
MATLAB/Simulink. The model is implemented using the set of equations provided in Section
I1. The complete Simulink diagram of the asynchronous motor model is shown in Figure 2
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Figure 2. MATLAB/Simulink Model of the Three-Phase Asynchronous Motor

In this model, the simulation of the three-phase stator voltages begins by forming the equations
(16, 17, 18). Then, these balanced voltages are transformed into two-phase voltages associated
with the synchronously rotating frame using the Clark and Park transformations, as described
in equations (19, 20). Next, the dq flux linkages and current equations are implemented as
shown below. Using the flux linkages wds\psi_{ds}wyds, wqgs\psi_{qs}was, ydr\psi_{dr}ydr,
and yqr\psi_{qgr}yar from equations (1)-(4), the MATLAB/Simulink model can be constructed.
Figures 3 and 4 illustrate the internal structure of the dg model of the asynchronous motor,
which is used to calculate the stator and rotor flux linkages. Figure 5 shows the Simulink blocks
used to calculate the currents igsi_{qgs}igs, idsi_{ds}ids, iqri_{qr}igr, and idri_{dr}idr
according to equations (5)-(9). Figure 6 shows the implementation of the electromagnetic
torque TeT_eTe and angular speed wr\omega_ror, as expressed in equations (14) and (15).
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Figure 3. Block for Calculating Stator Flux Figure 4. Block for Calculating Rotor
Linkages Flux Linkages

9@ ) Qe

<

v
-
O
=
-
()
>
=
©
C
©
AL,
(7p)
=
©
-
<
Y
O
©
-
—
=
O
)
E/).
)
T
@
>
O
O
AL,
()]
Y—
O
O
=
@,

16 | Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -



5
=

r

ysis and Inventions

™M
~
a
<
Q.
>
U
©
c
=
=
o
=
4
48]
c
| .
5
o
=
o
Q0
[}
=

e, -

Volume 2, Issue 8, August - 2024 ISSN(E): 2938-3773

Ty =]
e
Figure 5. Implementz_;ltion of dg Current Figure 6. Implementation of Torque
Equations and Angular Speed

IV. RESULTS OF DYNAMIC MODELING
Using this model, an asynchronous motor of type AIR71B4 with a power rating of 0.75 kW
was tested. The modeling results for the asynchronous motor are as follows: U =230 V, 2p =
4,f=50Hz; Rs=15.7 Q,Rr=8.4 Q, LIs=0.005 H, LIr=0.025 H, Lm = 0.61 H, J = 0.017
kg/m?, T_e =5.3 Nm.
The simulation results show that (Table 1), for the electric motor, the useful power P2=757P_2
= 757P2=757 W, efficiency n=77\eta = 77%n=77, power factor cos./0ip=0.75\cos \phi =
0.75c0s¢=0.75, stator current 11=21_1 = 211=2 A, and rotor speed n=1365n = 1365n=1365 rpm
are achieved (Figure 7).
The technical characteristics of the existing AIR71B4 electric motor are: useful power
P2=750P_2 = 750P2=750 W, efficiency n=73\eta = 73%n=73, power factor cos./0i¢p=0.76\cos
\phi = 0.76cos$=0.76, nominal current 11=2.051_1 = 2.0511=2.05 A, and speed n=1390n =
1390n=1390 rpm.

Table 1 Operating Characteristics Data

Ne P2, w n, rev/ min CoSQ n, % I, A M, Nm
1 154 1476 0,27 54 1,32 1
2 230 1465 0,35 63 1,35 1,5
3 305 1454 0,43 68 1,4 2
4 377 1442 0,5 72 1,45 2,5
5 450 1430 0,56 74 1,53 3
6 520 1417 0,62 76 1,62 3,5
7 587 1403 0,66 76 1,71 4
8 654 1390 0,7 77 1,82 4,5
9 720 1375 0,73 77 1,94 5
10 757 1365 0,75 77 2 53
11 780 1355 0,76 76 2,1 5,7
17 | Page

Licensed under a Creative Commons Attribution 4.0 International License.




I0NS

Journal of Analysis and Invent

2 Web of Discoveries

Volume 2, Issue 8, August - 2024 ISSN(E): 2938-3773

[HwM] [A] - [%]
227 671007 1

18} 481 80408 //)'?*

/ /‘t M I1 n cose

1.3+ 3.6+ 6010.6 7% s— COSP
// ——1
0.9+ 2.4+ 40104 / o —— 1
// - M
04+ 1.2+ 2010.2 -7
P2
0 [B]
0 200 400 600 800 1000

Figure 7. Operating Characteristics of the Motor

Various operating characteristics of the asynchronous motor, including consumed power,
electromagnetic torque, rotor speed, and currents in the three-phase stator windings, are
illustrated in the time-domain graphs (Figures 8 to 10).
The obtained data allow for the evaluation of the transient characteristics of the AIR71B4 motor
during startup. The key findings are as follows:

The time to reach steady state is 0.5 seconds.

The maximum recorded amplitude value of the motor stator current is 11 A.

The steady-state values for motor speed and torque are 1365 rpm and 5.3 Nm,

respectively.

The maximum recorded amplitude value of the motor torque is 12 Nm.
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_ Figure 9. Electromagnetic Torque
Figure 8. Stator Phase Currents
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Figure 9. Electromagnetic Torque Figure 11. Mechanical Characteristics

CONCLUSION

Asynchronous motors are widely used in various industries and manufacturing sectors. To
reduce errors in the design and development of these motors and to minimize operational costs
resulting from these errors, it is essential to accurately analyze the dynamic state of the electric
motor. Due to the complexity of solving the differential equations of a three-phase
asynchronous motor, a dynamic model has been developed using Clark and Park
transformations, specifically the d-q axis transformation formulas, in MATLAB/Simulink.
Using the developed dynamic model, the characteristics of a 0.75 kW AIR71B4 type
asynchronous motor were obtained in both static and dynamic modes. In static mode, the
motor's useful power was 757 W, with an efficiency of 77%, a power factor of 0.75, and a stator
current of 2 A. In dynamic mode, the transient time of the motor was 0.5 seconds, the startup
current factor was 5.5, and the maximum torque relative to the rated torque was 2.26.
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