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Abstract: Three-phase asynchronous motors (are aslo called induction motors) are rugged, robust, and an integral part
of many applications for most industries worldwide. The general type of the three-phase asynchronous motor, mostly
used in industry, is the squirrel cage. The method introduced into this paper is called direct torque control (DTC), which
utilizes the characteristic of a motor to produce a quick and robust response in inverters. The entire motor system is
analyzed and simulated by Matlab and Simulink toolbox, where the PID direct torque controlled to approach is applied.
Our main contributes to this paper is to compare the performance of induction motor, including three scenarios: without
load, negative load and positive load by using PID direct torque control method. The simulation results show the
effective of proposed control of induction motor with three scenarios.
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1. Introduction

Nowadays, three-phase asynchronous motors are
being widely applied in the communication system of
modern technological lines because it has many priority
points compared to DC motors. Many of which are the
following priorities: [1],[2]

- Compact design
Rugged construction
Reliable, easy, and high-efficiency operation
- Low maintenance cost
Simple control gear for starting and speed
control

However, because of the multi-parameters
nonlinear structure, it is difficult to control the three-
phase asynchronous motor. In the past few years, with
the strong development of science and technology,
computer electronics technology, computer science,
power semiconductor technology, and control
engineering has created a fundamental change in the
direction of industrial automation solutions, many
modern and effective control methods have been
proposed for asynchronous motor control. In particular,
the vector control method and direct torque control are
reliable and efficient methods to control asynchronous
motor systems so that it can gradually replace the DC
motor.

Meanwhile, since its first introduction in 1984,
according to [12], the principle of direct torque control

(DTC) has been widely applied to three-phase
asynchronous motor drives, also commonly called
induction motor inverters. Despite its simplicity, DTC is
not only capable of producing rapid torque and flux
control but also robust to the variation of the motor’s
parameters and perturbations. However, some unusual
spots on torque, flux, and current pulsations occur when
the motor is in its steady-state operation and are reflected
in the built-in observer, which estimates the speed of the
motor, and also in the increased acoustical noise [3].

Asynchronous motor control is a topic that has
been interested by many researchers. Some notable
projects can be mentioned as follows:

- Field-Oriented Control (FOC) [4]

- Direct Torque Control (DTC) [3]

- Passive based control (PBC) [5]

- Input-Output feedback linearization control [6]

- Control using fuzzy logic and neural networks [7]

- Internal Model Control (IMC) [8]

- Sliding mode control of induction motor fed with
three-level NPC inverter [9]

The paper consists of 4 sections. Part 1 introduces
the model and main points of this article. Part 2 presents
the mathematical equations of the induction motor. Part
3 shows PID DTC control scheme and simulation results
of this method. Finally, the conclusion is mentioned in
part 4.
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2. Mathematical Model of a Three-Phase
Asynchronous Motor

2.1. A Model of Three-Phase Asynchronous
Motor in Stator Coordinate (/3 ) [9]

The dynamic model of the motor in the aff
coordinate is analyzed as follows:

disa—— i + + Koy, ,+au
dt 7/ sa -I-r l//ra Wrﬂ sa
dig,
. 7|sﬁ l//rﬁ + Ka)vlra +0{U spB
dt T,
d L 1 .
l//ra m 3
e - -y, —w
dt Tr sa Tr l//ra l//rﬂ
dt T,— sp T,. l//r/} l//m
T = :u(a)l//raisﬂ _a)l//rﬁisa)
do _p
e —(T.-T)
Where: i, i ,: stator currents (A); Ug,,U,: stator

voltages (V); Wi Wt TotOT fluxs (Wb); @: rotor

speed (rad/s); T,: motor torque (Nm); T, : load torque
ol, ol oL, R,
L 2
T, ==; y=§—me o=1- Ly La= L are
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constants, Rs - stator resistance, R;— rotor resistance, Ls -
inductance coefficient, p is the number of poles, J is
moment of inertia of the rotor.

2.2. A Model of Three-Phase Asynchronous
Motor in Rotor Coordinate (0Q ) [10]

The dynamic model of the motor in the
dq coordinate is analyzed as follows:

dig, 1 1-0).
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1-0 . 1- ‘ 1
+ GTr rd + 4 rq + O'LS usd
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2.3. Coordinate System Transformation

2.3.1. Conversion of abC Coordinate to a3
Coordinate and Vice Versa

Conversion of abC coordinate to aff

coordinate:
u,, = E(ue1 —0.5u, —0.5u,)
3 ®
# 3 2 0 2
Conversion of qff coordinate to abc
coordinate:
usa = usa
4)
Uy = _lusa +£usﬂ
2 2
Uy, = _lusa _ﬁusﬁ
2 2

2.3.2. Conversion of abC coordinate to dq
coordinate and vice versa

Conversion of abc coordinate to dq coordinate
as follows
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(5)
u :—2 U, cosd, +U, cos| 9 ——27[ +U_cos| 4 ——47[
sd 3 a S b s 3 c S 3

Ug, _2 U, Sin 195+ubsin(195—2—7[j+uC sin(lf}s—ﬂ'—”j
3 3 3

Conversion of dg coordinate to abc

coordinate:

u, =cosY, —sin g,

(6)
Uy, =Ugy cos(&ls ——2ﬂj—u3q sin [195 ——Zﬂj
3 3

U, = Ug cos(&lS —4—”j—usq sin(gs _4_”]
3 3

a3 Coordinate  to

2.3.3. Conversion of
dq Coordinate and Vice Versa

Conversion of @ff coordinate to dQ

coordinate:
Uy = Ug, COS I, +U,,Sin I, @)
U, =-Ug, sing —u,, cos I,

Conversion of dq coordinate to aff coordinate:
=Ug COS &, —U, sin Y, ®)

=Ug Sin Y, + U, COS Y

Sa
sp

2.4. The Parameters of Induction Motor

Table 1. The parameters of induction motor

Parameters Value
R, : stator resistance 3(Q)
R, : rotor resistance 4(Q)
L, : stator inductance 0.0758 (H)
L. : rotor inductance 0.0758 (H)

-

0.07452 (H)

J,, - moment of inertia 0.004 (kg.m?)
p : the couple of poles 2
0 (initial) (Nm)

L., : mutual inductance

T, : load torque

3. Direct-Torque Control
3.1. Direct-Torque Control of Induction Motor

Direct Torque Control (DTC), was first
introduced in 1984 and emerged in the rest 80s to the
present. All in all, the studied method keeps the flux of
the stator in vector space on a desired pre-defined track
and controls the amplitude of the torque by altering the
speed of the flux produced in the motor’s stator along the
track. Thus, the characteristic of the motor is reformed
by the stator flux instead of the stator current as in FOC
[11].

The effects of DTC on the induction motor
system are characterized as follows [12]:

- Flux and Torque can be changed rapidly with
accuracy when changing the references.

- Power losses during the transitivity of transistors
are minimized because they are only switched
to maintain the torque and flux within their
hysteresis bands.

- No overshoot in the step response.

There is no need for dynamic coordinate
transforms  because all calculations are
processed in the stationary coordinate system.

- The switch control signal is directly controlled by
the hysteresis control, so the separated
modulator is redundant.

There are no Pl controllers as in FOC [11].
Therefore, reducing the human efforts or micro-
processing resources for tuning.

3.2. Simulation Results

The simulation program for three-phase
asynchronous motor is shown from Figure 2a to Figure
2d. The simulation is performed in MATLAB/Simulink
environment.

Robotica & Management, 27-2 / 2022



Tran M.D., Vo M.T., Nguyen V.D.H., Ton T.T.T., Nguyen Q.T., Nguyen T.L., Nguyen T.H., Nguyen H.L.

39

S1
>
4 s2
o S3
>
| S4
Flux_desire = 0.15 S5
Velocity_desire = 100 b
A [ S6
‘ |
- »VA
l ‘ | PULSE
| T VB
L L
1 [ — = - T vAaout
»IA - A5
| S
e 2 B
- = VB_OUT
» B
TORQUE_DESIRE
| vC_out
20 FLUX_DESIRE

FLUX_DESIRE

[]

VELOCITY_DESIRE

@

[PULSE]

~

20

<
o
o]

[U_S_ABC]

[I_S_ABC]

P Velocity_desire

DIRECT TORQUE CONTROLLER

Torque

Velocity_actual

PID

O

TORQUE

]

=

ACTUAL_VELOCITY

Design of PID DTC for Asynchorous Induction Motor

<PHI_S_ALPHA>

i

Torquet

<PHI_S_BETA>

Fig. 2a. Simulation program to control three-phase asynchronous motor with PID-DTC

Estimation Torque and Flux1

Robotica & Management, 27-2 / 2022

Ve
T —_ED
VA_OUT
Vb
4 w—(3)
e fen VB_OUT
c
Vi
e 40
VC_ouT
AC bridge
b
abc apo Usab [U_S_ABC]
Clarke Transform2
abc  apd [I_S_ABC]
Clarke Transform1
Tq [TQ]
Vab s
Flux_s —»< [FLUX_S]
lab s
= Flux_selector —»<__ [FLUX SELECTOR]

FLUX_DESIRE
[FLUX_S]

FluxRef1

Flux

ToReft

TORQUE DESIRE
(ra

cPhi

cT [CT]
Tq
Map selector
[PULSE]
phi_s
Torque_gs— - — —Pulse Pule » 1
e PULSE

FLUX_SELECTOR]

Flux_area_S0_S5

Fig. 2b. Direct Torque Controller block



40 A Study of PID Direct Torque Control for Three-Phase Asynchronous Motor

[VA]

IR
(., LY
Va
=
= :
[y ) [PHIR _BETA]
™ V_ALPHA] ™

: [V_BETA] ush . 1 [IS_ALPHA]

> > st s < (b PHLR AP

L

e
Ve

[IS_ALPHA] isa 15 BETA
IS_BETA] —Pjisb

|
 BETA]
phi__beta_dot[— ] PHLRBET| | (W]

s [PHREEA
[PHLR_ALPHA]>—ploni_« sioha
[V_ALPHA] ™ [PHILR_BETA] iben
; fon
hi lpha_ - I Pt
LT { s e CPHLS AP . »

Il—”' = < o IS ALPHA)| oy 5 wpred
[1S_ALPHA] a4
fen

.

=

il

=
®

o

Il—. Ls [PHI_S_BETH) Quiput Sl
[IS_BETA] b nm,s,new,av»[ __
B - Il—b,r ALPHA)
II - I'—b“ ¥ N IS BETA]
- b 3 | IS BETA s [V_BETA]
@—bsn n]n—b% m wp
W—’:h_'_ﬂw
IS BETA] a0 abc
[V 4 '“’—e ]U
o Elargl:rea’s;fmm
[
(ar——n
L
Fig. 2c. Three-phase asynchronous motor block
Velocity_desire
Kp
- +
1 )
i » s L%+ e 4 )
’ out
Torque
.—D - +
Velocity_actual
Au
At
Fig. 2d. PID controller
Table 2. The parameter of PID controller T A e \
Parameters Value 100
Kp 8 80
K_ 3 T 60
i £
=
40
K, 0
20
3.2.1. Scenario 1: No load and Motor speed is ol .
100 (rpm): T|_ =0 and Wy =100 0 2 7 s 8 10 12 14 16 e 20
In this subsection, the results of first senario are )

Robotica & Management, 27-2 / 2022



Tran M.D., Vo M.T., Nguyen V.D.H., Ton T.T.T., Nguyen Q.T., Nguyen T.L., Nguyen T.H., Nguyen H.L. 41

Torque
10F I
8+
6
4+
E 2f
£
e 0
i
_2 -
4
6+
8+
L L i I L L
7.28 73 7.32 734 7.36 7.38 74

Fig. 4. Torque of motor (Nm) without load

Va
20”1—mm ﬂ_ll‘ ﬂ‘_llm ﬂ_llll'll nArmm Iﬂ_llﬂll
2
- 10
o
g0
o
NN N RN N N .
| | | |
W

Voltage (V)
= _ 2 B
—_—
.

o

= n |
—

=

=

]
]
]

S-28

TR
gt Pt P P Fr oy
545 55 5.‘55 slﬁ 5‘:35

—
L
L
—

—

=

Voltage (V)

=

Offsef=0

Fig. 5. Signal voltage of 3 phases a, b, ¢ without load (V)

Phi_s_alpha

0.2

SA A
AAVAVAYRY
| |

T
|WaNaNaNaNa
KV/ \V \V} \1/

T A
IR AN AN ANANANANANA
5.0 L/ Lu/ Lu Lu/ Lu/ J/ Lu/ Lu/

Fig. 6. Rotor Fluxs without load (Wb)

81 83 S5
1 T 1 A 1 0 1
08 i 08 08
Elua i 06 06
S
%04 i 04 04
02 i 02 02
0 — e L | e — - o -
s2 S4 S6
1 F AT T om M- 1 -
08 0.8 08
06 i 0.6 06
]
o4 0.4 04
02 0.2 02
] e of——Ht—1 o - —
371 372 373 374 371 372 373 374 371 372 373 374
Offset=0

Fig. 7. Pulse of Sp — Se areas without load

3.2.2. Scenario 2: Positive Load and Motor speed
is 100 (rpm): T =2 and w, =100

In this subsection, the results of sencond senario
are shown from Figure 8 to Figure 12.
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Fig. 8. Motor speed W, =100 (rpm) with positive load
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3.2.3. Scenario 3: Negative Load and Motor speed

is 100 (rpm): T, =—2 va w, =50

Finally, the simulation results of the third senario

are shown from Figure 13 to Figure 17.
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3.2.4. Comments

The simulation results with 3 different scenarios,
including load torque and speed input, the PID -DTC
controller gives the expected speed output response with
the input that calculated from the controller by
deisigning of the authors. The pros and cons are listed
below:

Pros:
- Easily to design simulation model of the
controller.

- Does not require too much mathematical theory
as well as physics and analysis into the
kinematic equation of the 3-phase asynchronous
motor.

Cons:

- Output is the speed and torque of the motor, has
large or small fluctuations depending on the
control position.

- Output uses Space Vector Modulation to provide
control signal to the inverter circuit making the
control output intermittent and smooth, which
in fact causes rapid heating of the motor,
causing damage to the coil in the stator.

4. Conclusion

In this study, the authors successfully built a
three-phase  asynchronous  motor  system  on
MATLAB/Simulink software and applied the PID-DTC
control algorithm to the system through a number of
cases. In general, the PID-DTC controller gives good
quality output response. The simulation results have
tested the feasibility and accuracy of the control method.
The authors also propose to build a realistic model to
evaluate control quality in the following studies. At the
same time, developing research field-oriented control
method for three-phase asynchronous motor to compare
with the PID-DTC algorithm.
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