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Abstract: The Direct Control (DTC) technique 1s deemed as one of the important control techniques that have
been utilising in induction motors in order to achieve a high-speed response as well as fast torque response.
Conversely, the classical DTC has some main drawbacks mcluding a high level of torque ripple and stator
current harmonics. Therefore, this study presents a DTC method coupled with space vector modulation based
on the reference flux and torque to overcome such issues. In this projected control method, PT torque and PT
flux controllers have been designed in order to compare an estimated flux and torque responses with reference
flux and torque, respectively. This proposed teclmique has been compared with Field Oriented Control (FOC)
technique to comprehend the impact of each technique on induction motor drives. DTC-SVM and FOC have
been implemented by using a MATLAB Software package to simulate induction motor dynamics to produce
findings for evaluation. The ostensible comparison of both techniques is shown with the simulation results.
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INTRODUCTION

Induction motor drives are presently employed in
various industrial, commercial, residential applications due
to their robustness, fewer maintenance necessities and
high-speed operation. During the last few decades an
assortment of control methods has been fabricated to
mncrease the performance of induction motor such as FOC
and DTC techniques (Cruz et al., 2004). These methods
have different principle operation to achieve the same
control objectives (Zhu et af., 2013). Both methods
depend upon the decoupling between current
components utilised for producing torque and
magnetising flux which can allow of the induction motor
to be controlled as DC motor (Mesloub ef al., 2016). In
1986, Takahashi presented a new control technique based
on replacing the motor decoupling via. hysteresis
controllers that have a similar operation as inverter
semiconductor power devices. This strategy 1s called
DTC (Hiba et al., 2013). However, some defects were
observed through using the classical DTC such as torque,
flux and stator currents ripple during steady and transient
states which can impact adversely on speed estimation as
well as it can cause harmonics losses and undesirable
noise (Casadei et al., 2002). Therefore, the current study

aimed to propose DTC-SVC based on two PT speed
controllers to eliminate such issues. In this technique, the
stator currents, flux and torque have low ripples as
compared with a classical one. The simulation results of
DTC-SVM method are compared with the FOC ones to
identify two methods influence on the behaviour of the
respective induction motor drives.

MATERIALS AND METHODS

Principles of DTC and FOC techniques: DTC method 1s
classified as the most modern method based on the field
oriented control and the direct self-control scheme which
has been realised industrially by Depenbrok between
1971-1985 (Popescu, 2000, Eason et al., 1955). The
main concept of this technique is to control stator
flux and the torque by choosing the voltage space
vectors appropriately via. a hysteresis controller as well
as a switching table (Takahashi and Noguchi, 1986,
El-Ouvamyli et al., 2017). The classical DTC scheme has
various disadvantages including  variable switching
frequency, a high level of torque and cwrent ripples
and slow speed response. Furthermore, 1t 13 required
a high frequency for digital execution of the
hysteresis controllers. Tn order to overcome such

Corresponding Author: Dalya H. Al-Mamoori, Department of Electrical Power Engineering,
Al-Furat Al-Awsat Technical University, Najaf, Iraq
2135



J. Eng. Applied Sci., 14 (7): 2135-2140, 2019

DTC-SVM s
provide a fixed switching frequency (El-Laban et al.,
2006, Zaid et al., 2010). In the DTC-SVM structure, flux
and torque hysteresis controllers are substituted with PI

issues, proposed in this study to

controller to adjust the magnitude value of torque and
flux, respectively. These PI controllers are employed to
produce d-q components of the I/P voltage that will be
commended for the mverter which can confirm the
switching frequency of the inverter to be constant. It is
observed that an mcrease in the switching frequency
contributes to dramatically decreasing the undesirable
current harmonics and the torque ripples as compared
with the conventional DTC scheme (Zaid ef af., 2010).
The DTC-SVM of the induction motor is described by the
simple blocks as elucidated in the Fig. 1.

Filed oriented control has been invented at the
beginmng of 1970 sec. It shows that induction motors
can be controlled like excited DC motor separately
as well as it contributed to bringng a revitalization in
the high-performance control of AC motors. It 1s

Wref

worth mentioning  that filed oriented control
technique applies to both induction and synchronous
motors  (Kaewjinda and Konghirun, 2007). The
prnciple operation of a wvector control technique 1s
to control the stator flux and torque of a respective,
motor independently through influencing the related
field oriented quantities. The block diagram of the
FOC techmque of mduction motor is demonstrated

in Fig. 2.

Modelling of induction motor via. DTC-SYM and
FOC-SVM methods: Reference frame theory 1s most
widely used in mathematical modelling of DCT-SVM
and FOC-SVM of induction motor to convert from
three-phase quantities (abc) to the  two-phase
quantities (dq) 18 required in order to facilitate the
analysis in the setting of position or speed and also in
order 3-phase induction motor has a behaviour resembles
the DC motor and thus more easily controlled. Convert
from three-phase system to dq axis system by park’s
transformation can be written in matrix form:

EWe, Te-ref ETe Ug r
_’®_> ®—> Torque PI |—> Uo S
A Iy ap 4

ref

Fig. 1: Block diagram of DTC control
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Fig. 2: Block diagram of the FOC control
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The voltage equation of dq axis can be written as
follows:
V, =R, I -wey, V, =R_I -wey_ (2)
V, =R,I foey, V, =R I +tmey, 3)

Vdr, _ R;_Idrl+((1)-(1)e)\pquvdrl _ er_Idr,+((:)-(I)e)wqr, (4)

V, =R/I, “(wwoew, 'V, =R I @y, (5)

where, the flux linkages:

I I, I
des} _ LS|: ds}_"_Lh dr’ des} _ LS|: ds}_‘r
W Iqs I W Iqs

qr

(6)

The stator Flux linkages and electromagnetic torque

equations can be re-written from the above voltage
equations as follows:

Wi _ W _

d—i =V, R, di =V, R, (7
qu = Vds -Rs'Ids qu = Vds _Rs'Ids (8)
dt dt

The phase angle and the magmtude of stator flux n
dq axis could be expressed as follows:

ws = wds +j qu‘ps = ‘pds +jqu (9)

‘west‘ = ‘desz+quz |west‘ = \'wdsz+quz (1 0)

1Yo g gt Yo (11)
wds wds

8 = tan

The electromagnetic torque of the induction motor is
obtained from stator flux linkages and stator currents in
dq axis. The stator flux linkages are obtaining from
inductance and stator current in dq axis.

T, = 3/4P0y, I, -y, 1T, = 3/4P0y Iy 1)
(12)

The electromagnetic torque of the respective,
induction motor in terms of rotor speed may be expressed

as follows:
T dem
T, =3/4PQy, 1w I )T =TT, = ;Eﬂﬂr
(13)
The electromagnetic torque of the induction

motor in terms of rotor speed can be expressed as

follow:
T=-T.T, - i.d—w+erT ~T,T, = i.d—(”+er (14)
p dt p dt
RESULTS AND DISCUSSION

This section mainly focused on the simulation and
comparison between the two control methods discussed
above which named as DTC-SVM and FOC-SVM.
MATLAB/Simulink environment was used in order to
compare and test these two approaches applied to the
three-phase induction motor. The results to be presented
were obtained by sunulating an induction motor driver
described in Table 1. Two operation modes had been
considered: a constant-load start and the robustness of
the control tested at the variation in load torque.

System response at constant speed and constant load
torque: Figure 3 demonstrates the responses of the stator
currents, rotor speed m addition to the electromagnetic

Table 1: Parameters of the investigated induction motor

Parameters Values/units
DC voltage 540(V)
Rated torque 20 (nm)
Rated stator flux 0.9 (Wb)
Rated power 6.0 (kW)
Rated voltage 380 (V)
Rated frequency 50 (Hz)
Rated speed 2860 (rpm)
Stator inductance 0.175 (H)
Stator resistance 3,126 (C)
Rotor inductance 0.175 (H)
Rotor resistance 1.879 (&2
Mutual inductance 0.1 (H)
Moment inertia 0.062 (kg.m®)
Pole pairs 1
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Fig. 3: Dynamic performance of induction motor using DTC-SVM and FOC-SVM at a constant speed and load torque
in terms of: a) Speed; b) Torque and c, d) Stator currents

torque under steady-state conditions for nominal
reference values of the machine, 15 nm for the torque and
a reference value of flux equal to 0.9 wb. The shape of the
stator cwrrents is sinusoidal with very low ripples as
compared with FOC-SVM. Thus, the operation 1is

practically constant flux.

System response when sudden change in load torque:
Figure 4 demonstrates the responses of the torque and
the stator currents in the order of torque from 10-20 nm at
reference speed 100 rad/sec. The stator currents are very
low ripples at the setpoint change which leads us to
consider an appropriate limitation for monitoring peak

currents supported by the inverter as compared with
FOC-3VM. Also, it has been noted the stator currents
trajectory is sinusoidal corresponds to the variations load
torque. Tt is also possible to observe, under the same
conditions that the latter in the transition stage is
established rapidly which shows that the torque
accurately follows its reference value and show the
response time 18 very reliable. There 13 a marked
improvement in harmonic terms with the DTC-SVM
approach. However, the control makes it possible to
llustrate a speedy response time m particular, quantities
such as torque and current while remaining within the
operating limit of the system but there is a reduction in
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Fig. 4 Dynamic performance of induction motor using DTC-SVM and FOC-SVM at variable-load torque in terms of: a)

Speed: b) Torque and ¢, d) Stator currents
terms of the THD with the power supply of the induction
motor based a two-level voltage inverter as compared with
FOC-SVM.
CONCLUSION

This study presented a reascnable comparison
between different control techniques of the induction

motors including FOC and DTC methods coupled with
space vector modulation. Both techniques have been
simulated in MATLAB/Simulink enviromment. By
analysing the results obtamned with the two control
methods it can be concluding that the DTC strategy
has shown an appreciable performance in a reduction
ripples for both torque and stator currents. It also
shows an excellent dynamic response of speed and
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good trajectory tracking. Tests performed on the
observer, the change parameters and the sudden change
of load have proved that the DTC-SVM control 1s reliable.
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