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ABSTRACT

This paper presents a direct control of the stator flux and torque of a three-phase asynchronous motor fed
via a conventional voltage inverter to PWM pulse width modulation (sinus-triangle). This command uses PI
type controllers, their parameters are determined from two control methods: The identification and the
optimal symmetry criterion. The two-phase voltages obtained at the output of the PI regulators are
compared with high frequency triangular signals to develop the control of the IGBTs of the inverter. The
performance of the asynchronous motor control is verified by simulations under MATLAB / SIMULINK.

Keywords: Direct Torque Control, Direct Flux Control, Induction Motor, PI Controller, Pulse Width
Modulation, 2-Level Inverter, Optimal Symmetry Criterion

1. INTRODUCTION

The increasingly development of efficient
technologies for static converters has made it
possible to extend the field of application of
electrical machines in industry [1], among these
electrical machines, DC motors were the first to
benefit from these researches; however the presence
of the collector limits their operation in the field of
great powers. AC motors take over in the field of
high power and especially the asynchronous
squirrel cage motor which is highly valued for its
robustness, high efficiency and low maintenance.
Associated with a suitable static converter, such as
cyclo-converters or inverters, the asynchronous
motor can operate with a variable speed while
controlling its startup. In order to improve the
performance of the machine, a variety of control
strategy was born, scalar control and vector control.
Scalar control consists mainly of two types;
constant V/F control and scalar control of the stator
current, while vector control strategies are very
varied and each of the control methods has
characteristics which define it and which is suitable
for a given application [2]. Oriented flow control

(FOC) is a vector strategy that assigns high
performance to asynchronous motors by decoupling
their variables; but it uses a rather high number of
regulation loops which leads to a slow dynamics of
the flux, on the other hand, its control structure
depends on the rotor parameters which vary [3].
With direct torque control (DTC), which was first
proposed by I. Takahashi and T. Noguchi [4], it is
possible to directly control the stator flux and
torque by selecting the appropriate state of the
inverter [4] from a table called "optimal switching
table". The choice of the state of the inverter is
based on the outputs of the hysteresis regulators of
the stator flux and the torque knowing the angle of
the flow of the stator. Known for its simple
structure and good performance, the DTC control
has some disadvantages, such as variable switching
frequency operation, which favors current and
torque ripples, noise, and large switching losses [5].
This work presents direct flux and torque control
using sinusoidal PWM and PI controllers. This
control strategy has a structure independent of the
variable parameters of the rotor, easily implemented
in practice and which requires no current loop, it
also has the advantage of good torque control even
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at low speed while working with a constant
switching frequency, which greatly reduces
switching losses.

2. RELATED WORK

The induction motor was invented in 1888 by
Nikola Tesla [17]. Dolivo Dobrowolski extended its
structure in 1890 which is known as squirrel-cage
motor [18]. In the past decades, DC motors have
been extensively applied for modern industrial
applications. However, their disadvantages prevent
implementation of high performance drives. Due to
the advantages of IM compared to DC and
synchronous motors such as robust construction,
low cost and maintenance, numerous attempts have
been made to apply it in modern applications. In
recent years, researchers have paid attention to
develop the strategy of control for this type of
motors due to its wide use [19], specially the vector
control strategies such as FOC which was presented
for the first time in 1971by F. Blaschke [20] and
DTC who is known for its fast torque and flux
responses [4], but as this method involves sector
determination and angle calculation of voltage
vector it makes it complicated and it consumes
more memory with a wide range of torque and flux
ripples, so to surpass the high ripples in torque and
flux signals, R. TOUFOUTI proposed two approach
intelligent techniques of improvement of Direct
Torque Control (DTC) of Induction motor such as
fuzzy logic (FL) and artificial neural network
(ANN), applied in switching select voltage vector
[21]. However, this strategy keeps the switching
frequency  variable  which  keeps  several
disadvantages. A modulation-based DTC strategy is
suggested and been developed by many researchers,
H. ABU-RUB has dealt with this strategy and
proposed a Simple DTC-SVM scheme for induction
motor drives with PI controllers [22]. Since the PI
controller is the most common solution to practical
control problems, it is necessary to choose among
the various existing tuning techniques to obtain the
desired performance depending on the dynamics of
the process and the way the controller is being
applied. C. BAJRACHARYA discussed the tuning
techniques of converter controllers, the results show
that the tuning according to symmetric optimum
provides high proportional gain and low integral
time constant, which results in fast response as well
as strong rejection of disturbance [9]. So, the
purpose of this paper is to gather the most
advantageous techniques to control the induction
motor by treating the use of pulse width modulation
in the direct control of induction motor’s torque and
flux based on PI regulators tuned by optimal

symmetry criterion, aiming to obtain a stable
performance and reduced torque/flux ripples.

3. MODELING OF THE ASYNCHRONOUS
MOTOR IN THE TWO-PHASE REFERENCE

The differential equations of the rotor and
stator electric circuits can be put into a matrix form,
connecting the voltages of each of the stator or

rotor coils [Vr Y“b’”} with currents [Ir J“’b"} and flows

a,b,C} through the equation:

[wr,s

a,b,c|_ . abyc], d a,b,c
[Vr,s }_[Rr,s}[lr,s }-E[(ﬂr,s } (D

In the particular case of the asynchronous squirrel

cage motor, the voltage vector [Vr] is zero. The

flux vector [%’b,cr’s}depends on both the rotor

currents [i,J and the stator currents [iJ :

r,s || . r,s . s,
[(pa,b,c }[Lss,rr}[la,b,c }[Mer[la,b,c } (2

[LSS’W} is the inductance matrix (rotor and stator)

containing self, magnetization, leakage and mutual
inductances [6].

[Msr]is the matrix of mutual inductances between

stator and rotor.

Electric equations

The equations of voltages and currents of the three-
phase asynchronous motor in the (d, q) frame are:

Pds
Vas=Rglgs+ dt s%qs
do
_ qs
Vqszs[qs dt tO P s
404y 3)
7
O_R”Id’"+ddt —a)g(oqr
[
— qr
O_Rr qr dt wg(pdr
1= ? M ?
ds™ ds d
oL, S oL, L r
=1, M
qs_ULs K oLL, bar With 1 M
ith: o=1-
P TR L, @
S ULer S oL, r
1 ——L(p +—0
qr oL.L, qs oL, qr
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With o is the leakage or dispersion factor, % is the
slip frequency that is obtained from the equation

below, where: @ ( @.) is the stator (rotor) pulsation:
O,=0,~0 (5)

Pas (Pgr) and @45 (94 ) are the stator fluxes

(rotor fluxes) along the axis d and q respectively
[7], the equations (6) express these fluxes as a
function of mutual inductances, stator and rotor
inductances. These expressions are taken from the
electrical equations of currents.

Pds =Ls Ids +M1dr
o =L I +MI

qs  "s'qs qr
Par =Lrldr +M[ds (©)
o =L 1 +MI

qr "riqr qs

The leakage inductances of the stator and rotor are
expressed according to the equation below:

Ly=L—M,L,=L -M (7
The equivalent model of the asynchronous motor

along the axes of the two-phase reference (d,q) is as
follows:

I Li

“¢%r R Iy

I R @ags Ly Ly Ol K Iy

Figure 1. Equivalent Circuit of asynchronous motor in
the (d,q) frame

Mechanical equation

dQ
JE=C=C - [0 (8)

o : Motor speed, s : Moment of inertia, s :

Coefficient of friction and C, : Load torque.

Expression of electromagnetic torque
C = 3 P 1 1
e 4 (gods gs Pqs ds) )

With P is the number of pole pairs.

4. DIRECT CONTROL OF THE
FLUX, TORQUE AND SPEED

STATOR

To control the engine parameters; speed,
torque and stator flux, the proposed control is based
on PI controllers which improves the dynamics of
the system while eliminating the static error
between the estimated magnitudes and the
references. The block diagram of the entire system
is represented in Figure 2. The regulation is done
according to three loops, two cascade loops to
control the speed and the torque, the third one is for
the stator flux control.

[ xT L L
b,
Torque [a_ 'f] [aﬁjd—e_
regultor - :
Vsl Lug
+7 Ce
k., Flux and Torque
— Estimator
Speed 8 +—

regulator

Figure 2. Block diagram of the system for direct control
of torque and stator flux via a two-level inverter for an
asynchronous motor

4.1 Speed Control

Asynchronous motor speed control is
frequently implemented in a large number of
applications, for this reason, research gives great
importance to speed control since the output of the
speed loop is also a reference for other control
loops. The process equation used for this control is:

6201



Journal of Theoretical and Applied Information Technology =
30" September 2018. Vol.96. No 18 N

© 2005 - ongoing JATIT & LLS

Cialill

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

dQ .
JW:CE—C’,—]Q

(10)
The regulation is based on a PI regulator in the
form:

K(1+7s)

Gp[(s): s (ll)

With: K and 1 are respectively the proportional and
integrator factors of the regulator. The block
diagram of the speed control loop is shown in
Figure 3.

QX 1475 ) C L Q’"
K ) - B+f

Wi

Figure 3. Mechanical Speed Control Loop

In the proposed control, we considered the current
control block as a classical PI controller. For this,
the dynamics of the current loop compared to that
of the speed is neglected. Consider the load torque
as a disturbance, the open loop function becomes:

K(H”)}

GaoL ()= (12)

T8

0,051 {
o (s) Is+f

The closed loop transfer function then becomes:

1 l+zs *
mes:JS+fK( s NQ _Qmes) (13)
Ks+£ "
Such: Qmefﬁﬁ (14)
Js“+(K+f)s+—
T
K
[e) (5) KSJr?
So: GQCL(S}: mes = (15)

Q" (s) J52+(K+f)s+£
T

With: @, ¢ and Q" are respectively measured and

reference speeds. The transfer function can be
identified with a second-order system in the form

(8]

1
G(s)=———F—
1+2§rns+1352 (16)

With: 7,, is the opposite of natural frequency of the

system, ¢ is the damping ratio. At each value
of & , we can have an equivalent value of

t
T’i with 7, is the response time of the system.
n

This allows setting the dynamics freely.

The resolution of this system involves the following
identities:

Jr_2

—r=2eT, a7

The bode diagram of the closed-loop transfer
function shows stable operating limits with a
maximum phase margin of 90.1°, occurring at the
cutoff frequency of 32.5 rad /s (5.17 Hz).

Bode Diagram
B0

s

h
-]
T

Magnitude (dB)
&

e

oo

Systam; Linearized at time 0,
-45 Phase Margin (deg): 901
Delay Marain (sec): 0.0454

Phase (deq)

At frequency (racis) 32.5

Closed loop stable? Yes

90k L —_—

1% 1° 10°
Frequency (radis)

Figure 4. Bode diagram of the closed-loop transfer
function of the speed controller

4.2 Flux Control

The synoptic shape of the closed loop of
the stator flux with a PI regulator is shown in the
figure below [9],[10].

Flux statorique Flux statorique

de référence - estimé
Mot
Contedleur PI | Deld de [ Ondulenr o o

traitement Asynchrone [

Systéme émdié H(S)

Délai de rétroaction

Figure 5. Block diagram of the closed loop of the stator
flux control taking into account the delays of the process
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It consists of a PI controller block; its transfer

function is of the form:

Gp] (s)= K(1+zvj

With: K and 7 are respectively the proportional gain
and the integration time. The transfer function for
the digital signal processing delay is presented in
equation (19), where T, is the processing/execution
time of the algorithm:

(18)

G g ()= (19)

T s+1
p

The third block consists of the inverter model with
a transfer function in the form:

Ginv(s)=

(20)

ros+1

With: 7o is the dead time of the inverter.

The last block is the transfer function of the
feedback filter which Ty the filter delay:

G ()= 1)

fs+1

Considering the equation of the direct stator
voltage, the control will be described using the
following equation:

vk, +20ds
ds =%stas ™t dt TOsPygs (22)

By neglecting the voltage drop in the stator
resistance R, and since the quadrature component

of the stator flux is zero (go g5 = 0) , the function

between the stator flux and the direct stator voltage

becomes linear such that:
oo (s) 1

G (s)=—S-"" =2

» Vg (s) s 23)

The open-loop transfer function of this control
system is written in the following form:

l+zs 1 1 1 1
s)=K . . —
¢0L( )= TS T/,S-%—l ,5+1 Tps+1 s

24

Since the sum of the small time constants which
includes the static delay of the inverter (Dead
Time) 7o, execution time of the algorithm T, and T
the delay of the feedback filter is defined by:

T,=Ty+T,+7,, the transfer function in open loop will
be written:
1+ 11
Gpop (=K —= (25)

T s+l's
TS ¢S S

The closed loop transfer function is written in the
following form [9]:

emS)_ l4zs B l+zs

oL ()=

P (8) ltrs+rs (T s+1) 1+fs4~s -i»
K K

109

With: ¢, and (PS
and reference stator fluxes.

are respectively the estimated

R:Iﬁ:

@ KI l+1s) 1 V. 7 - q)w‘

Ul

Figure 6. Stator flux control loop

For the design of the stator flux controller
parameters, the optimum symmetry criterion is
applied [11],[12],[2]. According to this criterion,
the function which describes the studied system can
be put in the general form:

Kpe 5o 1
T (1+ST,u ) S(T(ps+l)

Hyp(s)= 27

With:

studied system. The inverter used is considered
ideal, it allows to put To = 0 'Dead time is zero'. The
PI controller parameters are:

Ko, Ty, 79 et Ig are the parameters of the

TO'

K=e— 0
2K (T +7.)
s 0 ,Tug 0 (28)

8K, (T, )2

In that case: 7, ﬂ:T¢, ==L K=l

The bode diagram of the closed-loop transfer
function shows stable operating limits with a
maximum phase margin of 36.9 °, occurring at the
cutoff frequency of 1 * 105 rad /s (15.915 KHz).
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Eode Diagram
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D.:"j 170 / | Clozed loop stable? Yes

—— .
T H—""'—-s_J

80 e il
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Figure 7. Bode diagram of the closed-loop transfer
function of the flux controller tuned with the optimal
symmetry criterion

4.3 Torque Control
The block diagram of the closed torque
loop is shown in Figure 8 [9],[10].

Couple de Couple

référence Déld de Moteur estimé
Il Ondulenr u
Asynchrone

Controleur Pl ftd =,
tratement

Systéme édié F.(5)

Délai de rétroaction

Figure 8. Closed loop torque control block diagram
taking into account process delays

It consists of a PI type controller block; its transfer
function is of the form:

Gp, (s):K[HTSJ

TS

(29)

With: K and 7 are respectively the proportional gain
and the integration time. The transfer function for
the digital signal processing delay is presented in
equation (30), where T, is the processing/execution
time of the algorithm:

1

Gpd (S):ﬁ (30)

The third block consists of the inverter model with
a transfer function in the form:

G, =—
inv () 7,5+

G

With: 7o is the dead time of the inverter.

The last block is the transfer function of the
feedback filter which Tr is the filter delay:

1

o 62
The equation of the electromagnetic torque:

3
Ce:ZP((pdslqsquslds) (33)

Taking into account that the quadrature component
of the stator flux is zero ((Pq s =0) , this makes it

possible to have a linear function between the
torque and the quadrature stator current:

Cezgp((pdslqs) (34)
Since the torque control proposed in this paper
consists in extracting the stator voltage in
quadrature, equation (34) can be rewritten using
current expression as a function of the quadrature
voltage (3):

1
Iqs :F[Vqs ~OPds }

N

(335

3 P
Ce =ZE§0dS |:Vqs “0sPas :| (36)

Equation (36) shows that the coupling between
torque and flux is omitted, since the quantity is
considered a disturbance and the direct component
of the flux is a constant, hence the following
transfer function:

Ce (s) . 37
Vs () (37)

GC (s)=
. 3P
With: 7 4R, P

The open loop transfer function then becomes:

1+7s 1
78 -T(ps+1’

Geor (9)=K ”z (38)

The closed loop transfer function is written in the
following form [9]:
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Cem(s )7 l+zs l+zs

T T (39)
G ) 1+zs4*s(T(ps+l) Wl T 2
Ky Ky | Ky @

t

%
With: C,, and C, are respectively estimated and

reference torques.

O

V. % . c

W

w5 ) T,s+1

Figure 9. Torque control loop

The criterion used in the control of the torque is
that of Symmetry optimal [11],[12],[2], according
to this criterion, the function which describes the
studied system can be put in the general form:

—8T,
Kge °70 M

H = =
c(s) 1+sT/u (T(ps+1)

(40)

With:

studied system. We considered that the inverter
used is ideal, it allows to put to = 0 'Dead time is

Ko, Ty et 7o are the parameters of the

zero' and the damping factor & = 1. The PI
controller parameters are:
K=1
2
K_ (I+K )
z- 4§2T X With: Tﬂ=T¢,KO=77z (41)
Moo

Bode Diagram

Magnitude (dB)

-90.5 System: Linearized at time 0.

Phaza Margin (deg): 885

Dalay Margin (sec) 1 2e-05

Al frequency (radfs) 1. 28s+05
Closed loop stable? Yes

[

SB[ TR e

-92

91

Phase (deg)

Frequency (radfs)

Figure 10. Bode diagram of the closed-loop transfer
Sfunction of the torque controller tuned with the optimal
symmetry criterion

The bode diagram of the closed-loop transfer
function shows stable operating limits with a
maximum phase margin of 88.5 °, occurring at the
cutoff frequency of 1.28 * 105 rad / s (20.371
KHz).

5. TORQUE AND FLUX ESTIMATOR

From the point of view of control theory,
the performance of a feedback control system relies
on the accuracy of the feedback signal. For accurate
and robust control characteristics, the most accurate
signal must be selected as the feedback signal. In
our case, the control used is based on an estimation
of the torque and the stator flux, the latter can be
evaluated more precisely than the rotor flux which
has a certain limitation of performance due to the
effects of “detuning”. A major cause of “detuning”
is the variation of the leakage inductance that is
used in the estimation of the rotor flux [13]. The
feedback parameters can be evaluated in the
reference (o, B) and with the equations below:

é’sa :f(t)(ylva _RSISO( )dt

by plolVepRelyp )t (42)
Ps=PsatIPsp (43)

The position and the modulus of the stator flux
vector are calculated as follows:

¢
_ 2.4 2, _ sp
Ps=\Psa” *9s5p ’95—“”%{(;, ] (44)
sa

The motor electromagnetic torque estimator is
based on the torque equation according to the
estimated fluxes and the stator currents measured
according to equation (45):

3 (. A
Ce :ZP(¢aslﬂs _(pﬂslas) (45)
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Figure 11. Stator flux and torque estimators in the (o, )
frame

6. SPWM MODULATION OF A 2-LEVEL
INVERTER

6.1 Three-phase two-level inverter

In the structure of the two-level three-phase
inverter fed by a DC source Vdc, there are three

arms each composed of 2 switches KK 5 3) with

an antiparallel protection diode for each bipolar
transistor insulated gate '[GBT'. These diodes
provide freewheeling. The three middle points of
each arm A, B and C feed the three-phase machine.

Figure 12. Three-phase two-level inverter

Table 1 below explains the switching states of the
transistors:

« 'P' indicates that the voltage across the inverter is
positive.

« 'B' indicates that the voltage across the inverter is
zero because of the conduction of the lower part.

Table 1: Output status of each arm of the 2-level inverter.

K\ Ko\ Phase Leg
voltage status
1 ON OFF Vdc P
OFF ON 0 B

Due to the three active branches, three switching
functions sa, sb and sc are associated with the
three-phase complete-bridge inverter. The line-to-
line and line-to-neutral output voltages are given

Van Vi 2 -1 -],
Vo ] 2 sy ‘
v 12 15 K;=ON et K =0FF
o c Avec: s = : (45)
Vib 1 -1 0%, 05i K| =OFF et K| =ON
Vie FVge 0 1 18y
10 1
,VCa, SC

Each line-to-line voltage can take three values:

Vde, 0 and -Vdc, and each line-to-neutral voltage

can take: %Vdc, %Vdc’ 0, -%Vdc et %Vdc . In PWM mode,
the maximum voltage gain is 1, ie the maximum
attainable peak value of the fundamental line

voltage is equal to the DC supply voltage [2].

6.2 PWM pulse width modulation control (sine-
triangle):

The most common and popular technique
among interspecific PWM approaches is the
sinusoidal pulse width modulation (sine-triangle)
[14],[15]. This technique is based on the
comparison of a low frequency reference sine wave
with a higher frequency triangular wave to reduce
the harmonic rate (Figure 14) [16]. Using these two
signals as comparator inputs, the output will be a
two-level square signal that determines the
switching times (Figure 13). Characteristics of this
modulation are:

» The modulation rate:
It is defined as the ratio of the frequency of the
carrier and the modulating wave.

(43)

To avoid low order harmonics, this ratio t, must be
greater than 20 (commonly accepted rule of
thumb).

» The modulation index:
Also called the adjustment coefficient, it is the ratio
of the amplitudes of the modulating signal and the
carrier.
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m:I;m
7 (44)
p
wave }@
Triangle Scope
[ _:’+_‘ o N|
Sin%‘rﬂ S”blml‘ |R_;r_|55f| I—DE’—D
[Ej h__::__J ’E@f} l__b * ‘I'
=1
== = aeays
@7_’_ > >
SineWaved Sublract? IRE'_ESQI I—DE*—D

—

Scopel

Figure 13. PWM technique using a sinusoidal and
triangular signal

Figure 14 shows the signals and pulses of the
control switches of the SPWM (sine-triangle) for a
2-level inverter.

Cantro signals of SPYh SPVWM Pulses

: — Triangle
1], SERTRSTS . SOOISESY | SOV | W Y 1

—_—

200

Figure 14. The six pulses resulting from the SPWM (sine-
triangle)

7. SIMULATION RESULTS
» Switching on and starting unladen:

In order to prove the performance of the dynamics
of the control system, simulations are made using
matlab/simulink software. The results of the
simulations concern a three-phase squirrel cage
asynchronous motor with a power of 1.5 kW and
with the parameters presented in table 2. Initially it
was powered up and had a vacuum start. Then a
load is applied at t = 0.25s.

400

Yab Woltage [V]

een | B NITIRIEINIR

Vab [V]

200 N HIEIBIBIBIAIE :

] 0.05 0.1 015 0.2 025 0.3 0.35
Time (s)

-400

Figure 15. Line to line voltage of the inverter

The circuit produced a three-phase output ac
voltage that had maximum voltage amplitude of the
same value as the dc input voltage (figure 15). The
behavior of the inverter at the output is checked.

Three phase stator currents

o

Stator Currents [A]

Figure 16. Three-phase stator currents (a, b, ¢)

The starting current of the motor is controlled at 4
times its nominal value and a reference of the
progressive stator flux is applied (figure 16). The
steady state of the stator current is reached around
0.15s, and then it stabilizes at its load value which
is relatively large and very responsive but also
reasonable since the engine is characterized by the
presence of a significant air gap. The load is
applied at t = 0.25s, the current reaches rapidly its
stationary value (5.2 A).

Stator Flux Components in {alpha beta) frame

n

o

Stator Flux
Corgponents‘g/\lb]

o

[ . - ...i . i
0.15 0.2 0.25 0.3 0.35
Time (s}

u] 0.05 01

Figure 17. stator flux components (a, p) (Wb)

Figure 17 shows that the stator flux ripples are
minimized, therefore the wvariations of the flux
components are pure sinusoidal and their
amplitudes are constant.
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Figure 18. The stator flux (Wb)

Figure 18 shows the magnitude of the flux that is
maintained at its reference, we can also note that it
has a very low level of ripples.

Asynchronous Motor Speed

; ; i ; ; ;
o 0os 01 015 02 02 03 035
Time (s)

Figure 19. Asynchronous motor speed with load applied
at 0.25s

Figure 19 illustrates the variation of speed; it
quickly reaches the steady state whether it is
unladen or after the application of the load and with
a null static error, which proves the efficiency and
robustness of the command.

Electromagnetic Torque

60

40k pEY

20

Torque [N .m]

1 1 1 1
] 0.05 0.1 015 0.z 0.zs 0.3 0.35

Time (s)

Figure 20. The electromagnetic torque with the load
applied at 0.25s

It is found that the electromagnetic torque quickly
reaches its maximum value which is beneficial to
achieve a quick start, then returns to zero since it is
unladen. When the load is applied, the motor
reaches its operating point quickly with a delay not
exceeding 0.1s. This proves the effectiveness of the
control strategy.

»  Switching on and start up on load:

The following figures (21-22-23) show the
variations of the motor variables with a load start.

Figure 21 shows that the starting current does not
exceed 4 times the nominal current and that the
steady state is reached rapidly to 0.2s.

Three phase stator currents

Statpr Currents [A

0 0.0s 0.1 015 0.2 0.2s 0.3 0.35
Time (5]

Figure 21. Three-phase stator currents (a, b, c)

Electromagnetic Torgue
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Figure 22. Electromagnetic torque

In figure 22, the torque quickly reaches its
maximum value which allows a fast start of the
motor, the steady state is obtained towards 0.25s.
For the same reasons already mentioned, the torque
has ripples around its instantaneous value. The
speed (figure 23) quickly increases towards its
reference.

Asynchronous Motor Speed

1500
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Figure 23. Motor speed
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8. DISCUSSION

In order to demonstrate the efficiency of the
proposed strategy, the system results were
compared with some of the previous works in this
field. The results show that using PI regulators
instead of Hysteresis comparators in conventional
DTC reduces ripples in stator flux and torque as the
system is operating at constant switching frequency
using the PWM modulator which decreases
switching losses. The tuning process of PI
controllers is done following the criteria adopted
for electric drives such as optimal symmetry
criterion and identification which achieved fast
response and optimized system behavior with
respect to disturbance signals. So according the
results from the previous works compared to this
paper’s work, the proposed strategy achieved good
results.

Table 2: Engine and Regulator Parameters.

Parameters Values

Motor type 1.5 Kw/ 50 Hz
Nominal current 6.4A

Stator resistance 485Q

Stator Inductance 0.274 H

Rotor Resistance 3.805 Q

Rotor Inductance 0.274 H
Mutual Inductance 0.29 H
Moment of inertia 0.031 Kg.m?
Friction factor 0.00114 N.m.s/rd
Stator flux 0.9960 Wb

P 2

Speed controller-K, 2.943

Speed controller-Ki 69.94

Torque controller-Kp 1

Torque controller-Ki 211968.83
Flux controller-K, le5

Flux controller-K; 5e9

Sampling time Sps

9. CONCLUSION

In this article, we studied the dynamics of
speed, stator flux and torque of the three-phase
asynchronous motor fed by a two-level inverter
with sinusoidal PWM. The proposed scheme of
direct torque and flux control was based solely on
the analysis of stator equations such as
conventional DTC, so the control algorithm is not
sensitive to changes in rotor parameters, more
known that the stator flux can be estimated from
terminal quantities more precisely than the rotor
flux. The closed loops presented in this proposed
method was based on PI correctors which were
tuned by using two types of setting methods such as
identification and optimal symmetry criterion,

which allow us to improve significantly the
system’s control by reducing the response time and
eliminating the static error. This strategy seems to
be a good compromise between ease of
implementation since it uses fewer control loops
compared to other commands such as FOC “Field
Oriented Control” and high performance since it
increases the stability of speed and torque in the
steady state and decreases the ripple of torque and
stator flux compared to the conventional DTC
control. The simulation results have proven the
effectiveness and robustness of the entire control
strategy.
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