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ABSTRACT

The induction motor (IM) is very well identified as the heart of electrical engineering of industry. The advance of
changeable torque induction motor commands has a long history of improving direct torque control (DTC). Today’s
sophisticated industrial commands are the technique of the extensive research and the resulting ones from the system
approach to obtain. The improvement method DTC (IMDTC) is employed on technique switching table, variation of
the reference torque error and the judiciously selected of flux error. DTC employs a couple of hysteresis
comparators to make together torque and flux dynamic control. The performance of this IMDTC has been confirmed
by simulations represented using a versatile simulation, Matlab/Simulink.
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1. INTRODUCTION

For many years, induction machine have used the majority regular shape of electrical engineering command for
industrial, in benefit reduction of torque ripple, improved quality of IM consumption, it ameliorates the lifespan of
IM. In the DTC of IM is used by the selection of a switching vector from table. The ripples minimizations of torque
and flux in IMDTC approach (a, b and c); are used on method switching vector from table, variation of the torque
error and the judiciously selected flux error [1-7,10-14].

The IMDTC of the three-phase IM of figure 4 is subjected to values of the successive voltages, which realizes the
protecting of its insulators and amelioration in its lifespan of motor. The critical model of IMDTC is to command
directly together the stator flux relationship and electromagnetic torque of IM simultaneously by the selection of
optimum inverter switching vector from table.

The switching logic control assist the creation of the stator voltage space vector, with a judiciously choice of
ordering of IGBT of the inverter, on the foundation of the information of the sector in which the torque and the
stator flux. The sector recognition relies on the precise estimation of stator flux location. The IMDTC controlled by
the comparison between the estimated torque and the reference torque, also be controlled by the comparison of the
estimated flux and the reference flux [8-11][17-20].

The remainder of this paper is organized as follows; System IMDTC of IM is presented in section 2, model IMDTC
is discussed in section3, electrical model of IGBT is presented in section 4, the simulations results and discussions
are dealt with in section 5 and overall conclusions are presented in section 6.

2. SYSTEM IMDTC OF IM
The parameters of IM are converted the equations of the three phases IM on the equivalent two-phase components,
the equations of IM are given as follows [1-4][9-11][13-16][18].
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The stator flux and phase angle are given by.
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The torque, stator flux and rotor flux are given by the following equations.
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The voltage V. is the DC bus voltage and the commands (Sy, S, ... Sg) are the inputs signals of IGBTs with they are
relevant to the inverter strategy.

Vdc

Figure 1. Three- phase voltage inverter

The voltages (Va,Vg and V¢) are given by the following matrix.

© 4 1]
1 —_ —_
Vv 2 2| ]s
A 1
v I N |1 L s (13)
B 3 |2 2 2
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C 1 1 1 53
12 2

The commands ( S;, S,, or S3) of inverter are given by the following equations.
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The three-phase inverter of eight output states is given by the following equations.
2 i 2 o
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For i=1,2,...6 ; are six non-zero active voltage space vectors

and V0 = V7 =0 ;aretow zero voltage space vectors.

da

d
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Figure 2. The effect of voltage vectors.

The electromagnetic torque can be rewritten in d-q coordinates as.

3P
_ . 18
T= 2 (d)dslqs ¢qs|dsj (18)

3. MODEL IMDTC

Generally in the figure3 system of IM, the comparators torque and stator flux are carried out below an approach
IMDTC with the optimal switching logic [1-4,13-15,18]. The three-phase inverter is subjected to values of the
successive voltages, can be used via Vdc and by the switches (S;, S, and Sg) This method uses a new approach
control of torque and flux to minimize the flux and torque ripple. The flux control (g,) is carried out by the two
following equations.

- — = & y e >e (19)
Psmin = Oref Pmin ¢  ®Pmin
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A
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Figure 3. Hysteresis control of flux.
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The stator flux and rotor flux of the IM are determined by the following equations.

dbs _Ri mr.RS
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The torque is given by the following
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equation.
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(22)
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The angle between the stator flux and rotor flux; is critical role in scheming output torque.

aA

1 w- d

Figure 5. The principle of angle between the stator flux and rotor flux
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The rotor and stator fluxes of equation 21 are expressed in the discrete form as.

RS mr.Rg
¢ mr'qu) t iwr— |y 16 (25)
=— + r———o +
rk+1) ~ Hg sktep *| () oL, )P rk

The use application of method IMDTC, introduce the improvement torque ripple with te, controlling period of a
small value and k+1 is sampled instant. The torque and flux errors (e, &, ) are realized by tow hysteresis controllers
and alters their outputs at the cycling period. The torque control () is carried out by the two following equations.
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Figure 6. Hysteresis control of torque and torque ripple (Tip).

Tablel, the technique-switching vectors indicate the output signal gate of the voltage switches of the inverter;
realized by Stator flux (A¢ ) and torque (Ac) hysteresis controllers in IMDTC

Table 1. Switching table for conventional DTC

sector 1 2 3 4 5 6
Flux Torque

Adb=1 | Ac=1 Vo | V3| Vy | Vs | Ve | Vs
Ac=0 Vo | V7 | Vo | V7| Vo | V7
Ac=-1 | Ve | V1| Vo | V3| Vy| Vs
Ap=0 | Ac=1 Vi3 | Va| Vs | V6| V1| V;
Ac=0 V7 | Vo | V7 | Vo | V7| Vo
Ac=-1 | Vs | Ve | V1| V2| V3|V,
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The total harmonic distortion (THD) is defined as the RMS value of the fundamental current (I;rms) and RMS value
of the harmonic (I,rms). The quality IMDTC of IM is measured with the total harmonic distortion (THD,) for the
phase current.

S0
n =2 nRMS (28)

THDI% =100 |
1RMS

The uncertainty torque (AT) is ordered by reference torque (T ).

20.T

Case (a); AT = _ref 29

@ 100 (29)
10.T

Case (b); AT = —'e_ 30

(b) 100 (30)
0.1.T

Case (¢); AT = __ref 31

(©) 100 (31)

With ATe [g (32)

€

€min ematx}
The IMDTC to return the instantaneous torque equal with the reference torque at the end of the cycle and the
technique is given by the following equation.

Te(k+1) = T (33)

The electromagnetic torque (T) and torque estimation (Te) of IM are given by the following equation.
Te

— -1 (34)
T

4, ELECTRICAL MODEL OF IGBT

The thermal model of IGBT is used in IMDTC with a temperature without cooling. The electric model used for the
Semikron module SKM 75GB 123D of IGBT at various temperatures; the voltage drop at the boundaries (V cesay ),
with power dissipated (Pgis) and internal resistance (Rcgrj ). The technique investigation that was performed with
the Semikron module SKM 75GB 123D (75A/1200V) is presented by the following equations [21].

2
VeE(r) <15+0002.(T; - 25) (36)
0,00008.(T; —25) +0,020< R o () < 0,030 +0,00010.(T; — 25) (37)

5. SIMULATIONS RESULTS AND DISCUSSIONS
The technique model of IMDTC is to command directly together the stator flux relationship and electromagnetic
torque of IM simultaneously by the selection of a switching vector via tablel and table 2 from optimum inverter

switching vector. With IMDTC is determined enters the two basic variables (ACand A¢) and table 2 to realize the
results of three approaches (case (a), case (b) and case (c)).

Table 2. Improving the torque ripple by approaches

Cases a b c
X 20 10 0.1
AT (N.m) 8 4 0.04

315



IJRRAS 7 (3) » June 2011

1005 /Zoom Time (s)

1.015

1 1.01 Time (s)

(a)

Tna

ﬂ
I

1.0

1 1.02 1.04 Time (5)  1.08
Ia (&) Fundamental (50Hz) = 8243 , THD= 7.83%

11

=1
=1

Mag (% of Fundamental)

0 2 4
Frequency (Hz)

(a)

&

%10%

=}
o

N

=}
i

0

0

|

)

M’barki & al. e Approaching Different of Minimum Torque Ripple
EIB

D4
b \
016

200111 Time ( 08Zoom 1

1

g

4

2

E I

U

1

I i

| J

v

o

.
1 1.002

Time (

(b)

1.004 Time () 1.008

(c)

Figure 7 .Signals generated from the comparison of hysteresis controllers (torque with the flux) in IMDTC of
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Figure 8. Phase currents and THD, of IMDTC (case (a), case (b) and case (c)).

Generally, the switching frequency minimizes ripples torque; like the passage of case (a) to the state of case (c),
however, when changing cases, the switching frequency augment of IGBT in figure 7.

Concerning figure 8, the IMDTC realize reduce the total harmonic distortion (THD) in the IM. Moreover, the cases
improve output current, reduces output total harmonic distortion and current stress on IGBT. By improving DTC of
figure 8.(c), the current equal 61.04 A with THD equal to 1.86% and the THD, is reduced to 5.97%.The THD, is
showed in figure 8.(C), which is better harmonic distortion comparing to the currents in figures 8(a) and 8(b).
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Fig.9.IMDTC of approaches (case (a), case (b) and case (c) ) results for a load of 40 Nm and improvement of the

torque ripple
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The figures 9, a voltage inverter feeds the motor is designed using an IMDTC, shows respectively, the reference
torque proposed by DTC and the electromagnetic torque of IM presented in the same condition; one finds a
modification of improvement of torque undulation with case (a) equal +8.3 N.m, case (b) equal +4.4 N.m and case
(c) equal +0.5.
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Figure 10 .al. Evolution of the junction temperature (in the IGBT1), a2. Evolution of the case temperature (in the
IGBT1).

In order to estimate the junction temperature of the IGBTL, figure 10.al shows the evolution of the maximal
junction temperature in the IGBT1. In the thermal model, three different approaches of inverter have been used; the
IMDTC have used the majority regular improvement of command for IM, in benefit torque ripple reduction,
improved quality of IM consumption, it ameliorates the lifespan of IM. On the contrary, the junction temperature of
IGBT1 obtained by case (a), otherwise like the case (b), lower of the junction temperature obtained by the case (c)
and even remark for the junction temperature, like the case temperature (figure 10.a2).

Table 3. List of Symbols

Rs: Stator resistance ( 1.4534 Q), T,: Load of torque ( 40 N.m),

R;: Rotor resistance ( 1.4160 Q), T: Electromagnetic torque,

L,: Rotor inductance (0.0143H), Te: Torgue estimator,

L,: Stator inductance (0.0144H), Tt : Reference torque,

M: Mutual inductance (0.0132H), F: Friction coefficient (0.015 kg.m2 /S),

Vs, Vs: d-axis and g-axis stator voltages, J: Moment of inertia (0.150 kg.m?),

lgs, lgs : d-axis and g-axis stator currents, p : Number of pole pairs in the motor (2),
f : Fundamental frequency (50 Hz),

c=1- : Blondel coefficien t, Vge: Continuous tension (460V),

Lr.Ls tsp: Small control period,
@ Rotor Flux, or ; Rotor pulsation,
@ : Stator flux, (k +1) : Sample instant.

6. OVERALL CONCLUSIONS

The aim of the paper was to give a fair comparison between cases (a, b and c), to allow IMDTC, improved quality of
IM consumption and it ameliorates the lifespan of IM with development of temperature switching IGBT. The
improvement of the corresponding IMDTC has strictly followed an appropriate methodology, which offers
extensive advantages and allows the foundation of a DTC of optimized reusable IM. The application IMDTC of
induction motor, allows by using hysteresis controllers to regulate torque and flux with the information of the
angular location, is used to address the switching table. The IMDTC allows minimizations in output current total
harmonic distortion and the torque ripple. It has been summarized that the IMDTC is a better choice for this kind
application.
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