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~——Control DTC associated with different technics of bservation
(KUBOTA and MRAS observers) of an induction motor.
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Abstract: In this article, we present the construction ofestsers of rotor flux and mechanical speed needed
for robust control of the asynchronous machine. Tlservers will be developed for comparison. Thet fs
based on the techniques MRAS and the second enadysof KUBOTA, with the enhanced DTC, "sensorless
DTC", The validity of the proposed strategies of obsmaare confirmed by the simulation results.
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1. Introduction

Getting high performance with an asynchronous nmehrequires complex control including
requiring reliable information from process contrtitis information can reach the sensors, they
dedicated the weakest link in the chain, so itsttie fill their functions by calculation algorithms
reconstructing the machine states, such toolsharedame of estimators and observer [1]for reasbns o
cost or technological reasons, it is sometimesréstrictive measure some quantities of the system.
However these quantities may represent an impoitdatmation for control or monitoring. It is
necessary to reconstruct the evolution of thesablas that are not directly from the sensors. We
must therefore carry out an indirect sensor. Fdg, tthe estimators are used or as appropriate,
observers [2].

In this work, our main objective is to exploit &dial intelligence tools namely: networks of
artificial neurons on the DTC controln this work, our main objective is to exploit #idial
intelligence tools namely: artificial neural netisron the DTC control, we use the adaptive observer
of Kubota to estimate the flow and we express ttemation error then THD of stator current is
evaluated.

2. DTC control

Since Depenbrock and I. Takahashi proposed DTG aaoitthe asynchronous machine in the mid-
1980s, it has become increasingly popular. The @d@mand makes it possible to calculate the
control quantities that are the stator flux and #hectromagnetic torque from the only quantities
related to the stator and this without the inteta@nof mechanical sensors [3].

The principle of control is to maintain the staflux in a range. The block diagram of the DTC
control is shown in Fig.1
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Fig. 1 Structure of classical DTC.
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The DTC control method allows direct and indepenhddactromagnetic torque and flux control,
selecting an optimal switching vector. The Fig.hdws the schematic of the basic functional blocks
used to implement the DTC of induction motor drivevoltage source inverter (VSI) supplies the
motor and it is possible to control directly thatst flux and the electromagnetic torque by the
selection of optimum inverter switching modes [4].
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Fig. 2 Voltage vectors.
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The switching table allows to select the appropriaverter switching state according to the stéte o
hysteresis comparators of flux (cfland torque (ccpland the sector where is the stator vector flux
(9s) in the plan ¢, B), in order to maintain the magnitude of statoxfand electromagnetic torque
inside the hysteresis bands. The above considerallimvs construction of the switching table [5].

Table.1
The selection of electric tension

AQs ACe | Sector 1 Sector 2 | Sector 3 Sector 4 Sector 5 Sector 6
0 1 V3 Vs Vs Ve Vi V2
0 Vs Vs Vi V2 V3 Vi
1 1 Vz V3 V4 V5 V6 Vl
0 Vs V1 Vz V3 V4 VS

3. Adaptative system with reference model’MRAS’

This technics is designed on the basis of an agaptistem using two estimators flow, the first not
introducing speed is called the reference modevdtinge model). The second, which is a function of
speed is called adjustable model (or current motied) error produced by offset between the outputs
of the two pilot estimators an adaptation algorith@at generates the estimated speed [6].Fig. 3
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Fig. 3 Structure of the MRAS observer

* The basic model:
from stator and rotor equations of the an asynausmachine, we have:

+ Reference model :

dg¢ - L dl

dtra_Mr (Vsag "Rs'lsg ~ 7 Ls- dtsa)
dérp _ Lr _ . d sg 3)
dt Y (Vs,B Rs-1spg Ls- g )
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* Adjustable model:

dd 1 g 1 5
= - -P.0. + |
ot Trﬁra $ra T, !sa
dé rp 1 ~ M (4)
72_7¢-rﬂ+P'Q+7|Sﬁ
dt Tr Tr

The algorithm of adaptation is chosen so as to eme/the adjustable model to the reference model
thus minimizing the error and have the stabilityttef model. For this, the algorithm parameters are
defined according to the criterion of hyperstapitiaid Popov.

The error between the states of the two modeldeaxpressed in matrix form by [7]:
{s a } _ $ra " Pra
£p brp " Frp (5)

S,
_ Tr L fa | Pra (o -5
{w —1} {fﬂ} L}'rﬂ} ¢ )

Slel= (Al [e]- v ]

Schauder offers an adaptation law that meets ttegion of Popov and given by the equation:

(6)

t
w = Qole)+ (J)Ql(s)dr

The criterion of Popov requires satisfaction of fillowing integral:

T 2
g Wit 2-, ,y>0 (7)

OoO—

Using equation (7), while replacirgand w by their values, we obtain:

j t 2 (8)
é{[fa'ﬁrﬁ‘f,b’-fm]'[w-Qz(s)—éQl(s)dr} dt2-

The solution of equation (8) can be found usingfetilewing relation:

}k.(df (t)j f(t)dtz—%kf 0y k>0 ©)

0 dt

Using the latter equation for solving Popov of itiegral, the following functions are obtained:

leki(¢rﬁ'¢—ra_¢ra'¢'rﬁ) (10)
Q2= k p(¢fﬂ'ﬁra _¢ra'¢-r[¢’)
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By replacing this system of equations in equatibd) (yields the value estimated by the following
adaptation law:

5= 1o@rpF. - paB ) KB gh g F ) (11)
kp'@rp? g " Pra rB 0 87 g Pra B

4. Design of the Kubota observatory

The estimators used in open loop, based on theofusecopy of a model representation of the
machine. This approach led to the implementatibsimple and fast algorithms, but sensitive to
modeling errors and parameter variations duringatjme.

Is an estimator operating in a closed loop andritpein independent system dynamics. It estimates
an internal physical quantity of a given systensdasonly on information about the inputs and owstput
of the physical system with the feedback input e error between Estimated outputs and actual
outputs, using the K matrix gain to thereby adfhstdynamic convergence error [8].

The structure of the adaptive observer of KUBOTAlisstrated in Fig. 5, when the rotational speed
of the machine is not measured, it is considereghasnknown parameter in the observer's system of
equations based on the state model. This statelrnisogigen below [9].

Fig.4 Structure of the adaptive Kubota observer.

The modeling the observer KUBOTA

+ State model

{x[= e g fan 2] x:['s] (12)

y = Cx A21 A22 Pr

So the observatory associated with this modelitgen as:

& ¥ (13)

= g1 92 93 0y
dt

AX+Bus+G(Is_rs) G=
—d2 01 ~94 093
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By askingthae=x-X  estimation erromzEen the model and the observer:
» Estimation error

0 Akwd
0 Awl

E:(A—GC)e—AASZ;AA = A-A-= {

o :|,AW:W—VTI (14)

« Adaptation mechanism

The speed adjustment mechanism is derived fronapipdication of Lyapunov theorem on system
stability. Let Lyapunov function defined positive:

T (w-w)? (15)

V =e e+
A

Otherwise, the derivative of this function with pest to time is negative:

dv dw 16
T=6TQG‘2Aw[k(eisa¢'rﬁ_9isﬁ5ra_%)} (16)

With:
eisa “isa "isaeispTispTisB

Q = (A-GC )T+(A—GC) (17)

Equation (8) must be set negative according td_tfagunov stability theory. Therefore, by careful
selection of the gain matrix G, the matrix Q musté negative definite matrix and the adaptation
mechanism for estimating the speed will be redimedancellation of the 2?'term of the equation (9).

The estimate of the speed is done by the followamg

@ = kA f(eisg Frp ~eisp Frald (18)

To improve the speed of dynamic observation, preposise Pl instead of a pure integrator:

&= kp-leisa Frp~eispPra) T kil (6isa Frp~ eispPra)t (19)
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The simulation is performed by MATLAB-Simulink emehment, where the reference speegdw
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150 rad / s ands%2s, applied to the loagHls and eliminated te41.5 s.

Normal operation with load variation

5. Simulation results
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Testing the robustness of low speeds (50-15 rad)/ s
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Figure. 6 Speed and flux estimate by Kubota (Iftlas (right).
Figure. 7 Error estimation of speed and of fluxdupota(left), Mras (right)
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Case of variation of R(-50%)

Figure. 8 Speed and of flux estimate by Kubotg(léfras (right).
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5.1 Comparison and interpretation

Table.1 Comparison betweéhe performances of KUBOTA and MRAS

Precision | swiftness Oscillation Low speed
MRAS Accurate | Fast Existing Good
KUBOTA | More Fast below Missing Excellent
accurate

This table shows that the simulation results usantjficial intelligence techniques (neural
hysteresis) show that the tracking of the set peiperfect. We note that the ripple of electroneign
torque and stator flux reduces perfectly compameadnventional DTC without neural hysteresis
comparatotit is more apparent throudhe trajectory of the stator flux In addition tdaage decrease
in THD as shown in the table above , We were ablednclude that the DTC control by neural
hysteresis showed good performance than the cd$3icC control.

Simulation results show that using the observeimigortant in the control of the machine, the
estimation error as zero in the steady state,iidjer advantage for KUBOTA observation technique
it's insensitivity to the machine settings.
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6. Conclusion

In this paper, we mainly presented the estimatibthe rotor flux by the KUBOTA adaptive state
observer, then we evaluated the estimation errothef flux, we also devoted to improve the
performances of the direct control of the torquéhef asynchronous two-level UPS powered machine
based on atrtificial intelligence techniques by @aélmysteresis, The simulation results show that the
use of both estimators is important in the contfdhe MAS, the transient and very short regime and
the error between the flows estimated and meagoreero in the steady state, the robustness tésts o
the estimator are also verified. According to timeusation results too, we notice that the estintatiy
MRAS technique performance (a little overflow, sh@msponse time, no oscillations, robust), but the
observer KUBOTA also play its role, and give goedult and almost similar by contribution to the
1st observer The major disadvantage of the spdadadi®n based on MRAS is its high sensitivity to
the parameters of the machine For this, severdtsmoave proposed online adaptation techniques the
stator resistance and also rotor resistance.

Finally we can say the use of the estimator brangkear improvement to the looped structure.
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