ELECTRONICS AND ELECTRICAL ENGINEERING

ISSN 1392 - 1215

2010. No. 8(104)

ELEKTRONIKA IR ELEKTROTECHNIKA

ELECTRICAL ENGINEERING

T190

ELEKTROS INZINERIJA

Real Time Rotor Flux Estimation for Induction Machine Drives: an

Experimental Approach

S. Grouni, R. Ibtiouen
Departement Genie Electrique, Polytechnics School,

El Harrach, Algiers 16000, Algeria, phone:+21321515556, e-mails: sgrouni@yahoo.fr, rachid.ibtiouen@enp.edu.dz

M. Kidouche

Laboratory of Applied Automation, University of Boumerdes,
Algeria, phone:+21324811500, e-mail: kidouche_m@hotmail.com

O. Touhami

Laboratory of Electrical Machines, ENP,

El Harrach, Algiers, Algeria, e-mail: omar.touhami@enp.edu.dz

Introduction

Squirrel cage induction motors are of major interest
because of their simplicity and low cost. The rotor currents
of squirrel induction machines are not accessible. In order
to control the torque or speed of an induction motor, one
must establish a flux observer to estimate the magnetizing
currents. By using the advances of digital signal processing
(DSP) technologies or the FPGA controller, the control
schemes of induction motors are improved from simple
scalar control strategies to field oriented control and direct
torque control [2, 4, 6, 7].

Knowing that rotor flux is a not measurable, its
estimate or its observation appears of capital importance
for induction motor drives [1]. With an aim to improve
performance control systems, a new estimation approach
using the dynamic flux observer has been proposed in real
time operating all transient and steady state operation [3].
In this technique, speed is calculated from the dynamic
model of the machine and requires only the easily
measurement machine voltage and current. The rotor flux
required for speed calculation is estimated by a reduced
order observer. Using computer simulation and
experimental results presented in the algorithm has been
found to perform well the case of control values flux
machine [5, 8, 9]. However, due to direct calculation of
speed from the dynamic equations, the estimation accuracy
will depend on parameters that vary with temperature
change during machine operation [12].

This paper explores the influence of parameter
variations on estimated rotor flux by an experimental work
at steady state and transient operation. The objective of
newly developed notion is to propose experimental real
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time application for induction motor drives using DS1104
for the drives.

Mathematical model of the Induction machine

The mathematical model of induction motor is

available in most literature [10, 11]. Parasitic effects such
as hysteresis, eddy currents and magnetic saturation are
neglected. The dynamic model for induction motor with
symmetrical system is described below.
The most industrial applications of induction machine
drives, need information of rotor flux in control, but the
flux is not accessible, for this we need observer flux in
control. The stat vector is defined [10]

(1)

The Dynamic model of motor is defined in fixed
referential (¢, ) as follows
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The outputs variables are know by measurement
values of stators current sensors.

Where (T,,K,y,o,m;)are the motor parameters
coefficients:
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where ¢ — the Blondel dispersion coefficient; R, R, — stator
and rotor resistances; L., L, - stator and rotor cyclic
inductances; L, — stator-rotor cyclic mutual inductances;
Vsqp — stator voltages in reference frame of; is,z — stator

currents in reference frame of.
The expressions of stator and rotor fluxes are defined
bellow:
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The electromagnetic torque expression presents high
coupling [5]
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where Vs, , Vsp are the a-axis and B-axis equivalent phase
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voltages of stator winding; Qg,Q are the synchronous
and mechanecal rotor speeds of machine; Rq,R, are the
resistance of the stator winding and rotor; is, ,isg and

irg »Irp are the o-axis and B-axis equivalent stator and
rotor currents; s, , psp and @y, , ¢rp are the a-axis and
B-axis equivent flux linkages of the stator widing and rotor.

Dynamic model of the proposed estimation methods on
rotor flux

Model of estimation flux based on current model. For
squirrel cage induction machines, the rotor current is not
accessible. Therefore, the estimation equation of rotor
fluxes based on current model is defined by expressions
follows:
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where the phase estimation and norm flux are:
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where (Iir, I:r, I:m) are estimated parameters of dynamic

model: The variation effects are calculated by the signals
errors as follows:
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Model of estimation flux based on voltage model.
Estimation of rotor flux based on voltage model is defined
by two expressions as follows:
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where rotor fluxes are obtained:
. L, ([ .
Pra_v= I:_r((PSa_v - Los'w)l
N (11)
- L, (~ ~
Prp v = A_r(%ﬂ_v —Losisp
Lm

For obtained the flux estimation we need resolving
these differential equations:
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where estimation parameters are given by
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where S :% is the Laplace operator;

(ﬁs, I:S, I:r, [m, I:OS) are the estimated parameters of

motor model.
The modulus rotor flux rotorique and the phase are
defined as follows:
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Model of estimation flux based on elimination model.
This estimation of rotor flux based on elimination model is
defined by these equations
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0= arctg[

Pra_v

-1

S L
. <y Ops o [
(ﬂra_el - L‘SLI ALO‘\SLT I_}‘:Vsa}_‘_(s_i_esr)lilsa} 1(15)
bpel] |_, Ln LR Los [ Vsp Lys 1'sp

e

Lole [l



R ~ . |2 A
where Rg, =Ry + R, =1 and (R, , Ry, L, Uy Ly, L ) are
r
estimation parameters of motor on dynamic mode.
The modulus of rotor flux and phase are obtained by:
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Estimation rotor flux in real time

Combining equations (18) and (19) with introduction error
signal of estimated flux signal we obtain the following
observer flux:

d)
Fig.1. Experimental results of estimation rotor flux in real time application induction motor drives: a) speed response; b) current
measurements: mig,, mig, mig; ) observed flux ¢y, ; d) observed flux (/A’rﬂ§ e) observed flux: m @, , l([)rﬂ; f) flux circle
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where (Iir, ﬁs, I:S, I:r, I:m, I:os) are observer motor

parameters.
The flux modulus and phase are given by:

The validation of estimation based on current model
is implemented in real time application. The proposed
scheme in real time when we take into account the
estimation of error in speed and rotor flux is described
below:
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The resolution of this equation, gives rotor flux in
real time application:

Experimental results of estimation rotor flux

The estimation rotor flux method developed is given
by these experimental results in Fig.1. With respect to the
proposed experimental approach, o and B axis rotor fluxes
show clearly circular while the speed shown the good
dynamic behavior for transient and steady state response.
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The objective of this paper deals in introducing how to obtain the rotor flux estimation in real time for induction motor drives. The
accuracy of flux estimation algorithm depends on the motor parameters variation. These parameters as stator and rotor resistance vary as
temperature changes during motor operation. The practical usefulness of our control models are evaluated and confirmed through
experiments using an induction machine (3kW/380V). Experimental investigation tests are provided to evaluate the consistency of the
proposed control model using DS1104 with MATLAB - Simulink. Ill. 1, bibl. 12 (in English; abstracts in English, Russian and
Lithuanian).

C. I'poynu, P. U6Tmoysn, M. Kupoyue, O. Toyxammu. DkcrnepuMeHTAJbHbIE HCCIEI0OBAHUS COCTOSSHHM ACHHXPOHHBIX
JABHraTelieil B peajibHOM BpeMeHH // DJIeKTPOHUKA U dJIeKTpoTexHuka. — Kaynac: Texuosorus, 2010. — Ne 8(104). — C. 69-72.

IIpennaraercss HOBBIM C€HOCOO OMpeAETCHUs] MapaMeTpoB OBUraTeield B peanbHOM BpeMeHH. [IpakTHuecKylo MOJIe3HOCTh
MPEAJIOKEHHOTO METO/Aa JOKA3bIBAlOT NMPOBEACHHBIC dKcrmepuMeHTHl ¢ asuratenem tuma (3kW/380V) na ocroBe DS1104 monenn
KOHTpoJsL. Y. 1, 6ubn. 12 (Ha aHrmuiickoM si3bike; pedeparsl Ha aHTITHHCKOM, PYCCKOM H JIMTOBCKOM 5I3.).

S. Grouni, R. Ibtiouen, M. Kidouche, O. Touhami. Asinchroninio variklio rotoriaus srauto apskai¢iavimo realiu laiku
eksperimentinis tyrimas // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 8(104). — P. 69-72.

ApraSomas budas asinchroniniy varikliy rotoriaus srautui apskaiciuoti realiu laiku. Srauto skai¢iavimo algoritmo tikslumas priklauso
nuo variklio parametry. Veikiant varikliui statoriaus ir rotoriaus varzos turi temperatiiring priklausomybg. Kontrolés modelio prakting
nauda jrodo eksperimentai su asinchroniniu varikliu (3kW/380V). MATLAB aplinkoje atlikti eksperimentiniai tyrimai taikant siiloma
DS1104 kontrolés modeli. Il. 4, bibl. 12 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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