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Abstract: This paper proposes an alternative rotor resistancé
identification method used in the frame of a Direct Field Orientefin(x)
Control (DFOC) of induction motors. The authors are investigating r, L
the use of the induction motor instantaneous reactive power for rotor,
resistance identification on the basis of the Model Referencg
Adaptive System (MRAS) method. In fact, from a practical point of’
view, the instantaneous reactive power can give quite sufficient real
time information on the induction motor behavior. The proposed
identification method can be achieved with on-line tuning of the
inverse rotor time constant with robustness against stator resistance

variation. Computer simulations are given to highlight the . . . .
feasibility, the simplicity, and the robustness of the proposed Field Oriented Control (FOC) of induction motors has

method. achieved a quick torque response, and has been applied in
various industrial applications instead of dc motors. FOC,
Keywords: Induction motor, Direct Field Oriented Control (DFOC),however, is very sensitive to flux estimation (magnitude and
rotor resistance identification, reactive power, Model Referendientation) which is mainly affected by parameter variations.
Adaptive System (MRAS). It depends on accurate parameter identification to achieve the
expected performance [1-2]. Generally, the flux is estimated
according to the Park model based parameters [3]. However,
these parameters are altered by physical phenomena such as
temperature, saturation, and skin effect [4]. Therefore, any
parameter mismatch in flux estimation will detrimentally
affects the torque response and then the FOC dynamic

Command value of

Imaginary part ok

Stator, rotor, and load lower suffixes
a-b fixed stator frame lower suffixes
d-q synchronous frame lower suffixes

I. INTRODUCTION

NOMENCLATURE performance. For these reasons, many research studies have
been done on automated tuning of induction motors
Vs Stator voltage parameters. Most of the conventional tuning techniques,
Is Stetor current however, were based on off-line parameter measurement [5].
Or Rotor flux They are effective to obtain automated and highly accurate
T Output torque adjustments of the motor parameters but this parameters vary
Q Reactive power during operation and are not dynamically compensated.
Rs (R) Stator (rotor) resistance Moreover, the off-line test itself is complicated and time
Ls (L) Stator (rotor) inductance consuming. Therefore, the concept of on-line identification
M Mutual inductance ought to be introduced to overcome the above problems and
T Rotor time constar, =L /R also to dynamically optimize the identified parameters [6-8].
c Total leakage coefficient, This paper proposes, in the frame of parameter
c=1- MZ/(_Ls L) identification, an alternative rotor resistance identification
J Rotor inertia method used for a Direct Field Oriented Control (DFOC) of
p Number of pole pair induction motors. This identification method has adaptability
Q Rotor speed to magnetizing inductance and robustness against stator
s Stator frequency resistance. It is based on the Model Reference Adaptive
s Differential operator System (MRAS) method. Several methods exist for
X Complex notation of identifying induction motor parameters with MRAS; they use
X° Complex conjugate of different mathematical models of the motor or different error
X Estimated valuefox signals in the identification algorithm [9-11]. The proposed



method uses the induction motor instantaneous reactive powerThe rotor flux orientation is achieved by the following

to avoid sensitivity to stator resistance. In fact, th&ansformation (from thea-b fixed stator frame to the-q

instantaneous reactive power allows the estimation ef tlynchronous frame).

rotor flux through its resistance, using rotor current model.

This model is independent of the stator resistance, but uses the

inverse rotor time constant and magnetizing inductance. In cl{u?d} _ 1 { Q. Dy }{Xa} ?)
JP2 + @2 [Py Pp [ X

which means that saturation was not taken into account [12-

13]. In fact, from a physical point of view, temperature

increase in operating induction motors normally leads tbhis transformation leads to

perturb and slow down the magnetic saturation establishment.

Consequently, the proposed identification method can b

achieved with on-line tuning of the inverse rotor time constarnt®, = /®2, + ®3

with robustness against stator resistance variation. In wh '

follows, theoretical analysis is developed, and results
computer simulations are presented.

case, the magnetizing inductance was considered constarn,

ra

(4)

rq —

Figure 1 shows the general configuration of a DFOC to be

II. INDUCTION MOTOR studied. The rotor flux, based on a rotor model (1), is
DIRECT FIELD ORIENTED CONTROL estimated using the stator currendsandig, and the rotor

peed, as illustrated by the block diagram of Fig. 2. As shown

Fig. 1, on thed-q coordinates rotating synchronously with
the flux amplitude, the flux amplitude and the output torque
M can be controlled by manipulating the flux component current
s— { - } ig and the torque component currgespectively.
r

An induction motor can be represented by the followin
equations in the-b fixed stator frame.

(1) Comparatively to the work reported in [11], the flux
estimation error is only brought By mismatch. The magnetic
T, T saturation is neglected on the basis of a physical
consideration. In fact, the induction motor temperature
increase (thermal effect), due to its operation, will perturb and
slow down the magnetic saturation process. This has ledl us t
) 2) considerM as a constant. Therefore, the flux estimation error
© sa) is only caused by thermal variation.

Torque
Estimator

Fig. 1. General structure of an induction motoedcifield oriented control.

Ed,q: emf from nonlinear compensation




Flux Estimator
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Fig. 2. Rotor flux estimator.
I1l. ROBUST ROTOR RESISTANCE IDENTIFICATION Q= |m[\75i'5° . (7

In what follows, the authors are investigating the use of the

induction motor instantaneous reactive power consump'u%he right-hand side of (7) can be evaluated using the

easuredsyy etisa, This means that it always provides a true
lue because no parameters of the induction motor are used.

the other hand, substituting,, of (1) in (7),Q can now be
expressed as

for rotor resistance identification on the basis of the MRA
method. In fact, from a practical point of view, the,
instantaneous reactive power can give quite sufficient reg
time information on the induction motor behavior.

A. Rotor Time Constant and Reactive Power _ M — ).
Q=Im/| Ri;+oLsig+—sd, |i |. (8)
The induction motor reactive power could be obtained by -
differentiating equation (1) second ro®; is then expressed

by the following equation for a given rotor speed _ ) ) )
In (8), Rs is canceled out. Equation (8) requidswhich

is estimated by the flux simulator shown in Fig. 2. The

¢ Msigi$ simulator uses the estimated valueTaf Equation (8) could
Q= Im[sﬂ)r . ]z Im{1+(3_ ipQ)T, :I ' () then be replaced by
Since the on-line proposed technique in this paper aims Qtzlm[(lssierscDr)is"], ©)

providing rotor resistance compensation capability in the
steady states(= jos), Q; becomes

where
M'2
Q Zﬁ : (6) l, =ols
+os—pQ) T, _ _ 1
o, :LM(Dr : (10)

Equation (6) explicitly shows that it is possible to control the
rotor time constant by means of the reactive power. It should
be noticed that this technique is a practical wayTo(R;)
identification independently dis.
The reference reactive power is defined by the following@he errorAQ (AQ = Qneasured— Qestimated IS then used to adjust
equation in thex-b fixed stator frame. T, estimated value in the flux simulator.



B. Identification Method Implementation

. . . W,
Figure 3 shows the MRAS method implementation bas%cf
on the induction motor reactive power.

On the other hand in Fig. 5, shows the flux estimation
en the induction motor is controlled by the DFOC strategy
cording to Fig. 1. The estimation process start has been
purposely slightly delayed to clearly illustrate its beginning.
The estimation process could

satisfactory and quite insensitiveRgvariation.

IV. SIMULATION RESULTS

Finally, as shown in Fig. 6, the DFOC robustness, using
Numerical simulations have been carried out. on a 4-k{{)€ Proposed identification method, is clearly illustrated. In

induction motor which ratings are summarized in thfACt the speed and the torque are insensiti tariations.

appendix, to analyze the DFOC performance using the
proposed identification method. For simulation purposes, the

motor was loaded with a torque of 5nNand controlled with  Rotor Flux (wb) Rs = Rsnom
a reference speed of 157 rd/s. Moreover, the rotor resistance  1[-----.--l oo ST D - T ]
was given an exponential profile intended to cover the [ AN A NARAARA : AAERAN
temperature effect; and the stator resistance was varied so as 1 5 ! ;
Rs = 200%Renom o ARWAIAT T e
The following figures show simulation results under the  _gs5f-.. Estimated .. /2 A LA U EL-HARAREFEH-E- i
above conditions. In Fig. 4, it is observed that rotor resistance | .. vaue V. Pl R R |
identification is satisfactory. Moreover, it was found, as : ' ' ' —
K L o -0.1 0 0.1 0.2 0.3 0.4 Time(s)
expected, insensitive & variation.
Rotor Flux (Wb) Rs = 200% Rsnom
S S A SRS BUURR ]
N MRAS ' ; ; ;
Pa : - isa 0.5F-------- R R A EER TR R AR - 11
Flux Estimator [~ s . .
Eo.() |- _ 1] SRR T SR
A 1Tr Isb . '
D 05}---- b Ry TRIRIRIRIRIRIRIRIRIRIRE A
“ PI Véa : Estimated K ) :
Sa —— @ Control = . h . .
Vib — gl Q Measuremen 1L value . A S |
i o >l Eq.() ! . ; ; : ;
T = > . Ve 0.1 0 0.1 0.2 0.3 0.4 Time(s)
n—» b
. — N T Fig. 5. Rotor flux estimation witR. mismatch.
[ Q Estimation
™l Eq.(9 Q
i et
mln:cste
Fig. 3. Rotor time constant identification.
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Fig. 4. Rotor resistance identification under tempeeaeffect.

Fig. 6. DFOC robustness witk mismatch.

then be considered as



V. CONCLUSION (8]

This paper proposes, in the frame of parameter
identification, an alternative rotor resistance identification
method used for a DFOC of induction motors. Thi”
identification method has adaptability to magnetizing

T.M. Rowan, R.J. Kerkman and D. Leggate, “A simple on-line

adaption for indirect field orientation of an induction machine,” IEEE
Trans. Industry Applicationsol. 27, n°4, July-August 1991, pp. 720-
727.

K. Ohnishi, Y. Ueda and K. Miyachi, “Model reference adaptive

system against rotor resistance variation in induction motor drive,”

IEEE Trans. Industrial Electronicvol. 33, n°3, August 1986, pp.

inductance and robustness against stator resistance. It is based 217-223.

on the MRAS method using the induction motor instantaneoli$!
reactive power to avoid sensitivity to stator resistance. The
instantaneous reactive power allows the estimation of the
rotor flux through its resistance, using rotor current model.
This model is independent of the stator resistance, but usesliié
inverse rotor time constant and magnetizing inductance. In our
case, the magnetizing inductance was considered constant,
which means that saturation was not taken into accouqtz]
Consequently, the proposed identification method have been
achieved with on-line tuning of the inverse rotor time constaﬂt3]
with robustness against stator resistance variation.

APPENDIX
PARAMETERS OF THE SIMULATED INDUCTION MOTOR

Rated values Power 4 kw
Frequency 50 Hz
Voltage 4/Y) 220/380 Y,
Current4/Y) 15/8.6 A
Speed 1440 rpm
Pole pairg) 2

Rated parameters Rs 1.2000 Q
R 1.8000 Q
Ls 0.1554 H
L, 0.1568 H
M 0.1503 H
ls 0.0113 H
J 0.0130  kgm?
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