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Design of a MRAS, Speed and Flux Estimators used
INn Sensorless Control of Induction Motors

N. Ben Si Ali and N. Benalia

Abstract— Model reference adaptive system (MRAS) based
techniques are one of the best methods to estimate the rotor
speed. Speed and torque control of an induction motor is usually
attained by application of a speed or position sensor. However,
these require the additional mounting space, reduce the
reliability and increase the cost of the motor. The recent trend in
field oriented control (FOC) is towards the use of sensorless
techniques that avert the use of speed sensor and flux sensor.
This paper seeks to provide a direct comparison between two
technics of induction motor MRAS based speed estimators, one
based on the rotor flux and the other based on the back EMF.
Comparison between the two techniques is made through
computer simulations.
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. INTRODUCTION

ODEL Reference Adaptive System (MRAS) represents

one of the most attractive and popular solutions for
sensorless control of induction motor drives. Many electronic
drivers for the induction motor control are based on sensorless
technologies. Adaptive observers introduced by [1,2] were a
powerful prolongation of initial sensor based observers.

The MRAS approach has the immediate advantage in that the
model is basic and very easy to practice. The most common
MRAS structure is that based on the rotor flux error vector [3]
that provides the advantage of producing rotor flux angle
forecast for the field orientation plan. Other MRAS structures
have also been proposed recently that use the back EMF and
the reactive power as the error vectors estimators [4,5].

In this paper two methods of MRAS based speed estimators are
proposed. One based on rotor flux estimation and the second
based on back EMF estimation.

N. Ben Si Ali, Department of Electrical Engineering, Badji Mokhtar
university, Annaba, Algeria, (e-mail: bensialin@yahoo.fr)

N. Benalia, Department of Electrical Engineering, Badji Mokhtar
university, Annaba, Algeria, (e-mail benalianadial3@yahoo.com)

Copyright © BAJECE ISSN: 2147-284X

December 2015

Il.  MACHINE MODELLING

Basic equations of induction motor in a general reference frame
in terms of complex space vector quantities are [6]:

o d .
Ug = Rsls"'a‘/_/s T Josy (1a)
0=Rri d j 1b
—Rr|r+azr+1(a)s_a))‘ﬁr (1b)

Where:

Ug =Ug + Jug : Stator voltage vector

ig =iy + jig : Stator current vector
i, =iy + jiy: Rotor current vector

W =W + JWq : Rotor flux vector

Ws =We + jWsq: Stator flux vector

L,.L,, L, : Stator, rotor and mutual inductance respectively.

R, R, : Stator and rotor resistance

2

o=1-—"

: Leakage coefficient
s=r

o , @ are the stator angular frequency, the motor angular

velocity respectively.
The stator and rotor flux linkages are:

V/S =|—Sis +Lmir (za)

y =Lel, + Ll (2b)

—r

Under the rotor flux orientation conditions (FOC) the
rotor flux is aligned on the d-axis. The electromagnetic
torque equation is:

3 L .
Tem =E pL_I:‘//r Isq 3

The bloc diagram of sensorless indirect field oriented
control induction motor drive is indicated on Fig.1.
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Fig.1. Block diagram of RFOC IM simulator
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IIl.  MODEL REFERENCE ADAPTIVE SYSTEM

There are three approaches developed in literature of
MRAS based speed estimators [7]:

e  The rotor flux error based MRAS scheme
e  The back EMF error based MRAS scheme

e  Stator current error based MRAS scheme

The model reference approach (MRAS) makes use of two
machine models of different structures that estimate the same
state variable on the basis of different sets of inputs variables
[3]. MRAS estimators consist of a reference model (which does
not include the speed estimate) and an adjustable model (which
include the speed estimate).

IV. MRASBASED ON ROTOR FLUX ESTIMATION

In this approach, reference model is the voltage model it’s
the induction motor model. Its equation is derived from (1)
and (2). In the stationary reference frame (4, =0), SO:

d.
= ( - 2 4
Krv J‘ uS RSES_O-LS dt !S)dt ( )

The adjustable model is the current model its equation is
obtained from (1b) and (2)

d 1 ia Lm.
at L +-|-_r'/_/ri = oy +-|-_r!S )

Model (5), generates the rotor flux estimate from the measured

DOI: 10.17694/bajece.54975 159

Where , the rotor flux estimated by the reference model
—v
(voltage model), and v, is the rotor flux estimated by the

adjustable model (current model).

Fig.2 illustrates the basic structure of rotor flux based MRAS
approach.
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Fig.2. Block diagram of rotor flux MRAS method

A. ADAPTATION LAW

From model (4), rotor flux is

d 1 Lm.
—y =(—+ + =1 6
il = jo)y I, (6)

From model (5), estimated rotor flux is

d . 1 ...~ Lm:
—y =(-—+ + =1 7
il = oy I, @

System describing estimation error is

d 1 . o
EQW=(—T—r+Jw)@wﬂ(w—w)v_/r )

It’s important to ensure system (8) stability. It’s guaranteed if
error ¢ tend to zero. The adaptation law is obtained from
Lyapunov theory [1].

The estimated speed expression can be written as:

stator current and from the estimated speed (@) which is &= (K +ﬁ) < 9)
. . . =Kp

obtained through a PI controller from an error signal ¢ . This S

error represents difference between the two estimated flux )

vectors. With:
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Figures (3), (4) are obtained with nominal torque
Tio =7 (N.m) applied at t=2s. Fig.3 indicates the system
behavior during steady state condition at high speed (150
rad/s) and during transient with speed inversion. Fig.4 shows
the system performance in the low speed region (10 rad/s).
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Fig. 3. Four quadrant operation at high speed for K p =10, K =10000
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Fig.4. Four quadrant operation at low speed for K p=10, Kj =10000

Simulation results indicate that the fluxes of the adjustable
model converge to the reference fluxes, the speed prediction
has small or no steady-state error and the dynamics of the
speed estimate is acceptable. Generally, the classical MRAS
works very well if ideal integration can be used in both
models. Nevertheless, in a real system, pure integration cannot
be implemented.

V. MRAS BASED ON BACK EMF ESTIMATION

The primary method suffers from problems associated with
pure integration. To avoid the problems, an MRAS based on
back EMF is proposed. The rotor speed is generated from an
error signal calculated by the dot product of the stator current
vector and the back EMF difference vector [7,8].

The reference model is derived from (4):

d

(u—Rsl oLoSi)=E, (10)
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The adjustable model is derived from Eq. (5)

d . 1 ... Lm: .
Ly == LY g 11
ot Vi (Tr+1w)l/1r,+Tr!S E (11)
The adaptive law of the estimator is given by [7]:
@:(Kp+%)g (12)
With:
e=(jig" AE,; (13)

Ag =E, - E ! It’s the back EMF difference vector.
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Fig. 5. Block diagram of back EMF based approache

Fig.5 indicates the block diagram of the proposed MRAS
based on back EMF calculation. For this case simulations are
done for different operating points in monitoring and
regenerating modes Fig.6.
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wref =150(rad/s) , wref =15(rad/s) and load torque T o =—7(N.m)

Fig.7 and Fig.9 shows the system behavior for high and low
speed drive. It can be seen that in monitoring mode (Quadrant
| and Quadrant Il1), estimated speed converge to real rotor
speed, speed error tend to zero. Fig.8 and Figl0 show that
divergence is highlighted between real speed and estimated
speed. Stability of this system is not guaranteed in
regenerating mode (Quadrant 11 and Quadrant 1V).
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Dynamic performances were tested during transient with
speed inversion from @=50(rad/s) t0 @=-50(rad/s)

(Fig.11) and from w=5(rad/s) to w=-5(rad/s) (Fig.12)
under nominal torque T, =7 (N.m) . Results obtained confirm

that system is stable in monitoring mode and unstable for zero
speed and unstable in regenerating mode but not for all
operating points in torque speed plane.

For o =—50(rad /s) and load torque T, =7(N.m) system is
unstable (figure 11). For . =-5(rad/s) and load torque
T o =7(N.m) system is stable (Fig.12).

V. CONCLUSIONS

MRAS based on rotor flux estimation had well tracking
performances at high speed and even at low speed operation.
Estimated and measured speeds, are equal each other not only
for the steady-state operation but also under speed reference
and load torque changes but pure integration process causes
drift problems. MRAS based on back EMF estimation
approach can be easily practiced but it suffers from
instabilities in re-generating mode. The sensorless control
based on back EMF degrades fast at low speed, at zero speed.
To ensure good behavior, first stability analysis must be done
to know unstable zones then adaptation law will be modified
to have good tracking performances.
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