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Abstract—This paper deals with a practical scheme of {Xd 1 (O3 Qrp || Xa @
induction motor drive speed sensorless control. It requires the x |- 2 2 | — X
presence of an adaptive flux observer. The speed estimator is 4 VP TP P Pra %

based on the induction motor magnetic characteristic slope
approximation to the mutual inductance value. Encouraging  This transformation leads to
simulation results have been obtained.

2 2
NOMENCLATURE {(Prd = \/@m TP 3)

V,1(i), ¢ = voltage, current, flux; Prq =0
g(gi)M f rotor speed; Figure 1 shows the general structure in which flux and

resistgnce; inductance, mutual inductance; orque are respectively controlled by the currégtandig, in
T rotor time constant, = L/R;; the synchronous rotating frame fixed with flux.

c = total leakage coefficient,= 1- M/Ld,;
Y = constanty = —(RS +M?R / er)/ ol,; U Uy O
K = constantK =M /oL_L,; w, o I, _
s T \F : Estimator
X (X) = complex (estimated) value. e B = Flux &R,
Induction Moto
a-B Model
|. INTRODUCTION Cu O R
Induction motor drive researches have been concentrated speed [y
in the elimination of speed sensor at the motor shaft without ESHmAOT e e
deteriorating the dynamic performance of the drive control 'rr

system. Different schemes for speed sensorless in field |
orientation have been proposed in the past few years. A state
of the art of the sensorless control of ac drive is given in [1].
This paper presents a practical solution to estimate the
induction motor speed in the rotor flux oriented control I1l. THE SPEEDESTIMATOR
system frame taking into account rotor resistance variations. |t \we choose the motor speed as an
In fact, vector control strategy is very sensitive to ﬂu’(/ariable, equation (1) could be written as
estimation mainly altered by motor parameter variations. It
was then imperative to identify them [2-3]. Moreover, fas P do . (
—— =yl +

su lg

Fig. 1. Induction motor control structure.

intermediate

flux estimation and parameter identification achieve hig

) V.
i—JcoJK(prJr =

dynamic performance and speed accuracy. Such features h dlo dt AT oL, @)
been considered in the proposed control scheme [4-5]. de. d M - 1
¢, do : L=
God T (T O
II. THE INDUCTION MOTORMODEL © r r

An induction motor model can be described in a stat@trom the above, the following equation is then obtained
reference frame with the following equation.

- dp, \ - (1 .\ _— V.| M. (1 . L

] K . — | vi 4| —— Ko +— |=—Ii_—| —— 5
—(2: A L (dis Iy [T, J(DJ o csz T, ° [T, 'm}"f()
bl B P [}M 5 O
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dt T T

P ols Where do, / di, represents the slope value for each point of

the induction motor magnetic characteristic.

The rotor flux orientation is achieved by the following@ =Li +Mi, (6)
transformation fronu-f to d-q frame.



The magnetic saturation is neglected on the basis oftaque is applied and removed at 2 sec. In these camglifidg.
physical consideration. In fact, the induction motoRa shows that good performances are achieved and
temperature increase (thermal effect), due to its operatiatemonstrates the speed estimator robustness against paramete
will perturb and slow down the magnetic saturation procesariations. Moreover, a change in the speed referdri& aec
[5]. This has led us to considkr as a constant. In this case is well tracked. Figures 2b and 2c demonstrate the speed

B estimator capability for different induction motor openatio
do, L di, M ) conditions particularly those at low speed.

i, i, To illustrate the speed estimator robustness, computer
simulations have been carried out in the case of an induction
This equation can be written as motor fed by a PWM-VSI inverter. Figure 2d clearly shows
the robustness of the proposed speed estimator when a 15 Nm

do, K 8 load torque is applieq at 1 sec and removed at 2rsgavhen
?—S = Psat (®) the speed reference is change at 2.5 sec.
Where Kg; represents the magnetic characteristic slope th * *
changes with the motor load. In fact, the first part of (7) me * iiﬂ
be written as gl 8 kf_ T K

di, di, \°(di, o, (di df

dig dt dt dt dt dt .

Time (sec) 0 08 : Tlrééﬁsec) 2 25 3

In this case, it is numerically checked that (9) real part (&) With 200% increase . (b) With 20 Nm of load torque.
absolute value increases and does not exceed the mu*:z'
inductance value in loaded conditions. Furthermore, we ha
noticed that the imaginary part remains slight. Therefore, i 150
two following statements are deriveldzy; = M for unloaded <7 "o
motor operation; anlg; # O for rated load motor operation. §-1jjo 5

With the above considerations and in the particular case ’ .
small and medium power induction motor, the following ="

0 0.5 1 25 3 o 05 1 2 25 3

15 2 15
Timeé (sec) Tiré (sec)

approximation could be written
(c) With 20 Nm of load torque. (d) PWM-VSl inverter
Kat ®M (10) Fig. 2. Speed estimation.

From (10) and (5), the motor speed estimator is extracted.

(10) ®) P V. CONCLUSION
. 1 1 1 (__ - ) 1 (_ B ) This paper dealt with a practical speed estimator for

o= N T Is X +I Vs % @ (11)  induction motor sensorless control. It requires the presence of

(K +MJ Pr ' s an adaptive flux observer. The speed estimator is based on the
induction motor magnetic characteristic slope approximation

to, the mutual inductance value. Computer simulations show

As it is shown b_y (11), the speed estimator is qomposeq_lﬂfe feasibility and the robustness of the proposed speed
two terms. The first one has the drawback of being sensiti¥&imator.

to rotor and stator resistance that may vary owing to
temperature. However, at motor rated load operation, we have
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