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Abstract

A sliding observer for induction machines is designed by
use of sliding mode approach. The observation is based
on measurements of stator voltages, currents, and shaft an-
gle. The observer is equipped with a switching feedback ac-
tion to cope with the nonlinearities, input disturbances, and
some uncertainties in machine dynamics. A linear continu-
ous feedback is used to characterize the convergence of ob-
servation error which is proven to be asymptotically stable.

I. Introduction

The presence of more effective control methods like field-
orientation control [2] and feedback linearization [8] has made
it possible that dc machines can be replaced by inauction
machines in various servo systems. Induction machines are
preferred because of their less cost, compact size, convenience
in maintenance , and high reliability. But on-line information
of machine states like rotor flux or rotor current are essen-
tial in those sophisticated control methods either for control
feedback or for parameter adaptation [1, 9]. To provide such
information by directly attaching sensors to the motor is ex-
pensive and unreliable [2, 6]. In this paper we design a sliding
observer to deal with the estimation problem based only on
explicitly measurable quantities of stator voltages, currents,
and shaft angle. Nonlinearities, model uncertainties, and pa-
rameter variations are the difficulties to be faced.

Most observer designs for induction machines published
in the literatures {6, 7] treated the electrical part of machine
dynamics separately and the rotor speed was regarded as an
available time-varying parameter. Sensitivities of estimation
errors to parameter uncertainties and divergence caused by
forward Eular approximation were reported therein. On the
other hand, nonlinear observers (4] can also be applied to
solving such an estimation problem. An example is that
Atkinson et al. [l11] employed an extended Kalman fil-
ter to perform simultaneous estimations of induction motor
states and parameters. Our work here adopts a quite dif-
ferent methodology called sliding mode approach [3, 5, 10]

With a hypersurface being defined as a function of the
observation errors, sliding conditions are deterr-ined such
that the manifold can be reached in finite time. Once
the error trajectories have been on the hypersurface, an er-
ror based chattering action keeps them sliding along the
surface and asymptotically converging to zero. Like slid-
ing mode control, sliding observers are expected to exhibit
good robustness to parametric uncertainty and can easily
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cope with the nonlinearity in machine dynamics [5, 10].
I1. Problem Formulation

The dynamics of a three-phase induction motor can be repre-

sented by a convenient 2-axis model defined in the stator-fixed

frame [9]

Li+C(z)z+Rz =u (1)
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. -2
Qé [zsz sy trz zry wr]T7 Hé {vsz Vsy 0 0 _3_7_LI£]T1(2)
LI, L,I, 0
L é Lm12 LF12 0 ) (3)
0 0 2J/3n
2] Cn —¢c a L,J;, LnJ,
@ g o } G = e [ Ldy L3, |
512 = [(Lli.!'y + Lmiry) - (Lsixz '+' Lmirw) 0 O}T (5)
2b
Rédia.g(R,, R,, R., R,, 3_n) (6)
. . . . . al0 -1
with I being the 2 x 2 identity matrix and J, = 1 0

The notations are similar to those in [9]. The term C(z)z
in model (1) forms the nonlinearity of machine dynamics.
Besides, there are significant variations of Ry and 7 during

operation and they are generally assumed uncertain. Our
objective is to design a sliding observer of the form
Lz + C(2)z + Rz =4+ f(2,9) (7

which will make the observation error  converges to zero
asymptotically in spite of the nonlinearity and uncertainty.
The symbols like R and £ denote the nominal or estimated
values of parameters or state variables and the ones like §

N
represent the deviations from the actual values where 3 =
y — §. The measurable outputs are defined as

y=Hz = [, 1y w]’ (8)

III. Sliding Observers
The error feedback vector function f(-,-) in observer model
(7) comprises two parts, one for linear feedback and the other
for switching action. It is determined by use of Lyapunov
stability analysis. With L and R being positive symmetric,




C(-) being skew-symmetric, and the assumption that there
exists a vector ¢ [3] such that

-Rz +a=H(, ]| <p, (9)

and the bound p is known or can be estimated, we construct
the following feedback law

f(&,9) = Ky + Kn(8)F + s()r (10)

where K is designed to make the matrix —(R + KH) negative
definite, K¢ () is solved from the equation I1(2)+Kn(£)H =
0 with C(2)Z = II(£)Z, and the switching action

(@2 { Dl (1)

It can be shown that the observation error z will die out
asymptotically. In general, the shaft speed is measured by
use of a techometer or approximated by the difference of an-
gles obtained from encoders. The result is somewhat contam-
inated by noises. To estimate rotor speed, we use one more
differential equation §, = w, and the corresponding observer
equation

b, = @, + ke.0. + po, - sgn(8,) (12)

If the sliding surface §, = 0 have been reached in finite time,
we obtain (5]

W, = pe, - Sgn(a-r) (13)

An observation error feedback can thus be realized by use of
kups,-sgn(8,). With the switching action g(7) being modified
and similar assumption about uncertainties, the observer will
estimate the exact state asymptotically.
IV. Conclusion
The sliding observer presented in this paper is intended
for coping with the nonlinearities and some uncertainties in
induction machine models. Only minor modifications are
needed when other state representation like flux vector is
preferred. Part of the simulation result is shown in the fig-
ure. The estimation is good in the presence of 20% error
of all nominal parameters and an unknown loading torque,
with 4KHZ sampling, bounded-layer smoothing and back-
difference approximation. The influence of measurement
noises, simplifying of modeling, and other uncertainties is to
be examined by more simulation or real implementation in
further investigation. Another directions of further research
are to relax the assumption of uncertainty properties in in-
duction machines and to include parameter adaptation mech-
anism.
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