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Robust Input-output Decoupling Control for Induction Motors

Huangang Wang , Wenli Xu, Teilong Shen and Geng Yang

Abstract— A robust input-output decoupling control strat-
egy for stator flux and torque of induction motors (IM) is
proposed. In order to avoid full state measurements, robust
decoupling controllers of stator flux and torque are developed.
Experimental results are presented.

. INTRODUCTION

In the past two decades, severa feedback control ap-
proaches based on input-output decoupling and linearization
have been proposed for the induction motors (IM) (see [1]
and references therein). Asiswell-known, the classical field
oriented control (FOC) has been improved by achieving
exact input-output decoupling and linearization via state
feedback with the change of coordinates [2], [3]. Mean-
while, the attention has been focused on the direct torque
control (DTC) problem for IM [4], [5]. Different from
FOC, the control objective of DTC is expressed in terms
of torque and stator flux regulation. Besides its simplicity,
it is clamed that the achieved performance of DTC is
(in some instances) superior to FOC for the robustness
with respect to the parameter variation [6]. This paper
proposes a robust input-output decoupling control strategy
for torque and stator flux of IM. The experimental results
are presented.

Il. DYNAMICAL MODEL AND PROBLEM FORMULATION

The dynamics of IM in the fixed stator reference frame
(v, ) can be described by

. R 61

o = op, Mt endlis = ) o
d).s = _Rsis + us (1)
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where the subscripts s and r stand for stator and rotor
quantities, ¢, « and u, denote flux linkage, current and
stator voltage vectors, respectively. R, L and M denote
the resistance of the self and mutual inductance. w, is
the rotor speed, D,, is the moment of inertia, T, is the
electromagnetic torque and 77, is the load torque, and

oc=1-M? /LsL,
= (RsL, + R.Ly)/(LsL, — M?)
H sdoy s sdir
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Define ¢ = |¢s| and ¢, = |¢..|. Then with pre-feedback
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the system (1) can represented as

1/)5 = —aR,L,vs + aRs M), cosy + uy
sy = —aR M), siny + ur

1/.),, = —aR,. L + aR. M1 cosy

'L/)TéT - aRers Sin')/ + wer

where a = (LsL, — M?)7!, 05, 6, denote the angle of
stator and rotor flux, respectively, and v = 65 — 6,..

Note that the torque T, = aM41),- sin v. Thus we define
the output of the system as y = [, T.]T. Then, the
control problem considered is as follows:. for given y*, find
a feedback contraller u = a(y, y*) with the measurements
of the T, and ¢, such that y — y* holds for any given
initial condition of y(0) € D, where D is a given range
including y*.
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I1l. CONTROLLER DESIGN

It is easy to show that the system (3) has relative degree
{1,1} under the assumption ¢, # 0 and ¢, # 0, which
is based on a physical consideration. Our first result shows
that the zero dynamicsis asymptotically stable, if the initial
conditions and the reference values satisfy the condition
described in the following proposition.

Proposition 1: If the output references and the initial
conditions of the system (3) satisfy
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then, the zero dynamics are asymptotically stable.
Proof of proposition 1: Fixed the outputs of the system
(3) at the constant values y*, then the zero dynamics is as

1/},, = —aR;Lsty + aR, M¥ cos~y
yo= —RM&:/% +aR,Lstany (7)

Define y = 2 4 cos? v, the time derivatives of x along the
zero dynamics is

x = 2aR, (1 + sin? 'y/@/}f) (Mw:wr cosy — stf) (8
With (5), we can get that the equilibrium points are
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which exist if and only if (4) is satisfied. From the phase
diagram of x and ¢, we can see that only the larger
one (marked as ;) is stable. From the initial condi-
tions satisying (6), we have that +, — ¢, and v —
arccos(Lytf, /(M)

In order to avoid the exact measurements of the full
states, a domination feedback design can be used to develop
a robust controller.

Proposition 2: The stator flux tracking error ey, = ; —1
will converge to zero asymptotically, if u,, is given by

Uy = kyey + 0,S0Ney, 9
where k,;, > 0, 6, is a positive constant and satisfies
dy > 2aR L,y (10)

Proof of proposition 2: Define ¥V = 1 (v2/R, + ¥?/R,),

the time derivative of W is

U = a@Mys, cosy — Lyp? — Lyp?) + tsuy/Rs
< —ay/Ly(ths — Mty /Ly)? = 2/ Ly + touy /R,

When ¢ > 7, ¥ < 0 holds, therefor, we consider
e, > 0 only. From the system (3), we have Y, < 0 for
al ¢, > M1,/Ls. Notice that 1), < ¢, 1, will decrease
and converge into the subspace 2 = {¢,|¢), < Mvy%/L}
for any initia condition v,.(0) > M4u,/L. Therefore, in
subspace (2, the time derivative of the Lyapunov function
V¢, = 612/)/2 is
V¢ <

—((51/, — QGRSLT¢:)|€1/,| <0 (1

The proof is completed.

Before the control of electrical torque, we assume that
the magnitude of stator flux has converged to the reference
value and remains constant, ¢, = 7.

Proposition 3: The torque tracking error er = 7, — T,
will converge to zero asymptotically, if theinitial conditions
satisfy
My
wr (tO) = \/_L

and the reference value satisfies |T¥| < T, and ur is
given by

cos(tg) > 0, |Te(to)] < Tem (12)

up = RT) /4% + krer + drsigner (13)
where k1 > 0, positive constant o1 satisfies
ZULQLT : RTTem
> w0k 5 Tx 14
o > |weltbl + M22/1§(6+ oL, (14)

Proof of proposition 3: From Proposition 1, if cosy > 0,
then ¢, — 2 and 2 > M?/(V2Ls), Y|Te| < T In
this case, we also have that cos~(t) > 0, V¢ > to, because

2w*2

a  COS —T2 >0 15
When er # 0, we get
d|T.|*/dt = —K \T? + 2. KoerT. (16)

where Ky = 2R, /(0L,), K > 2 (%

aMsip, cosy, moreover erT, < (|T| — |Te |)

the initial conditions (12), it can be proved that Vt > to
Ur > MY/ (V2L), cosy > 1/vV2, |Te| < Tew, (17)

Consider Lyapunov function Vr = e2./2, then we can get
that Vr < O,VGT 75 0.
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IV. EXPERIMENTAL RESULTS

In order to make the experimental validation of the pro-
posed control scheme, a TMS320F240 DSP based system
has been used. The motor is a 3KW, 220V, 50Hz, 4-poles
standard IM. In the experimentation, the function sign(z) is
replaced by sat(x/¢€), with small € > 0, to reduce chattering.

Fig. 1 shows the results in transient and in steady state
(with w,. = 450rpm). The experimental results illustrated
the fast response and smooth flux and torque operations
compared with PID controller [5] and classical DTC [6]
respectively.
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Fig. 1. Experimental results in transient (a) and steady state (b)

V. CONCLUSIONS

A robust input-output decoupling control strategy for
induction motors is proposed based on the dynamic model
in polar coordinates, and domination feedback is used in
the robust controller to avoid full state measurements. The
main drawback of the proposed strategy is the requirement
of stator flux measurement, and the future research is to
remove it by introducing a state observer.
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