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Abstract—Speed sensorless systems are intensively studied
during recent years; this is mainly due to their economical benefit and
fragility of mechanical sensors and also the difficulty of installing
this type of sensor in many applications. These systems suffer from
instability problems and sensitivity to parameter mismatch at low
speed operation. In this paper an analysis of adaptive observer
stability with stator resistance estimation is given.
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1. INTRODUCTION

HE use of induction machine without shaft encoder has

known a great development. Modern control techniques
avoid the use of sensors because they are unreliable and have
an increased cost [1]. Sensorless systems require estimation of
internal state variables of the machine such as speed and rotor
flux from input variables like stator voltage and stator current.
The estimation methods of speed and rotor flux for sensorless
vector control drives are based on adaptive observer theory
[2]-[4]. Machine parameters change during motor operation
due to temperature rise. In this paper, adaptive observer
stability and stator resistance estimation are analysed.

II. DEVELOPMENT OF INDUCTION MOTOR MODEL

The induction motor is modelled from the equations below
presented in the synchronous rotating reference frame
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where,

u, = [usd,usq]T : Stator voltage vector
i = [isd,isq]T : Stator current vector

v, = [V/rd’Wl"q]T : Rotor flux vector
L., L,,L, : Stator, rotor and mutual inductance respectively.

R, R, : Stator and rotor resistance

N. Ben Si Ali is with the Electrical Engineering Department Badji Mokhtar
Annaba University, (e-mail: bensialin@ yahoo.fr).

N. Benalia and N. Zarzouri are with the Electrical Engineering Department
Badji Mokhtar Annaba University.

2
L .
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sr
w,,0,0y are the stator angular frequency, the motor
angular velocity and the slip frequency, respectively.
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III. ADAPTIVE OBSERVER

The conventional full order observer is defined by:
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In order to derive the adaptive laws for rotor speed and
stator resistance Lyapunov’s theorem is used [4], [5].
Defining the state vector x=[p ; ]° and its estimate
x=ly 1

=1y 1,1,
From (1) and (2) the estimation error of rotor flux and stator
current is described by the following equation:

E=(A+GC);—AA;§ (€))
dt
where

e=x-1X

In observer (2) @ and IAQS are speed and stator resistance

estimations respectively. They can be given by: & = o, +Aw,

R, =R, +AR,.

A. Rotor Speed Adaptation Law
In (3) for speed estimation we have:
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We define the following Lyapunov function

2
V:eTe+Ai) (4)

with V', energy of signal e and A a positive scalar.
Stability of observer is obtained for:

V
(0
t
This leads to
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The first term of (5) is negative semi definite [2]. Speed
adaptation law is found by equalizing the second term to the
third term.

dé IL,
dt b

(eid l/;rq + e[q '/;rd ) (6)

B. Stator Resistance Adaptation Law
In this case

AR
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Lyapunov function is defined by
V=ele+ ARy (7
A

Time derivative of ' becomes

dv AR dR
—=2¢ (4+G e+2 i te i S8 8)
dt ( Q ( Cidlsd iq 1 dt
Stator adaptation law is
dR, A . .
dt == 01475 (eid Iy + Ciglsq (9)
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Defining ‘@ ® and ep, = Ry —R,

a can be defined by 4= 4— 1
Ol

eRS .
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System describing the observer is then:
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using the following hypothesis

4.0 (11a)
dt
4R -0 (11b)
dr -
v v, (11c)

According to (11a) (11b) (11c¢), motor model (1) may be
written as:
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IV. STABILITY ANALYSIS

Study of the open loop observer stability (G=0) by
linearising motor model (12) and the conventional full order
observer (10) around an equilibrium operating point is carried
out.

The new state vectors are defined as follows:

Xx=Xxp+0xand X¥=X;+35X

with
X0 = E :so @ ] Mc lSO &)0 30]1-
secb, 3, o0} sicby, o, a0 ]
The reference frame is synchronized with estimated rotor
flux (y}rqo =0), then its two components are
Vrd =W, +0W,, and '/}rq = é"/}rq :
In these two systems, stator pulsations are regarded as
identical: @, = @, [5].
Se=[0e, oS¢ Seyden ], the

describing the estimation error is:

Defining system
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Splitting each state in d and q components, we define the
state vector

5@=[§ey,d Oey, Oeq Oey Oe, 5eRSJ

The corresponding state matrix is:
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V. STATOR RESISTANCE ESTIMATION

First estimation of stator resistance with speed sensor is
considered. State matrix becomes:

1 L,
— ) = 0 0
Z; Qo 7;
1
“Bo — 0 iTm 0
X r r . 15
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b b @ 2]
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Using the following property
s
det() =] | 4 (16)
i=1

where A; are the Eigen values of matrix A. The system
stability implies that the five Eigen values must have a
negative real part. Consequently, a condition of stability for
system (15) is

det(4) (0 (17

Stability limit is given by det(4) = 0.
Using Mapple/Matlab and without any simplification, we
find:

o ki? R, LR
det(A) l [ L vlooi + W05 o r2] (18)
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det(’a) =0 leads to:

Condition
2 2
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Same result as in [2].

These stability conditions may be expressed in the
torque/pulsation plane.

Under RFOC conditions and steady state (¥/,40-¥,qo =0),

we obtain

L 7, (20)
pLy,

lsqa -

From system (1) in the same conditions, we find

L
a)sla = VZ isqo (2 1)
7y,

Finally using @y, = oy, + o, (19) becomes:

> R 2 Ry 24 (22
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Stability regions in the torque/pulsation plane are obtained
by resolution of (22) Fig. 1.

Fig. 1 Instability region in the pulsation/torque plan
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Condition of stability (17) can be used only in regenerating
mode. In order to validate this, we trace for each E.V, the
locus, in the torque/speed plane, where, condition

‘R(ﬂ; ) >0 is verified.
System stability implies that the five Eigen values must
have a negative real part. Fig. 2 shows regions where different

poles have a positive real part, respectively in regenerating
and monitoring modes.

150

TLo (N.m)

Fig. 2 Stator resistance estimation: instability regions (positive real
parts)

VI. SIMULATION AND RESULTS DISCUSSION

Figs. 3 and 4 illustrate simulation results for step change of
pulsation reference under nominal torque.
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Fig. 3 Tests in regenerating mode, speed changes from
wy=-50rad /s O wy=—66rad/s Tyog=7N.m> K; =300, Kp =30
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Fig. 4 Tests in regenerating mode. speed changes from

wy=—66rad/s to @0 =-066.5 rad/s , nominal torque Tro=7N.m ,

K; =300 Kp=30

The load torque is kept at a nominal valueT;, =7 N.m.

Fig. 3 shows that system is stable. However, in Fig. 4 the
reference speed has transited from stable to unstable region.
Divergences on flux and resistance estimations are illustrated
respectively in Figs. 4 (b) and (c).

Fig. 5 shows simulation results for monitoring mode. In this
case, as obtained on Fig. 2, instability regions are localized in
the area where the torque and speed are high.
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Fig. 5 Tests in monitoring mode (unstable region) 7, =372 N>

K; =300 > Kp=30,0,=250rad/s

VII. CONCLUSION

In this paper it has been shown that stability of observers
employed in sensorless control of induction motors is not
ensured. Instability appears in both regenerating and
monitoring modes. Dynamic performances and estimators
tracking capability are strongly affected.

As perspective to continue this work it is important to study
simultaneous speed and resistance estimation.

To minimize the instability regions, analysis of the three
main approaches is required:

- Action on speed and stator resistance

- Action on feedback gain

- Simultaneous action on speed, stator resistance and
feedback gain.
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