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This paper presents a linear parameter estimation technique used to
estimate the rotor resistance, self inductance of the rotor winding,
stator resistance and the stator leakage inductance of an induction
motor. Such estimation is important for achieving high estimation
performance of induction motor drives. The parameters estimation
model expresses the relationships of the dynamic machine model in
terms of measurable stator voltages, currents and motor speed. This
model is represented by a linear regression equation from which
machine parameters can be obtained using a recursive least squares
(RLS) estimation algorithm. Smulation results are presented to
validate the proposed estimation algorithm with reasonabl e accuracy of
the estimated parameters regardliess of load conditions. Comparisons
between experimental and calculated steady-state performances using
the estimated parameters are also presented.

KEYWORDS: Parameters estimation, Induction motor, Recursive
Least Squares.

1. INTRODUCTION

The induction motors has been gradually replacing € motors in many
applications due to reliability, ruggedness andtredly low cost. The control and
estimation of induction motor drives in general aomsiderably more complex than
those of DC motor drives and this complexity increases substiytif high
performances are demanded [1]. Most modern induati@achine drives use vector
control strategies. These strategies require krpihe position of any of the motor
magnetic fluxes (rotor, stator or magnetising) tpemate properly. In practical
applications, these fluxes are not directly mea$urestead they are computed using
estimators or state observers [2]. Moreover, maived use methods to estimate other
motor variables, such as rotor speed [3] or phasesits [4]. These methods are
generally based on an equivalent electric ciranitich has different parameters for
each particular machine. When incorrect parametkreg are used in the controller, it
may cause instantaneous errors in both torquelaxn@s$timation, resulting in sluggish
dynamics.
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NOMENCLATURE
: : : stator and rotor circuit
I, andl - - )
as s o- andp-axis stator currents R, andR resiStances
iy andig  a- andp-axis rotor currents T, andT, electromagnetic motor ang
load torques
i, andi, stator and rotor currents V, stator voltage space vectof
space vectors
J Total moment of inertia ~ V,, andV, & andfi-axis stator
voltages
j represents the standard 1 and 4 stator and rotor flux space
vJ—1 complex number s " vectors
L, andL, stator and rotor self w electrical rotor angular
inductances ' speed
L.andL, stator and rotor leakage W, mechanical rotor angular
inductances speed
L., mutual inductance W, synchronous angular spegd
p number of pair poles " denotes the estimated v@lue

Traditionally, the equivalent circuit parameterg ameasured by performing
three well-known tests [5]. These tests are thetd3f, the no-load test and the locked-
rotor test. These off-line methods are very simplg extremely approximative.
However, in many industrial fields, it is very diffilt to perform these tests because
the machine is usually coupled to the mechanicad.l@he machine service must be
interrupted while these testes are performed. ¥his addition to the difficulty to
perform the locked rotor test on large power maehirMoreover, under the locked
rotor test at rated frequency, the skin effect lsaavily influence the accuracy of the
rotor circuit resistance. Thus, they can lead tadéguate operating conditions and
inaccurate parameter estimation. In [6] a reviemwherous methods being proposed
to identify the motor parameters is introduced.most of these methods, only one
parameter (rotor time constant or resistance) esiom is considered. Recently, rotor
resistance tuning for indirect stator flux orienteduction motor drive based on model
reference adaptive systgii RAS) is proposed in [7], but this method requires sgleci
test equipments and extensive test procedures.

In [8-9] an extended Kalman filtefEKF) has been used for parameter
estimation. The major problems related EXF applications are computational
intensity and the fact that all the inductances te@ated as constants in the motor
equations. The time-domain and frequency-domaits teave been proposed in [10]
and [11] for estimating the induction machine pagters. They might be expensive to
perform, require special test equipment, and havewasensitivity to detuning. In
addition, some of them simplify the problem by asswy that all the other parameters
are exactly known, except the parameter under dereion.

More recently different approaches like neural meks [12] and fuzzy
estimators [13] have also been investigated toneséi induction motor parameters but
these methods require greater computational bu/tgain, there is a lack of extensive
experimental results, which are the only way to destrate the stability of those
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systems. While th&1 RAS based estimators are preferred because of timalisity,
ease of implementation and their proven stabiliyd][ They have a certain
disadvantage in the low-speed area, where openihtegration may lead to instability
due to stator resistance and leakage inductanegelss rotor circuit parameters. In
[15] the least-squar@ S) procedure has been applied in an original waybtain an
estimate of the stator and rotor resistances ahdesetances, but exposed method is
not strictly recursive. All of this has limited thegpplication of high performance
induction motor drives.

This paper presents a model and a procedure usstiteate most of electrical
parameters of an induction motor. These paramerersiamely, the rotor resistance,
self inductance of the rotor winding, stator resise and the stator leakage inductance.
Such estimation is important for achieving high fpenance of induction motor
drives. The presented model is derived from theadyn machine model. This model
is represented by a linear regression equation futich machine parameters can be
obtained using thescursive least squaréRL S) estimation algorithm. The estimation
algorithm provides good estimation accuracy of pet@rs at any load conditions.
Simulation results are presented which demonsthete=ffectiveness of the proposed
estimation algorithm. The validity of the proposstimation algorithm is checked by
comparing the calculated steady-state performanseg estimated parameters with
those obtained experimentally.

2. INDUCTION MOTOR MODELS

2.1. Steady-State Model

The steady-state motor model can be deduced frentéiscription of the stator and
rotor electrical circuits. With this physical appoh, five electrical elements are
defined as the stator and rotor resistandgsafd R), stator and rotor leakage
inductancesl(s andL,;) and a magnetizing inductands,). This definition leads to the

equivalent circuit for steady-state operation of iaduction motor [16]. From this

equivalent circuit, one can obtain an expressiantdie motor torque, stator current,
input power factor and motor efficiency [16].

2.2. Dynamic Model of an Induction Motor

The dynamic model of an induction motor in a stadiy axes reference frame-ff)
can be described as [17].

. adA
V.=RIl +—5 1
S RS S dt ( )
VI‘ = O = Rrir + ddAtr - ja)rAr (2)
Stator and rotor flux linkages can be expressed as:
/13 = LSiS + Lmir
i (3)
Ar - I-rlr + Lmls

Where
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Ls = I-Is + I-m
I-r = Llr + I-m
The stator and rotor currents space vectors amor staltage space vector can
be written in terms of their components as:

g =gs ¥ Jig
I =g+ jig
Vo =V + Vg

The motor electromagnetic torque in terms of statat rotor currents
components is given as:

3 L
Teza me(Iﬁslm _Iaslﬁr) (4)
The mechanical equation of the motor neglectingibm losses is given by
da
T,-T,=J—n 5
Wherew, = b
P

3. PARAMETER ESTIMATION BASED ON RLS ALGORITHM

Standard methods for parameter estimation are basedqualities where known
signals depend linearly on unknown parameters. Wewehe induction motor model
described above does not fit in this category wnlgee rotor flux linkages are
measured.

A modified model of an induction motor independehtotor flux is obtained
if one chooses a null rotor leakage inductance.réibee, the parameters to be
identified are rotor resistance, rotor self indack, stator resistance and stator leakage
inductance.
IntroducingLsandL, in the time derivative of equation (3) to obtaie #quation

A, di, dh ©
dt d dt
Eliminating the rotor current, using equation (6)hmequations (1) and (2) yields
di . adA
V.=L,—2+Ri,+— 7
s Is dt Rss dt ( )
_~_R .dA
V,=0=—"A -Rig+—-jwA 8
r L r R’ S dt J re'r ( )

T
Calculating the time derivatives of the differertoetween equations (7) and
(8), the following equation can be obtained

di, _ di, (R _.
(RS+R)dt+( Jw,j

dfi _ di, . dw
dt? L,

J— A
dt dt dt

(o\VA )

Lls
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R

Making the product O(L—— ja)rj and the difference between equations (7) and (8),

r

this produces
(%—jaejhs%{%—jcqj[—(&m)is{%—mj& +vsj (10)

Introducing equation (8) in the sum of equationsg®d (10) to eliminate the
time derivatives of rotor flux yields:

Ty T LR L )

L, dt ot L,
—(%—jwrj(&m)iudgf
) .d
+(%—1a4jvs—1 A (11)

After some algebraic manipulations, equation (¥k) lse rewritten as:

dii, . dig,  (day/dt) :—(5+R+R5j%—ﬂi+'&

Jwr—ts+j j—wi

dt? d L L, L, jd Ll ° ‘L, °
+i(dvs - mvsj + By, 12)
L.\ dt L.L,

The use ofRLS estimation techniques requires that the systemeimod
(equation 12) is to be defined as a regressionteguia the form

y(t) = x(t)6 (13)
Where y(t), x(t) and & are the prediction vector, the regression matnid a

the parameters vector, respectively.
During the identification process the motor speedssumed to be constant

(da), = Oj, then equation (12) can be rewritten as:

dt
2. . . 6,
d'i—Jwr%=% i, jais dVS—ierS v, || % (14)
dt dt dt dt 0,
o,
95
Where
d?i .o di
=—2 - jw—
v dt? " dt

di . . dav. .
Xt)=|— | I S —jwV. V.
0% L el Giav v
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g-_R_R*R
1
I—r I—Is
02 = —Rf_
I—Ier
2] :&
’ I—Is
1
6,=—
’ Lls
- R_
* L

The following steps describe tiRt S algorithm used to estimate the unknown
vector 4.

1. Initial conditions: The initial value of the estited parameter vectdf is set
equal to zero. The initial covariance matRxis assumed to be a diagonal
matrix with large positive numbers.

2. Compute estimatey

y(t) = x()o(t-1) .

3. Compute the estimation erroryt)

£(t) = y(t) - y().
4. Compute the estimation covariance maRiat instant

— T —

P(t) = P(t ~1) - P(t -1 x (t)x(t) P$t D
a+x@t)P(t-1)x (t)
The forgetting factom is used in this algorithm to track the time
variation of the unknown parameters.

5. Compute the estimation vectér at instant
O(t) =0t -1+ P(t)x()&(t).
Continues the updating process until a weightedigug cost functionG) is
minimized forN successive instants samples:

G =Y ly® -x0do|

By estimating vectoé, the induction motor parameters can easily be cksdiu
by using the following equations:

R =2 (15)

S

I:Is =

(16)

4
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C :i{i—ég—égj (17)
AN

~ 1(68, 5 =

== T—H—H 18

2-(6 44) o

4. SIMULATION, EXPERIMENTAL RESULTS AND
DISCUSSIONS

In order to verify the validity and the performanoé the proposed procedure a
computer simulations usingflATLAB software and experimental work have been
carried out. The tested motor was a 9.8 HP, 2260vHz, delta connection, slip-ring
induction motor. The rated stator current per phaas 15.1 A at 1450 rpm. Coupled
to the motor was ®©C generator of about the same rating. The equival&ntit
parameters for it have been determined by tesengiv[5].

The parameter estimation procedure is carried aihguthe presented
regression equation (equation 14) and RheS algorithm with forgetting factor. The
machine is to be supplied by a balanced three psiassoidal voltage source. The
parameter estimation algorithm runs with the détaioed by digital simulation.

Table 1 illustrates the estimated values of elegtmotor parameters obtained
using theRL S algorithm and those obtained experimentally (stathdests). The third
row shows the percentage error results. It canobednthat the estimation algorithm is
able to estimate most of the electrical machineampaters with good precision
(estimation errors between 2 — 4 %). These ermarsmall and acceptable to get good
parameter estimation.

Table 1. Estimated and standard induction motor parameters

Electrical Machine Parameters R (Q) Rs (Q2) Lis(Henry) L, (Henry)
Experimentally 0.174 0.512 0.0051 0.1122
UsingRL S algorithm 0.1701 0.5061 0.0053 0.1154
0% | Error | 2.241 % 1.152 % 3.922 % 2.852 %

Figure 1 shows the simulation results for stat@istance estimation values.
From this figure, it can be seen that the estimateverge quickly to the measured one
with limited estimation errors in steady-state.

Figure 2 shows the simulation results for statak#ge inductance estimation
values. From this figure it can be noted that theail high transient peak (about 0.58
H) is due to the startup of the RLS algorithm anel éstimate track very well to the
measured one. Figure 3 shows the simulation redoltsrotor self inductance
estimation values. This figure provides fast cogeece time and small estimation
errors in steady-state.
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Figure 4 shows the simulation results for rotocwiir resistance estimation
values. From this figure, it can be seen that tterrcircuit resistance converge some
what slowly to the measured one and provide snséthation errors in steady-state.

It can be seen from these figures 1-4 that theewdifft estimated parameters
follow the real ones very closely, which indicatixat the proposed identification
procedure works successfully for induction motalapaeters estimation.

The validity of the presented method of estimatidyction motor parameters
is checked by comparing the calculated steady-gEti®rmance characteristics using
estimated parameters with those measured expeattyewhen the source voltage and
frequency are maintained at their rated values.

Figure 5 shows that calculated, estimated and expatal values of the motor
per-unit speed versus motor torque. From this &igitrcan be noted that the estimated
values of motor speed and measured one have smabhtion. The discrepancy
between calculated, estimated and measured spaexsyvaspecially at high values of
motor torque, is attributed to the mechanical legsch is disregarded from the
equivalent circuit.

Figures 6 and 7 show the estimated and experimealaes of stator current
and input power factor. These figures indicate ,ttla¢ estimated values are well
matched and agree with their measured ones. Orotter hand, large deviation
between the calculated values of stator current iapdt power factor and their
measured ones are due to the fact that the maphmaeeters values are assumed to be
constant at all operating conditions.

From these figures 5 to 7 it can be seen that,udieg of the estimated
parameter provides good performance characterisifcsnduction motor, which
indicates that the presented estimation procedunekswysuccessfully for motor
parameter estimation.
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Figure 1: Standard and Estimated values of statistance
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Figure 2: Standard and Estimated values of statikdge inductance
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5. CONCLUSION

An identification methodology based on tR& S algorithm was successfully applied
in this work to identify most of the electrical pameters of an induction motor using
the measurable stator currents and voltages atardnspeed. The estimation model
takes the form of the linear regression equatioichvis derived from the dynamical
machine model. The identification algorithm sholbéexecuted when the system is in
steady state operation. The accuracy of the estanaérameters using the proposed
technique is in reasonable agreement with thoseirest experimentally. It can be
seen from the experimental results that the pedon®e characteristics which are
obtained using estimated parameters follow the rixxyatal ones very closely. This
indicates that the proposed identification proceduprks successfully for induction
motor parameters estimation. From the present sisalgne can draw the following
main conclusions:
1. The presented regression model has provided gotithagi®n accuracy
regardless of load condition
2. The estimated parameterR, R, Ls and L;) have provided good
performances, i.e. fast convergence time and tvaalk their measured ones
with small estimation errors.
3. Good agreements between experimental and calculetzhdy-state
performances using the estimated parameters deratnghe effectiveness of
the proposed identification algorithm.
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