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Abstract —This paper presentsa recursive algorithm to
estimate the parameters of induction machine based on
measurements on the stator currents. The algorithm is
designed using two linear regression models derived from
the machine electrical equations. The first algorithm is
based on homopolar equation of machine which estimates
the stator resistance and stator leakage inductance. The
second algorithm uses the transfer function of the motor
at standstill to obtain a linear parametric model which
estimates the other parameters. Simulation and
experimental results are given to demonstrate the good
performance of the proposed estimation algorithm.

Keywords —Induction Motor, Parameter Estimation,
Recursive Estimation.

NOMECLATURE
Vs = Vsq +JV sq
Is =lsat Jl s
IR =IrdT Il Rq

Stator voltages
Stator currents
Rotor currents

¢s =dsgt ] g Stator flux

Or = Prgt | rq ROtOr flux

Rs, Rg Stator and rotor resistance

Ls , Lg Stator and rotor inductance

Lis, Lir Stator and rotor leakage inductance
Lg s L Homopolar stator and rotor inductance
L Mutual inductance

Lv1 Mutual cyclic inductance

P Pairs poles

WR Rotor speed

oy Frequency of the feeding

Vgo €ligp Homopolar stator voltage and current
Te Electrical torque

T, Load torque

J Rotor inertia

B, Friction coefficient

I. INTRODUCTION

In last decades, high performance AC drives for the

induction machines (IM) have been developed in mtawe
with critical industrial demands. The fast dynamésponse
of induction machine, required in these applicajoran be
achieved by the Field-Oriented Control (FOC). Hoarethe
FOC
knowledge to find an effective decoupling betweergte
and flux control to obtain good performance.
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The usual procedure to identify the electrical niaeh
parameters is the classical no-load and/or lockeor tests
[1]-[3]. However, this method is imprecise becaitsases
some approximations to derive the model. In ordesdlve
problem, several recursive algorithms to obtainrtiuslel of
IM have been proposed in literature [4]-[8]. Mogttbese
techniques use Recursive Least Square (RLS) estimat
algorithms to obtain the model of the machine. Agtirese
methods, most part of them does not provide tharpaters
of the machine, only the coefficients of the trandfinction
of the model [4]. Conversely, it had been proposed
procedure based on an RLS algorithm to obtain letrecal
parameters of the IM [7]. However, this method iezpl
previous classical tests to obtain the initial pagters used
in the closed-loop RLS estimation algorithm.

This paper proposes an algorithm to estimate thetrédal
parameters of induction machine using a RLS algorithat
eliminate the requirement of previous classicatste3his
procedure combines the features of the methodsideddn
[4] and [7]. As a result, the proposed estimatioocpdure is
divided in three steps: (i) The determination oé tstator
resistanceRs and stator leakage inductantgs based at
homopolar machine model; (ii) The estimation of titansfer
function coefficients of the IM model at standst{iii) The
calculation of the resistané®, rotor leakage inductander
and mutual inductandg, using the steps (i) and (ii).

This paper is organized as follows. In section gl i
presented the induction machine model. The RLSrilgo
used to estimates the IM parameters is depict ati@elll,
while section IV describes the proposed parametimation
method. Sections V and VI present the simulatiom an
experimental results, respectively. Finally, in tBet VII is
presented the paper conclusions.

II. INDUCTION MACHINE MODEL

The equivalentdg IM model, assuming the electrical
variables referred to the stator fixed frame, igegiby:

. d
Vs =Rgist+—0sg,

techniqgues demand accurate machine parameter

1
pm (1)
. d .

Rrir +E(PR - jorer =0, 2
¢s=LsistL iR, (3
Or=LgigtL vis, 4)

Ly /. .
Te= PL—M(|Sq¢ Rd~! s& Rl)l )
R
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P(Te-T)=d din+Brp)R (6)

The homopolar voltage and current used in (14) are

obtained transforming the voltages and curregtsvss Vs,

The equivalent circuit of a symmetrical three-phasdse issandisras follows:

inductor machine is given in Fig. 1. The objectivkthe
proposed method is to obtain the values for thapaters
Rs Lis Ly, Rr andL g, where:

LLS =LS_LM1 (7)
Lir=Lr-Lwm- (8
RR LLS LLR
— AAA—Y Y YL YY)

Fig. 1. Equivalent circuit of a symmetrical threleage induction
machine

lll. RLS ESTIMATION ALGORITHM

The RLS estimation algorithm requires the derivatad
the plant model in a discrete-time linear regras$am [9]-
[10]. Assuming the sampling period and the actual
sampling inde>, we obtain the following model:

y(k)=C(K®, 9)
where y(k)is the prediction vectorC(k)is the function of
measurable quantities anf is the vector of unknown
parameters.

The recursive estimation algorithm is described thy
following equations:

e(K) = y(K) - K. (10)

_ P(k-1)C'(K
K(k)_|+c( K)P(k-1)C (K’ (1)
o(k)=6(k-1)+ K(K € B, (12)
P(k) = ( K(K)C(K) A( k1), (13)

k
where dim y( K = ix T, dim C( k) = kT,
dim8(k)=Txh, dme( K= TxT,
dim K(k) = Txmanddim | = dim P( K =TT,

n,

IV. PROPOSED PARAMETERS ESTIMATION METHOD

The proposed parameter estimation method is divided
three steps, described as follows.

A. First step: estimation of§&and L g

The determination of the paramet&®sandL,s is done
performing a no-load test. These parameters a@naat by
a RLS estimator considering the homopolar IM modeien

by:

. d.
Vgo = Rsig + LLS&' 8 (14)
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Vso = ){f Vgrt Vst V s} (15)

iso —}/@ i srHi gt s}- (16)

It is worth mentioning that is required the existerof the
zero-sequence excitation in (15). As a results ihécessary
to fed the IM by four-wire connection to force that

Vsr* Vgst Vg 0.
The estimation ofRs and L s is done using the RLS

estimation algorithm described in Section Ill. Theear
regression form of (14) is given by:
y (k) = Ve, 7)
c(k) =]l L(io)], (18)
~ ~ T
o(k)=[R Ls] - (19)

The implementation of the derivate function presdnn
(18) is calculated using a State Variable FilteVKp[11].
The continuous-time SVF to obtain the n-order dmevof
the signal(t) is given by:

— Fy (S) _ (*)cn+1
Gy (S) T F (S) - (S+o.)c)n+l ! (20)

where F(s) and F«(s) are the Laplace transform &ft) and
d"f(t)/dt, respectively. It is worth to mention that theadéte-
time implementation of this filter considet=5cw;.

B. Second step: estimation of a;, by and

This step consists of the determination of the &ine
Time-Invariant (LTI) model of the IM. The determtian of
the parametersa,, a;, by and b, is done performing a
standstill test.

Assuming the IM at constant speed, we can derigm fr
(1)-(6) the following equivalent transfer functifrom stator
voltage to stator current [4]:

SLRl.,.LR’l(l - ijRJ

(0} o

H(S)_s 21 o(p - JRog) +8 R‘(lR-JPij

., (21)

where:

_RsLrpt RrlLg

A

Note that the coefficients of this transfer funotiare
functions of the machine parameters and the ropeed.
Assuming the machine at standstilb{ =0), it is possible to
eliminate the dependency between the direct andrqtiae
axes in (21).

For notation simplicity, the transfer function givin (21)
can be expressed as:

L
,0=Lglg-Ly? andtg =3¢ .
R1-s1 M1 R RR

H(=g ot @)
s’ +sg +3g,
where:
_Rlp+ RRLs RSLRl _ _ Ll
= = dhb,=—=. (23
. b= and b, or, (23)
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To obtain the linear regression model, eq. (22¢veritten
as:

dig
dt?

di
i

LF

tdt

+agis= b—S+by . (24)

Solving for the second derivative of the statoreant we get:

a
dzis{_% i s V}""o (25)
dt? d ° dt °
by
The estimation o#y, a;, by andb; is done using the RLS
estimation algorithm described in Section Ill. Theear
regression form of (25) is given by:
d?i
K)=—2=, 26
di N Vi
C(k):|:_d7: _IS Tts Vsj|i (27)
~ ~ ~ ~ T
0=[4, & b b . (28)

The implementation of the 1st and 2nd-order deewaf

(26) and (27) are calculated using the SVF desdribe

previously.

C. Third step: R, Lig and L, calculation

Using the values obtained in (19) and (28) aftez th
convergence of the RLS algorithm, we obtain theaieing
parameters of the IM:

~ 2( . (a - -
L, = E(zr %— RSJ— LLSJ, (29)
~ 2
R 1Y)
L g RET I (30)
lg-+ 2
o1 A
by
Ry = ko, (31)
where:
. A A 3- ~ A 3-
Tr:%, L51:LLS+§|—M , LR1=LLR+EL,\,I and
W oon (320Y
o:LRlLSl—(ELMj .

V. SIMULATION RESULTS

Simulations have been performed to evaluate thpgzed
method. The induction motor used for validation the
proposed parameters estimation algorithm is a Yhreoted
two-pole, 3 cv, 3465 rpm, 380V/4.88A. The paranetef
this motor obtained from classical no-load and &tkotor
tests are given in Table I.

TABLE
M otor parametersused in simulation
Parameter value Parameter value
Rs 1.80Q Lis 0.0145 H
Rr 1.93Q Lir 0.0145 H
[ 0.2865 H
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At first, it have been performed a no-load simalati
imposing the following input voltage: 150V/30Hz.sidg the
RLS estimator described in Section [I1.A=60Qus), we
obtain the parameteRs andL, s shown in Fig. 2 and 3. Due
to the considerations described previously, it Haeen used
a 2V offset in each input voltage.

a
.E 3 ................................................................... 4
= :
o M 005938
Mool e ]
* .
TEE
D 1 1 1 1
0 p.0z 0.04 0.068 0.0s 01
time (s)
Fig. 2. Simulation results of the convergencehefdtator
resistance
0.05
DDd ................................................................. 4
— DDS ................................................................. 4
T
in : . . .
1171 § . T W 0DE93E
: : Di00ds
. :
1 e A
D 1 1 1 1
0 0.0z 0.04 0.06 0.0& 0.1
time (s)

Fig. 3. Simulation of the convergence of the stitakage
inductance

&
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£
s | ¥ 005963
i (1.3
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U R I T TP
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0 0.0z 0.04 0.08 0.03 0.1
time (s}

Fig. 4. Simulation results of the convergencehefrotor resistance
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Simulation results for the steps 2 have been peddras sampling period is the same used in the preceding
described in Section Ill.b. Considering the valpesviously  simulations.

obtained forRs andL,g, it is possible to obtain algebraically % Js H} e}
the values oRg, L g andLy as calculated in the step 3. In | B B B s, v,
this simulation, a 31V/6Hz fed the IM at standstl is “ | CT_ by 3
worth mentioning that the reduced frequency bette; = A A s, ¢
represents the normal condition of operation of thtor Lk E E
circuit. Figures 4, 5 and 6 show the convergencehege Zf Z|s Z} @ ZFH}
parameters. As can bee seen, in simulation, alrpeters
converge to its exact values. I —

0.05 il W| A/D

od b ............. .............. ............ 1 Fig. 7. Circuit description of the experimentaluget

; 5 5 ; The measurement of the input currents has been done
R A D SRR e 1 using hall effect sensors. The considered inpuiagels have

%— not been measured, and their values are estimeted the
Sl ilwooe | product between the dc-bus voltage and the modulati
|G L | indexes. Moreover, for the first step, as descriineBection
u o .
5 5 g 5 lll.a, it is necessary to impose thagg+vgstVvg# 0. TO
DEH Lol .............. ............. ............. .............. ach|eve |t’ |t have been used a ConnchQn betv\lhen
: : : neutral point ‘N’ and the central point of dc-buspacitors
0 L L i L ‘0’ shown Fig 7. Such as done in simulation, a 2fset
0 0.02 0.04 0.05 0.08 01 have been imposed in each input voltage.
time (s)
Fig. 5. Simulation results of the convergenceotdr leakage 5
inductance
4 .................................................................. -
0.5
: : : : =gl 4
71 | . . ORI SO EUUU SR i E
: : : : 2
DWODE o ol
S % 02865 - o 0861
—_ 03 .................................... . beooeininnan 4 1
==} :
E 1l
gzl i
: : : : 0 L L i L
Rl | . U U SR S 0 0.2 0.4 06 0.8 1
: : : : time (s)
Fig. 8. Experimental results of the convergencstatior resistance
D 1 1 1 1
0 0.02 0.04 0.06 0.08 0.1 a
time (s) 5 o
Fig. 6. Simulation results of the convergencehefinutual
inductance
4 .................................................................. -
VI EXPERIMENTAL RESULTS 3 ............................................................... 4

Experimental results have been obtained with trstesy K::Dm
setup illustrated in Fig. 7. The induction motoreds ) O SRR SN Vioomyzm ]
experimentally is described in Section V, whosecteieal h : ; : -

parameters obtained via classical no-load and Bbakeor

tests are shown in Table I. The drive system ctmsi a L R S SRR S
three-phase inverter controlled by a TMS320F2812 [ASP _ _ _ _
controller. This processor performs 32-bits fixemlAp math 0 i i i i
operations and present some peripherals dedicabed f{ 0 0.2 o4 0.6 g 1
induction motor driving applications. The experinan time (s)
Fig. 9. Experimental results of the convergencstator leakage
inductance
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The experimental estimation &, L5, R , Lig and Ly TABLE 11
have been done equivalently as described in siioulaFig Convergence parameter in implementation
8, 9, 10, 11 and 12 shows the results obtainedParameter RLS Parameter RLS
experimentally. As shown in Table Il, the parameter Rs 1,2500Q Lls 0,0017H
obtained experimentally differ from the classicts. Rr 3,50000 Lir 0,0014 H
Lm 0,3332 H
5 : : : : : In order to evaluate the obtained results, it hbeen

performed a comparison between the values obtdigatie
classical method and the proposed one. For sudiisiait
have been done two simulations using the parameters
described in Table | and Il. The simulated inputrents, for
both cases, have been compared with experimengal. dime
results are shown in Fig. 13 and 14. The resuksrbl
demonstrate that the parameters obtained with thpoged
method better describes the considered IM.

'] ................................................................... g
=

D 1 1 1 1 1

0 na 1 1.6 2 24 3
time (s) ;
Fig. 10. Experimental results of the convergencetdr resistance z o

n i,
- 1 i

10 i 1 i H i
w10 0 0.1 0.2 03 04 05 06 07
8 ; ; ; ; ; time (s)
gl S ORI UUURRRR SN _ -
=
T A
5 .....................................................................
Z,
= Fig. 13. Comparisons between measured (gray) iamdated
3 (black) currents using the parameters shown inelabl
2
1 z
0 1 ] 1 1 1 = 10 i ! i 1 1 i
a 05 1 14 2 25 3 0 0.1 0.2 03 04 05 06 07
time (s) time (s)
Fig. 11. Experimental results of the convergerfa®ior leakage _ ;
inductance z 7
n - . - -
- -0 i I i 1 1 i
0 0.1 02 03 04 05 06 07
L ! ! ! ! ! time (s)
agk- U N RN SRR U i =
: : : : : = : : : :
-0 1 1 i i 1 I
; ; ; ; ; 0 0.1 02 03 04 05 06 07
DE ........... ............ ........... ........... ........... .......... 4 t|n1e (5}

Lm (H)

Fig. 14. Comparisons between measured (gray) iandated
(black) currents using the parameters shown inérdbl

VII. CONCLUSION

This paper describes a method for determinationthef

o 0.5 15 2 25 3 electrical parameters of induction motors basedaoRLS
time (s) estimation algorithm. The main contribution of pospd

Fig. 12. Experimental results of the convergerfamuatual work is the development of simple and automatizedhiod
inductance to obtain the five electric parameters of the inatuc
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machines without the requirement of any previoust.te
Simulation results demonstrate the convergence hef t
parameters to their exact values. Experimentdllis shown
that the parameters converge to different valuesiation
classical tests. However, the results shown in Eigand 14
shows that the parameters obtained with the prapose
method better describe the behavior of the machine.
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