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Abstract:

In order to implement the adequate control of the wind turbine it is necessary to know the parameters
of the electric generator. Due to the robustness, acquisition cost and maintenance, the three-phase
wound-rotor asynchronous generator is used. The objective of this paper is to apply an identification
method in order to find the electrical parameters (for both stator and rotor windings) of the three-
phase asynchronous machine used as electric generator to be introduced for calculating the
appropriate parameters of the control loops regulators. The most common identification method is
the least squares one and it is used in this paper. The objective function is described, the identified
parameters are chosen by minimization of the performance index. The synchronous reference frame
based mathematical model of the induction machine (IM) is provided. Therefore, the vector control
of the wind turbine is the most suitable control method. The Matlab implementation of the proposed
method is presented in the paper. In order to show the performance of the used identification method,
the real parameters values of the three-phase IM's are compared with the parameters obtained through
the identification algorithm by using the proposed mathematical model of the IM. The validation of
the proposed method has been achieved both by numerical simulation, and experimental results.
Validation of the mathematical model is important for using in both for the hardware in the loop
control (HIL) and for diagnosis purposes.
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1. Introduction symmetrical power source voltage rated magnetic

flux, only fundamental harmonic is taken into

There are off-line and on-line identification
methods [1-6] of the electrical machines parameters.
The necessary data can be obtained at standstill or at
rotating operating regimes. The aim of the paper is to
find the parameters of the wound rotor induction
motor by using the least squares method [7,8], and to
evaluate the performances of the applied identi-
fication method. The Matlab implementation of the
proposed identification solution is shown [9].

2. ldentification Problem

2.1. The d, g Mathematical Model of the Three-
phase Wound Asynchronous Motor:

In order to proceed to the mathematical model
of the IM some assumptions have been made:
symmetrical windings powered from the
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consideration, constant air-gap. The mathematical
model of the IM consists of the voltage, magnetic
flux, torque and circular motion equations.

The adequate meanings of the used symbols are
shown in the Table 1.

Table 1. The nomenclature of the used symbols.

Symbol e
@y slip angular speed;
ise, Isg longitudinal and transversal stator current components d, ;
Uas, Ugs (d, q) axes stator voltage components;
L, Le stator, rotor inductances;
Lm mutual inductance;
T rotor reduced equivalent load torque;
J the equivalent inertia moment;
p number of the pole pairs;
RsRr stator and rotor phase resistances;

@y synchronous angular speed;

@ rotor angular speed;

Ug, g, Wy voltage, current, flux stator space phasors;

[V A voltage, current, flux rotor space phasors;

Fis, Yas the longitudinal and quadrature components of the stator flux;
Fir, Par the longitudinal and quadrature components of the rotor flux.
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The stator and rotor three-phase system
Equations (1) are as follows:

ua(t) = RIA(t)+ u/A(t) u(t) =R (t)+ wa(t) (1)
Ua(t):Rs"B(tHa‘//B(t) ub(t):Rr'lb(t)"'aWb(t)

U =R e+ ve® |00 =R 0+ Sy

The modern electric drives suppose the
implementation of the vector control. In this respect,
the appropriate space phasors for the stator current,
voltage and flux (2) are considered:

us = 2@ +aus © +au. )] @
i = 2 +als © +a2ic©]

v = %[V/A(t) +ayg () +ay (D)

Taken into account the (d, q) components,
defined into a two-phase stator reference frame
system, of the above mentioned stator space phasors,
and similar rotor space vectors, by separating the real
part from the imaginary part the (d, q) stator voltage
model (3) is provided:

Ugs = Ry igs +%V/ds O g

Ugs = Ry +igs + g Was + O gs (3)
Ugr = Ryigr + %l//dr (0 - @)y

Ugr = Ryigr -%—%t//qr + (0, — )y g

Replacing the below mentioned (d, Q)
components flux equations (4)

Was = Lslas + Lilr

Was = Lsigs + Lmigr
War = Lelgr + Linlgs

War = Lelgr + Linigs

(©)

into the stator and rotor (d, g) components (3), the
final stator and rotor (d, g) voltage components (5)
are obtained:

Lgigs + Limigr)

(
(L, (5)

L +mqr

Ugs =R g _wl(leqs + Lmlqr)

=Ry +igs — @y (Lsigs + Liyigr )+

g\as\a

|
. d
Ugr :Rr‘ldrf(a)lfw)(l‘rlqr"'l- i S)+7 L Idr+Lm|ds)
d
)

d
*(Lrlqr + Lm'qs)

-

=R, “ig +(o —@)Lig +Lpig 5

The electromagnetic torque is invariant to the
system reference frame (6):
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(6)

TS ey =S pinly i)

The circular motion dynamic Equation (7) is:

dr as qr'ds)

do _ P (-
gt~ 3 m-m:) 0

2.2. Least Mean Squares Identification Method:

Suppose that the set of N observations has been
collected.

If there are m parameters (8) of the
mathematical model:

0=16,, .., 6,]" 8

The mathematical model is a linear combi-
nation between the observations and the parameters

of the model @, ¢(t) being the polynomial
regression y(t), can be written as (9):
y(®) = " ()6 +5(1) ©

Based on the N data observations, least-squares

estimate 6 (10) of the real set of parameters 0 is
given by:

6 =arg min J (@) )= ZN:[y(t)— o (t)é] (10)

WhereJ() Zv -V v, v=y(t)-¢' (t)o-

the sum of the square errors is the performance
criterion. In order to estimate the model parameters,
the performance criterion must be minimized by
differentiating the criterion J versus parameter and
equating with zero, the normal equations for the
estimation problem are obtained.

o' ()y(t)=0" (tolt)o (1)

Taking into consideration that the rank ¢(t)=m
m being the number of the parameters, ¢ (t)p(t) is

invertible. In this way, the unique estimates ¢ (12)

of system parameters @'is obtained by using least
squares estimated method:

[ <t><o<t>rlew Oy(t) oo

Therefore, the estimates (12) can be written in
the equivalent form (13):
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o=[oT o[ 0y, 13)

where the observation vector (14) and the regression
matrix (14):

y(N)[",
o(N)I'.

For the wound three-phase asynchronous
machine the following electrical signals could be

measured: the supply voltage U, =uy, + jug, the

stator currents Iy =iy + jigs, the rotor currents

(14)

I, =g + jig,, the stator frequency @ and the

angular rotor speed a=pL2.

Taken into consideration that the voltage
equations comprise all the unknown parameters
of the wound three-phase asynchronous
machine, the steady state model can be used. As
the control input the (d, q) stator voltage
components are considered. For N data
observations, the input vector consists of the (d,
g) stator and rotor voltage components, i.e. the
control vector (15):

Y:[Y(l) y(N)]T jY:’uds(l) uqs(l) 0 0. uds(N) uqs(N) 0 O]T
(15)

The unknown parameter vector (16) should be
estimated is as follows:

0"=[R, R L L L, @
The regression matrix (17):

(1)
oD = ey a7

consists of the sampled regression submatrix at each
instant (18):

— oyl 1)
oy | @O
- (wl - w)l qr (1) - (wl - w)l qs (1)

(@ -0 (@ -0)lg)

3. Numerical Results

The database is formed by a several
experimental results, taken from different steady
states operating regimes for different loads. In order
to obtain the electrical angular velocity, a=p£2, the
rotor speed measurement (2 is necessary. The

Corresponding Author E-mail: marian.gaiceanu@ugal.ro

obtained parameters through least squares method
are compared with the real parameters values of the
wound asynchronous motor. The real parameters
(19) consist of the stator and rotor resistances, and
inductances, adding the magnetizing inductance:

ry=[R1R2 L1 L2 L12] (19)

The known values of the real parameters vector
are (20):

ryr =[1.70;2.55;0.136;0.136;0.127] (20)

By knowing the used testing frequency of the
supplied voltages, the electrical pulsation of the
voltage input (21) can be obtained:

wl=2*pi*fl (21)

The following [8x1] acquisition wvector is
considered: [Uss Uq it Iz laz lz omega
Wl].

The v vector consists of 20 samples obtained at
different levels of the supplied voltages. Based on it,
the regression matrix is obtained. By applying
adequately the Matlab function LSQNONNEG, the
unknown parameter vector, rye, is identified (22):

rye=[1.6402 2.6011 0.1374 0.1374 0.1288] (22)

The 3D graphic representation indicates that
based on the 20 samples values (x axis), the 5
parameters are identified (y axis) at the appropriate
value (shown on z axis) (Figure 1).

neters

of the identified param

20

>
.':.‘al\ﬂh\a dar

e

Figure 1. The identified parameters of the wound asynchronous
motor: R1 R2 L1 L2 L12. 3D graphic representation.

By comparing the real values with the
identified ones the identification error could be
obtained for each of the identified parameter (Figures
2-6). In the Figure 7 the error functions of the
identified electrical parameters of the three-phase
wound-rotor induction machine are shown.
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The error function of the magnetizing inductance, L12, parameter identification
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Figure 6. The error of estimation of the magnetizing inductance.
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Figure 7. The error functions of the identified electrical
parameters.

4. Conclusions

The identification of the electric parameters of
the wound three-phase induction machine by using
least squares method is developed and validated in
this paper. Taken into account the symmetry of the
magnetic and electric circuits of the three-phase
wound asynchronous motor the (d, q) model is taken
into account. Therefore, a reduced order of the
regression matrix is considered. The identification
problem formulation is done in globally way, such
that the method could be applied to all types of
electrical machines: DC or AC machines. The most
advantage of using this identification method is that
the necessary data is obtained at rotating operating
conditions under different loads, and does not need
the operation at locked rotor or no-load.
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