International Journal of Engineering Research And Management (IJERM)
ISSN : 2349- 2058, Volume-03, Issue-02, February T®

Model Reference Adaptive Control based on Fuzzy
Logic for Doubly Fed Induction Generator used in a

Chain of Wind Power Conversion

Jean N. RAZAFINJAKA, Tsiory P. ANDRIANANTENAINA

Abstract—

This paper deals with a study of a model referencadaptive
control (MRAC) based on fuzzy logic controller andpolynomial
RST one. This new proposal is applied on the controfsowers of
a doubly fed induction generator (DFIG) used in akain of wind
power conversion. The wind system is envisaged to bennected
to the grid. Simulations are made by using MATLAB plaform.

The results show that this new method is realizablend leads to
good performances on tracking test, disturbance rejction and
robustness in respect with parameters variation, gecially
rotorique resistance variation. Indirect validation by
comparison with a method suggested by other authonsermits
to conclude the effectiveness of the new method.

Index Terms—Adaptive control, fuzzy logic, DFIG, RST
controller , model reference

converters. The turbine transforms the kinetic wogver in
mechanical energy. The total kinetic is,

P=(1/2).(0rR V' G)
With pthe air density, V, the wind velocity,tRthe blade
length and Cp, the energy extraction coefficient.

@)

For windmills, the energy extraction coeffici&hy which
depends of the wind velocity and the turbine isallgulefined
in the interval (0,35+ 0,59) [3].
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Currently, the energy request does not ceaseasicrg and A fm
old sources energies start to decrease. In additimlucing ,ﬂ[; Ao iy it

greenhouse gasses emission becomes an obligatatition
in the world. All these reality made renewable rteses
attractive. Among these renewable sources of endhgy
windmill represents a potential to bring solutio@sirrently,
windmill system with variable speed based on thé @B
widely used. Indeed, it presents more advantageger8l
controls applied on the DFIG have been alreadygseg as
[1], [2], [3], which give good performances. HeeeMRAC
using fuzzy logic and a polynomial RST is adopfte paper
is organized as follows: first, the chain of windwer
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Fig.1: General scheme of wind turbine based on DFIG

The coefficient Gis function of the specific velocity and
the angle of the bladé Fig.2 shows the characteristic of C
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conversion is given. The, DFIG modeling and itsteec
control follow this generality. Polynomial RST, fiyzlogic

and MRAC are then showed. About the simulatiorfedgit

tests are taken into account. Discussions fromouari
simulation results are presented. An indirect \al@h by
comparison and a conclusion will finish the paper.

Il.  WIND POWER CONVERSION SYSTEM . .
Fig.2: Characteristic of /s A.

Fig.1 shows a general scheme of the system wisch i
composed by a turbine, multiplier, the DFIG and two

The DFIG transforms the mechanical energy to atzdt
Manuscript received on February 2016 one. The converters are used to transform maximetgy
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Il. DFIG MODELING AND ITSVECTORCONTROL direct and transverse rotor voltages must be chedro

The DFIG model is described in the referentiakP@he ~ SeParately in an uncoupled mode by introducing

different equations below give the global modelifighe compensation terms. Referential (d, q) related pafirsng
field and stator flux aligned are adopted. So,

machine.
. . (psd = (ps

A. Electrical equations ®)
The electric equations give voltage expressions. Oy = 0
Vs = Relgs* (dqodsl d9-w & qs If the grid is supposed stable, the stator fiesis constant.
V. =R.i.+(d dd+ow Moreover, the stator resistance can be negledteda irealist

a° Rs _qs ( qoqsl ) & as 5 hypothesis for a generator used in windmill. Takingp
Var = Rl +(dgg, / db) — (a2 ‘wr)-%r () account all these considerations,

e V, =0

Vqr - R’hr + (d%r [d)+(a — ) )y, sd (9)

Vsq = Vs = m§p5
@, R, w represent respectively, the flux, resistance and

pulsation. The indices r, s, d, g are related ¢ordtor, stator By equations (8) and (9, relations between rotarignd
and the axes. statorique currents can be established,

B. Magnetic equations

Relation (3) gives the equations of different flsixe i,= O - My
. _ Ly Ly (10)
s = LS'I ds+M D ar i = —&i
_ . . sq L
Bys = Ll qs+M I gr s
@ =L dg +M iy (3) Using relations (5) and (10), power equations arfobows,
Bor :Lr'lqr +M]qs Po= -Ve.(M/L).ig (11)
With L, Lr and M design respectively the stator, rotor and| Q = -V_.(M /L )i+ (VN 2/L ()

mutual inductances.

In order to control the generator, relations betwexorique

C. Torque and powers expressions currents and voltages are given,

The electromagnetic torque is expressed accotding ) ) _
current and fluxes by: Vg = R y+Lodi4/dt)- gl o
Con = =P(M /L) (0 = 04 ) @) |Vig= Rirg+L0@iy/d)+ gog(L i g +(MV /0l J)
With p, the number of pair of poles (12)

The active and reactive powers are: Where g and_a_ are denoting respectively the slip and the
leakage coefficient.

By stator side,
= — = —_ 2
{PS = Vyla + Vo & 5) g=(w-w)lws ,o=(LL-M)/LL, (13
Qs = Viglsa = Vid Fig. 3 built from relations (9), (10), (11) and jishows the
diagram where rotor voltages are the input andvactind

By rotor side, reactive powers are the output.

{Pr: Viglg + V!

o (6)

Qr: qulrd - Vrdqu

The motion equation is as:
"

C.n=C, = J(d/ d)+ fQ @

With f, the coefficient of viscous friction, Jesisting torque
and Q, the angular mechanical speed.

D. Vector control of the DFIG

The control of active and reactive powers can behed by )
the control of rotor flux of the DFIG. This technig consists Vdr ":‘t’@"
in maintaining reactive flux of armature in squgnnith rotor
flux. To control independently active and reactp@wers,

Fig.3: System diagram to be controlled.
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In this paper, the direct method (DTC) is adoptkd.

consists to neglect the coupling terms to insentrodler on
each axe in order to command active and reactivep In
this case, the controller commands directly therrgbltages
of the DFIG.

Powers loop have a first order transfer function.

G(p) = K/(1+ pT) (14)

With,

{K =(MV,/L.R) (15)
T=0(L/R)

IV. MRAC WITH POLYNOMIAL RST AND FUZZY LOGIC

The techniques of adaptive control can bring sohgito
the problem of parametric variations, which mayegate bad
performances or even instability.

For these techniques, the controller adapts itselfthe
conditions of system operating. Several configorati are
already available [4], [5], [6] presenting direat indirect
schemes.

In this work, fuzzy logic and RST controller areoated. The
technique consists to the parallelization of twopls:

1) The direct loop provided with a polynomial aatier
RST
2) The adaptive loop, with fuzzy logic

A

The reference model generates a desired oput is then
compared with the effective output Y to produce signal
correction resulting of the adaptive mechanisny.4-gives a
synoptic diagram.

P

Holz) | r

Fig.4 Fig. 4: Synoptic diagram for MRAC

A. The polynomial RST controller

The RST controller is primarily a digital contrallét
generalizes the standard PID and owes its appeilatith the
three polynomials R(z), S(z) and T(z) which defind he
command law is,

R(2.U(9=T 2 X( = 6)z ()

The RST synthesis is based on poles placement where

(16)
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Ye(2) U(z)
— ™ RsT > G(2) TY(Z)
Yc(z)
] Han | YW@

Fig. 5: Basic scheme for RST synthesis

Assume that the transfer functions G(z) andzY are

respectively,

{G(Z)= B3/ Ax (17)
Hin(2) = Bn(2/ A 2

Using relations (16) and (17), the following eqtyatian be
expressed,

T(29.B3[ A Rt 8)zOlF B)/z A

Here R(z), T(z) and S(z) are to be determined. &digdR(z)
is chosen as a normalized polynomial. Resolvingetheation
(18) with required specifications needs zero cdatieh and
the desired transfer functionft) must satisfy some
considerations:

(18)

1) Hy(1) = 1 to ensure the position error nu/%8)
2) The denominator: &z) = 7" P(2)
Where d°P =1 or d°P= 2 (d°P denotes the degré&&z)j.

Relation (19) gives the discreet function tran§3ér) from
G(p),

G(2) =(1- z‘l).z{ o[ q p/ ﬂ} (19)
So,

G(9=8B12/ A=bl(z @

b, = K.(1- ) (20)
{zo =exp(h/T)

Here,h denotes the sampling time.

Because of the expression of G(z), no zero carabeetled.
All steps for polynomial RST synthesis are resuimdd] and

[71.

B. Fuzzy Logic Controller (FLC)

Using fuzzy logic avoids modeling the system bus iclear

that having knowledge of its behavior is alwaysfulséhe
reasoning is close to human perception. Nowaday=zyf
logic controller begins to take an important placelectrical
applications. It can be used for optimization anedhmand
[8], [9], [10]. The common scheme for FLC is givierfigure
6.

The fuzzification consists in projecting a reslysical

desired model H(z) in close loop is chosen. Fig.5 shows thevariable distributed o the variable domains to ahtarize the

basic idea. Usually the desired model is with nmytrtorder.
Its poles must satisfy absolute and relative caommbitof
damping.

77

variables: linguistic variables are so obtained ahé
fuzzification makes it possible to have a precisasurement
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by the membership degree of the real variable ¢h éazzy

subset.
TABLE I. RULES FOR N=3.
’ A .
R(F [—>
P b~ NG | G | PG
e The NG |NG | NG | Z
q .
A
de | FUZFCAION | mece | OERUZZFCATON de |Z |NG |Z | PG
ﬁ PG| Z PG PG

RULES
BASE

) _ V. SIMULATION AND RESULTS
Fig. 6: Structure of fuzzy logic controller

With e, de and\i denote the error, the error variation and the Simulation takes into account tracking tesstutbance
output. rejection and robustness with respect of operatamiation
and parametric variation, especially the rotorigesistance

Generally, the inference method is a logical openaby variation.

which one admits a proposal under the terms ofeiistion
with other proposals, held for true. At this stagdes are
established by the knowledge of the desired behadfithe
system. The rules are often as follows,

Rule k: (IF xis A) AND (xis B) THEN §= G,  (21)

Here % and x% are the inputs and, he output which is also a
linguistic variable. There are several inferencethods
which may be applied.

1) Variation of power references;fand Qe
2) Att=45]s],Rr- 2*Rr=T1, -1,/2

For the RST synthesis, an effect or perturbationgEnsation
(m = 1) is chosen, and a polynomial P(z) with degPeis
used.

h=5[m§ d P=2 «=150[rds8" ]{= 0,707 =

The result of aggregation of the inference rulegegistill R2=2z1 1)
fuzzy variables. To be used in a real control, ¢hk&zy |g3=0,0062 0,0028
variables must be translated into real or numeaitables: it T(2=0,0032

is the function of the defuzzification block.

In this paper, Sugeno’s methods are Chosem@eﬂ)n is For the FLC, normalization and un—normalizationngaare
used as membership function of the rule consequefgtermined by experiences.
combined by (max-min) method for rule evaluatiohug, in 5
relation (21), ¢ is a constant. The Sugeno’s defuzzification Kge =8.10°
uses the weighted average method [11]. ke=2.10"%

$=2 (u(3)-1/1(®) di=3.10°

For the two inputs (e, de), triangular and trapeabi o ) ) .
membership functions are used. For the output|etiogs are  Following figures give the simulation results.
chosen.

(22)
(22)
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Fig. 7: Membership functions. (a): inputs

(b)tpl]t -2500

Table 1 gives the inference matrix. The tablegi9 rules.
For example,

R;: (IF e =NG) AND (de = NG) THEN4i = NG)

s]

23
(23) Fig. 8 : Active and reactive power curves.
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Fig. 12: Statorique voltage and current when Qs =0
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The results show that the proposed topology leadeod
performances

D, =19 % t=4,5s] R - 2*R
{t _4,2355] At =0,0778]
P AP =36 W]

The references R and Qg sare well followed. There is a
rapid regulation.

When Q = 0, rotorique voltage and rotorique current are
purely sinusoidal and in phase. It ensures a goatityg of the
energy injected into the grid.

VI. VALIDATIONS

Indirect validation is here adopted. It ceisto compare
the obtained results by the new proposed methddamibther
published work. In [12], an adaptive control basedbasic
fuzzy logic controller is also used. The speech&ntened
constant but active and reactive power refereaceshown
in figure 15 to present test tracking and robustriesespect
parameter variation, here variation of the rotogigesistance.

T T T T
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1 TR —

0F | 1.2
Temps [5]

Fig. 13: Simulation results obtained in [12]

Comparing figures 8, 9 and 13 permits to concltid the
new proposal leads to results in conformity wita thethod
proposed in [12].

In both cases, the position error is null but thkogity error is
better with the MRAC RST-FLC. It must be noted thas
kind of error depends on sampling time h.

However, it may be mentioned that the machines usdte
two proposed methods have not the same charaierist

VII. CONCLUSION

In this paper a MRAC using polynomial RST controlle
with Fuzzy logic one is proposed to be applied éi®used
in a chain of wind power conversion. Simulationules
present that the proposed method leads to goodrpaahces
as tracking test, disturbance rejection and rolasstnin
respect of parameters variation especially withoniqte
resistance variation. The indirect validation cetisg by

WWW.ijerm.com
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comparison with a method proposed by others autures
that the results are in conformity and permitsaadaiude the
reliability of the MRAC method.
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