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Abstract. The objective of this paper is design a New Robust Control for Doubly fed Induction Machine based
on Type-2 Fuzzy Logic Controller , The term fuzzy Presented by a controller (FLC, Fuzzy Logic Controller).
from which we have presented the theory of fuzzy logic type - 2 with the basic concepts on the theory of fuzzy
sets. We applied this nonlinear technique to the control of the DFIM whose purpose is the speed adjustment.
Simulations and a comparsion are presented for the contribution of this approach.
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1. Introduction

Three-phase induction machine powered by a voltage inverter is a drive system with many
advantages: a simple, robust and inexpensive machine structure and efficient control techniques thanks
to advances in semiconductors Power and digital technologies. However, this converter / machine
assembly remains limited to the lower limit of the high power range (up to a few MW) due to the
electrical stresses experienced by the semiconductors and their low switching frequency[1,13].

In the field of high power drives, there are other solutions using the alternative machine operating
in a somewhat particular mode, these are the The asynchronous machine double feed "DFIM" [1], [2].

The asynchronous machine with double feed (DFIM) is very popular since it profit from certain
advantages compared to all the other types at variable speed, sound use in the chains of
electromechanical conversion as an aero generator or engine knew a spectacular growth during last
years. Indeed, it converter of energy used in order to rectify-undulate the alternating currents of the
rotor has a fractional nominal output nominal of that of the generator, which reduces its cost by
report/ratio with concurrent topologies[3].

The DFIM is essentially non linear, due to the coupling between the flux and the electromagnetic
torque. The vector control or field orientation control allows a decoupling between the torque and the
flux [2], [6].

The theory of fuzzy logic has been established by L. Zadeh ,This logic allows the representation
and processing of imprecise or approximate knowledge. The number of applications based on the
theory of fuzzy logic has increased considerably in recent years. This is due to the fact that fuzzy logic
is usually expressed by linguistic rules of the IF-THEN form, it is used to solve the problems of
decisions in control or to describe the dynamic behavior of an unknown or ill-defined system[4, 5].
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The classical fuzzy logic called today fuzzy type-1 logic has been generalized to a new fuzzy logic
called fuzzy logic type-2. In recent years, many researchers have worked on this new logic [7],
[8],they have built its theoretical foundation[9],[10]., and have demonstrated its effectiveness and
superiority over fuzzy type-1 logic.

2. Dfim Dynamic Model

dynamic model expressed in the synchronous reference frame is given by voltage equations[3]:

V=rI,+%%: jwg
dr D

V2RI jug
dt
Expressions of the fluxes are given by:

2
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From (1) and (2) the all currents state model is written as follows:
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The mechanical equation is expressed by (4):

Jda o _Je o @

P dt o P
With : ©=p.Q

And the electromagnetic torque is given by:
Tem = pM I (I_XI_rD) (5)

sroom

So, the equation for the speed variation becomes:
J da

M_I (I1I° —&—T 6)
P dl‘ p Ssr }11( s r) P

3. Dfim Dynamic Model

In this section, the DFIM model can be described by the following state equations in the synchronous
reference frame whose axis d is aligned with the stator flux vector [3]:

o :qn-dq)“f:qn =0
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4. General information on fuzzy logic type-2

Initially, the fuzzy type-2 concept was introduced by the founding father of fuzzy logic Zadeh [11, 12]
as an extension of the concept of the fuzzy type-1 set. A type-2 fuzzy set is characterized by a fuzzy
membership function, that is, the degree of belonging of each element of the set is itself a fuzzy set in
[0,1]. Such sets are advisable in the case where we have an uncertainty at the level of the value of the
membership itself. The uncertainty can be either in the form of the membership function or in one of
its parameters.

The transition from an ordinary set to a fuzzy set is the direct consequence of the indeterminism of the
value of belonging to an element by O or 1. Similarly, when we can not determine the functions of an
element, Belonging to fuzzy numbers in real numbers in [0,1], we then use the fuzzy sets type-2. For
this purpose, the fuzzy sets type-1 can be considered as a first order approximation of the uncertainty
and the fuzzy sets type-2 as an approximation of the second order.

4.1. Rpresentation of fuzzy set type-2

A fuzzy type-2 set, noted A is characterized by a three-dimensional membership function uA(x,u) ,
so[13]:

A={uu, (xwy xOx,0u07, Of0] } (12)

In which 0 < uz(x,u) < 1 . For a universe of continuous discourse, A Can be expressed as:
A= I J.ux(x,u)/(x,u) J. D[()’l] o

x0X w01,
With [[ denote the union of all the elements of the Cartesian product sur x etu.

A Each fixed point x of X, Jx is the primary membership of x, and x is called the primary variable
[13].

For each value dex, denoted by x=x’, the dimensional plane 2 whose axes are u and uA (x,u) is called
a vertical slice of uA(x,u) ,a secondary membership function is a vertical slice of uA(x,u).
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So for X'0X et HulJ/, U [0’1], we have :

us (=2 ) =y = [ fowlu I 0fo.] (14)
ullJ,
With 0 < f x’(u) < 1. Since H¥'this x” Will belong to X its meaning ¥ X | Then we denote the
secondary membership function by uA(x) Which is a fuzzy membership function type-1. On the basis
of the concept of secondary sets, we can reinterpret a type-2 fuzzy set as the union of all the secondary
sets, ie, using equation (14), we can write A in the following form [14]:

A= [,/ = [ | [fwhw]x T8 [0.1] (15)

AX *0OX | ullr,
The type-2 interval fuzzy sets reflect the uniformity of the uncertainty at the primary membership
function, this type of membership functions is most often used in type-2 fuzzy systems. Note that this
type of membership functions is represented only by its domains (intervals), which can be expressed in
terms of the left and right boundaries [1 , r] or by their centers and widths [C-S , C+S]

OrC=(L+R)/2and C=(-r)/2

a [ \\

L \\\
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Fig. 1 (A) Schematic representation of a fuzzy type-2 Gaussian set. The secondary belongings are
represented in (b), where we note that they are Gaussian [13].

The uncertainty in a fuzzy type-2 set, A is represented by a bounded region called "Footprint Of
Uncertainty” FOU. It is the union of all the primary belongings [13-15]:

FOU(A)= U J, (16)

x0X

4.2. Types of fuzzy sets type-2
Depending on the form of the primary belonging, there are mainly three types of fuzzy type-2 sets:
interval, Gaussian, and triangular.

4.2.1. Gaussian type-2 assembly

In this type of set, the degree of belonging of each point is a Gaussian type-1 set whose definition
domain is included in the interval [0, 1]. Note that it is not necessary that the principal belonging
function is also Gaussian [14].
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4. 2.2 . Triangular type-2 set
In this type of set, the degree of belonging of each point is a triangular type-1 set whose definition
domain is included in the interval [0, 1], [11, 15].

4. 2.3. Set type-2 Interval

In this type of set, the degree of belonging to each point is an ordinary set whose definition domain is
included in the interval [0, 1], [15-16]. In this case, all secondary belongings are equal to 1. Noting
that, although each degree of a set of type-2 intervals is an ordinary set, the set itself is of type -2,
Belonging are sets and not ordinary numbers.

4.3. Structure of a fuzzy system type-2

A conventional fuzzy controller consists of a fuzzification interface, a rule base, an inference system
and a defuzzification interface. The structure of the type-2 fuzzy controller is similar to the
conventional one with the particularity of using a type reducer to convert the type-2 fuzzy sets to the
inference system output in type-1 fuzzy sets before Phase of defuzzification. Its different operations
are illustrated in the following figure [14,17- 18]:

_____________ (a) Output

Not fuzzy

—
| Type reduction

Non-fuzzy input

Reduced type blur

Inference engine

Fuzzy Output Sets

1
1
1
1
1
1
1
1
1
1
Fuzzification :
1
1
1
1
1
1
1
1
Fuzzy Input Sets 1
1

Fig. 2. Structure of a type-2 fuzzy system, with its two outputs: (a) the defuzzified output (b) the reduced type
set.

4.3.1. Fuzzification

Unlike the membership function type-1, the membership function type-2 gives several degrees of
membership (or dimensions) for each entry. Therefore, uncertainty will be better represented. This
representation allows us to take into account what has been neglected by the type-1 [19]. In this thesis,
only fuzzification of Gaussian type will be used, in other words, the fuzzy input is a singular point
having a value of unitary belonging.

4.3.2. Rule base

The difference between type-1 and type-2 lies only in the nature of the membership functions, so the
structure of the rules in the case of type-2 will remain exactly the same. The only difference being that
some (or all) membership functions will be type-2; then Jeme Rule of a fuzzy system type-2 will have
the form [13]: _

if x1 and £’ and x2 and > and xnis £7, So ¥ =G’ 17

X =1 F’

or ") Are the fuzzy system inputs,

Is the fuzzy set of type-2 corresponding to the input xi , G Is a type-2 singleton and y It is not
necessary that all the functions of belonging to the premises and the consequences be Type-2. It is
enough that a single membership function in a premise or a consequence is of type-2 so that the whole
system is of type -2 [20].
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4.3.3. Inference

The inference system in a fuzzy type-2 system uses the fuzzy rule base (4.9) to perform a relation

_ T
between an input vector ¥ (1, %2,--%,)" And the scalar output y. The first step in the fuzzy inference

operation is the calculation of the activation interval associated with J*™ The output blur assembly
[21]:

F'(x)= ﬂuﬁz (x) (18)
=1

Then, if we B'The output fuzzy set corresponding to the composition of the /™ rule &'and the input

blur assembly X', all F!(x') is combined with the consequent fuzzy set G' of the [*™ Rule with the

selected t-norm operator ( to obtain the output fuzzy set corresponding to /™ Rule:

Uy ) —Ux ()’)ﬂuﬁ/ ()_C') (19)

Using a Gaussian fuzzification, that is, the degree of belonging to the fuzzy set X' Has a value which
is unitary only when , =, so:

us ()=, <y>ﬂ|_"_‘l|uﬁ x) 0

Since only fuzzy sets type-2 interval are used and the operation t-standard product is implemented,
then the activation interval associated with /°™ Set output blur is the fuzzy set type-1 interval defined
by:

FW= £ fo an

Or s =u_ ()0 ()0 Ou (x,) and ¢ =u ()Oe () 0.0u (x,)

n

Terms , (,)and , (,)Arerespectively lower and higher degrees of belonging to ,, (,
R A gl

4.3.4. Type reduction

Since the output of the inference system is a type-2 fuzzy set, its type must be reduced before the
defuzzification step so that it can be used to generate an actual output. This is the main structural
difference between type-1 and type-2 fuzzy systems [15]. The expression of the type fuzzy set Gc .

Reduced by the method of set centers is given by [19, 21]:

= (12 T, 2) (22)
GG= j ....... j L - [ e )

A7 Lz, el
147 74 Z%w

Where Tet * denotes the t-norms chosen (prod or min).w;¢W; and zeZ; for i=1,2,...n Since the fuzzy
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sets used are type-2 interval, then each z; and w; is a set type-1 interval, which results in
u(z)=uty(Wi)=1
Equation (22) can be rewritten [13]:

(23)

o= f o b o] g

i=l
M

2f
i=l

Also, since each set in equation (22) is a set-type-1 interval, then GCjy is also a set type-1 interval and
therefore its domain is an interval located on the axis of the real [20]:

GCa=[yi(x),y(x)] 24)
4.3.5. Defuzzification

The reduced type (23) will be determined by its two extremes of right and left respectively y,;and y, .
Applying the center of gravity to the reduced type of Karnik Mendel Algorithms [13, 22], the
numerical output will be given by:

V() = 29T (25)
2
With:
;fllyll , ;frlyll (26)
Y (x) = v, (x) ==

> > ),

Or: yf, r! Indicate the degree of activation (either ¢ Or}; ) Contributing to the extreme left point y, ,
-1

and (either ¢/, f ) contribuant au point extréme de gauche. y,

-r

5. Application of fuzzy logic type-2

For the DFIM speed setting The proposed fuzzy type-2 controller will have two input variables whose
structure is represented by Figure 3:

Fig. 3. Structure of the PI-blur type-2 controller.
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The membership functions are defined by Gaussian forms (Figure 4).
ZE PS PM Pl
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e (k) , de (k) and u(k)

Fig. 4. Membership functions e (k) , de (k) and u(k)
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The rules table for type 2 will remain exactly the same as type-1.

The area generated for AKp is shown in Figure 5.

Fig. 5. Surface. Kp

6. Simulation results

The figures below illustrate the different simulation tests of the DFIM by applying the fuzzy type 2

command. Figure 6, illustrates the behavior of the DFIM when the load is changed.
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Fig. 6. Simulation results of the DFIM control using fuzzy logic type-2 followed by a load applied to the interval
t =10.6, 1.6] sec.

From these results, it can be seen that control by fuzzy logic type 2 has better regulation (precision and
stability) of the velocity and the stator flux, where the introduction of the charges has no influence on
the Evolution of speed and flow.

6.1. Robustness test
To judge correctly this command, several tests are carried out. (Parametric variation of the machine).
A- Variation at the stator resistance

Figure 7. shows the simulation results obtained for a 100% increase in the nominal value of the stator
resistance.
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Fig. 7. Robustness test for a variation of Rs of + 100%, with a speed control of the DFIM by fuzzy logic type2.

B- Variation in the rotor resistance

Figure 8. illustrates the velocity, torque and flux responses of the DFIM when increasing the rotor
resistance by + 100% of its nominal value
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Fig. 8. Robustness test for a variation of Rr of + 100%, with a speed control of the DFIM by the type-2 fuzzy
logic.

C- Variation in moment of inertia

In this test, the moment of inertia is varied by + 50% of its nominal value. The simulation results
obtained are illustrated in Figure 9.
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Fig. 9. Robustness test for a variation of J of + 50%, with a speed control of the DFIM by fuzzy type-2 logic.

6. 2.Interpretation of Results

The results obtained from control by the fuzzy type-2 logic with an increase in the stator and rotor
resistance of + 100% of its nominal values represented in Figs.7 and.8 show excellent performance,
not only in tracking but also in regulation , With good tracking of the reference speed with zero static
error and a fast response time compared to previous commands. The insensitivity and rejection of
disturbances are excellent. It is also noted that the stator flux is well realized, moreover the
electromagnetic torque represents a good response. The increase of the moment of inertia by + 50% of
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its nominal value has no influence on the behavior of the machine. Therefore despite these variations
the fuzzy type-2 control always remains robust with a decoupling always assured.

7. Conclusion and future works

In this paper we have presented a main control, fuzzy logic type-2 control, from which we have
presented the theory of fuzzy logic type - 2 with the basic concepts on the theory of fuzzy sets. We
applied this nonlinear technique to the control of the DFIM whose purpose is the speed adjustment.
The results of the simulation of the DFIM velocity control have shown that fuzzy type-2 control
ensures good dynamic performance with respect to fuzzy type-1 control even in the presence of
parametric variations and external disturbances. in order to improve the performance of the system.

Another technique based on the application of the adaptive control by fuzzy logic type 1 and type 2
will be presented in futures works

APPENDIX

Rated Data of the simulated doubly fed induction motor:
Rated values: 0.8 KW; 220/380 V-50 Hz; 3.8/2.2 A, 1420 rpm.
Rated parameters:

Ry=11.98 Q

R;=0.904 Q

L=0414H

L,=0.556 H

M=0.126 H

P=20

Mechanical constants:

J=0.01 Kgm’

f =0.00 LS.
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