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ABSTRACT
This paper presents a comparison between an Iht@gze-2 Fuzzy Gain-Adaptive IP

(IT2FGAIP) controller and a conventional IP conltigolused for speed control with a direct
stator flux orientation control of a doubly fed uadion motor. In particular, the introduction
part of the paper presents a Direct Stator Flwe@ation Control (DSFOC), the first part of
this paper presents a description of the mathealatimdel of DFIM, and an adaptive IP
controller is proposed for the speed control of @AHh the presence of the variations
parametric, A interval type-2 fuzzy inference systés used to adjust in real-time the
controller gains. The obtained results show thieatly of the proposed method.
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1. INTRODUCTION

In recent years, the use of doubly fed inductiorcmree (DFIM) is a best solution for
applications where the torque is proportional te tdguare of the speed; DFIM is an
asynchronous wound-rotor machine whose stator amor rwindings are connected to
electrical sources. [1-2]

The advantages of DFIM in motor operation for hjgbwer applications such as traction,
marine propulsion or as a generator in wind systghtg, the many benefits of this machine
are: reduced manufacturing cost, relatively simgdastruction, higher speed and do not
require ongoing maintenance. For operation at miffe speeds must be inserted in the
machine a converter PWM (Pulse Width Modulation}ween the machine and the
network. For, whatever the speed of the machine,vititage is rectified and an inverter
connected to the network side is responsible f@ueng consistency between the network
frequency and that delivered by the device. TheMDH essentially nonlinear, due to the
coupling between the flux and the electromagnetigue. The vector control or field
orientation control that allows a decoupling betw#® torque and the flux. [6-8]

With the field orientation control (FOC) methodduttion machine drives are becoming a
major candidate in high-performance motion contapplications, where servo quality
operation is required. Fast transient responseadenpossible by decoupled torque and flux
control. The most widely used control method ishpes the proportional integral control (P1).
It is easy to design and implement, but it hasdiffy in dealing with parameter variations,
and load disturbances [9]. Recent literature had paich attention to the potential of Gain
Adaptive control in machine drive applications.

A number of methods have been proposed in thalisz for nonlinear Adaptive applied to
the DFIM. A Speed Sensorless Sliding-Mode Controlte DFIM Drives with Adaptive
Backstepping Observer in [10] and Robust SpeeddBieiss Control Based on Input-output
Feedback Linearization Control Using a Sliding-m@iteserver in [11].

Our purpose in this paper is to introduce an IT2H&éontrol for DFIM drive system; Fuzzy
logic, whose theoretical bases have been establlisinee the early 1960, allows exploiting

the linguistic information describing the dynamiehlavior of the system. This information,
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provided by the human expert, can be expressedsas @ fuzzy rules type of If-Then. The
definition of rules and membership functions todssets "fuzzy sets" enables designers to
better understand the vague and difficult to mguietesses, Conventional type-1 fuzzy logic
system scan be used to identify the behavior & tighly nonlinear system with various
types of uncertainties. However, type-1 fuzzy satsnot fully capture the uncertainties in the
system due to the imprecision of membership funstiand knowledge base, thus higher
types of fuzzy sets have to be considered. Itesrcthat, the computational complexity of
operations on fuzzy sets increases with the inorgaiype of the fuzzy set. One area of
application of fuzzy logic that has evolved consadbdy and continues to attract the interest of
many researchers is the modeling and control sysfgi14].

A number of methods have been proposed in thealitez for PID gain scheduling [14] a
stable gain-scheduling PID controller is developaded on grid point concept for nonlinear
systems. Different gain scheduling methods werdistuand compared [16, 17] a new PID
scheme is proposed in which the controller gaineevseheduled by a fuzzy inference scheme,
self-tuning of an interval type-2 fuzzy PID conteolfor a heat exchanger system in [18],
many method and research works in this domain 3a2[4]. The interested readers can find a
brief review of different fuzzy PID structures 23], the present work deals with an
IT2FGAIP Controller method for controlling the speaf DFIM in a vector-control mode.

The paper is organized as follows: In Section Zhesaiatical model of the DFIM is presented.

In section 3, we begin with the DFIM oriented mouteliew of the vector control; next the
stator flux ¢ is estimated. The IT2FGAIP of motor speed in sec#, and the simulation

results are given in section 5. Finally, we givansoconclusion remarks on the control

proposed of DFIM using fuzzy type-2 logic.
2. DESCRIPTION AND MODELING OF DFIM

In the training of high power as the rolling mitere is a new and original solution using a
double feed induction motor (DFIM). The statoreed by a fixed network while the rotor by
a variable supply which can be either a voltageusrent source.

The three phase induction motor with wound rotodosibly fed when, as well as the stator
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windings being supplied with three phase powemneadregular frequenay, the rotor windings

are also fed with three phase power at a frequency
The electrical model of the DFIM presented in figdr, is expressed in a (d-q) synchronous

rotating frame:

Fig.1. Defining the real axes of DFIM from the refererideq)

2.1. Reference Fixed Relativeto the Rotating Field (d, q)

For a reference related to the rotating field, was= w + ), in the system of equations is as

follows:
V, K ® - 0]
< — Rs 0 sd +£ sd + 0 a)s sd (1)
Vol L0 Rllla] dt|Pq] | 0 J[Pg
V. 101 ® -w| P
rd - Rr 0 rd +£ rd + 0 rd (2)
Vo] [0 Rlq] dt|®q] [@ O ]| @,
With 1,1, ,V,andv, denote stator currents, rotor currents, stator terminal voltagecaod

terminal voltage, respectively. The subscrigtsand r stand for stator and rotor while

subscriptsed andq stand for vector component with respect to a fixed stator reference frame.

[12]

@y =l + Ml

. . ¢ :|SI +er
Expressions of flux are given by ° ™ ‘ (3)

By =11 g * Ml g

@, =11, +MI

@ @, |, I,andM denote stator flux, rotor flux ,stator inductance , rotor indwetamd

mutual inductance, respectively.
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Replaces (3) in (1) and (2) we obtained:

_ dl dl,
Vsd—RS|3d+|Sd—:d+Md—td—a)slslsq—a)SMIrq
dg . d,
Vsq:Rslsq+|s_+M +a)s|s|sd+a)sM|rd
dt dt
di di )
Vrdlerd-Hr d;:d+Md_:d_ajr|rq_aM|3q
_ d, - d
Vo =R+, o +MF+ajrl,d+a)Mlsd

Wherew, , w, R andR denote stator pulsation, rotor pulsation, stator resistance amd ro
resistance, respectively.
2.2. DFIM Modd in the Form of State Equation

For the DFIM the control variables are the stator and rotor tengidkjsvith considering:

* Aninput-output current decoupling is set for all currents;

e The (d-q) frame is oriented with the stator flux;

* Due to the large gap between the mechanical and electrical time cortstargiseed can
be considered as invariant with respect to the state vector.

Under these conditions, the electrical equations of the machine aréodd<y a time variant

state space system as shown in (5)
X =AX+BU
Y =C.X

With X, A, B, U, Y andC represent the state vector, system state evolution matrix, matrix of

()

control, vector of the control system, output vector and outmattix (observation matrix)
respectively,

Where
. . . .7
X = [Isd I i |rq] (6)

U=[Vy Vg Vi Vo] 7)

Using the frequently adopted assumptions, like sinusoiddalyibuted air-gap flux density

distribution and linear magnetic conditions and consideringttitersvoltagesy, ,V,) and
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rotor voltages ¥, , V,, ) as control inputs, the stator current,(, 1), and the rotor

current (.4, , I,) as state variables.

From a matrix representation:

gl [L, 0 M o' -R wl, 0 oM e
d| s 10 L 0 M -l -R -oM 0 | N
dt Ird M O I-r 0 O (CL)S_C())M _Rs (a)s_a))l-r Ird

g 0 M 0 L] |[(w-0M 0 ~(w, - W)L, R

LL 0 M 07" Va]
O L 0 M V,
S q (9)
M 0 L 0|V,
0 M 0 L] |V,
Let:
L, 0O M O -R awl, 0 wM
0O LL 0O M —aw.L - -uM 0
[L]= ° and [Z] = > R °
M 0 L O 0 (@, —w)M -R (@ - w)L,
0 M 0 L ~(w, ~a)M 0 —(@, - w)L, -R
Then equation (5) becomes:
=1 [2] X+ [ W (10)
In analogy to equation (10) with equation (5) wedfiA=[L]™".[z] and B=[L]". [12]
-a, awtw g aw |
—aw-w, -8, aw A
A= a, —aw  —a, -Zra (11)
o
w
Caw A e o |
b 0 -b, O
0 0o -
B= B b; (12)
4, 0 b O
0 -b, 0 b
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1000
0100
0010
0001
Where
1-o0 R R RM RM M M 1
a:— = — = = a_ = = =
o o oL, % oL, % oL, T oLl % oL, % oL, . oL,
b, = b, = M o M
gl oL.L, L.L,

L., L, are stator and rotor cyclic inductanags,is redefined leakage factor. [11]

The generated torque of DFIM can be expressedrinst®f stator currents and stator flux

linkage as:

Ce :F:__M(qasq'ird _qasd 'irq) (14)

S

P is number of pole pairs; In addition the mechanéyadamic equation is given by

JZ—?:Ce—Cr—fQ (15)

J,C,,C and f denote the moment inertia of the motor, the elecagnetic torque, the
external load torque and viscous friction coeéfitj respectivelQ is the mechanical

speed.

3. VECTOR CONTROL BY DIRECT STATOR FLUX ORIENTATION
To simplify the control we need to make a judicia®ice reference. For this, we place

ourselves in a reference (d, q) related to theirgdield with an orientation of the flux stator,

according to the condition of the stator flux otagion [13, 14]
@, =@ and @, =0 (16)

By replacing (16) in (1) and (2) we obtain
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Vy =Rl 9, =0=
Vg =Rlg g,

Vrd:RIrd_qu -
Vq =R 1, + g, 4=

The torque equation becomes

Equation (4) was:

According to the equation (3) of the stator fluhen:

1
|l ZE((osd -Ml,)

_1
Isq _?(wsq _erq)
From the relations (21) and (4)

The relationship of the rotor current

477

(17)

(18)

(19)

(20)

(21)

(22)
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. 1.1 M?2 M
[ =—=(=+ | - V., +
" o—(Tr LSTSL,) " oLl %
M 1
+(aw -l +—V
oL LT, %+ (@D oL "
1.1 M? M (23)
Irq:__(_+ )Irq_ Ve
oT LTL olL.L
M 1
(.-l , +—V
oL L, Wy~ (0=, oL "

The relationship of the mechanical speed

dQ _PM
dt  JL,

C
—-—0 24
3 (24)

f
(Irq'qosd)_ j

L L . .
Where T, =—andT, =—-are stator and rotor time-constant respectivellj [1

2.3. Stator Flux Estimator

In the direct vector control stator flux oriente&IM, precise knowledge of the amplitude and
the position of the stator flux vector is necessarynotor mode of DFIM, the stator and rotor
currents are measured whereas the stator flux eastimated. [11] The flux estimation may

be obtained by the following equations

=11, +Mi
¢sd s'sd rd (25)
@, =l lg +MI
The position stator flux is calculated by the fallng equations:
6 =6,-0 (26)
In which:
6,=[wdt 6= |wd (27)

w=P.Q and 6, is the electrical stator positior§ is the electrical rotor position.

4. METHOD STRATEGY
The control scheme for DFIM using the vector collgrois presented in Figure 2;
Conventional P and Pl controllers are is a genaitrol loop feedback

mechanism (controller) widely used in industriahttol systems. They are simple and easy to
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use due to the fact that they do not need any mettieal model of the controlled process or
complicated theories. But one of the main drawbaifkdhese controllers is that there is no
certain way for choosing the control parameterscWigiuarantees the good performance.
Although IP controllers are robust against strugtehanges and uncertainties in the system
parameters, their performance may be affected blg shanges or may even lead to system
instability. Therefore in real world applicatiortsese gains need to be fine-tuned to keep the
required performance. To overcome this shortcomifigi-=-GAIP Controller is used to tune IP
gains online where the tracking error and the ckaaofythe tracking error are used to
determine control parameters.

The block ‘Coordinate transform’ makes the conwerdbetween the synchronously rotating
and stationary reference frame. The block ‘PWM ttere shows the control by technique
PWM whose is realized for the inverter control, efhifeeds the rotor through a converter.
The estimator-block represents respectively thamaséd rotor current and the stator flux.
The block ‘DFIM’ represents the doubly fed inductimotor.

4.1. Context of type-2 fuzzy logic controller

The classic fuzzy logic now called Type-1 has bgeneralized to a new type of fuzzy logic
called fuzzy logic-2. In recent years, Mendel and3@stillo [15, 16] and his colleagues have
been working on this new logic; they have builthedretical basis, and demonstrated its
effectiveness and superiority to the type-1 fuzmjd.

This new class of Type-2 fuzzy systems in whichghemise of membership values them is
kind of fuzzy sets-1. The Type-2 fuzzy sets arey\adfective in circumstances where it is
difficult to determine accurately the membershipdiions for fuzzy sets; therefore, they are
very effective for incorporating uncertainties [17]

The concept of fuzzy sets Type-2 was introduceddgyeh [17, 19, 20] as an extension of the

ordinary fuzzy set concept called fuzzy-type-1.
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Fig.2. Control scheme for DFIM using the IT2FGAIP Conleol

Type-2 fuzzy set is characterized by a fuzzy mesthopr function, ie, the value of
membership (membership degree) of each elemeheddt is a fuzzy set in [0, 1]. Such sets
can be used in situations where we have uncertalmayt the values of belonging themselves.
Uncertainty can be either in the form of the mersbgr function or one of its parameters.
[17].

Consider the transition from normal sets to fuzetssWhen we cannot determine the degree
of membership of an element with a set of O or ding fuzzy sets Type-1 and the fuzzy
membership functions by real numbers in [0, 1]nthe use fuzzy sets like-2.

So ideally we need to use fuzzy sets typdo complete the representation of uncertainty. Of
course, we cannot realize this in practice, becawsdave to use fuzzy sets of finite type.
Therefore, the type-1 fuzzy sets can be consider®da first order approximation of
uncertainty, while the type-2 fuzzy sets will bansimlered as a second approximation [16].

Type-2 fuzzy sets are generalized forms of thosgypé#-1 (with the FOU as an additional
degree of freedom). Mathematically, a type-2 fugey, denoted &, is characterized by a

type-2 membership functiqm, (x,u), where xdX andu0J, 0[0,1, i.e.,

A={((xu);(xu) OxOX,0u0J, 0[0,9} (28)



K. Loukal et al. J Fundam Appl Sci. 2016, 8(2), 470-493 481

In whichO < 4; (x,u)< 1. For a continuous universe of discours&, can be expressed as

A:j IyA(x,u)/(x,u) J,0[0,] (29)

XOX udJ,
With J, is referred to as the primary membershix ofAs in type-1 fuzzy logic, discrete
fuzzy sets are represented by the sym@l instead of . The secondary membership
function associated to= X', for a giverx' 0 X, is the type-1 membership function defined
by u; (x=x,u),0udJ,.
The structure of a fuzzy system Type-2 is showthénfigure 3.
| Rules I Outputs processing

Inputs 1 Defuzzifiel

: Type-1

|

|

|

A

| Tvpe-reduce I

Yy ~—~-=-==QF-~-=--

Type-2
—’l Inferenct Ii P
Fuzzy inputs Fuzzy outputs

Fig.3. Structure of type-2 fuzzy logic system [17]

4.1.a. Type-2 Member ship Functions

Type-2 fuzzy logic systems are characterized byftmmn of their membership functions.
Figure 4 and 5 shows two different membership fonst respectively, a typical type-1
membership function and a blurred type-1 memberéhnetion that represents a Type-2

membership function.

1

0.8 B

0.6 B

3

0.4 b

0.2 B

0 L I L 1
-0.4 0.2 0 0.2 0.4 0.6 0.8 1

Fig.4. Type-1 membership function
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0.8

0.6

0.4

0.2

.
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fig.5. Footprint of uncertainty

The uncertainty in the primary membership of a {§dazzy set Ais represented by the FOU

and is illustrated in Fig. 5. Note that the FOW@liso the union of all primary memberships.
FOU(A) =[] J, (30)
xOX

The upper and lower membership functions, denojedzh(x) andy;(x), respectively, are

two type-1 membership functions that representu@er and lower bounds for the footprint

of uncertainty of an interval type-2 membershipdfion i; (x,u), respectively [23].

4.1.b. Fuzzifier

The membership function type-2 gives several degrele membership for each input.
Therefore, the uncertainty will be more representdtis representation allows us to take into

account what has been overlooked by the type-1. fllaeifier maps the input vector
(el,ez,...,en)T to a type-2 fuzzy systevﬁ, very similar to the procedure performed in a

type-1 fuzzy logic system.

4.1.c. Rules

The general form of thi' rule of the type-2 fuzzy logic system can be \eritgs:
If e,is F, andeyis F, ande,isF,,than y =G i=1...,M
Where IEJ.i represent the type-2 fuzzy system of the inpatestj of thei™ rule, x,

X2, ...Xn arethe inputs,C—;vi is the output of type-2 fuzzy system for the riyl@ndM is the

number of rules. As can be seen, the rule strucigpe-2 fuzzy logic system is similar to
type-1 fuzzy logic system except that type-1 memsterfunctions are replaced with their

type-2 counterparts.
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4.1.d. Inference Engine
In fuzzy system interval type-2 using the minimumpooduct t-norms operations, tfi8

activated rule Fi(xl,...xn) gives us thenterval that is determined by two extremes
F1(%,...x)and T (x,...x,) [19]:

F (%0 %,) =L (o), T O X 1= ] (31)

With f and ! are given as:

f | . |

o T (32)
f =

4.1.e. Type Reducer

After the rules are fired and inference is executiee obtained type-2 fuzzy system resulting
in Type-1 fuzzy system is computed. In this pang tvailable methods to compute the
centroid of type-2 fuzzy system using the extengionciple [16] are discussed. The centroid

of type-1 fuzzy systerA is given by:

M-

!
[y

ZW
C,=-

(33)

M-

W

!
iy

Wheren represents the number of discretized domai,of, O Randw, 0[0,1]. If eachz

and w; are replaced with a type-1 fuzzy systefn,and W, with associated membership

functions of u,(z) and g, (W) respectively, by using the extension principleg th

generalized centroid for type-2 fuzzy systeﬂﬂs given by:

S I [Tt (2)* Tt (7) (34)

i

7007, z,0Z,, w Wy w, W, Z| W

Tis at-norm andGC is a type-1 fuzzy system. For an interval type2zfusystem:
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GCy =% (%), ¥ ()]

) Iylm[vﬁ,yﬂ“'fvww w]”'f ”D[fl,fl]--f e Sty (35)

4.1 f. Deffuzzifier

To get a crisp output from a type-1 fuzzy logicteys, the type-reduced set must be defuzzied.
The most common method to do this is to find thetroed of the type-reduced set. If the
type-reduced set is discretized tm points, then the following expression gives thetaad

of the type-reduced set as:

iY'ﬂ( )
Youpu (X) = 5———
> u(y)

i=1

(36)

We can compute the output using the iterative Kakhendel Algorithms [22, 23]. Therefore,
the defuzzified output of an IT2FLC is:

Youtput (X) = M (37)
With:
i fI | i fri ylI
Y () =% and vy, (x) =" (38)
20 21

4.2. Interval Type-2 Fuzzy Gain-Adaptive

A set of linguistic rules in the form of (39) isadsin the IT2FGAIP Controller structure to

determine integral gairK; of IP gains:

if e(k)is A and Ae(k)is B thenK isC, (39)

WhereA, B

and C are fuzzy sets correspondinge{k), Ae(k) and K, respectively,

e(k) andae(k)represent the output error and its derivative, eetipely. For the speed

the error and its derivative are given by
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e(k)=Q,-Q (40)

_ e(k+1)-e(k)

Ae(k) T

(41)

The speed errors, their variation and the conigpias®i are chosen to be Gaussian identical
shapes as indicated in Figure 6.

They are quantized into seven levels represented &gt of linguistic variables which are:
negative big (NB), negative medium (NM), negativeall (NS), zero (ZE), positive small
(PS), positive medium (PM) and positive big (PB).

. NB NM NS ZE PS PM PB

05 iﬁz@ Y Ké}\

0

1 08 06 04 02 0 02 04 06 08 1
e(k), Ae(k) and K;

Fig.6. Type-2 fuzzy membership functions of the speedrgtineir variation and the control
signalK,

Table 1 show the linguist rules used in the IT2FB&lontroller.

Table 1. Fuzzy tuning rules fa, [24]

Ae(k)

oK) NB NM NS ZE PS PM PB
NB NB NB NB NM NS NVS ZE
NM NB NB NM NS NVS ZE PVS
NS NB NM NS NVS ZE PVS PS
ZE NM NS NVS ZE PVS PS PM
PS NS NVS ZE PVS PS PM PB
PM NVS ZE PVS PS PM PB PB
PB ZE PVS PS PM PB PB PB
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The processed surface is shown in Figure 6

Fig.7. Surface for the gail§,

5. RESULTSAND DISCUSSION

Several simulations have been run using the Madladd Simulink® software in order to
validate the theoretical results.

The IP and IT2FGAIP controllers in a DSFOC of DFélvé used as presented in Figure 1. In
this section, simulations results are presentaédligirate the performance and robustness of
proposed controls law, the IT2FGAIP applied to B#&M with the speed control. The DFIM
used in this work is a 0.8 KW, whose nominal paramseare reported in the table 2.

Table 2. Parameters of the DFIM. [12]

Definition Symbol Value
DFIM Mechanical Power P, 4 kW
Stator voltage U, 380V
rotor voltage U, 220V

Nominal current I 3.8/2.2A

Nominal mechanical speed Q, 1420 rpm
Nominal stator and rotor frequencies a, 50 Hz

Pole pairs number P 2

Stator resistance R, 11.98Q
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rotor resistance R 0.904Q
Stator self inductance L 0.414 H
rotor self inductance L, 0.0556 H
mutual inductance M 0.126 H
Moment of inertia J 0.01 Kg.nf
friction coefficient f 0.00 IS

The speed and flux regulation performance of tlopgsed the IT2FGAIP is checked in terms
of load torque variations. The motor is operatedl®f rad/s under no load and a load
disturbance torque (5 N.m) is suddenly applied=@t&s and eliminated at t=1.6s (-5 N.m),
and the rotor resistance variations (increase @t4®f nominal value rotor resistance), while

the other parameters are held constant.

5.1. Simulation results of vector control by direct stator flux orientation
The responses of speed, torque, stator flux amd cotrent are shown in Figures 8-11.

180 ————————~

I l T
| | |
160 - - - - - - - - e St
. |
1401 - - ff*777777777777{777777777+ ffffffffff
| |
120+ - ff*f777777777777%777777777% ffffffffff
| |
@100*******************%*********% **********
© | |
g | |
5 80— AT T
[} | |
L | |
»n 60FfF-——""""-"“"I————-—-—--- - - T
| |
| |
40H-—--—~"—"—"“I——-—-—----~- A= |
| |
| |
20f------—---l--—--—----- d--------- R |
| |
0 Desierd B
Vector control by direct stator flux orientation
1 1

1 15 2
Time (s)

Fig.8. Result of speed under a lo@d=5 N.m in the interval [0,6 Sec-1,6 Sec]
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Torque (N.m)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1 1 1
0.5 1 15 2
Time (s)

Fig.9. Result of Torque under a lo&=5 N.m in the interval [0,6 Sec-1,6 Sec]

Stator Flux (Wb)

o
3]

o

1+

-0.5

Flux-sd

Flux-sq

I I I
0 0.5 1 15 2

Time (s)

Fig.10. Result of Stator flux under a load Cr=5 N.m in itierval [0,6 Sec-1,6 Sec]

Rotor Current (A)

30

| |
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5.2. Simulation results of IT2FGAIP

The responses of speed, torque, stator flux, miarent and gain®i are shown in Figures
12-16; the IT2FGAIP shows the good performancesacbieve tracking of the desired
trajectory.

At these change of load, the IT2FGAIP throw-outs libed disturbance very rapidly with no
overshoot and with a negligible static error aslbaseen in the response of speed (see Figure
12). The decoupling of torque-flux is maintainedoermanent mode. We can see the control
is robust from the point of view load variation.
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Fig.12. Result of speed under a lo@d=5 N.m in the interval [0,6 Sec-1,6 Sec]
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Fig.13. Result of Torque under a lo&=5 N.m in the interval [0,6 Sec-1,6 Sec]
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Fig.14. Result of Stator flux under a load Cr
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It can be seen in Figure 16 that after the torqoeurs, the gairK; increased to help the
recovery process.

In order to compare the performance of The IT2FGAdRAtroller with another controller in
the similar test, the Figure 17 shows the simulat=iilts comparison of conventional IP
(Integral Proportional) and The IT2FGAIP controllef speed control below load and
resistance variation.

The IT2FGAIP controller based drive system can lanide rapid change in load torque
without overshoot and undershoot and steady stede, &hereas the IP controller has steady
state error and the response is not as fast asaethgo The Fuzzy Gain Adaptive IP
controller. Thus the proposed controller has bemmd superior to the conventional IP

controller.

180 | |
/\ | |
| | |

160 -—--z--"-"-"J/-"—~— - —— — — ettt J‘ i~ o - -

140

K e

100

[er]
o

Speed (rad/s)

[o2]
o

40

Desired
20f-===-- Vector control by direct stator flux orientation | |
IT2FGAIP
ot-—------- e —— e —— e ————
0 0.5 1 1.5 2
Time (s)

Fig.17. Simulated results comparison of IT2FGAIP and vectmtrol by direct stator flux
orientation of speed control of DFIM under loadiadon with zoom in the interval [0,6
Sec-0.9 Sec] under a lo&=5 N.m

6. CONCLUSION
In this paper, the speed regulation of DFIM witloteontrollers, traditional IP and IT2FGAIP

controller has been designed and simulated. Thepamtive study shows that the IT2FGAIP
controller can be improve the performances of spdetthe DFIM control. The simulation
results have confirmed the efficiency of the IT2ABAcontroller for different working
conditions. The results show that the IT2FGAIP oafér has good performance, and it is

robust against exterior perturbations.
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