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Abstract--The speed control of Induction motor is done
using the advance Al Techniqgue methods. In this
System the vector control scheme in the stator flux
oriented reference frame is used for controlling the
variable speed Induction motor. For this the
conventional Speed Pl controller and Current PI
Controllers are tuned and the responses are observed.
The Conventional Speed PI Controller is then replaced
by the Fuzzy Logic Speed Controller to observe the
various responses of the system. The fuzzy Logic Speed
Controller is designed and tuned in such a way to obtg
better and fast sped responses of the sys
Simulation results reveal that the fuzzy-cg
improves the performance of variable speed |
Motor in terms of speed and Power factor.

Index term-Induction motor speed, co
control,Al techniques,Fuzzy logic
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Fig 1-Frames of reference of induction motor drive

Fig-2 Stator flux oriented Vector control of speed of
Induction motor drive
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another unlike DC motors ,which occurs to be a major
problem in speed control of induction motor. The
foregoing problem can be solved by vector or field
oriented control. The vector control demonstrates that
an induction motor can be controlled like a separately
excited DC motor, brought a renaissance in the high
performance control of induction motors. In order to
achieve decoupled control over the torque and flux
producing components of the stator currents Field
ed Control is used. In the vector control, an AC
is controlled like a separately excited DC
The machine control is considered in a
rotating reference frame where the
iables appear as DC quantities in steady
paper investigates the performance of
Induction Motor through tuning of
vell as with fuzzy logic based Speed
ULINK environment [5].

e frame (ra-rf3)
ted reference frame (x-y)

n using Clark’s transformation equation. The
current in the stationary reference frame is again
converted to Stator flux oriented reference frame,(X-Y)
frame. The currents in the (X-Y) frames are used to
control the speed and Voltage respectively.
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A reference speedw, * is taken in the form of a constant
response. A reference Active Power Ps* is obtained
from the error between the Reference Speed and the
Actual speed w,of the Motor. A reference current Irx* is
derived from the error between reference and actual
active power by tuning an Active current Pl controller.
Similarly a reference current Iry* is obtained from the
error between reference and actual reactive power by
tuning a reactive current Pl controller. Both the
reference Rotor currents are then transformed to a-b-c
reference frame for implementing hysteresis PWM
modulation. The Controlled Voltage obtained from the
PWM Converter is then fed to the rotor for controlling the . . o
motor. The reference reactive Power Q* =0. Fig-2 Equivalent circuit of motor
The speed control scheme has two Control loops. The

inner current control loop and the outer speed control
loop.

To transfer current from stator reference frame to rotor.
reference frame

b+ Jlrp = (igs +1igs) X e O )
In matrix form

idering the above figure following sets of equations
ined for analysis of induction motor:

phase machine, we can write stator circuit

[l:roc]z[ cosOr siner] [isd] ........................
irp| l—sinBr cosBrl lis v
To transfer current from Flux oriente = 08 R UsTETRT ds ) voeeeeeeeeeeee (11)

rotor reference frame ed, which gives the equations in

g +jip = (irx + iry) x @] (P=Or) e

In matrix form

....................... (12)
[im]_[cos(ps — 0O fps — Gr)] [irx
g | Lsinips — 8 ips — ) [ limy | _x 13
To transfer curre stator reference frame to Stator hdm T AMU o T e (13)
Flux oriented ref _ qum)] dt... 14)
LAL= (Igg+lyg) xePPS e
y ¢ - ‘Z— War = Wan)|dt......... (15)
In matrix form Was = J [Vas — 2 Wy - Wam)]dt ... (16)
[f'x] _ [cosiiébs) sin(ps) Woo = [ [Ves = 2 (Was = Wam)] b (17)
iy —sin(ps) cosifps)] [fgsd T y

Again, Where X M = 1/(1/L.m +1/L_s + 1/L.r)

A /RS /AT

: Motor currents in direct and quadrature axis are-
In stator flux oriented reference frame

Wor —Yom

st — 0 iqr = T ....................... (18)
; Yar —Yam
gy = 00 19
Vil = Vi T
Active and reacti Equations A g = 2ot 20
ctive and reactive power Equations Are fgs =g e . (20)
VAT 8 Was—¥
s =T Wl o (8) fgg = 2e=Hn 1)
3Ly , .
Q, = EZ'Vsl(lms 1) PR 9)
Where iy, = lpsq F lmsg -vvvvvveennemnnnnmnnnn (20)

11l. MODELING OF MOTOR
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The torque equation from the motor can be derived as
follows from which the speed of the motor is determined:

doy, 2 do,
Te=Tl+]%=Tl+;];: ............. (22)
P
= [ (T = T (23)
Again,
3(P o o
T, = E(E) Ly (lqs lgr — lgs lqr) ............ (24)

IV. DESIGN OF FUZZY LOGIC CONTROLLER

The fuzzy controller used in this scheme is a Speed
Controller. The Conventional Speed Pl Controller is
replaced by a Fuzzy Logic Based speed Controller f;
providing more reliable controller outputs for the S
control of The Induction Motor. The main objectiv
fuzzy controller is that the actual speed respon
induction motor must track the reference
response The design of a Fuzzy logic system inc
the design of a rule base, the design of the member-s
functions [7][8], determination of t uistic values.
Here, the inputs of fuzzy controll
speed and the rate of change of this
interval. The output of the fuzzy control
Power. Here, five fuzzy se
adopted for each i
Character NB, N
Negative, Zero, P
functions of the t
variable has nor
interval [- 1, 1].F
universe of disc
FLC are determ
restricted to an in
and minimal possibl
That is to the oper
universe of discourse o
the Mamdani type (PI like
The universe of the error i
minimal values of the varia
interval where:

t variables and the one out|
universe of discourse over the
mplementation of FLC, firstly ,the
f input and output variables of
n practice, each universe is
hat is related to the maximal
s of the respective variables.
nge of the variable. The
t and output variables of
be determined as-

the maximal and
iny emax] |S th

Cmax = Wmax - Ymin

€min = Wmin - Ymax
Analogously the change in error and the change of the

output have operating ranges between [Aenin,Aenax]
and [Atpn, Aoy ]-

Where,
Aemax = €max — €min
Aemin = €min ~ €max
Aumax = Umax ~ Umin

Aumin = Umin — Umax

The operating ranges are defined with respect to the
external values of the relevant variables. They can be
further adjusted by taking into account the dynamics of
the controlled systems and the sampling intervals.
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For simplification and unification of the design
of the FLC and its computer implementation, however it
is more convenient to operate with normalizes universe
of discourse of the input and output variables of the
FLC. The normalized universes are well defined
domains; the fuzzy values of input and output variables
are fuzzy subsets of these domains. In general, the
normalized universes can be identical to the real
operating ranges of the variables, but in most
applications they coincide with the closed interval [-1
1].0Otherwise ,scaling of both input and output variables
are done in order to bring the values within prescribed
limit.

TABLE-1: Rule base for Fuzzy speed controller

PB PB

(Rated speed)

conventional Pl controllers and Fuzzy
. Simulation results show the plots of, actual
speed and reference speed for constant speed
responses

Fig: 4 Variation of the actual speed of the motor using
Conventional Pl Controller
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U — Fig 7 Slip-time characteristics using Fuzzy controller

Rotor of an Induction Motor cannot run at synchronous
speed. Hence a slip is observed between rotor speed
and synchronous speed of rotation. Slip at standstill is
equal to 1. Here also we are obtaining a slip which
decreases from 1 to a constant value at reference
2 3 3 [ 45 5 speed .
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Fig 5: Variation of the actual speed of the Motor usi
Fuzzy Speed Controller

It is seen that the reference speed of the
maintained at970rpm and actual speed of the m
tracking the reference speed. It is seen that the a
speed settles at around 970 rpm is time 5(sec) in ca
of Conventional Pl speed controller
around 970 rpm is time 2(sec) in cas
controller. So, fast speed curve respon
using Fuzzy logic based speed Controller.

for controlling the direct axis
onents of rotor voltages

Pl speed
ined by

B.Performancse of th
Logic based speed

The simulation are obtained for the schem
using Fuzzy Logi d Controllers. Simulation results
shows the variou such the active power response,
slip Performance nduction Motor

Fig 9 Waveform of Supply voltage and Supply current using
Conventional Pl Speed Controller

Fig 6 Active power response of the motor F——

The motor is drawing an active power equal to the Rated 1.

Power 750 Watt.

stator voltage(volt)

stator current(Amp)

\"M 35 5 5 % a7 s 38
time(second)

x10*

Fig 10 Waveform of Supply voltage and Supply current
e using Fuzzy Logic Speed Controller

127 |Page ww.ijctonline.com



Council for Innovative Research
www.cirworld.com

It is observed that using Fuzzy Logic Controller The supply
Voltage and Supply current waveform are in phase with
each other. It is ensured that the Power factor of the system
is improved using a fuzzy speed Controller and the reactive
Power requirement is also reduced.

VI. Conclusion-

A vector control strategy has been used in this paper for
speed control of induction motor. The controlled parameters
are first obtained in stator flux oriented reference frame. A
hysteresis PWM current controlled method is used for
generating the Voltage pulses. The pulse outputs of PWM
converter are feed to the rotor in order to get desired and
controlled speed response. The results were compared
using a conventional Speed PI controller and fuzzy logic
based speed controller. It was observed that with the aid of
fuzzy speed controller better and faster speed control of
induction motor is obtained. Also reactive power contro
also possible by improving the power factor of the syste
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