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Abstract-The most common type of speed controller to be tisedpeed control of induction motor is converdigoroportional
integral (PI) controller. But this paper presenfgaformance based on comparative study of conmealtiproportional integral (PI)
controller and proportional integral derivative Qfplcontroller. The induction motor well known as ibbustness, relatively low
cost, good reliability and efficiency. But induatianotor also characterized by complex, highly nioedr and time varying
dynamics. Hence their speed control is challengiraiplem in the industry. The approach of vectortariechniques has solved
induction speed control problems. Simulation igiedrout in MATLAB/Simulink environment and resulise compared for speed
control of induction motor Pl controller and withOPcontroller.

Index Terms-Convectional PI controller; Conventional PID cofigg Squirrel cage induction motor;Indirect vectoontrol
technique.

LINTRODUCTION

Induction motors has many application in industry
because of their low maintenance, robustness and
high performance. The speed control of induction
motor is more important to achieve maximum torque
and efficiency. In recent years, the control of the
induction motor drive is an active research arga fo
engineering science. And the technology has further
advances in drives field. Generally, the contrall an
estimation of ac drives ware significantly more
complex than the dc drives, and this complexity
increases to a large extent if the high performance
are demanded. The need of multiple frequency,
machine parameter variations, and the difficultés
processing feedback signals in the presence of
harmonics create the complexity [9].

Vector control techniques are now being accepted
widely for high performance control of induction
motor drive. In particular, the indirect vector tah

is considered to be the most practical scheme Becau
of the various advantagesand higher reliability for
speed control. However, the speed controller ohsuc
a system plays an important role in drive system
performances, and the decoupling characteristics
ofvector—controlled induction motor are affected by
the parameters variation [1].

In most of industrial drive control applicatiorthe
standard method to control squirrel cage induction
motors is based on the field-oriented or vectoitrmbn
principle in order to achieve the best dynamic
behaviors of the system. There are essentially two
general methods of vector control. One is calles th
direct or feedback method, and the other is the
indirect or feed forward method [8]. Indirect vecto
controlled (IVC) induction motor (IM) drives used i
high performance systems is very popular in
industrial applications due to their relative simpl
configuration, as compared to the direct method
which requires flux and torque estimator. The
primary advantages of indirect vector control dre t
decoupling of torque and flux characteristics aaslye
implementation in industry.In an indirect vector
control induction motor drive, the flux and torque
commands are calculated from the IM variables
based on machine parameters. It is desirable that
those parameters match the actual parameters of the
machine at all operating conditions to achieve
decoupling control of the machine [8].

The speed control issues are traditionally solved b
fixed—gain proportional integral (PI) or proportan
integral derivative (PID) controller [2] [4]. Théxéd
gain controllers are very sensitive to motor
parameters variation, load disturbance, inertia
variation, etc. Induction motor can be controlleithw
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the help of both conventional PI controller and
conventional PID controller with the use of vector
control technique. Because the of major advantages
of vector control, this method of control will dev
out scalar control, and this will be accepted as th
industry-standard control for ac drives [3]. PID
controllers are widely used in different industrfes
control of different plants and have a fair
performance. The conventional proportional integral
controller increases the order of the system, iwvgso
damping, eliminate maximum overshoot and increase
the rise time. But the proportional integral cotieo

can never achieve perfect control, that is, keep th
speed of induction motor continuously at a desired
set point value in the presence of disturbanceebr s
point change. Therefore, we need an advance control
technique such as PID controller [6].

In this article we will discuss the performancedih
on comparative study of both conventional Pl and
conventional PID controller. Finally we will pregen
the simulation result for speed control of induatio
motor using both Pl and PID controller and a brief
discussion.

2. INDIRECT VECTOR CONTROL

The invention of vector control in the beginning of
1970s, and the demonstration that an induction moto
can be controlled like a separately excited dc moto
brought a revival of in the high performance cohtro
of ac drives [5].The indirect or feed forward metho
was invented by Hasse [1]. The indirect vector
control method is essentially the same as the tdirec
vector control, except the unit vector signatesp,

andsing,)are generated in indirect or feedforward

manner [1]. The unit vector is generated using the
measured rotor speedand the slip speed .The
field orientation was made according to the rotox f
vector of induction motor. The magnitude of theorot
flux is obtained using a flux observer, but the
frequency of the rotor field is neither computed no
estimated but it is imposed depending on the load
torque value i.e. the slip frequency, and then
integrated to obtain the imposed rotor flux positio
(angle d,).

Fig.1 shows the phasor diagram of indirect vector
controlled induction motordrive; here the principlie
indirect vector control with the help of phasor
diagram is explained.

s
ids

S
War ¥

Fig.1 Phasor diagram of indirect vector contrainafuction motor

The phasor diagram, thé® —g° axes are fixed on the
stator and thed" - ' axes are fixed on the rotor, are
moving at speedw as shown fig.1.Synchronously
rotating reference frame axed®-q°are rotating
ahead of thed" — g’ axes by the positive slip angtg
corresponding to the slip frequencyw, .The

mathematical model of induction motor is given
below:

0= Jadt=[(q+a)d=6+8, (1)

The rotor circuit equations

d Lo

z/tdr * E[/jdr _TTR‘Ids _ws!‘//qr :0(2)
d‘//r Lm i =
" +_ﬁ Wy ~ R + @ty = 0(3)

T

The phasor diagram states that for decoupling
control, the stator flux component of curreif

should be aligned on the® axis, and the torque
component of current, should be on they® axis,
that lead tg,, =0andy, =¢, . So the total rotor flux
@, is directs on thel® axis.

Substituting the above condition in equations (&) a
(3), we get

L. dy, .
by, = L
R dt l//r m'ds

(4)

Then the slip frequency can be calculated as:

L.R.
wﬁ = l//n:LR: Iqs (5)
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The slip gain is
_@ _LR
=4 -_mY (g

° iqS* Lrwr ( )

It is found that the ideal decoupling can be adhiev

if the above slip angular speed command is used for

making field orientation. The constant rotor flyx

o,
d

and " =0 can be substituted in equation (4), so

that the rotor flux set as:
%, =L (7)

The electromagnetic torque developed in the mator i
given by

T

e

3
2

| o

t—jw,iqs ®)

3. CONVENTIONAL PI CONTROLLER

The PI controllers are widely used in industries fo
the speed control of induction motor drive. The PI
controller produces an output signal consistingaaf

term signals and the other proportional to thegreak

of inputsignal. The combination of proportional and
integral terms is important to increase the spefed o
the response and also to eliminate the steady state
error. The process control application more tha¥ 95

of the controller is Pl type. The block diagramRif
controller shown in fig.2.

A,

h 4
n

> K o [

Fig.2 Block diagram of PI controller

The transfer function of Pl controller is:

G. =P+l
Ge =Ky +12(9)

The proportional and integral term is given by:

u(t) =K, e(t) +K, fe(t)dt (10)

4. CONVENTIONAL PID CONTROLLER

The PID controller is ubiquitous in industry. The
conventional PID  controller gives  better
performances of dynamic responses. A PID controller
calculates an error value(t) as the difference

between the measured process valye)and the
desired set pointft) .

eft)=r(1)-¥(t

The PID controller also called as three time cdntro
i.e. the proportional the integral and derivatiwue
which is the denoted by P, | and D. Here the three
controllers are assembled.Fig.3 shows block diagram
of PID controller.

(11)

P K e(t)
—Setpoint 4 Emor» | K,Iutr)dr
D K, de(t)

dt

Fig.3. Block diagram of PID controller

The error value is influence by the PID controlier
produce a command signal for the system given by:

ut)=K,eft)+ K e+, B (12)

The transfer function of PID controller is:

G. =P+l +D
Ki
Ge =K+ +K,S(13)

5. MATLAB SIMULATION MODEL OF
INDIRECT VECTOR CONTROL OF
INDUCTION MOTOR DRIVE

The speed performance of induction motor drive is
checked first conventional Pl controller and théthw
help of PID controller. The simulation model is gam
as for both conventional Pl and PID controllerslyOn
the speed controller block is changed in converation
Pl controller and PID controller respectively. Hbee
reference speed taken as 120.The simulationmodel is
developed in the MATLAB which is shown in fig.4.
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Fig.4 Simulation model of indirect vector of indiact motor drive using Pl and PID controllers
6. SSMULATION RESULTS
The simulations are carried out in MATLAB
environment and the results are detected for thedsp 140 : ,
versus time. The speed response of induction niwtor
checked for both conventional Pl and PID contrsller
. . . . Reference
which is shown in fig.5 and 6. —FD
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Fig.5 Performance of indirect vector controlleiirafuction motor
using PI controller with reference speed 120 rad(ag Speed, (b)
Torque

Fig. 6 Performance of indirect vector control aduction motor
using PID controller with reference speed 120 exl(8) Speed,

(b) Torque

To improve speed performance of induction motor
we use the PID controllerbecause the steady state
error is eliminated and the rise time is improved.
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7. COMPARISION

The main purpose of this paper is to control theesdp

of induction motor.PID controller is better to inope

the speed performance of induction motor. The speed
of induction motor using PID controller settled lear

to compare to Pl controller. The comparative rasult
are also reported in the table below.

Parameters PI1 controller PID controller
Speed 120 rpm 120 rpm
Settling Time 0.912 sec 0.368 sec
Rise Time 0.352 sec 0.338 sec
Peak Time 0.368 sec 0.339 sec

Table I. Comparison of speed of induction motorc@itroller and
PID controller

8. CONCLUSION

This paper has successfully demonstrated a properly
carried out Pl and PID controllers. We have studied
and compared two controllers for speed control of
indirect vector control of induction motor drivené

the results are checked and compared. From the
comparison of speed of induction motor using PID
controller that, the PIDcontroller gives better
speedresponse in terms of settling time, rise i
steady state error.

8. APPENDIX

The three phase squirrel cage 50hp, 460V induction
motor specifications:

Parameters Symbol Value
Supply F 50Hz
Frequency
Voltage \% 460V
Stator Resistance Rs 0.0870hm
Stator Inductance Ls 0.0008H
Rotor Resistancs Rr 0.228o0hm
Rotor Inductance Lr 0.0008H
Mutual Lm 0.347H
Inductance
Inertia J 1.662 Kg.m
Friction Factor F 0.12 N.m.s
Poles P 4

Table Il. Induction motor parameters
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NOTATIONS

d®*-g® Synchronously rotating reference frame (or
rotating frame) direct and quadrature axes

d*-qg° Stationary reference frame direct and
guadrature axes

i 9°-axis rotor current(Ampere)

i, d*-axis stator current
iy 4°-axis rotor current

. e .
les 47 -axIS stator current

J Moment of inertia (Kg-rf)

6, Angle of synchronously rotating framey )
6 Rotor angle

g, Slip angle

L, Magnetizing inductance
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L, Rotor inductance W, 9°-axis stator flux linkage
L, Rotor leakage inductance @  Rotor electrical speed
L, Stator Leakage inductance @, Slip frequency

P Number of Poles K Proportional gain

R Rotor resistance (ohm)
R, Stator resistance
T,Developed torque (Nm)
@, Rotor flux linkage

K, Integral gain
K, Derivative gain

w,*° d®-axis rotor flux linkage
w,> d*-axis stator flux linkage
¥, q°-axis rotor flux linkage
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