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Abstract: The aim in this paper is to design a diding
mode speed and flux controller in order to make the
system robust to external disturbances, noise, and
unmodeled dynamics. The transient response of the
system is also improved. The sliding mode control
technique is justified for its robust nonlinear control to
model uncertainty. Smulation results under load
disturbances, parameter variations are obtained to verify
the consistency of the SMC over PI controller.
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1.INTRODUCTION

Induction machine is widely used in industries

due to its low cost and reliability. It is a highder
nonlinear system and coupling exists between tinrab
variables. Also, from the practical point of viethe

machine parameters may vary with temperature. The a

here is to make the speed and flux control robast

parameter variations by the use of a sliding mode

controller which is an advantage over a PI corgrolin
case of a PI controller, the variation of motorgraeters
(such as stator and rotor résistance) degrades

and there is a dip in the actual rotor speed amduéo
Whereas, by designing the sliding mode controltar the
same vector controlled induction machine, we olegrv
better transient response in the performance oflikheBy
taking parameter variations such as change indtw and
stator resistances with temperature (up to 50%atian),
load disturbance and speed variation up to 50%) &NC,
we get desired response. Hence, the robustnessifigd.

2. INDUCTION MOTOR MODELLING
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The induction motor is modeled taking a rotor flux
oriented synchronously rotating reference framehsitator

t%lérrent and rotor flux as the state-space variables

performance of the controller and the machine bm3_ FIELD ORIENTED INDUCTION MOTOR DRIVE

unstable.

Vector or field oriented induction motor is achidve

Here, a 5HP induction motor is simulated with avith a synchronously rotating reference frame (dhy)

sliding mode speed and flux controller and its oeses

aligning the flux component of stator current aldhg rotor

are compared with that of a PI- controller. The Pilux and making the torque component of stator emirr
controllers are commonly used, but the problemerpendicular to it such thwqr=oandl/ldr=l/lr'

associated with it is the gains are subjected tdiwoous
adjustment due to the noise and external pertunsiti
Also, due to sudden change in load and refereneedsp
the transient performance of the IM is not so adhi&

The electromagnetic torque is given by;
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The decoupling of torque and flux is verified byisth § of ———- E——

vector control technique. This technique is simedat & |
using both PI and sliding mode controller. % Rl A [
4. SMIC DESIGN PRINCIPLE S

A time varying surfaceS(t) is defined in the ° 2 N . 8 b

time in sec.

state space by the scalar equation S(x, t) = 0.

d Fig. 2: Reference rotor speed trajectory Vs time
Where S(X,t) = (E+ Al)e=e+ le

Load torque Vs time Graph
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A = positive constant that determines the bandwidth of 3 2::::::::j::t::t::
the system. : . - o o
The sliding condition is; § | | | | |
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n= positive constant that determines the degree to ™ ; z o s 0 12

time in sec.

which the system state is attracted to the switghiime.
The control law for the sliding mode speed and flux
control is derived and the gains of the controbee
designed according to the control law. To reduce th direct axis stator oltage in volts Vs time Graph
chattering, a boundary layer of definite width ootho | | | | |
sides of the switching line is introduced such as ;

Fig. 3: Load Torque trajectory Vs time

S-
sat(>) = ¢_'|S|S¢ (5)
sgn(s);|s|> ¢

direct axis stetor vdtage in - volts

Where ¢ = width of the boundary layer on either side
of the switching line.
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Fig. 1: Sliding Mode Speed and Flux Control of iec Fig. 5: g-axis controlled stator voltage with SMC

Controlled Induction machine



direct axis stator voltage Vs time Graph
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Fig. 6: d-axis controlled stator volatge with Phtoller
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Fig. 7. g-axis controlled stator volatge with PI
controller
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Fig. 8: Actual rotor peed Vs time with PI controlle
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Fig. 9: Actual rotor speed Vs time with SMC

Fig.

Enor in rotor flux

Fig.

Enorinratar speed in vdts

quedrature axis rotor flux invib

Error in rotor speed Vs  time Graph

10: Error in speed Vs time with SMC
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11: Error in rotor flux Vs time with SMC

direct axis rotor flux Vs quadrature axis rotor flux
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Fig. 12: Direct axis rotor flux Vs quadrature axigor

direct axis rotor flux Vs quadrature axis rotor flux Graph
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torque Vs _time Graph requires to reset the gain values of PI controllére d- and
g-axis controlled voltages are more accurate ie cdsSMC
than that of Pl controller. Also, with a step charig speed
and load, the motor speed changes.The speed andrfior
in SMC are very small, whereas for the Pl controiteis

larger than SMC.

6. CONCLUSION
The simulation is done by MATLAB M-file and
from the result it is concluded that sliding modentzol
offers a robust control of field oriented inductiowtor drive
as compared to that of PI controller.The inductiotor is
Fig. 14: Electromagnetic Torque Vs time with Plsybjected to change in rotor and stator resistarvitic
controller temperature and the torque, speed and flux responsee
observed.The transient behaviour of sliding modetrod
Eleotromagnetic Torque Vs _time Graph such as change in speed, load torque shows betefts
than that of Pl controller.Thus, the system is madaist to
external disturbances, noise and unmodelled dyrsabyi¢he
nonlinear controller such as sliding mode speed funx
control.
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