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ABSTRACT:
Most of the industrial applications are based on the AC
motor drive because of the problems associated with
the control of the DC motor drives. Authors have tried
to address the problems associated with the DC drives.
Sliding mode control of the DC machine is the scope of
the study of this paper. Authors have focused the scope
of the study to the DC drives used in industries.
Reducing the disturbances is one of the advantages of
the experiment carried out. The method implemented
was found suitable to reducing dynamic chattering of
the drive. The simulation model is developed and it
was found suitable to improve the performance of the
system.

KEYWORDS: DC drives, control of drives, slidi
control, etc.

(1)

espect to armaffire current, i and shaft speed w with
I. INTRODUCTION:

The technology implemented wagsfi
1950. Variable structure contro

voltage u and load torque ti. A low power-rating device
introduced 1

MIMO and
e also found

an use continuous control. High power rating system
discontinuous control. Continuously controlled

II1. SLIDING MODE CONTROL DESIGN:

DC motors have been dominating the field of adjustable
speed drives for a long time because of excellent
operational properties and control characteristics. In this
section different sliding mode control strategies are
formulated for different objectives e.g. speed control,
frequency s torque control and position control.
II. DYNAMIC MO
Fig.1 shows the mod or with constant
excitation is given by

A. CURRENT CONTROL:

Leti" be reference current providing by outer control loop
and i be measured current. Consider a current control
+ug problem, by defining switching function

® u S =1 —I
w =i - @
e

-Ug

Design a discontinuous control as
a

fig. 1 M'odel of DC motor with constant excitation. u ] u . S ign (S) (3)

Following state equations [1],[3],[7]- Where u, denotes the supplied armature voltage.
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Choice of control u0 as

S

(4)

it
u0>|LE+R|+XOa)| Makes (4)

$$ < 0 Which means that sliding can happen in s = 0 [4].
B. Speed control

Let w* be the reference shaft speed, then the second
order motion equation with respect to the error
(e = w*- w) is of form.

tate variable X1=e & Xo = e
X =X

Ko =—aq Xq - f(t)-b )

g =-a1 X —a9 X9 +f(t)-bu

KA _R ki
Where al - IL ' az - I

are constant values.

f(t) =0+, 0 +2 0 +R11/JLa+r|/

surface and discontinuous control are designed as

sk d LS
s=cC —w)+— —~
(o ) dt(a)

u=u_ sgn(s)

u
L (8)

where

= o s0-S(K.iot) st i Ri+k
g()— 0"+ 3( t Tl) 3T|+J—L( + td))

JL
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If 9)

s§<0

Then sliding mode will happen [6].

The mechanical motion of a dc motor is normally much

slower then electromagnetic dynamics.

It means that L<<] in (1).
Following reduced orde

trol methods proposed
without measuring of

=w"-w. The dc motor model

. t -
—=—(0 -0 )-—U+7, 1)0* 12
I T e e 1)

atiop (12) is a reduced order (first order) model of DC

discontinuous control is designed as
u=u_sgn (&) (13)

and the existence condition for the sliding mode we-o will
be

T,R iRo*
u > ?»O(a)* —a)e)+1—+1— | (14)

kt t

The principle advantage of the reduced order based

method is that the angle acceleration (Xo =8)is not

needed for designing sliding mode control [1].

The unmodeled dynamics (1) may excite non-admissible
chattering. Fig.3 shows the control structure based on
reduced order model and observer state.

Let us design an a asymptotic observer to estimate we [6 ]

A

doe ktko . N kt A A

= 0 -wg)-—Uu+11+jo*-l (0-o
28 = L2 (0" -0e)-Lus T oty 0-0))
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dw Kk, A
- e _ t' o & _ __t PN
JT_T(a) a)e) Ru+1:1+1a)
A
drl A
—=—,(v-w 15
Where
VAN
We Estimated error

J— A

®e = @W,— @, Speed tracking error
1112 observer gain
The discontinuous control designed using estimate

A

state We [] will be

u=u_sgn (we) (16)

the sliding mode will happen if
A " inax LR A
u >‘)» (a)*—a)e)+ﬂ+JRw + L (-0 ) | (17)
° ° k k k €
t t t
A A

And o=0 & 1=0.

Chattering can be eliminated by using reduce obs
states. The sliding mod occurs in the observer
does not contain unmodelled dynamics.
C Position control

To consider the position control issue, it is necessary
augment the motor equations (1) wi

do
— =
dt
Where 0 denotes the ro

as
5= (%) +c (0*—0)
and the dj

u
Combining (
$=h(t) —J—t u

oy 40 1. kt :

h(t):w*+cla)*+cza) _T(k rl)—c2w+jr|+I(Rl+ktw) (22)

Choice of up as U > ‘:(—L| h(t) | (23)
t

Makes S S < O which means that sliding mode can happen
s=0 with properly chosen c; & c; .We can make velocity
tracking error e =w*-w converges to zero.

D. Torque Control

The torque control problem by defining switching
function

*

S=1T —7T (24)
As the error between the reference torque t* and the real
torque t developed by the motor.

Design a discontinuous control as

u =u, sign(s) (25)
Where ugis high enough to enforce the sliding mode in s=0,
which implies that the real e T tracks the reference

torque t".

ending on the reference

s$ = sfi(t) —Tuo\s\ <0 27)

ing mode can be enforced in

V. SIMULATION RESULTS:

To show the performance of the system the simulation
result for the speed control of DC machine is depicted.
Rated parameters of the dc motor used to verify the design
principle are
5hp, 240V, R=0.5 Q, L=1mH,
0.008MmA™!

Ao=0.001vs rad! and tlI=Bw where b=0.01 Nms rad-!
fig.3.1,3.2,3.3,&3.4 depicts the simulation result of the
reduced order speed control with measured speed system

j=0.001 kgm?, k=

response ,error, squared error and integral square
error(ISE).The high frequency chatter is due to neglecting
the fast dynamics i.e. dynamics of the electric of the
electric part. fig.3.1,3.2,3.3,&3.4 depicts the
result of the reduced order speed control with observed

simulation

speed system response ,error, squared error and integral
square error(ISE) using(15). In order to reduce the
weighting of the large initial error & to penalise small error
occurring later in response move heavily, the performance
index is the integral square error (ISE) .
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Fig.3.11Armature voltage for reduced order speed
Control with measured state.
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V. CONCLUSION:
The SMC approach to speed contrg
discussed. Both theoretical and

peed, using
observer
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