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Foreword

With the number of human population is getting higher and higher, the ability of our environment to support
human life is gaining its importance. Sustainable development, or development that meets the needs of the
present without sacrificing the future, has since then been adopted by many countries and institutions at all
levels.

In supporting sustainable development, the field of information and communication technology (ICT) has
coined the term “green ICT” or “green computing”, which describes the study and practice to use computing
resources efficiently. As a contemporary issue, green computing becomes an important concern for big
industries, small companies, and even government institutions since their success criteria are no longer based
on a single measure.

Unfortunately, green computing has not been widely understood, yet practiced effectively. Not many
technological options have been explored, and still it is mainly viewed from technological and engineering
perspectives only. The challenges are thus twofold: exploring technological advances to achieve better ICT
utilization, and how technology products/solutions can be applied effectively to meet the specified success
criteria. These challenges are even more relevant to developing countries, since they are less exposed to
scientific frontiers and have shorter tradition and less experiences of ICT utilization. On the other hand, these
countries bear heavier burdens due to digital divide phenomenon which may block the road to the fulfillment
of Millenium Development Goals in 2015. Therefore it is considered important to pave roads towards green
computing, especially its application in developing countries. Many aspects have to be explored, considered,
and discussed in an interdisciplinary manner, and this becomes the purpose of this conference.

The First International Conference on Green Computing (ICGC 2010) is an event organized by the
Department of Electrical Engineering and Information Technology, Faculty of Engineering, Gadjah Mada
University. This year, ICGC 2010 is held in conjunction with the AUN/SEED-Net’s Regional Conference on
ICT 2010 (RC-ICT 2010). AUN/SEED-NEet is a network of engineering education higher institutions in
ASEAN countries. The event also commemorates the 64 years of Faculty of Engineering, Gadjah Mada
University, as well as celebrates the inauguration of the new name of Department of Electrical Engineering
and Information Technology.

It is expected that ICGC 2010 and RC-ICT 2010 can serve as a forum for sharing knowledge and experiences
in the ICT field under the ASEAN spirit. Hosting 82 papers from Thailand, Vietnam, Laos, Cambodia,
Myanmar, Malaysia, Philippines, India, Japan, and Indonesia, including speakers from government and
industry, the conference is expected to yield fruitful outcomes for the benefit of all participating researchers,
institutions, and countries.

Finally, as the Chairman of the Organizing Committee, | would like to express my deep appreciation to
ASEAN Foundation, JICA, AUN/SEED-Net, King Mongkut’s Institute of Technology Ladkrabang, for
invaluable support and assistance. My big thanks also go to all members of the Organizing Committee who
have devoted their time and energy for the success of the event.

For all participants, | wish you an enjoyable conference in this colourful city of Yogyakarta.

Dr. Lukito Edi Nugroho
Chairman of the Organizing Committee

Dept. of EE and IT, GMU Yogyakarta, 2 — 3 March 2010 iii
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Design and Performance Analysis of Speed
Controller in Induction Motor with Sliding Mode
Control

Mardlijah ”, Lusiana Prastiwi "), M Hery Purnomo ™),

") Department of Mathematics , Faculty of Mathematical and Natural Science, ITS Surabaya
Surabaya Indonesia 60111
mardlijah@matematika.its.ac.id
") Department of Electrical Engineering , Faculty of Industrial Technology, ITS Surabaya
Surabaya Indonesia 60111

Abstract— Sliding Mode Control (SMC) is implemented in
this research to control the speed of induction motor. The
robust superiority of SMC in anticipating disturbance
uncertainty and non linear characteristic of induction motor
is achieved by first designing a diding surface and
computing the related control signal that are current, flux
and speed. An addition of a boundary layer is used to wash
out the chattering phenomena. As a result, beside robust
performance against disturbance at various operating
conditions, the controller proposed here has fast response

following induction motor speed dynamics under
investigation.
Keywords-induction motor; dliding mode controlt; speed

controller; disturbance uncertainty.

l. INTRODUCTION

Induction motor has many applications in industries
because of its simple construction, cheap, easy in
maintenance, reliable and high efficiency. Unfortunately
it has several drawbacks such as speed control which is
not as simple as DC Machine and also its efficiency
changes with load and speed variety [1].

Modern industry require high performance of
induction machine especially accurate speed variation
following to variable load and should also robust against
disturbance dynamics[2]. Therefore a controller is needed
to regulate the speed according to the demand while
keeping good efficiency performance.

In this paper sliding mode control will be implemented
to design the speed controller by choosing a sliding
surface in the form of state space inside a specific closed
loop system dynamics. Switching and control law
function were designed in a way so that the state
trajectory achieve and move on the surface. The
superiority of this method is its robustness against
disturbance and model uncertainty and also more less
information is needed compared to the classical
controller. Because of those superiority, it is especially
useful when implemented for very non linear system
[3,5,7].

Il.  BASIC THEORY

In general, induction motor speed controller block
diagram is as follows:

320 Dept. of EE and IT, GMU

Figure 1.Blok Diagram Induction Motor Speed Controlled

A. Induction Motor Dynamic Model
Three Phase Squirrel Cage Induction Motor Dynamic
Model in the d-q axis assuming @ 4, =@, dan

(D,q = 0 can be expressed as follows [1,6]:

. K 1
|sd=—7|sd+ws|sq+—®rd+—usd
Tr GLS (1)
|'Sq=-a)s|5d-;ASq-PQquNiUSq
ot )
. 1
(Drd=Msr|sd_7q)rd
T (3)
. |\/|Sr
Py =y = (0, - PO, (4)
. PM
a-Mag 1 )-S 1o 5)
JL, J
with:
L M,
T =";0=1-—;
R L.L,
2
M, R _RM;
GLSLF, O-LS O-LSLf

@, P, is rotor flux component ; U U, is stator

voltage component; |

. is stator current component;
s

R, and R are

stator and rotor resistances; L, and L, are stator and

O is leak factor; pis pole number;
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rotor induktances; M is mutual induktance; T, is

sr
electromagnetic torque; C., is load torque, J is induction
motor inertia moment; Q is mechanic speed; @, is stator

pulsation; f is damping coefisien and T, is rotor time
constant.

B. Siding Mode Control

Sliding Mode is a technique to regulate the feedback
by firstly defining a surface. Controlled system
(variables) will be moved to the surface and system
motion is directed to equilibrium point desired.

Look at to a dynamic system [4]:

x(M = (%) +b(X)u (6)

where u is a control input, and

X=[X X X(n_l)]T is a space vector while

is the desired

f(x) and b(x) are limited functions. If Xd ,

then its tracking error is:

e= Xd - X (7
Sliding surface is defined as [5,8]
S(x,t)=0 8
with
d n-1
S(xt)=(—+41 9
( )(dt ) 9)

A is positive coefficient and n is system orde. The above
equations are used to result system output that converge
to the desired output.

Then a control law :

u= ueq + msgn(S) (10)

is determined as new control input with equivalent

control signal ueq was gained from S=0. Control

gain mwas determined from sliding condition:

SS(n|S| (1)

I1l.  METHOD

A. Speed Controller Design
Tracking error of the speed state is

e1=QOI -Q
and
eled -Q

For speed state, (9) result switching function S,
S1 =Q d -Q (12)

Because the sliding surface S, = 0, then (12) can be
written as

Q q- Q=0 (13)

From (13), the first derivative of S; can be written as
. . PM -

Slzfld— n CDrdIS (14)
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and

JL _
19— T (O
a9 PM_ @ d

c f
+—+—Q) @15
J J
rd

To reduce the chattering, the following control term is
used.

1N = tSl 16
sq_mlsa((p_) (16)
1

From (15) and (16) a new control input value was
resulted as follows:

| JLr . Cr f S1
=—(Q, +—+—Q)+ msat(—
A PM_® ©Qq J J ) W_(¢)
s rd 1
(17)
B. Current Controller Design

This controller is designed to limit the possibility of
current overshoot. Current limitation is defined [1]:

I lim — maxsatl com
q q q

Switching function for current controller is

_qlim _
S,(Ig)=lg g (18)
and
. _'Iim_‘
SZ(Isq)_Isq ISq (19)

Substitute (2) into (15) :

: _rlim 1
S, (1) =g +agl g + 41 o +POKD, = ——U

(20)

The resulted equivalent control U;‘ :
eq _ “lim
USq —oLS(ISq +ol +;/|Sq +PQK® ) (21)

Control term for current controller is

Ul =m sat(i)
g 2

?,
with
9, =1
Then
U =u®4yn (22)
g g %

C. Rotor Flux Controller Design

Tracking error for state q)rd is

Dept. of EE and IT, GMU 321
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_qref
e3 - (Drd (Drd

The derivative of é3 is

W ref _ .
&=04 Py
Switching function S, can be derived as follows

_dref 4 ref
SB_q)rd d)rd+ﬂ,d)rd ld)rd (23)
Because q):gf is constant then CD:gf =0 and

q):gf = 0 and the equivalent control can be determined

as:
o (- 2)
eq ol s T :
Usd:d‘sylsdfd‘swslsqf T Dyt T Py
r r
(24)

From control law at (10), the value of new input control
Ug is

OLSK
Usd :GLs}/isd _Gl‘swslsq T Pyt T P g
r r

1
ol y(=~7)
: .

+ mgsat(Sg)

The values my, m,, and ms are designed to fulfill sliding
condition at (11)
55 = —nqlsl

Figure 2. Block diagram of induction motor plant with SMC controller
in Simulink Matlab

IV. RESULT

Block diagram of SMC controller together with
induction motor plant in Simulink is shown at Fig. 2.
Induction motor used has the specification of 0.75 kW,
220 V, 50 Hz. Simulation was conducted using the
following parameter values: Rs = 0.63Q; R, =0.4Q; Ls=
0.105H; L, = 0.094H; Mg = 0.094H; J = 0.0256 Kgn?;
f=0.001 Nms/rad [1].

Fig. 3 is the response of machine flux before being
controlled and without internal disturbance. Flux State
has delay time 1.3 s and rising time 2.85 s. Flux stable at
0.15 Wb at 4 s. It is shown that flux response is stable
enough with negligible overshoot.

322 Dept. of EE and IT, GMU
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Fig. 4 show the response of induction motor speed
before being controlled and without internal disturbance.
Speed state has a final value about 3.31 rpm, delay time
1.45 s and rise time 0.78 s. There is an overshoot with
peak time 2.3, maximum overshoot 2.31 and settling time
4.36s.

01y

=1
=
=

Fluks pvh)

Do

Do4f

Do2f

waktu (s)

Figure 3. Flux response

When SMC controller installed and it is desired
that the flux has a value of 0,9 Wb without any internal
disturbance then the resulting simulation of flux response
are like at Figure 5.

Hespon Kecepatan Motor Induksi
A5 T T T T T

Kecepatan (rpm)

‘Waktu (g)

Figure 4. Speed response

Respun Fluks Dengan Sliding Mode Controlier
T T

Fluks by
=
o
—

Wakiu (detik)
Figure 5. Flux Response with SMC

Fig. 5 shows flux response after being
controlled. It is seen that flux state has no overshoot with
settling time 5.5 s, rise time 7 s, and delay time 0.7 s
which 0.5 s faster compared with before being controlled.

Yogyakarta, 2 - 3 March 2010
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Respon Fluks Dengan Kontroller SMC dengan Gangguan Cr= 30 Nm

Fluks (vh)

Waktu (detik)
Figure 6. Flux Response with SMC Under Cr=30Nm

Fig. 6 shows the response of flux after being
controlled under 30 Nm disturbances. It is shown that the
delay time now is 0.7 s same with the result before being
controlled. The rise time is 7.75 s which is 0.75 s slower
compared to the condition before being controlled. The
settling time is 7.75 s, 2.25 s slower compared with the
result before being controlled. From the transient result, it
can be concluded that the disturbance make the system
speed response slower.

Another simulation result without internal disturbance
with reference speed at 1000 rpm give the results of
speed as shown at Fig. 7.

Respon Kecepatan Pada Motor Induksi Dengan Sliding Mode Controller
1200 T T T T T T T T T

1000 -

500

Kecepatan (rom)

400

200

. L
(u} 1 2 E 4 5 B
Waktu (detik)

Figure 7. Speed Response on Induction Motor Speed with SMC
Without Any Disturbance

The result of controlled speed response at Fig. 7
shows a delay time of 3.24 s, rise time 2.9 s, settling time
6 s, with negligible overshoot.

x m“ Respon Kecepatan Dengan SMC dan Gangguan Cr
T T T T T

25 T

Kecepatan (rprm)
n
|

05 -

a & 10 15 20 2% 30 35 40 45 50
“Waktu (detik)

Figure 8. Speed Response With SMC and Disturbance Cr 30 Nm
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Fig. 8 shows the speed response of the SMC
controlled system under internal disturbances Cr= 30 Nm.
It can be seen the disturbance cause significant overshoot.
High overshoot caused by high disturbance. In the real
application the disturbance value about 3 Nm is quite
normal. It also shows the results of peak time 2.75 s,
delay time 0.05 s, rising time 10.475 s, and settling time
10 s. It can be concluded that the existence of the
disturbance cause slower convergence.

The robustness of the proposed Sliding Mode Control is
tested by changing the rotor resistance value to be 0.36
Q. The simulation result for flux response under this
condition is shown at Fig. 9. From the figure, the delay
time is 0.7 s, rise time 6 s, settling time 6 s and the
system is stable. It can be concluded from the simulation
that the uncertainty of the parameter until 10% can be
adopted by the controller.

Respon Fluks pada Rr=0.36 Chm
09 T T u T T

08 - 4

ikas B

06 B

05 B

04 B

Fluks (wh)

03 B

0z B

01y B

5
Waktu (detik)

Figure 9. Induction Motor Speed Response with R,

V. CONCLUDING REMARK

The Proposed SMC Controller can be implemented for
controlling the flux and speed of non linear modeled
induction motor under parameter uncertainty until 10%.

The use boundary layer inside the SMC was proved to
be useful in reducing the chattering phenomena.

Beside the robustness under 10 % parameter changes,
the proposed controller speed performance gives faster
response until 40 % compared with the condition without
controller.
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