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Abstract: - This paper presents a genetic-based approach to correct the parameters for single-phase induction
motors in various supply voltage levels. From conventional tests, electrical (resistances and inductances) and
mechanical (moment of inertia and damping coefficient) parameters of the stator and the rotor can be
estimated. The set of obtained parameters is able to apply for steady-state performance analyses. In transient
states, motor responses generated by these parameters are not met the condition of acceptable accuracy. By
some efficient search method incorporate with experimental data, the obtained parameters can be refined to
yield the best curve fitting in both transient and steady-state responses. A 0.37-kW, 220 V, 50 Hz single-phase
induction motor was used for test to verify the effectiveness of the proposed algorithm. Furthermore, with six
different motor supply voltages, voltage-dependent parameters of single-phase induction motors can be
established. As a result, the voltage-dependent parameters of the induction motors can be satisfactorily
improved to represent the motor dynamic in various supply voltages.

Key-Words: - Single-phase induction motor, Space-phasor model, Voltage-dependent parameter, Genetic
algorithm, Retardation test, blocked-rotor test, No-load test.

1 Introduction appliances. To achieve these goals, model-based
To date, three-phase induction motors have been algo.rithms must be 'developed. Motor parameters
increasingly important for industrial electric motor obtained by conventlona.l test schemes neqd to be
applications. It should note that there still exist DC corrected to support the high performance dr1ve§.
motors in some limited applications, e.g. motors for ~ Over half a century, steady-state analysis of
vehicles. Apart from a large-size electric motor ~ induction motors has become a powerful tool to
drive, single-phase induction motors are commonly ~ characterize their performances [2-4] 1Tt is fairly
used in household electric motor applications. These good in describing steady-state behaviours. For
applications typically consume the power of a simple contrgl where accuracy and precision are not
fractional horse power up to around ten horse that much important, any steady-state model is
powers. Although most electric appliances require a moderate. However, nowadays, a very accurate
few amount of kilo-watt input, minimizing power torque-speed control of induction motors via the
losses during their operation gives a great benefit ~ Space phasor theory, called vector control [5,6], is
resulting in nationwide electric energy used by increasingly required by industries [7,8]. Thus,
householders. accurate parameter identification of induction
In general, single-phase motors are controlled by motors s ?hall?«nged- Although many methods of
a thyristor-phase controller or a variable resistor. parameter identification [8-12] have been proposed
This is quite simple, but it is not efficient in terms of w1jch1n the last. decac.le, so far there is no strong
energy consumption. To achieve this goal, complex ev1denc§ to verify their use. .
control strategy cannot be avoid as long as ac In this paper, an alternative approach based on
machines are involved. One of widely-used control some efficient intelligent search techniques was
schemes is variable-voltage, variable-frequency introduced. The space phasor modelling was
(VVVF) [1]. It can be applied for motor control in employed'to represent induction motors..Parameters
many forms. However, this control strategy does not aPPeafed n cornplex Space phasor equations can be
guarantee minimum loss operation. Therefore, ~ adjusted by using a simple tuning procedure
adjustable frequency and voltage of the power proposed in this paper. One ‘efﬁc1ent intelligent
supply is more flexible and can lead to more search technique, Genetic Algorithm (GA) [13], was
economical operation of household electric used to illustrate this identification by using

parameter  information obtained from the
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conventional tests. Also, comparisons among results
obtained by the use of the intelligent identification
technique and the conventional technique were
examined. With six different supply voltages that
can possibly feed the motor stator by means of
reduced voltage operation, sets of voltage-dependent
parameters for single-phase induction motors were
illustrated.

This paper contains six sections. Modeling of the
single-phase induction motor in the space phasor
expression was reviewed in the next section. Section
3 gave conventional tests for obtaining those
motor’s  parameters. Section 4 illustrated
methodology for voltage-dependent parameter
refinement based on genetic algorithms. Section 5
presented simulation results and Section 6, the last
section, was the conclusion.

2 Modeling of Single-phase Induction
Motors
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Fig. 1 Winding alignment of a single-phase motor

Single-phase induction motors can be characterized
by several different models. The space-phasor
approach [2,4] is the method used in this paper.
With this model, motor currents, torque and speed
can be observable. The space-phasor model is very
complicated and needs more space for explanation.
However, in this paper only a brief description is
presented as follows.

Fig. 1 describes winding alignment of a single-
phase induction motor consisting of main and
auxiliary windings with their induced voltages and
currents. As shown in the figure, a stationary
reference frame which is along the axis of the main
stator winding is defined and used for mathematical
analysis throughout this paper. It is essential to
inform that all quantities especially on the rotor need
to be transferred to the stator axis. This can be
performed by using the following transform matrix.

ISSN: 1991-8763

46

N. Naewngerndee, T. Kulworawanichpong

V., _ cos0, Ve

v, —sin@, AV
The superscripts s and 7 indicate the reference axis
in which the variable belongs to. The dynamic
machine model for a single-phase induction motor
with squirrel-cage rotor in a stationary reference can

be expressed as follows [15].
d
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By rearranging (2) — (5) based on flux linkage
and current relations of the single-phase induction
motor, the state-space model, in which stator and
rotor currents, and rotor speed are state variables,
can be formed.
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linkage of the stator and rotor windings.
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A, are the current and flux
Ly L. L

Igs >
are the leakage inductances of the stator and rotor

windings. L, is the stator-rotor mutual inductance.

r..ry,r, are the stator and rotor resistances. All
variables and parameters are referred to the
stationary main-winding reference. J,, is motor’s
moment of inertia and B,, is damping coefficient.
Applying a numerical time-stepping method to
solve a set of differential equations, motor currents,
angular speed and position can be calculated

numerically.

3 Conventional Tests of the Single-

phase Induction Motor
In practice, winding resistances, main and auxiliary
(if any) windings, of the single-phase induction
motor can be determined accurately. Leakage and
magnetizing inductances are practical problems.
These values vary considerably according to the
motor operating state, transient or steady-state. The
inductances calculated from the conventional tests
can be fairly used when the steady-state analysis is
involved. It is because these conventional tests are
performed in the steady-state operation. In this
paper, detail of the conventional tests is not
necessarily discussed because readers can find this
associated information from several research articles
or even some well-known textbooks [11,15].
Briefly, the conventional tests for the electrical
parameters can be categorized in two procedures,
the blocked-rotor and the no-load tests. Each of
which is also divided by winding configuration to be
i) auxiliary winding opened and ii) main winding
opened.

3.1 Auxiliary winding opened

This test performed by disconnecting the
auxiliary winding from the main winding. For
blocked-rotor test, an equivalent circuit representing
the circuit connection is shown in Fig. 2.

£

w

—
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me

Fig. 2. Blocked-rotor test of auxiliary winding
opened
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From this test, input impedance, total resistance
and total reactance of the circuit can be determined
by (8) — (10). With stator resistance information
from the winding resistance tests e.g. volt-ampere
method or direct ohmic measurement, effective
resistance and leakage reactance of the rotor bars
can be calculated by using (11) — (12), respectively.

v,

Zp =1 (8)
bm

R, :f_ ©)

X, =+Z2 -R2 (10)

R, =R +R, (11)

an1:X1+X2 (12)

Fig. 3. No-load test of auxiliary winding opened

For the no-load test, an equivalent -circuit
representing the schematic connection is shown in
Fig. 3.

From this test, magnetizing reactance of the
circuit can be determined by (13) — (16).

z, =Lu (13)
nL
PL
ST (14)
nlL
I)fL
X, = szL _KfL (15)

X, =2X,-15X,, (16)
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3.2 Main winding opened

This test performed by disconnecting the main
winding from the main winding. For blocked-rotor
test, an equivalent circuit representing the circuit
connection is shown in Fig. 4.

DT W
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Fig. 4. Blocked-rotor test of main winding opened

This test is employed in order to determine the
effective turn ratio of the auxiliary winding to the
main winding by executing (17) — (19).

P,
— a7
[ba
R2a:Rba'Ra (1 8)
e (19)
R

2

3.3 Retardation test

Mechanical parameters, the rotor inertia and the
viscous friction coefficient, can be determined by
the test of retardation. This test performed by
applying the rated stator voltage. The rotor is
accelerating to its no-load speed. Without any
connection of additional inertia mass coupling to the
rotor shaft, the rotor will be decelerated from the no-
load speed down to zero dependent on its rotor
inertia only. By observing this deceleration, the rotor
moment of inertia can be approximated.

No-load speed

AR ER] 0 O P
[ L LT

Erasiepewi

Jramadr gz iy e ra

Fig. 5. Rotor deceleration curve for machine’s
retardation

Time

4 GAs for Parameter Refinement

There exist many different approaches to adjust the
motor parameters. The GAs is well-known [16,17],
there exist a hundred of works employing the GAs
technique to identify system parameters in various
forms. The GAs is a stochastic search technique that
leads a set of population in solution space evolved
using the principles of genetic evolution and natural
selection, called genetic operators e.g. crossover,

ISSN: 1991-8763

48

N. Naewngerndee, T. Kulworawanichpong

mutation, etc. With successive updating new
generation, a set of updated solutions gradually
converges to the real solution. Because the GAs is
very popular and widely used in most research areas
[16-21] where an intelligent search technique is
applied, it can be summarized briefly as shown in
the flowchart of Fig. 6 [18].

In this paper, the GAs is selected to build up an
algorithm to refine all motor parameters (all
resistances and inductances, the rotor inertia and the
friction coefficient). To reduce programming
complication, the Genetic Algorithms (GADS
TOOLBOX in MATLAB [17]) is employed to
generate a set of initial random parameters. With the
searching process, the parameters are adjusted to
give response best fitting close to the desired
response based on the minimum least square error.

{ Specify the parameters for GA }

{ Generate initial population }
4’[ Time-domain simulation }

Find the fitness of each individual
In the current population

E
—{

Fig. 6. Flowchart of the GAs procedure

Apply GA operators:
Selection, crossover and mutation

5 Voltage-dependent Parameters

The key assumption made in this research is that
motor’s parameters are not constant for all operating
conditions. They can be varied from one operating
condition to others. However, some parameters can
be considered as fixed parameters. These are the
rotor inertia and the damping coefficient. They are
mechanical parameters and their values do not
change with electrical excitation. The electrical
excitation can be categorized into current and
voltage excitations. The current excitation depends
on a mechanical loading condition. This excitation
strongly results in change of winding resistances due
to material thermal characteristics and leakage
inductances due to magnetic saturation of magnetic
cores.

In this paper, only voltage-dependent parameters
are emphasized. The tests can be conducted by
varying the 50-Hz single-phase supply voltage
source of 220 V, 200 V, 180 V, 160 V, 140 V and
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120 V. Neglecting all loading conditions, no-load
tests for the six supply voltages are performed. No-
load speeds are recorded for each case and used for
parameter refinement. With the help of genetic
algorithms, accurate parameters for each supply
voltage can be obtained.

6 Results and Discussion

To examine the effectiveness of the proposed
intelligent identification, a 0.37-kW, 220-V, 50-Hz,
single-phase, squirrel-cage induction motor was
used for test as shown in Fig. 7.

Fig. 7. Experimental setup

With the conventional resistance, no-load,
blocked-rotor and retardation tests, the parameters of
the single-phase induction motor can be obtained as
follows.

Resistance Test:
Main winding resistance = 7.3 Q
Auxiliary winding resistance = 1.3 Q

No-load and blocked-rotor tests:

| Voltage | Current | Power
With the auxiliary winding opened
No-load test | 220 V 2.8 A 120.6 W
Blocked- 99.6 V 347 A 194.5 W
rotor test
With the main winding opened

Blocked- 100.7 V 3.17 A 296.5W
rotor test

The estimated parameters are listed below.
re=73Q, r,=88533Q,r,=213Q,
Ly =0.03776 H, L, =0.03243 H,

L, =0.03776 H, L,,,s =0.03772 H,
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Retardation test: (Result shown in Fig. 8)
The estimated rotor inertia is 0.784 kg-m’.

With the parameters obtained by using the
conventional tests, the simulation result of the motor
speed at the rated voltage can be compared against
the experimental result as shown in Fig. 9.
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Fig. 8. Retardation test result
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Fig. 9. Simulation result using a set of parameters
from the conventional tests (220 V)

As can be seen, the response of the simulation result
is able to satisfactorily fit the experimental data in
the steady-state condition only. This parameter set is
not suitable to be used for the parameters of the
space phasor model where the transient behavior is
typically an important issue.

To correct the parameters for appropriate use
with the space phasor model, some refinement
technique to adjust those obtained parameters from
the conventional tests must be applied. For
intelligent identification, the GAs is employed. The
followings describe parameter setting and search
space (set arbitrarily) for the GAs used in this paper.

Number of population = 100
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Crossover probability = 70%
Mutation probability = 4.7%

From the parameter setting given above with initial
values from the conventional tests, the rotor speed
can be simulated within the GAs loop through the
space phasor equations as described in Section 2.
When one of the termination criteria is met, the
search process is terminated. Hence, a set of the best
parameters, as shown in Table 1, that fit to the
experimental data can be found. Fig. 10 shows the
convergence of the search process performed by
using the GAs.

Table 1. Variable limits (search space):

Parameter | Minimum Maximum
Vys 5 15

7, 5 15

Tds 20 50

Ly 0.01 0.05

L, 0.01 0.05
Ly 0.01 0.06
Ly 0.1 0.6

I 0.003 0.02
B, 0 0.004

Convergence curve (best solution) at 220V
0.052 T T T

0.05

0.048

0.046

Fitness value

0.044

0.042

0.04 -

0.038 L L .
0 200 300 400
Generation

.
100 500

Fig. 10. Solution convergence for 220-V case

Table 2. Optimal parameters for 220-V case

Parameter Optimal value

Tys 5.5219 Q

7, 11.94 Q

7 ds 26.937 Q
Ly 0.030599 H
Ly, 0.048808 H
Ly 0.041793 H
Lygs 0.37862 H
Jon 0.008788 kg-m”
B, 0.000552 kg-m/s
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With the parameters obtained by using the search,
the simulation result of the motor speed can be
compared against the experimental result as shown
in Fig. 11.

speed at 220V
1600 T T

1400

1200

1000

800 -

speed(rpm)

600 -

400

test

—— simulation

200 -4

0

0.8 1 12 14 16 18
time(sec)

0 0‘.2 0‘.4 0‘.6
Fig. 11. Simulation result using the set of parameters

from the GAs (220-V case)

In the same manner, parameters for each voltage
case can be obtained and summarized in Table 3-7.
Fig. 12, 14, 16, 18 and 20 are solution convergences
of GA search results for 200-V, 180-V, 160-V, 140-
V and 120-V cases, respectively. Fig. 13, 15, 17, 19
and 21 are comparison of the test result and the best-
fit of the simulated motor speed for other five
respective cases.

Table 3. Optimal parameters for 200-V case

Parameter Optimal value

Tgs 6.0995 Q

T 8.3755Q

Tds 24.595 Q
Ly 0.037003 H
Ly, 0.024528 H
Ly 0.025479 H
Loy 0.40243 H
I 0.008788 kg-m”
B, 0.000552 kg-m/s

Table 4. Optimal parameters for 180-V case

Parameter Optimal value

Vs 6.2126 Q

7, 7.4612 Q

Vs 36.18 Q

Ly 0.028312 H
L, 0.024079 H
Ly 0.051837 H
Logs 0.44792 H
I 0.008788 kg-m”
B, 0.000552 kg-m/s
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Table 5. Optimal parameters for 160-V case

Parameter Optimal value

Vs 6.7585 Q

7, 6.1975 Q

Vs 36.626 Q
Ly 0.02674 H
L, 0.020242 H
Ly 0.04168 H
Logs 0.5004 H

I 0.008788 kg-m”
B, 0.000552 kg-m/s

Table 6. Optimal parameters for 140-V case

Parameter Optimal value

Tgs 6.2702 QQ

7 7.1434 Q

Tds 36.305 Q
Ly 0.036223 H
Ly, 0.018638 H
Ly 0.049867 H
Lygs 0.51775 H
I 0.008788 kg-m”
B, 0.000552 kg-m/s

Table 7. Optimal parameters for 120-V case

Parameter Optimal value
Tgs 7.4503 Q
T 5.6556 Q
Tds 45.809 Q
Ly 0.032499 H
Ly, 0.015448 H
Ly 0.031344 H
Loy 0.55269 H
I 0.008788 kg-m”
B, 0.000552 kg-m/s
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Convergence curve (best solution) at 200 V

0.05

| | | | | | | |
50 100 150 200 250 300 350 400 450
Generation

Fig. 12. Solution convergence for 200-V case

speed at 200V
1600 T T

1400 -

1200

1000 |-

800+

600

400 -

test

simulation

200+

0

| | | | | | | |
0 02 04 06 08 1 12 14 16 18
time(sec)

13. Simulation result using the set of parameters
from the GAs (200-V case)

Convergence curve (best solution) at 180V
0.054

0.053

0.052

0.051

0.05F

0.049 I . . .
0 100 200 300 400 500

Generation

Fig. 14. Solution convergence for 180-V case
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speed at 180V

N. Naewngerndee, T. Kulworawanichpong

Convergence curve (best solution) at 140V

1600 T T T T T T T T 0.09 T T T T
1400+ 4 0.088 i
1200 i 0.086 il
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5 800 q
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400 E
test 0076 il
2001 —— simulation | 0074} i
0 L L L L L L L L -1
0O 02 04 06 08 1 12 14 16 18 0072, 100 200 300 200 500
time(sec) Generation
Fig. 15. Simulation result using the set of parameters Fig. 18. Solution convergence for 140-V case
from the GAs (180-V case)
speed at 140V
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Convergence curve (best solution) at 160V 12001 )
0.125 T T T T
1000 B
0.12 B S
= 800} i
g
0.115 B @ 600} i
;2:' 0.1 B 400+ i
>
§ — test
£ 0105 B 200 —— simulation |
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0.095 4 . . . .
L_ Fig. 19. Simulation result using the set of parameters
009 ‘ ‘ ‘ ‘ from the GAs (140-V case)
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Generation
. . c best solution) at 120V
Fig. 16. Solution convergence for 160-V case 013 onvergence curve (best solution) at 120
0.12 1
speed at 160 V
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N W Y
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g | | 007} 1
§ 800
% 0.06] 1
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00l smuiation] | 0 100 200 300 400 500
test Generation
0 T — Fig. 20. Solution convergence for 120-V case
0 0.2 04 0.6 0.8 1 12 14 16 18
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Fig. 17. Simulation result using the set of parameters

from the GAs (160-V case)
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speed at 120 V
1600 T T T
| " | | M
T f ™
1400 ] l I ! } 4
1200
1000
£
(S
%’ 800
&
600 -
400
200 test
simulation
0 L L L L L L L L
0 0.2 04 06 08 1 12 14 16 18
time(sec)

Fig. 21. Simulation result using the set of parameters
from the GAs (120-V case)

With the refined parameters obtained in this paper,
control and drive of single-phase induction motors
can be performed more accurately. Parameter-based
or model-reference approaches can be used
extensively to a wide range of applications. Fig. 20
concludes the simulated speed response of all cases
in comparative with  their  corresponding
experimental result.

1800~ T T T T T T T T ™

1600

1400 -

1200

1000

apeed (rpm)

8OO F

600

400+ JARTy g
F o——o simulation

2004 g, EXPETIMENE

s L L L L L 1 L L
] 02 0.4 0.6 0.8 1 12 14 16 18
time (sec)

Fig. 20. Comparison among simulation and test
results for six voltage cases

7 Conclusion

This paper illustrates an intelligent approach to
estimate dynamic parameters of a single-phase
induction motor. Due to the complication of the
space phasor equations describing dynamic
behaviors of the single-phase induction motor, the
parameters can be roughly estimated through
conventional tests (no-load, blocked-rotor and
retardation tests). These tests are based on the
steady-state analysis. Therefore, they may cause
inaccurate estimation, especially when transient
characteristics are interested. In this paper, some
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efficient intelligent search technique, Genetic
Algorithms (GAs), is employed to demonstrate this
intelligent identification. With the additional key
assumption made in this paper, some parameters are
voltage-dependent and can be varied due to the
supply voltage. In single-phase motor applications,
reduced voltage control is typical for domestic-
based electric appliances due to its lower cost. As a
result, the speed response simulated from the
proposed method satisfactorily fits to that obtained
from the experiment. In comparison with the
conventional parameter tests, the effectiveness of the
proposed scheme is confirmed.

8 Acknowledgement

The authors would like to acknowledge the financial
support of the research grant (MRG5080029)
sponsored by the Thailand Research Fund, during a
period of this work.

References:

[1] P.C. Krause, Analysis of Electric Machines,

McGraw-Hill, 1987.

N. Naewngerndee, C. Sukcharoen, T.
Kulworawanichpong, “Simulation of Single-
Phase Induction Motor Drives with Non-
sinusoidal Power Supply”. The WSEAS
Transactions on Systems, Issue 5, Vol 5, pp.
1029-1034, 2006
[3] R. Krishnan, Electric motor drives — modelling,
analysis and control, Prentice-Hall, 2001

S. Raweekul, T. Kulworawanichpong, S.
Sujitjorn, ‘“Parallel -Connected Single -Phase
Induction Motor:Modelling and Simulation”,
The WSEAS Transactions on Circuits and
Systems, Issue 3, Vol 5, pp. 377-384
[5] JW.L. Nerys, A. Hughes & J. Corda,

Alternative implementation of vector control for

induction motor and its experimental evaluation,

IEE Proceedings-Electric Power Applications,

147(1), 2000, pp. 7-13.

[6] M. Yano & M. Iwahori, Transition from slip-
frequency control to vector control for induction
motor drives of traction applications in Japan,
The 5" International Conference on Power
Electronics and Drive Systems, 2003, Saitama,
Japan, pp. 1246—-1251.

[7] S. Shinnaka, S. Takeuchi, A. Kitajima, F.
Eguchi & H. Haruki, Frequency-hybrid vector
control for sensorless induction motor and its
application to electric vehicle drive, IEEE 16"
Annual Applied Power Electronics Conference
and Exposition, 2001, Yokohama, Japan, pp.
32-39.

(2]

[4]

Issue 1, Volume 4, January 2009



WSEAS TRANSACTIONS on SYSTEMS and CONTROL

[8] M. Benhaddadi, K. Yazid & P. Khaldi, An
effective identification of rotor resistance for
induction motor vector control, Proc. IEEE
Instru. and Meas. Tech. Conf., 1997, Ottawa,
Canada, pp. 339-342.

[9] ML.J. Duran, M.J. Martinez, P. Duran, J.L. Perez,
F.M. Hidalgo & J.F. Moreno, Improved
sensorless induction machine vector control with
on-line parameters estimation taking into
account the deep-bar and thermal effects, /EEE
28" Annual Conf. on Industrial Electronics
Society, 2002, Malaga, Spain, pp. 1716-1720.

[10] T. Hamajima, M. Hasegawa, S. Doki & S.
Okuma, Sensorless vector control of induction
motor with stator resistance identification based
on augmented error, Proc. Power Conversion
Conf., 2002, Osaka, Japan, pp. 504 — 509.

[11] P. Vas, Parameter estimation, condition
monitoring, and diagnosis of electrical
machines, Oxford University Press, 1993.

[12] K.S. Huang, Q.H. Wu & D.R. Turner, Effective
identification of induction motor parameters
based on fewer measurements, /[EEE Trans. On
Energy Conversion, 17(1), 2002, pp. 55-60.

[13] L. Feng, Z. Hongtao & Y. Qiwen, Sensorless
vector control of induction motors based on
online GA tuning PI controllers, The 5"
International Conference on Power Electronics
and Drive Systems, 2003, Saitama, Japan, pp.
222-225.

[14] M.B. Correa, C.B. Jacobina, E.R.C. da Silva &
A.M.N. Lima, Vector control strategies for
single-phase induction motor drive systems,
IEEE Trans. on Industrial Electronics, Vol. 51,
Issue 5, 2004, pp. 1073 — 1080.

[15] B.S. Guru. Electric machinery and
transformers, Oxford University Press, 2001.
[16] D.E. Goldberg, and D. Edward, Genetic
Algorithms in Search, Optimization and Machine

Learning, Wiley, 1989.

[17] The MathWorks Inc., Genetic Algorithms and
Direct Search TOOLBOX, CD-ROM Manual,
2004.

[18] K. Somsai, A. Oonsivilai, A. Srikaew, and T.
Kulworawanichpong, Optimal PI controller
design and simulation of a static var
compensator using MATLAB’s SIMULINK,
The 7th WSEAS International Conference on
POWER SYSTEMS, Beijing, China, pp. 30 — 35.

[19] T. Charuwat, T. Kulworawanichpong, Genetic
based distribution service restoration with
minimum average energy not supplied, The 8"
International Conference on Adaptive and
Natural Computing Algorithms

ISSN: 1991-8763

54

N. Naewngerndee, T. Kulworawanichpong

(ICANNGA2007), 11-14 April 2007, pp. 230-
239.

[20] T. Kulworawanichpong, K-L. Areerak, K-N.
Areerak, P. Pao-la-or, P. Puangdownreong, S.
Sujitjorn, Dynamic parameter identification of
induction motors using intelligent search
techniques, The 24" IASTED Int. Conf.
Modelling, Identification, and Control (MIC
2005), Austria 2005, pp. 328-332.

[21] M. Rashidi, F. Rashidi, H. Monavar, Tuning of
power system stabilizers via genetic algorithm
for stabilization of power system, [EEE Int.
Conf. Systems, Man and Cybernetics, Vol. 5, 5-
8 October 2003, pp. 4649 — 4654.

Issue 1, Volume 4, January 2009



	28-769
	 

	30-785
	31-287
	31-720
	31-760
	31-775


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




