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Abstract—The application of four algorithms (GA,
PSO, SA, FA) in parameters design of a single-
phase induction motor is proposed in this paper.
The Four algorithms consider the motor
efficiency as an objective function and with five
equality and five inequality constraints. Under
efficiency as an objective function the
performance of the algorithm improved in the
order 19.7%, 15.3%, 15.22% and 15.2% as follows,
GA, SA, FA and PSO respectively, this means
that for the choice of algorithm in terms of
efficiency as an objective function GA is
preferred. The most performed algorithm is the
GA for the single phase induction motor, a code
has been provided under MATLAB software. The
results show that the GA method gives more
suitable design optimization against conventional
methods.
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Induction Motor (SPIM); Maximum Efficiency;
Genetic Algorithm (GA)

1. Introduction

Single Phase Induction motors are electrical energy
conversion devices widely used in industries,
transportation, and other aspects of modern life.
Therefore its performance improvement with high
efficiency could significantly reduce the cost of
industrial and residential energy systems.

Over the years effort is been made to improve the
efficiency performances of single phase induction
motors by providing new design methods. Machine
design is influenced by design factors like economics
(cost minimization), material limitation (size
minimization), costumer and regulating bodies’
specifications (voltage, power rating, frequency, etc.).

1.1. Methodology

The methods adopted to achieve the set objectives
for this study are as follows.

a. The mathematical formulations of design
efficiency objective functions and

implementing them by using optimization
tools.

b. Embedment of the efficiency objective
functions and Genetic Algorithm into friendly
interactive graphical users interface in Matlab
environment.

Relationships Governing Single Phase Induction
Motor [1]
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Figure.l. equivalent circuit of SPIM based on double
revolving field theory

Like other types of electrical machines, SPIMs are
also designed to meet a given set of specifications.
The motor has to be designed to give sufficient
starting torque with rea-sonable performance during
its working period. Fig. 1 illus-trates equivalent circuit
of SPIM based on double rotating field theory. The
power flow diagram for a SPIM is shown in Fig. 2.
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Considering figures 1 and 2 relationships governing
single phase induction motor may be expressed as
follows[1]: single-phase induction motor to maximize
the efficiency using Genetic Algorithm ( GA) The
present paper will be organized as follows. Section 2
briefly explains GA algorithm. Section 3 presents
relationships governing sin-gle-phase induction
motor. Section 4 discusses the optimal design with
variables and constraints. Section 5 gives the
detailed discussion on the results of GA algorithm
and their comparison with conventional design.
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Efficiency

The efficiency of a single phase induction motor can
be written as

ef f = By _ (1-5)Pg—Pgy
B (1-s)Pg+py

where P, the electrical losses within the induction
motor is given as

Pyt 4 (R AT (R~ B2 +602) 4 2al, 1 (R4 R,)sind] 4
DR (I2 4+ a'1F - 2al, | sin)

a

The Design Variables

The following quantities are chosen as the
independent design variables for the Efficiency -
objective optimization a single phase induction

motors under consideration: Stator bore diameter I
Stator tooth width W, , Rotor tooth width W/, Depth
of stator slot d. , Depth of stator core d._ , Depth of
rotor slot d,.., Stator outer diameter D, , Stator

axial length L.

Limits of Variables

The design carried out is for a 0.75 kW, single phase
induction motor operating under a 380 Volts, 50 Hz
power supply. The minimum and maximum value
limits of the independent variables are as shown in
table below.

Table 3.1a: Single Phase
Minimum and maximum limits of
independent variables

Values (m)

min max

D 9.02 9.6
W, 0.51 0.59
d 1.60 1.70
W, 0.52 0.57
d,. 1.60 1.70
d,. 2.0 2.9
d,. 2.27 2.35
L 13 13.4
D, 17.0 17.8

3.1. Development of Objective Functions

The following objective functions will be developed
for the optimal design of an induction motor.

1) Efficiency of motor 7
Formulation of Efficiency

The efficiency #7 of a machine is given as,

— Pour
PourtPeu +P.sfe

3.15

The overall copper losses F.,, occurring in the stator

and rotor slots of a single phase induction motor is
given as
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Development of an Induction Motor Optimum =
Design and Analysis Tool
(IMODAT)
The IMODAT accommodates both the conventional Fig.3.4 (b): GUI for outputting single phase
and optimal method of induction motor design. It conventional results.
allows input rated' da'ta, design data, data processing S —
and results visualization. S
AGUlis a graphical display in one or more windows Conventional Three Phase Induction Motor Design Tool (conv_TPIMD_input)
contetmmg fcontr'olts cal{gd f[:or?(pgnuelnts that en?ble a e gt oy | 0000 | O St st | w0 |
user to perform interactive task. components can
include Fr)nenus toolbars pUSh bUttOﬂS raF;jiO bUttOl’lS Magnetic Loading(Bav) 00000  WImMZ  Bar Current Density(Jb) 00000 | A/mm2
list boxes and sliders- just to name a few. GUI Eecric Loadng(Q) | 00000  Azim Enceing CutentDensity(ler) | 00000 | A2
created using Matlab tools can also perform any type _
. . R Axial Length per pole ptch(k) 000.00
of computations, read and write data files,
communicate with other Uls and display data as Number of staor ss(Ss) | 00.00
tables or as plots rowency® | oo0s0 | e
) conv_SPIMD._input _ o Number of Phase(m) | 000.00
Phase Voltage (V) 000.00 Volts
SINGLE-PHASE INDUCTION MOTOR DESIGN TOOL (SPIMD._inputs) Efficiency(eff) | 00000 | pu
LR ERES Power_factor(pf} 000.00 pu
Power output(P_out) 000.00 fip Stator Current Density(Js) 000.00 | A/mm2 Number of Poles(p) | 000.00
Magnetic Loading(Bav) 000.00 Wim2  Bar Current Density(Jb) 000.00 | A/mm2
Electric Loading(Q) | 000.00  AZM £ o current Densityiler) | 000.00 | Almm2 oK
Axial Length per pole pitchik) 000.00
mber orsiste o) | 00000 Fig. 3.5 (a): GUI for inputting conventional three
: hase design data
Freguency (f) 000.00 Hz p g
Phase Voltage (V) 000.00 Volts
Efficiency(eff) (000.00 pu
Power_factor(pf) 000.00 pu
Mumber of Poles(p) 000.00
OK
Fig. 3.4 (a): GUI for inputting conventional single
phase design data
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Fig. 3.5 (b): GUI for outputting three phase
conventional results.

Result
Table 4.55:Compararison of optimized 1 hp single

phase induction motor using efficiency as an
objective function with conventional design

Variabies |l Method | GA |PSO| SA | F
D (cm) 9.430 (9.477|9.30 | 9.44 |9.437
wst(cm) 0.550 |0.559|0.552|0.544/0.542
wrt(cm) 0.540 |0.536|0.555|0.536|0.525
d,. (cm) 1.650 |1.698/1.607|1.600|1.643
d,.(em) 1.650 |1.700/1.676|1.690|1.658
d,. (cm) 2.420 |2.059|2.339|2.251|2.409
d,.(cm) 2.300 |2.27(2.299|2.321|2.328
L(cm) 13.330 13628 13239 13(.)38 13902
D,(cm) 17.580 |17.00 17511 17.33 17954

Weight (kg)| 9.562 |7.585/8.764/8.910/8.922

Losses(Watt) 9424 |9.645/0L23/62:70/60.95

71019
Ef ficiency (%) 78 97513 92500 9211 92é00

power factor| 0.78 |0.795/0.793/0.797|0.801

Table 4.55 is used in comparing the sizing variables
obtained from the conventional design method with
those obtained from the four algorithms used in terms
of efficiency as the objective function.

From table 4.55, the stator and rotor sizing variables
have similar values, but comparing their efficiency,
the optimization algorithms improve the efficiency in

the order of 19.7%, 15.2%, 15.3% and 15.22% for
GA, PSO, SA and FA respectively. Comparing in
terms of losses there is a loss reduction of 35.02%,
35.02%, 33.47% and 35.3% for GA, PSO, SA and FA
respectively. There is also a reduction of weight by
18.3%, 5.6%, 5.3% and 3.1% and an improvement of
power factor by 1.8%, 1.6%, 2.1% and 2.68% for GA,
PSO, SA and FA respectively.

Conclusion

This means that for the choice of algorithm in terms
of efficiency as an objective function GA is preferred.
The most performed algorithm is the GA.

Table 4.56: Single Phase Induction Motor
Performance Index comparison of the optimization
algorithm in terms efficiency as objective function
GA PSO SA FA

Ef ficiency (%) 19.7% | 15.2% | 15.3% | 15.22%
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