The Mediterranean Journal of Measurement and Control, Vol. 11 No. 2, 2015

HYBRID METHOD USING GENETIC ALGORITHM
FOR INDUCTION MOTOR DESIGN PROBLEM

S. Chekroun?, A. Zorig °, A. Benoudjit®

2Research Laboratory on the Electrical Engineering, Faculty of technology,
M'’Sila University, 28000, Algeria,

E-mail: Chekrounsalim1@yahoo.fr.

® Department of Electrical Engineering, Faculty of technology, M’sila University,
E-mail: zorig_assam@yahoo.fr.

¢ Research Laboratory on the Electrical Engineering, Faculty of technology,
Batna University, Rue Chahid M® El Hadi Boukhlouf, Batna — Algeria,
E-mail: benoudjit@yahoo.com.

ABSTRACT- This paper describes the use of a new approach optimization procedure to determine the design
of three phase electrical motors. The novelty lies in combining a motor design program and employing a Hybrid Genetic Algorithm
(HAGsS) technique to obtain the maximum of objective function such as the motor efficiency. A method for evaluating the efficiency
of induction motor is tested and applied on 2.2 kW experimental machines; the aforementioned is called equivalent circuit method
(EC-M) and based on the analysis of the influence losses. As the equations which calculate the iron losses make call to magnetic
induction. From this point, the paper proposes to evaluate the B(H) characteristic by estimating the circuit’s flux and the counting
of excitation. Next, the optimal designs are analyzed by finite element method (F.E.M) and compared with results of another method
which is genetics algorithms (GAs) optimisation technique, was done to demonstrate the validity of the proposed method. They
reveal that the efficiency can be noticeably improved (+1.3%) by optimizing the machine parameters using (HGASs) techniques
as well as by an appropriate parameters choice.

Keywords — Genetics algorithms (GAs), Gradient algorithm, Hybrid, Induction Motor, Efficiency.

1. INTRODUCTION solution will result in loss of the global one when parameters
Recently, the induction motor comprises 95% of all motors are optimized with a deterministic algorithm. With
utilize_:d in machine!'y, and the operating efficiencies of thgse the development of the modem mathematics, many scholars
machines greatly impact the overall energy consumption introduced the random approach into optimization algorithm
in_industry [1]. Current motors are produced with higher and advanced some new and powerful algorithmic models
efficiency ratln_gs_ than standard motors, but the deC|§|on for non linear problems. The (GAs) method, since firstly
to replace an existing motor fc_)cuses on the actue_ll cost savings proposed by Holland, has been applied to many scientific
that depend on §everal kt_ay points such as operatlng_efflaency, areas, for instance, in engineering optimization and
percentage of time at given loads. Owing to the importance improvement problems, for energy calculations in atomic and
of induction motors, this paper is aimed at contributing molecular physics and in nonlinear fitting problems [4], [5].

to energy saving efforts, more specifically in the field of low

power induction motors. A contribution is kept in perspective Nowadays, among the design trends in improving electrical

by taking into consideration the energy saving potential during machine performances we encounter the introduction
the motor design stage as well as during its operation. Every of t_he artificial |nteII|ge_nce tools in pptlmlzmg the machln_e
effort to save energy in motor application can be made design parameters. This leads mainly to improve their
by always attempting to use energy only as much as what efficiency, power to mass ratio and cost. Although genetic

needed during its operation. The best way is to exploit the algorithms can rapidly locate the region in which the global
saving potential during motor design, while at the same time optimum exists, they take a relatively long time to locate
taking into account its intended application. It can be achieved the exact local optimum in the region of convergence.
either through the improvement of motor design or through A combination of a genetic algorithm and a local search

the reduction of its input electrical energy when the motor method can speed up the search to locate the exact global
has already been built [1], [2]. optimum. In such a_hybrld, applyln_g a Ioc_al search to the

. L . . solutions that are guided by a genetic algorithm to the most
Since, optimization technique are more and more combined promising region can accelerate convergence to the global
with the electrical motor design, stlmulatgd t?y the pressing optimum. The time needed to reach the global optimum can be
demands of the motor market and applications. The task further reduced if local search methods and local knowledge
is to get a design optimizing an objective function are used to accelerate locating the most promising search
as minimum material cost, minimum weight or an optimum region in addition to locating the global optimum starting
performance feature of the motor as maximum efficiency [3]. within its basin of attraction [6], [7], [8] and [9].

Therefore, it is apt that achievement of a local optimized . . .
In this paper a comparison between the loss reduction

problems by the stochastic technique which is called
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the genetic algorithm (GAs) also hybrid genetic algorithm
(HGAs) The achieved results are discussed and analyzed [10].

2. INDUCTION MOTORS EFFICIENCY
EVALUATION

The efficiency can be expressed in terms of output power
( Ppmechanicar) @nd the sum of losses ( ZLosses), input power

( F)Electrical ):

PMechanicaI
PMechanicaI + Z Losses

In order to determine the efficiency, several international
standards exist. Basically, the difference between these
standards exists in the way additional load or stray-load losses
are dealt with. Either a fixed allowance is used, or they are
calculated based on a mechanical output power measurement.

The Japanese JEC 37 standard simply neglects the additional
load losses. In the IEEE 112-B standard, they are deduced
by measuring the input and output power; the losses not
covered by the 4 other loss terms - the stator and rotor copper
losses, the iron losses and the friction and windage losses - are
then supposed to be the additional load losses. In the IEC
60034-2 standard, these losses are estimated at 0.5% of the
input power. The different way of dealing with the additional
load losses is the reason why efficiency values obtained from
different testing standards can differ by several percent [1].

@)

— I:JMechanicaI —

n
PEIectrical

2.1 Motor Losses

There are four different kinds of losses occurring
in induction motors which are the following: electrical losses,
magnetic losses, mechanical losses and stray-load losses.
Those losses can be counted:

2.1.a Iron losses

The calculation of iron losses makes itself by numerous
methods as: a simplified method; magnetization rate analysis
method or by analytical method, [1], [11].

2.1.b Stray-load losses

These losses are very difficult to model and to quantify.
Although, the stray-load losses were the theme of several
studies and analysis, the phenomena that govern these losses
are still under discussion, particularly from the measurement
point of view. The standard IEEE 112-B defines these losses
as the difference between the total measured losses and the
conventional losses, [12].

2.1.c Copper losses

The third component of losses is Ohmic heading. The last
is determined by a number of stator and rotor joule losses. The
first are evaluated using the winding resistance measured
in direct current and reported at the reference temperature.
It depends on the machine insulation class. For this reason,
it is independent by the real temperature reached during
the load tests. As an example, for insulation class F an over
temperature of 115°C has to be considered. The rotor joule
losses are evaluated as the product of the rotor slip and the air
gap transmitted power [1], [2].

2.2 Energy Efficient Motor

The vast majority motor manufacturers had provided
a special category of product with increased efficiency
and evidently higher price. However, questions raised about
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the application of energy efficient motors. Users of major
industrial companies are frequently faced to the decision
of buying more expensive motors; But with a feeling
of uncertainty about the presumed economical advantages.
It must be emphasised that a number of factors which may
affect the motor efficiency include: power’ supply quality,
careful attention to harmonics, mechanical transmission
and maintenance practices [1], [4].

Since, induction motors are the most commonly employed
electrical machines in industry throughout the world today.
Consequently, investment in the quality of motor that enables
a reduction of its losses. Although a small percent
is frequently neglected is usually a financial sound practice.

This paper describes the use of a formal optimisation
procedure to determine the design of an induction motor
to obtain maximum efficiency. The method involved the use
of a design process coupled to an optimisation technique such
as, the (HAGsS).

3. OPTIMIZATION TECHNIQUES

Presently, research efforts have been made in order
to invent new optimization techniques for solving real life
problems, which have the attributes of memory update
and population-based search solutions. General-purpose
optimization techniques such as hybrid genetic algorithm
(HAGs), and Genetic Algorithms (GAs), have become
standard optimization techniques which principal is:

3.1 Genetics Algorithms (GASs)

Genetic algorithms are search methods that employ processes
found in natural biological evolution. These algorithms search
or operate on a given population of potential solutions to find
those that approach some specification or criteria. To do this,
the algorithm applies the principle of survival of the fittest
to find better and better approximations. At each generation,
a new set of approximations is created by the process
of selecting individual potential solutions (individuals)
according to their level of fitness in the problem domain and
breeding them together using operators borrowed from natural
genetics. This process leads to the evolution of populations
of individuals that are better suited to their environment
than the individuals that they were created from, just as in
natural adaptation [6], [7].

The (GAs) will generally include the three fundamental
genetic operations of selection, crossover and mutation. These
operations are used to modify the chosen solutions and select
the most appropriate offspring to pass on to succeeding
generations. (GAs) consider many points in the search space
simultaneously and have been found to provide a rapid
convergence to a near optimum solution in many types
of problems; in other words, they usually exhibit a reduced
chance of converging to local minima. (GAs) suffers from
the problem of excessive complexity if used on problems
that are too large [6], [8].

3.2 Hybrid Genetics Algorithm (HAGS)

A central goal of the research efforts in GAs is to find a form
of algorithms that is robust and performs well across a variety
of problems types [8].

Although  genetic  algorithms can  rapidly locate
the region in which the global optimum exists, they take
a relatively long time to locate the exact optimum
in the region of convergence. A combination of a (Gas)
and a local search method can speed up the search to locate
the exact global optimum. In such a hybrid, applying a local
search to the solutions that are guided by a (GAs) to the most
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promising region can accelerate convergence to the global
optimum [9].

There are several ways to hybrid any systems, are based
maintaining (GAS) enough modular program structure. This
way, you only have to let it run until the genetic algorithm
convergence therefore level then allowed the optimization
procedure by the gradient algorithm take over, taking
for example 5% or 10% best individuals of the last
generations. Several authors have proposed this technique
(Bethke 1981. Bosworth, Foo and Zeigler 1972 Goldberg,
1983), the idea is simple, interesting, and can be used
to improve the final performance of gene exploration. News
hybrid approaches where the use of genetic operators
improves the performance of existing heuristic methods are:
Sequential Hybrid (S-H), Advanced Algorithms Genetics (A-
GAs) [10].

4. IMPROVING EFFICIENCY

The combination of a computer-aided design with artificial
intelligent optimization techniques forms an important tool,
especially on the engineering design process of high
performances and costly systems. In the field of electrical
machines, due to the complicated nature of the functions
describing their performances, the optimization problem
of such machines is a multivariable- constrained nonlinear
problem. For optimizing the induction machine efficiency,
computed design processes coupled to a genetic algorithm
have been developed. The main steps of the design procedure
for such motor are summarized in the flowchart of Figure 1,
Including:

A. Sizing phase; B. Optimization phase.

Imposed Design Machine Data

i Preliminary Calculations
Parameters Determination & Choice

v

Geometrical Sizing Calculations

v

B  ANN module

Calculation of Losses & Efficiency
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Printing Final Solution
Program

Figure 1. Proposed optimizing efficiency method
flowchart
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4.1 Analytical Design Procedure

The design procedure of electrical machine (DP-M) is based
on Liwschitz method which can be summarized in three main
stages:

First, from the imposed machine design data, the measured
geometrical dimensions and within Artificial Neural Network
(ANN) interpolation of the normalized range curves. The type
of ANN that we simulated is a multilayered network.
Therefore, we use back propagation algorithm for its training.
The in proposed method of optimization process which
we intend to do is saturation test phase so that we can study
the performances of the ANN and accomplish the task of the
optimization. The entries are the B(H), saturation and form
factors which mean that the number of entries of this network
is equal to 4. Finding optimized dimensions which
characterized by active volume given by the inner stator
diameter and the core length of the machine. However, this
lead to the parameters of the electrical equivalent circuit of the
machine [13], [14].

Second, from the results of stagel the machine performances
as evaluated in order to check or not the machine analytical
model.

Third, the Name-Plate Method (NP-M) is used to provide
the machine parameters.

This procedure is applied on a three phase squirrel cage
induction motor ELPROM, type AO0-112 M-2B3T-11,
2.2 KW, A/Y 220/380 V, 9.2/5.3 A, Cos¢=0.82, 1425 trs/mn
and 22 kG.

4.1.1 B(H) Curve

Since, the major problem in iron losses calculation is the B(H)
curve used. The latter proposes to use experimentally
approach and the geometric sizes of the studied machine
are carried on the Figure 2.

Figure 2. Induction motor cross section

One will be able to write therefore that the following relation
is verified along a line [15].

§HdE:N1|1:HL @

At no-load test we can deduct:
H=Nilo ©)

L

The electromotive is given by:
E-V, —° 4)

l+oy
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The back iron flux:

®)

Pounn = % = ot = 2 fcun

Other side:
E:4Kf le Kw1 ¢Tot (6)

The stator back iron flux density is:

_ E U]
2.4f Nl KWl Kf Ife EPCuIl

BCul

Where

Field lines middle,
Heyland stator coefficient,

Iy No-load courant, L

v, No-load voltage, our

Ky: Winding coefficient Magnetic length circuit,

v e

K;  Form factors, Stator back iron thickness.

EPCuIl

The expression of the flux density takes the following shape:

1 "
By = TOML_ (8)
4-1-Np-Kyp K-Sy
And
z
S, =7, lgp—% ©)
71 z1 Tfe 2p
S, Stator teeth section,
Ty Stator teeth step, 21 Ppole teeth number.
2p

The B(H) figure obtained from the laboratory as shown in
Figure 3 compared with standard curve, [14].

f
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Figure 3. Experimental B(H) curve

The use an experimental B(H) curve and equivalent circuit
method (EC-M). Among the obtained results are the machine
equivalent circuit parameters as depicted in Figure 4.

Figure 4. Induction motor equivalent circuit
on the stator side

Where
I Phase stator current,
V, Stator phase voltage, S;  Slip.
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Its parameters: stator resistance (R;), stator leakage reactance (
ls), magnetizing reactance (M ), core-losses resistance

(Ryon.) rotor leakage reactance (|Gr), and rotor resistance

referred  to  the stator side (R,). It

the representation and assessment of the machine efficiency
at any load [5], [14] and [15].

allows

4.1.2 Machine Name-Plate Method (NP-M)

This method allows to estimating of motor parameters
by using the motor plate information. The main equations
are summarized as follows [16], [17]:

1-coso
o=—— (20)
1+coso
1 1
A (11)
s
LV Jo 12)
|5a)S
: l-o
M=L =I s (13)
o
L=M+1 (14)
CL
R =— (15)
r -l—r
Where
R, Satator resistance can be measured on line,
o Leakage coefficient, T, Rotor time constant,
L, I_'r Total stator and rotor inductances,

w, Rotor current frequency, €0S¢  Power factor.

The above identification methods applied on a 2.2 kW radial
flux induction machine using a laboratory test-rig. Then the
measured geometrical dimensions are included on the
developed motor design program. The investigation results
of the analysed machine parameter identification methods

are reported in Table 1.

Parameters (DP-M) (NP-M)
R, (Q) 267717 | 2.1647
|, (H) 0.01286 | 0.0284
los (H) 0.01208 | 0.0232
R (Q) 3.158 35
M (H) 0.20952 | 0.1704

Table 1. Induction motor parameter comparison
of identification methods

4.1.3 Results Analysis

The studied identification methods are applied to the tested
induction motor. The obtained results from a developed
program, under MATLAB environment are summarized
in Table 1. It can be stated that the determined machine
parameters from two methods are relatively close to each

other, accepted the values of R; and R'r. This mainly
is justified by the temperature effect consideration.
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The presented study is concretized by establishing three motor
characteristics | =1f(s;),C,=1(s;) and efficiency n=1f(s;)
is drawn as depicted in Figures 5, 6 and 7 respectively. These

figures are zoomed by data cursor so as to highlight
the performance in the normal operating load rang.
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Figure 5. Stator phase current versus rotor slip
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Figure 6. Efficiency versus rotor slip
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Figure 7. Electromagnetic torque versus rotor slip

Analysis of the figures show that the plotted motor
characteristic are relatively close to each other particularly
at low slip values (i.e. up to 5%). As the slip rises from 10% to
the starting point, the curve of (DP-M) and (NP-M) ones tend
to loose this closeness although a tight closeness kept

by the first method from one hand and by the second ones
on the other hand.

It can be concluded that the analytical model is in good
correlation and it can be accepted for optimization phase.

4.2 Optimization Phase

In order to obtain an acceptable design, Table 2 summarized
the design program results and the practical domains for the
design parameters. Within case presented here, eight design
parameters some of which are used in literature and affect
induction motor’s first order basic geometry is chosen. So, the
efficiency (motor losses) is selected as main objective function
and the weight of motor is selected as a constraint
of optimization.

Variables Initial Search region
value
Inner stator diameter ~ (mm) 98 95<D <104
. 075 <i<

Geometric report 1.25 175

Stator slot height (mm) 17 12 <h, <18
Back iron thickness  (mm) 20 16<hj; < 22
Air-gap length (mm) 0.33 03<6<05
Stator tooth flux density (T) 1543 | 1.3<B;; <17
Rotor tooth flux density (T) 1582 | 14<B,<138

Machine weight (kG) 2260 |21 <M <23
Stator slot / Rotor bar number | 36/48
Stator turns per phase N 220

Stator no-load current |, (A) 3.142

Starting current |y, (A) | 2425

Nominal torque T, (Nm) 14.25

Starting torque Ty,  (Nm) 22.04

Maximal torque T,  (Nm) | 35.45

Efficiency data base (%) 82

Efficiency calculated (%) 81.15

Table 2. Design variables and their limit values for an
experimental B(H) curve

Table 3, shows and compares the values for the eight design
parameters of the HAGs with those GAs techniques.
Accordingly, the HAGs algorithm has returned an acceptable
solution which is indicated by a good value for the objective
with no constraint violation.

Parameters solutions S(_)Iutions
with HAGs | with GAs
Inner stator diameter (mm) 103.3 102
Geometric report 1.497 15
Stator slot height (mm) 14 14.9
Back iron thickness (mm) 18 16.9
Air-gap length (mm) 0.3057 0.35
Stator tooth flux density (T) 1.469 1.55
Rotor tooth flux density (T) 1.523 1.65
Machine weight (kG) 21.801 22.69
Optimized efficiency 77opt (%) 82.48 82.48

Table 3. Design parameter values obtained after
optimization
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In Figure 8, the best and average in the population,
as a function of the generation number, are shown. The
optimal solution is achieved at the 60 generations and the data
of the best motor are reported in Table 3. It has also optimized
motor the air-gap assume their minimum, but the maximum
of machine weight is reached and other parameters
are optimized value with respect to their prefixed rang.

Best: 467.389 Mean: 467.6309

Fitness value
[
(=]
o
4

x 15
X: 50 58
480 T«&»{%@* Y: 470.8 Y. a68.4 ae8

460 a2
Y:470.3

o 10 20 30 40 50 60 70 80 920 100

Generation

Figure 8. Evolution of (GAs) average and best fitness
Functions

According to the results in Figure 9, the algorithm has
returned an acceptable solution every time 50 generation,
which is indicated by a good value for objective (82.48%)
with no constraint violations. On the other hand, it can be said
that (HAGs) is suitable for motor design and can reach
successful designs with lower cost [18].

Best: 467.6972 Mean: 469.7318

+  Bestfitness
580 | ®  Mean fitness

Fitness value

by’ X: 40 X: 51
Y:468.5 v:467.7

o 10 20 30 40 50 60 70 80 90

Generation

100

Figure 9. Evolution of (HAGs) average and best fitness
functions

The best-yielded results machine which reported in Table 4
and Figures 10 to 12. The latter, depict examples
of performance characteristics of standard and optimum
design.
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Figure 10. Stator phase current versus rotor slip

399

v
| Calculated Motor
90— x:5341 | — Optimizing Motor
Y:82.47
..
80
{ N

70 N
S %,
& 50 <2
2 .
8 .
k] N
£ 40 <<
i N

30 N

S
20 2,
10 =
0
0 5 10 20 40 50 60 70 80 90 100

Rotor slip (%]

Figure 11. Efficiency versus rotor slip
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Figure 12. Electromagnetic torque versus rotor slip

Motor parameters Calculated | Optimizing
motor motor

Starting current I, (A) 24.25 26.66
Atno load |, (A) 3.142 3.6
Nominal current 491 5.57
Efficiency ; (%) 81.15 82.48
Rated Ty /T, 22.04/14.25 | 24.74/16.45
Rated T, /T, 35.45/ 14.25 39/ 16.45
Motor total weight  (kG) 22.60 21.801

Table 4. Comparison of calculated and optimizing
results

According to obtained results, while achieving performance
improvements, the efficiency of the motor is increased
by about (1.3%). This difference correspond to approximately
(30 W) at full load which is important. From one point,
starting torque and pullout are desirably increased
(=2.7Nm). From the other point, a small decrease in motor
total weight is observed from the results. Therefore, it can be
said that HAGs is suitable for motor design and can reach
successful designs with lower weight, higher torque, and
higher efficiency than the standard motor meanwhile
satisfying almost every constraint.

4.2.1 Dynamical Performances Analysis

The dynamic performance of an AC machine is somehow
complex due to the coupling effect between the stator
and rotor parameters which vary with rotor position. This can
be simplified by using the d-q axis theory; as a result the time-
varying parameters are eliminated. The dynamical model
of induction machine used is represented by a fourth
order state space model for the electric part and by a second
order system for the mechanical part of the machine.
Meanwhile the electrical variables and parameters are given
in Table 1.
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The simulation analysis of these three-induction motor
was performed using SIMULINK blocks and power system
blocks within  SIMULINK toolbox under MATLAB
environment. Within the block diagrams the induction motor
is represented by the according block which models electric
and mechanical dynamics and the three phase sources.

Figure 13. Block diagram of dynamical performances
analysis

In the first test, the machines will be fed during three phase
source Figure 13 to simulate the starting phase of the two
motor (calculated and optimizing) under full load conditions,
and then, by varying the load in order to analyze the
electromagnetic torque versus time in this hard condition. It
can be seen from Figure 14 (T, =23.5Nm, 26 Nm) for the

calculated and optimizing motors respectively. However, this
last one presents slightly better starting capabilities.

In the second test, these machines will be fed from three phase
source in an open-loop speed control system to simulate
the starting under the same conditions of test 1. Then after
0.35s the load torque is stepped to the maximum values in
order to check the pull-out torque. It can see from Figure 15
that the optimizing motor presents slightly better overloading
capabilities.
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Figure 14. Electromagnetic torque versus time
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Figure 15. Electromagnetic torque versus time
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4.2.2 Finite Element Analysis (F.E.A)

F.E.A is the modeling of systems in a virtual environment, for
the purpose of finding and solving potential structural
or performance issues. (F.E.A) is the practical application of
the finite element method (F.E.M), which is used by engineers
and scientist to mathematically model and numerically solve
very complex structural problems [9].

A finite element model comprises a system of points, called
“nodes”, which form the shape of the design. Connected
to these nodes are the finite elements themselves which form
the finite element mesh and contain the material and structural
properties of the model, defining how it will react to certain
conditions. The density of the finite element mesh may vary
throughout the material, depending on the anticipated change
in stress levels of a particular area. (F.E) models can
be created using one-dimensional (1D beam), two-dimensional
(2D shell) or three-dimensional (3D solid) elements.

Another phase of design procedure, in this paper (F.E.A)
is used to analyze the flux distribution and to check some
performances of the machine in a magneto-dynamic model
under no-load operating conditions.

From the program results, the geometrical model of these
machines are implemented and used in the Flux-2D program
as carried in Figures 16 and 17. This model applies to devices

which have voltage sources varies over time and —-# Oand

that assumes the current density is sinusoidal in steady state.
Thereby RMS current value is obtaining. Finally this mode

can be wused in equivalent circuit machine study.
The system to be solved is:
rof (v.rotA)+ jocA = | (16)
I @20
0173 @981

0168

Figure 17. Optimizing motor geometrical
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Used Flux-2D program, flux distribution in different parts
of the magnetic circuit was investigated and the results . L o
are illustrated in Figure 19 for the calculated motor and in Figure 22. Flux density distribution optimized motor
Figure 20 for the optimizing one. On the other side Figures 21
and 22 present the flux density for these two machines,
respectively, and show clearly the lower degree of saturation
concerning the second, which is considerate an advantage
for this motors type.

In addition finite element method can be used for the
calculation of skin effect in the rotor bars of induction motors,
and current density distribution in rotor is large compared to
the stator motor at starting in no-load conditions; this is
illustrated by Figures 23 and 24.
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Figure 20. Flux distribution optimized motor

Figure 24. Current density distribution optimized motor
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Through the Figures 25 and 26, the simulation results under
full load conditions, we can note for the two machines, the
presence of two pairs of poles. It is clear the flux is high for
optimized motor and is almost symmetrical with poles axes
respect. So the lines flow between the stator and the rotor
are slightly deflected in the direction rotation of rotor.

Résmltats sovaleves
i Equi s Wb

AVMED Taa (i) (Pams T

Figure 25. Flux distribution calculated motor under full
load conditions
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Figure 26. Flux distribution optimizing motor under
full load conditions
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Figure 27. Current density distribution calculated
motor under starting conditions
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Figure 28. Current density distribution optimizing
motor under starting conditions
We also note the distribution of induction is quasi-
symmetrical, and that the current in the startup bar is superior
to the nominal operation for the optimizing motor. This is
another advantage for high efficiency machines as shows
in the Figures 27 and 28.

Finally, as the results of this finite element method analyze.
Two representative torque curves for the 2.2kW motors as
shown in Figures 29 and 30. One curve is for a standard motor
while the other is a high efficiency. It can be noted that the
high efficiency motor maintains its high torque-slip rang as
compared with the standard motor. However, there is no trend
to have the high efficiency machine grouped together apart
from the standard efficiency machines. Further insight into
this issue can be gained concerned the starting and maximum
torque values.

Newton.m

Figure 29. Electromagnetic torque versus rotor slip
calculated motor

Newton.m

Figure 30. Electromagnetic torque versus rotor slip
optimizing motor
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Figure 31. Stator phase current versus rotor slip
calculated motor

Figure 32. Stator phase current versus rotor slip
optimizing motor

It can be seen from Figures 31 and 32 an example
of performances characteristic of calculated and the optimum
design is the stator phase current as function of the slip, a
significant increase in the starting current of the optimizing
motor is show. We also note the no load current they were
actually lower, the last item is justified by air gap current
which is called magnetising current. Has a direct effect on the
saturation factor, its only significant impact is associated with
power factor improvement. Indeed Table 5 give also a
comparison performance, they greatly affect the quality of the
results.

Table .5 Comparisons of the data base and simulation

results

Motor parameters Igg;[: Opﬂgj[ic)z:ng F.E.A
Starting current |, (A) 25 26.66 28
Atno load I, (A) 3 36 3.27
Nominal current 53 5.57 4.8
Efficiency r, (%) 82 8248 | .
Rated T, /T, 2215 | 24.74/16.45 | 2540/12.3
Rated Ty / T, 35/15 | 391645 | 3554/123
Motor total weight (kG) 22 21.801 | e

5. CONCLUSION

This paper presents a Hybrid Genetic Algorithm (HAGS)
and a new application of it for solving the induction motor
design problem. For solving this problem, numerical results
on a machine type ELPROM, type A0-112 M-2B3T-11 2.2kW
system demonstrate the feasibility and effectiveness of the
proposed method and the comparison at AGs technical shows
its validity.

403

The performance of the proposed approach is demonstrated
with MATLAB simulations. For further verification, the
optimal designs are analyzed by finite element method
(F.E.M). The achieved results of this investigation have
clearly demonstrated that the machine efficiency can be
improved by this optimization procedure. Such achievement
can be considered of a great interest since it results
in a paramount of energy saving and consequently
an important reduction on the energy running cost.
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