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Abstract

First of all, thispaperdiscusseshe useof a novelapproachoptimization procedurto determine
the desigrof three phas electri@al motors.The newlies in combining a motodesign program and
employing a particleswarmoptimization (PSO) technique tachievethe maximum of objective
function such as the motor efficiendy.method forevaluatingthe efficiency of induction motor is
tested and applieon 1.1 kW experimentamachinesthe aforementioreis called statistics method
(SM) andbased on the analysis the influencelosses As theequations whictcalculatethe iron
losses make call to magnetic induction. From this point, the paper psdposealuatethe B(H)
characteristicby estimatingthe circuiDsflux and thecounting of excitation. Next, the optimal
designs are analyzed and compared wa$ultsof another method which igenetic algorithms
(GAs) optimisation techniqyevas doneto demonstrate the validity of the proposed method

Keywords: ParticleSwarm Optimization (PSO)Efficiency Evaluation InductionMotors.

1. Introduction
Recently the induction motor comprises 95% of all motors utilized in machinery and the operating
efficiencies of these machines greatly impact the ovenaltgy consumption in industry. Current
motors are produced with higher efficiency ratings than standard mdatsthe decision
to replace an existing motor focuses on the agitieé savings that depend on several key points
such as operating efficiepand thepercentage of time at given loadis, 2].

In additionto the importance of induction motortke aim of thispaperis a contributionto

energy saving effortspecifically in the field of low power induction motorghis contribution is
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kept inperspective by taking into consideration the energy saving potential during the motor design
stage as well as during its operatioihe previousefforts were always madé save energy in
motor application by usg energy only as much as whats neededduring operating The best
way is to exploit the saving potential during motor deskdowever,taking intoconsiderationts
intended application. It can be achieved either through the improvement of motor design or througr
the reduction ofheelectricalinput energy when theotor hadeenalreadyexisted [3].

Since, optimization techniqgeare strongly combined with the electrical motor desigmd
stimulated by the pregse of demandsn the motor market anidls applications. Theatrgetis to get
a designoptimized which possess likéhe objective function minimum material costhe minimum
weightresulting inan optimum performance feature of the motor as maximum effigi¢hcy].

The optimization design of squirf@dcage induction motors is a mplex nonlinear problem
with constraints in the following aspectst the beginningthere are too many viables involved in
the problemand the many variables atembinedwith each otherSo it is difficult to manipulate
the spaces by small stepgdter that theproblem has strong no convexity; and the property of the
function will deteriorate when the rotor slots dimensions are optimized, etc. Thertfigre,
achievemenis qualified at théocal optimized solution resitig in theloss of the global e while
parameters are optimized with a deterministic algorittibaring the development of the
mathematis Omodepmany scholars introduced the random approach into optimization algorithm
and advanced some new and powerful algorithmic models for non firdadems [6, 7).

The PSO is recently proposed as a raptimizationalgorithm [8]. The main idea is based
on thefood searchingbehaviourof herd It was observed that they take into consideration the
global level of information to determine theirrettion. Therefore the global and local best
positionswere counted at each instant of time (iterationjhe outputwasthe new direction of
search. Once this directionlealizedthe cluster of birdgollows it.

Finally, his papetis a sort of compason betweerhe loss reduction problem blye stochastic
techniquewnhich iscalled particle swarm optimization (PS&3o,the genetic algorithrfAGs), [9].

2. Induction M otorsCEfficiency

The efficiency can be expressed in terofioutput power €.qanica) @Nd the sum of losses

(1 Losse), input power Cgecyican), [1]:

" _ I:)Mechanical - I:)Mechanical (l)
PEIectricaI PMechanicaI + ! Losse:

To determine the efficiencgeveral international standards eaxdstBasically, the difference
between these standaidss in the additional load or strdgad losses are dealt withither a fixed
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allowanceis used, orby calculaing the mechanical output power. The Japanese JEC 37 standard
simply neglects the addition&ddad lossesSo, n the IEEE 11B standard they are deduced by
measuring the input and output powdowever,the losses not coveradhich areby the 4 other

loss terms - the stator and rotor copper losses, the iron losses and the friction
and windagedsses. In the IEC 60034 standard, these losses are estimated at 0.5 % of the input
power. The different wag/of dealingwith the additional load losses is the reason why efficiency

values obtained from different testing standards can differ by sevecahpd1, 2].

2.1 Motor Losses
There are four different kinds of losses occurring in induction metbrsh are the following:
electrical losses, magnetic losses, mechanical losses andositajosses Those losses can be
counted:
2.1alron losses
The catulation of iron losses makes self by numerous methodss: asimplified method;
magnetizatiomateanalysismethodor by analyticalMethod [1, 10].
(a) Simplified Method
This method determirsaron los®sfor the alternativesupply when the magnetic perfnances
of the materials are known, atarified in, [11]. Several works 11, 12] propose the possibility
of the iron losses separation in three parts:
1) Hysteresid.oss Their contribution can be evaluated by this equation
R=af B @)
2) Supplementary losseBhey are due to the variations Weiss dom&ssesvhen a variable
magnetic field is applied to the magmetnaterias. Theyare given by the following equation:
P=ef®B:> (3)
3) Classical lossesare the results ahe eddy-currensOpresencen all conducbr materials.
These losses are givey:
P.=bf2B2 (4)
Therefore thesecurrentsbecome important by the presence of the skin eflfdat most known
relationto take into account the effect of this las{idl]:
po=b Bz!sinh(d.\/? )" sin(d [ f) 5
“ " cosh(d\\[f )" cos(d\ )

With B, is the flux densitya, x, e, band d are constantsvhich vary according to the type

and grad of thdamination materialNormally theseare very difficult to determine analytically
andempiricaly values or test measurements are sgdEpsteigrame)
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Then in general case wherthe power supplyis alternative non sinusoid#éthe equation &)
is acbpted for tharon lossegprediction 12, 13]:

Pfer =# !Vn)1(oy+ ! !Ve%f (6)
With,V,,,,,, Vegare respectively a iodleand rmsvoltage x is a Steirmetz coefficient
and”,’/ are acoefficients.

(b) Magnetisation RateAnalysis Method

The assessmernis based on the integration of the losses due to the two phenomena which
intervene in magnetizationtime; the losses by movement of theomains and the losses
by the rotation of the magnetic moments. Experimentally, the value of these losses can be deducte
by theflux densityrate This methodology is adopted with tferomagnetionodel [L3].

The test® standaydused the Epstein frame to give the satisfactory resultsfor
a sinusoidalflux density But the losses correspond to a sumflok densites and frequencies
during the testsThis method dd not provide us witlany information on the variation of the losses
by Hysteresis A new approach for thelosses measure has been developaal complete
the Epsteinmethod.This method gives the possibility to determine the magnetic losses for a shape

of anyflux densityby integration of the valuef the losses during a cycle

T
Pp = f"! Py "(’”m "B)dt (7)
0

Hence, P, are thetotal losses?, power absorbed dumn the magnetization r, is the
magnetizatiomate, B is instantaneouux density andr a period.

(c) Analytic Method

For an alternative fieldhelossesareexpressed in the followinigprm:
L, !
Pfe =cH fB +CE #('/ s B)2 (8)
WhereC, ,7 and C; are constants that vary according to the typethadradof lamination

material obtained experimentally by Epstein framis.the frequency of the supply and is the
peak flux density calculated from the flux.
The harmonicseffects are taken into account llye use of conventionahethodthough

modifying the loss coefficientsThe Hysteresisloss P, and the eddycurrent los®- . are

calculated according to the following equatigig$:
n $
PferH = &I CHn(nfs)%}f] dvi
o ! i 9

n

|
PferE = &' CEn (nf.s )2 O/Brf] dv:

Va n=1
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Wherev, is thecore volumeHowever,C,,, and C,, are theHysteresisand eddycurrent loss
coefficientsassociateavith "™ harmonicB, (x,y) is the flux densitamplitude [14].

Mr. Kytomaki elaborated a comparativetudy between the camentional method and the
finite-elementsmodels He declared:<< Because of theincertaintiesn theiron loss calculation

methods A new statistical method has been introduced. Thisustes a constructiondata and

analytically calculated magnetiefd values. Theiron losesare defined by nindesignfactors>>.

[Co +C;B; +fC2mfer.Zl+C3 2p+C,q+Cgby; +
K
Pfer =10 CeByr +C7 F+CaKy +CoQ, (10)

Wherec,....C, are oefficients given byX1], m, is the nass of theeeth and the detailsie

been presentdaly Crank- Nicholson [6,10].

2.1.b Strayload losses

These losses are very difficult to model and to quarilyrough,the strayload lossesvere the
theme of several studies and analysthe phenomena that govern these lossesstiteunder
discussion particulaty from the measurement point of view. The standard IEEEBLH2fines
these losses as the difference between the total measured losses and the conventipfalldsses
In order tg minimize these losses severalwmns are proposed in literatuli&e the rotor bar
insulationwhich is usedo limit the interbars leakage current®r by using a double layer winding
with low space harmonic contributiorin additionto that, areductions flux variations in the motor

teethfor high frequency.

2.1.cCopper losses

The thrd component of losses ahmic headingThe last is determined ky number ofstator
and rotorjoule lossesThe first are evaluated using the winding resistance measured in direct
current and reporteat the referenceemperaturelt dependson the machine insulation clagsor
this reasonijt is independent by the real temperature reached during the loadAesis.example,
for insulation class F an over temperature of 115;C has to be considieeg@tor joule losses are
evaluated as the product of the rotor slip and thgagrtransmitted power.

Consequetty, copper losses have negative effects on the motor efficiddence it is
necessary taminimize these lossed~or example using conduct® of large diameters in order

to reduce the resistance per unit length of the conducting windindg<j.

2.2 Energy Efficient M otor

The vast majority motor manufacturershad provided a special category of product
with increased efficiencyand evidetly higher price. However, questions arideabout the
application of energy efficient motors. Users of major industrial companies are frequently faced to
the decision of buying more expensive mat@st with a feeling otuncertaintyabout the presumed
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ecanomical advantageff. must be emphasised that a numbefactors which mayffectthe motor
efficiency include:powerGupply quality, careful attention to harmoniasechanical transmission
andmaintenance practicefl, 4].

Since, induction motorsre the most commonly employed electrical machines in industry
throughout the world today. Consequentigyestment in the quality of motahat enablesa
reduction of its lossesAlthough, a small percent that is frequently neglected is usually
a financialsound practice.

This paper describes the use of a formal optimisation procedure to determine the design
of an induction motor to obtain maximum &fiency. The method involekethe use ofa design
process coupled to an optimisation technisueh as, theSO.

3. Optimization Techniques

Recenly, research efforts havbeen made in order to invenow optimization techniques
for solving daily life problems which héthe attributes of memory update and populabased
search solutionsGeneralpurposeoptimization techniqguesis an exampleParticle Swarm and

Genetic Algorithms, lchbecome standard optimizatitechniques which principalre

3.1 Genetic Algorithms (GAS)

GeneticAlgorithms areresearchmethods that employ processes found in natuiabdpcal
evolution. These algorithms search or operate on a given population of potential solutions
to find those that approach some specification or criteriae@oh the aimthe algorithm applies
the principle of survival of the fittest to find bettgpproximations. At each generatiamew set of
approximationsare created by the process of selecting individual potential solutions (individuals)
according to their level of fithes3he domairOsproblem breedthem together using operators
borrowed fran natural genetics. This process letmthe evolution of populatioof individuals that
are better suited to their environment than the individuals that they were createdafmal
adaptation, [4, 5].

Generally the GAs will include the three furaimental genetic operations of selection, crossover
and mutation. These operations are used to modify the chosen solutions and select the mo:
appropriate offspring to pass on to succeeding generati®is. consideramany points in the
research spacat thesame time iprovidesa rapid convergence to a near optimum solution in many
types of problems In other words, they wusually exhibit a reduced chance
of converging to local minima. GAs suffers from the problem of excessive complexity if used
on problemshat are too large/J.

3.2 Particle Swarm (PS)
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From a view of social cognition, each individual in PS can benefit from both its own experience
and group fndings. In its theoretical baseme factors are includgd, 8 and $:
- Evaluation of gmulation; - Influence to its behavior hereafter by its own experience;
- Influence to its behavior by other particlesO experience.
The principle of PSO algorithm is as followg]. Let x andv denote the particleOs position and
its corresponding veldty in research space respectively. Thereforejfmrticle is represented as:
Xi =(Xi1,Xi2,-X%p )i =1,2,..m (11)
In the Ddimensional spac¢he best previous position of th& particle is recorded and
represented as:
Resi =( P, P2,--Pp )i =12,.m (12)
The best one among all the particles in the population is represented as:
Pyvest=( Pg1» Pg2:--Pgp )i =1.2,..Mm (13)
The velocity of partile is represented as:
Vi =(Vi1.Vi2.-Vip) (14)
Each particle of the population modified its position and velocity according to the following
formulas:
Vigt =wvjy +Cyrand.(pg ! Xy )+Cy.Rand(Pyy ! Xiy ) (15)
Xt =y +vigt (16)
Whered= 1, 2,ED is one of the particles, i=1,2,Em is the number of particles in a swarm
xly is position of particlein a single dimensiorand v/, velocity magnitudes are clipped
to a predetermined! v, v, ] at the moment, C,, C, areacceleration constantsand arerandom

numbers distributed between [Q], w is an inertia weight introduced to improve PSO
performance
e " Wmax" Whnin Id (17)

max
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4. Improving Efficiency Description by PSO Techniques

The fllowing Fig.1 depict the induction motor design optimizationith PSO algorithmand
includes two phasedhe first phase representbe exploitation of a general design programn
series of alternative design for the specified powegive the best geometrical model. c@nthe
machineis already achievedin the ®cond phase we applythe optimizationphasefor the
efficiencyimprovement[15, 16].

Imposeddesignmachinedata B(H) calculation&
normalisedrangecurve, [17]
v
Geometrical sizing calculation 41 v
v ANN module

Checking ofmotor performance

4 4% Operating characteristics

Calculation of cost function (lsses & Efficiency)

¢ | Analysis stage of dynamical behavio

Elaboration of analytical model

v

Optimization variableselect

v

Initialize particles with random position and velocity

W

Calculate the current fitness for each particle

v

For each particle, compafitnessand!"#$%
, fitnessis better, then"#3$% & % (#$$

Update psition and velocity of particles
according to Eqgs.(17) and (18)

Has the opimized

design been obtaine Practical implementation

Fig. 1 Global flowchart of induction motor optimization process
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4.1 Analytical Model
The designprocedure of electrical machine basedon Liwschitz methodwhich can be
summarized in two main stages:
» From the impsed machine dieg data within Artificial Neural NetworkANN) interpolationof
the normalizedange curvesThe type of ANN that we simulated is a multilayered network.
Therefore, we uséack propagation algorithm for its traininghe in proposed method of
optimization processwhich we intend to dds saturation test phase so that we can study the
performances of the ANBEndaccomplish the task of the optimizatidrhe entries are thg(H),
saturation and form factors, which means that the number of entries of thmketvequal
to 4. Finding the optimized dimensions, which characterized by the active volume given by the
inner stator diameter and the core length of the macHiowever, this¢ad to the parameters of
the electrical equivalent circuit of the machimel dhe current circular diagram, [189];
= From the result®f stagel evalating the machine performancesorder tocheck or not the
machine analytical model.
(a) B(H) Curve Determination
Several methods aproposedor the determination of B(H) charagistic as:

-With two coils test; - One coil (with or without sensor) test.

Power suppié

Currentsensor

Voltage sensor
C.S I
| V.S %

__/ A 4 v —
Auto-transforme Va Vv Statorwinding
Numerial oscilloscope

Fig. 2 Experimentaketup
For this, in our casehere access to the machine is possible through the. Statnthe latter
proposes to use the test with a coil sensdfig. 2 such asthe test was performed on a rotating
machine The passagatthe characteristiB(H)) makes itself through the following operations:

= 18
N, 1314 (18
?

Binay = 12 19
= 42 (19
I max = V_2a Gi (20

N] !Ilmax
H = 21
max L ( )
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Where /. is maximal flux vvand vaare the two sensor outputs,, ci sensorgains given

by the manufacturerH field density and currenhaximal B, flux density ands,

max ? I 1max max

is asection of the stator teetf0].

This procedure is applied @induction motor typ DIN-IEC EF [AMSE, 19] considering some
constraints in terms of voltage, number of poles, speed rangésaretessaryglata specifications
asl.1 kw,220V,0.7£%, 1400 trs/mn

The geometc sizes of the studied machiaee necesary for the approach of tmeagnetisation

curve They are carrieth the Fig. 3andin agreement with the finite element method.

Fig. 3 Sketch of a pole of studied motor Fig.4 Field lines middle course configuration

By substituting (18) in (19) then(20) in equation (21Yhe B(H) figure obtained from

the laboratory ag®wn in Fig.5 compared with standard curve, [17].

L
1.6 & —
] —&— Standard
D?/K —o— Obtained
1.4 /ﬂ

. f
-

0.6

0.4

0 1000 2000 3000 4000 5000 6000 7000 8000
H[A/m]

Fig.5 ExperimentaB(H) curve
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(b) Computed DesignResuls

The wseof an experimental B(H) curvand thestatistics methodThe numericalnvestigation
resultswhich has beembtained from the desigmterface developed in owroup for classal
induction machingQlesign under MATLABenvironments areeportedn Table 2

Table 2. Induction motor neaptimized calculated parameters for an experimental B(H) curve

Motor parameters Value
Stator phase currerit; (A) 2.781
Air-gap length/ (mm) 0.3
Peakair-gap flux densityB;(T) 0.641
Inner stator diametdd (mm) 114.59
Stator trns per phasé\; 378
Stator back iron thickneslsjl( mm) 18.0
Stator slot heighty, (mm) 12.63
Stator slot / Rotor bar number 36/48
Stator back irorflux density B, (T ) 1.30
Tooth flux dens in statds;(T) 1.446
Rotor back iron flux densit)anz(T) 0.57
Rotor tooth flux densy B, (T) 1.48
Mutual inductanceM ( H ) 0.79214
Rotor resistance referred to the stator siRiie(! ) 7.4426
rotor leakage reactan referred to the stator sidijq (H) 0.02374
Stator phase resistanég (/ ) 7.80
Total reactanceX (/) 16.230
Total resistanceR, (/) 15.4845
Stator leakage reactanig ,(/ ) 8.0797
Starting currenk, . (A) 10.126
Phase arlg at the shortircuit / . (rd) 0.8089
Stator phase r.m.s current atload (1) 0.862
Phase angle at Aoad / ; (rd) 1.4507
Efficiency’/ (%) 75.9
....... T IT, 1.84
Motor total weight W, (KG) 13.756

As a resultof this investigation, the two pointsa{) and (a..) of the current circular diagrafig.6.
3 # (Io"sin/O : IO"cos/O) (22

l,.."cos/ (23

aCC# U].CC"Sin'/CC ; lcc CC)
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Where, the stator nlmad currengi ,) comprises the magnetizing current ) and load losses one

lo =lirp +loa (29
In addition tothestarting current,.. whichis calculated from the equation (25):
Vv, "(1+/
Ilcc = 1 (2 Hl) 2 (25)
\/(X!tot) +(Rior)
Xtot = X(l+§ol+(Hl)l X'( zf (26)
Retot = Rl*'gol*'(m)' szt (27)
12
10
8
o~ \

Active current [A]
o

-
TN

0 2 4 6 8 10 12
Reactive current [A]

Fig.6 Current circular diagram with computer aided desig

The presented study is completed by another subprogram for simulation poiposeeived
motors. Fig. 7 to 12 presents the main characteristics of these motor.

20 10
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Electromagnetic torque [Nm]
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Electromagnetic torque [Nm]
n

/ <+—Z:0m on|Fig. 8
4 3
|

0 10 20 30 40 50 60 70 80 90 100 2 3 4 5 6 7 8 9
Rotor slip [%] Rotor slip [%]

Fig. 7 Electromagnetic torque versus sli| Fig.8 Zoom ed regiorlectromagnetitorque versus slif
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Fig. 11 Motor efficiency versus slip Fig.12 Zoom ed region motor efficiency versus slip

(c) Dynamical Models andPerformancesAnalysis

The dynamic performance of an AC machine is sbio@ complex due to the couplingfe€t
between he stator and rotor parametevbich vary with rotor position. This can be simplified
by using the ey axistheory;as a resulthe time varying parameters are eliminated. Tdymamical
model of induction machine used is represented byidhf@rder state space model for the electric
part and by a second order system for the mechanical part of the mabbamavhilethe electrical

variables and parameters are giveiiamle 2.

The simulation analysis of these thiaduction motomwas peformed using SIMULINK blocks
and power system blocks within SIMULINK toolbox under MATLAB environméfithin the
block diagramghe induction motor is repsented by the according bloakich modelselectric
and mechanical dynamiesid the three phasewsoes.
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Fig. 13 Block diagranof performances analysis Fig. 14 Subsystem block

In the first testthe machine will be feduringthree phase source Fig. 13simulate the starting

phase of the motor under full load conditiqm$=7.5Nm). It can be seen from Figur&$ and 16,

that the(1s=3.82A) and the rotor speed isr(= 1400trs / mn).

20

lsﬁ , 1400
ol L
_ el ]
E AR A 2 wo
g LY VVVVVVVVVVVVIVYIVY 5 e /
AR E o/
wl | ol ]
v
Fig. 15 Stator current vaus time Fig. 16 Rotor speed versus time

In the second test, by varying the loads in order to analyze the starting torque value.
Fig. 17 illustrates this hard condition T =141Nm). Then after 2 seconds the Idatorque

is stepped to the maximum values in order to check theoptlitorque. It can be seen
from Figures 1819 and 20that (T, ., = 19Nm/Is,, = 10.25A).

35

T =18.5 Nm
T =19 Nm

30

agr
Electromagnetic torque [Nm]
5
~

G 3% 3 [9 0.5 1 1.5 25 3.5 4 4.5
Time [s]

Fig. 17 Electromagnetic torque versus time Fig. 18 Electromagnetic torque versus time
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Fig. 19 Stator current versus time Fig. 20 Rotor speed versus time

Table 3 presestand compargethe main performances of these motor, where it ba concluded
that the analytical modé&s in good correlatiomand it can be accepted for optimization phase.

Table 3. Induction motor performances comparison

Motor parameters Statically analyzed | Dynamical analyzed | Data base
Stator phase currerit, (A) 2.781 2.709 2.78
Starting currenk, . (A) 1023 1025 10.72
Slip S(%) 6.5 6.66 6.67
Efficiency’/ (%) 759 | 74
RatedT,,, /T, 184 1.88 2.1
Rated T /T, 2.49 2.53 2.3
Motor total weightW,,, (kG) 13.756 |  emeeeeee- 12

4.2 Optimization Phase

In order b obtain an acceptable desigifable 4 summarized theractical domains forthe
design parameteryVithin case pesentechere,eightdesign parametesome of whichareused in
literature and affect induction motorOs first order basic geonsetfiosen.So, the efficiency
(motor losses)s selected as main objectifenction and the weight of motor is selected as a
constraint of optimization.

Table 4 Design variables and their limilues

variables Search region

Inner stator diametefmm) | 114! D! 118

Geometric report 075! "1 1
Statorslot height (mm) 10! h,! 14
Back iron thickness(mm) | 14! h;, ! 18

Air-gap length (mm) 03! "1 05

Stator tooth flux density (T] 1.3! B, ! 1.7
Rotor tooth flux density(T) | 1.4! B, ! 1.8
Machine weight (kG) 10! M! 15
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We simulate the receding optimization of the objective function. PSO learning
factorsc, =c, =2, W, =0.95w,,, =0.4,iter,,,, =50, popyi,e = 30

Table5 shows andtcompars the values fothe eightdesign parameters the PSO withithose
GAs techniquesAccordindy, the PSO algorithm has eturned an acceptable soluti@rhich is
indicated by a goodaluefor the objective with a constraint violatn.

Table5. Design parameter values obtairedteroptimization

Parameters Solutionswith PSOtechnique | Solutionswith GAs method

Inner stator diametefmm) 115.57 114.6
Geometric report 0.9653 0.9316
Statorslot height (mm) 10.49 11.9

Back iron thickness(mm) 14.16 15.9
Air-gap length (mm) 0.4457 0.5

Stator tooth flux density (T) 1.469 1.55

Rotor tooth flux density(T) 1.523 1.65
Machine weight(kG) 13.002 12.69
Optimized efficiency { o %) 78.06 77.92

Fig. 21 and 2 show graphs correspondingttee progress of each algorithor 30 populations
of each variable.

Best: 309.2257 Mean: 309.3354 Best: 311.651 Mean: 312.1758
370 370 .
«  Best fitness
360 i 360( X Mean fitness
x +  Bestfitness '
350 . x Mean fitness - 350 xx
N x

% 301 % 3
3 A g U0 x
g . -‘.‘x g xX
@ 330 « a
g ¢ 330
L:L B X

320 b - *

* ool e
P 1
310 u i}?“‘ﬂ‘i‘_“_‘ T8 PO I .mmmmw&i
o} T TR
300
0 10 ) ) ) 50 0 10 20 30 ) 50
Generation Generation
Fig. 21 Evolution ofPSaverage andestfitness Fig. 22 Evolution of GAs averagand best fithess
functions functions

Fig. 21 illustrates the fitness function variation with the generation numbers during the
optimization process. With dig paticles in each generatiaime PSO converges to itptimum
with sufficiently small error withirl5 generations (error 3.2).
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Fig. 22 depicts the mean and best individuals versus generation number for optimization
machine by GAs. It can be noted thhe highest efficiency value (B2%) is reached for a
minimum fitness functiomepresenting the ator losses at the I5generatios and the results of the
bestyielded machinavhich reported in Tablé andFig. 23 to 26 The latter, depicexamples of
performance characteristics of standard and optimum design.

Table 6. Comparison of the data base and simulation results

Optimizing motor
Motor parameters Calculated motor PSO GAS
Starting currenk, . (A) 10.23 11.58 11.12
At no load 0.85 1.69 1.63
Nominal current 2.781 3.127 3.002
Efficiency’/ (%) 75.9 78.06 77.62
Ratedr,, /T, 13.8/7.5 16.31/8.11| 15.82 /8.11
RatedT, /T, 18.67/7.5 21.85/8.36| 21.19/8.11
Motor total weight\W,,, (kG) 13.756 13.002 12.69
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According toobtainedresults, while achieving performance improvements, the efficiency of the
motor is increaselly about(2%). This difference correspond apprximately (22 W)at full load
which is important. From one pointstarting torque and pullout are desirably incregsezm).
From the other pointasmalldecrease in motor total weiglstobserved from the resulBherefore,
it can besaid that PSO is suitable for motor design and can reach successful designs with lower
weight higher torque, and higher efficiency than the standard nmno¢@nwhilesatisfying almost

every constraint.

Relying onwhat has been mentioned before. Theeo#iner studies which already dealt with
this field of study by relying on another method (AG2)]]| However, our study can be considered
as a current good direction.

5. Conclusion

Finally, this paperhaspresenédthe results oparticle swarm ofimization algorithm and a new
application of it for solving the induction motor design probleistained from the machine design
program developed in our laboratory.

In order to validate the conceived motor, a series of simulation and analysthréesth
MATLAB simulations were performedThese techniques were found very valuable, mainly for
costly systembeforeoptimization techniqudn fact, resuls on amachine type DINEC £F system
demonstrate the feasibility and effectiveness of the proposghod, and the comparison at AGs

techngueshows its validity.
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