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Abstract

The aim of thisthesisis to optimizethe geometry ofan electric motor with internal
permanent magnets the rotorand is characteristics by examining the magnetic circuit
construction by using variodsrromagneticmaterials The study considersalternativemotor
configurationswith respect tadifferent magnetic materiatharacteristicsThe finite element
softwareFEMM has beemised in conjunction with theMATLAB programming environment,
in the implementation of the methodology developealving parametric desigas well as
various functions oprocesing, recordng andrepresentatiothe results.

In the first part of the thesis, a comparison among the hspies of maors
implementedn electric traction applications is presented, wiilke choice of the motdype
considered is explainedloreover the different rotor structures of the selectpdrmanent
magnet synchronous motiype aredescrbed

In the second part, the basoperatingcharacteristics of the permanent magnet
synchronous motsrare reported such athe production of electromagnetic fiehy stator
windingsas well aghe governingelectromagnetiequatios. In addition,the method bfinite
elementaused in the motor analysis explainedn detail. Moreover the main parameters are
presented enabling the qualitatised quantitativeeharacterizatiorof the motor (efficiency,
performance, torque ripple, voltage harmonic distortion) emhich are studied in the
followings.

In the third part, the preliminary desigtageof the motoiis describedThis procedure
provides an approximate geometry satisfying the main specificatibrefficiency and
performance of the motly usng basicelectromagnetic relation8. parametricstudyhas been
then undertakeimcluding comparison among various configuration characteristicsasial
double layer concentrated windings witbn overlapping endslouble layer fractional slot
distributed winding, b) different Pole / Slot combinations, calternative stator teeth
geometies d) variousrotor magnet topoldgsand e)main geometricdimensionf the rotor
and statomagnetic circuits

The fourth partcomprisesthe final design stag®f the motorinvolving geomety
optimization The process iperformedfor both fractional slot distributed windings and
concentrated windings witlhonoverlapping ends configuratioriBhe multicriteriaprocedure
is implemented througbensitivityanalysis ofall consideregarametersThis way,the choice
of a final geometryamongstthe two studied windingonfigurations is based on relative
advantageand features taken into account.

In the fifth part, theimpact on he electrical mair characteristics o&lternative
ferromagnetic laminations implemented has been studiéd detailed analysis of the
characteristics of thearious types oferromagnetidaminationsis given including pure iron,
siliconT iron and cobalt iron alloyswhile the mainfeaturesconcerningmagnetic saturation,
core losses, mechanical endurance ate. reportedThen a comparativanalysisof the
differentferromagnetianaterialsin the twofinal geometrés of electrical motorases resulted
in the previoushaptetas been performed

Finally, the sixth part of the present thesinprises synopsis of thmainresultsand
the respectiveconclusionsMoreover, the main points atientific contributionare reported
and some suggestions for funttevestigatiorarementioned

Key Words: permanent magnet synchronous motor, electrical motor design, geometry
optimization parametersensitivity analysis double layer concentrated and distributed
windings, fractional slotwindings pole/ slots number, tooth geometry, surface and interior
magnetgonfigurations differentferromagnetidaminations
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