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EDITORIAL

Estimadosleitores

Voltamosavossapresencacomadécimasétimaedicdodanossarevistaecontinuaaverificar-seuminteressecrescentepelas
nossaspublicagdes.Nestaedi¢do,destacam-seassuntosdecardctermaiscientificoedaiomaiornimerodeartigospublicados
emlingualnglesa, queesperamosquepossamtambémcontribuirparasatisfazerasexpectativasdoelevadoniumerosde
leitoresquetemosempaisesestrangeiros,ereforgcaroespagodedivulgacdaodanossarevistaporumamaiornimerodepaises.
Nestaedigdomerecemparticulardestaqueosassuntosrelacionadoscomasmaquinaselétricas, osveiculoshibridosea
mobilidadeelétrica.Saotambémpublicadosimportantesartigossobresistemasdeterrasemétodosdeprotecaodedefeitosa
terraemredesdedistribuicdodeenergia.Outroassuntoimportanteerelacionadocomaeficiénciaenergética,temhavercom

umartigosobretecnologiasdeiluminagdaobaseadosemlampadasLED.

OsmotoresdeMagnetePermanente(PM),oudeimanespermanentes,sdomotoresadequadosparaquasetodasasaplicagoes,
comobombas, elevadores, compressores, ventiladores, extrusores, geradores, veiculoselétricos, servoconversores, torresde
arrefecimento, eletrodomésticos, etc. OartigoqueseapresentanestaedigdodarevistaNeutro-a-Terra, daautoriadeum
investigadordaWEG,decardtermaiscientifico,apresentaalgumasaplicagdesemqueautilizacdodemotoresPMpermitiram

melhoriasnaeficiénciaenergéticaenaqualidadedoprocessoemquesdoutilizados.

Outroimportanteartigoqueéapresentadonarevista,correspondenteaumtrabalhodeinvestigacaorealizadonolSEP,tema
vercomaprote¢dodedefeitosaterraemredesdedistribuicdo.Aopgdopelométododeterraadotadonosistematemuma
influénciadiretasobreodesempenhoglobaldatotalidadedamédiatensdaodarede,bemcomosobreamagnitudedacorrente
dedefeitoaterra.Paraqualquertipodesistemasdeterra:sistemasnaoligadosdiretamenteaterra,sistemascomligacdoa
terradebaixaimpedanciaesistemasdeterraressonantes,pode-seencontrarvantagensedesvantagens.Oartigoapresentaum

estudodetalhadosobreoassunto.

Nas ultimas décadas assistiu-seaumacentuadodesenvolvimentodos veiculos hibridos elétricos convencionais. Asua
proliferagdoencontra-sehojebemdisseminada, empraticamentetodasasgamas, refletindoaconfiangadosconsumidores.
Comvistaaatenuaraindamaisousodoscombustiveisfosseis,atendénciaedeaumentaroniveldeeletrificagdonasversoes

hibridasmaisrecentes,bemcomodaofertadeverséespuramenteelétricas.Noentanto,aevolugdodosultimosanos,querao

nivel daapostaporpartedosfabricantes,queraonivel dovolumedevendas,pareceindiciarumanovafasedeproliferagao
destesveiculos, aqual seencontraaindaadarosprimeirospassos. Nestaedigdodarevistaapresenta-sedoisimportantes
artigostécnicosqueabordamamobilidadeelétrica, aonivel daclassificagdodosveiculoshibridos, emfungaodonivel de

eletrificagdodosistemadepropulsdo,assimcomoumaabordagemaosveiculospuramenteelétricos,fazendo-seconsideragées

acercadoimpactomundialdosveiculoshibridosPlug-inepuramenteelétricos,nosultimos5anos.

Nestaedigdodanossarevista,aindaseapresentaoutraspublicagdestambémmuitointeressantes,comoumartigoqueaborda
osvariosmétodosdeinstalagdodacabossubterraneos, umartigosobreolTED3, umartigoqueabordaosprincipais
fundamentosdadete¢doautomaticadeincéndiosemedificioseummuitointeressanteartigosobreoestudodasvarias

tecnologiasdelampadasLEDeoseuimpactonautilizagao.

Fazendovotosqueestaedi¢dodarevista“NeutroaTerra”vanovamenteaoencontrodasexpectativasdosnossosleitores,

apresentoosmeuscordiaiscumprimentos.
Porto, julho de 2016

José Antdnio Beleza Carvalho
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ARTIGO TECNICO

Carlos Eduardo G. Martins, Sebastido Lauro Nau
WEG Equipamentos Elétricos S. A.

PMM OTORSFOR HIGH EFFICIENCY APPLICATIONS

Abstract
PMmotors aresuitablefor nearly all applications, like

pumps, elevators, compressors, blowers, extruders,
generators, electric vehicles, servodrives, coolingtowers,
householdappliances, etc. This paper will present some
applications where the use of PMmotors allowed for

enhancementsinenergyefficiencyandprocessquality.

1. Introduction

According to recent studies [1], electric motor-driven
systems(EMDS) account forbetween43%and46%of all
globalelectricityconsumption.

Inductionmotors  have been the most used drives in
industry, due to its robustness, reliability and simple
operation (direct connection to the mains, without
electroniccontrol). However, inmanyapplicationsvariable-
speeddrivesoffersignificantenergysavingpotential [2]. In
this scenario, permanent magnet motors arecompeting
technologiesfortheinductionmotors,becausetheypresent
higherefficiencyanddonotneedforcedventilationneither

oversizing.

2. PermanentMagnetMotors

PMmotorsofferthehighestefficiencyofall motors,dueto

theabsenceof joulelossesintherotor, andhighpower
factorduetotheexcitationfluxofthepermanentmagnets

(resultinginsmaller  currents). SincePMmotorshaveno
Joulelossesintherotor,bearingtemperatureislower,and

lifetimeisincreased.

Theyhaveasignificanthigherefficiencyatlowspeedsthan
theinductionmotorsanddonot needforcedventilation,
neither over sizingfor constant torqueoperation(rated

torqueinallspeeds).

FigurelshowsacomparisonamonganlPMmotor(IE4+)
andtwoinductionmotors(IE2andIE3), all rated30kWat
1800rpm,operatingovera4:1speedrangewithconstant

ratedtorque.

Efficiency X Speed - Constant Torque
96
94 /—’_\‘

90

)
@
I

—o—WNMagnet Motor - 30kW - 180M

Efficiency (%)

o
a

——-W22 IE2 Motor - 30 kW - 200L

o
iy

W22 |IE3 Motor - 30 kW - 200L

)
~

400 600 800 1000 1200 1400 1600 1800

Speed (RPM)

Figure 1. Efficiency over a 4:1 speed range with constant
torque for three motors: a PM synchronous motor
(Wmagnet), and two induction motors (W22 IE2 and W22
IE3), all rated 30 kW at 1800 rpm

3. ConstructionCharacteristics

PMmotorscanhavedifferentconstructioncharacteristics.

Thepermanent magnetscanbeplacedonthesurfaceor

insidetherotor  (IPM-Interior =~ Permanent Magnet), the

rotor canbeexternal or internal, thewindings canbe
distributed(asforconventional  inductionmotors)ortooth-
wound(asinuniversal motors).Theycanuselow-cost,low-
energy ferritemagnets (usually for low-power, low-cost
applications) or high-cost, high-energyrare-earthmagnets
(usually for high performance motors in industrial
applications), resultinginmorecompactdesignswithhigh
torque/volumeratios.

Furthermore, they canbeclassifiedas BLAC(Brushless
Alternating Current) or BLDC(Brushless Direct Current)
motors. Thefirstuseasinewavecurrentdrive(theirback-

EMFissinusoidal)andthelatteruseasquarewavecurrent
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drive(theirback-EMFistrapezoidal).Typically,BLDCmotors

have tooth-wound windings,

distributedwindings.

and BLAC motors

But BLACmotor

canhave

woundwindingsaswell,mainlyforlow-powerapplications.

Thereareseveral

onedependsontheapplicationrequirements,

thetablel.

4, ApplicationsforPMMotors

4.1. IndustrialPMMotors

4.1.1IPMMotor

IPMsynchronous

topologies, andtheapplicabilityof

motors havesimilar

asshownin

stator windings as

inductionmotors, buthavehigh-energyrare-earthmagnets

insidetherotor.

have

tooth-

each
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Figure 2 shows a detail of a one-pole finite element
simulationofa6-polelPMmotoronload. Therotorhasa
special designedlaminationtominimizefluxleakagewhile

keepingthenecessarymechanical

strengthat thehigher

speedallowed.

Figure 2. Detail of one pole flux pattern and flux density of

a 6-pole IPM motor

Tablel. Characteristics of different topologies

Topology

Characteristics

Example

External rotor

high-torque, low-speed
applications (i.e.
washing machine,
elevators), ventilation,
wheel motors for traction
applications.

Surface
magnets

low-speed applications
(i.e. ventilation,
exhaustion, residential
pumps, elevators).

Interior magnets

low and high-speed
applications (i.e.
blowers, compressors,
pumps, elevatars,
electric vehicles).

09

Line-start

low-speed, low-inertia
applications, direct-on-
line connection (i.e.
small fans, pumps)
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Thesemotorscanbeoneframesizesmallerthaninduction Efficiency for 400 V - Europe - 3000 rpm

motors(upto43%reductioninvolumeand35%inweight),

whileofferingsuperpremiumefficiencies(Figure3)[3].

r.l-flrl-Fr'.

2
Efficiency (%)

¥

15 185 22 30 37 45 55 75 90 110 132 160
Output (KW)

W Wmagnet IET IE2 B E3

Figure 3a. Efficiency comparison between IPM synchronous

motors and IEC efficiency levels

Sincetheyareinareducedsizeframe,theyhavelowernoise

levelsthaninductionmotorofthesameoutputpower.

The main applications are pumps, ventilation systems,
compressors, wire drawing machines, extruders and

conveyorbelts.

4.2.2Line-startPMMotor

Thesemotorsarehybridmotorsbecausetheyhaverare-
earthmagnetsbelowthesquirrel-cage[4].Theyhavesimilar
windingsasinductionmotorsandhavetheabilitytostart

direct online, without theneedforelectroniccontroller.

Theystart andacceleratelikeaninductionmotor, until
Induction Motor Wmagnet Motor
output: 15 kKW Qutput: 15 KW synchronismis  achieved, keeping constant speed with
Frame: 160M Frame: 1325 . . . .
Welght: 108.1 Kg Welght: 70.3 Kg varyingload,withsuperpremiumefficiency.
Volume: 31.2 dm@ Volumea: 17.8 dm?

Figure4showsanexampleof ab6-poleline-statingmotor

Figure 3. Interior permanent magnet motor with rare-earth lamination. Thestator has thesamelaminationas the
magnets and reduced frame size inductionmotor  counterpart. The rotor laminationhas

especiallydesignedaluminumbarsandslotsforpermanent
magnetstoallowgoodstartingcapabilities(startingtorque
andsynchronization)andgoodsynchronousoperation(high

pull-outtorqueandhighefficiency).
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Themainapplicationsarelow-inertialoads(upto30times
derotorinertia), andmulti-motorvariable-speedwithone
singleinverter.Theinertiaoftheloadisanimportantissue,
becauseifitisgreaterthanthelimitvalue, themotorshall
fail tosynchronize, andwill operateat aspeedbelow
synchronous speed, having high currents, noise and

vibration,andthemotormustnotoperateinthiscondition.

Multi-motorvariable-speedapplicationswithoninvertercan
beaneconomicsolutionforthoseapplicationsthat need

thatseveralmotorsworkintheverysamespeed.

4.3. Applicationincompressor
Figure 4. Example of a 6-pole line-start motor showing flux APMmotorwasusedinsubstitutionofaninductionmotor
pattern and flux density ina200HPscrewcompressor(Figure6).

If variablespeedis needed, they canbedrivenby a
conventionalfrequencyinverter,inscalarmode.Thisallows
severalmotorstobedrivenbythesameinverter,runningat

thesamespeed.

Figure5showstheefficiencylevelscomparedtolEClevels.

Efficiency - 4 poles - 50Hz - IEC

94 -

92 4
90 -
T 88 Figure 6. Compressor with PM motor
=
E s . - .
Figure7showstheefficiencycomparisonofthecompressor
82 4 ——WQuattro . ) ) .
i overitsspeedrangewhenusinganinductionmotorand
80
—IE2 whenusingaPMmotor.
78 T T T T T T T 1
Frame 80 80 o0L LeoL 100L L10OL 112M 1325 132M/L
Rated output (kW) 0.55 0.75 1.1 1.5 2.2 3.0 4.0 5.5 7.5
Theinductionmotorwasrated150kW, 2poles, IECframe
Figure 5. Efficiency comparison between Line-start PM 280S/M. ThePMmotorwasrated150kW, 3600rpm, IEC
motors and IEC efficiency levels frame250S/MPMmotor. Therehas beenasignificant

increaseinefficiencybytheuseofthePMmotor.Also,the
PMmotorisoneframesizesmaller,with52%oftheweight

oftheinductionmotor.
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3600 rpm (of the compressor)

95 -
90 7 //

5 85 P
=
g s0l /
75 //
70
800 1200 1600 2000 2400 2800 3200 3600

mm
mmm |Vmagnet == Indyction motor

Figure 7. Efficiency of the compressor with IPM motor and

induction motor

4.4, Applicationinwiredrawingmachine

A100HP, 4poles, IECframe250S/MIinductionmotorwas
substitutedbyalOO0HP, 1500rpm, IECframe225S5/MPM

motorinawiredrawingmachine(Figure8).

Figure 8. Wire drawing machine with PM motor

Thischangeallowedaverageenergysavingsof3.9%inthe
operationcycleofthemachine,correspondingtoamonthly
savingof  720kWhconsideringcontinuous operation; an
increaseinthewireproductionrange(lower speedwith
increasedloadtorque),becausethePMmotorworkscooler

thantheoriginal inductionmotor; andthetemperatureof
thebearingswasgreatlyreduced, allowingalongeruseful
lifeof thebearings, longer lubricationintervals, andless

maintenance.

4.5.  Applicationintextileindustry

Theoriginal motoroftheyarnstarchingmachine(Figure9)
wasaringinductionmotor,whichhadbrushesthatneeded

to be replaced regularly and demanded constant
maintenance. Whenthis motor burnt andneededtobe
repaired,thedecisiontoseekamoreefficientalternativeled
tothechoiceofaPMmotor. Thecosttofixtheoldmotor
wouldbel15%oftheamounttoacquireanewandmore
efficientmotor.So,thenewmotorchosenwasal5kWPM
motor. Thereplacement reducedthemaintenancecosts
(practicallyzero)andshutdownhoursofthemachine, and
enhancedtheprocesswithspeedvariationwithconstant
torque(whichmeanssavingenergy)andmorepowerinthe
operation. Italsobroughtmoreversatilitytospeedcontrol
whichisessential forthequalityofthestarching,aprocess
fabric. ThePMmotor  is50%

prior totheproductionof

smallerthantheoriginal ~ motor.Thiscallsforlessspaceand

makeseventualmaintenanceeasier.

Figure 9. Textilemachine

4.6.  Applicationincoolingtower

PMmotorsforcoolingtowersuserare-earthmagnetsand
haveahighnumberofpoles, producinghightorqueatlow
speeds,fordirect-drivecoupling(Figure10).Thiseliminates
gear-boxes,leadingtolessmaintenanceandlessmechanical
losses, thattogetherwiththelowerelectrical lossesofthe

PMmotor,increasestheoverallefficiencyofthesystem.

9



Figure 10. Cooling tower with PM motor

4.7.Applicationinextrusionmachine

Thevolumeofplasticmaterial
the rotational speed of the helical thread.
machinesdemandconstantspeedof thehelical
assurethequalityof ~ theprocess.
requiredifferent  speeds. DCandinductionmotors

magneticclutcharecommonlyusedinthesemachines,but
themaintenanceofthesemotorsiscostlyandfrequent.Also

inductionmotorswithfrequencyinvertersareused.

APMmotorwasappliedinanextrusionmachine(Figure11),
whichusedaDCmotor.Annualenergysavingsof21%were

obtained.Besidesthehigherefficiency,thePMmotoroffers
otheradvantageslikelowmaintenance(lessshutdowntime
machine), nonecessityforforcedventilationandconstant

torqueatlowspeeds.

Figure 11. Extrusion machine with PM motor

thatisextrudeddependson
Extrusion
threadto

Also, differentmaterials

with
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5. Conclusion

PMmotorscanhavedifferentconstructioncharacteristics,

tomeet different applicationrequirements. Duetotheir
higherefficiencycomparedtoinductionmotors,PMmotors
presentasignificantreductioninenergyconsumptioninall
theapplicationsshowninthispaper.
Moreover, invariablespeedapplications, PMmotorsare
evenmoreadvantageous,becausetheydonotneedforced
over sizingfor

ventilationnor constant torqueoperation,

andasthespeeddecreases, theefficiencydecreasesless

thanitdoesforinductionmotors.

Itshouldalsobeemphasizedthatforindustrial applications
rare-earthPMmotorsareusuallyoneframesizesmaller
thantheinductionmotor counterparts. This leads toa
reducedvolumeandweight, andlowernoiseandvibration
level.Sincethemotoroperatescoolerbecausethereareno
Joulelossesintherotor,bearingtemperatureislower,and

lifetimeisincreased.
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