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Comparison on Electromagnetic Losses of Permanent Magnet Synchronous Motor/Generator
according to slotted and slotless for High-speed Micro Turbine

Chang-Hum Jo’, Li Jian", Yun-Hyun Cho", Do-Kwan Hong™ Byung-Chul Woo™
Dong-A University”, Korea Electrotechnology Research Institude Electric Motor Research Center™

Abstract - This paper deals with comparison on
Electromagnetic losses of slotted and slotless high-speed PM
Machine for Micro Turbine. Losses are consist of core losses,
copper losses and eddy current losses. We are using both
analytical method and 2D Finite Element Method for more
detailed  losses analysis. And then We  compare
Electromagnetic losses of slotted and slotless PM synchronous
machine. This machine has designed of a generator of 800W,
400000rpm and a starter of 400W, 200000rpm.
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HES2 = 400[W], 200,000[rpm]

AC 70[V] DC-Link Battery
passive T T
| 3-phase or L | voltage | L DC
==\ generator active CT- Regulator T Load
rectifier - -
AC 150(V] 480V]

9bE 2 e 800[W] 400,000[rpm)
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<E 1> Design Specification

Design Factor Slotted Slotless
Number of Pole 2 2
Outer Diameter 8[mm)] 8[mm)]
Sleeve Inner Diameter 6.4[mm] | 6.4[mm]
Rotor Length 15[mm] 27[mm)]
Material Inconel Inconel
PM Br 1.061[T] 1.23[T]
Outer Diameter 6.4lmm] | 6.4[mm]
Number of slot 6 6
Outer Diameter 44[mm] | 28.3[mm]
Inner Diameter 34.4[mm] | 23.3[mm]
Stack Length 15[mm] 27[mm]
Stator Material 2605SA1 S18
Conductors per slot 40 41
Coil Diameter 0.16%15 0.16%28
Fill Factor 34.1[%] 51.2[%]
Current density 6.96 7.6

(a) Slotted (b) Slotless
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2.2.1 Stator Losses
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l Charateristic/ Type Slotted Slotless
At V] 113.908 111.2

AF [A] 4.11 4.278

' HE (W] 798 7.192
| a7 PM< [W] 0.261 0.0006
e Can<= [W] 3.43 0.0036

T A wl 27.194 354

A [W] 38.865 42.6

99 W] 849.7 866.56

I =9 [W] 810.9 823.96
a8 [%] 95.426 95.08

3.8 E

®oegel AF0Y 290l 2% vhelaz HUE AN A%Y

719 FHEAoZE A Al 400W, 200krpm°]T W Al 800W,
<A@ 4> SRE|AEY ZHo| HE EX 400krpmolth, 2% 7% A]OH FrYR A wAdE AFES A
a7 Sjstel £REs e 1A R F2E 16 E%EOU% ol el
2.2.2 Rotor Losses 2 E3ol e Rdi) %% ol gl RdY £4% 27d f&#8
§];HZ}0] £Ae GIAMT TAHNS AU SPBoA SEHE o WS AREske] HlaLste] woktt el4 ZAdE %6}01 *%‘Ji zde
_._oﬂ oste] WAETE 3 AR &S AR £ Hlwahe] Ae GAFE ALEHE g & 5 Ao, nA A AEe FUE s}
°k°ﬂ Bpdte] RERVE WASE IS WAE] oy g 5 O VIR B&o] WATS I itk wepd 2 wid 2as e
AR A B Ea olga AL AMo] BEAel ARZ oo Bd71e AAS S8 1z ARE AHEE S S Aolv, HAstd
RS 7} Ao &AL Zolk wWiow Az AAZS ook 3 Aes &7k oAz HUE Jeddy] dAd Asgoezd o
o, AFES 24 39 Poynting o] 2S o] &ate] A @ 4 gtk FE @4 SEol ggte HA AV e Ao Asdd. O
1 A dA AT Y ALER] AR vugew
* k<3 o =3 = 2]
Py = Re{[E]y 2 X < [H z:]y:Rq}/Q (3) A 2 BEAdE AT E gt
A7IM, B FWFoR Ad71ge] A71E dEdv, H = 34U B =R AR 3 suastdTa Ader FyHE
A% A7 FYRLFE Yehdt BRE £EHe] 94& dehd At EEAASSATAE ARl dEoR FHEIUS
thooblel 1% 5% a7 6olME &F FROl g xnd AFEA -
719 GAFE BEE HFEY
(& 3 2 8]

[1] Kyoung-Jin Ko, Seok-Myeong Jang, Jang-Young Choi,
Sung-Ho Lee, Sang-Chul Han, Yong-BokLee, A core loss
calculation based on magnetic field analysis considering the
time harmonics of high-speed permanent magnet machine
according to driving method, Electrical Machines and Systems,
pp 1143 - 1146 , 2010

[2] Seok-Myeong Jang, Ji-Hwan Choi, Kyoung-Jin Ko,
Dae-Joon You, Jeong-Phil Lee, Characteristic analysis of
slotless synchronous motor/generator with Halbach array PM
for 30kW flywheel energy storage system, Electrical Machines

al A o] mcilo| olX{=A Hir and Systems, pp 1197, 2010

(I8 5> SXER 29 ARE B2 [3] C.Zwyssing and J.W.Kolar, Design of a 100W, 500000 rpm
Permanent-Magnet Generator for Mesoscale Gas Turbines,
Industry Applications Conference, Vol 1, pp 253-260, 2005

A 6> SRAEIY BU| ANRE BE

223 24 B2 % 84 23}
S wad wAASE A4 £4 oE % A4 ARE T
A% 54A0E ¥ 2004 noEr A4S gl &
2w dARE ATEFE 9 B 2
He ekl Hxe Ego] WATE BT




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


