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Abstract — The present paper proposes the manufacturing
of distribution transformers using a novel type of magnetic
core which is called composite wound core. A composite
wound core is constructed of a combination of conventional
and high magnetization grain-oriented electrical steel and its
operating principle is based on the flux density non-uniformity
of wound cores. The main advantage of distribution
transformers assembled of composite wound cores over
conventional transformers is the significant reduction of the
manufacturing and operating cost.

I. INTRODUCTION

Losses of the electrical grid worldwide are estimated at
about 1,279 TWh/year i.e., 9.2% of global electricity
generation. Almost 70% of the losses take place in the
distribution grid and a third of that in distribution
transformers. This fact renders distribution transformers the
second most energy intensive component of the power grid
[1]. As a result, even though the transformer is the most
efficient of all electrical machines, present energy costs are
forcing transformer manufacturers and utilities to reduce
transformer life-cycle costs while minimizing the
manufacturing cost.

By using wound cores constructed with a combination
of different grades of electrical steel [2]-[4], the transformer
manufacturer can effectively minimize the sum of the first
cost and the cost of future losses of the transformer.

II. CONVENTIONAL DISTRIBUTION TRANSFORMERS

In practice two types of magnetic cores are used, the
stack core and the wound core. The wound core is
comprised from long continuous strips of grain-oriented
electrical steel wound around the coils. The main
advantages include reduction of joints and the use of the
grain direction of the steel for the flux path.

Conventional one-phase and three-phase, oil-immersed,
distribution transformers are constructed by using one or
more wound cores assembled about a preformed electrical
winding coil as depicted in Fig. 1. Ratings range from a few
kVA to a few MVA.

III. DESCRIPTION OF COMPOSITE WOUND CORES

The operating principle of the composite wound core is
based on experimental evidence concerning the flux density
distribution non-uniformity of wound cores [2], [3]. The
flux density is low in the inner steel sheets of the wound
core, then it increases to a value higher than the mean flux
density of the core, and finally it decreases until the outer
sheets. Thus, by using a low cost, standard magnetization,
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Fig. 1. Conventional wound core transformer (a) one-phase core type, (b)
one-phase shell type, (c) three-phase shell type.
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Fig. 2. Composite wound cores comprising (a) one-phase core type,
(b) one-phase shell type, and (c) three-phase shell type transformers.

standard loss, grain-oriented steel for the inner and outer
part of the wound core, and a high cost, high magnetization,
low loss, grain-oriented steel for the rest part of the core,
the transformer manufacturer may achieve an optimum
tradeoff between the manufacturing cost and the cost of
losses.

The evaluation of the optimum position and exact
amount of the high magnetization grain-oriented steel, that
ensures the minimization of the first cost and the cost of
future losses, is depended on several parameters that must
be taken into consideration, like the working induction of
the wound core, the cost of the conventional and high
magnetization grain-oriented steel, the electricity cost, the
lifetime of the transformer, and the discount rate.
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IV. DISTRIBUTION TRANSFORMERS ASSEMBLED OF
COMPOSITE WOUND CORES

In the case of distribution transformers assembled from
composite magnetic cores the various transformer
topologies remain exactly the same and the conventional
wound cores are replaced by the composite wound cores.
Fig. 2 shows the parts comprising the composite cores of
the one-phase core type, one-phase shell type, and three-
phase shell type distribution transformers. The inner and
outer part of the composite core is made of conventional
grain-oriented steel sheets and the middle part is made of
high magnetization grain-oriented steel sheets. The
assembled one-phase core type, one-phase shell type, and
three-phase shell type, transformers are exactly as those
shown in Fig. 1 (a), (b), and (c) respectively.

V. FE ANALYSIS OF COMPOSITE WOUND CORES
CONSIDERING ANISOTROPY

The authors have developed a custom-made 2D FE code
based on the magnetic vector potential formulation for the
accurate computation of the flux density distribution and
no-load loss of conventional and composite wound cores
[5], [6]. The laminated wound core is considered as
homogeneous and anisotropic at the level of finite elements
[5], [7]. This means that in the case of the 2D FE analysis
the reluctivity Vv is assumed to have two components

within each element, the v, component along the rolling

direction, and the v, component normal to the rolling

q
direction. The directional dependence of the B-H
characteristics is taken into consideration by assuming that
the loci of constant magnetic field intensity H , forms
ellipses in the B,-B, plane. The resulting 2D FE

technique is computationally cheap as a coarse mesh of a
few thousands nodes is enough for the accurate evaluation
of the flux density distribution.

Fig. 3 illustrates the areas with different material
attributes comprising the 2D FE model of a composite
wound core. For the areas Al to A5, and All to Al5, the
conventional grain-oriented steel is assigned, and for the
areas A6 to A10 the high magnetization grain-oriented steel
is assigned. Due to the wound core’s geometry the
reluctivity tensor must be rotated to a different coordinate
system in some of the areas of the 2D FE model. Fig. 4
shows the flux density distribution vector plot of a
composite wound core constructed of the conventional
grain-oriented steel M4 0.27 mm, and the high
magnetization grain-oriented steel M-OH 0.27 mm. One
half of the wound core geometry is modeled due to
symmetry. The FE mesh is comprised from 8,110 first order
triangular elements and 4,246 nodes.

VI. CONCLUSION

The paper proposes a method that is going to provide
transformer manufacturers great services in reducing the
manufacturing and operating cost of distribution
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Fig. 3. Areas comprising the 2D FEM model of a composite wound core.
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Fig. 4. Flux density vector plot of a composite wound core.

transformers. The specific method can be integrated easily
in the design and manufacturing phase of the transformer
industry since it does not revolutionize the transformer
topology or magnetic materials. Furthermore, existing
manufacturing processes used for the production of
conventional wound cores can be applied to composite
magnetic cores.

VII. REFERENCES

[1] 1. C. Olivares, Y. Liu, J. M. Cafedo, R. Escarela-Pérez, J. Driesen,
and P. Moreno, “Reducing losses in distribution transformers,” IEEE
Transactions on Power Delivery, vol. 18, no 3, pp. 821-826, Jul.
2003.

[2] T. D. Kefalas, P. S. Georgilakis, A. G. Kladas, A. T. Souflaris, and
D. G. Paparigas, “Multiple grade lamination wound core: A novel
technique for transformer iron loss minimization using simulated
annealing with restarts and an anisotropy model,” [EEE Trans.
Magn., vol. 44, no 6, pp. 1082-1085, Jun. 2008.

[3] I Hernandez, J. C. Olivares-Galvan, P. S. Georgilakis, and J. M.
Caiiedo, “A novel octagonal wound core for distribution transformers
validated by electromagnetic field analysis and comparison with
conventional wound core,” I[EEE Trans. Magn., vol.46, no.5, pp.
1251-1258, May 2010.

[4] R.Pytlech, “Mixed D-core with a distributed air gap as an alternative
for medium voltage instrument transformers,” IEEE Trans. Magn.,
vol.46, no.10, pp. 3816-3825, Oct. 2010.

[5] T.Kefalas and A. Kladas, “FEM package for iron loss evaluation and
minimization of two grade lamination wound cores,” Journal of
Optoelectronics and Advanced Materials, vol. 10, no 5, pp. 1197-
1202, 2008.

[6] B. Cranganu-Cretu, J. Smajic, J. Ostrowski, W. Renhart, and C.
Magele, “Software integrated solution for design optimization of
industrial devices,” [EEE Trans. Magn., vol. 44, no 6, pp. 1122-
1125, Jun. 2008.

[71 A. Wilk, J. Nieznanski, and I. Moson, “Nonlinear model of a wound
iron core traction transformer with the account of magnetic,” Proc.
ICEM, 2010.



	I. Introduction 
	II. Conventional Distribution Transformers 
	III. Description of Composite Wound Cores 
	IV. Distribution Transformers Assembled of Composite Wound Cores 
	V. FE Analysis of Composite Wound Cores Considering Anisotropy 
	VI. Conclusion 
	VII. References 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


