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COMPOUNDING

History of Ethylene
Propylene Rubber

Prysmian pioneered the development of Ethylene
Propylene (EP) based insulation compounds in
the late 1950’s through the work of Nobel Prize
winner Dr. Giullo Natta His prize winning
synthesis of the ethylene propylene copolymer in
1955 was accomplished while working as a
consultant for Prysmian (formerly known as Pirelli
Cables & Systems). These EP compounds
became commonly referred to as Ethylene
Propylene Rubber (EPR).

This early work by Prysmian lead to the 1963
development of the world’s first EPR insulated
cable to operate at 45kV as well as the first EPR
insulated submarine cable in 1967. Higher
voltage cable developments were achieved in
1969 and 1972 at the 69kV then 138kV voltage
classes, respectively. As of today, Prysmian
worldwide has produced in excess of 1.5 billion
feet of EPR insulated power cable.

Early vintage cables were manufactured using a
dual pass extrusion process. In the 1970’s, the
first advancement in extrusion technology was the
addition of another head to allow for a single pass
extrusion, commonly referred to as a 1+1+1 or
triple tandem process. The 1980’s brought about
a significant change to the single pass extrusion
technology; the 1+2 or dual tandem extrusion
process. The most recent development in the
single pass extrusion technology was the true
triple process. The true triple extrusion process
applies all three layers within one extrusion head;
eliminating the possibility of outside contaminants.

Raw Materials

EPR insulations are complex materials in the
sense they incorporate multiple ingredients in their
makeup. Only a few manufacturers of EPR,
compound their own material. It is important to
recognize that each compounding manufacturer
has a unique formulation for their EPR insulation.
The total number of different raw materials will
vary depending on manufacturer. Therefore, the
only way to compare EPR insulations is by
performance, not by ingredients.

In order to facilitate an automated handling
process, Prysmian incorporated a small
percentage of polyethylene into the original EPR
formulation. This component was initially included
to allow the EPR material to be pelletized. After

extensive testing, it was found that Prysmian’s
EPR also had superior mechanical and electrical
performance when compared to other EPR
formulations. As of today, other manufacturers
now commonly incorporate polyethylene into their
EPR formulation; further proof that it is the
performance of a cable that is important not the
composition of the EPR.

It is worth noting that raw material suppliers are
held to the same high standards that cable
manufacturers are held to by their customers.
Proprietary specifications have been developed by
Prysmian’s R&D and Quality Assurance
departments that require the raw materials to
meet stringent requirements.



Material Handling Systems

Prysmian currently mixes/compounds EPR in
several plants worldwide. By directly controlling
the compounding process, Prysmian is able to
maintain a competitive advantage with respect to
product performance and quality control.
Additional details, afforded to Prysmian, through in
house mixing are described below.

e Control over the material handling equipment.
e Proprietary machinery, including pelletizers,
which are optimized for our EPR compound.

e Control over equipment enhancement, so that
state-of-the-art equipment is continuously
evaluated and utilized.

e A high degree of quality control during the
compounding process.

e In-plant quality control over the final product.

Prysmian accomplishes the compounding process
for North America through a state of the art plant
dedicated to the mixing of EPR compound. This
plant has dedicated, stainless steel, handling
systems which use filtered air (<3 microns) to
convey the appropriate materials from Class
10,000 clean rooms (equivalent to hospital
operating rooms). Automated mixing processes,
which assure complete blending and dispersion of
ingredients, produce a compound that is filtered
through two proprietary, very fine mesh screens.

From this compound, pelletizing is completed in
air, not under water, so that there is no possibility
of ionic contamination from a poorly operating de-
ionizing water system. A closed, filtered system is
then used to handle the pelletized compound.
Rheological testing of the EPR compound is
performed to confirm curing characteristics; while,
additional testing is also routinely conducted to
confirm physical and electrical properties.

EPR Performance

Since each manufacturer of EPR has their own
proprietary mixture, how can the insulations be
compared? The answer is industry standard
qualification test reports such as an Accelerated
Water Treeing Test (AWTT).

Industry standards, such as ICEA, dictate the
specific details for AWTT setup requirements.
This controlled test provides an apples-to-apples
comparison of an insulation’s performance. The
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chart above shows the performance differential

between Prysmian’s EPR (red) and another
leading manufacturer’'s EPR (blue).

EPR Losses

Energy losses within power cables can be divided
into three categories: conductor losses, dielectric
(insulation) losses, and shield losses. When
comparing equivalent cable designs, the only
controllable loss is the dielectric loss. The cable
dielectric losses should be one factor to consider
as part of the final decision making process, just
as transformer losses are commonly evaluated.

The dielectric loss is based on the insulation’s
Specific Inductive Capacitance (SIC) and
Dissipation Factor (DF). Since these values do
vary between manufacturers, it is important to
remember that the smaller the number the better.
Prysmian’s typical values for SIC and DF are 2.6
and 0.2%, respectively, for unaged cable at 80
volts/mil and 15.6°C. These values prove that
Prysmian’s EPR insulation offers the lowest
losses in the industry.

The KEY is choosing the right insulation
for the right reasons:

* Proven History = In House Mixing °
e Dielectric Performance = Losses *
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Lexington, SC 29072
1.800.845.8507
WWW.prysmianusa.com

CABLES & SYSTEMS

vvchYSMIAN

425 St-Louis
St-Jean-sur-Richelieu, Quebec J3B1Y6
1.800.263.4405 (West)
1.800.361.1418 (East)
www.prysmiancanada.com




<<

  /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



