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Abstract – The electrical industry has utilized the 
approach to product performance as an electrical 
insulation system since electricity became 
commercially available.  As the industry grew it 
became necessary to shift the method of evaluation 
from actual units to a simpler laboratory model. The 
focus of this paper is to present the applications of 
the laboratory approach to today’s industrial needs.  
 

I. NOMENCLATURE 
A. Electrical Insulation System,  
A-1. As defined in IEC Publication 61057, Part 1: an 
insulating structure containing one or more electrical 
insulating materials (EIM) together with associated 
conducting parts employed in an electrotechnical 
device. 
A-2. As defined in UL 1446: a unique intimate 
combination of two or more insulating materials used 
in electrical equipment.  
 
B. Application: refers to an end product such as a 
completed transformer, kitchen appliance, power tool, 
computer, finished electronic device, and items which 
are “ready to use”.  
 
C. Compatibility: refers to the interaction of two or 
more chemistries with each other.  Compatible means 
the chemistries do not interact in a manner which 
results in a reduction of life or performance.  
Incompatibility means the chemistries do interact in a 
manner which does result in a reduction of life or 
performance.  
 

II. INTRODUCTION 
This paper covers a range of applications and presents 
examples of how laboratory testing can provide the 
technical information, or test data, needed to help 
evaluate possible changes.  Changes range for the 
evaluation of a processing change, to a change of 
materials, to information needed to evaluate the 
purchase of new equipment, and/or improved 
performance with higher temperature EIS resulting in 
possible reduction of materials.   
 

III. PRESENTATION 
The presentation is separated into three parts.   
 

Part 1 focuses on EIS testing and how it is related to 
specific segments of the electrical industry.  The 
segments are: 

(1) Evaluation of a process step of wrapping 
end turns of large electric motors; 

(2) Evaluation of the possibility to remove a 
process – specifically the varnishing process 

(3) Evaluation of a change of the ground 
insulation from films and composite sheet 
insulation to an epoxy powder coating 
applied directly onto the core stack; 

(4) Evaluation of replacing more traditional 
magnet wire / winding wire with an 
insulated wire with a new type of coating; 

(5) Evaluation of removal of specific layers of 
insulation for sensor coils in transformers by 
using Appliance wire.  

(6) The introduction of Single and Multi-layer 
wire [commonly known as Triple Insulated 
Wire or TIW] into small transformers 

(7) Evaluation of using the encapsulation 
process for coils and transformers 

 
Part 2 focuses on segments of application which 
cannot be presented with actual test specimens being 
shown due to confidentiality agreements but will be 
presentation of concepts.  This part will be presented 
in a general format.  The general areas covered are: 

A) Automotive 
B) Military 
C) Medium Voltage application 
D) High Voltage application 

 
Also included will be the introduction of the approach 
of laboratory testing to reflect real world stresses.  
This can be abbreviated using the letters to spell 
TEAM.   
T = Thermal stresses 
E = Electrical stresses 
A = Ambient stresses 
M = Mechanical stresses 
 
EIS testing alone cannot address all of these aspects 
but when combined the two areas of testing [EIS + 
Compatibility] can give needed performance 
information to the manufacturer.  
 
Part 3 focuses on Compatibility testing.  By separating 
the known aspects of the real world stresses into 
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individual stresses can be evaluated.  This part of the 
presentation presents several different areas of 
compatibility testing.  The presentation will cover the 
areas of: 

A) Oil; for applications such as oil-filled 
transformers or automotive.  In oil-filled 
transformers the evaluation is of the oil and 
not the EIM or EIS because the oil is the 
main insulating material.  Any 
contamination of the oil could result in loss 
of insulation characteristics.   While for 
automotive the concern is on the influence 
of the oil on the EIS; the evaluation is of the 
EIS after exposure to the oil. 

B) Refrigerant: for applications such as cooling 
or air-conditioner units for automobiles or 
homes and offices, and/or appliances such as 
refrigerators.  This type of compatibility 
testing can be of individual materials or of 
an EIS.   Different refrigerants have 
different chemical compositions; EIM and 
EIS need to be evaluated for each 
application.  Refrigeration units also have 
lubricating oil to protect moving parts.  This 
application is concerned about compatibility 
with the refrigerant and the oil.  

C) Soap or detergent: applications are for dish 
washing machines.  Incompatibility of the 
liner of the washing chamber with the soap 
or detergent can result in reduced life.  This 
also applies to all components such as water 
sprayers, shelves, holders.   

D) Exposure to high levels of moisture: this is 
applicable to all type of out-door equipment 
and is beneficial for any indoor application 
where high levels of moisture are a concern.  
This could relate to laundry rooms or to 
swimming pools where compatibility with 
chlorine and possibility salts exist. 

E) Each type of EIM can be evaluated based on 
application. EIM include tapes, sleevings, 
lead wires, layer insulation, spacers, winding 
wire, varnishes, and any other materials.   

F) Volatile components: evaluation to volatile 
components related to almost every type of 
application.  Volatile components can be 
release of molding agents, flame retardants, 
residual solvents, or other sources.  

G) Ozone: Ozone is difficult to show in photos 
but it is commonly generated in the presence 
of high voltage arcing.  Ozone compatibility 
refers to the resistance of the EIM or EIS to 
withstand the chemical interaction between 
Ozone and the individual materials or 
system.  Arcing refers to the ability of the 
material to withstand the stress of electrical 
arches striking the surface.  

 
IV. Biographies  

Marcie Muzzey – Head of the Compatibility 
Laboratory of ELTEK International Laboratories.   
She joined ELTEK Labs in 1998.  She is also a 
Certified Technician for submittals to UL for 
Compatibility testing.  And she is a Certified Type 1 
and 2 Technician recognized by the Refrigeration 
Service Engineers Society [USA]. 
 
Brandelyn LaBanca – Head of the Electrical Insulation 
Systems Laboratory of ELTEK International 
Laboratories.   
She joined ELTEK Labs in 2000.  She recently began 
participation on the IEEE working group for the 
revision of IEEE 117, IEE 275 and IEEE 429; all are 
IEEE Standards for EIS testing.  
 
Andrea Werner-Morse: Special Projects manager and 
also Quality Manager for ELTEK International 
Laboratories.   
She joined ELTEK Labs in 2006.  She is in the 
process of completing the training to become an 
internal auditor for ISO 17025 –Laboratory 
Certification.  
 

***** 
ELTEK International Laboratories is a Certificated 
Administrative Agent and also a Certificated 
Engineering Agent with UL under the Client Agent 
Program. 
ELTEK Labs operates under the guidelines of ISO 
17025 – Standard for Laboratory Certification 
 
 
 
 

 

 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


