
X Sympozjum „PROBLEMY EKSPLOATACJI UKŁADÓW IZOLACYJNYCH WYSOKIEGO NAPIĘCIA”, Krynica, 27-30 września 2005 

 Juraj KURIMSKÝ, Iraida KOLCUNOVÁ 
Technical University of Košice, Department of Power Engineering, Slovak Republic 

 
 

Partial Discharges Phase Resolved Analysis 
of the B and F Temperature Classes Insulation Systems 

 
 

Streszczenie: (Analiza fazowo-rozdzielcza wyładowań niezupełnych w układach izolacyjnych klasy temperaturowej B i F) Analiza fazowo-
rozdzielcza wyładowań niezupełnych może być użyta do określenia stanu izolacji generatorów. Występują istotne różnice kształtu rozkładów 
fazowych w zależności od rodzaju izolacji. W artykule przestawiono je dla układów izolacyjnych wykonanych z materiałów klasy temperaturowej 
B i F. Sformułowano wnioski w celu wykorzystania tego efektu. 
 
Abstract. The phase resolved analysis of partial discharges contributes to the real condition stage of the generator insulation description. There are 
specific differences on phase distribution formation depending on insulation class. The paper describes those differences for generator insulation 
systems based on B and F insulation temperature classes materials. The results on utilization of this phenomena are concluded. 
 
Słowa kluczowe: wyładowania niezupełne, analiza fazowo-rozdzielcza, klasy temperaturowe B i F, generatory, uzwojenia 
Keywords: partial discharges, phase resolved analysis, temperature classes B and F, power generator, windings 
 
 
Introduction 
 The life of power generators refers to the life of the 
windings before they require rewinding. The temperature 
rise of the windings and the insulation materials an power 
generator is critical to the life expectancy of the generator. 
The insulation materials age overtime and this aging 
process is directly related to temperature. Eventually the 
materials lose their insulating properties and break down 
may cause a short circuit. 
 There are two main insulation systems classes used in 
design of the power generators of the Slovak power plants, 
temperature class B and F insulation systems. 
 The measurement of the partial discharges is wide-used 
diagnostic methods for the power devices insulation 
monitoring. Commonly used absolute magnitude value of 
the apparent charge seems to be not efficient hence phase 
resolved analysis helps to improve in insulation system life 
trend predication. Partial discharge phase resolved analysis 
refers to different results for temperature class B and F 
insulation materials used in insulation systems of power 
devices with similar construction design and output power. 
 The insulation materials used commonly in the insu-
lation of the stator windings are based on split mica or mica 
paper, which consists of mica wafers impregnated on 
skeleton foil. The resulting parameters of insulation material 
are done by the impregnant properties. There are two main 
categories of the mica-based insulation systems: thermo-
plastic, temperature class B – with natural resins (shellac, 
asphalt, bitumen) and thermosetic, temperature class F – 
with synthetic ones (polyesther, epoxy resin, silcones). The 
maximum temperature at hottest spot is 130°C for class B 
and 155°C for temperature class F insulation. 
 The thermal deterioration takes effects on chemical and 
physical non-revesible events. The long-term temperature 
exposition and oxigen reaction causing start of the cavity 
gap and insluation cracks formation process. The material 
becomes flagile. The inverse phenomena is possible too. 
The eventuality is the chemical decomposition caused by 
high temperature exposition. The insulation grow softer by 
the disappearance of the fugitive substances. The physical 
changes of the insulation system due to temperature action 
depend on insulation framework design and structure. 
 The thermosetic insulation deterioration starts with the 
epoxy resin chemical decomposition. It becomes tender and 
the mechanical consistence is disrupted. In the case of the 

thermoplastic insulation the moving of the material take 
place due to various thermal expansion parameters of the 
cooper, iron and insulation. After temperature exposition 
insulation cool down but do not drop back to the preceding 
origin position. The insulation moving is the strongest in the 
case of insulation tape technology with asphalt filling agent. 
The adhesive power of the asphalt falls down with 
temperature increasement. The thermo-oxidative destruc-
tion of the insulation material leads to internal gas filled 
voids and gaps creation in the material volume. 
 Another process, which cannot be out of mind, is front 
winding expansion near the place where winding bar leaves 
the stator sparing. 
 
The experiment 
 The experiment was comprised of partial discharge 
measuring procedure and evaluation for two power 
generators of the same rated power (14.5 MVA) and the 
same voltage level (10.5 kV). The windings both of the 
generators were several years in operation after their 
repairing. The winding insulation material of the first of the 
generators was temperature class B. The second generator 
had winding insulation based on temperature class F 
material. The value of the service hours the both of devices 
were approximately equal. 
 The measurement of partial discharges with digital 
recording were done according the standard IEC 60270 
procedure. After data collection the statistical phase 
resolved partial discharges analysis was computed and 
fingerprints were composed. Figure 1 shows the measuring 
circuit connection. 

 
Fig. 1.  Partial discharge measuring circuit. 
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The Figure 1 symbols: 1 – overvoltage protection, 2 – 
measuring device, Z – input filter impedance, Cv – coupling 
capacitor, Cz – measured object capacity, Zm – measuring 
impedance.  
 Each of the three phases was separately measured. 
Unmeasured branches and stator construction were 
grounded and connected mutually, see Figure 2. 
 
Measurements of partial discharges 
 At the beginning of the experimental works the 
measurement of partial discharges on generator with 
thermoplastic insulation at nominal voltage level was done. 
Partial discharges were measured separately for each of 
the phases. Results from phase resolved analysis of partial 
discharges from the thermoplastic insulation measurements 
are shown on the Figure 3.  

 
 
Fig. 2. The device windings connection 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 Fig. 3 Phase resolved analysis, thermplastic insulation 

The maximal magnitudes of apparent charge were 1200 pC 
for phase L1, 900 for phase L2 and 1400 pC for phase L3. 
In the case of thermosetic insulation maximal magnitudes of 
apparent charge were: 3000 pC for phase L1, 10000 pC for 
phase L2 and 1500pC for phase L3, see Figure 4. The 
result of simple comparison says that there are parial 
discharges have higher magnitudes of the apparent charge 
in the case of thermosetic insulation. On Figure 3, phase L2 

there can be seen partial discharges in voids of insulation. 
Partial discharges in the stator slots are become evident 
from phase L2, Figure 4. Hold generally that internal partial 
discharges in gas filled voids are more dangerous such as 
discharges in stator slot. It is considered the same also 
when magnitudes of stator slot partial discharges become 
higher compared to internal discharges. 
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Fig. 4 Phase resolved analysis, thermosetic insulation 

 
Conclusion 
 The temperature influence on air-cooled hydro-
generators and turbogenerators deterioration become 
dominant for those with thermoplastic insulation material. 
The twenty years – it is the recommended lifetime of the 
insulation system of such devices, but there are known 
cases of winding exchange over twelve years. The 
recommended lifetime of the thermoplastic insulation 
systems is forty years. The deterioration process can slow 
down by exploiting of the hydrogen cooling system of the 
windings. The influence of temperature is the minimal when 
winding are cooled by water. 
 The proper diagnostic results need regular diagnostic 
measurements. Also comparison of diagnostic results of 
identical machines leads to better answers. Not only power 
and voltage level but also temperature class of the 
insulation material would be taken into account. Thermal 
deterioration and partial discharge development have 
unequal trends for thermosetic and themoplastic 
insulations. 
  

 
REFERENCES 

[1]  Zá l i š  K., Evaluation of Partial Discharge Measurement, In: 
Proceedings of the VII Sympozjum EUI 99, Zakopane (1999), 
496-503 

[2]  Ko lcunová  I . ,  K ršňák  I . ,  Ku r imský  J . ,  Modeling and 
phase analysis of internal partial discharges, In: Proceedings of 
the VIII Sympozjum EUI 01, AGH Krakow (2001), 299-304 

 
This paper was supported by project 
VEGA No.1/0383/2003. 
 
 
Authors: Ing. Juraj Kurimský, PhD., Technical University of Košice, 
Department of Power Engineering, Mäsiarska 74, SK04201 Košice 
Slovakia, E-mail: juraj.kurimsky@tuke.sk;    
Doc. Ing. Iraida Kolcunová, PhD., Technical University of Košice, 
Department of Power Engineering, Mäsiarska 74, SK04201 Košice 
Slovakia, E-mail: iraida.kolcunova@tuke.sk;  
 

PRZEGLĄD ELEKTROTECHNICZNY – KONFERENCJE  v.3 1/2005 
 

156 

mailto:juraj.kurimsky@tuke.sk
mailto:iraida.kolcunova@tuke.sk

	Juraj KURIMSKÝ, Iraida KOLCUNOVÁ
	Introduction
	The experiment
	Measurements of partial discharges
	Conclusion



<<
  /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 1.3
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /POL <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


