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Abstract - The paper introduces a new Distribution Class 
ground lead disconnector design that not only extends the 
claimable detonation range well below the 20 amps specified 
in industry standards, but is very durable when exposed to 
severe arrester durability tests. Finally, this paper shows how 
this next generation disconnector interacts with the connected 
arrester to improve the overvoltage withstand capability of the 
arrester assembly.

1. Introduction

It has been standard practice of utilities to protect 
distribution class equipment, particularly pole top transformers, 
with distribution class arresters. Protection of the dielectric 
integrity of the transformer is provided by the closely 
connected arrester. Approximately twenty years ago, the 
traditional gapped-silicon carbide distribution class arrester 
design was replaced by the improved gapless arrester, based 
on metal oxide varistor (MOV) technology. In addition to 
performance improvements associated with this new MOV 
technology, the traditional porcelain-housed arresters were 
replaced during this same time period by polymer-housed 
arresters.
Conversion from porcelain to polymer-housed distribution 

class arresters allowed manufacturers to reduce the active 
element length of their arrester designs. The porcelain designs 
traditionally had a ground lead disconnector attached to the 
base end of the arrester and the arrester was supported by a 
grounded metal "bellyband" bracket, typically attached around 
the porcelain housing approximately one-third the distance 
from the bottom end of the arrester housing. The distance 
from the top edge of the metal bellyband to the arrester top 
end cap provided the required line to ground insulation 
clearance as specified for each arrester. The distance from the 
bottom of the grounded belly band to the ground lead 
disconnector provided the necessary clearance to prevent the 
intact, failed porcelain arrester from locking out the system if 
the arrester should fail but remain intact.
Disconnection of the ground lead causes the base end of 

the failed (intact) arrester to assume system line potential. 
The composition and shed design of the insulated bracket 
allows the arrester location to remain energized until the 
utility operating personnel replace the failed arrester.
The above description is valid, assuming that the ground 

lead disconnector reliably detonates during arrester failure. 
Should the disconnector fail to operate, the base end of the 
failed arrester will remain connected to system ground and 
the line will lock out until upstream protection operates and 
the failed arrester is replaced.
This paper examines performance characteristics of existing 

distribution class arrester ground lead disconnecting devices. 
In particular, it will focus on how the detonator performs after 
the series connected arrester fails, under various system 
conditions. The paper also introduces a new disconnector 
design that not only extends the claimable detonation range 
well below the 20 amps specified in industry standards, but is 
very durable when exposed to severe arrester durability tests. 

It will also be shown how this device interacts with the 
connected arrester to improve the overvoltage withstand 
capability of the arrester assembly.

2. Experiment

Industry standards (1, 2) define the performance 
requirements of the ground lead disconnector. The 
performance requirements are divided into two areas of 
concern. The first addresses the detonation characteristic of 
the disconnector, essentially the current-time curve. This test 
specifies that the disconnector is subjected to 60 Hz power 
frequency currents of 20, 80, 200, and 800 Amps rms and the 
time to detonation at each current level is measured. From 
this test series, the disconnector detonation curve is 
established. A knowledgeable application engineer can use the 
arrester detonation curve to develop proper coordination with 
upstream protection, e.g., fuses (3).
The second aspect of performance is that the disconnector 

will not detonate when subjected to required arrester 
durability tests, including high current-short duration, low 
current-long duration, and duty cycle tests. Another test 
requirement is that the disconnector will not detonate as a 
result of arrester surface currents when the arrester assembly 
is subjected to contamination testing. Essentially, the 
disconnector is designed to withstand (without detonating) the 
same durability tests that the arrester must withstand; 
however, it must detonate, disconnecting the arrester ground 
lead, when the arrester fails and conducts system fault 
current.
There are two basic detonator designs used in 

disconnectors. As noted earlier, virtually all designs attach the 
isolator to the ground end of the arrester. One design mounts 
the arrester base end on an insulating bracket and holds the 
arrester to the bracket by attaching a disconnector to the 
underside of the assembly. This design was a carryover from 
porcelain arresters. The second design, targeted specifically to 
polymer arresters, integrates the disconnector into the body of 
the insulating bracket. This integrated designs attaches to the 
base end of the arrester.

3. Result and Discussion

As noted, the disconnector current detonation range 
specified in the standard is 20 to 800 amps. The standard 
does not specify the shape of the current time detonation 
curve. It merely defines the procedure for performing the test 
on new disconnectors. Above 800 amps, all designs should 
detonate very quickly from the high heat associated with the 
high 60 Hz fault current. Problems can be encountered on 
arresters applied to non-effectively grounded systems or on 
arresters located on weak feeders where only low fault 
currents are available (<20amps). Specifically, the cartridge 
relies on heating from the system 60 Hz fault current to 
cause detonation. Inherent in these weak source current 
locations is the possibility that the cartridge is not heated 
sufficiently by the available 60 Hz current to detonate before 
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upstream protection triggers. Reliable detonation of the 
disconnector under this weak source condition is an issue of 
concern. Figure 1 shows disconnectors tested per the current 
standard.

Fig. 1. Comparison of Detonation Curves for Various 
Domestically Produced Resistor-Graded Disconnectors.

To validate the detonation curve for the capacitor-graded 
design, tests were performed. Figure 2 shows the resultant 
detonation curve. Note that all samples tested at 1 and 5 amp 
current levels detonated. There was no damage to the grading 
capacitor other than the external arcing damage associated 
with the fault current arc.

Fig. 2. Detonation Curve for Capacitor-Graded Disconnector.

As noted previously, the significantly higher impedance of 
the capacitor graded disconnector electrically interacts with the 
capacitive and non-linear resistance characteristic of the metal 
oxide discs. At system operating voltage levels, the voltage 
across the capacitively graded disconnector is typically a few 
hundred volts, compared with tens of volts for the resistively 
graded disconnector. As applied voltage increases above 
operating levels, the parallel combination of the disconnector 
capacitor and its sparkgap assume a higher percentage of total 
voltage than does the resistively graded disconnector. Because 
the capacitor does not experience I

2
R loss, in contrast to the 

resistance graded design, the disconnector can withstand 
overvoltages for extended periods of time, as long as the 
capacitor voltage does not exceed the bypass gap sparkover 
level. Unlike an arrester with a resistively graded 
disconnector, which has a claimed TOV capability that is 
independent of arrester voltage rating, arresters with 
capacitively graded disconnectors have a rating-dependent 
TOV curve. Figure 3 shows the TOV curve for 9 and 10 kV 
rated HD Distribution Class arresters.

Fig.  3. No prior duty TOV curves for 9 and 10 kV rated HD 
distribution arresters with and without capacitor- graded 
disconnector.

4. Conclusion
Introduction of a high voltage capacitor graded arrester 

ground lead disconnector addresses utility concerns regarding 
reliable detonation of the Distribution Class arrester 
disconnector. Test data confirms the detonation integrity of 
the disconnector is maintained even after the arrester is 
subjected to high current surge duty prevalent in the 
distribution system environment. Even under weak source 
temporary overvoltage conditions, which can damage the 
resistance-graded design affecting detonation reliability, the 
capacitor-graded design performs properly. Finally, the 
interaction of the disconnector grading capacitor with the 
series-connected arrester metal oxide disc elements actually 
improves the arrester assembly temporary overvoltage 
withstand capability, making the design less vulnerable to 
TOV failures.

[Acknowledgement]
This work was finally supported by MOCIE program 

(I-2006-0-092-01).

[References]

[1] IEEE Standard for Metal-Oxide Surge Arresters for AC 
Power Circuits (>1 kV) IEEE Std C62.11-1999.

[2] IEEE Guide for the Application of Metal-Oxide Surge 
Arresters for Alternating-Current Systems IEEE Std 
C62.22-1997.

[3] IEEE Guide for the Application of Metal-Oxide Surge 
Arresters for Alternating-Current Systems IEEE Std 
C62.22-1997.



<<
  /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


