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Power Factor Insulation Testing (commonly referred to today as Doble Testing) was developed in the 
1940’s for testing the insulation systems of transformers and later used for oil breakers.  These types of 
devices have consistent measurable capacitive values and can be easily tested to trend insulation 
degredation.  Modern medium voltage (4.76kV to 38kV) indoor circuit breakers are a very different 
configuration and much more difficult to accurately trend using this type of testing. 

An ideal insulator has no losses.  In this case I would equal Ic and be 90° leading the voltage E. Since 

there is no ideal insulator, there will be losses represented by Ir.  The test measures the applied voltage 

and measured current flow to calculate the power factor. 

 

 

    Ic is the charging current 

 

    Ir is the leakage current 

 
    E is the voltage 

 
    is  is the dissipation factor       
         is the power factor  
 
 
 

Temperature and humidity are also factors in the measurement and these must be corrected to a 
standard test value so that readings are made with consistent external conditions.  The equipment must 
also be clean and dry (including the removal of surface condensation from the evaporation of cleaning 
solutions such as denatured alchol).  Variations in cleanliness will appear as variations in leakage 
current.  Contamination on the insulation will increase the resistive current and increase the Power 
Factor.  Variations in the test set-up will also produce variations in the test results through stray 
capacitance or leakage from the high voltage connection. 

Most modern medium voltage vacuum circuit breakers used in indoor equipment are not configured like 
transformers and oil breakers.  The interrupter is typically supported by stand-off insulators or suspended 
within an insulating housing.  Unlike the relatively uniform conditions found in the transformer or oil 
breaker, the capacitive coupling of a vacuum breaker conductive path is quite random.  For example, the 
center phase is surrounded by the two outside phases, where each outside phase is only influenced by 
the center phase from one side.  In this type of equipment, leakage current will vary from breaker to 
breaker and between the phase assemblies on a single breaker.  
 
This variation is not indicative of failing insulation as there are no definitive “good” and “bad” values when 
testing for Power Factor. The results of testing are subject to interpretation based on testing experience 
from the testing company and not from the equipment manufacturer as the manufacturer has no means 
to trend device performance after it leaves the factory.  

   Ic    

   I 

 

 

 

 

 

     Ir  E 

 

δ 

θ 
δ

  θ 



  
 

01.4TB.134 

 
Insulation Power Factor Testing MV Indoor Circuit Breakers 

 
Powell Industries, Inc. 
7232 Airport Blvd. 
Houston, TX • 77061  

©2005 Powell Industries, Inc. • All rights reserved. 

Tel:  713.944.6900 • Fax:  713.947.4453 
powellind.com 

info@powellind.com 

 

 
 
While Power Factor testing is a test for trending insulation degredation, it is not uncommon for a single 
test result with large variations to be improperly used in a case for bad components or a defective 
breaker. 
 
Trending over time to build a data base for a particular breaker design is necessary to make judgements 
concerning the condition of the breaker. If there are questions about the condition based on results that 
are significantly different than others, alternate testing should be performed after ensuring the device 
under test is properly clean and dry, including the vacuum interrupter ceramic surfaces. A 10 kV megger 
test may be performed on the insulator supports and compared for better evaluation. It is always a good 
practice to reverse the polarity of the voltage applied to an insulator if a value appears to be low. This 
occurs for insulators attached to VI due to the microscopic surfaces of VI contacts.  
 
Generally speaking, high leakage current values are indicative of surface contamination on non-
hygroscopic insulation systems, which is most likely attributable to a cleaning issue before the tests.  
When hygroscopic or organic materials are used, the leakage current may indicate that the material is  
not properly sealed or that there is an internal component failure.  These conditions are also detected by 
the much less complex power frequency withstand test (hipot).  The hipot is a pass/fail test that proves 
the insulation system is functional. 
 
Modern circuit breakers use non-organic materials, such as epoxy, that are not susceptible to moisture 
ingress for insulation contacting the energized components.  The circuit breakers are fully tested 
dielectrically using an AC high potential test set at the factory.  Therefore, Power Factor testing is not a 
recommended practice.  Proper cleaning and maintence is recommended with a field hipot test in 
accordance with IEEE C37.20.2 performed before placing the circuit breaker back into service. 
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