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The electrical heart and soul of a vacuum circuit breaker (VCB) is the vacuum interrupter.  If all the 
varieties of modern vacuum interrupters (VIs) used in medium-voltage VCBs where to be laid side-by-
side, they would all appear quite similar in design.  All basically consist of a cylinder made of insulating 
material and a copper electrode, or “stem”, protruding from each end. Some may even appear to be 
physically identical. However, that’s where the similarity ends.  Replacement of VIs without a careful 
evaluation can lead to catastrophic results.  

PowlVac VCBs have been in production since 1983. When production first began, the VIs used in the 
original design were supplied by Mitsubishi.  As demand increased for some ratings, in 1988 a second 
source of vacuum interrupters was required to keep pace.  General Electric was chosen as the supplier 
for those ratings. 

 In the early nineties demand increased for higher ratings of PowlVac VCBs. Due to technical and 
economic reasons, Mitsubishi had also expressed a desire to discontinue production of the range of VIs 
used in the original design of PowlVac VCBs.  In order to keep pace with demand and the planned 
obsolescence of the Mitsubishi VIs a third supplier of VIs, Westinghouse Electric, was chosen. 

In 2006, Powell Industries purchased the Power/Vac product line of circuit breakers and metal-clad 
switchgear from General Electric.  Power/Vac circuit breakers have been in production since the late 
1970’s. Until recently, all Power/Vac circuit breakers used vacuum interrupters manufactured by General 
Electric.  The VIs are now supplied by Eaton for most of the available Power/Vac ratings.  

Each of the transitions from one interrupter supplier to another required design, development and testing 
programs to ensure continued compliance with the applicable regulatory standards.  Powell VCBs are 
complex engineering systems.  Each particular VCB design presents unique electrical, mechanical, and 
thermal requirements and challenges.  Extensive testing is required to ensure each design is capable of 
meeting the ratings stated on the nameplate. 

Powell VCB production now spans nearly thirty years, with literally tens of thousands of VCBs produced. 
Therefore, it is reasonable to conclude some of the VIs supplied in earliest VCBs may be reaching the 
end of their useful life. In some cases, replacing the VIs may be an economical alternative to replacing 
the entire VCB to extend service life.  

Some interrupters look the same externally, but all VIs are not created equal! Even where the external 
characteristics physically enable replacing an originally supplied VI with another type or model VI, without 
testing there is no guarantee that the critical balance of electrical, mechanical and thermal requirements 
necessary for safe performance at the rated levels will not be compromised by differences in the internal 
components.  

Changes in the internal VI main contact resistance can lead to overheating and possibly thermal runaway 
of the VCB primary conductor structure.  Changes in VI contact metallurgy can also lead to contact 
welding during a short-circuit event and subsequent failure of the VCB to open upon command. 
Seemingly insignificant external differences from VI to VI could change the distribution of the electrical 
field and reduce the Lightning Impulse Withstand, or BIL, capability of the VCB, possibly leading to 
external flashovers. 
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Although far from a complete list of testing experiences, each of the potential failure modes mentioned 
has been observed under laboratory conditions during the various development and testing phases of VI 
supplier transitions over many years.   

The most recent transition program unveiled the contact welding pitfall. The chosen replacement 
interrupter was adapted to fit the original VCB.  The VI manufacturer’s minimum operational 
requirements were met or exceeded (Contact speed and travel, contact force, closing and opening times, 
etc.).  The modified VCB design performed well during weeks of mechanical, thermal and dielectric 
testing. The VCB was then subjected to high-power tests at a recognized short-circuit testing laboratory.  
Testing went well up to and including interrupting rated short circuit current.  

The VCB operating mechanism was fully capable of operating the “replacement” VIs successfully during 
all previously performed tests, but the VI failed the short time current carrying test.  Several subsequent 
experiments and tests verified that the mechanical energy required to break the replacement VI contact 
welds that occurred during the short-time test exceeded the maximum weld-breaking impact energy 
capability of the mechanism.  The VCB was then redesigned with a different operating mechanism and 
successfully passed all required tests.  

In conclusion, if replacing vacuum interrupters for VCB life extension is being evaluated, the only 
replacement vacuum interrupters guaranteed to operate safely and correctly are those specified by the 
manufacturer of the VCB.  Using replacement vacuum interrupters other than those qualified by a 
complete series of tests to prove the rating and compatibility with the VCB mechanism will void any third-
party certification of the breaker such as UL.  More importantly, using untested alternative vacuum 
interrupters can cause catastrophic failure of the circuit breaker in addition to possibly severe collateral 
damage.        

 

Ted A. Burse 
Director of Product Development 

 

 
 


