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One of the few concerns ever voiced about vacuum circuit breaker performance is the inability to monitor 
the internal pressure of the vacuum interrupter tubes.  Part of this concern is fueled by the presence of 
pressure gauges and loss of pressure alarms on gas insulated equipment.  Our “over-protective” nature 
makes it easy to question why these items are not found on vacuum interrupters.  The answer is that 
because of the size and typical installation location, placing a monitoring device on the interrupter would 
likely compromise the dielectric rating of the circuit breaker, introduce a possible point of vacuum failure, 
and substantially increase the complexity of manufacture and cost.  Vacuum interrupters also have an 
amazing history of reliability with respect to failure due to leakage.   
 
Statistically, vacuum interrupter failure is almost nonexistent.  When failures do occur, it is usually due 
improper handling or installation.  The fact is, vacuum interrupters don’t just slowly leak down until they 
fail.  They do leak, but the timescale is measured in hundreds of years; far beyond the 40 years or so of 
expected equipment life.  Leakage that occurs as a result of damage during installation or maintenance 
is easily detectable by a power frequency withstand test or better still, by a vacuum integrity test using a 
voltage tester specifically designed for the checking of vacuum interrupters.   
 
Testing with dc voltage is quite popular in the field because the test units are considerably smaller than 
an ac test set, but only the ac set provides the frequency necessary to evaluate capacitive coupling of 
the equipment components.   The vacuum integrity test set is considerably smaller than a normal power 
frequency withstand test set.  The output voltage only needs to exceed the dielectric withstand capability 
of the interrupter open gap at atmospheric pressure, (i.e., the interrupter has no vacuum) and the output 
duration need only be long enough to establish a breakdown across the open contacts, which should be 
almost instantaneous.  This helps to distinguish an insulation tracking failure from a vacuum interrupter 
failure and it also means the unit can be field portable.  The vacuum integrity test set provides a very 
reliable method of verifying the circuit breaker interrupters are functional after work has been performed. 
 
The factory test of a vacuum interrupter includes a magnetron test to determine the vacuum pressure of 
the sealed unit and to monitor for defects prior to shipment.  The interrupters are typically measured with 
the magnetron twice to determine if there is a defect causing leakage prior to shipment. After this, the 
recommended test is the equipment power frequency withstand or vacuum integrity test using the 
voltage specific to the interrupter open gap.   
 
While the current method produces good results and has shown very high reliability for the interrupter 
tube, there is still infrequent insistence that the vacuum level be quantified beyond a pass/fail 
measurement. 
 
To fill that request, the concept of the magnetron test has been transported to the field and applied to an 
assembled circuit breaker. Unfortunately, the execution of the test is much less reliable than the test of 
the individual interrupter tube in the original factory tests.  The interrupter tube must be wrapped with a 
coil to perform the test and this is a very difficult operation to perform consistently on an assembled 
breaker in the field.   
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Removing the interrupter from the circuit breaker to obtain more reliable test results introduces more 
opportunities for the tube to be damaged and the final condition of the reinstalled interrupter would not be 
measured.  The risks tend to outweigh the benefits in this case. 
 
Powell has received interrupters from customer breakers that were tested with the field version of the 
Magnetron tester.  These samples were retested at the interrupter manufacturer’s facility with the factory 
test Magnetron.  The original record for each interrupter was compared to field test data and the factory 
retest.  The results are shown below. 
 

VI Serial 
Number 

Factory Magnetron Test 
At Shipment 

MAC Test  
In Service 

Factory Magnetron Test 
Return Test 

Pressure 
 (Pa) Date Pressure 

 (Pa) Date Pressure 
 (Pa) Date 

1956 1.00E-04 10/23/2015 Recorded as 
Failed 01/16/2016 1.00E-04 11/02/2016 

1903 5.00E-08 09/03/2015 5.00E-04 01/16/2016 5.00E-07 11/02/2016 
1960 1.00E-07 10/23/2015 6.00E-05 01/16/2016 1.00E-07 11/02/2016 

 
As you can see, the field magnetron test shows a large variation in the readings and a significant 
reduction in vacuum as compared to the factory.  The factory retest shows only a slight reduction in a 
single tube.  This clearly shows the inconsistency of the field magnetron test.  A perfectly good 
interrupter tube was replaced based on these results and there was strong suggestion that the other 
interrupters would be failing soon.  This is simply not the case for a vacuum interrupter.   
 
The pressure is measured and plotted on a logarithmic scale, meaning the time for leakage to failure is 
many decades, not years.  There are reports from CIRED and ENA that examine vacuum interrupters 
taken from the field after years of service that show virtually no contact degradation or loss of vacuum.  
Within our experience, breaker repair records show that vacuum interrupters identified as questionable 
by field magnetron testing were actually in good operating condition.  Many have been needlessly 
replaced.   
 
Vacuum interrupters don’t just leak down and fail in service.  The need to quantify vacuum pressure and 
track it through the service life of the circuit breaker is unfounded.  It is important to check the interrupter 
after service to assure there has been no damage resulting from handling or adjusting the breaker.  You 
can expect long and trouble free service from a vacuum interrupter. 
 
 

 
 

Michael Wactor, P.E. 
Technical Director – R&D 

 
 


