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Does an Open Circuit Breaker Provide Full Isolation? 
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During the commissioning of new equipment, when incoming line is energized with the main breaker 
open and the feeder circuits unloaded, a voltage reading may be present on the main bus.  This situation 
immediately calls into question whether the circuit breaker is actually open and upon confirming that it is, 
calls to question why the voltage is present and is the situation safe. 
 
The presence of voltage is easily explained.  The open contacts of a vacuum circuit breaker are 
essentially two conductive plates with an insulation medium between them; in other words, they form a 
simple capacitor.  When placed in the switchgear, the open contacts form a capacitive voltage divider 
between the incoming line and the unloaded switchgear main bus.  The capacitance is small, about 15pF 
for the breaker contacts and approximately 35pF/ft for the bus, but it is large enough to produce voltage 
readings in excess of several hundred volts on the load side of the divider in medium voltage equipment.   
 
Loading the main bus with other circuit breakers and associated cable connections will typically reduce 
the voltage to less than observable levels, even if the additional breakers themselves are completely 
unloaded (open at the end of the feeder cable).  This is caused by the change in capacitance introduced 
by the additional breakers (another 15pF per breaker) and cables (approximately 1000pF/ft). 
 
This phenomenon is rarely discussed because the voltage is only observable when the equipment is in a 
very specific condition, not typical of normal operating conditions.  The safety aspect of this situation is 
addressed by the standards governing switchgear.  IEEE C37.20.2 (Standard for Metal-Clad Switchgear) 
and the National Electric Code (NEC) do not recognize an open breaker as an isolating means.  The 
circuit breaker must be in the Disconnected or Test position to provide isolation; simply opening the 
circuit breaker does not fulfill the requirements.  Removing the incoming breaker from its connection to 
the main bus removes the voltage divider and therefore eliminates the voltage on the bus. 
 
Additionally, NFPA 70E defines an electrically safe working condition as “a state in which an electrical 
conductor or circuit part has been disconnected from energized parts, locked/tagged in accordance with 
established Standards, tested to ensure the absence of voltage, and grounded if determined necessary”.   
Following this practice assures the voltage detected on the unloaded circuit has been eliminated.   
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