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In 1994 Powell introduced PVAR, an arc resistant version of Metal-Clad switchgear.  Almost immediately 
questions arose concerning the need for such equipment when high-speed detection devices capable of 
identifying characteristics of an arcing fault were readily available.  In Powell Technical Brief #54, Mr. 
Baldwin Bridger explained the relationship between fault timing and protective circuit operation, showing 
detection equipment, regardless of how fast it operates, still calls upon a circuit breaker to interrupt the 
fault and even the fastest circuit breakers still operated outside the accepted timing threshold for 
equipment failure.   
So, seventeen years later has anything changed?  Have we improved sensing and protection to a level 
that “standard” switchgear can be made arc resistant with retrofit-able detection equipment?  
 
Figure 1 shows graphically the relationship of internal arcing short-circuit current and over-pressure in 
the enclosure compared to the response times of various protective devices. The colored bar graphs 
below the current and pressure curves depict the expected response times of different protective devices 
and the associated time to complete circuit interruption.  Much has been said about how fast the “new” 
arc detection systems work; some devices claiming to operate in 1ms.  It is significant to note for devices 
tripping a circuit breaker, completely removing the operating time of the detection devices from the 
equation still puts the opening time nearly two cycles after the point where traditional switchgear designs 
begin to rupture. 
 
Looking at Figure 1, the pressure peak is reached just after the crest of the first ½ cycle of current.  Is 
this relationship related to the arc fault or the switchgear?  The answer is both.  The physics of an arcing 
fault are pretty simple; the heat of the arc superheats the surrounding air and vaporizes the material it 
comes in contact with, thus raising the pressure inside the enclosure.  It stands to reason that larger 
volumes take longer to reach critical pressure.  More robust designs could withstand higher pressure and 
survive longer events.  Unfortunately the variations in the volume and mechanical strength of typical 
switchgear verses the speed of expansion seen in a typical arcing fault offer little, if any, observable 
improvement in mechanical performance.  The construction requirements of typical switchgear 
consistently begin to mechanically fail around 5 to 15 milliseconds into the fault event.   
 
Arc resistant switchgear is designed to open pressure relief vents at the lowest pressure possible to 
minimize the damage from overpressure on the structure and doors.  The fault gases are directed to 
controlled areas away from the operator.  The profile of the pressure wave for a fault in arc resistant gear 
looks nearly the same as that of standard equipment, but with arc resistant switchgear the pressure is 
relieved through intentional openings, not from rupturing a door or panel.  It is interesting to note the 
pressure profile changes very little even when the relief vents are pre-opened.  
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- The red bar indicates the typical response time of current limiting fuse operating in the current limiting mode. 
- The yellow bar represents the allowable range of operation for a sensor/relay detection device.  Most of these devices operate on the very low 

end of this time band. 
- The green bar represents the allowable relay delay from ANSI (1/2 cycle). 
- The blue-gray bar represents the operating time of a typical 3-cycle MV circuit breaker.  

 
Figure 1 

 
From these observations, it is clear that pressure relief devices alone will not elevate standard 
switchgear performance to a level capable of surviving an internal arc fault.  The fault current must be 
stopped before the open arc can superheat the surrounding air.  For the volume and construction found 
in typical switchgear, the time is appears to be less than ¼ cycle.  Unfortunately, the ¼-cycle circuit 
breaker is not available and current limiting fuses are limited in the higher current and voltage ratings.  
 
Obviously, not every arcing fault occurs as a 3-phase instantaneous event.  Slower evolving incidents at 
lower currents may burn for some period of time before they escalate into the catastrophic explosion 
captured in test videos and for such events, fast acting mitigation utilizing a circuit breaker as the 
interrupting method become viable options for protection schemes.  The 3-cycle breaker offers 
acceptable operation times when coupled with equipment capable of surviving the fault for that period of 
time.  
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Evaluation of this equipment construction – mitigation speed relationship requires not only consideration 
for the explosive nature of the fault, but the potential fault locations and material thickness surrounding 
those locations must also be evaluated.  Does the protection scheme limit the fault current to a level that 
will not erode the structure prior to the circuit interruption?  Some form of additional structural integrity, 
such as that found in qualified arc resistant switchgear, is necessary to address potential burn-through 
issues. 
 
There are new devices and new applications of older concepts being offered to mitigate arcing faults 
utilizing fast acting devices to short-circuit the current ahead of the fault or to shunt the current to another 
more controllable location.  These concepts have their own special list of issues to consider with regard 
to their impact on both connected equipment and the overall process being fed by the equipment.  
Transformers and rotating equipment are especially sensitive to mechanical damage to the windings 
during the bolted short-circuit created by some of these high-speed fault mitigating devices and this must 
be considered when selecting a fault protection methodology. 
 
So, seventeen years later, despite major improvements in the both sensing techniques and speed of 
detection for the fault detectors, the impact to the total time required to interrupt the fault may still be 
insignificant.  Certainly, any time you can shave off the fault duration decreases the total equipment 
damage and lessens the exposure risks to an operator; so the use of detection devices remains a very 
good practice.  It’s just not the total solution. Until these devices become capable of sensing and 
removing the fault in less than ½ cycle, the switchgear must exhibit the characteristics identified as arc 
resistant by a recognized test guide for the fault levels available on the circuit where it is applied to allow 
the mitigation time be effective. 
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