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Low Voltage Arc Flash Paul Campbell



Introduction One of the issues that has vexed field personnel when it comes to arc flash safety is handling cases that are outside of the range covered by IEEE 1584, in particular 120 and 240 VAC circuits and to a lesser extent 125 VDC. This paper pulls together the scant testing and research that exists to help answer that question. To begin with there is some evidence that arc flash has the capability to cause severe injuries or fatalities even at voltages under 250 VAC. This has also been confirmed outside of the lab. OSHA has investigated at least one fatality from a 240/120 VAC circuit. Accident #201282837 has the following narrative: “At approximately 4:00 p.m. on August 18, 2007, Employee #1 and a coworker were removing the 120/240-volt electrical panel at a building in Doraville, GA. The two men had arrived at work at 3:00 p.m. dressed in tank tops and jean shorts and were waiting for Georgia Power to deenergize the circuit, which was scheduled for 5:00 p.m. Before Georgia Power arrived, however, they began to remove the panel by disconnecting circuit breakers and removing the panel's supports. At approximately 4:00 p.m., the coworker was on a ladder above the panel, and Employee #1 was standing on the ground in front of it when there was an arc flash and fire. The workers were transported to Grady Memorial Hospital for treatment. Employee #1 suffered severe burns over 60 percent of his body and died on October 15, 2007. The coworker's legs were badly burned and he was sent home to recover.” Keep in mind what a single reported incident represents. It is anecdotal evidence only. It shows that a serious injury or fatality is possible but does not show that one is likely. Given that 240/120 VAC power distribution has been present in North American residential applications for over a century it is clear that this is an extremely unlikely scenario. However the question becomes when and where this sort of scenarios could occur, which includes common 240/120 V equipment.



Theory An electric arc consists of 3 regions: an anode region, an arc column, and a cathode region. The cathode region is about 1 micrometer and the anode region is similarly very small. The majority of energy is radiated from the arc column. In T. E. Browne, Jr., “The electric arc as a circuit element,” J. Electrochem. Soc., vol. 102, no. 1, pp. 27–37, Jan. 1955, for DC arcs over 50 A, the voltage across the arc column is nearly constant at approximately 1.2 V/mm. Subsequent research has found small variations from about 1.2-1.5 V/mm but for DC arcs it is nearly constant. The anode and cathode regions also show a voltage drop of only a few volts (typically reported as approximately 10 V).



A. D. Stokes and W. T. Oppenlander, “Electric arcs in open air,” J. Phys. D, Appl. Phys., vol. 24, no. 1, pp. 26–35, Jan. 1991, also showed that through many different tests that there are two DC arcing regions: a high voltage/low current region, and a high current/almost constant voltage region. The minimum voltage in the high current region varies from approximately 50 to 1000 V in their testing. Thus arcing cannot actually start until the system voltage exceeds the low voltage threshold starting at around 50 V. In addition with AC arcs under ambient conditions air has a resistance of approximately 3,000 V/mm but the minimum voltage lowers as air temperature rises from arcing. Thus an arc would never form without electrodes coming into very close contact. Twice per cycle (120 Hz in North America) the arc current crosses zero and the arc extinguishes. Whether or not the arc reignites depends on the system voltage, arcing current, and how much the air has cooled off since the last arc formed. Above 250 VAC the conditions are almost guaranteed but below 250 VAC most arcing faults spontaneously clear themselves. The result is a characteristic “square wave” shape similar to the following (from “Extracting the Phase of Fault Currents”, Saleh, Aljankawey, Errouissi, and CastilloGuerra, 2015 PSEC #0033, Fig. 1:



Although predictions of arcing currents are quite good especially under DC arcing conditions, predicting the thermal conditions near an arc as well as predicting the amount of incident energy far from an arc so far has eluded theoretical modeling for the most part. To date the best models are empirical in nature but the models are based on self-sustaining arcing conditions where arcing continues until interrupted by an external device. Predicting arcing time as well as arc energy with “weak” arcs has been elusive.



Literature Survey IEEE 1584-2002 definitely suggests that voltages below 250 VAC can't be simply ignored with this statement: “Arc faults can be sustained at 208 V and have caused severe injuries with very high shortcircuit current applications in meter enclosures. A meter enclosure is small and tends to confine an arc more than laboratory test boxes with no door. Used equipment at 208 V was not tested, but it is recognized that many types of equipment have relatively small open spaces between components, such as the space in a panelboard between the circuit breakers and the wall of the enclosure.”



But it also explains why testing is so inherently difficult and specifically why the IEEE 1584 empirical model should not be trusted below 250 VAC: “It was difficult to sustain an arc at the lower voltages. An arc was sustained only once at 208 V in a 508 mm × 508 mm × 508 mm box. In all other tests with that box and the 305 mm × 368 mm × 191 mm box, the arc blew itself out as soon as the fuse wire vaporized” The single test condition had a fault current of 87 kA and an electrode spacing of 12.7 mm. IEEE 1584-2002 offers this seemingly helpful suggestion: “While the accuracy of the model at 208 V is not in the same class with the accuracy at 250 V and higher, it will work and will yield conservative results. The arc-flash hazard need only be considered for large 208 V systems: systems fed by transformers smaller than 125 kVA should not be a concern.” The IEEE 1584 empirical equations are widely published as follows: First, the bolted fault current is calculated. 85% of the bolted fault current is taken as well. Second the arcing current is calculated from the bolted fault currents using this equation: log(Ia)=K+0.662log(Ibf)+0.0966V+0.000526G+0.5588Vlog(Ibf)-0.00304Glog(Ibf) where: Ia is the arcing current in kA Ibf is the bolted fault current calculated using short circuit methods outside of IEEE 1584 in kA K is -0.153 for open air conditions or -0.097 for arc-in-a-box conditions V is the system voltage in kV G is the gap between conductors in mm. Recommended values are 10-40 mm for open air, 32 mm for switchgear, 25 mm for MCC's and panels, and 13 mm for cableways. The normalized incident energy is then calculated as follows: log(Eb) = K1 + K2 + 1.081 log(Ia) + 0.0011 G where: Eb is the normalized incident energy in J/cm2 K1 is -0.792 for open air configurations and -0.555 for box configurations K2 is 0 for ungrounded and high resistance grounded systems, and -0.113 for grounded systems Finally Eb is denormalized as follows: E=1.5(Eb)(t/0.2)(610/D)x where: E is the incident energy in cal/cm2 t is the clearing time of the overcurrent protective device in seconds or 2 seconds as a recommended maximum value



x is 2 for open air configurations, 1.473 for switchgear, 1.644 for MCCs and panels, and 2 for cableways. D is a working distance in millimeters. It is assumed to be 610 for switchgear and 455 for all other types of low voltage equipment. The IEEE 1584-2002 empirical model is based on performing numerical estimation (curve fitting) without respect to the underlying physics on a database of approximately 300 tests. Tests were performed with 3 copper rods projecting vertically down into an open box (one side removed) as well as in open air and the incident energy was measured. Voltage, available fault current, box sizes, and electrode spacings were all varied. This is considered the IEEE 1584 “standard” configuration. Finally it should be noted that IEEE 1584 restates the Lee theoretical model as follows. The Lee theoretical method is based on a maximum power transfer argument...that the maximum arc power would be achieved when the impedance of the arc equals the impedance of the system. If 100% of the resulting arc power is radiated uniformly in all directions and accounting for unit conversions results in the following formula: E=5.12x105V(Ibf)(t/D2) IEEE Standard C2-2012 (NESC) provides table 410-2 which gives the following ratings. “Industry testing on [single phase and three phase panelboards, pedestals, pull boxes, hand holes, open air (includes lines), CT meters and control wiring, self-contained meters and cabinets] by two separate major utilities and a research institute has demonstrated that voltages 50 V to 250 V will not sustain arcs for more than 2 cycles, thereby limiting exposure to less than 4 cal/cm2.” “Industry testing on 480 V equipment indicates exposures on pad-mounted transformers do not exceed 4 cal/cm2.” “Industry testing on 208 V network protectors indicates exposures do not exceed 4 cal/cm2.” “208-V Arc Flash Testing: Network Protectors and Meters”, EPRI Report #1022218 which IEEE C2 is partly based on performed several tests at 40.4 kA available fault current and achieved a maximum 0.15 cal/cm2 incident energy measured at 455 mm. Similar tests were performed up to 40.4 kA with a 120/208 V meter base and achieved a maximum of 0.2 cal/cm2. Unlike IEEE 1584 which used a somewhat artificial model most similar to industrial equipment such as MCC, switchgear, and junction box enclosures and attempting to extrapolate generalized results, testing for utility equipment has been very specific to the type of equipment given the wildly varying results. Incident energies are given in an equipment table that states worst case measurements for the particular equipment type.



“Arc Flash Calculations for Exposures to DC Systems”, Doan, IEEE Trans. Ind. Appl., V. 46, No. 6, Nov/Dec 2010, pp. 2299-2302 gives essentially the DC derivation of the maximum power transfer assumption made for AC by Lee. Doan's equation is: E=0.0095(Vsys)(Ibf)(t/D2) “DC-Arc Models and Incident-Energy Calculaations”, Ammerman, Gammon, Sen, and Nelson, IEEE Trans. Ind. Appl., V 46, No. 5, Sep/Oct 2010, pp. 1810-1819 provides a much more complicated theoretical equation which produces more realistic values compared to the Doan model at least as far as arc current and voltage modeling is concerned. Ammerman uses two equations: Rarc=(20+0.534G)Iarc-0.88 Iarc=V/(Rsys+Rarc) The equations must be used iteratively until the arcing current value stabilizes. Then the arcing power can be calculated: Warc=(t)(20+0.534G)Iarc1.12 Then Ammerman used Wilkin's approach to determining incident energy at a distance: E=0.0796Warc/D2 For enclosures: E=(K)Warc/(a2+D2) where k and a are constants that depend on the enclosure size and shape, similar to K and x previously. “Investigation of Factors Affecting the Sustainability of Arcs Below 250 V”, Lang and Jones, IEEE Trans. Ind. Appl., Vol. 48, No. 2, Mar/Apr 2012, pp. 784-793 provides quite a bit of data on the subject at hand. Applying IEEE 1584 directly to a 208 V, 112.5 kVA transformer with 2% impedance and noted that clearing times would be required to be below 4 cycles to limit predicted incident energy below 1.2 cal/cm2, although this clearly flies in the face of the statement that such conditions would not be considered a hazard. This test uses two additional equipment configurations compared to the IEEE “standard” configurations. The first configuration is called a barrier. Rather than leaving the copper bus bars floating in open space like previous tests, the bus bars are “terminated” into a block of solid insulating material such as phenolic. This is representative of the lugs on the line side of many types of equipment such as molded case circuit breakers, and also representative of enclosures where the bus bars are secured at one end by solid material. In this configuration the arc “plasma” tends to pool at the barrier and jet outward, strongly increasing the incident energy as well as helping to stabilize low voltage arcs. The second configuration is a “chamber” where part of the bus bar is enclosed in a small box within the larger standard IEEE enclosure that is open on one side. Chambers simulate congested wireways such as conditions where bus bars are mounted inside a lighting panel behind the circuit breakers. A chamber



both partly reflects thermal radiation as well as constraining air flow so that arcing is more stable than a more open condition. Arcs were not sustained at 2 kA under any conditions at a gap of 25.4 mm or up to 7 kA using IEEE standard test conditions (copper rods mounted veritcally hanging in a “chamber” or a box within a box). Terminating the rods into a phenolic barrier allowed sustained arcing at 4 kA and using aluminum or bars instead of rods allowed sustained arcing at 4 kA. Tests at 218 V and 250 V also showed much more stable arcing, indicating that 208 V may be something of a limiting factor. However in all cases even though arcing was sustained because of use of a barrier or chamber, the “chamber” tests were about 50% of the incident energy predicted by IEEE 1584 (because the chamber itself blocks radiation from the arc) while those from the barrier tests equaled and sometimes exceeded it (because plasma would pool and then jet out of the enclosure). With an empty 250 V rated panelboard, an arc was initiated just below where the “main breaker” would normally be mounted, with a 6.5 kA fault current. Using aluminum busbars with a “main breaker” load side fault the arc burned for 1.6 seconds with an incident energy of 15.7 cal/cm2 at 457 mm. IEEE 1584 predicts 16.9 cal/cm2. No breakers were present in the panel. “Effect of Insulating Barriers in Arc Flash Testing”, Wilkins, Lang, and Allison, IEEE Trans. Ind. Appl., V. 44, No. 5, Sep/Oct 2008, pp. 1354-1359, kicked off the “barrier” style testing. In their testing without a barrier at 208 V, “arcing could not be sustained at 10 kA or less, even with the shortest (12.7 mm) gap.” A 250 V test with 13 kA of arcing current and a 12.7 mm gap extinguished at 21 ms. With a barrier, arcs were sustained down to 4.5 kA at 208 V with a 12.7 mm gap. At 32 mm arcs could not be sustained below 10 kA. Measured incident energies with the 12.7 mm gap with a 0.1 second arc and 22 kA bolted current were 2.7 cal/cm2 and it increased to 3.2 cal/cm2 for the 32 mm gap case at 22 kA. In these tests a breaker was set to open at 0.1 s so whether arcing could be sustained beyond 6 cycles is unknown. A significant amount of actual test data is summarized in “DC Arc Flash. The Implications of NFPA 70E-2012 on Battery Maintenance”, Cantor, Zakielarz, and Spina, Battcon 2012. Calculations were performed using both the Doan and Ammerman DC formulas and compared to actual measurements. The calculated values were less than half of actual measured values. In terms of the reported test cases: “In the test report, air gaps of 0.5 inches at 130 volts DC and 1 and 2 inches at 260 volts were used. No other voltages were tested. At 130 volts, the arc was not sustainable for gaps above 0.5 inches. Even at 260 volts DC, arcs could not be sustained (< 100 milliseconds) for gaps of 0.5 inches if the arcing current was less than 5000 amps.” Test results were 1.2 cal/cm2 at 455 mm at 0.8 seconds for a 130 VDC arc at 20 kA available fault current (actual current was 6200 A). All other results are normalized to 2 seconds so it is not possible to determine the actual incident energy without the Kinetrics report they are based on. “An Investigation of Low Voltage Arc Flash Exposure”, Smoak and Keeth, IEEE ESW2013-30, tested 120 VAC and 240 VAC arcing faults in typical residential distribution conditions with a primary fuse, 7200:240/120 single phase transformer, pedestal, and meter socket. Both a 50 kVA and 167 kVA



transformer were used. Incident energy was not measured but was well below 1.2 cal/cm2 for all of the test results. The longest self-sustaining 120 VAC arc was with the shortest gap, 1.1 mm, for 0.6 cycles at an arcing current of 7.8 kA before it self-extinguished. The only successful 240 VAC test with a 3.2 mm gap and a 50 kVA transformer had a 7.8 kA arc that sustained for 0.2 cycles within the pedestal before self-clearing. Finally a note should be made in terms of survivability. Arc flash incidents are very “concentrated” in a small area. Survivability from a burn injury is very good when the burn is less than 25% of the body but goes down dramatically as the area is increased. The thermal benefit of PPE results from inherent thermal (insulative) properties of the material itself. Untreated cotton has an ATPV of approximately 10 up until the point that it combusts and so do treated cotton shirts and pants. However the advantage of the fire retardant treatment is that it prevents the material from sustaining a flame and increasing the burn area further. As pointed out in “Flame resistant textfiles for electric arc flash hazards”, Hoagland: “One paper has pointed out that most arc flash incidents which do not have clothing ignition result in 


Discussion At this point it should be clear that comprehensive tests and reports on arc flash hazards at low voltages are nonexistent. This is partly a consequence of the fact that arcs are unstable and self-extinguishing in most cases. This thwarts consistency in both testing and modeling. Rather than take a mathematical approach this paper simply looks at reported tests to estimate “worst case” conditions and gives broad recommendations based on worst case conditions rather than attempting to produce exact results. Because of the way that the various reports are organized three voltage levels will be considered: 120 VAC (130 VDC), 208 VAC, and 240 VAC/260 VDC.



120 VAC / 130 VDC From a standards point of view, IEEE 1584 makes the case that incident energy is below 1.2 cal/cm2 for three phase circuits fed by a transformer that is 125 kVA or less. IEEE C2 makes the case that virtually all 120 V equipment should be treated as 4 cal/cm2 or less. C2 has a higher threshold simply because IEEE C2 takes the approach that 4 cal/cm2 PPE is the minimum requirement. Thus IEEE C2 does not “supercede” the conclusions in IEEE 1584. In terms of actual test data, 130 VDC arcs barely reached a threshold of 1.2 cal/cm2 at 20 kA of available fault current and were almost not sustainable with 12.5 mm arc gaps. With a mere 1.1 mm gap, Smoak only achieved a 0.6 cycle sustained AC arc. Although Smoak did not measure incident energy, the fact that the arcing time was shorter than the corresponding DC test indicates that it is below a 1.2 cal/cm2 threshold. Using the maximum power transfer calculation, the calculated incident



energy is 0.02 cal/cm2 although it should be noted that this is an extremely conservative value and represents a 3 phase result, not a single phase result and Smoak was performing a single phase test. Although the empirical equation is not considered valid below 208 VAC following the recommendation in the standard to use it anyway, the calculated incident energy is 0.15 cal/cm2. 70E does not require PPE below 1.2 cal/cm2. OSHA 30 CFR 1910.269 does not require PPE below 2.0 cal/cm2 (assuming all equipment in the area is below this threshold). Thus PPE for a pure 120 V system would not be required. The available fault current with the AC test which produced the longest arcing time is 9.5 kA. Increasing the available fault current to 12 kA actually decreased arcing time to 0.4 cycles although the fault current had increased to 12 kA. The fault current was 20 kA with the DC test. As arcing current is almost linear with incident energy (exponent = 1.081) in the IEEE 1584 equations we can estimate that to increase the incident energy from approximately 0.15 cal/cm2 with the IEEE 1584 estimate to 1.2 cal/cm2, fault current would have to be increased by a factor of 8 to 62 kA. Achieving the 4 cal/cm2 threshold in IEEE C2 would require a fault current of over 200 kA. As a conservative estimate it appears that the thresholds set by the standards are more than reasonable. Based on test data a DC arc flash is unlikely to reach 1.2 cal/cm2 with less than 20 kA of arcing current and an AC arc flash is unlikely to reach the 1.2 cal/cm2 threshold with less than 62 kA of arcing current using published test data, IEEE 1584 empirical equations, and scaling appropriately.



208 VAC (218 VAC) IEEE C2 reported tests on actual equipment recommends a 4 cal/cm2 incident energy value for single phase and three phase panelboards, pedestals, pull boxes, hand holes, open air (includes lines), CT meters and control wiring, self-contained meters and cabinets. IEEE 1584 recommends performing calculations for three phase when the transformer exceeds 125 kVA. Since 208 V is nearly always a 3 phase consideration it will be assumed. Thus it would appear that based on standards alone one could have a two level system of either 1.2 cal/cm2 if it meets the IEEE 1584 requirement or 4 cal/cm2 otherwise. One IEEE 1584 test case achieved a sustained arcing fault at 87 kA with a 12.7 mm gap. EPRI performed testing at 40.4 kA on network protectors and achieved a maximum of 0.15 cal/cm2 at 455 mm. With meter sockets a maximum of 0.2 cal/cm2 was achieved with 40.4 kA. Further tests indicate that arcs cannot be sustained using IEEE standard conditions up to 10 kA with a 12.7 mm gap. Using a “chamber” or a “barrier” allows arcs to be sustained down to 4 kA but the results from a “chamber” test were about 50% of the IEEE 1584 calculation (some radiation is blocked) and increases significantly over the IEEE 1584 calculated result with a “barrier” test condition. Measured incident energies were in the range of 2.7 to 3.2 cal/cm2 for 12.7 mm and 32 mm electrode gaps with the test limited to 6 cycles or less. It is not clear whether or not arcing would sustain to 2 seconds if the test was not terminated at 6 cycles.



Based on test results it is clear that with “open” configurations (not “barrier” or “chamber” types), incident energy will not exceed 0.2 cal/cm2 at 40.4 kA and it is unlikely the arc will even self-sustain below 10 kA even with a very narrow 12.7 mm gap but it can self-sustain at 87 kA and a 12.7 mm gap. Thus even though it can sustain it is clear that the incident energy will not exceed 1.2 cal/cm2 unless the arcing current is well over 200 kA. With “barrier” or “chamber” configurations incident energy can indeed increase to up to at least 3.2 cal/cm2 with an arcing fault of 22 kA. Since the test did not extend for a full two seconds this value cannot be considered an upper bound. Using IEEE 1584 calculations would be warranted in this case even though as per IEEE 1584 the results will be overestimated.



240 VAC (260 VDC) Once again IEEE C2 reported tests on actual equipment recommends a 4 cal/cm2 incident energy value for single phase and three phase panelboards, pedestals, pull boxes, hand holes, open air (includes lines), CT meters and control wiring, self-contained meters and cabinets. IEEE 1584 recommends performing calculations but does not provide a method for calculating single phase calculations so for the most common North American case (240 VAC single phase) IEEE 1584 does not provide guidance. In terms of testing, IEEE C2 states that testing at 250 VAC or less did not sustain a fault for more than 2 cycles. Smoak performed a test on a meter socket and achieved a 240 VAC fault for 2.6 cycles before the fuse tripped with a 10 kA arcing current. The same test with a larger transformer and circuit breaker increased arcing current to 12 kA but self-extinguished at 1.1 cycles. Wilkins/Lang/Allison tests in standard configurations extinguished at 1.3 cycles with a 13 kA arcing current and 12.7 mm gap, similar to Smoak's data. Adding a barrier however increased arcing time to at least 6 cycles at which point the test was terminated. Finally Lang/Jones tested a panelboard with aluminum busbars in which the circuit breakers had been removed and initiating the arc at the top of the busbars which lasted for at least 1.6 seconds. The test was terminated at 2 seconds. The arc had actually extinguished and then reignited. Similarly 260 VDC arcs are stable in most cases. In considering whether or not 250 VAC arcs are stable, it is clear that any “enhancements” such as a barrier configuration or arcing within an enclosed space (“chamber” configuration) will stabilize the arc indefinitely such as within meter sockets or panelboards, or on top of power distribution terminal blocks or circuit breaker line lugs. Arcs in relatively “open” conditions will self extinguish within 2 cycles, confirming the IEEE C2 standard for utility equipment which is generally “open” in nature. Using IEEE 1584 calculations, a 1.2 cal/cm2 arc would be formed with an arcing current of 10.7 kA at a distance of 455 mm in a panelboard (box) configuration but since these types of arcing faults are significantly below IEEE 1584 predicted values due to their weak nature a much higher available fault current is necessary (at least doubled). One reported test with an empty panelboard with aluminum busbars which corresponds to a “chamber” configuration burned for 1.6 seconds and reached an incident energy of 15.7 cal/cm2 at 455 mm, very close to the IEEE 1584 empirical calculation result of 16.9 cal/cm2. The difference is most likely due to the small amount of radiation blocked by the panelboard itself. This appears to confirm that the IEEE



1584 empirical equation is reasonable when potential arc faults are stabilized by “chambers” or “barriers”.



Combined Results “Open” configurations of equipment (absent barriers or chambers) have not been shown to exceed 1.2 cal/cm2 up to 130 VDC, and up to 208 VAC, and have not shown to exceed 4 cal/cm2 up to 250 VAC/DC. Barrier/chamber configurations have been shown to reach incident energy levels close to IEEE 1584 calculations starting at 208 VAC and higher. IEEE 1584 states that numerically there is a 90-95% chance that a victim would not be subjected to a second degree burn on the face/chest area if appropriate levels of arc flash PPE are worn. Parts of the body (arms and hands) that are closer than the working distance would suffer greater injury and IEEE 1584 does not give a 100% guarantee. As a result even if the correct PPE is worn there is no guarantee that a serious burn injury would not occur. At best it significantly reduces the likelihood of a fatality. Arguments by Hoagland show that this argument holds however regardless of whether the PPE meets the required incident energy level or not. Thus even under-rated PPE still produces the same result (significantly lowers a risk of a fatality) as long as it is fire retardant. Getting the incident energy “right” is not as critical of a decision as deciding whether or not arc flash PPE should be worn in the first place. Almost all structures in North America have 120/240 VAC power distribution equipment which includes among other things, lighting panels which contain a “barrier” configuration in terms of the top of the lugs on the line side of the main breaker as well as a “chamber” configuration in terms of the bus bars located behind the distribution circuit breakers. A search of OSHA data for arc flash injuries and fatalities located only a single incident in a 10 year period stretching from 1999 to 2009. It is not possible to determine the number of exposures but it is very likely that the number of exposures per year to such equipment without an undesirable outcome vastly exceeds millions. Even if an arc flash were to occur, somewhat less than 1 in 10 arc flash incidents that have been reported result in a fatality. Thus by any measures the likelihood is extremely remote and does not meet even the most extreme standards for risk. The risk posed by equipment under 250 V is low even without PPE. If PPE is used, the risk of a fatality or serious injury is not completely eliminated, whether or not the PPE is under-rated. Thus the decision as to whether or not arc flash PPE should be required should largely be based on whether or not such a decision is practical. For instance it may not be warranted to require homeowners or office workers to purchase and use arc flash PPE or hire a professional merely to plug in a 240 VAC window air conditioning unit. However if a facility already requires fire retardant PPE for use with higher voltages or for other non-electrical tasks, the relative cost of implementing protection against a potential 240 VAC arc would be minimal and the additional protection offered is justifiable even though the risk is very slight.



Conclusions 1. A significant arc flash hazard exists with regards to some equipment with system voltages in the range of 208 to 250 V (DC or AC). However the risk is extremely low as born out by the lack of documented serious injuries and fatalities. 2. Calculation methods such as IEEE 1584 are designed to work with “strong” self-sustaining arcing. Such methods do not currently accurately predict arcs that self-extinguish or “weak” arcs since they do not take arc restriking into consideration. As a result the best approach for unstable arcs is to use published actual testing data. 3. With that in mind, it does not appear that arc flash PPE is necessary for equipment up to 120 VAC / 130 VDC system voltage regardless of IEEE 1584 predictions. It does not appear to be warranted at 208 VAC except if the equipment configuration contains “barriers” or “chambers” that would increase incident energy significantly. If “barriers” or “chambers” are present absent further guidance, the IEEE 1584 empirical calculation or Ammerman's calculation should be used to estimate incident energy. At 240 VAC with “open” configurations, at least 4 cal/cm2 PPE appears to be warranted as per IEEE C2 equipment type testing.
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