
An electrical protection program is
an essential component of any power sys-
tem. These programs reduce the risk of
damage to equipment and processes, but
more importantly, they minimize your
staff’s exposure to potentially-fatal arc
flash hazards. One of the core compo-
nents of such a program is the ability to
identify and analyze high-risk arc flash
areas in your electrical system.

When identifying arc flash hazards,
there is one critical issue that must be
considered: In many electrical facilities,
protective device trip settings have been
set only on bolted 3-phase short circuit
criteria. Yet low-voltage arc faults less
than 1.0kV may produce a current mag-
nitude significantly smaller than the cir-
cuit’s maximum 3-phase bolted short cir-
cuit current. While the released incident
energy should be smaller at lower current
magnitudes, overcurrent devices may
take longer to trip, causing the release of
incident energy up to several minutes.

Today, the process of identifying and
analyzing high-risk arc flash areas typi-
cally falls under two calculation meth-
ods: NFPA 70E and IEEE 1584.
Although both methods consider low-
current magnitude, each has a different
way of accounting for its effect in the cal-
culation of incident energy.

Another significant factor to consid-
er is the introduction of CSA-Z462,
which has been developed by the
Canadian Standards Association.
Developed in parallel with the 2009
Edition of NFPA 70E, CSA-Z462 will be
the primary calculation method used at
Canadian facilities. Because the 2009
Edition of NFPA 70E is rooted in the
2004 edition, it is fundamentally impor-
tant to understand NFPA 70E.

METHOD A: NFPA 70E
Under the NFPA 70E 2004 method,

it is recommended that incident energy
for equipment 600V and below be deter-
mined from the “maximum” and “mini-
mum” short-circuit currents. In fact, it
recommends a 62% reduction of the
maximum available short-circuit current
to determine situations where the
upstream overcurrent device could take
seconds or minutes to operate (NFPA

70E 2004 Annex D.6). 
The reduction percent corresponds

to the industry accepted minimum cur-
rent level for self sustaining arc faults.
Equation [D.6.2 (a)] can then be used to
calculate incident energy. 

METHOD B: IEEE 1584
The other method to calculate inci-

dent energy for low-voltage equipment is
IEEE 1584TM-2002 and 2004a “IEEE
Guide for Performing Arc-Flash Hazard
Calculations” (sections 5.1 to 5.5). The
IEEE 1584 empirically-derived equa-
tions can predict very low arc fault cur-
rent values. IEEE 1584 2002 equation 1
can be used to determine the magnitude
of the actual arc fault current – unlike
NFPA 70E that uses the available short
circuit current. 

In the simple electrical system
described in this article, the calculated
arcing current magnitude can be as low
as 45% of the maximum available bolted
3-phase short-circuit current. The 45%
value already accounts for the additional

15% reduction recommended by IEEE
1584 for systems with nominal voltages
less than 1000V (section 5.2 of IEEE
1584a 2004).

DETERMINING THE HIGHEST INCIDENT
ENERGY VALUE

One area of concern for arc flash
analysis is the lower magnitude of low-
voltage arc faults. Depending on which
method is used to determine the incident
energy results, the results can be very dif-
ferent. Yet no matter which method is
used for arc flash analysis, it may be nec-
essary to run several variations in the arc
fault current magnitude. This will help
determine with certainty the absolute
highest incident energy value that can be
released.

It is essential that you consider all
the possible arc flash locations and the
protective devices involved for protecting
the circuit to properly identify low-volt-
age arc hazards. In addition, it may be
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Figure 1: Arc Fault at line side of CB5 showing NFPA 70E results
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necessary to run two sets of calculations
– one for maximum currents and another
for minimum currents.

In Figure 2, we use power system
analysis software to perform arc flash
analysis at two locations in the system to
determine low-voltage arc hazards. This
system has a typical arrangement for
overcurrent and short-circuit protection.
The 1.5MVA transformer is fed from a
177MVAsc utility connection and is pro-
tected for short-circuit with a 100-Amp,
15.5kV standard-speed fuse located on
the 13.8kV primary voltage side. The
transformer feeds a 480V switchgear
with a main 2400-Amp power circuit
breaker with a solid state trip device. 

The power system analysis software
is then used to simulate an arc fault on
the switchgear bus bars at the “SWGR
B” location. You can see the computer
program results for a fault at this bus
using the IEEE 1584 2004a method in
Figure 2. 

We also used the NFPA 70E method
to evaluate the arc fault at the same loca-
tion for both maximum and minimum
expected short-circuit currents. The pro-
tective device expected to trip the arc
fault is the main breaker CB5. The results
of the four different arc fault analyses are
listed in Table 1.

When using the maximum short-cir-
cuit current to determine the incident
energy, the results reveal that because of
the fast action of the instantaneous part
of the solid state trip device in CB5, the
incident energy released at the bus is 2.69
cal/cm_ with a hazard category of 1,
based on NFPA 70E-2004, Table
130.7(C). However, if you use the mini-
mum short-circuit current, the resulting
incident energy can reach as high as 25
cal/cm_ (category 4). This is caused by
the much longer clearing time of CB5. 

IEEE 1584 predicts hazard category
3 results (12.5 to 14.51 cal/cm_) as the
worst-case scenarios. The IEEE 1584
method provides the more accurate
results in this case since it is using the
actual arcing current (Ia) to determine the
time it takes the CB5 breaker to operate.

ESTABLISHING WORST-CASE INCIDENT
ENERGY

The preceding simulation may not
be adequate to determine the worst-case
incident energy for this low-voltage

equipment. If you simulate an arc fault at
the main breaker compartment, as shown
in Figure 1, the incident energy released
at this location can be much larger since
the primary protective device would be
Fuse2 with a longer clearing time. 

In Table 2, the results indicate that
the incident energy released for a fault
located at the line (incoming) side of the
circuit breaker CB5 is more threatening
due to the longer operating time of the
fuse. The Time Current Characteristic
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Figure 2: Arc Fault at Bus SWGR B showing IEEE 1584 results

Table 1: I.E. for a fault at Bus “SWGR B” @ 18.0 inch working distance e

Table 2: I.E. for a fault at CB5 @ 18.0 inch working distance 

Note 1: Ibf or Ia denotes whether the bolted 3-phase short-circuit (Ibf) or the arcing current
(Ia) were used to determine the fault clearing time.
Note 2: The Fuse total clearing time was determined from the current at the 13.8 kV base.
(see Figure 3)
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(TCC) of Fuse2, along with the expected
fault clearing times for the minimum,
maximum and arcing fault values, can be
seen in Figure 3. 

It should be noted that a small reduc-
tion in the fault current leads to a much
longer total clearing time. In fact, there
have been several documented arc flash
incidents in low-voltage equipment that
have lasted for several seconds or even
minutes due to slow response of
upstream protective devices.

An effective method to minimize the
hazard associated with low-current mag-
nitude arc faults in low-voltage equip-
ment is to change the settings of the pro-
tective devices to decrease the arc fault
clearing time. In general, main power cir-
cuit breakers do not have their instanta-
neous response enabled because of coor-
dination with devices downstream. 

In the case of the arc faults at the
bus, temporarily setting the instanta-
neous pickup of the main power circuit
breaker to the left of the lowest expected
arc fault current value should significant-
ly reduce the fault clearing time. Some

devices on the marketplace are available
with “Maintenance” modes that automat-
ically override normal protective device
coordination settings and introduce an
instantaneous pickup setting. 

This instantaneous pickup setting is
low enough to pick up the arc fault cur-
rent magnitude. When the energized
electrical work or maintenance is com-
plete, the main protective device can be
set back to normal operation settings.
The maintenance mode settings and the
fault arrow marked as “Minimum Arcing
Current” shows the absolute lowest arc-
ing current magnitude in Figure 4.  

Although adding and reducing
instantaneous pickup settings is one way
to reduce the hazard associated with low-
voltage arcs, you may also consider using
light detecting relays or “Arc Flash
Sensors”. These devices detect light
emitted by the arc fault. If there is an arc,
the light sensors will send a trip signal to
relay, which can take less than 2 cycles to
trip the breaker. Arc sensors can also be
used with overcurrent relays. The arc
sensor relay would only send the tripping

signal if both overcurrent and light sen-
sors detect the presence of an arc fault. A
set-up like this will also reduce nuisance
trips caused by light sources not related
to arc faults.

MINIMIZING RISK
On a final note, you should give seri-

ous consideration to not performing ener-
gized work in high-risk locations that
depend on upstream overcurrent protec-
tive devices to trip the fault unless you
minimize the hazard in some way. This
approach for reducing incident energy is
one more method to significantly reduce
the risk of arc flash incidents and mini-
mize your staff’s exposure to potentially
lethal arc flash occurrences.

In short, whichever analysis method
is used (IEEE 1584 or NFPA 70E, or a
combination of both) it is imperative that
you consider extremely low magnitudes
of the arc faults in low-voltage equip-
ment. Both the maximum and minimum
arc fault current levels must be analyzed
to accurately assess the hazard of ener-
gized electrical work. 
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Figure 3:  Fuse TCC showing long times at steep portions of
the curve

Figure 4: TCC showing Maintenance mode for CB5

ES May June 2008  6/2/08  10:07 AM  Page 29

© Operation Technology, Inc.

http://etap.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


