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Simplified Arc-Flash Hazard Analysis
Using Energy Boundary Curves
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Abstract—A simplified analysis technique that allows for the
determination of required arc-flash personal protective equipment
(PPE) based on IEEE Std. 1584-2002 and overcurrent protective
device (OCPD) characteristics is presented. Unlike the simplified
equations in IEEE 1584, this analysis technique can potentially
be applied to any type of OCPD on any power system within
the range of applicability of the IEEE 1584 empirical equations.
While the method does not exactly calculate incident energy levels
and flash-protection boundaries at the buses under consideration,
it does allow for an accurate determination of required PPE
levels and maximum flash-protection boundary distances. This
level of detail is often all that is required to enable workers to
adequately protect themselves against arc-flash hazards. Actual
studies performed in industrial facilities have shown that signifi-
cant reductions in required data collection and analysis times have
been achieved using the energy boundary analysis method.

Index Terms—Arec flash, arcing fault current, energy boundary,
personal protective equipment (PPE), safe work practices, short-
circuit current.

I. INTRODUCTION

ECENT WORK in characterizing the potential arc-flash

hazards in electric power systems has led to an increased
awareness of the hazards faced by those who work on or near
exposed energized equipment. An arc-flash hazard assessment
must be performed in order to determine the level of personal
protective equipment (PPE) that the one performing such work
needs in order to be adequately protected. Performing an arc-
flash hazard analysis using the equations and procedures de-
fined in IEEE 1584 satisfies this need. The arc-flash study is
often performed in conjunction with short-circuit and device
coordination studies of the facility.

Short-circuit and coordination studies in the industrial fa-
cilities in the U.S. have typically extended from the service-
entrance equipment through the low-voltage (LV) switchgear
or motor-control centers (MCCs) in the facility. If the scope of
the arc-flash study is the same as for the other studies, many
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locations where workers may be exposed to hazards will go
“unanalyzed”—equipment control panels, disconnect switches,
junction boxes, etc. Since an arc-flash analysis requires the
determination of short-circuit levels and the evaluation of over-
current protective device (OCPD) characteristics, the system
studies may need to be extended to cover this equipment.
This can cause field data-collection requirements and analysis
time required for the studies to grow tremendously and can
ultimately require several times the effort needed to execute
the more traditional study work scope. For this reason, the
use of a simplified arc-flash analysis method can be of great
benefit when extending arc-flash studies to include most or all
distribution equipment in an industrial facility.

II. CONSTANT-ENERGY EQUATION

The “incident energy” is defined in IEEE 1584 as “the
amount of energy impressed on a surface, a certain distance
from the source, generated during an electrical arc event” [1].
The incident energy at any given point in a power system may
be calculated as

B ) (610 )
E = 4.184CE, (012) (Dx ) (J/em?) (1)

where C'y is a calculation factor based on system voltage (1.5
for voltages of 1 kV or less; 1.0 for voltages above 1 kV), E,,
is the normalized incident energy (J/cm?), ¢ is the arcing fault
duration (in seconds), D is the working distance from the arc
source (in millimeters), and x is the distance exponent from
Table 4 of IEEE 1584.

For a given type of equipment (e.g., a 480-V MCC or a 208-V
panelboard), Cy and z will be constant, as will be the default
value for D. The values of E,, and ¢ will vary, depending on the
available fault current at the location under consideration and
the characteristics of the upstream OCPD.

Equation (1) can be rewritten as

t

= AL, (in seconds) (2)

where A; is a constant defined as

B C; (610
Ar= 418457 ( e > . 3)

IEEE 1584 defines the normalized incident energy as

log B, = K1 + K5+ 1.0811og I, + 0.0011G @
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where K7 is a constant related to equipment configuration
(—0.792 for “open-air” configurations; —0.555 for enclosed
equipment), K5 is a constant dependent on system ground-
ing (—0.113 for grounded systems; zero for ungrounded or
impedance-grounded systems), I, is the arcing fault current
(in kiloamperes), and G is the bus gap between conductors (in
millimeters).

All the terms on the right-hand side of (4) other than I,
are fixed for a given type of equipment. Simplifying (4) and
combining with (2) yield

t= A1A/2E];‘081 (in seconds) 5)

where A, is a constant defined as
Ay =K; + K2 +0.0011G (6)
Al =104z, (7)

Once the constants are defined based on the equipment
and system configuration, an incident energy value E can be
chosen, and (5) can be used to define a series of time—current
points that correspond to the selected incident energy level.
As shown in [2], the curve connecting the time—current points
corresponding to a given incident energy level appears linear on
a log-log graph.

Equation (5) can be applied at locations within the
IEEE 1584 range of applicability (208 V-15 kV, three phase,
and with available bolted fault current levels of 700 A—106 kA).
For locations that fall outside of the range of the empirically
derived IEEE 1584 equations, the IEEE 1584 equation based
on the Lee method [3] can be used to define the constant-energy
curves. Incident energy is defined as

t
E =2.142 x 10°V I,¢ <D2> (J/em?) 8)

where V' is the system voltage (in kilovolts), I,,¢ is the bolted
fault current value (in kiloamperes), ¢ is the arc duration (in sec-
onds), and D is the working distance (in millimeters). Equation
(8) can be rearranged to solve for the arc duration and becomes

B ED?
72,142 x 105V I

Unlike (5), (9) is based on the bolted fault current, but the arcing
fault current value is still required so that the arc duration can be
determined. For voltages over 15 kV, IEEE 1584 recommends
assuming that the arcing fault current is equal to the bolted fault
current. For LV systems, the assumption from [3] that the arcing
fault current equals half the available bolted fault current should
be used instead.

t )

III. ENERGY BOUNDARY CURVES

National Fire Protection Association (NFPA) 70E-2004 [4]
defines five arc-flash PPE categories based on the available
incident energy level at a given location. These are summarized
in Table I.

By setting E in (5) or (9) equal to one of the minimum
arc rating values shown in Table I, a constant-energy curve
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TABLE 1
SUMMARY OF PROTECTIVE CLOTHING CATEGORIES

Hazard/Risk PPE Minimum Arc PPE Minimum Arc
Category Rating (cal/cm?) Rating (J/cm?)
0 N/AB N/AB
1 4 16.74
2 8 33.47
3 25 104.6
4 40 167.36

A — From Table 130.7(C)(11) of NFPA 70E-2004 [4]
B — Category 0 clothing is allowed for incident-energy exposures of up to 8.36 J/em? (2.0 cal/cm?)

CURRENT IN AMPERES

10
NOTE: PLOT SHOWS ARCING FAULT CURRENT
1
CAT 4
4
=
m
CAT 3 z
(9]
m
Q
S
CAT 2 o
(]
0.10
CAT 1
CAT O
0.01
05 1 10 100 1K 10K
Ref. Voltage: 480 Current Scale x10"1
Fig. 1. Energy boundary curves for 480-V solidly grounded panel/MCC.

can be defined, which corresponds to the maximum incident
energy level allowed for that PPE category. For example, for
PPE category 0 (E = 8.36 J/cm?) and analysis at an MCC on
a 480-V solidly grounded system, (5) becomes

t = 0.72541, 1981 (in seconds). (10)

The time—current relationships can be calculated for each
PPE category to define a set of constant-energy curves. The
curves corresponding to each PPE category for this example
are shown in Fig. 1. Note that these curves are cut off at a
maximum time of 2 s. Clause B.1.2 of the IEEE 1584 states
that, in many situations, 2 s is a “reasonable” maximum fault
duration for use in calculations. The constant-energy curves can
be extended beyond this point if necessary. The curves are also
cut off at 100-kA arcing fault current. The IEEE 1584 empirical
equations are applicable up to 106-kA bolted fault current. For
a solidly grounded 480-V panel, this yields an arcing fault
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current of 49.3 kA. Above this level, (9) was used to extend
the curves. In this case, the Lee method produces a less con-
servative result than the IEEE 1584 empirical equations; thus,
the curves shown in Fig. 1 are interpolated between 49.3 kA
and the time—current point calculated using (9) at 100-kA
arcing fault current. A similar transition point between the
IEEE 1584 empirical method and the Lee method may be
calculated for each type and voltage class of equipment.

The leftmost curve in Fig. 1 (“CAT 0) corresponds to an
incident energy level of 8.36 J/cm?. For time—current points that
fall below or to the left of this curve, the available incident en-
ergy will be less than 8.36 J/cm?. For points above or to the right
of this curve, the available incident energy will be greater than
8.36 J/cm?. Since this incident energy value marks the transi-
tion from Category 0 to Category 1 PPE, the “CAT 0” curve de-
fines the boundary in Fig. 1 between time—current points, where
Category 0 PPE is adequate and those where it is not. Since the
other curves are calculated based on maximum incident energy
levels for the other PPE categories, the “CAT 1"-“CAT 4~
curves define the upper limits on the time—current plot for
each of the other PPE regions. These particular constant-energy
curves are denoted as the “energy boundary” curves. While
Fig. 1 shows only the energy boundary curves for a solidly
grounded 480-V MCC or panel, a set of energy boundary curves
can be generated for any type or class of equipment—480-V
switchgear, medium-voltage equipment, etc.

IV. APPLICATION TO ARC-FLASH ANALYSIS

The energy boundary curves may be used as the basis of a
simplified arc-flash analysis method that is particularly useful
when applied in systems where many circuits are fed from a
common bus. Examples of this include facilities where plug-in
busway feeds many panels, control panels, or other equipment
on a factory floor or in facilities where LV MCCs containing
many branch devices feed similar load equipment. The energy
boundary curves allow for a quick determination of the required
PPE level—although not the exact incident energy level—at
such locations. In this section, three examples will be given to
illustrate the application of the energy boundary curves in arc-
flash analysis.

A. 125-A Fused Disconnect

Consider Fig. 2, which shows the time—current characteris-
tics of a 125-A class RK-5 LV fuse and the Category 0 PPE
energy boundary curve for a 480-V solidly grounded MCC.
Three time—current points—P1, P2, and P3—are shown on the
plot. P1 is the point where the fuse total clearing curve inter-
sects 2 s, at an arcing fault current of approximately 1046 A.
P2 is where the Category O energy boundary and total clearing
curves of the fuse intersect, at 1422 A and 0.5 s. P3 is the point
where the total clearing curve of the fuse intersects 0.3 s on
the time axis, corresponding to 1623-A arcing fault current.
The incident energy level at each point, calculated using the
IEEE 1584 empirical equations, is shown in Table II.

As seen in Fig. 2, point P1 falls above the CAT 0 energy
boundary curve. Table II shows that the calculated incident
energy level at P1 is higher than the Category O limit. P3 falls

1881
CURRENT IN AMPERES
1600 NOTE: PLOT SHOWS ARCING FAULT CURRENT
100
|
125A RK-5 ,-%
4
%)
m
(@)
@)
=z
1 o
%)
0.10
CAT 0
O'010.5 1 10 100 1K 10K

Ref. Voltage: 480 Current Scale x10™M

Fig. 2. Selected points on the 125-A RK-5 fuse curve.

TABLE 1I
INCIDENT ENERGY VALUES AT SELECTED POINTS IN FIG. 2
Point Arcing FC Arc Duration Incident
(kA) (Sec.) Energy (J/em?)
Pl 1.05 2.00 24.2
P2 1.42 0.50 8.36
P3 1.62 0.30 5.87

below the energy boundary curve; thus, the incident energy
level is less than the Category O limit, and Category 0 PPE
is adequate for this location. At P2, which is a point on the
energy boundary curve, the incident energy is exactly equal to
the upper limit for Category O PPE.

P2—the intersection of the selected energy boundary curve
and OCPD characteristic curve—is the key to the simplified
analysis method. Since the slope of the fuse curve is steeper
than that of the energy boundary curve, the incident energy at
the downstream bus drops as the available arcing fault current
increases. For all arcing fault currents above this intersection
value, which is the minimum arcing fault current (I,y,) value,
the PPE corresponding to the selected energy boundary curve
will be adequate, while arcing fault currents falling below I,
will require a higher category of PPE.

To extend this example, suppose that several 125-A RK-5
fuses are applied in several busway plug-in disconnects that,
in turn, each feed a 125-A panelboard. What PPE category is
required at each panel?

The minimum arcing fault current corresponding to
Category 0 PPE for this particular case is 1422 A; thus, as long
as the arcing fault current level at the panels exceeds 1422 A,
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then Category O PPE will be adequate at each location. The
IEEE 1584 empirical model calls for the calculation of two
incident energy values for each bus in LV systems—one using
100% of the calculated arcing fault current and a second using
85% of the calculated value. The higher of the incident energy
values is then reported as the single incident energy level for
that bus. Since the incident energy increases as the available
fault current decreases at equipment protected by a fuse, the
worst case incident energy value will be the one calculated
using the 85% arcing fault current. In this case, the 1422 A
is taken to be the “85% value” for the arcing fault current
at the panels. The “100% value,” which corresponds to the
target arcing fault current (I,4; 1673 A in this example), is
the level of arcing fault current that must be present at each
panel (per the IEEE 1584 equation for arcing fault current) in
order for Category O PPE to be adequate. For LV systems, this
85%/100% relationship between the minimum and target arcing
fault current levels will often hold true.

The arcing fault current is calculated in the IEEE 1584
empirical model as

log I, = K + 0.662log I + 0.0966 V + 0.000526 G

+0.5588 V (log T¢) — 0.00304 G(log I¢) (11

where [, is the arcing fault current (in kiloamperes), K is a
constant related to equipment configuration (—0.153 for “open”
configurations and —0.097 for “box” configurations), [y, is the
three-phase symmetrical rms bolted fault current (in kiloam-
peres), V' is the system voltage (in kilovolts), and G is the “bus
gap” between conductors (in millimeters).

Collecting terms in (11) and solving for the arcing fault
current [, yield

I, = Ayl (kA) (12)
where A3 and A4 are constants defined as

A3 =0.662 4+ 0.5588 V' — 0.00304 G (13)

Ay =K +0.0966 V + 0.000526 G (14)

Al =104, (15)

Solving (12) for the bolted fault current [1,; yields
I\
VNES (A(Z) (kA). (16)

Equation (16) can be used to determine a farget bolted fault
current (1) value, which is the minimum bolted fault current
level at the local bus (the one being analyzed) required to
produce an arcing fault current equal to I,;. The relationship
between I, and I}, varies, depending on the type of equipment
under consideration and the system grounding. Applying (16)
to a 480-V panelboard with a standard bus gap (25 mm) in a

solidly grounded system gives
Tt = (1.09021,) 11707 (KA). (17)

An I,; of 1673 A gives a value of approximately 2.02 kA for
I,. Therefore, as long as the available bolted fault current at
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the panelboards is greater than 2.02 kA, Category 0 PPE will
be adequate. If a detailed fault current information is available
at each panel, then the analysis may be straightforward but not
necessarily much more efficient than using a computer analysis
package to calculate arc-flash levels at each panel. However,
if short-circuit calculations have not been performed to this
level in the system, the analysis using the energy boundary
curves can reduce the required data collection and analysis
times required to determine the appropriate PPE category at the
downstream panels.

Assume that the feeder to each panelboard consists of one
#1 American wire gauge (AWG) copper conductor per phase
in steel conduit. The impedance of the conductor is 0.170 €2
per 1000 ft (305 m) at 75 °C [5]. The available three-phase
bolted fault current at the busway feeding the panels is 10 kA.
As long as the length of the feeder conductor to any panel does
not exceed approximately 790 ft (241 m), the three-phase bolted
fault current level at the panels will be 2.02 kA or higher. For
feeders shorter than this maximum distance, the three-phase
bolted fault currents exceed I, and the fuse will clear the
arcing fault at a point below/left of the Category 0 energy
boundary curve (e.g., P3 in Fig. 2). This demonstrates that the
Category 0 PPE is adequate. Since such long feeder conductors
are not common for small circuits in industrial facilities, it may
now be possible to say that Category 0 PPE is appropriate for all
125-A panels fed from this busway even without knowing the
exact length of each feeder or performing a detailed analysis at
each panel.

This analysis is sensitive to the minimum arcing fault current
L., the bolted fault current at the busway (the remote bus
bolted fault current I,), and the impedance of the feeder
conductor. When extending the analysis beyond a single remote
bus (e.g., in a facility which has several feeder bus ducts serving
125-A panels), the worst case fault current and conductor
impedance values may be used to further simplify the analysis.
Suppose that the facility under study also has a second bus
duct with a minimum /,;, value of 5 kA and that some of the
125-A panels fed from this busway are fed by #2 AWG copper
conductor, the smallest allowable for this feeder conductor per
National Electrical Code Article 240 [6]. Based on the #2 AWG
conductor and the 5-kA value for I}, the maximum feeder
length drops from the previously reported 790 to 478 ft (146 m).
If no feeder is longer than this maximum length, then this
shows that Category 0 PPE is adequate for all 125-A panels
fed from busway in the facility. This type of analysis can also
be extended to cover other size fuses or circuit breakers.

B. Small OCPDs

Fig. 3 shows the time—current curve for a 30-A 480-V circuit
breaker and the Category O PPE energy boundary curve for a
solidly grounded panel/MCC. Since the energy boundary curve
is cut off at 2 s, the OCPD time—current and energy boundary
curves never intersect. This indicates that a worker would have
to be exposed to the arcing fault for longer than 2 s in order to
be exposed to a total incident energy level of 8.36 J/cm?. If 2 s
is an appropriate maximum arcing time, then Category 0 PPE
is adequate at any equipment fed from this breaker, regardless
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Fig. 3. 30-A breaker curve and CAT 0 PPE curve.

of the available bolted fault current at the remote bus or the size
and length of the associated feeder or branch circuit conductor.
Similarly, the energy boundary curves may not intersect fuse
total clearing curves below a certain ampere rating.

C. Larger Circuit Breaker

For larger circuit breakers, the energy boundary curves will
intersect the breaker’s time—current trip curve. If the available
fault current is high enough, the energy boundary curves may
intersect the breaker’s time—current curve more than once,
as shown in Fig. 4. The first intersection point, “INT1” in
Fig. 4, corresponds to the minimum arcing fault current I,
as discussed in Section IV-A. The second intersection point
“INT2” indicates that, for very high arcing fault current levels,
the instantaneous tripping of the breaker is not sufficient to limit
the downstream arc-flash incident energy below the Category 0
PPE maximum of 8.36 J/cm?. For an adjustable-trip breaker,
the lower intersecting value (INT1) varies, depending on the
trip settings of the breaker; thus, these must be considered
when employing the energy boundary method with such a
device. Otherwise, the analysis procedure is the same once the
minimum arcing fault current value has been established. For
the upper intersecting value (INT2), the intersection represents
a maximum arcing fault current value I, nax. This value, along
with the available bolted fault current at the remote bus and the
conductor impedance per unit length, can be used to determine
a minimum allowable circuit length that will allow for a given
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PPE class at downstream equipment. Since the circuit breaker
has a definite-time characteristic above its instantaneous pickup
level, the incident energy value calculated for high-level faults
based on the 85% arcing fault current will be less than that
calculated based on 100% arcing fault current. Therefore, for
the upper intersection point, the maximum arcing fault current
I, max 1S equal to the maximum target arcing fault current
Iat. max-

If the energy boundary and circuit breaker trip curves do
intersect twice, the circuit under consideration will have both
minimum and maximum distances that are allowable for the
given PPE category. For some devices—such as breakers that
will trip within one 60-Hz cycle—the fault current levels re-
quired to reach the upper intersection point are very high (e.g.,
> 80-kA bolted fault current at the remote bus); thus, the
minimum circuit length may only need to be considered in spe-
cial circumstances. For current-limiting molded-case breakers,
where the trip time drops to 0.01 s or less relatively quickly, the
minimum length may not need to be considered at all.

D. Calculating the Flash-Protection Boundary

The flash-protection boundary is defined in NFPA 70E-2004
as “an approach limit . . . within which a person could receive a
second degree burn if an electrical arc flash was to occur” [4].
The IEEE 1584 provides an equation for the calculation of the
flash-protection boundary distance for the empirically derived
model that is based primarily on the normalized incident energy
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level and the duration of the arcing fault. When an energy
boundary analysis is performed, the maximum incident energy
level at each bus is established, but exact values for the normal-
ized incident energy and fault clearing time are not determined.
However, the IEEE model can still be used to calculate a maxi-
mum flash-protection boundary distance corresponding to each
PPE class. Since the exact arc-flash levels are not calculated
with this procedure, choosing the flash-protection boundary
distance based on the maximum incident energy level for each
PPE category ensures a conservative result.

From (1), the incident energy level (Ewp) at the working
distance (Dwp) is calculated as

t\ (6107
Ewp = 4.184C}E,, | —
o =sisicr5 (53 (o5, )

while the incident energy level (E'p) at the flash-protection
boundary distance (D) is equal to

t 610*
Ep =4.184C+F, | — .
5 = 41846 <0.2) <D3§ >

For a given arcing fault event, all quantities in (18) and (19) are
equal except for those that vary with distance—Eg, Fwp, Dp,
and Dwp. Dividing (19) by (18) and simplifying yield

(18)

19)

Ep < Dgp >_‘T
Ewp Dwp

where x is the distance exponent from IEEE 1584. Equation
(20) gives a maximum flash-protection boundary distance of
624 mm (25 in) for Category 0 PPE (maximum of 8.36 J/cm?)
and a 480-V panel/MCC.

(20)

V. CASE STUDY—APPLYING THE ENERGY
BOUNDARY METHOD

As part of a short-circuit, coordination, and arc-flash study
conducted at an industrial facility, PPE requirements were to be
determined downstream of all 480-V MCCs in the facility. Fifty
MCCs, each containing an average of 20 fused branch circuits,
were present. The MCCs feed numerous equipment and process
control panels, disconnect switches, etc., where workers are
sometimes exposed to energized equipment. To perform exact
calculations at each piece of downstream equipment, the data
on protective device types and sizes in each MCC bucket, as
well as on conductor size and length for each circuit, would
need to be collected. In addition, the extra 1000 buses would
need to be modeled and evaluated with the analysis software
program. Initial estimates on the data-collection effort alone
were in the 250 man-hour range.

Instead, the energy boundary method was applied for the
evaluation of PPE requirements downstream of the MCCs. The
study was performed in two stages—first, data were collected
down to the MCC level, and short-circuit levels were calculated
to that point. In addition, full data on MCC branch OCPDs
and conductor sizes were collected from a few representative
MCCs in the facility. Based on the calculated short-circuit
results and preliminary MCC data, the energy boundary method

IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 44, NO. 6, NOVEMBER/DECEMBER 2008

was used to determine that Category 0 PPE was adequate for
all equipment directly fed from the MCCs as long as circuit
lengths were less than approximately 400 ft (122 m) and OCPD
sizes were less than 150-175 A. (The required PPE at the
MCCs themselves was most often higher than Category 0).
During the second on-site visit, data-collection efforts focused
on equipment fed from the MCCs via long circuits and/or large
OCPDs, as the preliminary analysis identified these locations
as the potential “trouble spots.” The total data-collection time
at or beyond the MCCs was reduced from an estimated 250 to
12 h, which is a reduction of approximately 95%.

In this case, the simplified analysis technique allowed for the
extension of the arc-flash analysis to include virtually every
piece of equipment in the facility with minimal added cost
and effort. The energy boundary method has also been applied
at other sites, including light industrial facilities, automotive
plants, and hospitals, with similar results.

VI. CONCLUSION

In Section II, equations based on the IEEE 1584-2002 em-
pirical model were derived to define constant arc-flash incident
energy lines that appear linear on a log—log plot. When these
constant-energy lines are selected to correspond to maximum
arc-flash levels for various categories of PPE, then the lines
define boundaries between regions on a time—current plot,
which correspond to the PPE categories. These energy bound-
ary curves can be used as a basis for a systematic simplified
method for arc-flash hazard analysis.

The energy boundary method applies these boundary curves
and allows for efficient determination of required PPE lev-
els and flash-protection boundary distances, particularly when
analyzing numerous buses fed from a common point, such
as an MCC or plug-in busway. The energy boundary curves
and the associated analysis method are based on the equations
presented in the IEEE 1584-2002, not on “rules-of-thumb” or
“trial and error” analysis. While the examples presented deal
with the application of the energy boundary method to 480-V
fuses and circuit breakers, the equations can be applied to any
type of OCPD on any power system that falls within the range
of applicability of the IEEE 1584-2002.

Energy boundary analysis has proven to be a useful tool
for efficiently extending the scope of arc-flash studies. Other
potential applications for the energy boundary method include
the following.

1) As an aid in device coordination, similar to that shown
in [2]. The energy boundary curves can be used to help
determine breaker or relay settings that will help to mini-
mize arc-flash levels downstream.

2) As a guide for field data-collection efforts for an arc-
flash analysis. A preliminary energy boundary analysis
can identify buses where the required PPE levels will be
low, thereby allowing the data-collection efforts to focus
in on areas which have potentially higher energy levels.

3) As a means to perform a quick PPE assessment for field
work in an unknown facility. Using the energy boundary
method, it may be possible to determine the required
PPE levels based upon minimal information, which can
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be useful when performing a hazard/risk assessment in a
facility where a full arc-flash analysis has not yet been
performed.

REFERENCES

[1] IEEE Guide for Performing Arc-Flash Hazard Calculations,
IEEE Std. 1584, 2002.

[2] H. W. Tinsley, III and M. Hodder, “A practical approach to arc flash hazard
analysis and reduction,” IEEE Trans. Ind. Appl., vol. 41, no. 1, pp. 144—
154, Jan./Feb. 2005.

[3] R. Lee, “The other electrical hazard: Electrical arc blast burns,” IEEE
Trans. Ind. Appl., vol. IA-18, no. 3, pp. 246-251, May/Jun. 1982.

[4] Standard for Electrical Safety in the Workplace, NFPA 70E, 2004.

[5] IEEE Recommended Practice for Electric Power Distribution for Industrial
Plants, IEEE Std. 141, 1993.

[6] National Electrical Code, NFPA 70, 2005.

Antony C. Parsons (M’96) received the B.S.E.E.
degree in electrical engineering from the University
of Houston, Houston, TX, in 1995, and the M.S.E.
and Ph.D. degrees in electrical engineering from
the University of Texas, Austin, in 1996 and 1999,
respectively.

He then joined Schneider Electric, Austin, where
he is currently a Principal Engineer in the Power
Systems Engineering Group.

Dr. Parsons is a member of the IEEE Industry
Applications Society and the IEEE P1584 Working
Group on Arc Flash Hazard Calculations. He is a Licensed Engineer in the
State of Texas.

Copyright © 2008 IEEE.

1885

'W. Blane Leuschner (M’93) received the B.S. de-
gree in electrical engineering from the University of
Texas, Austin, in 1993.

After working as a Zone Technical Engineer for
Houston Lighting and Power for two years, he joined
Schneider Electric, Austin, where he is currently the
Engineering Manager of the Power Systems Engi-
neering Group.

Mr. Leuschner is a Licensed Engineer in the State
of Texas.

Kevin X. Jiang (M’00) received the B.S. degree in
electrical engineering from the University of Texas,
Austin, in 2004, where he is currently working to-
ward the M.S.E. degree.

He is also an Application Engineer with the
Power Systems Engineering Group, Schneider Elec-
tric, Austin, where he is responsible for performing
power system studies for Schneider’s commercial,
industrial, and institutional clients.

Mr. Jiang is certified as an Engineer-in-Training in
the State of Texas.

Reprinted from IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 44, NO. 6, NOVEMBER/DECEMBER 2008
This material is posted here with permission of the IEEE. Such permission of the IEEE does not in any way imply IEEE endorsement of any of Schneider Electric's
products or services. Internal or personal use of this materialis permitted. However, permission to reprint/republish this material for advertising or promotional
purposes or for creating new collective works for resale or redistribution must be obtained from the IEEE by writing to pubs-permissions@ieee.org.

Authorized licensed use limited to: IEEE Xplore. Downloaded on January 6, 2009 at 18:06 from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


