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Understanding Arc Flash

Presented by

Eddie F. Jones, PE
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Five to 10 arc flash explosions occur in
electric equipment every day in the
United States. This number does not
include cases in which the victim is sent
to an ordinary hospital. Instead, these
incidents are so severe the victims
require treatment from a special burn

center.
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Type of faults

« Bolted Fault
Bolted faults are characterized by a solidly connected fault path
causing high levels of current to flow through this solid
connection.

« Arcing Faults

Arcing faults differ in the fact that the current actually flows
through ionized air causing an arc.

The major difference between these two types of faults is that
the energy in a bolted fault condition is dissipated in the faulted
equipment while an arcing fault releases energy out into the
surrounding enviroment

SQUARE D

7 E-Vlces Schneider Electric




@ Progress Energy

* |nadvertent contact

* Loose connections

 Insulation failure

* Poorly maintained equipment

* Voltage transients

* Unsuccessful Short Circuit Interruption
* Animals (squirrels, snakes .. Etc)
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Why is arc flash dangerous?

An arc is a source of intense heat, light, sound and
pressure!

* North Carolina in August: 100° F (311K)

 Surface of the Sun: 8,540° F (5,000 K)
« Arc @ arc terminals: 35,540°F (20,000+ Kﬁ\

Max. arc power = 1/2 x bolted fault kW

Heat transfer depends on:
Size of arc (arc power)
Duration of arc

Distance from arc (1/x*2)
Enclosure (“arc in a box” focuses heat in one direction)
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Physical Effects of Arc Blast

« Metal vapor and air expand very rapidly due to arc heating
* Pressure wave knocks worker away from arc
— Good: removes personnel from heat source
— Bad: removes personnel from ladder
* Pressure propels molten metal droplets out from arc source
— Hot enough to ignite clothing
« Structural damage to buildings
« Damaging sound pressure
— Eardrum rupture
— Blindness
— Lung damage
— Death!
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Standards used to protect
workers from Arc-flash
hazards.
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“Covers electrical safety-related work “Switchboards, panelboards, industrial
practices and procedures for employees who control panels, and motor control centers ...
work on or near exposed energized electrical shall be field marked to warn qualified

)

conductors or circuit parts in work places...’ persons of potential electric arc flash

hazards.”

“ The employer shall ensure that each “This guide presents methods for the
employee exposed to electric arcs shall not calculation of arc-flash incident energy and

wear clothing that could increase the injury arc-flash boundaries in three-phase ac systems
when exposed to these arcs.” to which workers may be exposed.”

SQUARE ID
Schneider Electric




'3 PElectric A2 Progress Energy
- |
NEC (Installation)  OSHA (Workplace Safety)
Eniployer (Facility)
‘ \
|
i Electrical Safety Program
Equipment i Practices Training Analysis
i OSHA Standards IEEE 1584
(Product | NFPA 70E Calculations
Standards) | \ i /
|
= ; Employee
e <~ (Work, PPE)
Enforcement Enforcement
by inspectors by OSHA

Design for Safety Electrical Safety Program
SQUARE D
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NEC 110.16

“Switchboards, panelboards, industrial control panels, and motor
control centers that are in other than dwelling occupancies and
are likely to require examination, adjustment, servicing, or
maintenance while energized shall be field marked to warn
qualified persons of potential electric arc flash hazards. The
marking shall be located so as to be clearly visible to qualified
persons before examination, adjustment, servicing, or
maintenance of the equipment.”

Warning for awareness, to prepare for future work
Field marked - not marked by manufacturer

No mention of values - only warning of hazard

SQUARE D
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OSHA 29 CFR 1910.335

Personal Protective Equipment

“Employees working in areas where there are potential
electrical hazards shall be provided with, and shall use,
electrical protective equipment that is appropriate for the
specific parts of the body to be protected and for the work

to be performed.”

Notice that OSHA does not specifically mention
calculations or NFPA 70E. However, since NFPA
70E is a recognized, published standard available
to the industry, OSHA will cite using requirements

of NFPA 70E.
SQUARE D
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OSHA 29 CFR 1910.333

- Safety related work practices shall be employed to prevent electric
shock or other injuries resulting from either direct or indirect

electrical contacts.”

+ “Live parts to which an employee may be exposed shall be
deenergized before the employee works on or near them, unless
the employer can demonstrate that deenergizing introduces
additional or increased hazards or is infeasible.”

The fundamental requirement is to de-energize!

Working on energized equipment is always a risk!

SQUARE D
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Examples of increased or additional hazards

Interruption of:
Life support systems
Emergency alarm systems
Hazardous location ventilation

Examples of unfeasibility:
Start-up testing
Trouble shooting diagnostics

Continuous process segment
Engineering Services
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When is it acceptable to work on
energized equipment?
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) NFPA 70E 2-1.3.3

“Flash hazard analysis shall be done

before a person approaches any
exposed electrical conductor or circuit

part that has not been placed in an
electrically safe work condition.”

SQUARE D
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Electrically Safe

The following steps must be taken to ensure an electrically safe work
condition.

» Find all possible sources of supply

* Open the disconnecting device for each source

» Where possible visually verify the device is open

* Apply lock-out/tag-out devices

» Test voltage on each conductor to verify that it is de-energized

« Apply grounding devices where stored energy or induced voltage could
exist or where de-energized parts could contact live parts

Remember personal protective equipment must be worn when
working within the flash protective boundary until the circuit is

verified to be de-energized.
SQUARE D
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Incident energy

Incident enerqy:

The amount of energy impressed on a surface, a certain distance
from the source, generated during an arc event.

* Incident energy is measured in calories/cm? or Joules/cm2.

1.2 cal/cm? is the minimum amount of Incident Energy to produce

second degree burns on human skin. The flash protection
boundary is the distance at which the incident energy equals 1.2

cal/cm?.

SQUARE D
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NFPAT7OE lists the
clothing that is
appropriate for each
hazard class.

Incident Clothing Description
Energy Class
(cal/cm?)
0-2 0 Untreated n/a
Cotton
2-5 1 FR shirt and 5-7
pants
5-8 2A Cotton 8-18
Underwear +
Cl. 1
5-16 2B FR Underwear 16-22
+ CIl. 1
8-25 3 FR Coverall + 25-50
Cl. 2A
25-40 4 Double Layer 40-60+

Switching Coat
+ Cl. 2A

ATPV - Arc thermal performance exposure value (cal/cm?)

SQUARE ID
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Hazard/Risk Category

Task Assumes Equipment is energized, and work is done Hazard/Risk V-rated V-rated
within Flash Boundary Category Gloves Tools

Panelboards or Switchboards rated >240V (with Molded Case or
Insulated case circuit breakers) - Notes 1 and 3

CB or fused switch operation with covers on 0 N N
CB or fused switch operation with covers off 1 N N
Work on energized parts, including voltage testing 2% Y Y

Note 1. 25kA short circuit current available, 0.03 sec (2 cycle) fault
clearing

Note 3. For < 10 kA short circuit current available, the Hazard/Risk
Category required may be reduced by one Number.

SQUARE D
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Limits of approach

Voltage Limited Limited Restricted Flash
(L-L) Approach Approach Approach  Protection
NFPA70E establishes (movable) (fixed)
approach boundaries to <300V 10’ 36 Avoid 3
live parts for shock o
protection for both , ,
. . 300- 750 V 10° 36 1 3
qualified and unqualified
personnel.
- 750 — 2,000 10’ 4 2’ 4
o v
Limited
boundary
2,000 - 10’ 5 22 16’
: 15,000 V
exApg)sl.ep:,IZtngl:g?;ed
elecmcgl conductor
or circuit part
A
boindary SQUARE D
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IEEE 1584-2002

“IEEE Guide for Performing Arc-Flash Hazard Calculations”

» Incorporates results of extensive testing performed by several parties
* Provides tools to calculating incident arc-flash energy and protection

boundries.
* Does not replace NEC or 70E--instead, works with and alongside of

them

SQUARE D
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What 1s an Arc flash Analysis?

“A study investigating a worker’s
potential exposure to arc flash
energy,

conducted for the purpose of
Injury prevention

and the determination of safe
work practices

and appropriate levels of PPE.”

SQUARE D
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Analysis Process

Collect system and installation data

Determine system modes of operation

Determine bolted fault current

Calculate arc fault current

Find protective device characteristic and arc duration
Select working distances

Calculate incident energy

Calculate flash protection boundary

9 Determine PPE (risk hazard) category

ONO O, WN -

SQUARE D

27 _es Schneider Electric




Erlacanida 2=
- L& | "! o L ¥ | =] |
| ‘Einnbm:‘-
=8 H~LIcLLIIu
L4
_

&j Progress Energy

Arc Flash Study Deliverables

« AFIE and resulting PPE levels

« Single-line diagram

« Short circuit duty assessment

« Time-current coordination settings
« Equipment labels (optional)

Personnel Prolection Equipment T able
Incident Incident FR Total Preskopen =
Erergy Fraom | Energp To | Clothing | Clothing D escription wieight E'ES o Notes
[calfomz] [cal’cm2] | Class Mo, [oz/yd2) neray
[calfemz]
1 o 2 o Untrested Cotton 457 M Ad
2 2 5 1 FR Shirt & Pants 458 5
FR Undenwear
3 5 8 2 + a1z 8
FR Shirt & Pants
Cotton Undenwear +
4 8 E 3 FA Shirt & Pant + 16-20 25
FRi C
5 25 40 4
Recet |

28

Personal Protective Equipment

for

ELECTRICAL SAFETY
Panel boards rated 240 V and Below

V-Rated Gloves and V-Rated Tools are Required

O=Umtrcated Cottan
1=Fin & Pants plus Hard Hat
2=Con Resistant Shirt & Pants. Coveralls and Hard Hat
3Ll esistant Shirt & FPunts Coveralls plus Hard Hat
/ wiFR Liner aed Hearing Prote,
4=Cotion Underwear, Fire Resistant ?nIIL Panis & Coveralls Plus Double

Layer Switching Coat & Pants, Hood and Hearing Protection

* Installation swch as bas rail plugs or live conmects = 4 Protection

@ IF YOU ARE NOT WEARING THIS PPE REMAIN
AT LEAST |10 FT AWAY WHILE WORK IS DONE.

@ SQUARE ID
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Flash Hazard Analysis Table
Pratective EEES ] F';cl;tﬂzzw Arcing J;::j gri:sr Duration i Arc Flash | Working | Incicert
Bz Marme : kY Faut | ! p. . of Are Baundary | Distance | Energy  Required Protective FR Clothing Class
Device Mame Faut | Faut ) Time | Time (580 Type i) | (cknd)
(k&) (k&) (sec) | [(zec) '
205 PhL W& G004 021 1054 10584 876 0025 0029 nBoxrw| 1228 1800 065  Clasz0, Untrested Cotton
208 SEC K 2254 0.2 1077 487 467 007 0M7 nBoxrw| 947 1800 047 Clasz0, Untrested Cotton
480 PhL LE 4004 048 242 242 163 04 004 nBoxw| 2281 1800 170 Clasa0, Untrested Cotton
480V PRI K 2254, 048 2066 2086 1524 007 0M7 nBoxw| 1232 1800  0B9  Clase0, Untrested Cotton
B
MB-138kY  CO-11 (50810 1380 1054 1046 1046 0144 0050 0194 nbBoxw| 13639 1800 6890  **Dangerousll No FR Class Found
MCC ME 5004 048 2912 2673 1843 004 004 InBoxw| 2733 1800 223 Class 1, FR Shit & Parts
MDP - 480Y PE 24004 048 3080 2842 1979 004 004 nBoxw| 2911 1800 244  Clasz 1, FR Shit & Pants
Engineering Servi s
29 BECCS Schneider Electric
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Can arc flash exposure be reduced?

* Design considerations

— Main circuit breakers
Especially on the load side of service entrance

125E

transformers
ok
— High resistance grounded systems > WAMAN
Limits the line to ground fault energy I I LV’T&Z TBIB
DIEOAL ) SIAL ) 120042 ) 500
— Performing Arc-flash analysis i et e
Review circuit breaker settings (INST) BU?XO%;%
EQUIP CP

_ @ SQUARE ID
_1ces Schneider Electric

30



L:!. -F-ig_ O I:i" &? PI’OQI’BSS Enel‘gv

Breaker Settings Comparison

CURRENT IN AMPERES CURRENT IN AMPERES
1000 1000
Fault clears in 8
—l
2000 KA seconds 2000 KV
100 Incident energy 100
=718 cal/cm?
3000A MAR 3000A MAR
10 g0 0as No FR class for IE 10 gooa 5
yalues this high 7
IA = 6K ‘ = TA z
| = &
| 7 o
. IB=9K \ ; . IB g
| 7]
} 5
} (%]
‘ . 2 sets: 500
‘ Fault clears in 0.1 <+——
0.10 ‘ 0.10
| second
I
\
| .
| Incident energy
001, 10 100 Te 10K = .97 cal/em? 001, 10 100 1K 10K
Case 3.tcc Ref. Voltage: 480 Current Scale x10"2 Ford Sharonville.drw Case 3.tcc Ref. Voltage: 480 Current Scale x10"2 Ford Sharonville.drw

FR class 0

SQUARE D
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Can arc flash exposure be reduced?

Maintenance considerations

« Direct replacements, reconditioning, retrofills
of older devices
— New, improved protective relays
— MasterPact clearing times

* Remote racking

* Arc Terminator for MV MetalClad s/g

* Arc resistant switchgear

 HVIR windows, remote thermal monitoring
— Thermographic imaging requires

» Equipment energized and serving normal loads

« Equipment open and visible

%_75 con® ’
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Parting thought

Numerous injuries and deaths are caused each year by
arc-flash incidents. While arc-flash can not be completely
eliminated, there are many things that we can do to prevent
it. The single most important thing we can do to prevent
arc-flash incidents is to place the equipment in a “safe
working condition.” If it is more dangerous to turn the
equipment off workers must wear appropriate PPE.

Thank you for your time and attention
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