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What is an Arc Flash?

NFPA 70E says an arc flash
hazard is:

A dangerous condition
associated with the release
of energy caused by an
electric arc

A hazard beyond shock and electrocution



Two Types of Major Electrical Faults

Bolted faults

Commonly caused by
Improper connections after maintenance

Installation errors

Arcing faults
Commonly caused by
Careless cover or device removal
Foreign object (tool) dropped into equipment
Misalignment of moving contacts (parts failure)
Dirt contamination or dielectric breakdown
Entry of foreign body (rodent, snake, squirrel)



Two Types of Major Electrical Faults Can Occur

Bolted faults (Low impedance and high current)
Energy is contained by the conductor (bus or cable)
Cleared quickly by circuit breakers or fuses
Arcing is confined within the circuit breaker or fuse
Usually no damage to equipment
Relatively low safety risk to personnel

Arcing faults (high impedance, lower current)
High impedance (air) results in lower current
Persist longer and propagate
High release of heat and blast energy
Are very destructive and dangerous to personnel



Bolted and Arcing Fault Characteristics

Arcing fault incident energy produced is
Greater at higher bolted fault current levels
Reduced by dynamic impedance (air)

And increased by the time duration of the arc

The most controllable factor in reducing the
Incident energy Is time

Current flow in an arcing fault is approximately half
that of the bolted fault current (impedance of air)
Fuses or circuit breakers are the first line of
defense in reducing arcing fault incident energy

Calculating arc fault incident energy Is a very
complex engineering task



What an Arcing Fault Looks Like




Electrical Arc Facts

Arc is electric current passing through air

Shock potential from contact with arc
Temperature of arc plasma center is greater than
5000F (some say much higher)

Radiated heat burns

Pressure wave generated from arc
Impact to hearing, etc
Gaseous copper is 44,000 times solid
Molten metal expelled from equipment at high speed

Arc fault results from something wrong or out of
place



Some arc flash injury statistics

Five to ten arc flash explosions occur in electrica I
equipment every day in the United States, according to
statistics compiled by Cap-Schell, Inc., a Chicago-  based
research and consulting firm that specializes in pr eventing
workplace injuries and deaths.

Injuries from arc flash events range from minor inj uries to
third degree burns and potential death due tothee  nergy
released.

Other injuries include blindness, hearing loss, ner ve
damage, and cardiac arrest.

The average cost of medical treatment for survivors of arc
flash incidents is $ 1,500,000

Total costs including litigation can be $8M - $9M



What's Changing in the Industry?

Attention to Arc Flash — Costs and Prevention

Impact to large manufacturers drove attention
to arc flash hazards

Recognition of unsafe work practices
(energized work)

Changes to NEC and NFPA 70E

New IEEE 1584 Standard for calculations
Enforcement by OSHA



New Requirements on Facilities

NFPA 70E and NEC state that facilities must
provide:
Safety program with defined responsibilities
Analysis for arc flash hazard degree
Training for workers
Personal protective equipment (clothing) for worker
Tools for safe work
Warning labels on equipment

Result: Facilities must take steps to comply.
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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 .”

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

No mention of values - only warning of hazard
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Arc Flash Data Label Example

A DANGER

23 inch Flash Hazard Boundary

Eqpt. Name: DIST PNL B

Arc Flash and Shock Hazard
Appropriate PPE Required

3.3 callcm’ Incident Energy at 18 inches
Class 1 Hazard/Risk Cat. See NFPA 70E for PPE

480 VAC Shock Hazard when cover is opened
42 inch Limited Approach

12 inch Restricted Approach } See NFPA 70E
1 inch Prohibited Approach

Date: 1/15/2005

Data values on this label are provided by Square D Engineering Services analysis performed on
FO# shown above. Any modification of equipment, adjustment of trip unit settings, or failure to

properly maintain equipment will invalidate these values.

For more information contact Square D Engineering Services at 1-888 SQUARED.

E2005 HCS, LLC www.safetylabel.com 000

MNo. ARC8766-01 DHP-B0

&
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Condition of Existing Equipment is Very Important

Device operating time is critical to reducing arc f lash incident energy

The arc flash analysis assumes that existing device s will operate on
their original OEM time current curve

The arc flash analysis software uses the device’s o riginal OEM trip curve
to perform arc flash hazard calculations

For existing devices (circuit breakers) that are no  tin good condition, the
opening times can vary considerably from the origin al trip curve

In some cases, poorly maintained devices will not o pen for any reason

The incident energy during an arc flash event will become unpredictable

Maintenance and condition of the existing devices b ecomes a very
important factor , when calculating arc flash hazard potential
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Overcurrent Protection and Arc Flash Analysis

Why is a circuit breaker or
) fuse always considered in
arc flash analysis »

Ve ..
) .{ 1. The circuit breaker
or fuse clears the
circuit to stop the
_ru»/;%»;v arcing.
2. It determines how

fast the circuit is
cleared.

energy = volts x amps X time

faster clearing time = lower energy
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Which device clears the arcing fault?

Arc will
propagate to
the supply
side of all
devices in
the same
enclosure

‘ Must rely on this device to clear
)/ the arcing fault

Arc propag?tes to here

0 ~

’//ng** \' _f

Arc originates here
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Fuse / Breaker Summary

Both CBs and current limiting fuses provide good
protection at lower ampacities (< _ 400A)

Fuses are not good _at limiting incident energy,
unless they operate within their C.L. region

Arcing current is significantly less than bolted
fault current (approximately 40-60% at 480V)

Current limiting fuses operate very quickly within

their current limiting region __ (1/4 to 1/2 cycle)

Know the range of fault current - accurately

Choice and settings of overcurrent protective
devices will affect the level of arc flash hazard

Condition and reliability of protective devices wil
affect the level of arc flash hazard
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Design Strategies to Limit Arc Flash Hazard

Specify hinged doors on equipment
Switchgear and switchboards
Panelboard fronts

NFPA70E 2004 Table 130.7(C)(9)(a) - (Partial)

Task (Assumes Equipment Is Energized, and Work Is &ne Within the Flash Protection Boundary)

Hazard Risk V-rated V-Rated
Category Gloves Tools
Removal of bolted covers (to expose bare, energizpdrts) 3 N N
Opening hinged covers (to expose bare, energizedrfs®) 2 N N
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Design Strategies to Limit Arc Flash Hazard

Specify instantaneous trip unit function on all fee der breakers

Specify LVDO switchgear with doors that remain clos ed when
racking breakers

Use molded case circuit breakers and / or C.L. fuse s at 400A and
below

Add arc flash analysis to short circuit and coordin ation study
specifications

Specify differential protection schemes on MV equip ment where
appropriate

Specify barriers in switchgear (helps to limit arci ng fault
propagation)

Avoid using large (> _1600A) fuses as primary OCPD’s

Get accurate fault current data from the utility (n ot infinite bus
assumption)
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Use Products Engineered to Reduce Arc Flash
Hazard

Low Arc Flash Circuit Beakers )
Remote Racking (MV)

Arc Terminator (MV)

i ) IR Viewing Window
Arc Resistant Switchgear (MV)
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New Products to Reduce Arc Flash Hazard
Arc Terminator Arc Extinguishing System

Eliminating the danger of arcing faults in medium v oltage switchgear

Application voltage (MV) 5KV and 15KV

Device installs into MV switchgear

Each device can protect up to ten vertical sections

Uses optical and current sensors to detect arc form ation
Stops arcing within .004 seconds (1/4 electrical cy  cle)

Eliminates danger to personnel, and damage to equip  ment
from arcing faults

No possibility of false triggering from non-arc lig ht sources
UL tested and passed 50KA fault withstand tests
Patented design

Meets and exceeds all requirements for arc resistant
switchgear
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SENSING A FAULT

Current is monitored with standard switchgear
mounted CT’s

Instantaneously indicates possible fault

Send signal to an AND gate
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ARC DETECTION

Photodiodes installed in each compartment
Detects Arc luminosity
Measures rate of change in luminosity

Sends signal to a junction box
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PHOTOSENSOR
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JUNCTION BOX

Signal collector for photodiodes
Input from up to 6 sensors

Output
Signal to Control Box
Targets for fault location
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CONTROL BOX

Power Converter
Output triggering circuit
Current sensor module
Control logic

Self Diagnosis test module
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SHORTING SWITCH

Ultra-fast switch

Operating 3.5 milliseconds

Spring operated with electrodynamic assist

26



SHORTING SWITCH
Rear View
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SHORTING SWITCH
Front view
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New Products to Reduce Arc Flash Hazard

Arc Resistant Switchgear

Protects workers from arcing faults in MV switchgear

MasterClad AR Arc Resistant
Switchgear (MV)

Application voltage (MV) 5KV and 15KV

Helps protect personnel standing in front of equipm ent
Vents arcing gases and pressure away from workers
Designed to mechanically withstand arc fault pressu res
Does not protect workers if outer door is open

Does not reduce equipment damage during arc fault

Fault testing of AR Switchgear
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New Products to Reduce Arc Flash Hazard

Low Arc Flash Circuit Beakers

Arc Flash Circuit Breakers

Application - Low voltage (480V)

ANSI (LVDO ANSI power switchgear)

UL (switchboard applications)
Designed for feeder devices (not__ mains and ties)
Protects downstream loads (MCC's, etc.)
Uses proprietary design technology

Blow open contacts

Reverse current loop magnet - accelerated

opening during arcing fault

De-ionizing arc chute grids
AIC ratings to 200K AIC at 508V without fuses
Capable of significantly reducing AF incident energ
Available up to 2000A frames
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New Products to Reduce Arc Flash Hazard

Remote Racking Retrofit for Medium Voltage Switchge  ar

Remote Racking (MV)

Application MV (5KV and 15KV)

Many arc flash accidents involving MV switchgear invo lve
a breaker racking operation

A mechanical failure of the breaker racking mechani sm
causes a misalignment, and arcing failure

A motorized racking mechanism is installed into the
existing MV switchgear

A PLC actuated controller is used to initiate the r  acking
operation

The worker can be well outside of the arc flash haz ard
boundary while performing this task

The worker will be protected if an arcing fault occ urs
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New Products to Reduce Arc Flash Hazard

IR Viewing Window

Infrared Viewing Window

Application - any voltage class - LV or MV, indoor /o utdoor
Infrared inspection is a valuable preventive mainte nance tool
IR must be done with equipment energized and panels removed

IR inspection is often done by non-qualified person nel, working
within the equipment flash hazard boundary

Potentially hazardous conditions exist when perform ing this task
H.Vir windows are available in 2", 3", and 4” diamet ers
Can accommodate long wave or short wave cameras

H.Vir Windows are 99% transmissive to radiation in the infrared
spectrum

Easy to retrofit into existing equipment covers, us ing a knockout
punch or hole saw

Allows IR inspection to be performed with equipment covers in
place

Enhances safety when performing this vital maintena nce task
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Simple Installation -- Non-Intrusive Inspections

Permanently fitted into electrical
equipment.

Provides continual access for inspec-
tion of electrical components in a safe

and simple way without disturbing
operations.

The glass-like material is transparent
to infrared rays, which are registered
by a thermographic camera.
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Features

UL-Recognized Component for
Installation on a flat surface in NEMA
Type 3 and NEMA Type 12 equipment.

Recommended for indoor use. For out-
door exposure, the magnetic lock should

be removed and the cover affixed with a
screw.

For severe environmental conditions (UV,
Gamma radiation, etc.), the transparent
protective cover should be replaced with
an aluminum cover.
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Features - continued

Available in 2, 3, and 4-inch diameters.

Withstand Pressures:

- 2-inch LW = 58 psi (4 bars)

- 3-inch LW = 51 psi (3.5 bars)
- 4-inch LW = 29 psi (2 bars)

Transmissibility
- SW: 94% from 0.3 t0 5.5 mm
- LW: From 94% at 0.3mm to 82% at 11 mm

Temperature Tolerance: 100°C max.

- No minimum as long as there is no signifi-
cant immediate change in temperature.
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Features - continued

Water Solubility: Very Low

- Short wave is less soluble than long wave.

- Window has been exposed for 3+ years in a
seaside environment with no degradation.

- Keep the cover closed when not in use.

Cleaning / Care:

- Clean with methyl alcohol and a soft cloth.
Do not use window cleaners or other chemi-
cals as they may cause the window to fog.

- Do not expose to direct sunlight.

- Keep the cover closed when not in use.
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Summary

Employee’s must be protected in today’s work
Environment

Method 1 — Determine hazard categories and protect
with PPE

Method 2 — Manage the Hazard through Engineering
Design

QUESTIONS?7?7?7?7?77
MORE INFORMATION AT: WWW.SQUARED.COM
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