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The purpose of the session is to provide an 
overall understanding of the strategic impact of 
arc-flash.  

Special focus is on the tactical means to 
minimize operational exposure of the users to 
the electrical equipment.

Risk Reduction through Design & Technology





Seminar Handouts



It is the right thing to do &… realize increased productivity, 
higher worker morale & improved operational efficiency

Machinery, processes & facilities are designed with worker 
safety in mind …

However, electrical safety is often an afterthought !

Electrical safety needs to be considered as part of the initially 
defined mission for the facility’s power distribution system & 
contemplated at “every” decision point in the design, 
purchasing & installation process.  

System reliability and long term productivity is best enhanced 
while keeping initial & long term costs down.

Worker safety is important - Why?

It should not be !It should not be !

Electrical safety needs to be part of a multifaceted 
approach to electrical infrastructure planning
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What is electrical worker safety ?

Its more than just an Arc Flash Incident Energy Study

US National Institute for Occupational Safety & Health (NIOSH)

“Electrical current exposes workers to a serious, widespread occupational 
hazard; practically all members of the workforce are exposed to electrical 
energy during the performance of their daily duties, and electrocutions 
occur to workers in various job categories. Many workers are unaware of 
the potential electrical hazards present in their work environment, which 
makes them more vulnerable to the danger of electrocution.

Electrical injuries consist of four main types: electrocution (fatal), electric 
shock, burns, and falls caused as a result of contact with electrical energy.”

– Practically all members of the work force . . . Not just electricians
– Many workers unaware . . . Not all exposures are planned
– Electrocution, shock, burns and falls . . . Not JUST arc flash
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Some data

US National Institute of Health (NIOSH) Studies for 1980-1995 
identified 93,338 fatalities in the American work place.
• Of those ~ 1/15 was caused by electricity
• 389 electrically induced fatalities per year . . . > 1/day

Not all arc flash
Not all factory or process facility floor
Shock and overhead lines are significant contributors



How to address safety needs ?

An energized circuit/conductor represents the 
potential for:
• Electric shock
• Arc-flash
• Arc Blast

Operators and designers of electrical equipment 
desire to:
• Minimize the need to touch
• Lower energy levels
• Lower interruption time
• Absorb energy
• Barrier the equipment

Multiple Issues



How to address safety needs ?

The Easiest Solution is

Discourage Energized Work-Permitting
• Provides no arc-flash hazard
• De-energized conductors and cold busses are no electrical threat
• No voltage potential and zero current flow eliminate power contribution

Still need to follow all necessary lock-out/tag-out procedures

Multiple Solutions

This is very difficult in today’s 24-7-365 environment
Most historical solutions don’t exist 
• Off-hour scheduling
• Periodic/Scheduled maintenance shutdowns
• Area/Sector isolation
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How to address safety needs ?

Ground Zero is the proper Personnel Protective Equipment (PPE)

Dependent upon knowing the Hazard Risk Category value (HRC)

Multiple Solutions – In an Energized Environment



Design Based Solutions

Primary focus is on new installations
Some can be implemented on existing equipment (retro-fit)

• Detail the Detection Method and the Design Mechanism

• Provide both the Benefits and the Drawbacks

Practical equipment implementation on 
Switchgear, Switchboards, Unit Substations and 
Downstream Motor Control Centers 

Multiple Solutions – In an Energized Environment

Bottom-Line = Provide Design Options
The choice is up to you
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Method – Fuses as a Protective Device

Detection = Direct current energy

Mechanism = Relies on current-limiting 
interruption

Benefit
• Fastest interruption if

Ia > current-limiting 
energy threshold

• Long history of 
industry usage 

Drawback
• Large fuses have CL 

thresholds > arcing 
current and hence 
may be slow to react

• Concern over fuse 
replacement and lack 
of other capabilities 
offered by circuit 
breakers

Multiple Solutions – In an Energized Environment



Method – Current-Limiting Circuit Breakers

Detection = Direct current energy

Mechanism = Relies on current-limiting 
interruption

Benefit
• Fast current 

interruption similar to 
fuses if Ia > current-
limiting threshold

• Expands standard AIC 
ratings of breakers to 
values as high as 
200KAIC

Drawback
• Limited in availability 

relative to fuses and 
subject to similar 
limitations

• May require 
replacement after 
limited number of 
operations

• Not easily available in 
a broad range of sizes 

Multiple Solutions – In an Energized Environment



Method – Circuit Breakers with Instantaneous Trips

Detection = Current; may be combined with 
light detection 

Mechanism = Relies on fast fault 
interruption 

Benefit
• Provides fast current 

interruption
• Possibly expands 

coordination 
capabilities

Drawback
• Not as fast as current-

limiting fuses or circuit 
breakers

• Use of the 
instantaneous at 
arcing current levels 
may negatively affect 
selectivity

• Requires adjustable-
trip circuit breakers

Multiple Solutions – In an Energized Environment



Method – Bus Differential Protection

Detection = Current differential 

Mechanism = Relay based system 

Benefit
• Fast elimination of all 

contributing fault 
sources

• Long history of 
industry usage 

Drawback
• Breaker operation 

speed  
• Usually requires 

dedicated set of CT’s 
for every breaker

Multiple Solutions – In an Energized Environment



Method – Zone Selective Interlocking

Detection = Current with restraint signal 

Mechanism = Trip unit or relay based 

Benefit
• Speeds up interruption 

of ST and/or GF 
and/or Inst protective 
functions

• Maintains coordination 
settings in normal 
mode  

Drawback
• Breaker operation 

speed  
• Requires specific 

capable trip/relay 
system and wiring

Multiple Solutions – In an Energized Environment



Method – Remote Operation

Detection = None 

Mechanism = Operator outside arc flash 
boundary 

Benefit
• No impact on system 

selectivity
• Some remote racking 

devices can be used 
on existing equipment

Drawback
• Does not improve 

downstream or 
equipment protection 

• May be costly and 
difficult to retrofit into 
existing installations

Multiple Solutions – In an Energized Environment



Method – Arc-resistant Switchgear

Detection = None 

Mechanism = Enclose switchgear volume

Benefit
• Protects in proximity of 

the switchgear from 
arc flash and blast 
energy

• Mechanical/Structural 
solution

Drawback
• Enclosure integrity 

must be maintained 
(doors closed)

• Blast energy must be 
exhausted

• Complex installation
• Does not improve 

equipment protection 
nor can it be added to 
existing equipment

Multiple Solutions – In an Energized Environment



Method – Crowbar System

Detection = Light detection and current 

Mechanism = Fast protection from arc 
blast and flash 

Benefit
• Protects in proximity to 

switchgear from arc 
flash and blast energy

• May reduce immediate 
equipment damage 

Drawback
• One-time use, may 

damage distribution 
equipment and other 
equipment connected 
in the system

• Localized protection 
only

• Increased stresses on 
transformers

Multiple Solutions – In an Energized Environment



Method – Temporary Reduced Settings

Detection = Current measurement 

Mechanism = More sensitive and faster 
temporarily 

Benefit
• Reduces incident 

energy under specific 
conditions 

Drawback
• Requires specific 

capable trip systems 
and does not provide 
protection if the event 
does not occur during 
planned activity

Multiple Solutions – In an Energized Environment



Method – Single Processor Protection

Detection = Current and voltage combined 
with intelligent algorithms

Mechanism = Multiple inputs to centralized 
redundant processor  

Benefit
• Equipment system 

protection not islands 
of intelligence

• Upgrades and options 
are software based 

Drawback
• Requires specific 

capable trip systems 
• Difficult to retrofit into 

existing installations

Multiple Solutions – In an Energized Environment



Method – Fast Energy Capture

Detection = Current only 
(Activation Switch)

Mechanism = Fast protection from arc 
blast and flash 

Benefit
• Provides lowest 

incident energy even 
with doors open

• Multiple use with minor 
maintenance

• Reduces equipment 
damage

• Immediate retrofit 
application 

Drawback
• Current only based 

activation
• Maintenance 

Activation

Multiple Solutions – In an Energized Environment



Method – Fast Energy Capture

Detection = Light detection and current          
(Always On)

Mechanism = Fast protection from arc 
blast and flash 

Benefit
• Provides lowest 

incident energy even 
with doors open

• Multiple use with minor 
maintenance

• Reduces equipment 
damage 

• Continuous monitoring

Drawback
• Placement of light 

sensors in existing 
gear

• New equipment 
lineups only 

Multiple Solutions – In an Energized Environment



Play Video



12 Cycle / 3 Cycle    /   1.5 Cycle   /    0.5 Cycle   .
200 msec /    50 msec    /    25 msec    /    8 msec       .
Video Left / Picture Left / Video Right / Picture Right

3 cycle CB interruption 0.5 cycle Arc-Vault protection



Arc flash hazard exposure is a function of fault clearing 
time at an arcing current and a worker’s distance from the 
event.  Multiple techniques can be employed to limit 
exposure.

Multiple Solutions – In an Energized Environment



Some of the methods can be combined
Some can be applied to different pieces of equipment

Bottom-Line = Provide Design Options
The choice is up to you

Bottom-Line = Provide Design Options
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Bus Differential Protection Temporary Reduced Settings Single Processor Protection Fast Energy Capture



Any Questions?

Thank-you for your time



Other References

http://standards.ieee.org
www.nfpa.org

www.nfpacatalog.org
www.plantengineering.com/webcast 




