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IEEE Presentation Agenda
Engineered Solutions for Arc Flash Mitigation

• Introduction
• Arc Flash Mitigation Options – Advantages & Disadvantages
• Arc Quenching Definition – What is an “active” Arc‐Quenching System?
• Standards that Reference Arc Quenching
• Arc Quenching Decision – Practical Applications
• Arc Quenching Benefit Summary
• Typical components of an Arc Quenching System
• Arc Quenching System Design – How Does the System Work?
• Testing an Arc Quenching System
• Arc‐Quenching vs. Mechanical Arc Resistant (“Arc Venting”) 
• Arc Quenching System Stress Test Data (only if we have time!)

Real‐world Arc Quenching Application Examples

Question & Answer Session



Introduction

 History of Active Arc Quenching

 Technical Handouts (note the # !)

 Q&A





Arc Flash Mitigation Options  (#1)



Mechanical Venting
(Arc Redirection)

There are two choices for IEEE C37.20.7 compliance

Arc Resistant Switchgear

Arc Quenching



Active Arc Flash Mitigation Definition

“A fast‐acting low‐impedance arc flash mitigation system which has a total 
clearing time from arc flash initiation to complete extinguishing of the arc flash 
event in  less than .006 seconds (6ms).”    ‐ Draft Standard EN 50110.

Any of the methods listed by the NEC, Article 240.87.

Arc Quenching Definition



Arc Quenching  Standards

NEC Article 240.87:

> History

> Requirements

> NEC arc  flash mitigation methods:

1.  ZSI

2.  Differential Relaying

3.  Maintenance switch w/local status indication

4.  Energy reducing active arc flash mitigation system

5.   Approved equivalent means by the AHJ



Arc Quenching Standards

UL 2748 ‐ Maximum (peak) fault current and short‐time fault‐
current withstand.  Modern 3rd‐generation arc quenching 
devices typically have a peak current rating of 162.5kA and a 
minimum short‐time fault‐current withstand of 100kA for 
200ms. 

IEC  60947‐9‐1 – The IEC standard defines the maximum voltage 
drop across the Arc Quenching Device (AQD) as 34 volts peak; 
this essentially precludes the addition of significant impedance 
between the AQD and ground.



Arc Quenching  Standards

NFPA 70E (2018 Ed.) – Annex O.2.4(1):

(1) Energy‐reducing active arc flash mitigation system.
This system can reduce the arcing duration by creating
a low impedance current path, located within a controlled
compartment, to cause the arcing fault to transfer
to the new current path, while the upstream breaker
clears the circuit.  The system works without compromising
existing selective coordination in the electrical distribution
system.



Arc Quenching Decision
Three Practical Application Questions:

1. How important is uptime and power system continuity?

2. How important is reducing arc flash hazards?  
(Lowering the arc flash thermal incident energy to < 1.2 
calories per cm2 at the Working Distance)

3. Are there benefits associated with eliminating the need for 
arc‐rated PPE clothing?



The Four Primary Arc Quenching Benefits (#2)
• Minimize arc flash incident energy 
• Maximize personnel / Qualified Person safety
• Minimize downtime and equipment damage
• Eliminate the need for arc‐rated PPE clothing

40kA @ 12.47kV



Arc Quenching Benefits Summary
• Eliminates the need for arc-rated (“AR”) clothing PPE
• Achieves an incident energy less than 1.2 calories per cm2 at the Working Distance

– Formerly referenced as “Category 0” by NFPA 70E

• Protects VFD enclosures, Motor Control Centers (MCCs) and control cabinets
• Extends the useful life of old switchgear utilizing air-break circuit breakers
• Easily applied in new equipment & retrofit applications, both LV & MV up through 15kV
• Protects equipment in environments where unexpected downtime is not an option
• Eliminate all permanently-debilitating and life-threatening arc flash risks (personnel safety)

4ms                                     50ms                          300ms



- Arc Flash Protective Relay (detection + assertion time < 2ms)
- Current Transformers
- Light Sensors (point-light and fiber-optic)
- Quenching Device (“crowbar”) generating a low impedance path
- Upstream Circuit Breaker
- Uninterruptible Control Power Source
- Annunciation System
- 50MHz Waveform Capture SOE / Meter

Fast detecting  +  Quenching 

Typical Components of an Arc Quenching System
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Low Voltage Arc Quencher Video



Arc Flash Energy Comparison
With the Arc Quencher, the arc never gets large 
enough to require arc-rated PPE clothing.



65 kA / 480V arc test,  peak transient 163kA 

Quenching time  4ms Tripping time  50ms



65 kA / 480V arc flash test
(peak transient current 163kA)

Quenching time  4ms



Arc Quenching Devices (#3)
• Pictured below is a Thompson coil (electromagnet) based system
• LV Total system clearing time < 5ms
• MV Total system clearing time < 6ms
• Required:  On-line diagnostics and system annunciation
• UL-listed arc flash sensors & 50ARC relay system
• Tested and validated by 3rd-party test

laboratory



Arc Flash Relay + Circuit Breaker
vs.

Arc Flash Relay + Arc Quencher

100 200 250 500 ms100 200 250 500 ms

Overcurrent protection clearing time 50-80ms
- 2ms trip + 50-80ms circuit breaker clearing  time
- Eliminate arc flash risk to PPE Category 2

- High pressure hazard still exists

Worst-case arc quenching time  5ms
- 2ms trip + < 3ms quenching time
- Pressure hazard is eliminated
- Thermal (burn) hazard is so low that 

arc-rated PPE clothing is not required



Installation / Application Examples
(#4 for drawings)



“Before” @ Kimberly‐Clark



“After” @ Kimberly‐Clark:  0.4 Calories per cm2



Arc Flash PPE:  Minimum Survival Requirements 
Kimberly-Clark Application

Category 4 Flash Suit in the front of 
the switchgear.  In the rear of the 
switchgear, even a Cat 4 suit would 
not guarantee survival when 
standing behind the switchgear (less 
than 36” Working Distance).  

Guaranteed no life-threatening burns 
with an Arc Quencher

Marilyn Monroe - 1956



Green Bay Waste Water Treatment Plant
(NEW Water) – Arc Quencher Front Panel



Land O’Lakes Fertilizer Plant
Caledonia, New York



 Just like a circuit breaker, the Arc Quencher system is an 
electromechanical life‐safety device.  As such, it must be 
periodically tested to assure a compliant clearing‐time.

Arc Quencher System Testing & Validation

 Factory testing

 Jobsite testing

 Recommended testing 
frequency



Traditional “Arc Resistant” Equipment:
Mechanically‐Top‐Vented and compliant with IEEE C37.20.7

Popular because of the words “arc resistant”
 This type of solution is referenced as“arc venting” or 

“arc redirection” equipment
Does not reduce arc flash incident energy vs. 
standard equipment; therefore, it delivers no 
additional “exposed energized” protection from 
arc flash hazards

 Traditional Arc Resistant switchgear does not 
protect downstream assets (such as MCCs, VFDs, 
and control cabinets) any more than standard 
equipment

Expensive to purchase and expensive to install



Typical mechanically-vented IEEE 
C37.20.7-compliant switchgear



Typical mechanically-vented arc 
resistant switchgear exhaust plenums



Typical mechanically-vented arc 
resistant switchgear exhaust plenums



Typical mechanically-vented arc resistant 
switchgear exhaust plenum area



Mechanical Arc Resistant vs. Arc Quenching

 Complies with all ANSI/IEEE C37.20.7‐2007  “arc resistant 
switchgear” requirements

 The Arc Quencher solution does not “redirect” or “vent” the 
electrical arc: it eliminates the arc.

 The Arc Quencher solution is superior to  traditional “arc 
resistant” switchgear in all respects:
 Only the Arc Quencher protects both people and the 

physical equipment assets from the damaging effects of 
arc flash events, even when exposed‐energized

 Only Arc Quencher systems may be configured and 
expanded to protect downstream assets

 Only the Arc Quencher always guarantees what used to be 
referenced as PPE Category 0:  no AR‐rated PPE required by 
NFPA 70E (lower than 1.2 calories per cm2)



“I am concerned about Arc Quenching 
because it creates a low‐impedance 
current path.”  



Is system stress a legitimate argument 
against arc quenching? 

1.  “Properly applied and installed” for the 
maximum available fault current.

2. Upstream and downstream transformers 
must be protected within their damage 
curves. 



We ran tests at various LV and MV voltages, 
comparing arcing faults using both arc 
quenchers and circuit breakers under identical 
fault conditions.

Arc Quenching System 
Stress Tests @ KEMA



15kV Arc Fault Currents At The Fault Location
With & Without an Arc Quenching Device

Ground Fault



15kV Arc Fault Currents At The Fault Location
With & Without an Arc Quenching Device

Three-Phase Fault



Mike Bukovitz, P.E.
Tech4 LLC
Phone: 920‐532‐0480
Email:  mikeb@tech4.com

 Thank you for your time!


