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Agenda
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ÅUnderstanding the New IEEE 1584-2018 Guide, NFPA 70E, and OSHA
Å IEEE 1584-2018 Inputs: Working Distance, Electrode Gap, Electrode Orientations, and Size Information
ÅMultiple and Varying Arcing Currents with IEEE 1584-2018 

ÅReview Fuse Clearing Time Problems and the 2020 / 2017 NEC 240.67 Article  
ÅCase #1: Varying Cable Lengths 
ÅCase #2, Parts I-III: Varying Transformer Sizes

Å15kV and Below Solutions for New and Retrofit Applications
ÅReview Arc Energy Reduction Solutions per 2020 / 2017 NEC 240.67 and 240.87
ÅCEU (Continuing Education Unit) Exercises:
Å240.67 (B)(2)
Å240.67 (B)(3) and 240.87(B)(4) 

ÅUnderstand the Present / Pending Enforcement Maps of the 2020 / 2017 NEC 



History
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* 2017 NEC Reference: https://www.nfpa.org/NEC/About -the -NEC/Explore - the -2017 -NEC
** IEEE 1584 - 2018 Reference: https://standards.ieee.org/standard/1584 -2018.htmlSlide 4

Technology Standards Enforcement Digital Safety

IEEE 1584-2002 IEEE 1584-2018**

National Electrical Codes*

https://www.nfpa.org/NEC/About-the-NEC/Explore-the-2017-NEC
https://standards.ieee.org/standard/1584-2018.html


IEEE 1584 2.0 model is more complex vs. 2002

New Equations of Calculating Incident Energy
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What is the difference?

IEEE 1584-2002 vs. IEEE 1584-2018
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IEEE 1584-2002 (version 1.0) calculation variables:
ÅGap (G) (equipment type driven)
ÅWorking distance (D)
ÅOperating voltage (Voc)
ÅAvailable short circuit current (Ibf)
ÅGrounding (yes/no) (not new model)
ÅBox (yes/no)

New IEEE 1584-2018 (version 2.0) adds:
ÅElectrode orientation
ÅElectrode environment (barriers?)
ÅBox size considerations
ÅMore variable gap considerations
ÅResults may vary significantly 
ÅArcing Current (Ia)
ÅIncident Energy (Ei)
ÅApproach Boundary



Momentary vs. IEEE 1584-2018/IEEE 1584-2002 Integrated 

Understanding Arc Flash Hazard Calculations
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*EasyPower Webinar ñBasics Steps in EasyPower to Conduct and Arc Flash Study Using the 
New IEEE 1584 ï2018 Modelò: https://www.easypower.com/resources/webinars
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Momentary Integrated*

2500 kVA 2500 kVA

https://www.easypower.com/resources/webinars


From two (2) event modes to five (5)

Electrode Configuration is a Big Change!
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Å The orientation and arrangement of the electrodes used in the testing evolved. 

Å Electrodes placed in open-ŀƛǊ όάh!έύ or ŜƴŎƭƻǎŜŘ όά.έύ (open front). 

Å Electrodes were also ƻǊƛŜƴǘŜŘ ǾŜǊǘƛŎŀƭƭȅ όά±έύ or ƘƻǊƛȊƻƴǘŀƭƭȅ όάIέύ. 

Å Open space & barrier-ǘŜǊƳƛƴŀǘŜŘ όά.έύelectrode configurations also used.

Å Electrode configurations defined and listed in the model:

Event Modes

1) VCBΥ ±ŜǊǘƛŎŀƭ ŜƭŜŎǘǊƻŘŜǎ ƛƴǎƛŘŜ ŀ ƳŜǘŀƭ άōƻȄέ ŜƴŎƭƻǎǳǊŜΦ

2) VCBBΥ ±ŜǊǘƛŎŀƭ ŜƭŜŎǘǊƻŘŜǎ ǘŜǊƳƛƴŀǘŜŘ ƛƴ ŀ άōŀǊǊƛŜǊΣέ ƛƴǎƛŘŜ ŀ ƳŜǘŀƭ άōƻȄέΦ

3) HCBΥ IƻǊƛȊƻƴǘŀƭ ŜƭŜŎǘǊƻŘŜǎ ƛƴǎƛŘŜ ŀ ƳŜǘŀƭ άōƻȄέΦ

4) VOA: Vertical electrodes in open air.

5) HOA: Horizontal electrodes in open air.



Horizontal versus vertical makes a big difference.

Biggest Difference is Electrode Direction
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*EasyPower Webinar ñArc Flash the Easy Way - Part 2, Data Collectionò: 
https://www.easypower.com/resources/article/arc-flash-the-easy-way-part-1-regulations-and-industry-standards
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Horizontal electrodes aim plasma at the worker!

Common sense ĄƳƻǊŜ ŘŀƴƎŜǊƻǳǎΧ άǇƭŀǎƳŀ Ǌŀƛƭέ 
aiming at worker!

The data confirms it!  

Heat & plasma bounce 
around the box & get 
pushed out via radiation  
& pressure

Lorentz force pushes arc 
όǇƭŀǎƳŀύ ŀǿŀȅ ŦǊƻƳ άŜƴŘέ 
of electrodes

Heat & plasma focused on 
worker

OLD MODEL Additional in NEW MODEL

https://www.easypower.com/resources/article/arc-flash-the-easy-way-part-1-regulations-and-industry-standards


8 cal/cm2

Common Performance Target*
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*IEEE Twin Cities PES/IAS: IEEE 1584 Revolutionary Changes Coming, October 2018: https://meetings.vtools.ieee.org/m/176768
*IEEE San Francisco IAS: NFPA 70E / IEEE 1584: Significant Changes, February 2019: https://events.vtools.ieee.org/m/183482
*IEEE Arrowhead: IEEE 1584 Revolutionary Changes Coming, March 2019: http://sites.ieee.org/arrowhead/event/pes-technical-
meeting-ieee-1584-revolutionary-changes-coming/
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ÅCriteria: 0.48/0.277kV Switchgear/Switchboard/MCC, 

онƳƳ ²ƻǊƪƛƴƎ DŀǇΣ муέ ²ƻǊƪƛƴƎ 5ƛǎǘŀƴŎŜΣ 

0.05 second Clearing Time

ÅVCBΥ Җ у ŎŀƭκŎƳ2 per old or new VCB to 100kA

ÅHCB: >45kA, 3 cycle clearing time not good enough

Å Protection speedeven more important!
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Curve 1 & 2, Incident Energy Only

(1) Ei(V2.6.2)@ 480V, Gap= 32mm,  WD= 457.2mm, T= 50ms, VCB, Box 20 X 20in

(2) Ei(V2.6.2)@ 480V, Gap= 32mm,  WD= 457.2mm, T= 50ms, HCB, Box 20 X 20in

1584-2002 Ei @ 480V SG G= 32mm, K= -0.097 K1= -0.555 K2= -0.113 Cf= 1.5 x= 1.473 D= 457.2mm

New 1584-2018 VCB

New 1584-2018 HCB

Old 1584-2002 VCB

Desired 8 
Calorie Limit!

IEEE 1584-2018 vs. IEEE 1584-2002 Analysis
3 Cycle Clearing Time= 0.05 seconds or 50 ms

45kA

https://meetings.vtools.ieee.org/m/176768
https://events.vtools.ieee.org/m/183482
http://sites.ieee.org/arrowhead/event/pes-technical-meeting-ieee-1584-revolutionary-changes-coming/


Hierarchy of Risk Control Methods
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*EasyPower Webinar ñArc Flash The Easy Way ïPart 1, Regulations and Industry Standardsò: 
https://www.easypower.com/resources/article/arc-flash-the-easy-way-part-1-regulations-and-industry-standardsSlide 11

Each method is considered less effective than the one before

1) Elimination of the hazard: Physically removing the hazard (eliminate switchgear sections, 
perform de-energized work / turn power off, etc.)

2) Substitution: Replace the hazard with proper design to lessen the hazard.

3) Engineering Controls: Isolate people from the hazard with 2020 / 2017 NEC Articles 
240.87 and 240.67, address human error, etc.

4) Awareness: Education in NEC codes (PDH, CEUs, etc.), safety training, meetings, 
signage, and culture Ą It is up to the individual.

5) Administrative Controls: Document risk procedures/assessments to address human error.  

6) PPE: IEEE 1584-2018 will guide consultants and end-users to appropriate PPE levels 
with available technologies. Ą It is up to the employer (end-user) to protect workers.

https://www.easypower.com/resources/article/arc-flash-the-easy-way-part-1-regulations-and-industry-standards


Case #1: Varying Cable Lengths w/ LV Current Limiting Fuses 
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* IEEE 1584 - 2018 Reference: https://standards.ieee.org/standard/1584 -2018.html
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4.6 Intermediate Incident Energy (E), pg. 25*
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https://standards.ieee.org/standard/1584-2018.html


Case #1: Varying Cable Lengths w/ LV Current Limiting Fuses 
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* IEEE 1584 - 2018 Reference: https://standards.ieee.org/standard/1584 -2018.html
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4.6 Intermediate Incident Energy (E), pg. 25*
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https://standards.ieee.org/standard/1584-2018.html


I. Worst Case Fault Magnitude 

II. Types

Å Three Phase Bolted Faults

Å Bolted Line-to-Line Faults

Å Line-to-Line-to-Ground Faults

Å Line-to-Ground Faults

Bolted Fault Background
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Bolted Fault Event

`


