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Agenda

A Understanding the New IEEE 153218 Guide, NFPA 70E, and OSHA

A |EEE 1582018 Inputs: Working Distance, Electrode Gap, Electrode Orientations, and Size Informat
A Multiple and Varying Arcing Currents with IEEE 15813

A Review Fuse Clearing Time Problems and the 2020 / 2017 NEC 240.67 Article

A Case #1: Varying Cable Lengths
A Case #2, Partdll: Varying Transformer Sizes

A 15kV and Below Solutions for New and Retrofit Applications
A Review Arc Energy Reduction Solutions per 2020 / 2017 NEC 240.67 and 240.87
A CEU (Continuing Education Unit) Exercises:
A 240.67 (B)(2)
A 240.67 (B)(3) and 240.87(B)(4)

A Understand the Present / Pending Enforcement Maps of the 2020 / 2017 NEC
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New Equations of Calculating Incident Energy
IEEE 1584 2.0 model is more complex vs. 2002

4.6 Intermediate incident energy (E)

oz
Use Equation (3) to Equation (6) as follows and Table 3, Table 4, and Table 5 to determine the intermediate
incident energy values:
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E.. is the incident energy at V.= 600V (J/cm?)
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IEEE 1582002 vs. I[EEE 158018

What is the difference?

IEEE 1582002 (version 1.0) calculation variables: New IEEE 1582018 (version 2.0) adds:
A Gap (G) (equipment type driven) | A Electrode orientation

A Working distance (D) A Electrode environment (barriers?)

A Operating voltage () | A Box size considerations

A Available short circuit current,f) A More variable gap considerations

A Grounding (yes/nojnot new model) | A Results may vary significantly

A Box (yes/no) A Arcing Current (1a)

A Incident Energy (Ei)
A Approach Boundary
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Understanding Arc Flash Hazard Calculations
Momentary vs. IEEE 152018/IEEE 1582002 Integrated

Phase currents and voltages were measured digitally and rms values were computed. Arc power was computed
by integrating the products of phase current and voltage and summing the results. Arc energy was computed
by integrating arc power over the arc duration. Typically, all of the described data manipulation was performed
using the menu/computation functions resident on the digital oscilloscope.
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Electrode Configuration is a Big Change!
From two (2) event modes to five (5)

The orientation and arrangement of the electrodes used in the testing evolved.
Electrodes placed iopen!l A NJ ®iShy1CGf 02 & $oRen &raint). € 0

Electrodes were alse NA SY 1 SR QGSMNKEBNAH f2fy81 dd £ ® al €0
Open space &arrier-iU S NIY A V' | iglScRode odnfigunations also used.

Electrode configurations defined and listed in the model:

Event Modes

o o To To o

1) VCBY +*SNIAOFf St SOUNRBRSA AYyaARS | YSiult ao2Eé&
2) VCBY +SNIOAOIFf StSOUNRPRS& USNXWAYFUOSR AY | daol NN
3) HCY | 2NAT 2y il f St SOGNRRSE AYyaiaRS | YSGlIf d&ao02E
4) VOA Vertical electrodes in open air.

5) HOA Horizontal electrodes in open air.



Biggest Difference is Electrode Direction
Horizontal versus vertical makes a big difference.

Horizontal electrodes aim plasma at the worker! OLD MODEL Additional in NEW MODEL
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The data confirms it!

Heat & plasma bounce Lorentz force pushes arc

around the box & get oL FayYlo gl e
pushed out via radiation of electrodes
& pressure Heat & plasma focused on
worker
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IEEE 1582018 vs. IEEE 158902 Analysis

Common Performance Target* 3 Cycle Clearing Time= 0.05 seconds or 50 ms
8 callcn?
//
N //
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*|EEE Twin Cities PES/IAS: IEEE 1584 Revolutionary Changes Coming, October 2018: https://meetings.vtools.ieee.org/m/176768 3/ {
*|EEE San Francisco IAS: NFPA 70E / IEEE 1584: Significant Changes, February 2019: https://events.vtools.ieee.org/m/183482
*|EEE Arrowhead: IEEE 1584 Revolutionary Changes Coming, March 2019: http://sites.ieee.org/arrowhead/event/pegechnicat .‘~
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meetingieee-1584revolutionarychangescoming/
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Hierarchy of Risk Control Methods
NFPA

70 E Each method is considered less effective than the one before

4) AwarenessEducation in NEC codes (PDH, CEUS, etc.), safety training, meetings,
signhage, and culturd, Itis up to the individual.

Awareness

1) Elimination of the hazardPhysically removing the hazar@liminate switchgear sections,
glteatl:}(:lacradl for m perform deenergized work / turn power off, etc.)
Saf ety in the M 2) Substitution Replace the hazard with proper desigrigdesen the hazard
Wor kplace° 3) Engineering Contraldsolate people from the hazard with 2020 / 2017 NEC Articles
2018 240.87 and 240.6'address human errgretc.

e 5) Administrative ControlsDocument risk procedures/assessmentatliress human errar

6) PPEIEEE 1582018 will guide consultants and enders to appropriate PPE levels
with available technologie#\ It is up to the employer (enelser) to protect workers.

Personal Protective Equipment

*EasyPower Webinar fAArc Fl dasPharTthel  EaReyguWaayt i ons and I ndustry Standar <
https://www.easypower.com/resources/article/affashrthe-easyway-part-1-requlationsand-industry-standards \
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|EEE 1582018

Arcing Current Method

Case #1 Varylng Cable Lengths w/ LV Current Limiting Fuses

EasyPower - [Arc Flash Hazard Report for "EasyPower |EEE 1384-2018 and 2017 NEC 240.67-Cable Lengths & AFIE (Base Case)"]
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IEEE 1582018
Arcing Current Method

Case #1 Varylng Cable Lengths w/ LV Current Limiting Fuses

EasyPower - [Arc Flash Hazard Report for "EasyPower |EEE 1384-2018 and 2017 NEC 240.67-Cable Lengths & AFIE (Base Case)"]
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Bolted Fault Background

l.  Worst Case Fault Magnitude

. Types

Three Phase Bolted Faults
Bolted Lineto-Line Faults

Lineto-Lineto-Ground Faults

o o I I»

Lineto-Ground Faults

Bolted Fault Event




