LISHEIN.
THINK.
SOLVE!

w PUBLIC

@ Allen-Bradley - Rockwell Software  AAUITTOmMation

PUBLIC - 5058-C090H Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved.



North American Standards (NAS) —

Rockwell

The prese nter Automation

Stefano Muraro: Product Manager Industrial Control - EMEA Region
Joined RA in 1991

Positions covered in the past:
= Commercial Engineer Industrial Control - ltalian Region
= Commercial Engineer Low Voltage Motor Control Center - EMEA Region

Team Member of «North American Standards Overviewy, initiative
launched in Italy back in 2002

Location of work: Milan, Italy

Contacts:
- Office +39 02 33447.241 : £y
. * Switch ModesPower Stpplies
= Mobile +39 348 3208021 - Power Dlsmw

¢ Fuse Holder

= email smuraro@ra.rockwell.com ol

-~
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North American Standards (NAS) — L .
The Presenter e ' am

This seminar is not intended
as a «one man showy...

...Feel free to interrupt me
asking questions and

clarification at anytime...

...l know | am going to bore
you for the next few hours
but...

...Please do not shoot on the
pianist

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 3



Disclaimer Aufomation

= Rockwell Automation assumes no liability for the correctness or
completeness of the information included in this seminar

The information are intended to support the Engineering Teams in
charge of design Electrical Industrial Control Panel to respect the
North Amarican Standards but they are not intended to be
comprehensive

For certification purposes, it is mandatory to rely on the most up-to-
date original text of the English language Standards

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 4
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08:00 - 09:00  Registration Controltech
09:00-09:15 Welcome and Company presentation FS

09:15-10:00 Introduction to North American Standards - Terms and SM
Definition

10:00 - 10:30 Coffe Break

10:30 - 11:15  North American Standards — UL standards vs IEC SM

11:15-12:30  Branch and Feeder Circuits = SM
12:30-13:30  Lunch .

13:30 -14:30  Control Circuits e SM
14:30 - 15:30  Example of Panel sizing/SCCR SM
15:30 - 15:45  Coffe Break

15:45-16:45 Rockwell Automation Products to fit North American SM
Standards

16:45 ... Wrap-up Controltech
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Rockwell

Seminar G()als Automation

= We accomplish or goals by sharing Rockwell Automation competency about...
The comprehension of the NA regulatory system
The most important Laws, Regulation and Standards
The Entities involved
Wording
Where to find relevant information

How to properly select products for the engineering of Industrial Control
Panels

How to avoid most common errors

How to dial with NA counter parts (customers, supplier, co-worker)
What are the right questions to ask

How to understand both the answers and manufacturing specifications
And more....

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved.
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Seminar target audience Automation

= Panel Builders 2
= OEMs ~»

= End Users

= Electrical Engineers ¢ ! "\

= Decision Makers SIS

/N
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Question for the audience Automation

What's the easiest to understand?

NFPA 70 is a National 2. Disconnect swithes are
Consensous Standard sized based on 115% of
incorporated by Full Load Ampere
reference in the Code of

Federal Regulation and

is the standard used by

the Authority Having

Jurisdiction to inspect M@_M@g jggg
electrical installations M”JQ‘LB/) _‘_‘/ j

CAWWA S

2
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Seminar Contents

= NA regulatory system Vs European

= |ndustrial Control Panel - Analysis

®

STANDARD FOR SAFETY

= National Electrical Code, Industrial Machinery, Electrical Safety in the
Workplace - Overview

2
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EU - Approach

Machinery Safety (EU)

European Commission
Official Journal European Union * __European Parlament

of the EU (0J)

Council of the European

European Union Union

Directives

'

Low Voltage Machines

Harmonized Harmonized Harmonized
Standards Standards Standards

— > EN/IEC 60204-1 4—|

> EN/EC 614391 <

l >  ENJIEC 60364-1
Standards for products

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 10
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EU - Standards

= Every EU directive has a list of Harmonized Standards

= The Standards are published by CENELEC and are referred as
European Norm or EN Standard

= These standards are called ‘Harmonized’ because they are identical

to the published IEC (approx. 75%)

International

- /ZLR
European Commitiee for Standardization . .
“ Comaé Européen de Normaization ﬁ Iso Organization for

E sches Komtes fr N A A
e ometes fur Normurg Standardization

! k3

sston Electre l che y Internationals
IE mz n onal Fo rot c' c (.om' 21
“f‘ﬂc" ADODAN INCHIDOTEANAeCRan KoasssCmmn

EUROPEAN COMMITTEE ={ }
FOR ELECTROTECHNICAL STANDARDIZATION

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 11
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Rockwell

EU — Notified Body . o

An entity accredited by a Member State and authorized to asses
whether a product meets certain preordained standards

Assessment can include inspection and examination of, design,
engineering and production

With the assessment completed the product gets the Declaration of
Conformity, therefore the manufacturer can label the product with the
CE Mark which is mandatory to sale the product in the EU

The CE Mark is the passport for the free circulation of the product within

the EU

opyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 12 '
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EU — Notified Body

New Approach Notified and Designated Organizations

= Examples of NB (complete list under NANDO web site)

KEMA Quality

-
. KEMA < ATTESTATION OF CONFORMITY
o

Rockwsll Automation

1201 South Second Street

WIS3204  Miwaukes

United States Of America

Low voitaga switchgesr and control gear assembly
Allen-Bradiey

CENTERUINE 2500

Ue =890V, Ui= 1000 V. Uimp « 12 kV, 50060 Mz,
Je (main busbar system) = 1250 A

[ ]
Sl . Toﬂmlwmm
@ ‘making excellence a habit’ W 820k Harwmbe
United States Of Amenca

Subject Design varification
Requirements: Clause 10.10 of IEC £1436-2:2000
Remank Date of performance of lests. January 2007

This Aestation 1s granted on sccount of an examination by DEKRA, the resulis of which e 18id down in 8
confidental test report no 2103078 .02-QUAVING ssuad on 16 Agril, 2007

The axamingsion hes been carned out on one single specimen of the product, submitted by the
manuacturer. The Atleststion dees not inchude an it of the s
Conformaty of his production with the spacimen tested by DEKRA is nol the responsibiity of DEXRA

Amhem. 11 April 2011 Number: 2144038 024

DEKRA Certification BV

Nemko N =
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NA — Laws, Regulation, Standards

= Laws
= National, State and County level
= Proposed and approved by the Congress

= Laws are rules that are issued by governing body stating what can be done and
what cannot

= Regulations
= Those are usually National, but can be receipt at State or even at County level
= Proposed and approved by Federal Agencies

= Regulation is the process of monitoring and enforcing the Laws stating how things
shall be done or not done

= Standards and National codes
National Level
Approved and published by recognized standardization bodies

Include detailed requirements regarding safety and performances and are
established by private organizations

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 14
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NA N AppI‘OaCh Automation

Machinery Safety (USA)

i ‘ United States of
.| United State 2 Federal America

1| Code (USC) . - Register (FR) W I, I The Congress (US Senate & US
. AT P, o House of Representatives)

Code of Federal

Regulations e -l " > . (On site)Authority
Titles CFR 1,2,3....50 R . Having

Federal SO F Ty, ! Jurisdiction (AHJ)

Agencies

National Fire Protection
Amministration (NFPA)

l ) . Department of l ®
: I Labour Subtitle B @SHA
NFPA 70 (National | . .
Electrical Code - NEC) 1 Chapter XVII - Part 1910
Subpart S (Electrical)

CFR 29 (Labour)

Occupational Safety
Health Amministration (OSHA)

NFPA 70E

(Standard for Electrical +——1—» NFPA 79

(Industrial Machinery)

Natlonal Recognized ok % |
S Testlng Laboratories \

CERTIFIED
CAL

UL 508A (Industrial UL 508, UL 489,
Control Panel) Mgﬁﬁ UL 98, UL 1077....
Eail

7
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https://en.wikipedia.org/wiki/Code_of_Federal_Regulations
https://en.wikipedia.org/wiki/Code_of_Federal_Regulations

NA United States Code and Federal .
Register

Automation

= USC is the official Journal of the Federal Government of
the United States that contains government laws

= Compiled by the Office of the Federal Register within the
National Archives and Record Administration, directly
controlled by The Congress

Federal Regnq{for

= FRis the official compilation and codification of the general
and permanent federal statutes of the United States
= Collects all the USC laws

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 16
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NA Code of Federal Reqgulation

Is the codification of the Regulations to enforce Unites State
Code (USC)

= No law is «active» till this is receipt by the CFR

Organized in 30 «Titles» numbered from 1 t 50 to represent
broad areas subject to federal regulation
= Every Title includes a variable number of «Subtitles» dedicated
to a specific topic
= One or more Federal Agency is responsible for the Subparts

= Each Subtitle is splitted in «Parts», «Sections» and
«Paragraphs»

Code of Federal Rvgu]nlim)s

Updated every year in four shots in printed hardcopies volumes
(every Title is made by 1 or more volume)

The digital version is named e-CFR and is updated daily

Electronic Code of Federal Regulations

e-CIR

M

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 17


http://www.ecfr.gov/cgi-bin/ECFR?page=browse

Rockwell
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NA Federal Agency

The FA are unique governmental bodies, capable of exercising powers
characteristic of all three branches of the Unites States Federal Governament

= Judicial

= Legislative

= Executive
Those are entities which propose and establish Regulation to enforce Laws
An individual agency typically will possess only the power of the branch that
set it up, or possibly powers characteristic of two branches, but the
Separation of Powers doctrine dictates that all three powers should not be
vested in one body
The Administrative Procedure Act (APA), Pub.L. 79-404, 60 Stat. 237,
enacted June 11, 1946, is the United States Federal Statute that governs the
way in which Federal Administrative Agencies of the Federal Governament of
Unites States of America may propose regulations

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 18
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NA Federal Agency "

Legislative Branch Juducial Branch Executive Branch
Architect of the Capitol Administrative Office of the United States Courts |Executive Office of the President
United States Botanic Garden Federal Judicial Center United States Department of Agriculture
Congressional Budget Office Judicial Conference of the United States United States Department of Commerce
Government Accountability Office  [Office of Probation and Pretrial Services United States Department of Defense
Government Publishing Office United States Sentencing Commission United States Department of Education
Library of Congress United States Department of Energy
Congressional Research Service United States Department of Health and Human Services
United States Copyright Office United States Department of Homeland Security
Office of Compliance United States Department of Housing and Urban Development
United States Capitol Guide Service United States Department of the Interior
United States Capitol Police United States Department of Justice
United States Department of Labor

United States Department of State

United States Department of Transportation

United States Department of the Treasury

United States Department of Veterans Affairs

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved.



NA Federal Agency and Code of Rockwell
Federal Regulations -

= Where possible, Federal Agency promulgates National Consensus
Standards" or established Federal Standards as Safety Standards
= The mandatory provisions of the Standards, Incorporated by Reference?,
have the same force and effects as the Standards listed in Part 1910
= For example, the National Consensus Standard NFPA 70 is listed as a
reference document in Appendix A of Subpart S-Electrical of Part 1910 of
29 CFR
NFPA 70 is a voluntary Standard, which was developed by the National
Fire Protection Association (NFPA) and is also known as the National
Electric Code (NEC).
By incorporation through Reference, all the mandatory requirements in
the NEC are mandatory by OSHA

1) See next slides

2) s the act of including a second document within another document by only mentioning the second document. This act, if properly done, makes the entire
second document a part of the main document

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 20



Rockwell

NA National Consensous Standards = s

= Defined by 29 USC § 652 (9) (Title 29. Labor; Chapter 15
Occupational Safety and Health)

= The term “National Consensus Standard" means any occupational safety and
health standard or modification thereof which:
= (1) has been adopted and promulgated by a nationally recognized

standards-producing organization under procedures whereby it can be
determined by the Secretary* that persons interested and affected by the
scope or provisions of the standard have reached substantial agreement on
its adoption
(2) was formulated in a manner which afforded an opportunity for diverse
views to be considered
(3) has been designated as such a standard by the Secretary, after
consultation with other appropriate Federal Agencies

*Labour Secretary

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 21
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NA National Consensous Standards

Consensus Standards are seen as generally accepted engineering practices and can be
used for litigation purposes when entered as evidence in a legal proceeding

In case of an incident where litigation is involved, the design and safety practices used
are compared with these standards

In some cases, this type of enforcement is more critical than if the government were the
enforcing agent Federal agencies

Are normally written by volunteers and published by standards producing organizations
The content is the result of work done by a blue-ribbon panel of experts and defines the
industry’s best generally available knowledge.

Fall into several different classes oriented to:
= Product
= Testing
= |nstallation
= Design
= People
Many become legally mandated by governmental organizations

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 22



NA OSHA

OSHA

Occupational Safety and Health
Association

Federal agency that adopts
regulations for safety in the
workplace

OSHA audits NRTLs, National
Recognized Testing Laboratories
e.g. UL

PUBLIC

L3

Canadian Standards Association (CSA)

© 178 Rexdale Boulevard
© Etobicoke, Ontario MOW 1R3
o Canada

&

us

International Association of Plumbing and Mechanical Officials EGS (IAPMO)

+ 5001 East Philadelphia Sirest
© Omaro, A 91781
unitad States

QAI Laboratories, LTD (QAI)

& #16:211 Sehookhouse Srest
= Coguitlam, Eritish Columbia V3K 4¢3
o Canada

TOV SUD America Inc.

o 10 Centennial Drive
o Peabody, Massachusetts 01960
o United States

5.

Curtis-Straus LLC (CSL)

& One Distribution Center Circle, Suited1
= Littleton, Massachusetts 01460

= United States

QPS Evaluation Services Inc.
= Bl Kelfield Street, Unit &

= Tarento, Gntario, MW 5A3
o Canada

£

SUD

TOV SUD Product Services GmbH

Ridlerstrasse 65
o D-80339 Munich
= Germany

/ \
/o osHA N\

/' OSHA Operational

Requirements

29 CFR 1910.399 (and others) '\

Rockwell
Automation

Intertek

FM Approvals LLC (FM)

MET Laboratories, Inc. (MET)

o 814 West Patapsco Avenue
o Baltimere, Maryland 21230
o United States

SGS

SGS North America, Inc.

= 620 Ol Peachtree Road
o Suwanee, Georgia 30024
= United States.

U

< 1151 Baston-Providence Turnpike
= Norwood, Massachusetts 02062
= Unitad Ststes

Nemko-CCL (CCL)

o 1940 West Mexander Strest
o Salt Laks CIty, Utah 64118
© United States

R ——

SwAl'

i

Southwest Research Institute

6220 Culebra Road

Fost Dffice Drawer 28510
San Antonio, Texas 78238
United States

Underwriters Laboratories Inc.

= 333 Pfingsten Road

= Northbrook, Tinois 50062

= United Seates

Intertek Testing Services NA, Inc. (ITSNA)

o 545 Esst Algonquin Road, Suite
= Arington Helghts, Tiinois 60005
Unied States

NSF International (NSF)

o 789 North Dixboro Road
o Ann Arbor, Michigan 48105
o United States

omation, Inc. All Rights Reserved.



NA CFR In detalls - Titles

Title 1: General Provisions

Title 2: Grants and Agreements

Title 3: The President

Title 4: Accounts

Title 5: Administrative Personnel

Title 6: Domestic Security

Title 7: Agriculture

Title 8: Aliens and Nationality

Title 9: Animals and Animal Products

Title 10: Energy

Title 11: Federal Elections

Title 12: Banks and Banking

Title 13: Business Credit and Assistance

Title 14: Aeronautics and Space (also known as the Federal Aviation Regulations)

Title 15: Commerce and Foreign Trade

Title 16: Commercial Practices

Title 17: Commodity and Securities Exchanges

Title 18: Conservation of Power and Water Resources

Title 19: Customs Duties

Title 20: Employees' Benefits

Title 21: Food and Drugs

Title 22: Foreign Relations

Title 23: Highways

Title 24: Housing and Urban Development
Title 25: Indians

PUBLIC

Rockwell
Automation

Title 26: Internal Revenue (also known as the Treasury Regulations)
Title 27: Alcohol, Tobacco Products and Firearms
itle 28: Judicial Administration
Title 29: Labor
itle 30: Mineral Resources
Title 31: Money and Finance: Treasury
Title 32: National Defense
Title 33: Navigation and Navigable Waters
Title 34: Education
Title 35: Reserved (formerly Panama Canal)
Title 36: Parks, Forests, and Public Property
Title 37: Patents, Trademarks, and Copyrights
Title 38: Pensions, Bonuses, and Veterans' Relief
Title 39: Postal Service
Title 40: Protection of Environment
Title 41: Public Contracts and Property Management
Title 42: Public Health
Title 43: Public Lands: Interior
Title 44: Emergency Management and Assistance
Title 45: Public Welfare
Title 46: Shipping
Title 47: Telecommunication
Title 48: Federal Acquisition Regulations System
Title 49: Transportation
Title 50: Wildlife and Fisheries

ht © 2016 Rockwell Automation, Inc. All Rig



Rockwell

NA Path inside 29 CFR A"

= The path that connects (Incorporating by Reference) the CFR to Electrical
Standards is:

= Title 29 - Labour
= Subtitle B - Regulation related to Labour

= Chapter 17 — Occupational Safety and Health Administration, Department of
Labour

= Part 1910
= Subpart S - Electrical

= Appendix A to Subpart S OF Part 1910 - Reference for Further
Information

Incorporation by Reference

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 25
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NA Path inside 29 CFR A"

e-CFR data is current as of March 9, 2016

| Title Volume|Chapter| Browse Parts | Regulatory Entity
Title 29 1 | Subtitle A—Office of the Secretary of Labor

abor 0-99|[OFFICE OF THE SECRETARY OF LABOR
Subtitle B—Regulations Relating to Labor
100199 |NATIONAL LABOR RELATIONS BOARD

\w@ OFFICE OF LABOR-MAMAGEMENT STAMDARDS,
DEPARTMENT OF LABOR

300-359|[NATIONAL RAILROAD ADJUSTMENT BOARD

400-459||OFFICE OF LABOR-MANAGEMENT STANDARDS,
DEPARTMENT OF LABOR

500-859||WAGE AND HOUR DIVISION, DEPARTMENT OF
LABOR

900-999(|CONSTRUCTION INDUSTRY COLLECTIVE
BARGAIMING COMMISSION

[ 1200-1299][NATIONAL MEDIATION BOARD |
[ 1400-1499)[FEDERAL MEDIATION AND CONCILIATION SERVICE |
| 1600-1699][ EQUAL EMPLOYMENT OPPORTUNITY COMMISSION |
| 1901.1-1910.999//OCCUPATIONAL SAFETY AND HEALTH
[1610.1000-1910.1494% . UE

| 191110054
| 1926
| 1927-1989

2200-2499|0CCUPATIONAL SAFETY AND HEALTH REVIEW
COMMISSION

ZS{JD-EEQQHEMPLD‘I‘EE BEMEFITS SECURITY ADMINISTRATION,

R

CEPARTMENT OF LABOR

2700-2799 |FEDERAL MIME SAFETY AND HEALTH REVIEW
COMMISSION

4D{]D—4QQQ||F'ENSIUN BEMEFIT GUARANTY CORPORATION

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 26
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NA Path inside 29 CFR A"

e-CFR data is current as of March 9, 2016

Title 29 — Subtitle B — Chapter XVII|

TITLE 28—Labaor
Subtitle B—REGULATIONS RELATING TO LABOR (CONTINUED)

CHAPTER XVII—OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION,
DEFARTMENT OF LABOR

Table of Headings
Contents

1900-1901 [RESERVED]

1902 1902.1 to STATE PLANS FOR THE DEVELOPMENT AND
1902.53 ENFORCEMENT OF STATE STANDARDS

1903 19031 to INSPECTIONS, CITATIONS AND PROPOSED
1903.22 PEMNALTIES

1904 19040 to RECORDING AND REPORTING
1904 .46

1905.1 to RULES OF PRACTICE FOR VARIAN
1905.51

1908.1 to
1908.11

1910.1 to OCCUPATIONAL SAFETY AND HEALTH
1910.901- STANDARDS

1910.999
«N

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 27
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NA Path inside 29 CFR Automation

e-CFR data is current as of March 9, 2016

Title 28 — Subtitle B — Chapter XVII — Part 1910

Erowse Previous | Browse Next

Title 29: Labor

PART 1910—0CCUPATIONAL SAFETY AND HEALTH STANDARDS

Contents
Subpart A—General

518101 Purpese and scope.
§1810.2 Definitions.

510103 Petitions for the issuance. amendment. or repeal of a standard

510104 Amendments to this part.

510105 Applicability of standards,

§1810.6 Incorporation by reference.

£1010.7 Definition and requirements for a nafionally recognized testing laboratory.
£1010.82 OMB control numbers under the Paperwork Reduction Act.

510108 Compliance duties owsd to each employee.

Subpart B—Adoption and Extension of Established Federal Standards

51810.11 Scope and purpose.
§1810.12 Construction work.

§1010.15 Shipyard employment

£1010.18 Lengshoring and marine terminals.
§1810.17 Effective dates.

§1810.18 Changes in established Federal standards.
£1010.10 Special provisions for air contaminants.

Subpart C [Reserved]
Subpart D—Walking-Working Surfaces

§1010.21 Definitions.

5101022 General requirements.

§1810.23 Guarding ficor and wall openings and holes.

§1810.24 Fixed industrial stairs.

§1010.25 Portable wood ladders.

£1910.26 Portable metal ladders.

§1010.27 Fixed ladders.

5191028 Safety requirements for scaffolding

£1010.20 Manually propelled mobile ladder stands and scaffolds {towers)
5101030 Other working surfaces.

Subpart E—Exit Routes and Emergency Planning

§1810.33 Table of contents.

§1810.34 Coverage and definitions.

5101035 Compliance with altemate axit-route codes.

£1010.38 Design and construction requirements for exit routes.

£1010.37 Maintenance, safeguards, and operational features for exit routes.
51810.38 Emergency action plans.

5191039 Fire prevention plans

v
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NA Path inside 29 CFR A"

< subpart S—Electrical ——

(GENERAL

§1910.301 Introduction.

DEsiGN SAFETY STANDARDS FOR ELECTRICAL SYSTEMS

§1910.302 Electric utilization systems.

§1910.303 General.

§1910.304 Wiring design and protection.

§1910.305 Wiring methods, components, and equipment for general use.
§1910.306 Specific purpose equipment and installations.

§1910.307 Hazardous (classified) locations.

§1910.308 Special systems.

§§1910.309-1910.330 [Reserved]

SaFeTv-RELATED Work PRacTICES

§1910.331 Scope.

§1910.332 Training.

§1910.333 Selection and use of work practices.
§1910.334 Use of equipment.

§1910.335 Safeguards for personnel protection.
§51910.336-1910.360 [Reserved]

SareTv-ReLatep MaINTENANCE REQUIREMENTS
§§1910.361-1910.380 [Reserved]
SareTy ReQuIREMENTS FOR SPECIAL EquiPMENT
§§1910.381-1910.398 [Reserved]

DerFmimons

§1910.399_ Definitions applicable to this subpart.
«<—__Zppendix A to Subpart S of Part 1910— References for Further Informafjon—>

2
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Appendlx & fo Subpart & of Part 1310— References for Furthar Information

The refarances comtained In tis append provice Nonmandatory IMfomation that can be helghy In understanding
aNd complying Wi SUBDAT S O this Par. HOWSVER, COMPIENCE Wi MEGE SIandarts |5 not 3 SUBSIULE for complance
Wi Subpart S of this Part.

AMSIIAP| RP S00-1998 (2002) Recommended Practice for Classiication of Locafions for Electrical insfallations at
Pefroleum Faditles Classfed as Ciass [ Division 1 and Dhision 2.

AMSIAP| RP S05-1997 (2002) Recommended Pracice for Classication of Locations for Elciical insfalatons at
Pefroleum Faditles Classifed as Ciass [, Zone §, Zone T and Zone 2.

AMSIASME A17.1-2004 Safedy Code for Bevalors and Escalafors.

ANSITASME B30.2-2005 Overmead and Gantly Cranes (Tap Running Erdge, Single or MUt Girder, Top
Running Trofley Holst.

ANSUASME B30.3-2004 Consrustion Tower Cranes.
ANSITASME B30.4-2003 Portal, Towsy, and Pegestal Cranes.

ANSIASME B30.5-2004 Motie And Locometive Cranes.

AMSUASME B30.5-2003 Demicks.

AMSIASME B30.7-2001 Base Mounted Drum Holsts.

ANSIASME B30.3-2004 Fiostng Cranes And Floatng Demks.

AMSUASME B30.11-2004 Monoralis And Undertung Cranes.

AMSIASME B30.12-2001 Handing Loads Suspended fom Roforcrart

ANSITASME B30.13-2003 Storage/Retneval (SR Machings and Assoclaed Equipment.

AMSUASME B30.16-2002 Overhead Holsts (Undemuing).

AMSIASME B30.22-2005 Amicuisting Boam Cranes.

ANSIASSE Z244.1-2003 Control of HaZemmous Enargy LockoutTagout and AREMEthe MEhods.
ANSIASSE Z4%0.1-2001 Critena for ACCEpNad Practces In Safety, Health, and Environmantal Training.
ANSINEEE C2-2002 National Electrical Safely Code.

ANS! KE1.1-1999 Safety ReqUEMENts for the SIrEge and HEnong of ANhydrous AMmonis.

AMSIFUL 513-2003 Intrinsically Safe Apparatus and Associsted Apparstus for Use In Cass [ N, and I, Division 1,
Hazardous {Classified) Locations.

ASTM D3175-1583 (2002) Standard Praclice for Umale Analysls of Coal and Coke.

ASTM D3180-1583 (2002) Standard Practice for Calculamng Coal and Coke Analyses from As-Defermined o
Daferent Bases.

NFPA 20-2003 Standard for the Instaifation of Stafionary Pumps for Fire Protection.
NFPA 30-2003 Flammatie and Combustiie Liguits Code.

NFPA 32-2004 Sfandand for Drycieaning PiEnts.

NFPA 33-2003 Standard fr Spray Application Uising Flammabie or Combustible Materiss.

NFPA 34-2003 Sfangard for Dipping and Costing POCEsses Lsing FIMmabie or Combustibe Liguids.
NFPA 35-2005 STangard fr the Manuracture of Organic Costngs.

NFPA 36-2004 Standard for Soivent Extraction Plants.

NFPA £0-2001 Standard for the Skomge and Hanaling of Celwose Mirate Flim.

Rockwe

NA Path inside 29 CFR Automation

NFPA 55-2004 Liqueffed Pemieum Gas Code.
NFPA 53-2004 LENTy LP-5as Plant Code.

F002 National Electical Code. (Ses ais0 NFFA 70-2005)
NFPA 7OE-2000 Standand for Blecirical Safely Requirements for Employes Workpiaces. (See aiso NFPA 7

NFPA 77-2000 Recommended Practice on Satc Electiciy.
NFPA 301595 Srandand for Fre Doors and Fire Winoows.
NFPA 88A-2002 Handand for Pa/king SIUCiures.

NFPA 91-2004 Standard for Exhaust Systems for Alr Conveying of Vapors, Gases, Misis, and Noncombursibie

NFPA 101-2006 Life Safely Code.
NFPA £56-2003 Standard for Purged and Pressunized Enciosunes for Blecinical Equipment.

NFPA 457-2004 Recommended Practice for the Ciassmcanon of Fammaibie Ligwios, Gases, or Wapors and af
Hazardous (Classiied) Locations for Electrical Insfalfations n Chemical Process Areas.

NFPA 505-200€ Fire Safely Siandard for Powered Indusirial Trucks inciuding Type Designations, Areas of Use,
Conversians, Malnfenance, and Cperatian.

NFPA 320-2003 Standard fr Fire Profechion in Wastewarer Treament and Colecrion Facites.
NMAE 353-1-1573 Mamy of Combustion-Relevant Propermes and Classiication of Gases, Vapors, and Selected

HMAE 353-2-1579 Tes! Equipment for Uise in Defermining ClassMcatons of Combusiive Dusis.
HMAE 353-3-1580 Classification of Combusiible Dust in Accordance with fhe Mafional Blectrical Code.

[F2 FR 7221, Feb. 14, 2007
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NA CFR reference Automation

"Title 15" - Federai

A special symboi
Reguiations ar '

divided o varous meaning "section”
iles . iabeiied "(a)’
"N VR v
15 CFR §123(a)

T

Code of Federal Regulations 7/e section number

"’J ¥ - a L 1 " id " - L) - 1 - L] 1 -
now toimolement tne 1aw within this particuiar Title

N
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NA National Fire Protection . Rockwes
Association "
\ National Fire
* Protection Association
The authority on fire, electrical and building safety

NFPA

Trade association that adopts and write safety Codes and Standards
fire related

Every building, process, installation and service is affected by the
NFPA's Codes and Standards

The NFPA is not a Federal Agency, but is responsible for codes and
standards which are required by other institutions (e.g. insurance
companies) or by national or local law
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NA National Electrical Code NFPA 70 A"

PUBLIC

The NEC is the code for Eectrical Installation in
the USA

All electricall installations shall comply with this code

It is also the basis for the assessment by the AHJs

It has legal status and is adopted into local law by local governments, sometimes with

local additions

The NEC also requires the approval of devices and systems by an NRTL National
Recognized Testing Laboratory

Most important Articles are:
90 Introduction (incorporates by reference IEC 60364-1) and enforcement of the Code through AHJ
100 Definition
409 Industrial Control Panels (incorporates by reference UL 508A)
430 Motors, Motor Circuits, Controllers
630 Industrial Machinery (incorporates by reference NFPA 79 and UL 508A)
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NA Authority Having Jurisdiction A

NFPA 70 (National Electrical Code) — Article 100 — Paragraph |

Authority Having Jurisdiction. The organization, office, or individual responsible for
approving equipment, materials, an installation, or a procedure.

FPN: The phrase “authority having jurisdiction” is used in NFPA documents in a broad
manner, since jurisdictions and approval agencies vary, as do their responsibilities. Where
public safety is primary, the authority having jurisdiction may be a federal, state, local, or
other regional department or individual such as a fire chief; fire marshal; chief of a fire
prevention bureau, labor department, or health department; building official; electrical
inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be
the authority having jurisdiction. In many circumstances, the property owner or his or her
designated agent assumes the role of the authority having jurisdiction; at government
installations, the commanding officer or departmental official may be the authority having
jurisdiction.
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NA Authority Having Jurisdiction Automation

NFPA 70 (National Electrical Code) — Article 80

80.13 Authority. Where used in this article, the term authority having
jurisdiction shall include the chief electrical inspector or other individuals
designated by the governing body. This Code shall be administered and
enforced by the authority having jurisdiction designated by the governing

authority as follows.

(1) The authority having jurisdiction shall be permitted to render
interpretations of this Code in order to provide clarification to its
requirements, as permitted by 90.4.

(2) When the use of any electrical equipment or its installations is found to
be dangerous to human life or property, the authority having jurisdiction
shall be empowered to have the premises disconnected from its source of
electric supply, as established by the Board....
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NA Authority Having Jurisdiction A

= AHJs are organizations — or even individuals —
which/who have the legal authority and responsibility
to make decisions about installation acceptance at
state and local level. They are responsible for
approving all electrical systems.

= AHJs are for example:
= Local Building Inspectors
= Fire Marshals
= Sheriff
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NEC Adoption — Nov.2015-Feb.201 [t

Alabama AL Indiana IN  Nebraska NE South Carolina SC

NEC Adoption by State A -suseattoicca asoptons Aaska  AK lowa IA Nevada NV South Dakota SD
Abbreviated Details on Page 2 Arizona  AZ Kansas KS New Hampshire NH Tennessee

Arkansas AR Kentucky KY NewJersey  NJ Texas

California  CA Louisiana LA New Mexico  NM Utah

Colorado  CO Maine ME New York NY Vermont

Connecticut CT Maryland MD North Carolina NC Virginia

Delaware DE Massachusetts MA North Dakota ND Washington ~ WA

Florida FL Michigan MI Ohio OH West Virginia WV

Georgia ~ GA Minnesota MN Oklahoma OK Wisconsin Wi

Hawaii HI Mississippi ~ MS Oregon OR Wyoming WYy

Idaho ID Missouri MO Pennsylvania PA

Illinois IL  Montana MT Rhode Island Rl

NEC AdOp“On by State A - subgettotocal acoptons
Abbreviated Details on Page 2

Hawaii - 2008 NEC

Revised — November 2015 Note: Some local adoption states have earlier than 2008 adoptions in some jurisdictions

(e | (e |

\ Note: Some iocal doption states have aaner ihan 2008 3J0pYons In S0ME |UNsTictions
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NA Electricla Standard for Industrial .
MaChinery NFPA 79 Automation

= NFPA 79 defines specific requirements for the installation of
Industrial Electrical Machinery and is used to supplement the NEC

= |ts counterpart for EU is [EC 60204-1 Safety of machinery

/N
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NA NFPA 70E Automation

NFPA 70E - Electrical Safety Requirements for Employee Workplaces

= Determining the hazard level when working on live parts of a system
Defining hazard/access areas
Measures for preventing hazards (shock-hazards and arc-flashes)
Selecting appropriate protective clothing
Requirements for marking

N
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Arc F I as h Automation

Examples of Arc Flashes
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_Arc Flash/Arc Flash Accident - live cam.mp4
_Arc Flash/Arc Flash Accident - live cam.mp4
_Arc Flash/Arc flash Accident.mp4
_Arc Flash/Arc flash Accident.mp4

NA

PUBLIC

Institutions, standards and
conformity markings

Example: Arc Flash Calculation

Equation for Arc in Open Air

Da = distance from arc electrodes, inches (for distances 18 in. and greater)
ta = arc duration, seconds (cycles / 60 cycles)

F = bolted fault short circuit current, in KA (for the range of 16 to 50kA)

Ewma = 5271 x Do %% x t, x (0.0016 x F? - 0.0076 x F + 0.8938)

Ema = maximum open arc incident energy

Rockwell
Automation

18 inches
0,06666 seconds

20 kA

1,686/ caliem?

" itomation, Inc. All Rights Reserved. 41



NA Institutions, standards and
conformity markings

AWARNING

Arc Flash and Shock Hazard
Appropriate PPE Required

24 inch Flash Hazard Boundary
3 cal/cm?2 Flash Hazard at 18 inches
1DF PPE Level, 1 Layer 6 ozNomex ®,

Leather Gloves Faceshield
480 VAC Shock Hazard when Cover is removed

36 inch Limited Approach

12 inch Restricted Approach - 500 V Class 00 Gloves
1 inch Prohibited Approach -500 V Class 00 Gloves

\Equipment Name:NoName Pump Starter

PPE =
Personal
Protection
Equipment



Rockwell
Automation

| (4=

National Electrical Manufacturers Association

Manufacturer trade organization that publishes market data, standardizes products and
develops standards, particularly for the US market

Several Standards are based on NEMA
Examples: NEMA 250 (Enclosure Type Rating) - NEMA power ratings

Table 1
[Fram NEMA 250-2003]
Comparison of Specific Applications of Enclosures Table 2
for Indoor Nonhazardous Locations _ [From NEMA 250-2003]
Comparison of Specific Applications of Enclosures
Type of Enclosure for Outdoor Nonhazardous Locations

Provides a Degree of Protection Against the

Following Conditions 4X 5 [ &P

Access to hazardous parts X
Ingress of solid foreign objects (falling dirt) X X Provides a Degree of Protection Against
x the Following Conditions 3X 3R" 3IRX* 35 3sX

Type of Enclosure

Ingress of water (Dripping and light splashing)

Ingress of solid foreign objects (Circulating dust, Access to hazardous parts X X X

X
lint, fibers, and flyings **) Ingress of water (Rain, snow, and sleet **) X X X
Ingress of solid foreign objects (Settling airbome . Sleet *** x
dust, lint, fibers, and flyings **) . R . .
Ingress of solid foreign objects (Windblown X
dust, lint, fibers, and flyings)

Ingress of water (Hosedown)

Ingress of water (Hosedown and splashing water)

Qil and coolant seepage

Oil or coolant spraying and splashing .
Corrosive agents

Ingress of water (Occasional temporary o B — Ingress of water (Occasional temporary
submersion) submersion)

Ingress of water (Occasional prolonged e e Ingress of water (Occasional prolonged
submersion) submersion)

Corrosive agents
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NA NEMA

Example: NEMA 250 (Enclosure Type Rating)

Table 1

PUBLIC

[From NEMA 250-2003]
Comparison of Specific Applications of Enclosures
for Indoor Nonhazardous Locations

Type of Enclosure

Rockwell

Automation

NFPA 70 (NEC)Table 430.91

ARTICLE 430 — MOTORS, MOTOR CIRCUITS, AND CONTROLLERS

T0-303

Provides a Degree of Protection Against the
Following Conditions

4x 6 &P

Access to hazardous paris
Ingress of solid foreign objects (falling dirt)
Ingress of water (Dripping and light splashing)

Table 430.91 Motor Controller Enclosure Selection

Ingress of solid foreign objects (Circulating dust,
lint, fibers, and flyings **)

Ingress of solid foreign objects (Settling airbome:
dust, lint, fibers, and flyings ™)

Ingress of water (Hosedown and splashing water)

Oil and coolant seepage
Oil or coolant spraying and splashing
Corrosive agents

Ingress of water (Occasional temporary
submersion)
Ingress of water (Occasional prolonged
submersion)

For Outdoor Use

Provides a Degree of
Protection Against the

Enclosure Type Number'

Following Environmental
Conditions

™
.

=]

Incidental contact with the
enclosed equipment

Rain, snow, and sleet

Sleet?

Windblown dust

Hosedown

Corrosive agents

Temporary submersion

Prolonged submersion

| 2| w8 | 4 22

ER R

[l

| b | | |
P N ]

Table 2

[From NEMA 250-2003]
Comparison of Specific Applications of Enclosures
for Outdoor Nonhazardous Locations

Provides a Degree of Protection Against
the Following Conditions

Type of Enclosure

3X

3R* 3RX" 35 3

Access to hazardous parts

Ingress of water (Rain, snow, and sleet **)
Sleet =

Ingress of selid foreign objects (Windblown
dust, lint, fibers, and flyings)

Ingress of water (Hosedown)

Corrosive agents

Ingress of water (Occasional temporary
submersion)

Ingress of water (Occasional prolonged
submersion)

X
X

X
X

X
X

X
X
X
X

For Indoor Use

Provides a Degree of

Enclosure Type Number®

Protection Against the
Following Environmental
Conditions

s
-

Incidental contact with the
enclosed equipment

Falling dint

Falling liquids and light
splashing

Circulating dust, lint, fibers,
and flyings

Settling airborne dust, lint,
fibers, and flyings

Hosedown and splashing water

il and coolant seepage

il or coolant spraying and
splashing

Corrosive agents

Temporary submersion

Prolonged submersion

| | = o e | e

b pape

(N

[ T A - )

| >
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N A N E M A Automation

Example: Rating and overall dimension of Contactors NEMA ICS-2

)
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NA Underwriters Laboratory

=UL is an American worldwide safety consulting and certification company
headquartered in Northbrook, lllinois

= Established in 1894 as the Underwriters' Electrical Bureau (a bureau of the National
Board of Fire Underwriters) it was known throughout the 20th century as Underwriters
Laboratories and participated in the safety analysis of many of that century's new
technologies, most notably the public adoption of electricity and the drafting of safety
standards for electrical devices and components

= Provides safety-related certification, validation, testing, inspection, auditing, advising
and training services to a wide range of clients, including manufacturers, retailers,
policymakers, regulators, service companies, and consumers

= [s one of several companies approved to perform safety testing by the US Federal
agency OSHA which are known as National Recognized Testing Laboratories

= The majority of the AHJs interviewed indicated that UL markings of products at their place
of intended use is sufficient proof that US installation requirements have been met and are
therefore approved for the intended place of use. @
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NA Underwriters Laboratory

= Essentially there are two markings on most products

= UL Listed are products that meet the UL safety requirements
@ and may be used as a stand-alone product immediately and
in the intended fashion.

UL Recognized Are products that are components of a system or that

® have technical or structural limitations, so that they may not be used as
“ an independent product.

= The Conditions of Acceptability (CA) explain what can be done to
complete the product and/or what its limitations of use are

The combination is Listed

Single component is Recognized

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 47



NA Marki ng Automation

Explanation of the symbols

UL listed for the USA
UL listed for Canadian standards

UL listed for USA and Canada

UL recognized for USA

UL recognized for Canadian standards

UL listed for USA and Canada
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NA Category Control Number and File -
Number Automation

CCN - Category Control Number

= This is a UL system for labeling and identifying individual categories.
(e.g. Magnetic=contactor)

UL/ cULus - four letters (for example NLDX)

cUL - four letters followed by a 7 (for example NLDX7)
UR - four letters followed by a2 (for example NLDX2)
cUR - four letters followed by a 8  (for example NLDX8)

File Number

= The individual products are listed in the UL File Numbers

=  Example E3125 (Magnetic Motor Controller)
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Rockwell

NA UL 508A Marking Automation

Underwriters
e mes € Panel in an enclosure

ENCLOSED INDUSTRIAL CONTROL PANEL
No. AC-343141

FIELD  |No.xx- 000000 |

EVALUATED I I
ED o Field Evaluation

Evaluation of this praduct is limited to those fealures and
characiersiics apparent al the installed site.
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N A U |_ 5 O 8 A Automation

UL 580A is the Standard for Industrial Control Panel, incorporated by
reference in the NFPA 70 National Electrical Code

The last edition of the Standard became effective December 20,

2013, with additional requirements effective on May 30, 2014 ®

The scope of UL 508A covers general and special use panels and | 5084
panel enclosures rated 600V or less, for use in ordinary locations per
NFPA 70 in a 40°C ambient (as defined by the NEC) STANDARD FOR SAFETY

Industrial Control Panels

This equipment consists of assemblies of two or more power circuit
components, such as motor controllers, overload relays, fused
disconnect switches, and circuit breakers, or control circuit
components, such as pushbuttons, pilot lights, selector switches,
timers, and control relays, or a combination of power and control
circuit components, with associated wiring, and terminals. These
components are mounted on, or contained within, an enclosure, or
are mounted on a sub-panel

Panels specifically not covered by the Standard are for those use in
hazardous locations, motor control centers or fire pump controllers
(Example UL 845 cover MCC)
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NA Summary = Standards Automation

NFPA 70 NEC is the code for Eectrical Installation in US is included by reference in the CFR
= This is the Standard used from AHJs to check out non conformity at installation level
= lts counterpart for EU is IEC 60364-1 Low-voltage electrical installations

= |tis not a must have document but important to know what it is and is/what edition is in use in
each State

NFPA 79 Industrial Electrical Machinery defines specific requirements for the installation of
Machinery and is included by reference in the NEC

= lts counterpart for EU is IEC 60204-1 Safety of machinery .
= This is a must have document for OEMs but it is recomended also for for PBs

NFPA 70E Electrical Safety Requirements for Employee Workplaces is included by reference |,
in the NEC

= This is a must have document for EUs

UL 508A Standard for Industrial Control Panel is included by reference in the NEC
= |ts counterpart for EU is IEC 61439-1 Safety of machinery
= This is a must have document for PBs but it is recomended also for for OEMs
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NA Summary — Option to export Ao

= The ICPis:

= produced by you and approved and listed by a NRTL receiving a
listing label

= A) One shot, unique listing for unique Panel

IELD  [Neoo- 000000 |
EVALUATED

by you after you got the UL508A Certification
e ()

= B) Your process is certified and quarterly inspected EGLOED NOUSTRN GNTROL PAGL

No. AC-343141

Is produced by using a third party Panel Builder
= A)orB)

No local listing, the cabinet needs to have full acceptance in NA by

an AHJ “’_“;,,;“ ﬁ Uhmm... What a nice
il ::‘ NOT LISTED panel.>
i i S

irfrfrr?
L.E-i ririe K
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THINK.
SOLVE!

UL508A Industrial Control Panels — Power
Circuits — Feeder and Branch

Rockwell
@ Allen-Bradley - Rockwell Software  AAUITOMation
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- Combination motor controller

Description Of Terminology

- Load (provided in field)

- Field wiring terminals

- Alternate field terminals

- Field wiring

- Power circuit internal wiring

- Overload relay & heater elements
- Contactor/Controller

- Starter

Rockwell
Automation

Figure 6.1
Description of terminology

- Branch circuit protection
- Fused disconnect switch or circuit breaker

- Control transformer

- Control transformer fuse/supplementary protection

- Control transformer ground (for 1000 VA max)

- Control circuit devices and wiring / Class 1 circuit

- Solenoid or other control device

- Supplementary protection

- Class 2 transformer

- Class 2 circuit

- Power transformer fuse/branch circuit protection

- Power transformer - for motor load and control circuit
- Control circuit/Class 1 circuit’‘common control circuit
- Equipment ground and equipment ground terminal

- Bonding conductor/bonding jumper

- Grounding electrode conductor terminal

- Grounding electrode conductor (provided in field)

PUBLIC
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Description Of Control & Power Circuits

Figure 6.2
Description of control circuits and power circuits

Control
Circuit Class 1
Control
Circuit

Power Circuit Power Circuit

Class 2 Control
Circuit

/N
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Description Of Branches & Feeders

Figure 6.3
Description of branch circuits and feeder circuits

Feeder Circuit

|
o
o/o

Branch
Circuit Circuit
# 1 # 2
S3774

2
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Construction Detalls

= This section covers the requirements for:

= Protection Against Corrosion — all parts must be protected against
corrosion, with some exceptions

= Support and Securement of Live Parts — parts may not be secured by
the fasteners within a device itself and must be prevented from

rotating
= Spacings - Use Tables 10.1 & 10.2

= Insulating Barriers — Insulating materials may be used in lieu of
spacing

= Grounding - Sizing and Identification, as includes transformer
grounding requirements (see next slides)
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Required Spacing — Table 10.1 & 10.2 |k

Table 10.1 Table 10.2
Minimum required spacings in branch and control circuits Spacings in feeder circuit

Potential involved in volts rms Minimum spacing, inch (mm) Voltage involved Minimum spacing, inch (mm)
ac or dc Between live parts of opposite polarity Between live parts and
A B ¢ Through air Over surface grounded metal parts,

R _ . . through air and over
General industrial control Devices having All g

surface
i i i a ircuited
equipment limited ratings circuits 125 or less 2020 34 (19.1) 12 (12.7)

51-150 151 - | 301 -600] 51 - 300 301 - 0-50 126 - 250 3/4 (18.1) 1-1/4 (31.8) 12 (12.7)
300 600 251 — 600 1(25.4) 2 (50.8) 12 (25 4)°

. - . b b b b NOTE — An isolated dead metal part, such as a screw head or a washer, interposed beh uninsulated parts of opp
Between a.ny unmsu!amd live part Througlj ar (1/8%(3.2) | 14 (64) | /B (9.5) 116 316 1167 (1.6) polarity or between an uninsulated live part and grounded dead metal is evaluated as reducing the spacing by an amount
and an uninsulated live part of or oil (1.6) (4.8)

opposite polarity, uninsulated o 114 64) | 3 95 |12 (127 1/8b a2 | 28 @5 116b 16) equal to the dimension of the interposed part along the path of measurement.
v ver X & B » K L - B " - . . -
grounded part other than the surface 2 The through-air spacing shall not be less than 1/2 inch between live paris of a circuit breaker or fusible disconnecting

enclosure, or exposed metal parf-g means and grounded metal, and between grounded metal and the neutral of an industrial control panel rated 277/480 volt,

3-phase, 4-wire.
Between any uninsulated live part Shortest |12 (12.7) | 12 (127) | 12 (12.7) | 1/4 (6.4) 12 1/4 (6.4)
and the walls of a metal enclosure distance (12.7)
including fittings for conduit or
armored cable®®

— = K t least 1/2 inch ing f
TiTslioSt, groove, or similar gap, 0.013 inch {0.33 mm) wide or less in the contour of insulating material is to be ee p a eas I n C S paCI n g Or

disregarded for the purpose of measuring over surface spacings.

L ] L ]
2 An air space of 0.013 inch (0.33 mm) or less between a live part and an insulating surface is to be disregarded for b ra n Ch a n d CO ntrol CI rCu ItS
the purpose of measuring over surface spacings. .
3 See 105.
b The spacing between field wiring terminals of opposite polarity and the spacing between a field wiring terminal and a .
grounded dead metal part shall be at least 1/4 inch (6.4 mm) when shor-circuiting or grounding of such terminals . ” ” ”
results from projecting strands of wire. For circuits involving no potential greater than 50 volts rms ac or dec, spacings at ee p a eas - _— S pa CI n g
field wiring terminals are able to be 1/8 inch (3.2 mm) through air and 1/4 inch (6.4 mm) over surface.
% For the purpose of this requirement, a metal piece or component attached or mounted to the enclosure is evaluated [ . .
as a part of the enclosure when deformation of the enclosure reduces the spacings between uninsulated live parts or I n feed er CI rcu Its
between uninsulated live parts and metal parts.
d Spacings do not apply within a low-voltage limited energy circuit or a Class 2 circuit.
¢ Applicable to devices with sheet metal enclosures regardless of wall thickness and cast metal enclosures with a wall

L ] L ]
B o oo = Or...insulate if you can’t keep the
f These spacings are also applicable between any uninsulated live parts and the walls of a cast metal enclosure with a LA )

wall thickness of minimum 1/8 inch (3.2 mm) for devices with a limited rating complying with 10.5.
9 These spacings are also applicable between an insulated live part and the wall of a metal enclosure to which the S pa Ci n g

component is mounted. Deformation of the enclosure shall not reduce spacings.
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Enclosed Panels — Overview of Sections

Section 18 — Enclosures for open or partial assemblies.

Section 19 — Enclosure Openings and Type Ratings.

Section 20 — Accessibility of live parts related to openings.

Section 21 — Enclosure ventilation openings, locations and construction.
Section 22 — Barriers for ventilation openings near arcing sources.

Section 23 — Enclosure observation windows

Section 24 — Bonding for enclosures made with insulated materials.
Section 25 — Wire bending space for Field Wiring.

Section 26 — Enclosure environmental control (A/C, fans, heaters, etc.)
Section 27 — Enclosure maintenance lighting
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Enclosure Openings — Section 19

= This section addresses maintaining the proper ‘Type’ rating of
enclosure openings for conduit connections and device mounting.

Table 19.1 Table 19.2
Openings for conduit connections in enclosures with environmental rating other than Type 1 Openings for components in enclosures with environmental rating other than Type 1

Enclosure type Openings are able to be closed by equipment marked
(Column 1) {Column 2)
23 2,3, 3R, 3RX, 38, 35X, 3X, 4, 4X, 5, 6, 6P, 12, 12K, 13, "Wet Location”, or
“Raintight”
h) Conduit openings above the lowest uninsulated live parts 3,38, 38X, 3X, 4, 4X, 6, 6P
shall be provided with conduit fittings having an 3, 3R, 3RX, 35, 35X, 3X, 4, 4X, 6, 6P, "Wet Location,” or "Raintight”
environmental rating that complies with Table 19.2; or 3RX, 38X, 3X, 4X
¢) The enclosure shall be marked as in 53.2 with 3, 35, 38X, 3X, 4, 4X, 6, 6P
instructions for the installer to apply fittings complying with 35X, 3%, 4X
(a) or (b). 35X, 3%, 4X
3, 35, 38X, 3X, 4, 4X, 5,12, 12K d) All holes for conduit shall be provided with conduit 4, 4X, 6, 6P
fittings having an environmental rating that complies with 4%
Table 19.2 or as specified by the enclosure manufacturer; 3, 3R, 3RX, 38, 35X, 3X, 4, 4X_ 5 6, 6P, 12, 12K, 13, "Wet Location” or
ar "Raintight”
&) The enclosure shall be marked as in 53.3 with 6 6, BP
instructions to apply fittings complying with {d). &P 6P
) All holes for conduit shall be provided with conduit fittings 12, 12K 12, 12K, 13
having an environmental rating that complies with Table 13 13
19.2.
@) All holes for conduit shall be provided with conduit
fittings having an environmental rating that complies with
Table 19.2; or
h) No conduit openings shall be provided.

Enclosure type Required construction
(Column 1) (Column 2)
2, 3R, 3RX a) All holes for conduit shall be below all uninsulated live
parts; or

3 Type 1 components, ventilation openings, or observation windows are able to be installed when their profile
outside the enclosure is completely protected by the drip shield from water dripping vertically downward from
above.

b Components marked "Weatherproof” or “Rainproof” are able to be installed below all other live parts within
the enclosure.

% Components with external operating mechanisms shall be Type 38 or 35X for use on a Type 35 enclosure, or
Type 35X for use on a Type 35X enclosure.

Make sure to use proper Type rated conduit hubs and
operator devices for your application. Otherwise, you have
to default to Type 1.

v
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Power Circults — Overview of Sections

Section 28 — Field Wiring

Section 29 — Internal Wiring

Section 30 - Disconnect Switches

Section 31 — Branch Circuit Protection

Section 32 — Overcurrent Protection of the Feeder
Section 33 — Load Controllers

Section 34 — Overload Protection of Motor Loads
Section 35 — Power Transformers

Section 36 — Other Circuit Components

2
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Power Circuit Field Wiring — Section 28 Automation

= Power wiring connections to/from the control panel are typically done in
the field and can be made via the following types of components:

= Terminals of a specific component (such as the main disconnect
or overload relay)

= UL 1059 Recognized Component (R/C) Terminal Block or Power

Distribution Block.

= UL 486 pressure wire connector (UL Listed lug)

= Wire binding screw and terminal plate assembly

= Typically a metal plate (.030”) for a 14 AWG wire or (.050”) for larger wire.
= Screws must be at least two full threads into the plate.
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Power Circuit Field Wiring — Section 28

= The required size of the field wiring terminal shall be no less than 14 AWG.

= The field wiring terminals must be sized to accept a conductor sized at
125% of the full load current rating of the panel based upon Table 28.1.

= The terminals on the Listed circuit breaker/main disconnect may be used
as Is since this is evaluated under the device’s own UL coverage.

Table 28.1
Ampacities of insulated conductors

Wire size 60°C (140°F) 75°C (167°F)

AWG {mm?2) Copper Aluminum Copper Aluminum

14 2.1) 15 - 15 _
12 (3.3) 20 15 20 15
10 (5.3) 30 25 30 25
8 (8.4) 40 30 50 40
(13.3) 55 40 65 50
(21.2) 70 55 85 65
(26.7) 85 65 100 75
(33.6) 95 75 115 90
1 (42.4) 110 85 130 100

110 (53.5) - - 150 120
2i0 (67.4) - 175 135
310 (85.0) - 200 155
410 (107.2) - 230 180
250 kemil (127) - 255 205
300 {152) - 285 230
350 (177) - 310 250
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= This section covers the internal wiring conductor requirements including:
wire types, sizes, wiring methods, routing & separation.

= |nternal wiring must be 90°C minimum and one of the following types:
= UL 1063 Machine Tool Wire
= UL 44 Thermoset Insulated Wire
= UL 83 Thermoplastic Insulated Wire
= UL R/C (AVLV2) Appliance Wiring Material (AWM)
= Welding Cable
= Busbar (1,000 A/sq. in.)

Table 28.1 only has 60°C & 75°C ratings which are used to size
the wire. The 90°C insulation requirement is a safety factor.
Typically, component terminals are not rated above 75°C.
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PUBLIC

All internal wiring terminations shall be mechanically secured (ie. solder
joint, wire binding screw or pressure wire terminal)

Internal wires shall be routed through smooth, well-rounded surfaces to
minimize the abrasion of the insulation

Wiring that is subject to movement or flexing shall use stranded conductors

and be properly secured and protected

Conductors used in different circuits shall be separated by a barrier or have
insulation rated for the maximum voltage

Internal wire shall be no less than 14 AWG and determined as follows:

= Add full load currents of all external loads and motor FLA per Table
50.1 and determine the minimum size using Table 28.1

= Busbar sizing is done in the same way
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Power Circuits — Feeder and Branch

PUBLIC

The Feeder Circuit contains all conductors
and components between the incoming
line of the ICP and the line side of the last
BCPD (Branch Circuit Protective Device)

“Feeder Circuit”
“BCPD”

The Branch Circuit contains all conductors
and components between the load side of

the BCPD and the load side of the motor
controller

“Branch Circuit”
“BCPD’
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Disconnect Switches — Section 30 = e

There must be a disconnect for each incoming supply circuit and must be one
of the following:

= UL Listed (UL 98) disconnect switch
= Sized at not less than 115% of controlled load
= UL Listed (UL 489) circuit breaker

= Sized to carry not more than 80% of its nominal ampere rating, unless
it is marked for continuous use at 100% of its rating

= UL Listed (UL 508) self-protected combination motor
= Sized to carry 100% of the controlled load
= UL Listed (UL 508) manual motor controller

= Can only be used on load side of the branch circuit protective device
and must be marked as ‘Suitable as motor disconnect’
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UL 508A Enclosure door locking systems Automation

Pursuant to UL 508A, Part 2, “Industrial Machinery”, or NFPA79, any
circuit breaking device for supply lines - in the enclosure or near it -
must make it possible to lock enclosures with live parts with voltages .,
> 50 VAC or :
60 VDC.

Both mechanical and electric locking mechanisms are acceptable.

If there are several doors, no door must open before
the circuit breaker has isolated the enclosure from
the mains.

The locking mechanism must be reactivated only after all doors have
been closed.
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UL 508A Enclosure door locking systems |
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UL 508A Enclosure door locking systems |

PUBLIC

Qualified personnel may open the energized enclosure with appropriate
methods and tools.

If this is an option, live parts must be protected from direct contact. (within
50mm |

Rockwell Automation has addressed tifs stindard requirement with
the 140U NHA 79 Internal Rotary Operating Handle Gt The operating

dcor open, withon
the use of tools

- Lratidle Kt Oxuplies by
/—>
Defeater oL
' * Providiag control of
the breaker aith he
.
L

NFPA compliant Disconnect Switch
When the door is open, turning the main

1o turn the breaker on,

disconnect on and off must be possible
without tools.

* Interdocks with the door
nonnked Fandle

Turning the switch on must require ﬂ
deliberate action. |

Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved.




UL 508A Enclosure door locking systems

Rockwell
Automation

The circuit breaker with locking mechanism must be positioned
Inside the enclosure or immediately adjacent to it. (Exception:

plug and socket device)

If this Is iImpossible or if a plug and socket device is being used,
access to the enclosure must only be for qualified personnel
with a key or tool unless the design prevents direct contact.
(which is not necessarily the equivalent of ‘finger safe’ pursuant

to IEC)

A safety notice according to
ANSI 7535 is required

AWARNING

ADANGER

Hazardous
voltage.

Disconnect power
before servicing or
cleaning.

PUBLIC

Read and understand
operator's manual
before using this
machine.

Failure to follow
operating instructions
could result in death
or serious injury.

AWARNING

2l

Y

Hazardous
voltage.

All doors must
be closed before
energizing

the panel.
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Branch Circuit Protection — Section 31 -

Table 76.2
Various constructions of combination motor controllers

Table 76.2 revised Aped 15, 2010

Construction | Component® | Component
Requirements, Standard
Paragraphs

Component Function

Disconnect Branch Motor Control Motor
Circuit Overload
Protection

T84 -TER UL 28 or UL
422

Fuse UL 248 senes

Magnetic or UL 508
Solid State .
C t Functi
Motar omponen ui on
Controfier

Disconnect Branch Mator
Circuit Control
Owerload UL 508 Protection
Relay

X

704 -T68 | Inverse-Time
T34 -TER Manual UL 28 or UL Circuit
Disconnect 482 Breaker
Mator Short- UL 508 Magnetic or
Circuit Solid State
rotector Motor
P Controller
Magnetic or
Solid State
Motor
Controlier

Cwerload
Relay

TE4-TE0 Instant-
aneous-Trp

Cverload Cincuit

Relay Breaker

Magnetic or
Solid State
Motor
Controller

Cwerload
Relay

T8.3.1 - 76.8, | Sei-Protected
76.8-T76.13 Contral
Device
7631 =782 | Manual Seif-
Protected

Combination
Controller
Magnetic or
Solid State
Motor
Controller

2 Tests are conducted on the individual components per the applicable requirements from the UL Standards in the table.
'- b See 7E.11.
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Branch Circuit Protection — Section 31

Required Functions of Combination Starters

- = Device Used for Component Function
UL

i,/ Combination Branch Motor Motor OL

Motor Disconnect Starter Type |Disconnect|Circuit

Protection Controller |Relay

A UL 248 Fuses

UL 98 Manual
Disconnect

UL 508 Motor
Short Circuit | UL 508

Protector Magnetic or UL 508 Motor
Solid State
Controller

Motor Branch Circuit
Protection

Overload
Relay

UL 489 Inverse Time
Circuit Breaker

UL 489 Instantanecus
Trip Circuit Breaker

Motor Controller
UL 508 Seli-Protected

Combination Controller

Motor Overload

Protection UL 508
UL 508 Manual Magnetic or Manual Self-

Sglf-lf’rotected Solid State Protegredl
Combination Controller Controller Combination
Controller

UL 508
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Branch Circuit Protection — Section 31 A

Branch circuit protective devices shall be one of the following:
UL Listed (UL 489) Inverse-time circuit breaker.
UL R/C (UL 489) Instantaneous-trip circuit breaker

= Only when evaluated as part of a UL Type D combination motor
controller.

UL Listed (UL 248) Fuse.
UL Listed (UL508) Self-protected combination motor controller (Type E/F).
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Branch Circuit Protection — Section 31 A

The following devices may not be used as branch circuit protective devices:
UL R/C (UL 1077) supplementary protector (ie. Mini-breakers)
UL Listed or R/C (UL 248 Series) miniature and micro fuses.

UL Listed (UL 508) manual motor controller provided with a instantaneous
trip function

A panel rated at 1000 Amps or more shall additionally have Ground Fault
Protection.

The use of Supplementary Protectors in branch circuits is
a very common misapplication.

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 76



Rockwell
Automation

Branch Circuit Protection — Section 31

= Sizing Branch Circuit protection for single motor circuit
= Determine motor FLA from Table 50.1 or 50.2.
= Determine max. percentage of FLA based on device from Table 31.1
= Multiply Motor FLA and max. percentage

Table 31.1
Maximum rating of motor branch circuit device percent of full load amperes

Type of Branch Circuit Ampere Rating Nominal rating of motor Motes
Protective Device branch circuit protective
Table 50.1 device, percent of full load
Full-load motor—running currents in amperes corresponding to various a-c horsepower ratings amperes

Horse | 110 - 120 200 Volts 208 Volts 220 - 240 380 - 415 440 — 480 550 - 600 Montime delay fuse 0 - 800 300 See 31.3.7, 31.2.8, 31.3.9(a)
power Volts Volts® Volts Volts Volts
Montime delay fuse Over 600 300 See 31,37, 31,38 31.39(b)

a0 s 0 Dual element fuse (ime All 175 See 3137, 31.3.8 31.39(c)
g ! ; delay) except Class CC
;:; ] i ] ) Class CC Dual element fuse 0-30 300 See 31.3.7, 31.3.8, 31.3.9(a)
72 ; s ; ] i (time delay)
13.8 ! 7. ; s 5 ; . | 5 | ] ; Inverse-time circuit breaker 0 - 100 250 See 31.3.7, 31.3.8, 31.3.9(d)
16.0 . X . . 1 . . 1 i 5 A
200 g . I ! ! ! : y 1 y ' . Inverse-time circuit breaker Owver 100 250 See 31.37, 21.38, 31.39(e)
4.0 ! | i } 5 I . i : { ! . ;
4.0 ; I ; ] g ' ; ] 5 | . Y Instantaneous-trip circuit All 800 See 31.3.4, 31.3.9(f)
56.0 ’ : 4 . X 1 . { X : 4 k 2 breaker
BD.O | » 1 . 5 i g . K |
100.0 | ; ; X 1 1 I . . | | Seli-protected Combination All 100 See 31.3.3

Motor Controller

Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three
phase | phase | phase | phase phase | phase | phase | phase | phase | phase | phase | phase | phase

Manual Self-protected See 31.3.3
Combination Motor Controller
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Branch Circuit Protection — Section 31

= A group of loads can be protected by a single fuse or breaker
= Max. size is 20A @ 125V or 15A @ 600V

= Each motor load must not exceed 6A and branch protection is sized
as follows:
= Determine motor FLA from Table 50.1 or 50.2.
= Determine max. percentage of FLA based on device from Table 31.1

= Multiply Motor FLA and max. percentage for the largest motor and add the FLAs
of all the other motors
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Branch Circuit Protection — Section 31 A

= Branch circuit protection for variable-speed drives shall be as specified
in the manufacturer’s installation instructions

= When the instructions don't specify the type and size, it can be
calculated based upon the drive’s Output Current Rating

480 Volt ACand 650 Volt DC Input Protection Devices - Frames 1...7

Input
Drive Sized For Normal Duty | Drive Sized For Heavy Duty | Quantities ACInput Protection Devices
Output Dual Element

Catalog Qutput Catalog Overload Continuous AC | Time Delay Hon-Time
Number Overload Amps | Number | Amps Input Fuse Delay Fuse

Maotor
Circuit ||

. N Protector
(x=ForG) [1min |3sec |(x=ForG) |Tmin |3sec |kvA  [Amps [Min™ [max' [Min® [max® (6)

480 Volt AC Input
20x...D2P1 |23 (32 |2x...D2P1 |23 |32 (13 16 |2 3 2 3 3
20x...03P4 |37 |51 20w...03P4 |37 |51 |22 16 |6 6 [ 6 7
Mx...D5P0 |55 |75 |20...DSPD |55 |75 (32 19 |6 6 & B 7
20x...DEPO |88 20w...DAP0 |88 57 |69 10 15 10 15 15
20x...D011 |12 20x...D011 121 19 |95 (15 0 13 20 15
20x...D014 |15.4 .. .DOI2 | 165 125 15 0 15 0
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Branch Circuit Protection — Section 31
= There are two basic requirements regarding resistive type heaters:
= Heating element loads cannot draw more than 48A.
= Branch circuit protection cannot be rated more than 60A.

HEATER 1
100k

HEATER 2
108

)
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UL 508A Slash Ratings
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A circuit breaker with a slash rating, such as 120/240V or 480Y/277, shall be permitted to be
applied in a solidly grounded circuit where the nominal voltage of any conductor to ground
does not exceed the lower of the two values of the circuit breaker’s voltage rating and the nominal
voltage between any two conductors does not exceed the higher value of the circuit breaker’s

voltage rating...”

Reprinted from NEC® 2014 = m::f:l iNm °® _ \ \l
°w‘}gq'f el \ . ) ' |
R 0 v M A 5 A \

SUITABL

§.C RATI S/N 0000000
\ .

ULA 89CSAC?2‘ L5 No 5-02

@

HACR Type

@

 TRIP AMPS 120%  MP 1ph ey — T TERMATION

WIRE (AWG) | T¢

13 | 75°C Cu Only 14-1

ARNING: IF AN OVERLOAD OR A FAULT CUIRINT \\ Q’\'—&'WA\ 06 GTLCIIA| T5C CuOny 4.
347V ali

~ 25000A |1

INTERRUPTION OCCURS, CIRCUITS MUST

CHECKED TO DETERMINE THE CAUBE OF THE

TERRUPTION. IF A FAULT CONDITION EXISTS, THE
7 “ONTROLLER 8HOULD BE EXAMINED AND REPLACED IF
DAMAGED TO REDUCE THE RISK OF FIRE OR ELECTRIC
| BHOCK.

: 30,8
Slash rating . |

f

t

Non Slash rating

Slash rating
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Feeder Circuit Protection — Section 32 = s

= There are two basic components allowed for Feeder protection
= Inverse-time Circuit Breaker (UL 489) sized per the 80% rule
= Branch Circuit Fuses (UL 248) with Disconnect (UL 98)

= Manual Motor Controllers per UL508 are NOT allowed in a Feeder
= Feeder Overcurrent Protection is sized as follows:

= |t shall not exceed the rating of the largest Branch Protective Device
plus the full-load currents of all other motors or loads in the group

OR

= |t shall not exceed Ampacity of feeder conductors or busbar

There are Load Switches Listed to UL 508 which have external
operating handles and are often misapplied as disconnects.
Only the two types listed above have the spacings and ratings
to be properly applied in a Feeder Circuit.
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L oad Controllers — Section 33

= Motor Controllers must comply with UL 508 and be one of the following
types:

= Magnetic, Manual, Combination, Solid State or Definite Purpose or
Reduced Voltage Starter

= Variable Speed Drives must comply with UL 508C

= Sizing of a load controller is as follows:
= Must have proper Voltage Rating

= Ampere rating not less than the sum of all loads controlled with HP
ratings converted to FLA using Table 50.1 & 50.2
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Motor Overload Protection — Section 34 |Einisias

= Motor overload protection is required for every motor circuit which could
include:

= Separate overload relay: solid state or heater element type
= Solid state motor controller with integrated overload protection
= Self-protected motor controller with integrated overload.

= Drives with integrated overload protection if Listed to UL 508C
= Thermal device integrated into the motor

= Motor overload protection shall be sized at 115% of the motor FLA
nameplate

Fu4

T 1 -

FUS

D 1 12_{wo1o% 1
2aHp

Fue

D 13
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Power Transformers — Section 35

= Power Transformers are different from ‘control’ transformers because their
secondary supplies power to loads or combinations of loads

= Qvercurrent protection must be branch rated fuses or circuit breakers and
located: Primary Only (Table 35.1) or Primary & Secondary (Table 35.2)

Table 35.1
Sizing of primary winding only branch circuit protection

PUBLIC

Power transformer primary current, amperes

Rating of branch circuit protection maximum
percentage of primary current

9 or more
2-899
less than 2

1252
167
300

2 Where the calculated size of the hranch circuit protection does not correspond to a standard size fuse or nonadjustable

inverse-fime circuit breaker, the next larger size is ahle to be used. See 31.3.8 for standard sizes of branch circuit

protection.

Table 35.2
Sizing of primary and secondary branch circuit protection of a power transformer

Primary winding

Secondary winding

Rated amperes Branch circuit protection,
percent of rated amperes

Rated amperes Branch circuit protection,
percent of rated amperes

9 or more 250
2-8949 250
less than 2 300

9 or more 1253
less than 9 167

2 Where the calculated size of the branch circuit protection does not correspond to a standard size fuse or nonadjustable
inverse-time circuit breaker, the next larger size is able fo be used. See 31.3.8 for standard sizes of branch circuit

protection.
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Control Circuits — Overview of Sections |t

Section 37 — Field Wiring Terminals

Section 38 — Internal Wiring

Section 39 — Disconnecting Means

Section 40 — Overcurrent Protection

Section 41 — Sizing of Control Circuit Overcurrent Protection

Section 42 — Overcurrent Protection (Isolated Secondary)
Section 43 — Limited Energy Circuits

Section 44 — Class 2 Circuits

Section 45 — Switching Devices

Section 46 — Loads

Section 47 — Miscellaneous Devices

Section 58 — Pneumatic Switching Devices
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Control Circuit Terminals — Section 37 A"

= A Terminal must be provided for connection of each conductor (copper or
aluminum) installed in the control panel.

= Terminals must be accessible and able to be connected without removing
other components.

= The required size of the field wiring terminal shall be no less than 14 AWG

and determined by the overcurrent protection ahead of the terminals.

= Limited Energy & Class 2 Circuits are allowed to have terminals rated
for smaller conductors than 14 AWG
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Control Circuit Wiring — Section 38 A"

= Control Circuit conductors are allowed to be less than 14 AWG with a
minimum temperature rating of 60°C.

= The size if internal wiring of a control circuit is determined by the ampere
rating of the overcurrent protective device.

= The wire gauge can be sized using the Field Wiring Table 28.1 or Table
38.1 shown below.

Table 38.1
Ampacities of control circuit conductors

Ampacity, amperes Conductor size
AWG {mm?)

1 16 (1.3)
18 {0.82)
20k {0.52)
22b {0.32)
240 {0.20)
26P {0.13)
2830 {0.08)
05 302k {0.05)

2 Where these conductors are contained in a jJacketed multi-conductor cable assembly.

b These sizes of conductors are only for connection of confrol circuits for electrenic programmable input/output and static
control (having no moving paris).
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Overcurrent Protection — Section 40/41 i

= Control circuit overcurrent protection can be provided by:
= Branch Circuit Fuses or Inverse-time Circuit Breakers
= Miniature Type supplemental fuses (UL 248-14)
= Supplementary protectors (ie. UL 1077 mini-breakers)
= Qvercurrent protection is sized based upon the ampacity of the control

circuit conductor and the source of the control circuit voltage

= Common Control Circuit protection is based upon Table 41.1 or 41.2
depending on whether or not there are wires that leave the panel

Table 41.1

. . L . Table 41.2
Motor branch circuit protection of common control circuit without remote control devices

Motor branch circuit protection of common control circuit with remote control devices

Control circuit wire size Maximum protective device rating, Control circuit wire size

amperes
AWG (mm?) P AWG

22 (0.32) 12 22

20 (0.52) 20 20
18 (0.82) 25 18

16 (1.3) 40 16
14 2.1) 100 4
12 (3.3) 120 12
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Control Transformers — Section 42

= Control Transformers supplies power to control devices that direct the
performance of a controller and NOT to power loads

= Qvercurrent protection is often less than 15 Amp and can be either:
Primary Only (Table 42.1) or Primary & Secondary (Table 42.2)

Table 42.1
Sizing of primary winding only overcurrent protection of a control transformer

Control transformer primary current, amperes

Rating of overcurrent protection, maximum percentage
of primary current

9 or more
2-8.99
less than 2

1252
167
500

protection.

2 Where the calculated size of the overcurrent protection, branch circuit or supplementary type, does not correspond to a
standard size protective device, the next larger size is able to be used. See 31.3.8 for standard sizes of branch circuit

Table 42.2
Sizing of primary and secondary overcurrent protection of a control transformer

Primary winding

Secondary winding

Rated amperes

Overcurrent protection
percent of rated amperes

Rated amperes

Overcurrent protection
percent of rated amperes

9 or more
2-8.59
less than 2

250
250
500

9 or more
less than 9

1257
167

protection.

3 Where the calculated size of the overcument protection, branch circuit or supplementary type, does not comespond to a
standard size protective device, the next larger size is able to be used. See 31.3.8 for standard sizes of branch circuit

PUBLIC
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Other Control Circuits — Section 42 - 44 |Eiaisaias

= Power Supplies used in a control circuit must be Listed to
UL 1012 and can only be loaded at 50%

= Exception: Power Supplies which meet the UL508 Temperature
Test can be loaded to 100% rating

= Class 2 power supplies have fire and shock safety g

Jump:
30Wmax.  goen: 10-12v

features to limit the output power to less than 100VA if 3.0 AB. Aleneradey
there is a failure *® 1606-xLp
= Components and terminals in Class 2 circuits are not requested E%r%‘ﬂési

to be investigated o

AC 100-240V

@ N L

Class 2 Circuits are often misapplied due to the
cost of power supplies. It is not acceptable to use
a larger power supply and fuse into several
smaller circuits.
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Markings — Section 52

= This section details of all required panel markings and their locations.

Table 52.1

Locations of required markings

Paragraph

General description

Location categories (see notes)

Table 52.1 Continued

Enclosed

Open

General markings

Mameplate stating: manufacturer, maximum voltage,
total FLA, largest motor FLA, phase, frequency, field
wiring diagram, short circuit current rating

External load ratings

aorb

a b ore

Paragraph General description Location categories (see notes)

Enclosed Open

Self-protected combination motor controller, including a, borc cord
manual type

Fuseholders
Fuse replacement marking

Enclosure markings
Environmental type
Conduit hubs for Type 2, 3R or 3RX enclosures

Conduit hubs for Type 3, 35, 35X, 3X, 4, 4X, 5, or
12 enclosures

Modular enclosure marking, specifying
interconnections

Single conduit entry, non-metallic enclosure only
Location of conduit entry
Instructions for field installed bonding means

aorb
a b ore
a b ore

aorb
a b ore

aorb
a b ore

Switches

Disconnect handle, "on” and "off”
Manual switch, not to operate under load
Reverse fed disconnecting means

Overload Relay Heater Tables
581 Overload relay heater element table

Field wiring terminal markings

Field wiring terminal identification

Type of field wiring conductors, field wiring
temperature rating (power circuit only), terminal
tightening torque

Equipment grounding terminal identification
Class 1 markings

Class 2 markings

Routing of Class 1 and Class 2 conductors
Control circuit wire size [less than 14 AWG (2.1
mm?)]

Connect secondary neutral to grounding electrode
conductor

Slash voltage rating

Receptacles

591 General use receptacle in power circuit

G2 Multi-pin receptacle, identification of load connection
593 General use receptacle in control circuit

5G4 Receptacle not to operate under load

Field provided components

60.1, 60.2 Disconnect switch, branch circuit protection and/or
overload relay to be provided by installer

60.3 Other devices to he provided by installer

Schematic Wiring Diagrams
61.1,61.2 Complete schematic

Cautionary markings
Multiple disconnect marking
Polymeric enclosure with multiple conduit entries

Instantaneous frip circuit breaker used as branch
circuit protection for a combination motor controller

a
b
aborc

NOTES
a) Marking shall be visible without opening the door or cover of the enclosure.

b) This marking is able to be provided on the door or cover of the enclosure or on the inside walls of the enclosure.

¢) Marking shall be on or adjacent fo the component in guestion. Fuse replacement markings are able to be on a
chart displayed as specified in (b) when each fuseholder is marked with a distinctive designation, such as F1. For
open panels, the chart is able to be supplied as described in (d).

d) Marking shall be shipped separately on a self-adhesive label with the device (this is intended fo be placed on or
in the ultimate enclosure).

e) Marking shall be on the field wiring diagram, prints, or instructions that are referenced on the panel nameplate
and is to be shipped with the panel (either loosely, in the “print pocket,” or adhered to the inside of the enclosure).

) Marking shall be on the subpanel component mounting plate.

T Missing or incorrect panel marking is a common UL citation.

PUBLIC
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Markings — Section 53 & 54 Automation

These sections provide more detail for specific marking types

Enclosure: An enclosed panel must be marked with an appropriate Type
Rating and instructions for conduit fittings.

Field Wiring Terminals: Must be marked to indicate proper connect of
supply and load corresponding to a wiring diagram.

= Required type of field wiring conductor.
= Temperature rating of field conductor.
= Terminal tightening torque per Table 54.1

Power Circuit Terminals: Must be marked with the appropriate wire
temperature ratings determined from Table 28.1.

The Equipment Ground Terminals: Must be specifically identified.
- Green terminal screw or “Ground” or “GND” or symbol ()
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Markings — Section 55 thru 61 Automation

Cautionary Markings: Legible and visible to the operator during normal
operation typically located on a non-removable part of the panel

Fuseholder Markings: Must be marked with the voltage and current rating
of the replacement fuse

Switch Markings: Disconnecting handles must be marked to indicate their

“On/Off” positions

Overload Relay: If there are replaceable heater elements, the a table or
selection chart must be provided

Receptacle: Must be marked with the ampere rating and intended use.

Field Provided: Must be marked when separate branch protection or
disconnect is required

Schematic Wiring Diagram: A complete electrical schematic wiring
diagram must be included. Any field installed components must be noted

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rights Reserved. 95




Specific Use Panels — Section 62 thru 99 Automation

Enclosures — Panel builder fabricated Type 1 enclosures
Industrial Machinery - Requirements align with NFPA 79
Crane and Hoist Control - Additional panel requirements
Service Equipment Use - Additional panel requirements
Elevator Control - In addition to ASME A17.1 and A17.5

Flame Control - Safety control and ignition transformer control
Marine Use - Additional requirements for vessels over 65 ft. long.
A/C and Refrigeration Equipment - Additional panel requirements.
Fountain Control - Additional panel requirements

Irrigation Equipment - Additional panel requirements
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Industrial Machinery — Section 65 - 67 -

These sections provide additional panel requirements for Industrial
Machinery which align with NFPA79

Enclosure door must be interlocked with disconnecting means
Maintenance lighting circuit must not exceed 115V @ 15 Amps
Field power terminals must be sized by adding up the following loads:

= 125% of all heater loads
= 125% of the largest motor load & FLA of all other simultaneous loads

Power circuit conductor colors: Black = AC Power, White = AC Ground
Power circuit conductors sized similar to field power terminals above
Disconnecting means must be provided for all incoming supplies

= Class H fuses are not allowed

= Readily accessible and operated independent of the door position
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Industrial Machinery — Section 65 - 67

= Main disconnect sized based on the sum of:
= The largest branch circuit protective devices in the panel;
= 125 percent of all heater loads;
= 125 percent of the largest motor load; and
= The full-load currents of all other simultaneously operating loads

= Control circuit wiring colors are as follows:
Black Ungrounded AC at supply voltage
Red Ungrounded AC less than the supply voltage

Blue Ungrounded DC control circuits

Yellow or orange Control remains energized when the main disconnect is off

White Grounded AC control circuit conductor regardless of voltage

White w/Blue Grounded DC control circuit conductor

White w/Yellow or orange | Power remains energized when the main disconnect is off.

PUBLIC Copyright © 2016 Rockwell Automation, Inc. All Rig



Industrial Machinery — Section 65 - 67 -

= Control circuit conductors shall not be smaller than 18 AWG.
= Emergency Stop button is required on panels that have other operators.

= Emergency Stop must be self latching, palm type button with Red/Yellow
color scheme.

= Additional nameplate markings include the Short Circuit Current Rating.

The ‘Industrial Machinery’ control ﬁanel requirements

referenced in UL 508A do align with NFPA 79.
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UL 508A Components Power Circuit [

Definition of terms
Motor Controller (with or without protective function)

Turning a motor on and off

- manual (Manual Motor Controller)

- remote (contactor, Softstarter, FU)

Motor Starter, and/or Motor Controller with protective function
- Non Combination Motor Starter (Motor Controller)

- No breaker, no short circuit protection, but overload
protection

- Combination Motor Starter (Motor Controller)

- Breaker, short circuit and overload protection
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Rockwell

UL 508A Components Automation

Unevaluated Devices

Unevaluated Devices may not be used

- If non-electric and non-hydraulic (e.g. pneumatic)

- If run through Class 2 transformers or power supplies

- in LVLE-circuits

- In control circuits when protected with US-FI switches
(e.g. push buttons, sensors, etc. but!! not power circuits)

- after UL acceptance

More about this in the Control Circuits chapter
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Example of sizing procedure for ICP

CIrcult Breaker Contactor Ovarioad Relay
480V/60Hz Catalog Magnetic Catalog Catalog Tnemal
Mumber Trig Gument Number Number Setting
Al 3 3 141
140M CIN-24D 5z 100-C05 _ 153-EEAD 01-02
140M-CIN-B10 13 100-C05 . 133-EEBE n2-10
140M-CIN-B25 33 100-C05_ 153-EECE 10-50
! 140M-CIN-B25 33 100-C05_ 153-EECE 10-50
<= 80.6A = 14+7.6+11+3+45 3 120M-CZN-B25 33 100-Co3... 193-EECE 1.0-5.0
T40M DB B0 =2 T00-C23._. 1S3 EECE T0.50 |
! 140M-DEN-BAD 52 100-C23._. 153-EECE 10-51
<=AWG 4 ] 140M-DEN-C10 130 100-C30... 193-EEDD 3.2-10
140M DEN-C10 130 100-C30_ 153-EEDD 5z 10
TE0M-DER-CIE = T0-C30.. T55-EE0D Z-10
From 32.3.1a) b) [ Taum-DEN<iE 15 100-C30 153EEDD 10
140M-DBN-C25 325 100-C30... 133-EEED
140MF BN-C32 415 100-C37.... 153-EEFD
140MFBN-C4S 565 100-C37... 153-EEFD
TAOM FEHCAS B T00-C43._. T53.EEFD

Table 28.1
i

of

Wire size 60°C (140°F) 75°C (167°F)

(mm?) Copper Aluminum Copper Aluminum

(1) 15 - 15

Self Protected Combination o o - o
Motor Controller Type E from 10A = @ w

16A 4A (@12) 70 55

(26.7) 85 65

Coordination table
Ampacity from Table 28.1 AWG 14-|_ AWG 14 AWG 14 @ o =
(535) - -

30A 23A (67.4)

Contactor from Coordination 30A P - -
Table e (072) - _ 2 18
. Table 50.1
Overload Settlng 34.21 16.1A 8.7A 3.4A Fulldoad motor-running currents in amperes corresponding to various a-c horsepower ratings
125% Ampacity from AWG 12 AWG 14 AWG 14 Horse | 110 -120 200 Volts 208 Volts 220 - 240 380 - 415 440 - 480 550 - 600

Table 28.1 power Volts Volts Volts Volts Volts

Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three
phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase

Given Motor Power 10Hp 5Hp 7.5Hp 1.5Hp 30Hp
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Short Circuit Current Rating (SCCR) — -
Supplement SB4 Automation

PUBLIC

Supplement SB4 covers requirements for:

Standard and High Fault short circuit current ratings for all Industrial
Control Panels

NEC Article 409 requires panels to be marked with an SCCR and
references UL 508A, SB4 as an approved method

The overall panel short circuit rating shall be the lowest short circuit rating
of all power circuit components or the short circuit rating of the branch
circuit device, whichever is lower.

To meet NEC Article 409, it is necessary to know the
Available Fault Current for the incomin? supply power to
ensure the panel SCCR is adequate. Often panel builders

aren’t given this information, but it could be helpful when
selecting the Feeder and Branch protective devices.
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Short Circuit Current Rating (SCCR) — .
Supplement SB4 Automation

To determine short circuit ratings, the following steps need to be followed:

Establish short circuit rating of each component in power circuit for each
branch circuit. (SB4.2)

Modify short circuit rating based upon the use of current limiting
components, if applicable. (SB4.3)

Determine overall short circuit rating for the panel. (SB4.4)

. Add SCCR markings to panel nameplate (SB5.1):
“Short Circuit current: kA rms symmetrical, V maximum’
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Short Circuit Current Rating (SCCR) — .
Supplement SB4.2.1 Automation

= All power circuit components, including disconnect switches, branch circuit
protective devices, branch circuit fuse holders, load controllers, motor
overload relays, terminal blocks, and bus bars, shall have a short circuit
current rating expressed in Amperes or kiloAmperes (kA) and voltage

= Exception No. 1: Power transformers, reactors, current transformers,

dry-type capacitors, resistors, varistors, and voltmeters are not
required to have a short circuit current rating

= Exception No. 2: The “S” contactor of a wye-delta motor controller is
not required to have a short-circuit current rating
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Short Circuit Current Rating (SCCR) — .
Supplement SB4.2.2 Automation

= The short circuit current rating of a component shall be established by one
of the following methods:

= The short circuit current rating marked on the component or on
Instructions provided with the component;

= The short circuit current rating determined by the voltage rating of the

component and the assumed short circuit current from Table SB4.1; or

= The short circuit current rating for a load controller...that has been
investigated in accordance with...UL 508, and described in the
manufacturer’s Procedure
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Short Circuit Current Rating (SCCR) — .
Supplement Table SB4.1 Automation

= Default short circuit current ratings when not marked or provided by the

Table SB4.1

ma n Ufa Ctu re r. Assumed maximum short circuit current rating for unmarked components

Component Short circuit current
rating, kKA

Bus bars 10
Circuit breaker {including GFCI type) 5
Current meters a
Current shunt 10
Fuseholder 10
Industrial control equipment:
a. Auxiliary devices (overload relay)
b. Switches {other than mercury tube type)
¢. Mercury fube switches
Rated over 60 amperes or over 250 volis
Rated 250 volts or less, 60 amperes or less, and over 2 kVA
Rated 250 volts or less and 2 kVA or less

Motor controller, (including combination motor controllers, float and pressure operated
maotor controllers, power conversion eguipment and solid state motor controllers),
rated in horsepower (kw2

a.0-50(0-37.3) 5¢
b. 51 — 200 (38 — 149) 10°
c. 201 - 400 (150 — 298) 18¢
d. 401 - 600 (299 — 447) 30°
e. 601 - 900 (448 - 671) 42¢
f. 901 — 1600 (672 — 1193) 85¢
Meter socket base 10
Miniature or miscellaneous fuse 108
Receptacle (GFCI type) 2
Receptacle (other than GFCI type) 10
Supplementary protector 02
Switch unit 5
Terminal block or power distribution block 10
Multi-point interconnection power cable assembly 5
Multiwire (power distribution) lug 10

3 A short circuit current rating is not required when connected via a current transformer or current shunt. A directly
connected current meter shall have a marked short circuit current rating.

b The use of a miniature fuse is limited to 125-volt circuits.
¢ Standard fault current rating for motor controller rated within specified horsepower range.
4 Highest rated horsepower of motor controller.

v
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Short Circuit Current Rating (SCCR) — -
Supplement SB4.2.3 Automation

= A high fault short circuit current rating for a motor controller, an overload
relay, or a combination motor controller, as specified in SB4.2.2 (a) or (c),
shall only be used as the short circuit current rating of the component when
the specified branch circuit protective device is provided

= Hi fault short circuit current rating is an higher rating than the one

provided for that specific component
= Global SCCR
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Short Circuit Current Rating (SCCR) — .
Supplement SB4.3 Automation

= Feeder components that limit the short circuit current available.
= SB4.3.1 — Power transformer with an isolated secondary winding.
= SB4.3.2 — Circuit breaks UL Listed as “Current Limiting”.
- SB4.3.3 - Fuses: Class CC, G, J, L, RK1, RKb5, or T.

Feeder Circuit — The conductors

and circuitry on the supply side of
the branch circuit protective

device.
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Short Circuit Current Rating (SCCR) — .
Supplement SB4.3.1 Automation

= Power Transformer with an isolated secondary winding.

= The secondary available short circuit current of the power transformer is
determined either by calculations or by using Tables SB4.3 or SB4.4
= Calculations
= Single Phase Transformers:
Full-Load Current (l-) = (kVA x 1000) / Voltage
Short Circuit Current (ls) = (I~.) / Impedance (Z)

= Three Phase Transformers:

Full-Load Current (l.) = (kVA x 1000) / (Voltage x 1.732)
Short Circuit Current (l) = (I.) / Impedance (Z)

= |f the Impedance is not known, a default of Z =2.1% can be used.
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Short Circuit Current Rating (SCCR) —
Supplement SB4.3.1

= Power transformer available short circuit current; Tables SB4.3 or SB4 .4

Table SB4.3
Single phase transformer secondary available short circuit currents (Amps)?

Column 2
Minimum Transformer Secondary Voltage (V)
120/2400 208 240 277 347

Column 1
Transformer
Max kKVA 120

1
3
5
10
15
25

50
75

400 A

1,200 A
1,990 A
3,070 A
5,960 A
9,030 A
14,890 A
19,850 A
29,770 A

300 A
900 A
1,490 A
2,080 A
4,470 A
7,450 A
11,170 A
14,890 A
22,330 A

230 A
690 A
1,150 A
2,290 A
3,440 A
5730 A
8,590 A
11,450 A
17,180 A

200 A
800 A
1,000 A
1,990 A
2,880 A
4970 A
7,450 A
9,930 A
14,890 A

180 A

520 A

860 A
1,720 A
2,530 A
4,300 A
6,450 A
8,600 A
12,900 A

140 A

420 A

590 A
1,380 A
2,060 A
3,440 A
5,150 A
5,870 A
10,300 A

2 Z assumed to be 2.1%.
& Short-circuit current shown is line-to-neutral.

Table SB4.4
Three phase transformer secondary available short circuit currents (Amps)?®

PUBLIC

Column 1

Column 2

Transformer

Minimum Transformer Secondary Voltage (V)

Max kVA

208Y/1200

208

240

480Y/2770

480

600Y/3470

5
10
15
20
25
30
45
75
100

840 A
1,660 A
2,490 A
3310 A
4140 A
4980 A
7450 A
12,410 A
16,550 A

670 A

1,330 A
1,990 A
2,650 A
3,310 A
3,980 A
5,960 A
9,930 A

580 A
1,150 A
1,730 A
2300 A
2870 A
3,450 A
5170 A
8610 A

13,240 A

11470 A

360 A
T30 A
1.090 A
1.440 A
1,800 A
2,160 A
3240 A
5390 A
7.180 A

290 A
580 A
870 A
1,150 A
1440 A
1,730 A
2,500 A
4310 A
5,740 A

230 A
460 A
690 A
920 A
1,150 A
1,380 A
2,070 A
3450 A
4590 A

3 7 assumed to be 2.1%.
© Short-circuit current shown is line-to-neutral.
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Short Circuit Current Rating (SCCR) — -
Supplement SB4.3.2 Automation

65kA SCC
Available

“current limiting” in the Feeder Circuit, the SCCR on
the line side of the CB will be one of the following:

a) The interrupting rating of the feeder circuit breaker when: e ch

1. all of the individual components in the branch circuit have a short circuit “Current
current rating not less than the peak let-through current of the circuit Limiting”

the short circuit current rating of any combination motor controller on
the load side is not less than the interrupting rating of the feeder circuit
breaker

= For Branch Circuits supplied by a Listed CB marked &

17kA Ip
Let-through

Branch Circuit PD
65kA SCCR
Motor Controller
18kA SCCR
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Short Circuit Current Rating (SCCR) — -
Supplement SB4.3.2 Automation

65kA SCC
Available

“current limiting” in the Feeder Circuit, the SCCR on
the line side of the CB will be one of the following:

a) The interrupting rating of the feeder circuit breaker when: e ch

1. all of the individual components in the branch circuit have a short circuit “Current
current rating not less than the peak let-through current of the circuit Limiting”
breaker, and

the short circuit current rating of any combination motor controller on
the load side is not less than the interrupting rating of the feeder circuit
breaker

b) The smallest interrupting rating of any branch circuit %\ 1 ( Letthrough

protective device on the load side of the feeder circuit
breaker when the condition 2 it is not true
Branch Circuit PD
50kA SCCR
Motor Controller
18kA SCCR
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Short Circuit Current Rating (SCCR) — -
Supplement SB4.3.2 Automation

65kA SCC
Available

“current limiting” in the Feeder Circuit, the SCCR on
the line side of the CB will be one of the following:

a) The interrupting rating of the feeder circuit breaker when: e ch

1. all of the individual components in the branch circuit have a short circuit “Current
current rating not less than the peak let-through current of the circuit Limiting”
breaker, and

= For Branch Circuits supplied by a Listed CB marked &

the short circuit current rating of any combination motor controller on
the load side is not less than the interrupting rating of the feeder circuit
breaker

b) The smallest interrupting rating of any branch circuit
protective device on the load side of the feeder circuit
breaker when the condition 2 it is not true

The smallest short circuit current rating of any branch circuit

on the load side of the Feeder CB when a) and b) are not
met 50kA SCCR

Motor Controller
16kA SCCR
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Short Circuit Current Rating (SCCR) — .
Supplement SB4.4 Automation

= For each branch circuit provided with branch
circuit protection within the industrial control
panel, the smallest short-circuit current rating of
all power circuit components on the load side of
a branch circuit protective device and the
control circuit over-current protection in
SB3.2.1 shall be determined and compared
with the short-circuit current rating of the
branch circuit protective device. The smaller of
the two ratings shall be assigned to the line
side of the branch circuit protective device.

In other words, use the lowest rating of
a component or branch protective
device to determine branch rating.

65kA Panel Rating
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Example of sizing procedure for ICP

CIrcult Breaker Contactor Ovarioad Relay
480V/60Hz Catalog Magnetic Catalog Catalog Tnemal
Mumber Trig Gument Number Number Setting
Al 3 3 141
140M CIN-24D 5z 100-C05 _ 153-EEAD 01-02
140M-CIN-B10 13 100-C05 . 133-EEBE n2-10
140M-CIN-B25 33 100-C05_ 153-EECE 10-50
! 140M-CIN-B25 33 100-C05_ 153-EECE 10-50
<= 80.6A = 14+7.6+11+3+45 3 120M-CZN-B25 33 100-Co3... 193-EECE 1.0-5.0
T40M DB B0 =2 T00-C23._. 1S3 EECE T0.50 |
! 140M-DEN-BAD 52 100-C23._. 153-EECE 10-51
<=AWG 4 ] 140M-DEN-C10 130 100-C30... 193-EEDD 3.2-10
140M DEN-C10 130 100-C30_ 153-EEDD 5z 10
TE0M-DER-CIE = T0-C30.. T55-EE0D Z-10
From 32.3.1a) b) [ Taum-DEN<iE 15 100-C30 153EEDD 10
140M-DBN-C25 325 100-C30... 133-EEED
140MF BN-C32 415 100-C37.... 153-EEFD
140MFBN-C4S 565 100-C37... 153-EEFD
TAOM FEHCAS B T00-C43._. T53.EEFD

Table 28.1
i

of

Wire size 60°C (140°F) 75°C (167°F)

(mm?) Copper Aluminum Copper Aluminum

(1) 15 - 15

Self Protected Combination o o - o
Motor Controller Type E from 10A = @ w

16A 4A (@12) 70 55

(26.7) 85 65

Coordination table
Ampacity from Table 28.1 AWG 14-|_ AWG 14 AWG 14 @ o =
(535) - -

30A 23A (67.4)

Contactor from Coordination 30A P - -
Table e (072) - _ 2 18
. Table 50.1
Overload Settlng 34.21 16.1A 8.7A 3.4A Fulldoad motor-running currents in amperes corresponding to various a-c horsepower ratings
125% Ampacity from AWG 12 AWG 14 AWG 14 Horse | 110 -120 200 Volts 208 Volts 220 - 240 380 - 415 440 - 480 550 - 600

Table 28.1 power Volts Volts Volts Volts Volts

Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three
phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase

Given Motor Power 10Hp 5Hp 7.5Hp 1.5Hp 30Hp
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UL 508A — Common non conformities A

Application of the wrong standards

Selection of unsuitable products
Main disconnect is not approved under UL 98 or UL 489
UL 489 MCCB is used with 100% nominal current, but is not labeled accordingly

BCP is a Manual Motor Controlled Suitable as Motor Disconnect and it is not approved as
Type E/F Self Protected Combination Motor Controller

Type E/F Motor-protective circuit breakers protect transformers and resistive loads

Circuit Breaking devices are used in the main circuit
Overload and short circuit protection
Group Motor Installation
Enclosure and IP codes
Labels, Documentation

Electrical and mechanical construction
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UL 508A Components Automation

Typical mistakes
« Main disconnect is not approved as main disconnect

* Motor-protective circuit breaker is not approved as Type E
Controller (i.e. requires upstream fuse)

 Type E Motor-protective circuit breakers protect transformers
and resistive loads

» Circuit Breaking devices are used in the main circuit

 Circuit Breaker is used with 100% nominal current,
but is not labeled accordingly

* Not in keeping with enclosure rating
 Wiring error (current carrying capacity, cross section, etc.)
* Insufficient documentation
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UL508A Industrial Control Panels — Rockwell
Automation components
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UL 508A Components Disconnect A

UL 98 Power circuit switch (also true for Molded Case Switches)
Arrangement / nominal current =
115% of the sum of all motor currents according to Table 50.1

(For FUs use the sum of all input currents)

+ 100% of the sum of all other loads

For non motor loads and fused disconnects
use a fuse for 125% of the load current

194R,1494V fused or non-fused
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UL 508A Components MCCB Automation

Main disconnect or Circuit breaker
UL 489 Circuit Breaker (MCCB)
Arrangement / nominal current =
125% of all loads (load current = 80% of nominal current
if 100% has not been explicitly specified)

140G-G to 140G-R

140U-D 15A to 3000A
0.5A - 30A

)
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Rockwell

UL 508A C()mp()nents BCP Automation

In the USA a distinction is made between:
* Branch Circuit Protective Devices
 Supplementary Protectors (recognized, not listed)

Branch Circuit Protective Devices are:
- UL 248 Branch Circuit Fuse (Fuse Holder pursuant to UL 512)
- UL 489 Listed Circuit Breaker

- For Motor outputs, Combination Controllers pursuant to UL508
CAUTION:

The kinds of circuit breakers common within the IEC are not BCPD and
should only be used in a control circuit for device protection.

They are approved as Supplementary Protectors pursuant to UL 1077 and
are recognized.
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UL 508A Components BCP AlTERon

UL 248 Branch Circuit Fuse (Fuse Holder pursuant to UL $12)
* Non time delay fuse

* Dual Element (time delay) fuse

Class J up to Overview Fuse Classes
600A Class L — UL/CSA/ANCE 248-10
Class CC up Class H/IK — UL/ICSA/ANCE 248-6, 7 & 9 o

Class RK1 & RK5 - ULICSA/ANCE 248-12 1492-FB
Class J - UL/CSA/ANCE 248-8 g
Class T — UL/ICSA/ANCE 248-15 K
Class G — UL/ICSA/ANCE 248-5
Class CC — ULICSAJANCE 248-4

\‘1'— ‘-'

56 Fuseholder Markings

56.1 A branch circuit fuseholder that accepts a fuse having a rating larger than the maximum specified
rating and all control circuit fuseholders shall be marked with the voltage and current rating of the
replacement fuse.
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UL 508A Components Power Circuit

UL 508 Motor or Load Controller

Contactor* (Direct Online,DOL-Starter)

Reversing contactor (Reversing Motor Controller)
- must be locked electrically or mechanically

Star delta starter (Y-Delta Motor Controller)

Motor-protective circuit breakers (Manual Motor Controller)

Starter (Combination and Non-Combination Starter)
Semiconductor contactor, Softstarter (SSD,Solid State Device)
Frequency inverter pursuant to UL 508C (Variable Speed Drive)

* German “Hilfsschitze” are “Control Relays” in the US, so not really
b, “Schitze” (contactors)
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UL 508A Component Control Circult Automation

Typical components in the control circuit

; 1492-REC15G GFCI Receptacle
/N
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UL 508A Component Control Circuit A

Definition of terms 1497 Control Transformer
Class 1 Circuit

Control Circuit at a branch circuit protector
with < 600V and unlimited power

Control Circuit on the load side of a load
limiting device (transformer, power supply)

Class 2 Circuit

Control Circuit, limited to 100VA
with an effective voltage of no
more than 30V (transformer,

power supply)
1606 Power Supplies
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Low-Voltage Limited Energy Circuit (LVLE)

Control Circuit with U max (DC or peak value)
<42.4V (= 30V rms) with current limitation by
means of fuses, power supplies, transformers
with inner resistance or a combination of
transformers with inner resistance and
downstream impedance.

Devices without UL approval may be
operated on a LVLE; if the device is labeled
as “Class 2 Source Required” a Class 2
power supply is required.
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