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Summary of Topics
This revision of ANSI/UL 2416 dated October 2, 2020 includes the following:

* Modified definition of Enclosure; 4.5

* Updated-referencesfor-spacings;6-19-1

* Refihement of effectively grounded marking requirement; 7.4.3, 7.4.4
* Revision of Functional Earthing (Grounding) marking; Section 7.5

* Clarffication on reference to UL 62368-1 for Indoor Locations; 9:1.3.1
* Addjtional UL 62368-1 alternative for Outdoor Enclosures;9.1.4.1

e Clarffication on condensation and drain holes; 10.2.3.5

* Editprial revision of ITE (Computer) Room application requirement; 12.3.1

* Refihement of Openings in Vertical Surfaces Requirements to promote consistent
appli¢ation; Section 12.5.2

* Clarffication on treatment of pryout holes; 12.5.3.4

* Clarffication on allowed application of Bottom Opening requirements to promoge
consistent application; 12.5.4.1, 12.5.4.3, 12.5.4.4, 12.5.4.5

* Clarffication on Overcurrent Protection; 13.4.1
* Clarffication-on application of Temperature Test; 15.3.1, 15.3.2

* Clarffication on Installation Markings; 16.4.4

* Clarification on Installation Instructions; 16.7.8

* Miscellaneous Updates to UL 2416 to address areas needing further refinement; 3.56
» Additional option for enclosure venting of battery compartments; 13.5.2.1A

* Clarification on Battery Supply Performance; 13.7.2, 13.7.3

Text that has been changed in any manner or impacted by UL's electronic publishing system is marked
with a vertical line in the margin.

The new and revised requirements are substantially in accordance with Proposal(s) on this subject dated
June 12, 2020, July 31, 2020, and August 21,2020.
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All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fitness for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim

Users of the [electronic versions of UL's Standards for Safety agree to defend, indemnify, jand hold UL
harmless fromh and against any loss, expense, liability, damage, claim, or judgment_(including reasonable
attorney's feds) resulting from any error or deviation introduced while purchasen.is’storing pn electronic
Standard on the purchaser's computer system.
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INTRODUCTION
1 Scope

1.1 This Standard covers requirements for Audio/Video, Information and Communication Technology
Equipment Cabinet, Enclosure and Rack Systems. For the purpose of this Standard cabinet, enclosure
and rack systems are all referred to as “enclosure systems.”

1.2 Enclosure systems are not complete equipment but include components and sub-assemblies that
are intended to power, protect, heat, cool or otherwise support information technology (IT),
telecommunications, aud|o/V|deo (A/V) and similar eqmpment that will be installed at a later time. They
usually include—mounting-h -

These enclogure systems are mtended to be used by manufacturers in the constructlon of
IT and communications equipment, or by service providers and other qualified installers-for t
of network infrastructure equipment or communications and multi-media systems equipment.

1.3 This Sjandard assumes that the final installation of equipment into the'\€nclosure s
performed bly qualified service personnel in accordance with the applicable installation
installation pfactices and national installation codes. As appropriate, this‘equipment should

accordance |with ANSI/NFPA 70, National Electrical Code (NEC), cand/or the applicabl
ANSI/IEEE G2, National Electrical Safety Code (NESC). Equipment.intended for installation
technology efguipment (computer) rooms should be installed in aceordance with NFPA 75, St
Protection of|Information Technology Equipment.

1.4 Enclos
enclosure sy
in some case
required by

reduced to a

re systems by their very nature are intended;to house equipment that is not sp
stem manufacturer and whose construction-and characteristics are largely unkn
s these requirements include additionalor supplementary safeguards beyond t
peneral equipment standards where-the final configuration is well defined and
N acceptable level by a thorough evaluation of the design and testing.

1.5 These
be investigat

requirements do not cover.enclosures for modular data centers. Equipment of
ed under the requirements’in the Outline of Investigation for Modular Data Cente

1.6 These
to environm
requirementg in the Standard for Heating and Cooling Equipment, UL 1995, and th
Investigation|for Drop-Qut Ceilings Installed Beneath Automatic Sprinklers, UL 723S.

equirements do notycover exhaust chimneys and other air management system

Note: Environmental aihsystems include ducts specifically designed for environmental air and other spaces used f

complete A/V,
he installation

ystem will be
instructions,
De installed in
b sections of
n information
hndard for the

ecified by the
bwn. As such,
hose normally
risks can be

his type shall
rs, UL 2755.

5 that connect

ntal air systems in buildings. Equipment of this type shall be investigat¢d under the

e Outline of

br environmental

air (plenums) thpt,may not be specmcally fabrlcated for enwronmental alr-handllng purposes but are used for air-ha

as a plenum. The

1.7
final configuration meets the necessary criteria for installation and use.

2 Units of Measurement

21
approximate information.

3 References

3.1
interpreted as referring to the latest edition of that code or standard.

ndling purposes
of other space.

It is the responsibility of the Authority Having Jurisdiction over the final installation to determine if the

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

Any undated reference to a code or standard appearing in the requirements of this standard shall be
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3.2 The standards specified in 3.3 — 3.56 contain provisions, which, through referenced in this Standard,
constitute provisions of this Standard.

3.3 The National Electrical Safety Code, ANSI/IEEE C2. See 6.2.8.

3.4 Safety glazing materials used in buildings — safety performance specifications and methods of test,
ANSI 297.1. See 9.3.3.

3.5 The Standard Test Method for Surface Burning Characteristics of Building Materials, ASTM E84. See
12.2.1.

3.6 The Standard-Tes oeHor-Weightfitass of-Coatingontronanc set-Artictes-wittnZinc or Zinc-
Alloy Coatingp, ASTM A90/A90M See B1 4 and B1.5.

3.7 The Standard Test Method for Surface Flammability of Materials Using arRadiant Heat Energy
Source, ASTM E162. See 12.2.1.

3.8 The St
Rolled and C

ndard Specification for Steel, Sheet, Carbon, Structural, and-High-Strength, Lgw-Alloy, Hot-
old-Rolled, General Requirements for, ASTM A568/A568M+Se¢e B1.4 and B1.5.

3.9 Mechanjcal Structural Issues, ATIS 0600006. See 11.1.7.2.

3.10 Tempgrature, Humidity, and Altitude Requirements for*Network Telecommunications Equipment
Utilized in Outside Plant Environments, ATIS 0600010.01, See 15.3.1.
3.11 Network Equipment — Earthquake ResistanceATIS 0600329. See 11.1.7.2.

3.12 The Cqgde of Federal Regulations (CFR), Title 21. See 16.6.1, 16.6.3, 16.6.6, and 16.6.F.

3.13 Telcordlia Generic Requirements :fap Electronic Equipment Cabinets, GR-487-CORE. [See 10.2.4.1
and 10.2.5.3.

3.14 Generic Requirements for\kiber Optic Splice Closures, GR-771-CORE. See 12.6.1.

3.15 Telcorgia Generic{Requirements for Optical Network Unit (ONU) Closures and ONU Systems, GR-
950-CORE. See 10.2.5.3:

3.16 Graphical:symbols for use on equipment, IEC 60417. See 7.5.1 and Figure 7.1.

3.17 Safety of laser products — Part 1: Equipment classification and requirements, IEC 60825-1. See
16.6.3, 16.6.4, 16.6.6, and 16.6.7.

3.18 The National Electrical Code (NEC), ANSI/NFPA 70. See 6.3.1, 6.5.4, 6.8.1, 6.8.3, 6.9.1, 7.1.3,
7.2.1,8.1.1,8.1.4,and 12.4.3.2.

3.19 The Standard for the Fire Protection of Information Technology Equipment, NFPA 75. See 12.3.1 —
12.3.3.

3.20 The Standard for Surface Raceways and Fittings for Use with Data, Signal, and Control Circuits, UL
5C. See 12.1.8.

3.21 The Standard for Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50.
See 6.4.3,9.1.3.1,9.1.3.2,9.1.4.1,9.2.5, and 9.3.3.
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3.22 The Standard for Enclosures for Electrical Equipment, Environmental Considerations, UL 50E. See
9.1.4.1,9.2.5,and 10.2.4.1.

3.23 The Standard for Flexible Cords and Cables, UL 62. See 6.6.2.

3.24 The Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL

94. See 12.5

.1.1and 12.6.1.

3.25 The Standard for Grounding and Bonding Equipment, UL 467. See 7.1.2, 7.1.7, and 7.2.5.

3.26 The Standard for Wire Connectors, UL 486A-486B. See 6.5.8.

3.27 The S
UL 486E. Se
3.28 TheS
3.29 TheS
3.30 TheS
3.31 TheS
3.32 TheS

3.33 The S
6.3.12, and 6

tandard for Equipment Wiring Terminals for Use with Aluminum and/or Cappe
P 6.5.7 and 6.5.8.

andard for Attachment Plugs and Receptacles, UL 498. See 6.6.2 and 6.7.1.

andard for Industrial Control Equipment, UL 508. See 6.6.3, 6242, and 6.10.1.

andard for Industrial Control Panels, UL 508A. See 6.5:8,9.1.3.1,9.1.3.2, and 9.

r Conductors,

1.4.1.

andard for Metallic Outlet Boxes, UL 514A. See 6.4.3 and 12.5.1.5.

andard for Conduit, Tubing, and Cable Fittings, UL 514B. See 6.3.2 and 12.5.1.

tandard for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514
4.3.

3.34 TheS

3.35 The S
12.5.1.5.

3.36  The {
12.2.1), or th
9.3.4.4 and 1

andard for Cover Plates for Flush-Mounted Wiring Devices, UL 514D. See 12.5
tandard for Schedule 40,80, Type EB and A Rigid PVC Conduit and Fittings,
btandard for Test for Surface Burning Characteristics of Building Materials,

e Standard<or-Polymeric Materials — Use in Electrical Equipment Evaluations,
2.5.1.1).

3.37 TheS

andard for Electrochemical Capacitors, UL 810A. See 13.1.2.

C. See 6.

w

.9

1.5.

UL 651. See

UL 723 (see
L 746C (see

3.38

3.39

3.40

3.41

3.42

3.43

3.44

The Reference Standard for Service Equipment, UL 869A. See 6.10.6.

The Standard for Emergency Lighting and Power Equipment, UL 924. See 13.1.2.
The Standard for Marking and Labeling Systems, UL 969. See 16.1.5.

The Standard for Terminal Blocks, UL 1059. See 6.5.7.

The Standard for Surge Protective Devices, UL 1449. See 6.10.4.

The Standard for Fire Tests of Through-Penetration Firestops, UL 1479. See 12.4.3.3.

The Standard for Lithium Batteries, UL 1642. See 13.1.2.
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3.45 The Standard for Household, Commercial, and Institutional-Use Carts, Stands and Entertainment
Centers for Use with Audio and/or Video Equipment, UL 1678. See 11.4.1.

3.46 The Standard for Plugs, Receptacles and Cable Connectors of the Pin and Sleeve Type, UL 1682.
See 6.6.2.

3.47 The Standard for Uninterruptible Power Systems, UL 1778. See 13.1.2 and 13.7.2.

3.48 The Standard for Batteries for Use in Light Electric Rail (LER) Applications and Stationary
Applications, UL 1973. See 13.1.2.

349 The St ||da|d fUI Stal Idby Battcl ;UD, UL 13U\J JCTT

3.50 The Standard for Cable Routing Assemblies and Communications Raceways, U.2024. See 12.1.8.

3.51 The Standard for Fire Test for Heat and Visible Smoke Release for Discrete Produgts and Their
Accessories Installed in Air-Handling Spaces, UL 2043. See 12.4.1 and 12.4.3'3,

3.52 The Stpndard for Household and Commercial Batteries, UL 2054 {Seé 13.1.2.

3.53 The Standard for Batteries for Use in Light Electric Vehicle (LEV) Applications, UL 2271. See
13.1.2.

3.54 The Stpndard for Batteries for Use in Electric Vehicles; UL 2580. See 13.1.2.
3.55 The Ouitline of Investigation for Modular Data.€enters, UL 2755. See 9.5.1 and 9.5.2.

3.56 The Standard for Information Technology Equipment — Safety — Part 1: General Requjrements, UL
60950-1, or fhe Standard for Audio/Video, Information and Communication Technology Equipment —
Part 1: Safety Requirements, UL 62368 'See 7.1.4, 8.2.3, 9.1.3.1, 9.1.4.1, 94, 12.1.1, 12.1.5, 12.3.1,
12.5.4.2,13.4.2.1, 13.7.3, 15.3.1, 15.3.2,'15.4.1, and 15.5.2.

4 Glossary

4.1 For the purpose of this.Standard the following definitions apply. Also reference the Natignal Electrical
Code, NFPA 10, Articlef100.

Note: Unless othprwise stated, when applying clauses from other referenced standards, such as:

a) The Staneere-fe

b) The Standard for Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50;
c) The Standard for Enclosures for Electrical Equipment, Environmental Considerations, UL 50E; and

d) The Standard for Audio/Video, Information and Communication Technology Equipment — Part 1: Safety Requirements,
UL 62368-1.

the terms and definitions in those standards are applicable.

4.2 ACCESORY - A part or combination of parts intended for installation in or connection to an
enclosure system for the purpose of modifying or supplementing the functions of the product. It may be
factory installed or intended for installation by the user or service personnel. Examples of accessories
include:
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a) Shelves;

b) Brackets,

c) Fan trays;

d) Temperature sensors,

e) Mo

nitoring equipment;

f) Cable management;

g) Extensions;

h) Po
and the like.
4.3 BREAK
one or more
the ring to 4

opening simi

4.4 ELECT

ver distribution equipment,

OUT - A portion of a wall of a cast or molded enclosure so fashioned, usually
rings of reduced thickness of the wall material, that the material'within the oute
e removed may be readily broken away at the time of installation in order
ar to that provided by a knockout

RIC SHOCK, RISK OF — The risk that a person eneounters when exposed to |iV

by the use of
I perimeter of
0 provide an

e uninsulated

parts of a pr¢duct which have a voltage and current sufficient\to cause an electric shock. Ge¢nerally, parts

operating at
volts peak o
shock.

4.5 ENCL(Q

panels consfructed to provide a degree of protection to personnel against accidental cont

involving a r
flames from
damage or s

4.6 ENCL(
outer housin

4.7 ENCLC
communicati

voltages over 42.4 volts peak or 60 volts dc where wet contact is not likely to og
- 30 volts dc where wet contact is likely toroccur, are considered to pose a

SURE (ALL CAPITAL LETTERS)™= An enclosure system with doors, top, sid

sk of electric shock or personal injury, to minimize the risk of fire due to spn
within, and to provide a degree of protection to the enclosed equipment ag
pecified environmental conditions.

SURE (NORMAL_CASE LETTERS) — A general term referring to the overall
) (panels, doers;-etc.) of an enclosure system.

SURE (SYSTEM - A simplified term used in this Standard for audio/video, inf
bn teehhology equipment cabinet, enclosure and rack systems.

cur, and 21.2
sk of electric

e and bottom
hct with parts
ead of fire or
hinst physical

structure and

ormation and

4.8 EQUIP

MENT CABINET (AL CAPITAC LET TERS) — A closed Storage system witha surrounding

case or housing that does not provide the degrees of protection of an enclosure. An EQUIPMENT
CABINET is used to store or mount equipment that is provided with its own enclosure or may be used in
place of an enclosure in a restricted access location that is limited to access by service personnel only.
EQUIPMENT CABINETS are intended for indoor installation only.

4.9 EQUIPMENT FRAME (ALL CAPITAL LETTERS) — Same as RACK. See 4.15 for definition.

410 HAZARDOUS ENERGY LEVEL - Available power level of 240 volt-amperes or more, having a
duration of 60 s or more, or a stored energy level of 20 J or more (for example, from one or more
capacitors), at a potential of 2 volts or more

4.1

INDOOR LOCATIONS — Areas that are protected from exposure to the weather.
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4.12 IN-WALL MOUNTED ENCLOSURE SYSTEM — An EQUIPMENT CABINET or ENCLOSURE that is
intended for mounting in a wall (behind the finished wall), has provisions for mounting ears or flanges to
facilitate mounting between wall studs, is provided with instructions for mounting in an unfinished wall
cavity or by its appearance or design would otherwise lead a person to mount the system in a wall. The
enclosure system is placed inside an unfinished wall cavity with at least some part of the enclosure system
located behind the plane of the front wall of the wall cavity and in front of the plane of the rear wall of the
wall cavity.

4,13 KNOCKOUTS - A portion of a wall of an enclosure system so fashioned that it may be removed
readily by a hammer, screwdriver, and pliers at the time of installation in order to provide a hole for the
attachment of an auxiliary device, railway, cable or fitting.

4,14 OUTDPOR LOCATIONS - Areas which are exposed to the weather.

415 RACK
four-post fra
store or mou
access locati
outdoor envir

416 SERV
related acces|
and intended

417 USER

(ALL CAPITAL LETTERS) — An open frame mounting system, usually_either in

n||:e design that does not provide the degrees of protection of an enclostire. A RA

t equipment that is provided with its own enclosure or is intended for use only
bns limited to service personnel only. RACKS are intended for indoor installatig
bnments when installed in a suitably rated ENCLOSURE.

CE EQUIPMENT - Equipment, usually consisting of a.circuit breaker, switch,
sories, located near the point of entrance of supply,eenductors to a building or o
to constitute the main control and means of cutoff of-the supply.

but that may be installed by the user or final customer ata later date.

CONSTRUCT

[ION

5 Componeénts and Subassemblies

5.1 In additi
component o
component

subassemblig

5.2 Acomp

a) Inv

on to complying with the‘requirements in this Standard, and other than as indic
subassembly used.in a product covered by this shall comply with the requiren
br subassembly( See Appendix for a list of standards covering comy
s used in the products covered by this .

bnent isnot required to comply with a specific component requirement that:

blves ;a feature or characteristic not required in the application of the comp

produ

B two-post or
CK is used to

in restricted
ns only or in

br fuses, and
her structure

INSTALLED EQUIPMENT — Equipment that’is not included as part of the enclgsure system

ated in 5.2, a
hents for that
onents and

onent in the

ct'covered by this Standard or

b) Is superseded by a requirement in this Standard.

5.3 A component or subassembly shall be used in accordance with its rating established for the intended
conditions of use.

54

Specific components are incomplete in construction features or restricted in performance

capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.
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6 Power Circuits

6.1 General

6.1.1 The cross-sectional area of wires shall be adequate for the current they are intended to carry when
the equipment is operating under maximum rated load such that the maximum permitted temperature of
conductor insulation is not exceeded. All wiring (including busbars) used in the distribution of power shall
be protected against overcurrent and short-circuit by suitably rated protective devices. Wiring not directly
involved in the distribution path does not require protection if it can be shown that creation of hazards is

unlikely (for example, indicating circuits).

6.1.2 Wirey

come into cag
of conducto
surfaces or

ntact with burrs, cooling fins, moving parts, etc., which could cause damage(to
s. Holes in metal, through which insulated wires pass, shall have smooth
all be provided with bushings.

at they do not
the insulation
well-rounded

6.1.3 Interpal wiring shall be routed, supported, clamped or secured in @ 'manner tha{ reduces the
likelihood of:

a) Exgessive strain on wire and on terminal connections;

b) Lopsening of terminal connections; and

c) Damage of conductor insulation.
6.1.4 Conductors shall be provided with a means (foréxample, barriers or fixing), or be do terminated,
that they angl their terminators (for example, ring terminals and flat quick-connect termingls) cannot, in
normal use, become so displaced that spacings are reduced to less than the values specified in Spacings,
6.10. It is pefmitted to use soldered, welded, crimped, screwless (push-in) and similar terminations for the
connection df conductors. For soldered terminations, the conductor shall be positioned or| fixed so that
reliance is nqt placed upon the soldering alone to maintain the conductor in position.
6.2 BrancHh circuit connection

6.2.1 Encl

sure systems intended for fixed installation or permanent connection to the buil

that require [a branch-cireuit-supply shall be provided with a means for permanent conr
branch-circuit supply. See Connections for wring systems, 6.3, Field wiring compartments, 6

terminals an

leads,©6:5.

Exception: Praduets may be cord-connected under the conditions specified in 6.2.4.

ding structure
ection to the
.4 and Wiring

6.2.2 Stationary enclosure systems (systems that are not fixed but are not easily moved) that require a
branch-circuit supply shall be provided with a means for permanent connection to the branch-circuit
supply. See Connections for wring systems, 6.3, Field wiring compartments, 6.4 and Wiring terminals and
leads, 6.5.

Exception: Products may be cord-connected under the conditions specified in 6.2.4

6.2.3 Enclosure systems that are portable, easily moved or intended to be moved on a regular basis that
requires a branch-circuit supply shall be provided with a length of flexible cord and an attachment plug for
connection to the supply circuit. See Power supply cords, 6.6.

6.2.4 In determining whether or not it is acceptable to the compliance of cord and plug connection for
stationary equipment, the decision should include consideration of whether:
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a) The cord connection of the equipment facilitates frequent interchange;

b) The fastening means or mechanical connections are intended to permit removal for
maintenance and repair; or

c) All external connections to the equipment are by means of cord and attachment plug.

6.2.5 An in-wall mounted enclosure system intended for connection to a branch circuit shall have a
means for permanent connection to the branch-circuit supply.

6.2.6 Connection to an AC mains supply

6.2.6.1 Thil‘connection of an enclosure system intended to be connected to the AC maing supply shall
be made by means of one the following:

a) Tefminals for permanent connection to a building mains supply. See Connectigns for wring
systems, 6.3, Field wiring compartments, 6.4 and Wiring terminals and leads; 6.5.

b) A hiard-service non-detachable power supply cord that terminates.in an attachment plug that is
rated for the voltage and current involved. See Power supply cords;6.6.

c) A receptacle for the connection of a detachable power supply cord (appliancg inlet). The
arrandement shall be such that live parts shall not be expesed under any intended condition of use.

6.2.7 Connegction to a DC mains supply

6.2.7.1 The|connection of an enclosure system intended to be connected to a dc mains sypply shall be
made by megns of one the following:

a) Terminals for permanent connection-to a building DC mains supply. See Connectipns for wring
systems, 6.3, Field wiring compartments, 6.4 and Wiring terminals and leads, 6.5.

n-detachable power supply cord that terminates in an attachment plug that is|rated for the
dc voltage and current involved. The plug shall not be of a configuration commonly used for ac
systemns. The plug shall be'designed as to prevent reverse polarity connections if a hazard can be

c) A receptacle for-the connection of a flexible cord or cord set suitable for dc appljcations. The
recepfacle shall'hot be of a configuration commonly used for ac systems. The recepfacle shall be
designed as\to prevent reverse polarity connections if a hazard can be created by such a
connegtion. The arrangement shall be such that live parts shall not be exposed under gny intended
conditlon-of use

6.2.8 Enclosure systems intended for installation on the network side of the subscriber demarcation point
and intended to be installed and maintained by telecommunications companies, CATV companies, and
similar network communications companies shall be permitted to be provided with a wiring system
conforming to generally-accepted utility installation practices for the type of equipment and service
involved. This equipment is intended to be installed in accordance with the applicable sections of ANSI C2,
National Electrical Safety Code.

6.3 Connections for wiring systems

6.3.1 A unit intended for permanently-connected branch circuit power shall have a provision for the
connection of one of the applicable wiring systems in accordance with ANSI/NFPA 70, National Electrical
Code. The equipment shall be provided with cable entries, conduit entries, knock-outs, or glands that allow
connection of the appropriate types of cables or conduits.
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6.3.2 Openings in an enclosure for conduit or threaded connectors shall be of such sizes and so located
that the conduit can be readily inserted and shall permit the proper seating of a conduit bushing or locknut
(see Appendix D for knockout dimension information). All openings provided for conduit connections in the
field shall be of standard dimensions. When provided, conduit fittings shall comply with the Standard for
Conduit, Tubing, and Cable Fittings, UL 514B.

6.3.3 Openings in an enclosure for the connection of a wiring system that in some cases will not be used
shall be closed by a knockout, cover, or plug. The closure shall be formed of metal not less than 1.35 mm
(0.053 in) thick or of a non-metallic material acceptable for the purpose. The closure shall be such that it
may be readily removed, but will not drop out in ordinary handling.

m&haﬂ.bu&hm&dihﬂihmwahlmtb&m.&aﬂa&mmﬂﬂﬁmﬂ not drop out
ary handling. Multiple ring knockouts shall have sufficient strength toCmeet the test

of 6.3.6.

6.3.4 Knoc
during ordin
requirements

6.3.5 BreaHlouts shall be so formed that:

a) Th
size V)

b) Th
6.3.6 Multi

6.3.6.1 Thi
knockout su
elements arg
the combinat

6.3.6.2 San
the requirem

e material can be readily removed, using ordinary care, to providelan opening d
ithout damaging the remainder of the enclosure or any outer rings and

ple knockouts test

5 clause provides test requirements to determine that a combination consistin
rounded by additional rings has been smanufactured such that when one g
removed there will be no change to thé remaining rings, if any, or to the enclg
jon is located, either during the removal or when conduit has been properly secy

nples for testing shall be in the form of either complete enclosures or sample pl
ents of Figure 6.1.

b strength of any remaining rings will withstand the loading-test specified in 6.3.6,.

f the required

:3(0).

g of an inner
r more of its
sure in which
red in place.

ates that fulfill
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Figure 6.1

Diagram of test plate

—* le—12.7 mm Minimum
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N% Minimum
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6.3.6.3 With a sample enclosure securely held or a test plate supported as in Figure 6.1, [the following
tests shall be[applied:

a) The knockout shall remain‘in place when subjected to a load of 44 N (9.9 poupds) steadily
appliefd for not less than 1.minute normal to the face of the plate by means of a mandrel with a 6.35
mm (1/4 inch) diameter flat end. The mandrel shall be applied at the point most ligble to cause
movement of the knoekout in the direction in which it was originally punched; and

b) A lpad of 220-N (49.4 pounds) shall be steadily applied for not less than 1 mjnute, first in
compressiomand second in tension, through a conduit properly installed in the knockout opening.
Whenl(this.test is being conducted, the conduit shall not be more than 5 degrees from the normal to
the sufface. There shall be no appreciable distortion of the rings or fracture of the ties.

6.3.7 Threaded openings
6.3.7.1 A threaded hole for the connection of conduit that is tapped all the way through an enclosure
shall be provided with not less than three full threads, except as permitted by 6.3.7.2. The construction

shall be such that a conduit bushing can be properly attached as intended.

6.3.7.2 Two full threads shall be acceptable if the threaded opening complies with the Metallic enclosure
threaded opening test, 6.3.8.

6.3.7.3 If the threads for the connection of conduit are not tapped all the way through a hole in an
enclosure wall, conduit hub, or the like, there shall not be less than five full threads in the metal.

6.3.7.4 The inlet hole shall:
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a) Be smooth and rounded to afford protection to the conductors equivalent to that provided by a
standard conduit bushing and

b) Have an internal diameter approximately the same as that of the corresponding trade size of
rigid conduit.

6.3.8 Metallic enclosure threaded opening test

6.3.8.1

A threaded hole for the connection of conduit (see Threaded openings, 6.3.7) shall be subjected

to the Torque test in 6.3.8.2 and the Bending moment test in 6.3.8.3. Threads shall not strip and the walls
of the enclosure shall not fracture.

6.3.8.2 Wit
for 5 minutes

h conduit installed and the enclosure rigidly mounted, the tightening torque sh
as specified in Table 6.1.

Table 6.1
Tightening torque

all be applied

Trade size of conduit Tightening torque
N-m torque N-m (pound-inches)
344 and smaller 90.4 (800)
1, 1-1/4, and 1-1/2 113.0 (1000)
P and larger 181.0 (1800)
6.3.8.3 With conduit installed and the enclosure.rigidly mounted, a bending moment of (68 N-m (600

pound-inche
to the point g

6.3.9 A pol
shall comply

5) shall be applied to its axis. The lever arm shall be measured from the wall of
f application of the force.

ymeric enclosure intended: for use with rigid nonmetallic conduit — glued, thread
with the applicable requirements for the Standard for Non-Metallic Outlet E

the enclosure

ed, or the like
Boxes, Flush-

Device Boxep and Covers, UL 514C.

6.3.10 A pqlymeric enclostre intended for connection to a rigid metallic conduit system shdll comply with
the requirempnts in 6.3.11"

6.3.11 Polymeric.enclosures - rigid metallic conduit connection test

6.3.11.1 Crjteria — A polymeric enclosure intended for connection to a rigid metallic conduif system shall

not pull apart or sustain damage such as cracking and breaking as a result of the pullout, torque, and
bending procedures described in 6.3.11.2 — 6.3.11.4. If breakouts are incorporated in the enclosure, they
shall remain in place following the procedure described in 6.3.11.5.

Exception: An enclosure that is provided with a separate hub assembly and that has instructions stating
that the hub is to be connected to the conduit before being connected to the enclosure need not be
Subjected to the torque testin 6.3.11.3.

6.3.11.2 Pullout — The enclosure shall be suspended by a length of rigid conduit installed in one wall of
the enclosure or mounted as intended in service and a pulling force of 890 N (200 pounds) shall be applied
for 5 minutes to a length of conduit in the opposite wall.
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6.3.11.3 Torque — The enclosure shall be securely mounted as intended in service. A torque in
accordance with Table 6.1 shall be applied to a length of installed conduit in a direction tending to tighten
the connection. The lever arm shall be measured from the center of the conduit.

Exception: An enclosure that is intended to be connected at the end of a run of conduit and has only one
3/4 maximum trade size opening for the connection of conduit, need only be subjected to a tightening
torque of 22 N-m (200 pound-inches).

6.3.11.4 Bending — A 3.0 meter minimum (9 feet — 10-7/64 inch) length of conduit of the intended size
shall be installed:

a) In a hub or an opening if provided as part of the enclosure or

b) If ajhub or opening is not provided, in the center of the largest unreinforced surfacg intended for
the cohnection of conduit.

The enclosure shall be securely mounted as intended in service, but positioned so that [the installed
conduit extends in a horizontal plane. The test shall be terminated once the deflection of thg conduit end
exceeds 255 mm (10 inches). If a weight is necessary to cause the conduit'énd to deflect, thg test shall be
terminated orjce the deflection of the conduit end exceeds 255 mm (10 iachés) or once a benfling moment
as specified in Table 6.2 is achieved.

For the Sl syqtem of units, the magnitude of the weight shall be determined from the equation

W=(01M-05CL)/L

in which,
W and C are measured in kilograms;

M is i Newton-meters; and

L is in|meters.
For inch-pourjd units, the magnitude of the weight shall be determined from the equation:

W=(M-05CL)/L

in which,

W is the weight, in pounds, to be hung at the end of the conduit;

L is the length of the conduit, in inches, from the wall of the enclosure to the point at which the
weight is suspended;

C is the weight of the conduit, in pounds; and

M is the bending moment required, in pound-inches.
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Table 6.2
Bending moment

Normal mounting plane of ] . Bending moment for metallic conduit ®
a Conduit trade size
enclosure surface N-m (pound-inches)
Horizontal All 33.9 (300)
Vertical 1/2 -3/4 33.9 (300)
1 and larger 67.8 (600)

used.

2 If the enclosure surface may be installed in either a horizontal or a vertical plane, the vertical bending moment value shall be

® For an end of line enclosure as defined in the Exception to 6.3.11.3, the bending moment shall be 17.0 N-m (150 pound-inches).

6.3.11.5 Br
by means off
point most liK

6.3.12 Ac
shall comply
Boxes, and (

6.3.13 For
in the field d
full-scale dra

6.3.14 With
the enclosur
wiring within
subjecting in
not less than
conduit bush

pakouts — A breakout shall be subjected to a force of 89 N (20 pounds) applied at right angles

a mandrel with a 6.4 mm (1/4 inch) diameter flat end. The mandrel shall be
ely to cause movement of the breakout.

amp provided in an enclosure and intended for securement.of nonmetallic-sh
with the applicable requirements for the Standard for Nonmetallic Outlet Boxes,
overs, UL 514C.

bn enclosure system where it is intended that an opening for conduit will be pund
ring installation, a permanent marking on the enclosure, a template, detailed i
wing furnished with the equipment or the like, shall identify the appropriate locati

regard to the requirement in 6.3.13 any, Operations related to the required cuttin

e system shall not have the potential:to damage electrical or mechanical con
the enclosures. Means shall be provided so that an opening for conduit can be
fernal parts to any contaminatiormyresulting from the presence of metallic partic
the minimum required by this outline shall be provided between uninsulated iV
ng installed at any specified\ocation likely to be used during installation.

6.4 Field wiring compartments

6.4.1

a) Bsg
instal

b) Pe

A field-wiring compartment in which branch circuit connections are to be made shall:

hpplied at the

eathed cable
Flush-Device

hed or drilled
nstructions, a
ons.

g or drilling in
hponents and
made without
es. Spacings
e parts and a

located so-that the connections may be readily inspected after the enclosiire system is

ed;

rmitithe connection to be introduced and connected easily; and

c) Permit the connection of the supply wires after the enclosure system is fixed to its support.

6.4.2 An outlet box, terminal box, wiring compartment, or similar component, in which connections to the
power unit circuit are made in the field shall be free from any sharp edge including screw threads, a burr, a
fin, a moving part, or similar component that may abrade the insulation on conductors, or otherwise
damage the wiring.

6.4.3 The outlet box, terminal box, wiring compartment, or similar component, in which connections to

the power un

it circuit are made in the field shall comply with:

a) The Standard for Metallic Outlet Boxes, UL 514A;

b) The Standard for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C; or
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c) The Standard for Enclosures for Electrical Equipment, Non-Environmental Considerations, UL

50.

6.4.4 The wiring compartment for the supply connections shall not occupy the same space for any of the
Class 2, communications or other low voltage or signal wiring. Also see Separation of Circuits, Section 8.

6.5 Wiring t

6.5.1
connection of

6.5.2 Termir
the grounding

6.5.3 Afield
a)ltis

b) Co
intern

6.5.4 Afield
Code for the
appropriate b

6.5.5 A wir
friction betws
mortises, a d
method.

6.5.6 Afield
one of the foll

a)"Us

b) "U
alumin

c) "Us
Condd

erminals and leads

each conductor intended to be installed in the enclosure in the field.

terminal.

wiring terminal or lead shall be located so that:
accessible for examination after the wiring and enclosure systemrare installed; 4

nection is able to be tightened or wires removed without loosehing any screw
| (factory) wiring, bus bars, or components.

-wiring terminal, or lead, shall be sized in accordanee.with ANSI/NFPA 70, Natio

ranch circuitry, 125 percent of the rated currentof the enclosure system shall be

ng terminal shall be prevented from turhing or shifting in position by a mear
en surfaces. This may be accomplished by two screws or rivets, square

wiring terminal shall be for:use with copper or aluminum conductors or both and
bwing:

e Copper Conducters*Only” or “CU” for terminals intended for connection only to

be  Aluminum, Conductors Only” or “AL” for terminals evaluated only for c
um wire;

e Copper or Aluminum Conductors”, "Use Copper, Copper-Clad Aluminum,
ctors’or AL-CU” or “CU-AL” for terminals evaluated for connection to copper a

A lead or a terminal, such as a pressure wire connector or wire-binding screw, shall be provided for

=R other and to

nd

5 that secure

nal Electrical

connection of conductors as appropriate for the branch circuit specified. In calculating the

used.

s other than
shoulders or

bwel pin, lug or offset, a connecting\strap, a clip fitted into an adjacent part, or an equivalent

marked with

copper wire;

pnnection to

pbr Aluminum
nd aluminum

er<clad aluminum wire; or

or cop

d) "Use Copper or Copper-Clad Aluminum Conductors” or “CC-CU” or “CU-CC” for terminals
evaluated for connection to copper and copper-clad aluminum wire.

6.5.7 A field wiring terminal block shall comply with the Standard for Terminal Blocks, UL 1059 and be
suitable for field wiring using the applicable wire gauge specified in the Standard for Equipment Wiring

Terminals for

Use with Aluminum and/or Copper Conductors, UL 486E.

6.5.8 A pressure wire connector of a component other than a terminal block shall:

a) Comply with the Standard for Wire Connectors, UL 486A-486B or the Standard for Equipment

Wiring

Terminals for Use with Aluminum and/or Copper Conductors, UL 486E and

b) Have electrical spacings at field wiring terminals that comply with, Spacings, Section 10 of the
Standard for Industrial Control Panels, UL 508A.


https://ulnorm.com/api/?name=UL 2416 2020.pdf

OCTOBER 2, 2020

UL 2416

19

6.5.9 A wire-binding screw may be employed at a wiring terminal intended for connection of a 10 AWG

(5.3 mm?) or

smaller conductor only.

6.5.10 A wire binding screw, other than one on a terminal block or a component, shall comply with the

following:

a) A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.76 mm (0.030
inch) thick for a 14 AWG (2.1 mm?) or smaller wire, and not less than 1.27 mm (0.050 inch) thick for
a wire larger than 14 AWG (2.1 mm?). There shall be at least two full threads in the plate

Exception: Two full threads are not required if fewer threads result in a secure connection in which
the threads will not strip upon application of a 2.3 N-m (20 pound-inch) tightening torque.

b) At
the m

c) AW

d) A
(5.3 1
mm?)
e) Up

Uptun
screw

6.5.11 The
inches) and
circuit.

6.6 Power

6.6.1 An e
no provision
supply.

6.6.2 Thed
a) Co

b) Te
Rece

erminal plate formed from stock having the required thickness specified in (@).is
etal extruded at the tapped hole for the binding screw to provide two full thteads

ire-binding screw shall thread into metal;

vire-binding screw shall be 4.2 mm diameter (No. 8) or larger screw for securi
hm?) or smaller conductor, or a 3.5 mm diameter (No. 6) screw for securing a
conductor only.

furned lugs, a cupped washer, or the equivalent shall"be provided to hold the w
hed lugs or cupped washers shall be capable of retaining the conductor under th
or washer.

free length of a lead inside an outlet box:orwiring compartment shall be at lea
thall not exceed 610 mm (24 inches) indength if the lead is for field connection
supply cords

closure system intended t0 be portable or as free-standing stationary equipme

5 for conduit or permanent connection to a building, is permitted to be cord-con

ord shall be ashard-service or junior hard-service flexible cord that:
mplies with the Standard for Flexible Cords and Cables, UL 62 and

‘minates in an attachment plug that complies with the Standard for Attachms

able to have

ng a 10 AWG
14 AWG (2.1

re in position.
e head of the

st 152 mm (6
0 an external

nt and having
nected to the

nt Plugs and

taeles, UL 498, or the Standard for Plugs, Receptacles and Cable Connectors

f the Pin and

Sleeve Type, UL 1682, and is rated for the voltage involved.

6.6.3 A strain relief shall be provided on the cord to prevent stress and strain on internal wiring
connections. If strain relief is provided as part of an internal assembly, at the point at which the cord
passes through the enclosure wall, a suitable bushing or equivalent shall be provided to prohibit cord
abrasion. The strain relief bushing shall comply with the Standard for Conduit, Tubing, and Cable Fittings,
UL 514B.

Exception No. 1: A strain relief means that complies with the Standard for Industrial Control Equipment,
UL 508.

Exception No. 2: A strain relief means that is provided as part of a certified assembly.
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6.6.4 The cord shall comply with the Standard for Flexible Cords and Cables, UL 62, and be one of the
following types: S, SE, SEO, SEOO, SJ, SJE, SJEO, SJIEOOQ, SJO, SJOO, SJT, SJTO, SIJTOO, SO, SO0,
ST, STO, STOO, or portable power cable Type G, PPE, or W power cable.

6.6.5 A cord, used on equipment having a:
a) Type 3, 3R, 3S, 4, 4X, 6, or 6P enclosure shall be marked:
1) “Outdoor”,

2)“w;”

b) Ty 6-0or6P anclosure shall he marked “water rneiefghf;” and

c) Type 12, 12K, or 13 enclosure shall be oil resistant and designated by the letter“Q” in the cord
type (guch as SO, SJO, or STO).

6.6.6 The rgquired conductor size of a cord shall be determined by:
a) Calgulating the required ampacity by multiplying the rated currenttimes 125 percen{ and

b) Determining minimum conductor size from Table 6.3 or Table 6.4 having a cprresponding
ampagity that is not less than (a).

6.6.7 Power supply cords are not permitted where they may.be concealed by walls, floors, for ceilings or
located above suspended or dropped ceilings.

Table 6.3
Ampacity of flexible cord
Conductor size, AWG Amperes
Two conductors Three conductprs?

18 10 7

16 13 10

14 18 15

12 25 20

10 30 25

8 40 35

6 55 45

A 70 60

2 95 80
@ Where more than three current-carrying conductors are provided, the ampacity of each of the conductors shall be 80 percent of
these values for 4 — 6 conductors: 70 percent for these values for 7 — 9 conductors; 50 percent of these values for 10 — 20
conductors; 45 percent of these values for 21 — 30 conductors, 40 percent of these values for 31 — 40 conductors; and 35 percent
of these values for 41 or more conductors.
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Table 6.4
Ampacity of portable power cable
Conductor size, AWG Number of current-carrying conductors
1 2 32
8 60 55 48
6 80 72 63
4 105 96 84
3 120 113 99
2 140 128 112
1 165 150 131
10 195 173 1p1
0 225 199 174
30 260 230 2p1
4/0 300 265 2B2
2p0 340 296 2p9
3p0 375 330 2B9
3p0 420 363 3[18
4po 455 392 313
5p0 515 448 3p2

2 Where more
these values fq
conductors; 49
of these valueg

han three current-carrying conductors are provided, the ampacity of’each of the conductors shall be
r 4 — 6 conductors; 70 percent of these values for 7 — 9 conductors; 50 percent of these values for 1
percent of these values for 21 — 30 conductors; 40 percent 0f these values for 31 — 40 conductors, 3
for 41 or more conductors.

80 percent of
-20
nd 35 percent

6.7 Recepfacles

6.7.1 A ge
Standard for
6.7.2 Amu
a) Be
Stand
b) Be
6.7.3 Agern

heral-use grounding type receptacle and a multi-pin type receptacle shall co
Attachment Plugs and Receptacles, UL 498.

ti-pin receptacle mounted.through an enclosure wall shall additionally:

provided with a metal housing or comply with the polymeric enclosure requir
ard for Industrial €ontrol Equipment, UL 508; and

a female type:

eral tse receptacle shall be marked with an ampere rating and this rating shall

the overall rﬂting of the enclosure system.

mply with the

bments in the

be included in

6.8 Service equipment

6.8.1

For an enclosure system that is designed such that it may be powered from a separate electrical

service, the service equipment for control and protection of services and their installation shall comply with
Services, Article 230 of ANSI/NFPA 70, National Electrical Code. The service equipment and their
arrangement and installation shall permit the installation of the service entrance conductors in accordance
with Article 230 of ANSI/ NFPA 70.

6.8.2 Service equipment shall be certified and marked as being suitable for use as service equipment.
Refer to the Reference Standard for Service Equipment, UL 869A. See Appendix for other appropriate

standards.
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6.8.3 Service disconnects shall be operable without exposing the operator to uninsulated live parts. No
equipment shall be connected to the supply side of the service disconnecting means, except as permitted
in Equipment Connected to the Supply Side of Service Disconnect, 230.82 of ANSI/NFPA 70, National
Electrical Code.

6.9 Premises wiring

6.9.1 Cables external to an enclosure system that may be installed in buildings (i.e. facility wiring that
may be run in walls or ceilings, attached to the building structure, through walls, doors or other openings,
etc.) shall comply with the appropriate article in ANSI/NFPA 70, National Electrical Code, for the

installation, cable and circuit under consideration.

6.10 Spacillgs

6.10.1 Eleg

Distances, S¢ction 40 of the Standard for Industrial Control Equipment, UL 508, Spacings af

subassembly
component o

6.10.2 Indo

Category Il. |
line of the sol

6.10.3 The

a) If ppwered via the normal building installation‘wiring, Overvoltage Category ll;

b) If ppwered directly from the mains distribution system, Overvoltage Category lll;

c) If at

Note 1: An exan]
contains the ser\

Note 2: An exam|
powered directly

6.104 Itis
Category. Co
the Standard
be determine

trical spacings shall comply with Spacings, Section 37, or Clearance ar

component or device shall be investigated based on the requirements for that s
device.

br enclosure systems covered under this outline are normally considered to be
ndoor enclosure systems that may be installed as partief the building installatior
rce of power to the load equipment shall be evaluated.for Overvoltage Category

Dvervoltage Category of outdoor enclosure systems is considered to be one of t

or in the proximity of, the originof the electrical installation, Overvoltage Categq

ple of an Overvoltage Category [N 'enclosure system is an outdoor enclosure powered by a separa
ice equipment.

ple of an Overvoltage Category IV enclosure system is an outdoor enclosure that contains service §
by a service drop.

permitted/to include components within enclosure systems that reduce the
mponents’ used to reduce the Overvoltage Category shall comply with the req
for-Surge Protective Devices, UL 1449. Suitability of the component for the apy
i'for the intended installation. (For example, some devices are suitable for instg

d Creepage
and within a
ubassembily,

Overvoltage
in the direct
[l

ne following:

ry IV.

te pedestal that

quipment and is

Overvoltage
lirements for
lication shall
llation on the

load side of the service entrance only, and some are suitable for use with cord-connected equipment only.)
The equipment shall be evaluated for the rated impulse withstand voltage specified in the Standard for
Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment, UL 840.

6.10.5 Indoor enclosure systems anticipated to be installed in a clean environment such as an office or
an information technology room are evaluated for Pollution Degree 2. Outdoor enclosure systems and
systems for use in industrial and similar environments are evaluated for Pollution Degree 3.

6.10.6 The spacings in equipment used as service equipment shall comply with Spacings, Section 10 of
the Reference Standard for Service Equipment, UL 869A.
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7 Grounding

7.1 Equipment grounding conductor and grounding continuity

7.1.1  An enclosure system shall be provided with a field wiring lead or terminal, such as a pressure wire
connector or wire-binding screw, for the connection of an equipment grounding conductor.

Note: In some standards this terminal may also be referred to as a protective earthing terminal (PET).

7.1.2 The equipment grounding lead or terminal shall have electrical continuity with all metal parts of the
enclosure system by means of metal-to-metal contact or by means of mternal bondlng conductors. The
bonding sha aking a bolted

or screwed
for maintaini

for Groundin

coatings, su
equipment g

panels, varigu

nnection. Other methods are permitted if they have been evaluated and found
g continuity between parts. See the requirements for miscellaneous devices/in
g and Bonding Equipment, UL 467. The bonding connection shall penetrate n
ch as paint, or such parts shall be paint-free (masked). Parts requiring cor
Founding conductor include, but are not limited to, structural members, exter
s metal members, vertical mounting rails, bottom front and bottom rear rails,

to be suitable
the Standard
onconductive
tinuity to the
or doors and
aceways and

conduit, lacef bars for wiring, and the like.
Exception Ng¢. 1: The following small metal parts need not be grounded:
a) A metal part, such as an adhesive-attached metal-foil marking, a screw, or a handle that is
locatgd on the outside of an ENCLOSURE or EQUIPMENT CABINET and isolated from electrical
comppnents and wiring by grounded metal parts so that it is not likely to become energized
b) A $mall internal assembly screw, or other_small fastener such as a rivet, a handleg for a pull-out
discohnect switch, or a magnet or armature;of a relay or contactor.
Exception Ng¢. 2: As permitted by Parts not required to be grounded, 7.4.
7.1.3 Parts|facilitating the grounding of coaxial shields in accordance with Premises Circuits Not Leaving
the Building,| 840.101 of ANSI/NFPA 70, National Electrical Code, require continuity to the equipment
grounding cgnductor. See also 7x9\4.
7.1.4 Bonding conductors and combinations of conductive parts used for grounding continuity shall be
evaluated in|accordance\with Resistance of earthing conductors and their terminations, 2.6.3.4 of the
Standard for|Information Technology Equipment — Safety — Part 1: General Requirements, UL 60950-1, or
the Standarg for Audio/Video, Information and Communication Technology Equipment fPart 1: Safety

Requirements,
without a mdin v
manufacturer, wh|chever is greater

7.1.5 The equipment grounding conductor connection shall be located or protected such that the lead,
terminal or installed equipment grounding conductor will not be disturbed or damaged by the installation of
equipment or wiring in the field.

7.1.6 A free lead for connection of an equipment grounding conductor shall not be smaller in size than
the line and neutral conductors and not smaller than 14 AWG (2.1 mm?). A terminal shall be suitable for
the connection of an equipment grounding conductor that is not smaller than the line and neutral
conductors and is not smaller than 14 AWG.

Note: Some industry requirements, such as GR-487-CORE, require a connection for a minimum 6 AWG (13.3 mm?) or equivalent
grounding conductor.
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7.1.7 Aterminal for connection of an equipment grounding conductor shall comply with:

a) The requirements for a field wiring terminal in accordance with Connections for wiring systems,
6.3or

b) The Standard for Grounding and Bonding Equipment, UL 467.

7.1.8 A field wiring terminal or lead for connection to an equipment grounding conductor, a bonding
conductor or a grounding electrode conductor is not required to be installed in the enclosure system if the
equipment is provided with a grounding kit or a grounding lug complying with this section and the unit is
provided with the marking and instructions in accordance with 7.3.5.

7.2 Bonding conductor and grounding electrode conductor
7.2.1 An enclosure system that may be used for the connection of a bonding condtctor of a grounding
electrode conductor for bonding and grounding in accordance with:
a) Entrance Cable Bonding and Grounding, 770.100;
b) Cable and Primary Protector Bonding and Grounding, 800.100;
c¢) Borlding Conductors and Grounding Electrode Conductors.~ Receiving Stations, 810.21;
d) Cable Bonding and Grounding, 820.100;
e) Cable, Network Interface Unit, and Primary Protector Bonding and Grounding, 830-100; or
f) ONT and Optical Fiber Cable Grounding, 840.100
of ANSI/NFPA 70, National Electrical Code, shall-be provided with a field wiring lead or termirfal, such as a

pressure wirg
electrode con

Note: Examples
(NID) closures, o

Exception Nd
fiber cable frq
conductor or

Exception Noj
network neeq

connector or wire-binding screwy/for the connection of a bonding conductor of
ductor.

bf enclosure systems that may be used for this purpose include optical fiber splice closures, network
ptical network units (ONU)and the like.

. 1: A polymeric enclosure system intended only for connection to noncond
m the netwerk need not be provided with a lead or terminal for the connection
h grounding-electrode conductor if it is marked in accordance with 7.3.6.

2:5A polymeric enclosure system intended only for connection to optical fiber ¢
hot be provided with a lead or terminal for the connection of a bonding cd

a grounding

interface device

ictive optical
of a bonding

able from the
nductor or a

grounding electrode conductor if it is intended to interrupt the non-current carrying metallic members of the
cable by an insulating joint or equivalent device as permitted by 770.93(B) of ANSI/NFPA 70, National
Electrical Code. The insulating joint or equivalent device shall comply with 8.2, Interruption of non-current
carrying metallic members of optical fiber cable.

7.2.2 The lead or terminal shall have electrical continuity with all metal parts of the system in accordance
with7.1.2and 7.1.3.

7.2.3 The lead or terminal shall be located or protected such that the lead, terminal or installed bonding
conductor or grounding electrode conductor will not be disturbed or damaged by the installation of
equipment or wiring in the field.

7.2.4 A free lead for connection of an equipment grounding conductor shall not be smaller in size than
the line and neutral conductors and not smaller than 14 AWG (2.1 mm?). A terminal shall be suitable for
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the connection of an equipment grounding conductor that is not smaller than the line and neutral
conductors and is not smaller than 14 AWG.

Note: Some industry requirements, such as GR-487-CORE, require a connection for a minimum 6 AWG or equivalent bonding
conductor or a grounding electrode conductor.

7.2.5 A terminal for connection of a bonding conductor or a grounding electrode conductor shall comply
with the requirements in the Standard for Grounding and Bonding Equipment, UL 467.

7.3 Grounding - identification and markings

7.3.1 A pressure wire connector intended for connection of a field-installed equipment grounding
conductor shiall be marked in accordance with 7.3.3.

7.3.2 A wite-binding screw terminal intended for connection of a field-installed egquipment grounding
conductor nat larger than 10 AWG (5.3 mm?) shall be colored green or marked in accordance with 7.3.3.

7.3.3 A terrinal intended for the connection of an equipment grounding cenductor shall be {dentified by:
a) Usg of a wire-binding screw with a green-colored head that is-slotted or hexagonal,|or both; or
b) Usg of a threaded stud with a green-colored hexagonalaut; or
c) Useg of a green-colored pressure-terminal connector;or
d) Be|ng marked "G," "GR," "GND," "Ground," "Graounding," or the like; or
e) A marking on a wiring diagram provided on:the product; or
f) The grounding symbol illustrated in Figure 7.1 on or adjacent to the terminal or on a wiring

diagréam provided on the product.

Figure 7.1
Grounding symbol (IEC Publication 60417-5019)

7.3.4 The lead or terminal for the equipment grounding conductor shall not be identified for the
connection of an aluminum conductor.
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7.3.5 If a field wiring terminal for an equipment grounding conductor is not installed in the equipment as
shipped, the equipment shall be marked stating which pressure wire connector or component terminal kits
are acceptable for use with the equipment. This information may be provided in the instruction manual if
the enclosure is marked with the word "Ground” or “Grounding” or the grounding symbol in Figure 7.1 and

the words "See instruction manual," or the equivalent. The symbol A may be used in place of the
reference to the instruction manual as long as its meaning is described in the instruction manual. The
equipment instructions shall provide details regarding the proper installation of the equipment grounding

terminal.

7.3.6

If a lead or terminal for the connection of a bonding conductor or a grounding electrode conductor

is not provided as permitted by the Exception to 7.2.1, a marking shall be provided on the unit stating that

only noncon
bonding con

7.4 Partsn

741 Fora
as shelves, s
such as the

required to bg

742 If all
marked in acq

743 If all
I marked with {

The symbol s

uctor or a grounding electrode conductor.

t required to be grounded

EQUIPMENT CABINET or RACK intended to mount only enclosed equipmer
de rails, slide rails and blank interior panels are not required to.be ‘grounded. St
support frame, exterior panels, doors, lacer bars for wiring;_faceways and cr
grounded in accordance with Equipment grounding condugtor and grounding c

metal parts are not effectively grounded, the EQUIPMENT CABINET or RA
ordance with 7.4.3 and provided with instructions.in‘accordance with 7.4.4.

metal parts are not effectively grounded,~the EQUIPMENT CABINET or RA
he symbol ﬁl and the following marking: “WARNING not all parts are effectively]

hall be applied to all parts that are_not effectively bonded to the protective earthir

A single marking may identify several or-groups of parts, provided these parts are located nea|

| 744 Aist
manual with i
bonded to th
bond them if

of parts, or groupstof ‘parts not effectively grounded shall be provided in th
nstruction stating/the following or equivalent wording: “The following parts are

protective earthing terminal: .“ along with instructions on how
equired for the final installation.

| 7.5 Functignal grounding (earthing)

7.51

nnection of a

t, parts such
ructural parts
DSs bars are
bntinuity, 7.1.

CK shall be
CK shall be
grounded”.
g terminal.

r each other.

e instruction
ot effectively
to effectively

nat does not

Equip

ment may be provided with a functional grounding terminal or connector t

comply with the requirements for the connection of an equipment grounding conductor if provided all of the
following are met:

a) The equipment is marked with the symbol, IEC 60417-6092 (2013-03).

b) Wiring terminals to be used only for the connection of functional grounding shall be marked with
the symbol , IEC 60417-5018 (2011-07).

A

¢) Wiring terminals to be used only for the connection of grounding shall not be marked with the
symbol , IEC 60417-5017 (2006-08) or with the symbol , IEC 60417-5019 (2006-08). However,
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these symbols may be used for a wiring terminal provided on a pre-selected component (for

exam

ple, a terminal block) or subassembly.

Lor®

d) For the connection of a functional grounding conductors, the color combination green-and-
yellow shall not be used;

e) The instructions shall clearly state that the functional grounding terminal is only for functional
grounding use (such as EMI) and shall not be used for the connection of an equipment grounding
conductor; and

f) The equipment also complies, with the one of the requirements for the connection of an

equipment grounding conductor, a bonding conductor or a grounding electrode

requi

andg
| 752 Delet
8 Separati
8.1 Geners
8.1.1 Encld
ANSI/NFPA

Note: See 770.1
Lead-In Condug

8.1.2 Field
cables shall

ed in Equipment grounding conductor and grounding continuity, 7.1 or Bond
rounding electrode conductor, 7.2.

D

d

bn of Circuits

sure systems shall be constructed to accommodate the separation of circuits g
r0, National Electrical Code.

33 of ANSI/NFPA 70 for Optical Fiber Cables, 800.133 for Communications Cables, 810.18 and 81
tors, 820.133 for Coaxial Cables and 830.133 forNetwork Powered Broadband Communications C3

twiring terminals and external_circuit connectors for Class 2, Class 3, or ¢
not be in a wiring compartment, box, or other area with conductors or termi

circuits. Field installed conductors shall'be secured so that they cannot contact uninsulat

field-installed

Exception N
place, is pro
live parts of

Exception N
connections
holes for the

wiring, and factory installed wiring of any other circuit.

. 1: This requirement does not apply if a solid (unpierced) partition, permanen
Vided to separate field-installed conductors from field- and factory-installed cg
ny other circulit:

0. 2: ~JIn/ units for which field connections for some applications are diffe
for other applications, a removable solid partition or a permanent partition in wi

conductor as
ng conductor

s required by

0.70 for Antenna
bles.

bmmunication
hals for other
ed live parts,

tly secured in
nductors and

rent from the
hich there are

passage of conductors may be used. Instructions for use of a removable or pig

rced partition

are to be a permanent part of the unit.

Exception No. 3: Instead of a partition, a wiring diagram may be provided on or with the unit if provision is
made for routing all conductors, if such routing is clearly and completely shown by the diagram, and if
complete wiring instructions accompany the diagram.

Exception No. 4: Separation of some field-installed conductors from others and from uninsulated live parts
connected to different circuits can be accomplished by arranging the location of openings in the enclosure
for the various conductors (with respect to the terminals or other uninsulated live parts) so that there is no
likelihood that the conductors or parts of different circuits can be intermingled. If no more openings than
are necessary are provided in the enclosure for wiring of the unit and each opening is opposite a set of
terminals, it is to be assumed in determining compliance with the requirement for the separation of
terminals that conductors entering the enclosure through any such opening will be connected only to the
terminals opposite that opening. If more openings than are necessary are provided in the enclosure for
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wiring the unit, it is to be assumed in determining compliance with the requirement for the separation of
terminals that conductors will enter the enclosure through openings that are not opposite the terminals to
which they are intended to be connected and will touch insulated conductor and uninsulated live parts of
circuits other than their own.

8.1.3 In determining whether a unit complies with these requirements the unit is to be wired in the
manner in which it would be wired in the field. A reasonable amount of slack is to be left in each conductor
within the enclosure, and not more than average care is to be used in stowing the slack in the
compartment.

8.1.4 Where permitted by ANSI/NFPA 70, National Electrical Code, cables containing different circuits

may not requ
the highest g
separation of
field wired ca
8.2 Interrug

8.2.1 Aning
Electrical Coqg

8.2.2 Aning
Standardized

re separation in an enclosure or wiring compartment provided that all cables ar

suitable for

lass of circuit involved. If this provision in ANSI/NFPA 70 is required to _corn
circuits criteria, a marking shall be provided adjacent to the wiring terminals.indi
bles are to comply with the requirements for highest class circuit involved.

tion of non-current carrying metallic members of optical fiber, cable

ulating joint or equivalent device used to comply with 770.93(B) of ANSI/NFPA
e shall comply with 8.2.2 and 8.2.3.

ulating joint or equivalent device shall be rated forythe rms voltage it is intend
ratings of 2.5 kV, 8 kV, 15 kV or 20 kV shall be used unless there is a need for

ply with the

cating that all

70, National

ed to isolate.
more specific

or alternate natings based on the anticipated distribution ‘system voltage. The isolation rating shall be

marked on th
The isolation

Note: Typical distribution voltages on joint use poles are 2.4/4;16 kV, 7.2/12.47 kV, 7.62/13.2 kV, 7.97/13.8 kV, 14

19.92/34.5kV. O

8.2.3 The s

metallic mempbers of optical fiber Caples and circuits, accessible dead metal parts (

ungrounded)
electric stren
accordance V]
Part 1. Gen
Audio/Video,
62368-1. For
mm?) uninsu
members of g

e enclosure system near the insulating joint @r equivalent device where visible t
nformation shall also appear in the installation instructions.

hly phase-to- ground voltages are considered for this requirement.

olation provided by an insulating joint or equivalent device between the noncu

or other surfaces (conductive or non-conductive) that may be contacted shall
pth test of 2 X thecrated isolation voltage. Electric strength tests shall be

ith Electric Strength, 5.2 of the Standard for Information Technology Equipme
bral Requirements, UL 60950-1, or Electric Strength Test, 5.4.9, of the

Information ‘and Communication Technology Equipment — Part 1: Safety Requ
this test,\the insulating joint or equivalent device shall be wired with a min. 2
ated wire routed anywhere within the enclosure system that non-current carr
pticalfiber cables may be routed during installation of the cable, taking into acc

maear inctriintinnge that may ha neavidAaA

routing diagre

b an installer.

.4/24.94 KV and

rent carrying
grounded or
withstand an
pberformed in
nt — Safety —
Standard for
rements, UL
it AWG (0.21
ying metallic
bunt any wire

9 Construc

9.1

9.11

o O ot o CuoothoT o y oCProviaTos

tion Details

General construction

An enclosure system shall be formed and assembled so that it will have the strength and rigidity

necessary to resist the abuses to which it is likely to be subjected, without resulting in a risk of fire, electric
shock, or injury to persons due to total or partial collapse with resulting reduction of spacings, loosening or

displacement

9.1.2 AnEN

of parts, or other serious defects.

CLOSURE shall:

a) Completely enclose all equipment and components that may be housed in it. See Accessibility,

9.4 an

d
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b) Provide a fire enclosure for all equipment and components that may be housed in it. See Fire
Resistance Criteria, Section 12.

9.1.3

9.1.3.1

Indoor locations

An enclosure system intended only for indoor locations shall comply with the requirements in:

a) Clause 4, Physical requirements, of the Standard for Information Technology Equipment —
Safety — Part 1: General Requirements, UL 60950-1;

b) The Standard for Enclosures for Electrical Equipment, Non-Environmental Considerations, UL

50;

c) Thje Standard for Industrial Control Panels, UL 508A;

d) Th
Safet

on the specific hazard involved.)

9.1.3.2 An
enclosures f
requirements
UL 50 or th
locations an
comply with

9.1.4 Outd

9.14.1 An
Standard for

a) St3

b) En
508A

c) An

Audig
Requ

Exception: A

1

Requirements, UL 62368-1. (Appropriate parts of Clauses 5 —-10 may be apg

ENCLOSURE intended only for indoor locations that is [designated by a typ
br indoor locations, (Types 1, 2, 5, 12, 12K, and 13) shall comply with thg
in the Standard for Enclosures for Electrical Equipment, Non-Environmental C
Standard for Industrial Control Panels, UL 508A;"An enclosure system that
is not marked with a type number does not need to comply with UL 50 or UL §
.1.3.1.

bor locations

ENCLOSURE intended for outdear locations shall comply with the require
enclosures. Additionally, the ENCLOSURE shall comply with one of the followin

ndard for Enclosures for Electrical Equipment, Non-Environmental Consideratio

closure requirements_in Sections 62 — 64 of the Standard for Industrial Contr

nex Y, Construction requirements for outdoor enclosures, of UL 62368-1,
/Video, Infermation and Communication Technology Equipment — Pa
rements:

sheét metal enclosure need not comply with Thickness, 6.4.1, and 6.4.2.3

b Standard for Audio/Video, Information and Communication Technology Equipiment — Part 1:

licable based

e number for
construction
bnsiderations,
is for indoor
08A but shall

ments in this
)

ns, UL 50;

bl Panels, UL

Standard for
t 1. Safety

and 6.4.2.5,

covering fas

requirement of 9.1.1 still applies.

9.1.5

9.1.5.1

Impact test for outdoor enclosures

eriers, or UL ou, Tt Complies wittT the Irmipact eSSt 10r outaoor ericiosures, J.1.

. The general

Only where required by the Exception to 9.1.4.1, an outer enclosure shall not sustain any

mechanical damage that would affect the structural or environmental integrity of the enclosure, result in
the reduction of electrical spacings, produce any other condition that might increase the risk of fire, electric
shock, or injury to persons, or affect the function of critical subassemblies such as heat exchangers when
subjected to the following impact test.

9.1.5.2 The equipment shall be subjected to an impact on any surface that may be exposed to a blow
during normal use or during installation. The impact is to be applied by means of a smooth, solid, sphere
as indicated below. The sphere is to fall freely from rest (by dropping or as a pendulum) through the


https://ulnorm.com/api/?name=UL 2416 2020.pdf

30 UL 2416 OCTOBER 2, 2020

vertical distance specified to obtain the desired required impact force. When the test is used in place of the
requirements in 6.4.2.3 and 6.4.2.5 of the Standard for Enclosures for Electrical Equipment, Non-
Environmental Considerations, UL 50, the joint in question shall be subjected to the impact.

9.1.5.3 For an enclosure having a volume less than 0.2265 m? (8 ft°) the impact is to be 13.6 J (10 foot-
pounds) produced by dropping a steel sphere, 50.8 mm (2 inches) in diameter and weighing .535 kg (1.18
pounds), from a height of 2.6 m (102 inches).

9.1.5.4 For an enclosure having a volume of 0.2265 m® (8 ft*) or more, the impact is to be 136 J (100
foot-pounds) produced by dropping a hard rubber ball (such as a bowling ball), approximately 21.6 cm
(8-1/2 in) in diameter and weighing approximately 7.3 kg (16 Ib.), from a height as needed to produce the
required impact force. [1.9 meters (6.25 ft.) is needed fora 7.3 kg (16 Ib.) ball]

9.1.5.5 Thelimpact shall not cause any of the conditions described in 9.1.4.1 to occur.

9.1.5.6 In ggneral, the test may be conducted at any ambient temperature withinthe range|of 10 — 40°C
(50 — 104°F)] For outdoor applications, enclosures with non-metallic surfacesyare to be cogled to minus
29°C (minus|20°F) and maintained at that respective temperature for 8 hours. The samples are to be
tested within [|0 minutes following removal from the cold chamber.

9.1.6 For flgmmability requirements, refer to Fire Resistance Criterid, Section 12.
9.2 Corrosion

9.2.1 Ferrgqus metal parts shall be protected against corrosion by galvanizing, plating, painting,
enameling, of other equivalent means when the malfunetion of such parts is likely to result in|a risk of fire,
electric shocH or injury to persons. Magnets are notrequired to have corrosion protection.

9.2.2 Metal ghall be used in combinations that'are galvanically compatible.
9.2.3 Hingep and other attachmentsshall be resistant to corrosion.

9.2.4 A nonmetallic enclosure‘shall be judged on the basis of the effect of exposure to ultraviolet light
and water.

9.2.5 A metallic enclosure shall be protected against corrosion as specified in the PStandard for
Enclosures for Electfical Equipment, Non-Environmental Considerations, UL 50, and the [Standard for
Enclosures fdr Electrical Equipment, Environmental Considerations, UL 50E, or Appendix B.

9.3 Glass windows

9.3.1 Glass windows not more than 102 mm (4 in) in any dimension (including the diagonal) and shall not
be less than 1.40 mm (0.055 in) thick

9.3.2 Glass windows not more than 929 cm? (144 in?) in area and having no dimension (including the
diagonal) greater than 304.8 mm (12 in), shall not be less than 2.92 mm (0.115 in) thick.

9.3.3 Glass used to cover an area larger than 929 cm? (144 in?) or greater than 304.8 mm (12 in) in any
dimension shall be of a nonshattering or tempered type that, when broken, shall conform to the
performance specifications in Safety glazing material used in buildings — safety performance specifications
and methods of test, ANSI Z97.1, and shall:
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a) For an EQUIPMENT CABINET, not be less than 3.175 mm (1/8 in) thick and withstand a 3.4 J

(2.5 ft-Ib) impact or for glass less than 3.175 mm thick withstand an impact of 6.8 J (
tested in accordance with the impact test of 9.3.4; or

5 ft-lbs) when

b) For an ENCLOSURE, withstand an impact of 6.8 J (5 ft-Ibs) when tested in accordance with the
impact test of 9.3.4 and the Crushing resistance test in 8.10 of the Standard for Enclosures for

Electrical Equipment, Non-Environmental Considerations, UL 50.
9.3.4 Glass window impact test

9.3.4.1
specified in 9.3.3 (a) or (b).

In accordance with 9.3.3, each window sample shall be subjected to a single impact of the value

9.3.4.2 The¢ specified impact is to be produced by dropping a steel sphere, 50.8~mm
diameter, and weighing 0.535 kg (1.18 Ib.) mass from the height necessary to produce

(2 inches) in
the specified

impact. For qurfaces other than the top on an enclosure, either the sample could be_supported on the side

and subjected to the ball impact mentioned above, or the steel sphere is to be{suspended
swung as a pendulum, dropping through the vertical distance necessary to cause it to strik
with the spedified impact.

9.3.4.3 Thgre shall be no cracking or breaking to the extent that & piéce is released or drg
normal positipn.

9.3.4.4 Gilgss used as part of the enclosure system shall be reliably secured in such a 1
cannot be readily displaced in service. A glass window shall be secured to the enclosure b
means, such as mechanical fasteners. When an adhesive is used to secure a glass w
enclosure, the assembly shall comply with the Standard for Polymeric Materials — Use

Equipment Evaluations, UL 746C.
9.4 Accessibility
9.4.1 To refluce the likelihood of unintentional contact by a user that may involve a risk of

from an unipsulated live part, athazardous energy level, or injury to persons from a mg
opening in an enclosure systemshall not allow the part to be contacted (accessed) by the pri

in Figure 9.1

user installeq equipment.

Exception: Fpr contact with moving parts of electric fans, the probe shown in the Probe for
and other mpving“parts of stationary fans and fans intended to be permanently connecte
Figure 8.2 iy ‘the Standard for Electric Fans, UL 507 is applicable. The probes of Figure

by a cord and
e the surface

pped from its

nanner that it
y mechanical
indow to the

in Electrical

blectric shock
ving part, an
bbe illustrated

. In addition an" ENCLOSURE shall not permit access to any such parts that njay be part of

fan impellers
d electrically,
9.1 and the

Jointed test probe for equipment not likely to be accessible to children, Figure V.2 of the

Standard for

Audio/Video, Information and Communication Technology Equipment — Part 1: Safety Requirements, UL

62368-1 may be used as an alternative if agreeable to the manufacturer.
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Figure 9.1

Articulated accessibility probe
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9.4.2 The probe specified in 9.4.1 shall be applied in any possible configuration; and, if necessary, the
configuration shall be changed after insertion through the opening.

9.4.3 The probe specified in 9.4.1 shall be applied with a force not to exceed 10 N (2.2 Ibs). The probe is
to be used to determine the accessibility provided by an opening, and not as an instrument to determine
the strength of a material.

9.4.4 The probe specified in 9.4.1 is to be inserted as described in 9.4.2 into all openings, including those
in the bottom of the unit. The unit is to be moved in whatever way necessary to make the entire bottom
accessible for insertion of the probe.

Exception_' For-a-flook ofanding unif’ tho prnhn s to be inserted -into_all npaningo in-the-bottom that are

accessible w

945 Inaf
hazardous e
that acciden
service pers(
or guarded fn

9.4.6 With
be so arrang
and 9.4.5 for|
of parts and
around heav

9.4.7 Enclg
dedicated eq
is limited to t
instructions i
such equipm

thout tipping, turning over, or otherwise moving the unit from its intended installe

ervice access areas, uninsulated live parts involving the risk of electric shock,
hergy, or parts involving injury to persons from a moving part shall befocated ¢
al contact or shorting across different circuits, for example by tools or test pr

pom accidental contact by service personnel.

respect to hazardous parts that have the potential to-Cduse personal injury, the
bd, enclosed or guarded as to reduce the risk of injury.to persons according to 9
service persons. In addition to rotating and moving parts such as blowers and f3
areas that need to be considered are lift-up ‘awning type doors or panels ang

swing out doors or frames that have sufficieht momentum to severely injure a g

sure systems may be evaluated for-installation in a restricted access locatig
uipment room or telecommunication‘equipment closet, where access to the ent
rained service personnel. Such,enclosure systems are provided with a marking
h accordance with 16.4.2. The accessibility requirements for service access 3

9.5 Large énclosure systems

9.5.1 Larg
personnel sh
The requirer

b

b enclosure systéms less than or equal to 1.8 m (6 ft.) that can be enterg
all be constructed so that there is ample working space and illumination arour
hents in-Section 8, Working Space, and 6.15, Lighting, of the Outline of Iny

Modular Datd Centers; UL 2755 shall apply.

d position.

arts involving
r guarded so
bbes used by

nnel, is unlikely. Parts in a Class 2 or Low voltage limited energy Circuits need not be located

se parts shall
4.1 for a user
ns, examples

pinch points
erson.

n, such as a
re equipment
or installation
reas apply to

ent except that for hazardeus’moving parts the requirements for user access shall apply.

d by service
d equipment.
estigation for

9.5.2 Encl

sure systems larger than 1.8 m (6 ft.) intended for use as a modular data

center (MDC)

housing information technology equipment (ITE) and various ITE support equipment shall, in addition to
the requirements in this outline, comply with the applicable requirements of the Outline of Investigation for
Modular Data Centers, UL 2755. This requirement also applies to other large enclosure systems intended
for uses similar to MDCs where more than occasional service, maintenance and upgrading of the installed
equipment is expected.

Note: Generally it is expected that for this type of enclosure system service personnel will be present on a fairly regular basis even
though it is not considered an “occupied space” for personnel.

9.5.3 Enclosure systems larger than 1.8 m (6 ft.) intended for applications where service personnel are
expected to enter the enclosure for only occasional service and maintenance operations shall, in addition
to the requirements in this outline, comply with the following requirements of the Outline of Investigation for
Modular Data Centers, UL 2755:

a) 6.15, Lighting (if provided)
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b) 6.16, Emergency Lighting (if provided)

¢) 6.17, Intrusion alarms (if provided)

d) Section 8, Working Space

e) 10.3.1 — 10.3.4, Installed Equipment

f)11.4

, Doors

g) 11.5.1, Slip resistant Floors

h) 12.2.1 - 12.2.4, Exit Doors

i) 13.1

In addition, th
in.) wide and

Exception: W
entrance to th

Note: An examp
located at a cell 4

10 Environ

10.1 Indoor

10.1.1 An ¢
enclosures fq
requirements
50E, applicah

Note: Enclosure
10.2 Outdo
10.2.1 Gen

10.2.1.1 E
Standard for

enclosure type and are identified by the type designation. For example, “Type XXX__

equivalent.

.2, Smoke/fire detection/protection (if provided)

ere shall be one entrance to and egress from the working space not(less than
P.0 m (6 1/2 ft) high at each end of the working space.

here the location permits a continuous and unobstructed way of egress trd
e working space shall be permitted.

e of such an enclosure system would be an enclosure systemsS“intended to house communica
ite.

mental Considerations

locations

nclosure system intended only forindoor locations that is designated by a typ
r indoor locations, (Types 1, 2,55, 12, 12K, and 13) shall comply with the e

in the Standard for Enclosures for Electrical Equipment, Environmental Consid
le to an enclosure of the/type number or numbers with which it is marked.

Eystems that are for indeorlocations and are not marked with a type number do not need to comply

pr locations

ral

610 mm (24

vel, a single

ions equipment

e number for
nvironmental
lerations, UL

ith UL 50E.

CLOSURES intended for outdoor locations shall comply with the require

E

ents in the
licable to the
nclosure”, or

Exception: An ENCLOSURE may be identified as “raintight” or “rainproof” without a type designation if it
complies with the requirements of 10.2.3.

10.2.1.2 An enclosure provided with multiple compartments is permitted to be evaluated to different
outdoor enclosure type requirements when the compartments are completely separated by a wall or
barrier and the compartments are rated Type 3, 3R, 3RX, 3S, 3SX, 3X, 4, 4X, 6, or 6P.

10.2.1.3 An enclosure system having multiple compartments shall have each compartment subjected to
the tests applicable to the type with which it is marked. The internal barrier between compartments is not
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required to be directly subjected to these tests. Any joints and gasket materials between compartments
shall be subjected to the environmental tests which are the most severe for either compartment.

10.2.1.4

shall be provided to indicate the area in which live parts may or may not be installed.

10.2.2

If rain enters the enclosure during testing of a ventilated Type 1, 2, or 3R enclosure, a marking

For enclosures other than Type 1, conduit openings and fittings shall comply with the

requirements specified in 19.1 and 19.4 of the Standard for Industrial Control Panels, UL 508A.

10.2.3 Raintight and rainproof ENCLOSURES

10.2.31 W

a)“R

orres

10.232 A
10.2.5.

10.2.3.3 A
specific hub

10.2.3.4 An
a) Be
b) Ad
openi

Therdg
other

10235 W
accumulatior

a) En
b) Co

Note:

b) "RI

lo do ol t +lo Ras - R | H P 4029 4 + +
ICT1 DUUJCLILUU Wi 1\airr 1oL, UTouIvCu 1t TV. 4.5, dll COIHI 1dtlT

intight” shall be constructed so that rain does not enter the ENCLOSURE:

inproof," shall be constructed so that rain will not interfere with the operation of
ult in wetting of live parts, wiring or equipment within the ENCLOSURE.

gasket used to make an ENCLOSURE raintight or rainproef'shall be tested a

opening for conduit in a raintight ENCLOSURE shall either be threaded, or ac
complying with the requirements for such devices.

opening for conduit in a rainproof ENCLOSURE shall either:
threaded or

commodate a specific hub complying with the requirements for such devicg
hg is located wholly below thé\lowest terminal lug or other live part within t
shall be provision for drainage of the enclosure if a knockout or unthreaded ho
than in the bottom.

here necessary, the® ENCLOSURE shall be provided with drain holes t
of moisture due to:

rance of water through openings and

hdensation, when this is likely to occur.

Condensation is considered not likely to occur if the equipment is constantly energized or is acti

i as:

he apparatus

s specified in

commodate a

bSs unless the
ne enclosure.
le is provided

b control the

ely heated from

within.

10.2.4 Rain test

10.2.4.1

An ENCLOSURE identified as “raintight” or “rainproof” and not designated by the type number

from the Standard for Enclosures for Electrical Equipment, Environmental Considerations, UL 50E shall be
exposed to a rain test (water spray) as described in 10.2.3.2 — 10.2.3.5 and comply with the criteria in
10.2.3.1.

Exception: The rain intrusion test (R3-217) in Telcordia Technologies Generic Requirements for Electronic
Equipment Cabinets, GR-487-CORE, may be used in place of the rain test for ENCLOSURES designated
as “raintight” or “rainproof”.

Note: Equipment designated by a type number from UL 50E is tested in accordance with that standard and therefore does not require
this specific rain test.
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10.2.4.2 A raintight or rainproof ENCLOSURE is to be mounted as in actual service. Unspecified lengths
of conduit are to be attached with normal torque and without a pipe thread compound. At each unthreaded
wiring opening, a locknut and bushing are to be used. The unattached end of each conduit is to be
covered to prevent entry of water during the test. Openings intended for the entry of Class 2 and
communications wiring in low-voltage circuits are to be sealed in accordance with the manufacturer’s
instructions. If no instructions are provided they shall not be sealed. Openings in the bottom need not be
closed.

10.2.4.3 The enclosure system is to be operated so that it is tested under the normal conditions
evaluated most likely to cause the entrance of water. It may be necessary:

a) To operate the equipment under various modes of operation and in different mounting positions
or opjratmg handle positions (if applicable);

b) To ¢nergize the equipment if more adverse conditions could result; or

c) To tpke into account any orientations of use permitted in the installation or operating|instructions.

10.2.4.4 Eagh exposure is to be for 1 hour. If more than one exposure is required, the equipment is to be
reconditioned, if necessary, prior to the second and each subsequent exposure so that the fesults of the
test will not b¢ adversely affected by prior exposures.

10.2.4.5 Thg water spray test apparatus shall consist of at ledst'three spray heads mounted in a water
supply pipe rack as shown in Figure 10.1. Spray heads shall be.constructed in accordance with the details
shown in Figure 10.2. The water pressure for all tests is to be-maintained at 34.5 kPa (5 psi) gt each spray
head. The edquipment is to be brought into the focal area’of the three spray heads in such|position and
under such donditions that the greatest quantity of water will enter the equipment. The spray is to be
directed at an angle of 45 degrees to the vertical toward the device.



https://ulnorm.com/api/?name=UL 2416 2020.pdf

OCTOBER 2, 2020 UL 2416 37

Figure 10.1
Rain-test spray head piping
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Figure 10.2

Rain-test spray head
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10.2.4.6 At the conclusion of each test, the outside of the ENCLOSURE is to be wiped dry. The
ENCLOSURE is then to be opened for inspection.

10.2.5 Requirements for gaskets and seals

10.2.5.1 A gasket, seal and gasket/seal adhesive relied upon to comply with the requirements for
raintight or rainproof equipment shall be constructed of material that is resistant the conditions it is likely to
be exposed to in use and will adequately maintain its properties over its expected lifetime.

Note: Equipment designated by a type number from the Standard for Enclosures for Electrical Equipment, Environmental
Considerations, UL 50E is evaluated in accordance with that standard and therefore does not require a special evaluation of the

gaskets.

10.2.5.2 Co¢mpliance is checked by testing in accordance with the Standard for Seals ang
157, using the following parameters:

a) Te

b) Co

c) Air

10.253 A
one of the fo

sile Strength and Ultimate Elongation

The gasket material shall have an initial tensile strength as.indicated in Test
profile information, Table 4.1 of UL 157 for the specific material involved. For o
the gasket material shall have an initial tensile strength ©f*\8274 kPa (1200 ps
material shall have and an initial elongation of gréater than 300 percent.
values are specified if the material complies withythe compression set requin
the air-oven aging test, the tensile strength and elongation properties of the
be at least 60 percent of the as-received samples.

mpression Set

For materials that do not meet the minimum initial tensile strength and elongat

than 40 percent.
Oven Aging (Accelerated Aging)

Samples of the gaskets shall be conditioned in an air circulating oven mainta
for a period of 168-hours. As an alternative, the conditioning may be performe
720 hours. (After conditioning, the samples shall show no signs of

deformationy;melting, cracking or hardening of the gasket material. The tensile
elongation-properties of the material shall be at least 60 percent of the as-rece

Mmaterial that does not comply with the values stated above may be tested in ac
lowing requirements (a) or (b) to determine the suitability of the gaskets.

Gaskets, UL

5 for property
ther materials
)- The gasket
No minimum
ements. After
material shall

on properties

given above, the gasket materialishall have an as-received compression set of no more

ned at 100°C
ed at 90°C for
deterioration,
strength and
ved samples.

cordance with

a) Telcordia Technologies Generic Requirements for Electronic Equipment Cabinets, GR-487-
CORE

1) Oven Aging (R3-26 [20])
2) Thermal Shock (Section 3.20)

3) Rain Intrusion (Section 3.31.2)

The rain test described in Raintight and rainproof ENCLOSURES, 10.2.3 may be used in place of
the rain intrusion test.

b) Telcordia Technologies Generic Requirements for Optical Network Unit (ONU) Closures and

ONU

Systems, GR-950-CORE
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1) Accelerated Thermal Aging (Section 5.6.2)
2) Temperature and Humidity (Section 5.6.4)

3) Water-Spray Test Procedure (Section 5.6.6.2.4)

The rain test described in Raintight and rainproof ENCLOSURES, 10.2.3 may be used in place of
the water spray test procedure.

After the completion of the tests, the equipment shall comply with the criteria in 10.2.3.1 for “raintight” or

“rainproof” en

closures.

10.2.54 Ad

Note: A gasket “
exposed to direc

11
11.1 Loadin
11.1.1 Each

provided with
load ratings o

11.1.2 Ane
distribution sy

dSKel oI seal thatl may be exposed 10 direct suniignt shall be made or UV resisia

andwiched” between panels or a door and the main enclosure, and similar constructionsarejnot
sunlight.

Structunal Considerations

9

enclosure system shall be rated for a maximum load-earrying capability. For a s
a fixed configuration of shelves and mounting bfacKets, it is acceptable for {
f the shelves and mounting brackets to serve asthe maximum load rating for the

nclosure system intended to support and provide a fastening arrangement for ov|
stems shall be designed to support to a load of 45 Kg (99.2 pounds). This may K

the overall load rating or identified as a separate.cable load rating. The cable load shall be in

tests specifie

11.1.3 Ane
collapse or s
tortional twist
plastic deforn
experienced

- 11.1.8. If th
than its full r

be tested in t

11.1.4 Load

i below.

hclosure system shall be tested to ensure that it can handle its maximum rated
ress failure of the frame: Stress failures include bent or twisted uprights, buc
of the frame, permanent distortion of the base, broken welds or signs of perman
nhation. Slight temporary distortion of the frame is acceptable if the frame p3
stress failures. This)shall be determined by any one of the following tests descri
e enclosure system is intended to handle a specified load (which may be the
ed load) orparts such as temporary shipping brackets, casters, or the like, the
is configuration with the “rated load” identified in the tests replaced by the “spec

ng.test 1 (4X rated load)

t material.

onsidered to be

ystem that is
he individual
system.

erhead cable
e included in
icluded in the

load without
kled flanges,
ent structural
rts have not
bed in 11.1.4
s5ame or less
n it shall also
fied load.”

11.1.4.1

enclosure system. See 11.1.3.

This is one (1) of five (5) alternative tests used to evaluate the load handling capability of an

11.1.4.2 The enclosure system shall be mounted as intended and loaded with simulated loads
representing four times the maximum load rating of the system for a period of one minute. The load shall
be evenly distributed within the system unless specific instructions are provided for alternate loading
arrangements. A system with a fixed configuration of shelves and brackets that are individually rated shall
be loaded with simulated loads representing four times the maximum load rating of each shelf and bracket.
The test is performed with any panels or doors both opened and closed.

Note: An example of a specific loading arrangement would be an enclosure system that is designed to handle a battery load
representing a significant portion of the load rating at the bottom of the enclosure. The test is performed with any panels or doors
both opened and closed.
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11.1.4.3 This test need not be performed on an enclosure system that complies with the “Strength of

mounting” re

quirements in 11.5 if the testing is representative of the requirements of 11.1.4.

Note: For example, a complete enclosure subjected to the mounting test with at least a rated load on each of its supporting surfaces

is considered to

comply with this test.

11.1.5 Loading test 2 (lateral forces)

11.1.5.1
enclosure sy

11152 T
representing
system unles
configuration
representing

11.1.5.3 Cqg

stem. See 11.1.3.

s specific instructions are provided for alternate loading arrangements. A syste
of shelves and brackets that are individually rated shall be loaded With sin
the maximum load rating of each shelf and bracket.

mpliance is checked by the tests described in 11.1.5.4 and 11.1.575. Each test

This is one (1) of five (5) alternative tests used to evaluate the load handling capability of an

he enclosure system shall be mounted as intended and loaded with simulated loads

the maximum load rating of the system. The load shall be evenly distribute

d within the
m with a fixed
hulated loads

is conducted

separately blit shall be performed on the same fully loaded sample. If necessary, the unit shall be secured

to the floor tg
opened and

11.1.5.4 Til
position and
(front, back,

Exception: If|
front or the b

11.1.5.5 PU
weight of the
except upwa
back and eaq

Exception: If|
front or the b

11.1.6 Stat

11.1.6.1
enclosure sy:

TF

prevent it from tipping over during the tests. The tests shall\be performed with a
closed.

I test. The enclosure system shall be tilted to an.angle of 10 degrees from its n
held in this position for a period of 1 minute. fhe test shall be repeated for all
side 1, side2).

the system construction and loading are&'symmetrical, the test may be performed
ack and either side1 or side 2 (two tests instead of four).

sh force test. While in its normal position on a flat surface, a force equal to 20
fully loaded enclosure system, but not more than 250 N (56.2 Ibf), is applied in
Fds, at a height not exceeding 2 m (78.74 in) from the floor. The force is applie
h side of the systems.each for a period of 1 minute.

the system conistriction and loading are symmetrical, the test may be performed
ack and eitherside1 or side 2 (two tests instead of four).

c loadtest 1

ny doors both

ormal upright
four positions

 on either the

bercent of the
any direction
d to the front,

 on either the

is\is one (1) of five (5) alternative tests used to evaluate the load handling ca

pability of an

stem. See 11.1.3.

11.1.6.2 Static load tests shall be performed on the enclosure system by applying a horizontal force as
close as practicable to the top of the enclosure equal to two times the total weight of the loaded system.

Note: The total weight of the system includes the weight of the system itself, the maximum rated load and rated cable weight, if
applicable.

11.1.6.3 The unit shall be tested without equipment, blank panels, or any other reinforcement mounted to
upright rails. Doors and side panels provided with the enclosure system are to be left in place for the tests.

11.1.6.4 The enclosure system shall be secured at the base by using the recommended mounting
pattern and number of bolts. The horizontal static force shall be applied as close to the top of system as
practicable using a measurable load application method to plus or minus 5 percent tolerance. Two
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separate horizontal static load tests are required; one on the front to back axis and one on the side-to-side
axis.

11.1.6.5 The measured horizontal deflection shall not exceed 50 mm (2.0 inches) when measured at
greatest deflection point and the system shall recover to within 5 mm (0.2 inches) upon removal of the

force.

11.1.7 Static load test 2

11.1.71

enclosure system. See 11.1.3.

11.1.7.2 Fr;Lmes with a maximum rated load of 204 kg (450 Ibs) shall comply with-the

performance

11.1.8 Seisnnic tests

11.1.8.1 Th
enclosure sys

11.1.8.2 Th
system. The |
be rigidly sec
bolts.

11.1.8.3 Teg
Resistance, 4
place. Equipn

11.2 Fixed $helf and mounting bracket joading

11.2.1 Each
be tested to ¢
results in a rig

11.2.2 The{

a) Fol
kg (10

This is one (1) of five (5) alternative tests used to evaluate the load handling capability of an

ests in the Standard for Mechanical Structural Issues, ATIS 0600006.

s is one (1) of five (5) alternative tests used to evaluate theload handling ca
tem. See 11.1.3.

b enclosure system shall be loaded with simulated loads representing the rate
pads shall be mounted as they would be normally distributed in the system. The
Lired at the base to a seismic table using the recommended mounting pattern a

ts shall be completed in accordance with“the Standard for Network Equipmen
ATIS 0600329, Category F. Closed. systems shall be tested with doors and s
nent with optional doors or panels shall be tested with the doors or panels both o

shelf and mounting bracket shall be rated for a maximum load carrying capab
nsure that it can handle its maximum rated load without collapse or permanent
k of injury to persons.

helf or meounting bracket shall be loaded for a period of 5 minutes with the follow

r timesx(4X) the maximum load rating when the supporting surface is rated for Iq
0 pounds) or less or

frame work

bability of an

d load of the
system shall
nd number of

t-Earthquake
de panels in
n and off.

lity and shall
damage that

ing load:

ads of 45.36

b) Two times (2X) the maximum load rating plus 90.72 kg (200 Ibs) (2 X [max load rating]+ 90.72 kg
(200 Ibs)) when the supporting surface is rated for loads greater than 45.36 kg (100 pounds). A
specified load rating greater than 45.36 kg (100 pounds) shall be not less than 47.6 kg (105

pound

S).

The load shall be evenly distributed unless specific instructions are provided for alternate loading
arrangements.

11.2.3 Shelves and brackets that have been tested with 4X their rated load during other testing or with
their rated load as part of the Seismic Tests in 11.1.8 need not be subjected to the test of 11.2.2.
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11.3 Slide/rail systems for shelves and brackets

11.3.1 General

11.3.1.1  For shelves and brackets provided with slide/rails allowing installed equipment to slide away
from the enclosure system for installation, service, maintenance and the like, the slides/rails shall be
adequate for the rated load of the shelf or bracket. This section specifies requirements for the slide-rail
assembly to reduce the likelihood of injury by retaining the equipment in a safe position and not allowing
the slide-rails to buckle, means of attachment to break, or the slide rail assembly or equipment to slide

past the end of the slide-rail assembly.

Note: Slide/rails

11.3.1.2 Sl
mounting meg

11.3.2 Med

11.3.2.1 Th
setup in acc

position, a force in addition to the weight of the equipment or rated load is to be applie

through the

circular plan¢ surface 30 mm (1.18 in) in diameter. If applying_this force could damage the

metal plate 0
shall be calc
system plus

Note: This addit
mounted equipn

a) Fo

the equipment, the total force applied to the slide-rails shall be equal to the greater o

two v

de/rails shall have end stops that prevent the equipment from unintentignally
ans in either direction.

hanical strength test, variable force

brdance with the manufacturer’s rating and instructions. With the equipment in
center of gravity for 1 min by means of a suitableytest apparatus providing ¢

I other means of distributing the force may be placed under the test apparatus. 1
ulated based on the mass of the slide-rail mounted equipment or rated load o
hn additional mass as determined below.

onal force is intended to take into account ¢other items or devices that may be stacked on top of
ent while in the extended position during.installation of other equipment.

hlues:

1) 150 percent 6f'the slide-rail mounted equipment mass or rated load plus 33
and

2) 150 percent of the slide-rail mounted equipment mass or rated load, plus
mass,where the additional mass is equal to the slide-rail mounted equipment
loadvor 530 N (119 Ibf), whichever is less.

sliding off the

e slide-rail shall be installed in an enclosure system with theequipment, or equivalent load

its extended
d downwards
pntact over a
equipment, a
'he total force
[ the slide-rail

he installed rack

- slide-rail mounted equipment-where the slide-rails are mounted horizontally on each side of

the following

0 N (74.2 Ibf)

an additional
mass or rated

b) Wt
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1t in the rack,

the total force applied to the slide-rails shall be 150 percent of the equipment mass or rated load,
with a minimum force of 250 N (56.2 Ibf) and a maximum force of 530 N (119 Ibf).

c) If the supporting surface is intended to be a shelf, then the distribution of force over a metal plate
under the test apparatus does not apply. The manufacturer shall state the maximum load that is
intended to be placed on the shelf in order to determine the force that needs to be applied to the
shelf. An instructional safeguard shall be provided on the shelf to indicate the maximum weight that
can be added to the shelf. The force test shall be conducted at 125 percent of the maximum weight
stated by the manufacturer. The force is to be applied directly by means of the test apparatus
providing contact over a circular plane surface 30 mm (1.18 in) in diameter.
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11.3.3 Mechanical strength test, 250 N, including end stops

11.3.3.1  The slide-rail mounted equipment is installed in an enclosure system in accordance with the
manufacturer’s instructions. A 250 N (56.2 Ibf) static force is applied to the slide-rail assembly or mounted
equipment, in every direction except upward to include the most unfavorable position of the slide-rail
mounted equipment, for a period of 1 min. The force is applied to the slide-rail mounted equipment in its
fully extended (service) position as well as its normally recessed (operating) position by means of a
suitable test instrument providing contact over a circular plane surface 30 mm in diameter. The force is
applied with the complete flat surface of the test instrument in contact with the equipment. The test

instrument need not be in full contact with uneven surfaces (for example corrugated or curved surfaces).

11.3.4 Com

liance — For the tests described in 11.3.2 and 11.3.3, the equipment and its ass

ciated slide-

rail system s
completion ot
cycle without
at its center
fail to fully re
injury. End st

hall remain secure during the tests. One complete cycle of travel on its (sli
each test shall be performed. If the mounting means is not able to perferm g
binding, a force of 100 N (22.5 Ibf) shall be applied horizontally to the front of th
oint with the intent to completely retract the equipment into the rack.\Should th
tract, the mounting means shall not bend or buckle to any extent«that could
bps shall retain the equipment in a safe position and shall not allow the equip

past the end ¢f the slide-rails.

11.4 Equipment intended to be moved during use

11.4.1 Ane
moved during
stability test f
Institutional-4
1678.

Note: A dynamic
handling or movi

11.4.2 The
load rating of
instructions
shelves and
maximum loa

A

q

11.4.3 Supq
used in equip
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nclosure system that is more than 1 m (39.4 in). above the floor and that is in

or tall institutional carts and stands, 16.4 of>the Standard for Household, Conm
se Carts, Stands and Entertainment Centers for Use with Audio and/or Video E

load rating is for enclosure systems that are intended to be moved in use, not just provided with cas'
Ng into place by trained installers.

bnclosure system shall be,loaded with simulated loads representing the maxi
the enclosure system.-The load shall be evenly distributed within the system
re provided for alternate loading arrangements. A system with a fixed cor
brackets that are.individually rated shall be loaded with simulated loads rep
d rating of each shelf and bracket.

orting_surfaces of a shelf that may be located more than 1 m (39.37 in) above
mentsintended to be moved during use shall be provided with a means to rest
ff the’surface. A minimum 3.2 mm (1/8 in) high lip or rail or the equivalent on

supporting su

¥

de-rails after
ne complete
e equipment
e equipment
introduce an
ment to slide

tended to be

use, or is provided with a dynamic load rating:shall be tested in accordance with Dynamic tip

mercial, and
uipment, UL

ers for shipping,

um dynamic
less specific
figuration of
esenting the

the floor and
ict a product
sides of the

dacawhara inctallad At miaht clida ~AFf mAante tha intant AFf tha ran e

h

Face-where-installed-equipment-might-slide—off-meets—the-intent-of-the—requirement. Other

constructions are permitted. Friction shall not be the sole means of restricting a product from sliding off a
supporting surface. The top of an enclosure system is not considered a supporting surface or shelf within
the meaning of this requirement unless it is specified as such by the manufacturer.

11.5 Strength of mounting

11.5.1

The mounting means of an enclosure system intended to be mounted on a wall, pole, strand,

ceiling or similar location shall be suitable for the application and shall not become damaged or physically
unstable to likely create a risk of injury.

Note: The mounting means includes any part of the enclosure system that supports the enclosure and installed equipment when
mounted. Examples are brackets, clips, enclosure frames and panels with mounting holes, hinges for swing-out units and the like.
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11.5.2 The mounting means of an enclosure system intended to be mounted on a wall, pole, strand,
ceiling or similar location shall be loaded for a period of five minutes with the following loads:

a) Four times (4X) the combined weight of the product plus its maximum load rating (4 X [Product
weight + rated load]) when the enclosure system is rated for loads of 45.36 kg (100 pounds) or less
or

b) Two times (2X) the combined weight of the product plus its maximum load rating plus 90.72 kg
(200 pounds) (2 X [Product weight + rated load] + 90.72kg (200 Ibs) when the enclosure system is
rated for loads greater than 45.36 kg (100 pounds). A specified load rating greater than 45.36 kg

(100 pounds) shall be not less than 47.6 kg (105 pounds).

There shall
the product t

11.56.3 Tod
with the instg
using the pa
or specified
plasterboard
centers is to
instructions,
secured in th

11.5.4 Ansg
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s ( bolts, washers, spring nuts, unistruts channels, etc. ) or mounting hardware
for the equipment. If no surface construction is specified,~nominal 9.5 mm

that portion of
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tion specified
provided with
(3/8-in) thick

(dry wall) on nominal 5.1 by 10.2 cm (2 by 4 in) wood studs spaced on 406- mm (16-in)

be used as the supporting surface. The mounting partstare to be used as sf
and, if not otherwise indicated, the securing screws arg.to be located between
e plasterboard.

djustable product is to be adjusted to the position that will give the maximum p

the wall. Eqliipment with slide out shelves or rails or-compartments that may be opened

access, add
position, shif

11.5.5 The
distribute the
5- to 10-sec|
maintained f
for the 5-mi
breakage or

11.5.6 An
installation ¢
procedure:

or retrieve information or products shallbe placed and tested in their mos
ing the center of gravity of the equipment farther away from the rear panel or thg

force is to be applied through-the use of weights or other convenient me
force uniformly on the enclosure and its mounting means. The force is to be ap
bnd interval, until the spegified load is applied to the mounting system. The
br 5 minutes. Longer application times are permitted as long as the full weight
nute period. The product and mounting system are to remain in place with
rupturing of the stpport system.

bnclosure system with a swing-out design, intended to be in the open positio
f equipment and occasional servicing, may be tested using the followir

ecified in the
the studs and

rojection from

or moved to
t unfavorable
wall.

ans that can
plied during a
load is to be
is maintained
no damage,

n only during
g alternative

a) Th

e\enclosure system shall comply with the test and compliance criteria of 1

1.5.5 using a

minimum load of (2 X [Product weight + rated load]). The load shall be applied with the enclosure
system in a closed position then the assembly swung out from the closed to open position, and
held in its open position for a minimum of one minute. The product and mounting system are to
remain in place with no damage, breakage or rupturing of the support system.

b) The enclosure system shall comply with the test and compliance criteria of 11.5.5 in its normal
operating (closed) position. The product and mounting system are to remain in place with no
damage, breakage or rupturing of the support system.

¢) The enclosure system shall comply with the test criteria of 11.5.5 with the enclosure system in
the open position. There is no catastrophic failure of the mounting means or load bearing parts of
the enclosure system.

Note: Catastrophic failure means the enclosure system or load bearing parts falling off the wall or other support surface or
the introduction of other risks of mechanical hazards or personal injury.
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11.5.7 The load capacity of mounting fasteners is dependent on the type of structure and material
employed at the installation. If the instructions for the securement of the equipment to the mounting
structure rely on the use of mechanical building codes for the selection of the appropriate fasteners, the
instructions shall include the load capacity (pull out and shear force) for each mounting fastener. The
appropriate load capacities shall be determined by loading the equipment as indicated above and using
load washers or other measuring apparatus or by using appropriate calculations. Where more than two
fasteners are specified, shear force shall be determined by using only two fasteners.

11.5.8 An enclosure system intended to be mounted on a wall, pole, strand, ceiling or similar location
shall be provided with installation instructions and the parts needed to mount the product as instructed
unless the parts are readily available to the installer. Parts not provided shall be described in detail in the

instructions with a warning that no substitutions shall be permitted.

11.6 Strend

11.6.1 Hand
of four times

rated pre-inst
or that portior

Note: For this re
or equipment tha
instructions shall
is properly moun
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of the enclosure to which the handle or hardware is attached.
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include any hardware or equipment shipped with the enclosure _that should not be installed until aff
ed.

ing Handles — For carrying handles, the load is to be uniformly applied over a
center of the handle, without clamping."The load is to be started at zero 3
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product has more than one handlg'and cannot be carried by one handle, the

distributed bg¢tween the handles. The distrilsution of the load is to be determined by m

percentage d
position. If a
handle is to W

11.6.3  Liftin

broduct is furnished with more than one handle and can be carried by only one
ithstand the total load.

stand a force
tem weight +
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itional hardware

t is or may be installed in the enclosure during shipping and handling, prior to installing or mounting. If necessary,

I

er the enclosure

76-mm (3 in)
nd gradually
aintained for
load is to be
easuring the

f the product weight sustained by each handle with the product in the norfmal carrying

handle, each

g Hardware — Forylifting hardware, details for attaching lifting lines, etc. sh

Il be clearly

specified in the installation ihstructions. The lifting hardware shall be positioned such that te equipment

can be movg
weights or o
mounting me
force is to be
for 1 minute.

d in a balanced, level and stable manner. The force is to be applied through the use of
her convehient means that can distribute the force uniformly on the enclgsure and its
bns. As'an alternative, the enclosure can be bolted to the floor and a lifting force|applied. The
increased until the total load is applied to the lifting hardware. The force is to be maintained

11.7 Safety

11.7.1

strap attachment — pole mounted/aerial equipment

If a pole mounted/aerial enclosure system is provided with an attachment point for a personnel

safety strap, the equipment mounting means and the attachment point shall be capable of supporting 2268
kg (5000 Ibs.) without cracking, breaking or any permanent deformation of the attachment point, enclosure
components or the enclosure or safety strap attachment mounting means.

11.7.2 The enclosure system shall be mounted in accordance with the manufacturer’s installation
instructions. A suitable safety strap shall be secured to the attachment point with a suitable snap-hook or
D-ring and the load is to be gradually increased so that the test value of 2268 kg (5000 Ibs.) is attained in 5
to 10 seconds. The test weight is to be maintained for a period of 1 minute.
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11.8 Reserved for future use
11.9 Stability

11.9.1  Under conditions of normal use, enclosure systems shall not become physically unstable to the
degree that they could become a hazard to an operator or to a service person.

11.9.2 Compliance is checked by the tests described in 11.9.3 and 11.9.4, where relevant. During the
tests, the enclosure system shall be loaded with a load that represents the most disadvantageous
condition from the minimum to the maximum loading specified in the manufacturer’s instructions. The
enclosure system shall be configured in a manner producing the most disadvantageous condition but

consistent w,

if used in a

normal insta
blocked. Eng
both configu
if the installg
castors) are

reasonable I¢veling of the unit. If the loading tests described in 11.1.5 (Loading test 2) were p
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12 Fire Res$istance Criteria
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used in this test; the jacks are placed in their most unfavorable>position, ¢

fative of the stability tests described below then the tests need not be repeated.

no specified minimum load in the manufacturer’s instructions then the minimum load is taken as n
hfiguration as noted on the configuration list, or diagram of the companents, and assemblies marking

nclosure system having a mass of 7 kg (15.43 1bs.) or more shall not fall over
0 degrees from its normal upright position. Doors, drawers, etc., are closed du
system provided with multi-positional features shall be tested in the least favo
the construction.

or-standing enclosure system haying a mass of 25 kg (55.12 Ibs.) or more sha
equal to 20 percent of the weight of the unit, but not more than 250 N (56.2 Ibf
except upwards, at a heightnot exceeding 2 m (78.74 in) from the floor. Doors

ich may be opened or mgved for servicing by the operator or by a service person
nfavorable position. For non-operator servicing, placement shall be consis
’s instructions.
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CLOSURES shall meet the criteria for fire enclosures in the Standard fo

ke locked or

losure systems that may be installed with either wheels/casters or jacks shall e tested with
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(and not the
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erformed and

b load other than
on the unit.

when tilted to
ring this test.
rable position

| not fall over
, is applied in
drawers, slide
are placed in
tent with the

r Information

Technology Equipment — Safety — Part 1: General Requirements, UL 60950- T, as Tollows:

a) The bottom enclosure or internal barriers or baffles in accordance with Bottoms of fire
enclosures, 4.6.2 of UL 60950-1;

b) Top and side openings in accordance with Top and side openings, 4.6.1 of UL 60950-1 for fire
enclosures;

c) Doors or covers in accordance with Doors or covers in fire enclosures, 4.6.3 of UL 60950-1 for
fire enclosures; and

d) Materials in accordance with Materials for fire enclosures, 4.7.3.2 of UL 60950-1.
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Alternatively, ENCLOSURES shall meet the criteria for fire enclosures in 6.4.8, Fire enclosures and
barriers, in the Standard for Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements, UL 62368-1.

The unit shall also comply with other criteria in this section that may be applicable to the particular type of
enclosure system and installation.

Note: For examp

le, the flammability requirements for large surfaces in 12.2 may apply.

Exception: Decorative materials that are outside of the fire enclosure and separated from the interior of the
ENCLOSURE by metal or 5VA rated material that would serve to minimize the effects of an internal fire on

the material

ay be rated minimum HB. Other criteria in this section that may be applicable st

il apply.

12.1.2 Non{
of any surfac
comply with
installation.

Exception: P4
that would sd
Other criteria

12.1.3 Encl
with Articles:

a) 770
b) 800
c) 810
d) 820
e) 830

of ANSI/NFPA
that may be g

12.1.4 Encl
optical fiber
applicable to

e shall be min. V-1. Other non-metallic outer parts may be rated min. HB, Thes
bther criteria in this section that may be applicable to the particular’type of]

rts separated from the interior of the EQUIPMENT CABINET by metal or 5VA 1
rve to minimize the effects of an internal fire on the material may be rated n
in this section that may be applicable still apply.

bsure systems housing protectors or protection.ground connections installed ir

, Optical Fiber Cables and Raceways;

, Communications Circuits;

. Radio and Television Equipment;

, Community Antenna Television and Radio Distribution Systems; or

, Network-Powered Broadband Communications Systems

pplicable to.the particular type of system and installation.

bsure ‘systems housing only non-electrical parts such as splices, passive spli
cable 'shall be min V-1 and shall comply with other criteria in this section
he_particular type of system and installation.

metallic outer parts of EQUIPMENT CABINETS that form more than 50 pereent of the area

e parts shall
system and

ated material
ninimum HB.

accordance

\ 70, National Electrical Code shall be rated 5VA and comply with other criteria i this Section

ters, etc. for
that may be

Note: For example, the fire stop requirements in Enclosure systems intended to be installed in air-handling spaces, 12.4, may apply.

12.1.5 Materials used in an enclosure system with a bottom enclosure or internal barriers or baffles
complying with Bottoms of fire enclosures, 4.6.2 of the Standard for Information Technology Equipment —
Safety — Part 1: General Requirements, UL 60950-1, shall comply with Materials for components and
other parts inside fire enclosures, 4.7.3.4 of UL 60950-1.

Alternatively, materials used in an enclosure system with a bottom enclosure or internal barriers or baffles
shall comply with the criteria in 6.4.8, Fire enclosures and barriers, in the Standard for Audio/Video,
Information and Communication Technology Equipment — Part 1: Safety Requirements, UL 62368-1.

Enclosure systems without such a bottom enclosure or intermediate baffle shall have minimum V-1 or HF-
1 materials for internal parts.
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Note: ENCLOSURES require compliance with 4.6.2 of UL 60950-1 or 6.4.8 of UL 62368-1 for bottom enclosures. See 12.1.1(a)

12.1.6 For Enclosure systems, it is permissible to use laminated or unlaminated wood or wood-based
materials as an enclosure, structural, decorative or internal part. The material shall comply with the
appropriate flammability requirements. Compliance is checked by inspection of the construction and the
relevant material data and, where required by 12.1.7 or otherwise determined to be necessary, by testing.

Note: Constructions of hardwood, plywood and dense particle board or press wood at least 12.5 mm (approx. 1/2 in.) thick, which
would obviously comply with the flammability requirements may be accepted without test. Less substantial constructions, use of
unknown or untested laminates, etc. should be tested.

12.1.7 Testing or verification of the required material properties is required for wood or wood based
materials for ttefottowimg:

a) 12{2 — Flammability requirements for large surfaces;
b) 1214 — Enclosure systems intended to be installed in air-handling spaces;
H — In-wall mounted Enclosure systems;

6 — Fire stop requirements.

12.1.8 Cable management systems provided as part of an enclosure system shall comply with at least
one of the flammability requirements or tests in the Standard for Surface Raceways and Fiftings for Use
with Data, Signal, and Control Circuits, UL 5C, or the Standard for Cable Routing Asgemblies and
Communicatjons Raceways, UL 2024. This requirement applies whether the cable managenent system is
located insidg¢ or outside of an ENCLOSURE, an EQUIRPMENT CABINET or a RACK.

12.2 Flammability requirements for large surfaces

12.2.1 An ¢xternal surface of combustible“material that has an individual or a mechanically contiguous
surface areal of 0.93 m? (10 ft?) or more; or a single dimension greater than 1.80 m (6 ft.) shall have a
flame spread rating of 200 or less when,tested in accordance with either:

a) The Standard for Tests for Surface Burning Characteristics of Building Materials, YL 723, or the
Standard Test Method fon Surface Burning Characteristics of Building Materials, ASTNI E 84 or

b) The radiant panel furnace method in the Standard Test Method for Surface Flammability of
Mateflials Usinga Radiant Heat Energy Source, ASTM E 162. The flame sprgad rating as
determined hy-this method is the average value based on tests of six samples represgntative of the
wall thickness used.

If two sides of a single piece are exposed, only the larger side is to be considered in computing the area.

12.2.2 A material with a flame spread rating higher than 200 may be used as the exterior finish or
covering on any portion of the enclosure, guard or cabinet if the flame spread rating of the combination of
the base material and finish or covering complies with the flame spread requirements.

12.3 ITE (computer) room applications

12.3.1  Enclosure systems intended to be used or installed in ITE (computer) rooms in accordance with
the Standard for the Protection of Information Technology Equipment, NFPA 75, shall be constructed in
such a way that by limiting combustible materials and the use of enclosures fire is not likely to spread
beyond the unit. The system shall comply with all of the following:
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a) The bottom enclosure or internal barriers or baffles in accordance with Bottoms of fire
enclosures, 4.6.2 of the Standard for Information Technology Equipment — Safety — Part 1: General
Requirements, UL 60950-1.

b) Top and side openings in accordance with Top and side openings, 4.6.1 of UL 60950-1.

c) Doors or covers in accordance with Doors or covers in fire enclosures, 4.6.3 of UL 60950-1.

d) Materials in accordance with Materials for fire enclosures, 4.7.3.2 of UL 60950-1.

e) Flammability requirements for large surfaces, 12.2, for flammability requirements for large

surfac

es with a flame spread rating of 50 instead of 200.

Alternatively,
barriers, in th

Safety Requifements, UL 62368-1.
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12.3.3 EQU
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Standard for

and (e) but d;
h

Note: When use
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12.4 Enclosure systems intended to be installed in air-handling spaces

12.4.1 Encl
constructed d
Heat and Vis
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Note 1: The spa
this section app!
environmental ai

Note 2: Productg

ENCLOSURES shall meet the criteria for fire enclosures in 6.4.8, Fire.en
b Standard for Audio/Video, Information and Communication Technology Equipn

bment complying with the requirements in this section may be identified as suita
r) rooms in accordance with the Standard for the Protection, of Informatior
FPA 75.

IPMENT CABINETS and RACKS that comply with theé material requirements
not meet the fire enclosure requirements in 12.34)(a) — (c) with respect to the

e Protection of Information Technology Equipment, NFPA 75.”

I in comouter rooms these types of EQUIPMENT ,CABINETS and RACKS are intended to house o
provided with its own fire enclosure.

psure systems intended tobe“installed in air-handling spaces shall be constructg
f non-metallic material that complies with the requirements in the Standard for
ble Smoke Releasefor Discrete Products and Their Accessories Installed in
043.

e over a hung.ceiling used for environmental air-handling purposes is an example of air handling
ies. 300.22/(C) of ANSI/NFPA 70, National Electrical Code, describes these spaces as “other
(plenumg)™, or “spaces not specifically fabricated for environmental air-handling purposes”.

evaluated in accordance with these requirements are considered to comply with the fire retardan

producing requir

Closures and
hent — Part 1:

ble for use in
Technology

in 12.3.1 (d)
containment

marked “Materials suitable for installation in ITE,(computer) rooms in accordance with the

I mount certified

d of metal or
Fire Test for
Air-Handling

spaces to which
paces used for

and low smoke

bments of Article 300 of ANSI/NFPA 70, National Electrical Code, Chapter 4 of the Standard for tl

e Installation of

Air-Conditioning and Ventilating Systems, NFPA 90A, Article 602 of the International Mechanical Code, and Article 602 of the
Uniform Mechanical Code.

12.4.2 Enclosure systems intended for installation in air-handling spaces shall limit the amount of smoke
that may enter the space in the event of a fire in any installed equipment. Openings in sections of the
enclosure that separate installed equipment from the air-handling spaces shall be limited to small
mounting holes, narrow slots associated with unused/unpunched knockouts, and the like. An example of a

construction t

hat complies with this requirement is as follows:

Openings in the enclosure that are not closed during the assembly and comply with the following:

a) The largest dimension of an opening shall not be more than 6.4 mm (1/4 in) and the smallest
dimension shall not be more than 1.6 mm (1/16 in);
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b) There shall be a maximum of five openings in any one side or end of the enclosure and the total

area of all openings shall not be more than 1.3 cm? (0.2 in?); and

¢) There shall be a maximum of 15 openings in the enclosure and the total area of all openings

shall not be more than 3.2 cm? (0.5 in?).
12.4.3 Markings and instructions

12.4.3.1
not specifically fabricated for environmental air-handling purposes but used for air-handli

An enclosure system investigated for use in other spaces used for environmental air (spaces

ng purposes,

such as a plenum) may be marked "Suitable for Use in Other Space Used for Environmental Air

(Plenums)," "Suitable for Use in Air-handling Spaces," or equivalent wording.

12.4.3.2 Sipce enclosure systems covered by these requirements are not intended te.hou
that takes agtion on or senses the air in Ducts Specifically Fabricated for Environmental Ai
(B) of ANSI/INFPA 70, National Electrical Code), it is not permitted to identify encloSure syst
marking or instructions as being suitable for use in ducts specifically fabricated for environme

12.4.3.3 Ap enclosure system intended for installation in air handling)yspaces that is
knockouts off removable panels shall be provided with instructions that'require any punche
be sealed with a plug constructed of metal or a nonmaterial complying with the Standard fo
Heat and Visible Smoke Release for Discrete Products and Their Accessories Installed in
Spaces, UL [2043, or the Standard for Fire Tests of Through-Penetration Firestops, UL 1
covers or panels to be replaced and secured.

12.4.3.4 Ah enclosure system that is designed sfor' use in drop-ceiling constructiong
applications that are commonly used for environmental air but is not intended to be used i
spaces shallbe clearly marked "Not for use in air:handling spaces".

12.5 In-wall mounted enclosure systems

12.5.1 General

12.5.1.1 Enpclosure systems intended to be built-in or mounted in such a way that an

enclosure th
mounted bet

At may be located behind the finished wall material, such as enclosures in
veen studsg.shall:

5e equipment
I (see 300.22
ems either by
ntal air.

provided with
il openings to
r Fire Test for
Air-Handling
179, and any

and similar
h air handling

y part of the
tended to be

the Standard

a) Be|constructed of metal or
b) Be|constructed of material that complies with the 127 mm (5 inch) flame testing in
for P :ylllcl;\/ InV‘IatCI;GIO UOC ;II E:U\/tl ;UG: E\,Iu;plllcllt EVG:UG{;UI 1o UL 74GC Ul ;O Ul

fassed as 5VA

by the five inch burning test described in the Standard for Tests for Flammability of Plastic Materials

for Parts in Devices and Appliances, UL 94.

12.5.1.2 Any part of the enclosure that may be located inside a wall or behind the finished wall material
shall have minimal openings that could permit the emission of flame, molten material or the like from the
enclosure.

12.5.1.3 A ventilating opening provided in an in-wall mounted enclosure system shall not vent into the
concealed space where the spread of a fire can occur undetected. A ventilating opening shall not be
located in a mounting surface of an enclosure.

12.5.1.4 Other openings in a built-in enclosure system shall be limited in number and of such dimensions
that fire and products of combustion passing through the openings are not likely to ignite material on the
outside of the enclosure.
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12.5.1.5 A plate or plug for an unused conduit opening or other hole in an enclosure that does not meet

the criteria in

a) The

12.5.1.1 shall comply with:

Standard for Metallic Outlet Boxes, UL 514A;

b) The Standard for Conduit, Tubing, and Cable Fittings, UL 514B;

c) The

Standard for Cover Plates for Flush-Mounted Wiring Devices, UL 514D; or

d) The Standard for Schedule 40 and 80 Rigid PVC Conduit and Fittings, UL 651.

Such a plate or plug shall be securely mounted.

12.5.1.6 Wh
to each possi

12.5.2 Openings in vertical surfaces

12521 An

material on vértical surfaces, except if they meet the following provisions;

a) The size and number of openings in a vertical surface are{not restricted if they co

requir
b) For
mm (1
possil

c) For
by 6.4

d) For
The la

e) For|

ere the equipment has two or more possible operating orientations, opening-pro
ble orientation.

enclosure system for building in shall have no open holes lecated behind the

bments for top openings described in 12.5.3, with the'surface tested in a horizon

escape of air or drainage of paint during a painting process, not more than f
/8 in) or less in diameter are permitted located as close to the corners of the
le.

drainage in in a rainproof enclosurefa single opening is permitted that shall ng
mm (1/4 by 1/4 in).

mounting miscellaneous components inside the enclosure, four unused holes 3
rgest dimension of each opening shall not be more than 4.8 mm (3/16 in).

mounting of the enclosure inside the wall, the following allowances are permitte

1) For enclosures with a maximum dimension of 305 mm (12 in), four of the K
keyhole slots.having the configuration illustrated in Figure 12.1. The dimension
Figure 124-may vary if the area is equivalent.

2) For-enclosures having a maximum dimension of 457 mm (18 in), four h
previded.

perties apply

finished wall
mply with the
al position.

bur holes 3.2
enclosure as
t exceed 6.4
re permitted.
.
oles may be

5 specified in

oles may be

3) For enclosures having a maximum dimension of more than 457 mm (18 in)
1.2 m (48 in), six holes may be provided.

but less than

4) For enclosures with a maximum dimension of 1.2 m (48 in) or more, eight holes may be

provided.

For 12.5.2.1 (e) (2) through (e) (4), the dimensions are not specified, but shall be appropriate for the
enclosure dimensions and configurations as determined by the manufacturer.

12.5.2.2 A pryout hole or slot may be provided in a knockout for 25.4 mm (1 in) or smaller trade size
conduit. Openings outlining the pryout hole, and slots inside the knockout, are not considered for purposes

of 12.5.2.1.
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Figure 12.1
Keyhole slot

15 /64"
—(6.0mm )[~=—
MAX.

R

49 /64"
(19.4mm)
MAX.
|
|e— 25/64” —
(9.9mm)
MAX.

EC600

| 12523 Déleted
| 12524 Déleted
12.5.3 Top|openings

12.5.3.1 Top openings.shall comply with the test described in 12.5.3.2 - 12.5.3.3.

12.5.3.2 THe testis-econducted using the needle-flame burner as specified in the Standard|for Polymeric
Materials — Use.in Electrical Equipment Evaluations, UL 746C, for the 12 mm flame testing apparatus
placed verticglly)in a draft-free location. The distance between the inner side of the top opehings and the
center of the burner tube is 7 mm +1 mm (approx. 0.276 in). The sample is placed in its normal operating
position. The top openings are covered with a single layer of cheesecloth. The flame is applied for a period
of 1 min.

12.5.3.3 The cheesecloth shall not ignite. In case of openings having different dimensions, the test shall
be conducted on one opening of each group of the top openings with the same dimensions.

12.5.3.4 A pryout hole or slot may be provided in a knockout for 25.4 mm (1 in) or smaller trade size
conduit. Openings outlining the pryout hole, and slots inside the knockout, are not considered for purposes
of 12.5.3.1.
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12.5.4 Bottom openings

12.5.41 The bottom of an enclosure system intended to be built-in or mounted in such a way that any
part of the enclosure is located behind the finished wall material shall prevent the emission of flame,
molten material and the like.

12.5.4.2 Compliance is checked by inspection and, where necessary, by the hot flaming oil test of Clause
A.3 of the Standard for Information Technology Equipment — Safety — Part 1: General Requirements, UL
60950-1 or Clause S.3 of the Standard for Audio/Video, Information and Communication Technology
Equipment — Part 1: Safety Requirements, UL 62368-1. When conducting the hot flaming oil test on In-wall
mounted enclosure systems, the “pattern of openings” shall mean the entire enclosure bottom.

12.5.4.3 The following constructions are considered to satisfy the requirement without test:
a) No ppening in the bottom of the enclosure;

b) Openings that do not exceed 3 mm (0.12 in) in any dimension, or\1 ‘'mm (0.04 in) in width
regardless of length;

c) Opgnings in the bottom of any size under an internal barrier, screen or the like, which itself
compl|es with these requirements;

d) Baffle plate construction as illustrated in Figure 12.2;
e) Metal bottoms of an enclosure conforming to the dimensional limits of any line in Table 12.1; and

Metal |bottom screens having a mesh with nominal openings not greater than 2 mm (0.079 in)
betwepn center lines and with wire diameters©f not less than 0.45 mm (17.7 mils).

Figure 12.2

Bottom panel baffles

2X BUT NEVER LESS

</THAN 1"(25.4mm)
_»

BAFFLE PLATES
(MAY BE BELOW
BOTTOM OF MACHINE)

BOTTOM OF MACHINE —\\/

—i] X< |———

EC315
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Table 12.1
Size and spacing of openings in metal bottoms of fire enclosures

Applicable to circular holes Applicable to other shaped openings
Metal bottom Maximum diameter of | Minimum spacing of . Minim_um spacing of
minimum thickness holes holes center to center Maximum area openings border to
border

mm mm mm mm? mm

0.66 1.1 1.7 1.1 0.56

0.66 1.2 2.3 1.2 1.1

0.76 T1 T7 T 0.55

0.76 1.2 23 1.2 1.1

0.81 1.9 3.1 2.9 1.1

0.89 1.9 3.1 2.9 1.2

0.91 1.6 27 2.1 1.1

0.91 2.0 3.1 3.1 1.2

1.0 1.6 2.7 2.1 1.1

1.0 2.0 3.0 3.2 1.0
12.5.4.4 Alpryout hole or slot may be provided in a knockoubfer 25.4 mm (1 in) or smaller trade size
conduit. Opegnings outlining the pryout hole, and slots inside the knockout, are not considered for purposes
of 12.5.41.
12.5.4.5 Other openings associated with knockouts-'and pryouts, such as openings fof mounting of
boxes to the| bottom enclosure with the knockout-removed, shall comply with the test in 12.5.4.2 or the
constructionjn 12.5.4.3.
Compliance with 12.5.4.2 may include use-of outlet bushings and fittings in accordance with UL 514A,
Metallic Outl¢t Boxes, or UL 514C, Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covefrs, or similar.

Compliance
openings if {
determined 1
Systems for
Air Connecto

12.5.5 Mar

with 12.5.4.2 may..include use of factory-installed tape or similar barrier t
he bottom openings with tape in place comply with 12.5.4.2 and the compd
uitable for the‘application, such as compliance with a UL tape standard UL 1
Use With Rigid Air Ducts or UL 181B, Closure Systems for Use With Flexible
rs.

Kings-and instructions

b cover such
nent used is
81A, Closure
Air Ducts and

12.5.5.1

An enclosure system that by construction appears to be intended for in-wall mounting and that

is not investigated in accordance with the requirements for In-Wall Mounted Enclosure Systems shall be
marked “CAUTION — Not Suitable for In-Wall Mounting.”

12.5.5.2 An enclosure system intended for in-wall mounting that is provided with knockouts or removable
panels shall be provided with instructions that require any punched openings to be sealed with a suitable

plug and any

covers or panels to be replaced and secured.

12.6 Fire stop requirements

12.6.1

An enclosure system intended to be mounted on a building or similar structure that is provided

with unlisted underground or outside plant construction cable or inner-duct (i.e. cable stubs) or that are
intended for use with such cables, shall be constructed to minimize the risk of propagating flame from the
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cables to the supporting surface or other combustible material that may be in contact with the enclosure.
This necessitates that the enclosure material resist burn-through or be provided with a suitable barrier or
bushing that serves as a fire stop where the cable or inner-duct enters the enclosure. In order to meet this

requirement, such Enclosure Systems shall meet one of the following criteria:

a) The enclosure shall be constructed of metal with minimal openings that could permit flames or
molten material to exit the enclosure. (See 12.5).

b) The enclosure shall be constructed of material rated 5VA when tested as described in the
Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94,
with minimal openings that could permit flames or molten material to exit the enclosure. (See 12.5).

c) W
metal,
the St
94, us
cable

d) The
Burn/H

e) The
GR-71

For hollow ¢
described in
to the inner

marked on th
reference to t

12.6.2 Cable burn/fire stop test

12.6.2.1
with the folloy

a) The

b) The

When a finished product sample is tested as described in 12.6.2.2 — 12.6.2.8, it

re-the cable antars the nhr\lr\ellrn7 be. prn\/lr‘lnd with 2 hghf ‘FlH’lhg hllehlng constructed of

a material rated 5VA or a material rated V-0, V-1, V-2, or 5-VA when tested(as
andard for Tests for Flammability of Plastic Materials for Parts in Devices and/Af
ed as a fitting, an insulating bushing, or a throat liner that is fitted into'a/bush
entry opening in a material constructed of metal or a material rated 5VA.

cable and bushing mounted to the enclosure shall be tested in accordance w|
ire Stop Testin 12.6.2.

enclosure and cabling shall comply with the Horizontal ‘and Vertical Fire Test
1-CORE, Generic Requirements for Fiber Optic Splice,€losures, “Fire Resistan

bre cables or assemblies where innerduct is_used and not completely filled

cable/innerduct openings. Instructions shall*be provided with reference to the

e enclosure system in the cable entryvarea. The symbol ﬁl may be used in
ne instruction manual as long as its meaning is described in the instruction mand

ng:
finished produet material shall not:

1) Openlysflame for more than one minute after the final application of the test f
2) Be'consumed.

re_shall not be an opening in the material such that a 6.4 mm (1/4 in) diametg

described in
pliances, UL
ng or similar

th the Cable

described in

K

Ce .

the options

lc) and (d) above shall not be permitted without'the use of listed fire stopping material applied

instructions

place of the
al.

shall comply

ame or

r rod passes

through after the material has returned to ambient temperature. The rod shall be applied without

force.

¢) There shall not be a visible flame on the surface of the sample opposite the surface to which the
test flame has been applied.

d) There shall not be glowing or burning particles during the test.

12.6.2.2 Two samples shall be used for this test. One shall be tested as received, one shall be tested
after being conditioned for 168 hours at a temperature of 90 £1°C (194 +2°F) in a full-draft air-circulating
oven that has been preheated at full draft. Minimum 30.5 cm (12 in) cable stubs shall be provided.

12.6.2.3 The apparatus for this test shall consist of a test chamber of sheet metal 305 mm wide x 356
mm deep x 610 mm high (12.0 in wide x 14.02 in deep x 24.02 in high) open at the top and front. When the
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fitting is too large to be tested in this chamber, a chamber with proportionately larger dimensions shall be
used.

12.6.2.4 Each sample shall be secured with its vertical axis in the center of the enclosure and with both
axes parallel to the back of the enclosure.

12.6.2.5 ATirrill gas burner to which a gas pilot light is attached shall supply the test flame. The barrel of
the burner shall extend 102 mm (4 in) above the air inlets and its inside diameter shall be 9.5 mm (3/8 in).
While the barrel is vertical, the overall height of the flame shall be adjusted to 127 mm (5 in). The blue
inner cone shall be 38 mm (1-1/2 in) high. Without disturbing the adjustments for the height of the flame,
the valves supplying gas to the burner and pilot flames shall be closed.

12.6.2.6 Ajwedge to which the base of the burner is secured shall be provided for tilting|the barrel 20
degrees from the vertical, while the longitudinal axis of the barrel remains in a verticalplang. The burner
shall be secyred to the wedge and the assembly shall be placed in an adjustable jig that is artached to the
floor of the ehclosure. The jig shall be adjusted laterally (see Figure 12.3) to place‘the longifudinal axis of
the barrel in the same vertical plane as the vertical axis of the sample. The plane shall be parallel to the
sides of the gnclosure.
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Figure 12.3

Flammability test apparatus and sample dimensions

Specimen

SCO906A A\

Notes:
Units for the values specified are: 102 mm (4 in); 50.8 mm (2 in); 38.1 mm (1-1/2 in).

C is the vertical plane parallel to the sides of the enclosure and containing the vertical axis of the sample and the longitudinal axis of
the barrel.

D is the vertical axis of the sample in the center of the enclosure and parallel to the back of the enclosure.
E is the plane of the tip of the barrel.

F is the longitudinal axis of the barrel.
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12.6.2.7 The jig shall also be adjusted toward the rear or front of the enclosure (see Figure 12.3) to
position point A 38.1 mm (1-1/2 in) from point B at which the extended longitudinal axis of the barrel meets
the front surface of the sample. Point A is the intersection of the longitudinal axis of the barrel with the
plane of the tip of the barrel. Point B is the point at which the tip of the inner blue cone touches the finished
sample at the spot where the cable enters through the bushing.

12.6.2.8 The gas shall be 37 Mj/m? (993.04 Btu/ft®) at normal pressure [76 — 127 mm (3 — 5 in) of water].
The valve supplying gas to the pilot shall be opened and the pilot flame lit. The valve supplying gas to the
burner shall be opened to apply the flame to the sample automatically. This valve shall be held open for 15
seconds and then closed for 15 seconds. This procedure shall be repeated four times for a total of five
applications of flame to the plaque or finished sample.

13 Battery[Supplies and Ventilation
13.1 General

13.1.1 A battery supply provided as part of an enclosure system shall comply‘with the refjuirements in
13.1-13.7.

13.1.2 If a fiscreet uninterruptible power system (UPS) is provided aspart of an enclosurg system, the
UPS and its| included batteries shall comply with the Second and’ Fourth Editions of the|Standard for
Uninterruptitfle Power Systems, UL 1778.

13.2 Batteries

13.2.1 A battery provided as part of an enclosure system shall comply with the applicable|requirements
for batteries in the:

a) Stgndard for Emergency Lighting and Power Equipment, UL 924;

b) Stgndard for Standby Batteries{ WL 1989;

c¢) Stgndard for Household and Commercial Batteries, UL 2054;

d) Stgndard for Batteries for Use in Electric Vehicles, UL 2580;

e) Stgndard for Batieries for Use in Light Electric Vehicle (LEV) Applications, UL 2271

f) Stapdard for Lithium Batteries, UL 1642; or

g) Stlandard for Batteries for Use in Light Electric Rail (LER) Applications ar|1d Stationary
Applications, UL 1973

h) Electrochemical capacitors shall comply with the Standard for Electrochemical Capacitors, UL
810A.

Exception: Batteries and electrochemical capacitors that are part of certified equipment and included in the
certification do not require any further investigation.

13.2.2 A battery that requires the addition of water shall employ a means to determine the fluid level.
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13.3 Battery mounting

13.3.1 A battery shall be so located and mounted that the terminals of cells will be prevented from
coming into contact with terminals of adjacent cells, or with metal parts of the battery compartment, as the
result of shifting of the battery.

13.3.2 The battery chamber shall facilitate the safe installation, inspection, and replacement of the
batteries.

13.3.3 A metal case or container of a battery shall be insulated or spaced away from contact with
uninsulated live parts such contact may result in a short circuit.

ses that are
spaced from
attery supply

13.3.4 An ¢
conductively
each other, o
after installati

nclosure or compartment housing batteries employing metal containers or\ce
connected to a battery electrode shall be such that the batteries are insulatedor,
- otherwise physically arranged, to prevent short-circuiting of part or all ofithe b
oJif

13.3.5 To reduce the risk of leakage of the electrolyte as a result of damage to the batte
battery mounfing means, a battery mounting means shall not cause undue'stress to the batter

ry case by a
y case.

13.3.6 Aba
and/or sides
brackets or st
they are dete

tery mounting means that consists of a bracket, strap;.@r the like that extends a
pf the battery shall not cause undue compression to“the walls of the battery.
raps indicated in (a) — (c) are considered acceptable. Other constructions may b
mined to be equivalent:

ound the top
The types of
e accepted if

a) A bracket or strap constructed of a non-rigid polymeric material,

b) A n
and th

etal bracket or strap with a flexible, foamed material or the like between the bracket or strap

e battery walls; and

c) A ninimum not

specif

metal bracket, which when-tightened as intended, provides a clearance, 1
ed, between the bracketrand the battery walls.

13.3.7 Whenh determining the_adequacy of the clearance for the mounting means the follpwing factors

shall be taker
a) Dim

b) The

into consideration:
ensional tolerances of the bracket and overall dimensions of the battery case;

overall'dimensions of the battery may increase slightly after use; and

c) The need for a restraining means for use during shipping if the clearance of the moyinting means
permits excessive movement of the battery.

13.4 Overcurrent protection

13.4.1 The battery supply circuit shall be provided with acceptable rated dc overcurrent protection to
reduce the risk of fire and electric shock resulting from overload or short-circuit conditions. The protective
device shall be located adjacent to the battery connecting means before any component which may fail
short-circuited such as capacitors, solid-state devices, or the like.

Wiring between the battery supply connecting means and the first overcurrent protection device shall be
provided with spacings for General industrial control equipment as shown in UL 508 Table 37.1 Minimum
acceptable spacings.
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Note: Wiring between the battery supply connecting means and the first overcurrent protection device that complies with above
spacings is considered to have required protection against faults.

13.5 Enclosure, vented batteries

13.5.1 Gen

13.5.1.1

eral enclosure construction

Vented batteries shall be contained in a separate enclosure or compartment from arcing parts,

such as the contacts of switches, circuit breakers, and relays, nor shall the enclosure or compartment vent
into closed spaces where such parts are located. This requirement does not apply to valve-regulated

batteries.

13.5.1.2 Vg
that a barrie
areatothe a

13.5.1.3 TH
by two coats

the equivalent.

13.5.14 A
battery, shall

13.5.1.5 TH
leakage of th

a)Re
b) Co

c) Bri

13.5.1.6 Fo¢r outdoor equipment,‘the enclosure or compartment housing a battery shall

entry of watg
compartmen

13.5.2 Enc

nted batteries may be contained in the overall compartment of the enclosure §ys
. partition, or the equivalent is used to inhibit the passage of hydrogen gasifro
ea of the enclosure containing the electronic components, switches, contactors,

e interior of a metallic enclosure or compartment housing a vented.battery shal
of acid (or alkali, as applicable) resistant paint, two coats of enamel individually

—

polymeric enclosure or compartment housing a vented battery, such as a lead
be constructed of materials resistant to corrosion by,acids or alkalis, as applicab

e enclosure or compartment housing a vented.battery shall be constructed so t
e electrolyte from one battery will be contained within the enclosure and prevent

hching the outer surfaces of the enclosdre where contact with the user is possibl
htaminating adjacent electrical components or materials; and

lging required electrical spagings.

r and prevent water-from getting onto the posts or terminals of the battery. Thq
shall have drajn holes for water drainage.

osure venting

13521 T
gassing is p
shall be vent

e enclosure or compartment housing a vented battery or a valve regulated K

tem provided
m the battery
and controls.

be protected
baked on, or

-acid storage
le.

nat spillage or
ed from:

[]

minimize the
enclosure or

attery, where
rmal usages,

ssiblé during heavy discharge, overcharging, or similar type of normal or abng

(ment in order

to reduce the buildup of pressure or accumulation of an explosive gas mixture, such as hydrogen-air,
involving a risk of injury to persons. A gas mixture is lighter than air (such as hydrogen-air), may
necessitate locating ventilation openings in the uppermost portions of the battery enclosure or
compartment where such a gas mixture may accumulate.

Note: Examples of battery technologies that may vent hydrogen under either normal or abnormal conditions include lead acid
batteries and large Ni-Cad batteries.

13.5.2.1A As an alternative to 13.5.2.1, requirements for enclosure venting may comply with the Risk of
Explosion from Lead Acid and NiCd Batteries requirements in Clause M.7, and the Protection Against
Internal Ignition from External Spark Sources of Batteries with Aqueous Electrolyte requirements in Clause
M.8 of the Standard for Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements, UL 62368-1.
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13.5.2.2 Arcing parts, such as the contacts of switches, circuit breakers, and relays, shall not be located
in the enclosure or compartment housing a vented battery, nor shall the enclosure or compartment vent
into closed spaces where such parts are located. For purposes of this requirement, fuses and connectors
do not contain arcing parts. Battery or compartment monitoring sensors (such as temperature sensors and
the like) may be located in the enclosure or compartment.

13.5.2.3 The venting means shall prevent hydrogen concentrations in excess of 2 percent by volume. If
the adequacy of the ventilation required in is not obvious, a determination shall be made by measurement
of gas concentration. (A lead-acid battery at full charge, when most of the charging energy goes into gas,
will generate approximately 1 cubic foot of hydrogen gas per cell for each 63 ampere-hours of input).

13.6 Heaters and temperature controls

13.6.1 Temperature controls for heaters used to maintain the operating temperature range qf a battery or

battery comp
or battery cor
runaway. For
vents and no
ineffective.

13.7 Batten

13.7.1 Excs
shall comply

13.7.2 A di
requirements
Standard for

brtment during cold ambient conditions shall be positioned such that they|monit
npartment temperature and are minimally affected by the outside ambient to pre
example, temperature controls or regulators should normally be-located away
I mounted on the outer walls of an enclosure where thermal .conductivity may

y supply performance

vith 13.7.4 — 13.7.13 as applicable.

screte battery supply (i.e. not part of other equipment) shall comply with the

Uninterruptible Power Systems, UL {778 (5th edition).

13.7.3 A battery supply that is integral to.equipment that complies with the requirements in

for Informatid
Standard for
Requirement

13.74 Equ
chemical lea
circuitry withi
reverse polar

n Technology Equipment\=~-Safety — Part 1: General Requirements, UL 604

5, UL 62368-1, is considered to comply with 13.7.4 — 13.7.13.

pment containing batteries shall be designed to reduce the risk of fire, e
s under noermal conditions and after a single fault in the equipment, includi
h the equipment battery pack. The design or instructions shall reduce the
ty installation if this would create a hazard.

13.7.5 Batt

br the battery
vent thermal
from outside
render them

pt as described in the Exception to 13.2.1, 13.7.2 and 13.7.3, batteries and battery supplies

performance

of the Standard for Uninterruptible Power Supply Equipment, UL 1778 (2nd edlition), or the

the Standard
50-1, or the

Audio/Video, Information’ and Communication Technology Equipment — Part 1: Safety

plosion and
ng a fault in
likelihood of

ry~eircuits shall be designed so that:

a) The output characteristics of a battery charging circuit are compatible with its rechargeable
battery; and

b) For non-rechargeable batteries, discharging at a rate exceeding the battery manufacturer’s

recom

mendations, and unintentional charging, are prevented; and

c) For rechargeable batteries, charging and discharging at a rate exceeding the battery
manufacturer’s recommendations, and reversed charging, are prevented.

Note: Reversed charging of a rechargeable battery occurs when the polarity of the charging circuit is reversed, aiding the discharge

of the battery.

13.7.6 Compliance is checked by inspection and by evaluation of the data provided by the equipment
manufacturer and battery manufacturer. When appropriate data is not available, compliance is checked by
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the following tests. However, batteries that are inherently safe for the conditions given are not tested under
those conditions. Consumer grade, non-rechargeable carbon-zinc or alkaline batteries are considered
safe under short-circuiting conditions and therefore are not tested for discharge; nor are such batteries
tested for leakage under storage conditions.

13.7.7 The battery used for the following tests is either a new non-rechargeable battery or a fully charged
rechargeable battery as provided with, or recommended by the manufacturer for use with, the equipment.

13.7.8 Overcharging of a rechargeable battery — the battery is charged under each of the following

conditions in turn.

a) The battery charging circuit is adjusted with the battery disconnected to give 106

ercent of the

rated|output voltage of the charger, or the maximum charging voltage available fren
(withqut simulation of faults), whichever is the higher attainable value. The battery is
for7

b) The battery charging circuit is adjusted, with the battery disconnected; to 100 ¢
rated [output voltage of the charger. The battery is charged while briefly subjected to {

n the charger
then charged

ercent of the
he simulation

of any single component failure that is likely to occur in the charging circuit and that results in

arging of the battery. To minimize testing time, the failure.is~echosen that caus
arging current. The battery is then charged for a single)period of 7 h with t
failurg in place.

13.7.9 Uniptentional charging of a non-rechargeable battery. The battery is charged
subjected to the simulation of any single component failure'that is likely to occur in the charg
that would ressult in unintentional charging of the battery~Fe minimize testing time, the failure
causes the highest charging current. The battery is then charged for a single period of
simulated failure in place.

13.7.10 Reverse charging of a rechargeable battery. The battery is reverse charged
subjected to the simulation of any single camponent failure that is likely to occur in the charg
that would r¢sult in reverse charging-ofithe battery. To minimize testing time, the failure i
causes the hjghest reverse charging cdrrent. The battery is then reverse charged for a single
with that simtilated failure in place.

13.7.11 Ex
circuiting or
battery unde

short-circuifing any current-limiting or voltage-limiting components in the load
test.

Note: Some of {|
against possiblg

he tests specified can be hazardous to the persons carrying them out; all appropriate measures to
chemical or explosion hazards should be taken.

s the highest
nat simulated

while briefly
ng circuit and
s chosen that
7 h with that

while briefly
ng circuit and
5 chosen that
period of 7 h

cessive discharging rate for any battery. The battery is subjected to rapid discharge by open-

circuit of the

rotect personnel

13.7.12 These tests shall not result in any of the following:

a) Chemical leaks caused by cracking, rupturing or bursting of the battery case;

b) Spillage of liquid from any pressure relief device in the battery, unless such spillage is contained

by the equipment without risk of damage to the insulation persons;
c) Explosion of the battery, if such explosion could result in injury; or

d) Emission of flame or expulsion of molten metal to the outside of the battery enclosu

re.

13.7.13 After completion of the tests, the equipment is subjected to the dielectric withstand tests of 15.4.
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14 Product

Assembly

Note: It is not the intent of this section to cover equipment that may be installed into an enclosure system by the end-user and that is
not provided or specifically identified by the manufacturer as being part of the enclosure system.

141

14.11

General

components necessary for its intended function when installed (used) as intended.

14.2 Shippi

ng unassembled

A product shall be factory-built as a complete assembly and shall include all the essential

14.21

a) All ¢f the parts shall be furnished by the manufacturer;

b) All

c) Up
assen

d) The product shall be constructed so that the field assembly can be accomplishe

neces
install

e) The relationship between separate parts shall*be established at the time of man

shall n

14.2.2 Detg
packed with
following sha

a) A H
acces

b) Th
Install

14.2.3 Equi
testin 15.6 to

A product may be shipped from the factory unassembled, or disassembled(tg
necessary to facilitate shipment, if all of the following conditions are met:

rotective guards and other safety features shall be factory installed-wherever pd

bn assembly, grounding continuity shall be provided where required betwe
bled components;

sity of drilling, cutting, threading, or any other alteration other than the attach
bd electrical conduit or raceway, and;

ot be dependent upon installation persennel.

iled step-by-step installation instructions shall be provided. The instructions s
the product or provided via_a ecompany website. If provided via a company

| apply:

ardcopy notice shall be provided with the product alerting the user/installer o
5 the company website, which includes the URL.

e hardcopy notice shall include the signal word “IMPORTANT” and a sta

bment-intended to be shipped unassembled shall be subject to the Assembly ar]
verifythe design, construction, assembly and instructions.

btion Instructions Before Installing Any Accessory Equipment”, or similar wording.

the degree

ssible;

ten the field

d without the
ment of field

ifacture, and

nall either be
website the

the need to

fement “See

d installation

14.2.4 Equipment that is designed to be gangable or bayed together in the field shall be evaluated as
being shipped unassembled.

14.2.5 For enclosure systems that may be shipped either fully assembled or as a “kit”, the “kit” version
shall be identified by a unique type or model number, prefix, suffix or the like that differentiates it from the
fully assembled version.

14.3 Drop shipment of sub-assemblies

14.3.1

Enclosure systems not intended for household use and shipped not fully configured may have

sub-assemblies shipped for final assembly at the installation site if all of the following conditions are met:

a) All of the assemblies shall be specified by the manufacturer and identifiable at the installation
site as complying with the applicable requirements in the standard.
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b) The specific location of the assemblies in the cabinet shall be established by the manufacturer,

and s

hall be described in the installation instructions or on the cabinet.

c) Upon assembly, grounding continuity shall be provided, where required, between the field
assembled components.

d) The product shall be constructed so that the field assembly can be accomplished without the
necessity of drilling, cutting, threading, or any other alteration other than the attachment of field
installed electrical conduit or raceway.

e) Electrical connections used to connect the field-installed components within the cabinet shall be
accomplished by means of plugs and receptacles, or other means intended for the application.

f) All ;|>rotective guards and other safety features shall be factory-installed wheneverp

14.3.2 Pro
component g
shall be pro
installation p

Exception: T
installation in
installation in
the installatid

14.3.3 Sub
marked with
designation.

14.3.4 Pro
accordance
component 3

14.3.5 Equ
Testin 15.6 t

14.4 Accegsory equipment and conversion units

14.41 The
intended to u

ducts covered by this section shall be provided with a marking. describi
ssemblies that may be installed and their specific location within thé-cabinet.
ided on the equipment cabinet or enclosure in a location that-would be rea
brsonnel.

he required information may be provided in the installation instructions. If pr
structions, a marking shall be provided on the cabinet’where it will be readily
dicating that the unit shall be configured only with-those component assemblig
n instructions and mounted in the locations specified.

-assemblies, intended to be assembled omssite in accordance with this sec
the assembly manufacturer's company name or logo, and a part number (P/N)

with the Exception to 14.3.2, ‘shall be provided with instructions describi
ssemblies that maybe installed and their specific location within the cabinet.

b verify the design, construction, assembly and instructions.

requirements in this sub-section are applicable to accessory equipment and co
pgtade, change or modify the product function and/or construction.

bssible.

ng the exact
The marking
dily visible to

ovided in the
visible during
s specified in

tion, shall be
or other type

Hucts intended to be assembled) on-site in accordance with this section, amd marked in

ng the exact

pment that includes‘drop-shipped sections shall be subject to the Assembly and Installation

hversion units

14.4.2 For the purpose of these requirements, accessory equipment is defined as a kit or a piece of
equipment intended to be attached or added to a product, and of such size that it may be marked for
identification by a catalog number or its equivalent. Accessory equipment usually is dependent upon the
basic or host product for mechanical support and/or electrical input, or both, and may or may not, by itself,
perform a complete function.

14.4.3 Conversion units are intended to cover individual items of circuitry or components, that for
reasons of improving or modifying the functions of a product, are added to the product subsequent to the
time of initial assembly, and that lose their identity in the process. Conversion units are intended to be
installed by qualified service personnel.

14.4.4 Accessory equipment and conversion units shall be constructed so that they can be added to a
product without creating a risk of electric shock, fire, or injury to persons.
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14.4.5 The installation of accessory equipment by a user shall be restricted to an arrangement that can
be accomplished mechanically by means of basic tools and electrically by means of plug-in connections to
receptacles available on the product or as a part of the building wiring.

14.4.6 The installation of accessory equipment by qualified service personnel or conversion units shall

be such that:

a) The mechanical positioning can be accomplished by means of basic tools usually available at a
product's installation site or by means of special tools provided by the manufacturer as part of the
installation kit.

b) The electrical connections can be readily accomplished by making use, wherever possible, of

existi

14.4.7 The
conductors tg
accomplished
the accessory

g terminals and connections In the proauct.

requirement in 14.4.6 does not preclude the addition, removal, or rerouting
accomplish the desired change as long as the alterations in the preduct's v
by the use of materials and reference to instructions, both of which are furnish
-equipment kit and conversion-unit kit, and do not require the use of makeshift

parts not intenpded to be used in the basic construction of the product.

14.4.8 Allw
its installation
area in which

1449 Eac
manufacturer

iring provided as a part of an item of accessory equipment and conversion unit
shall be rated for use at the highest voltage and temperature that can be encol
the wire is to be installed.

h piece of accessory equipment and each“conversion unit shall be mark
s name, trademark, or other descriptive marking by which the organization re

the product can be identified and with a distinctive catalog number or equivalent identification,

14.4.10 |Ifth
separate brar

14.4.11  Acd
for which it is
to enable the
intended.

Exception: TH
product is ma

14.4.12 Acd

e accessory equipment or conversion unit is supplied with power from the main
ch-circuit, the accessory and conversion unit shall be marked with an input ratin

essory equipment intended-to be installed by a user shall be marked to indicat
intended and shall include instructions on the equipment that will provide enoug
accessory equipment to be mounted on and interconnected with the basi

e information may be included in the user instructions packed with the product,
rked with the symbol A or the words, "See instruction manual," or the equivalel

essory equipment intended to be installed by qualified personnel and conversi

of insulated
iring can be
ed as part of
or substitute

or related to
ntered in the

ed with the
sponsible for

Linit or from a
g.
b the product

h information
C product as

provided the
e,

bn units shall

include instructions either on, or packed with the equipment that will provide a step-by-step outline of the
mechanical and electrical alterations that are necessary for determining and providing for acceptable
installation and operation. Detailed instructions may be provided via a company website if all of the
following conditions are met:

a) A hardcopy notice shall be provided with the product alerting the user/installer of the need to
access the company website, which includes the URL.

b) The hardcopy notice shall include the signal word “IMPORTANT” and a statement “See
Installation Instructions Before Installing Any Accessory Equipment”, or similar wording.

14.4.13 Accessory equipment and conversion units shall be subject to the Assembly and installation test
in 15.6 to verify the design, construction, assembly and instructions.
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14.5 Special accessories

14.5.1 Special accessory equipment may be manufactured by a manufacturer for use in other than the
original equipment manufacturer (OEM). Examples of such "Accessory" equipment include shelves or
brackets for installation in a standard 19 inch rack.

14.5.2 The investigation of an Accessory includes consideration and evaluation, to the extent necessary,
of the combination of the Accessory with all models of the specified equipment specifically covered by the
scope of the use of the Accessory, including models currently in production and, if applicable, models no
longer in production. The Accessory Applicant (Company A) is responsible for supplying the necessary

samples of the specified equipment required for the investigation, as needed.

Exception:

ccessories intended for use with generic configurations of enclosure sysf

evaluated bgsed on limited performance testing if the standard Listing investigation(ofithe

anticipated
substituted

e installation of such accessories in/with it and sound engineering,judg
r specific investigation of the Accessory with every specified model--Hazard-

Engineering (HBSE) analysis should be used, as applicable, to help identify hazards. Differe

be necessa

in judging the acceptability of the instructions, hazard warnings and design feg

intended to reduce reasonably foreseeable hazards to an acceptable degree*depending upor
use involved|and the degree of training of the intended installer.

14.5.3 Where installation is likely by untrained or inexperienced\persons, plug-in interconr

attachment
arrangemen
generally ar
Appropriate
to reduce all

14.5.4
placement o
the installer

lugs and receptacles, and standard connectors are required. Installati
of components or wiring, cutting or splicingcefiéxisting wiring and soldering o

not permitted. The effect of errors and, incorrect installation should be
onstruction features or markings, if construction features are not feasible, shoul
Feasonably foreseeable hazards to an aeceptable degree.

a)

-

If the product is for commercial/industrial use only, complexity of product mod

more reliance on the skill of the installer may be possible. However, reliance
shall be made only for prodicts where it is reasonable to expect that the modif]

made by a qlialified person.

1455 The
problems in
type of ITE,
uncertainty 3
category. Th
make the ins

level of knowledge-of the construction of the specified equipment and awan
he Accessory équipment may be higher for a product that is intended for use
e.g., PC. Iftthe specified equipment is identified by generic or broad term
s to installation problems exists because of variations among the products with
us, if the Jspecified equipment is identified by generic category, greater care
faller aware of the potential hazards and proper methods of hazard minimization

ems may be
b generic ITE
ment can be
based Safety
0t criteria may
tures that are
) the intended

ections using
DNS  requiring
f connections

considered.
d be provided

ification, and
pon the skill of
cation will be

eness of any
vith a generic
nology, more
n the generic
S required to

14.5.6 Instructions should be understandable to the intended reader, including those involving
installation by trained, qualified service persons. More detailed instructions may be required for less
knowledgeable persons.

14.5.7 Installation instructions and markings should warn of all reasonably foreseeable hazards. Where
untrained or inexperienced installers are likely to be involved, it may be necessary to observe untrained UL
staff or others trying to follow the installation instructions so as to be able to identify hazards that may
result from improper interpretation or failure to follow instructions.

14.5.8 For equipment for use with a generic type of enclosure system the Accessory marking shall
include a statement to the effect "Use only with Listed ITC cabinet, enclosure or rack systems," or similar.
This statement may be provided as either a marking or instruction.
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