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requirements:
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PREFACE

This is the First Edition of the ANSI/CAN/UL 3100 Standard for Automated Mobile Platforms (AMPs).

ULSE is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for

accreditation of a Standards Development Organization.

This ANSI/CAN/UL 3100 Standard is under continuous maintenance, whereby each revision is approved

in complian
Organization|

publication, gction to revise, reaffirm, or withdraw the standard shall be initiated.

with the requirements of ANSI and SCC for accreditation of a Standards |Development
In the event that no revisions are issued for a period of four years (frg

the date of

In Canada, there are two official languages, English and French. All safety warnings must|be in French
and English.| Attention is drawn to the possibility that some Canadian authorities may require additional
markings andl/or installation instructions to be in both official languages.

Comments of proposals for revisions on any part of the Standard may be submitted at any time. Proposals
should be supmitted via a Proposal Request in the On-Line Collaborative Standards Develogment System
(CSDS) at http://csds.ul.com.

Our Standardls for Safety are copyrighted by ULSE Inc. Neither a printed nor electronic copy pf a Standard
should be altered in any way. All of our Standards ahd-all copyrights, ownerships, and rights regarding
those Stand3rds shall remain the sole and exclusive.property of ULSE Inc.

This Edition pf the Standard has been formally approved by the Technical Committee (TC) on Automated
Mobile Platfgrms (AMPs), TC 3100.

This list reprgsents the TC 3100 membership when the final text in this standard was ballot¢d. Since that

time, changes in the membership,may have occurred.

TC 3100 Membership

Name¢ Representing Interest Category Region

Arab, Aliasghaf Agile Safe Autonomy by Narranj LLC Testing & Standards Organization USA
Callahan, Halgy UL Standards & Engagement TC Project Manager — Non-voting USA
Fields, Jennifer UL Standards & Engagement TC Chair — Non-voting USA
Fryman, Jeff JDF Consulting Enterprises, Ltd General Interest USA
Hoogerdijk, Peter UL Solutions Testing & Standards Organization Netherlands
Jorgensen, Claus Mobile Industrial Robots Producer Denmark
Junker, Daniel Automation Rangers INC Testing & Standards Organization USA
Kamble, Sudesh Intertek Testing Services Testing & Standards Organization USA

Manufacturing

Kim, Ji Han Hyundai Producer South Korea
Kim, Seongmin LG Electronics, Korea Producer South Korea
Klave, Michael Toyota Industrial Equipment Producer USA

TC 3100 Membership Continued on Next Page
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TC 3100 Membership Continued
Name Representing Interest Category Region
Lehner, Bernhard KEBA AG Supply Chain Austria
Marvel, Jeremy National Institute of Standards & Government USA
Technology
McGoldrick, Kevin Hyster-Yale Group Inc Producer USA
McLachlan, Robert Raymond Corp General Interest USA
Murray, Lisa Nidec Motor Corporation Supply Chain USA
Ortiz, Harold PILZ Automation Safety L P General Interest USA
Ortlieb, Mark BrafmCorporation Producer USA
Ould, Lee Safety Engineering Laboratory (SEL) General Interest USA
Prather, Aaron FedEx Commercial / Industrial User USA
Rood, lan UBSafe Inc General Interest Canada
Shea, Roberta Nelson Universal Robots Supply Chain USA
Sines, Jeread Amazon Producer USA
Sorrano, Chris SICK, Inc. General Interest USA
Sudler Ill, Samyiel SEALTD Geneftal Interest USA
Tao, Luke SGS Testing &Standards Organization China
Tiwary, Sumit GreyOrange India Pvt Ltd Producer India
Webber, Luke MCFA Producer USA
Winrich, Marvin Rockwell Automation Supply Chain USA
Woods, Benjanjin Rivian Automotive Commercial/Industrial Users USA
Yang, Shuping Beijing Research Institute of International Delegate China
Automation for Machinery Industry

International Classification for Standards(ICS): 25.040.30

For informatign on ULSE Standards; visit http://www.shopulstandards.com, call toll free 1-888-853-3503 or

email us at ClientService@shopULStandards.com.

This Standard is intended'to be used for conformity assessment.

The intended primary application of this standard is stated in its scope. It is important t¢ note that it

remains the responsibility of the user of the standard to judge its suitability for this particular application.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET
ANGLAISE.
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INTRODUCTION

1 Scope

1.1 These requirements cover battery-operated mobile platforms with or without a payload, as specified

in 1.2. These devices are intended to be used indoors only or as outdoor use devices in a commercial or
industrial environment. The device is battery powered using either lead acid batteries or lithium based
batteries that, if rechargeable, are charged through a conductive system while either on board or off board

the device.

1.2 Mobile pIatforms that are covered by this Standard are mtended for lifting, carrylng product picking,

towing, and
attachment,

1.3 Portion
installed in
Code (CE Cq

1.4 This Standard does not include requirements for industrial robets,/which are cover

Standard for
Z434. A robg
integrated sy

1.5 This St
that function
standard for
Treatment M

1.6 This St
and marked

Designationg,

are covered
the Investigal

1.7 Automs
“forklifts.” An|
1.6.

1.8 This stg

nd the like, to I|ft or carry the Ioad

gdccordance with the National Electrical Code (NEC), NFPA 70 and the Canad

hchines with Traction Drives, CSA C22:2'No. 336.

fion of Electric-Battefy-Powered Industrial Trucks, ULC/ORD-C583.

5 of a system, such as the charger, that are located off board the AMP,/are ir

de), CSA C22.1.

Robots and Robotic Equipment, UL 1740 and Industrial ' Robots and Robot §
tic manipulator that is in compliance with these standards may be used as the p
stem.

pndard does not include requirements for Autematic Guided Vehicles or Autom
as commercial and industrial floor cleaning‘equipment. This equipment is cove
Particular Requirements for Rechargeable Battery-Operated Commercial |

hndard does not cover battery powered industrial trucks that are rated Type E, B
Bs such, as defined in the Fire-Safety Standard for Powered Industrial Trucks |
Areas of Use, Conversiens, Maintenance, and Operations, NFPA 505. Theg
under the Standard for Electric-Battery-Powered Industrial Trucks, UL 583 and

ted mobile platforms are not provided with “forks” and are not intended t
y device with.that capability is considered an industrial truck and is evaluated 4

ndard'does not cover products intended to transport persons.

chment, scope

tended to be
ian Electrical

ed under the
ystems, CSA
ayload for the

ated Vehicles
red under the
Robotic Floor

E, ES, or EX,
ncluding Type
e truck types
the Guide for

b operate as
s indicated in

2 Components

2.1
a)Co

A component of a product covered by this Standard shall:

mply with the requirements for that component as specified in this Standard;

b) Be used in accordance with its rating(s) established for the intended conditions of use; and

c) Be

used within its established use limitations or conditions of acceptability.

2.2 A component of a product covered by this Standard is not required to comply with a specific
component requirement that:
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a) Involves a feature or characteristic not required in the application of the component in the
product;

b) Is superseded by a requirement in this Standard; or

c) Is separately investigated when forming part of another component, provided the component is
used within its established ratings and limitations.

2.3 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.

2.4 A compopnent that is also intended to perform other functions such as overcurrent proted
fault circuit-interruption, surge suppression, any other similar functions, or any combination
comply additionally with the requirements of the applicable standard(s) that cover devices|

those functio

S.

3 Units of Nleasurement

3.1 Values
approximate

stated without parentheses are the requirement. Values in. parentheses are e
nformation.

4 Referenced Publications

4.1 Anyund
interpreted as

ated reference to a code or standard appearing in the requirements of this Stan
referring to the latest edition of that code«or'standard.

4.2 The follpwing standards are referenced in this"Standard, and portions of these referenc

may be esser

ANSI| Z797.1,
Methods Of T

ASTM EZ230
Standardized

ASTM D1525

21 CFR Part

tial for compliance.

Safety Glazing Materials~Used In Buildings — Safety Performance Specif
st

E230M, Standard ) Specification and Temperature-Electromotive Force (em
Thermocouples

, Standarg Test Method For Vicat Softening Temperature Of Plastics

tion, ground-
thereof, shall
that provide

planatory or

dard shall be

ed standards

jcations And

) Tables for

040 series, Performance Standards for Light-Emitting Products

CSA C22.1, Canadian Electrical Code (CE Code)

CSAC22.2N

CSAC22.2N

CSAC22.2N

CSAC22.2N

CSAC22.2N

0. 0.15, Adhesive Labels

0. 0.2, Insulation Coordination

0. 0.8, Safety Functions Incorporating Electronic Technology
0. 14, Industrial Control Equipment

0. 0.17, Evaluation of Properties of Polymeric Materials
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CSA C22.2 No. 49, Flexible Cords and Cables

CSA C22.2 No. 66.1, Low Voltage Transformers — Part 1: General Requirements

CSA C22.2 No. 66.2, Low Voltage Transformers — Part 2: General Purpose Transformers
CSA C22.2 No. 66.3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers
CSA C22.2 No. 75, Thermoplastic - Insulated Wires and Cables

CSA C22.2 No. 94.2, Enclosures for Electrical Equipment, Environmental Considerations

CSA C22.2 No. 96, Portable Power Cables

CSA C22.2 No. 100, Motors and Generators

CSA C22.2 No. 107.1, Power Conversion Equipment

CSA C22.2 No. 107.2, Battery Chargers

CSA C22.2 No. 182.3, Special Use Attachment Plugs, Receptacles,)and Connectors
CSA C22.2 No. 210, Appliance Wiring Material Products

CSA C22.2 No. 223, Power Supplies with Extra Low Voltage Class 2 Outputs

CSA C22.2 No. 248 series, Low Voltage Fuses

CSA C22.2 No. 336, Particular Requirements for Rechargeable Battery-Operated Commercial Robotic
Floor Treatment Machines with Tractien\Drives

CSA C22.2 No. 60950-1, Information Technology Equipment — Safety — Part 1: General Reqyirements

CSA C22.2 No. 60335-2-29,-Household and Similar Electrical Appliances — Safety — Part 2429: Particular
Requirements for Battery~Chargers

CSA C22.2| No.%62133-2, Secondary Cells and Batteries Containing Alkaline or other Non-Acid
Electrolytes . Saféty Requirements for Portable Sealed Secondary Cells, and for Batterigs made from

HE S o V= PN N | Al $ion Dot D: | it omn O oo nn
them’ for uSr mrrurtavrce APPneativrio I drit <. Liurmuarir UyOLUlIIO

CSA C22.2 No. 62368-1, Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements

CSA Z434, Industrial Robots and Robot Systems

IEC 60068-2-64, Environmental Testing — Part 2-64: Tests — Test Fh: Vibration, Broadband Random and
Guidance

IEC 60417 (No. 5041), Graphical Symbols for Use on Equipment

I IEC 60584-1, Thermocouples — Part 1: EMF specifications and tolerances
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IEC 61508-1, Electrical/Electronic/Programmable Electronic Safety-Related Systems — Part 1: General
Requirements

IEC 62061, Safety Of Machinery — Functional Safety Of Safety-Related Electrical, Electronic And
Programmable Electronic Control Systems

IEC 62619, Secondary cells and batteries containing alkaline or other non-acid electrolytes — Safety

requirements

for secondary lithium cells and batteries, for use in industrial applications

ISO 10218-1, Robots And Robotic Devices — Safety Requirements For Industrial Robots — Part 1: Robots

ISO 12100, §

ISO 124051
Packs and Sy

ISO 13849-1,
for Design

ISO 13849-2,

JIS C 1602, T

NFPA 70, Na
NFPA 79, Ele

NFPA 505, F
Conversions,

SAE J1127, L]

SAE J1128, 1]

UL 50E, Encl

afety Of Machinery — General Principles For Design — Risk Assessment And RIS

Electrically Propelled Road Vehicles — Test Specification for Lithium‘lon Tra
stems — Part 1: High-Power Applications

Safety of Machinery — Safety Related Parts of Control Systems —Part 1. Geneg
Safety of Machinery — Safety Related Parts of Control<Systems — Part 2: Validat
hermocouples
ional Electrical Code
ctrical Standard For Industrial Machinéry

re Safety Standard for Powered Industrial Trucks Including Type Designations, 4
Maintenance, and Operatiohs

ow Voltage Battery-Cable

ow Voltage Rrimary Cable

psures-for Electrical Equipment, Environmental Considerations

e Cords and Cables

k Reduction

ction Battery

ral Principles

jon

\reas of Use,

UL 62, Flexib

UL 66, Fixture Wire

UL 83, Thermoplastic-Insulated Wires and Cables

UL 94, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 248 series, Low Voltage Fuses

UL 275, Automotive Glass-Tube Fuses

UL 275A, Outline for Investigation for Automotive Blade Type Fuses
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UL 506, Specialty Transformers

UL 508, Industrial Control Equipment

UL 583, Electric-Battery-Powered Industrial Trucks

UL 723, Test

for Surface Burning Characteristics of Building Materials

UL 746A, Polymeric Materials — Short Term Property Evaluations

UL 746B, Polymeric Materials — Long Term Property Evaluations

UL 746C, Po
UL 758, App
UL 796, Prin
UL 840, Insy
UL 969, Mar
UL 991, Test
UL 1004-1, A
UL 1004-2, |
UL 1004-3, T
UL 1004-7, H
UL 1012, Po
UL 1063, M3

UL 1236, Ba

lymeric Materials — Use in Electrical Equipment Evaluations
iance Wiring Material

ed-Wiring Boards

ation Coordination Including Clearances and Creepage Distances for Electrical
ing and Labeling Systems

5 for Safety-Related Controls Employing Solid<State Devices
otating Electrical Machines — General Requirements
mpedance Protected Motors

hermally Protected Motors

lectronically Protected-Motors

wer Units OtherThan Class 2

chine-Toal Wires and Cables

tery Chargers for Charging Engine-Starter Batteries

Fquipment

UL 1276, Outline for Investigation for Welding Cable

UL 1310, Class 2 Power Units

UL 1426, Electrical Cables for Boats

UL 1561, Dry-Type General Purpose and Power Transformers

UL 1564, Industrial Battery Chargers

UL 1740, Robots and Robotic Equipment

UL 1977, Component Connectors for Use in Data, Signal, Control and Power Applications
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UL 1989, Standby Batteries

UL 1998, Software in Programmable Components

UL 2202, Electric Vehicle (EV) Charging System Equipment

UL/ULC 2271

, Batteries for Use in Light Electric Vehicle (LEV) Applications

UL/ULC 2580, Batteries for Use in Electric Vehicles

UL 2726, Outline for Investigation for Battery Lead Wire

UL 2734, Oy
Vehicle (EV)

UL 4127, Ouf
UL 5085-1, L
UL 5085-2, L
UL 5085-3, L
UL 60335-1,
UL 60950-1,

UL 62133-2,
Requirement.
Portable App

UL 62368-1,

Requirement$

ULC/ORD-CH

5 Glossary

tline for Investigation for Connectors and Service Plugs for Use with Ori-Bo
Charging Systems

ine for Investigation for Low Voltage Battery Cable

bw Voltage Transformers — Part 1: General Requirements

bw Voltage Transformers — Part 2: General Purpose Transformers

bw Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

Safety of Household and Similar Electrical Appliances, Part 1: General Requiren
nformation Technology Equipment — Safety — Part 1: General Requirements

Secondary Cells and Batteries«Containing Alkaline or Other Non-Acid Electrol)

ard Electrical

ents

ytes — Safety

5 for Portable Sealed Secondary Cells, and for Batteries Made From Theny, for Use in
jcations, Part 2: Lithium Systems
Audio/Video, Information and Communication Technology Equipment — Part 1. Safety

p

83, Guidé for the Investigation of Electric-Battery-Powered Industrial Trucks

5.1

The following terms apply for this document.

5.2 ACTUATOR - A part, system, or sub-system that engages the load for manipulation and/or support.

5.3 AMP PAYLOAD - A mass supported by or pulled by the mobile platform which could include product,
a manipulator, a combination of the two, or other.

5.3A CHARGING UNIT — An accessory for the AMP, which is used for charging the AMP’s battery.

5.4 LIVE PART — A conductive part, such as metal, within the unit that during intended use has a

potential diffe

rence with respect to earth ground or any other conductive part.
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5.5 MANIPULATOR — Mechanism consisting of an arrangement of segments, jointed or sliding relative to
one another.

Note: A manipulator includes robot actuators.

©ISO. This material is from ISO 10218-1 with permission of the American National Standards Institute (ANSI) on behalf of the
International Organization for Standardization (ISO). All rights reserved.

5.6 RESTRICTED ACCESS LOCATION — A location where equipment is operated under conditions
where access from unauthorized persons is prohibited and unauthorized access is detected by protection
means which will cause a shutdown or other function to mitigate risks from the unauthorized access.

5.7 RISK QF ELECTRIC SHOCK - the condition that exists between any two condugtive parts or
between a cpnductive part and earth ground if the open circuit voltage exceeds the limits|in Table 5.1,
under norma] or abnormal conditions.

Table 5.1
Risk of Electric Shock Threshold

Maximum-voltage
Whaveform type
Dry and damp locations Wet locations
Sinusoidal ac 30Vrms 15V rms
Non-sinusoidal ac 42.4 V peak 21.2V pea
dc? 60V 30V

@ DC wavefornys interrupted at frequencies between 10 — 200 Hz shall be limited to 24.8 V in dry and damp locations, and 12.4 V
in wet locations.

5.8 RISK QF FIRE — A risk of fire is considered to exist at any two points in a circuit where the open
circuit voltagg is more than 42.4 V peak and the energy available to the circuit under any condition of load
including shqrt circuit, results in a currett'of 8 A or more after 1 minute of operation.

5.9 ROBOTACTUATOR — Poweéred mechanism that converts energy to effect motion of the manipulator.

Note: Energy can be electrical, hydraulic, pneumatic, or more.

©ISO. This maferial is from ASO 10218-1 with permission of the American National Standards Institute (ANSI) [on behalf of the
International Organization for Standardization (ISO). All rights reserved.

510 WET LOCATION — AMPs used in areas that are exposed to weather, such as outdoors or other
applications of waterexposure, Such as spraying, cleaning, and the tike:

CONSTRUCTION
6 General

6.1 Unless otherwise stated, compliance with the requirements in this Standard is determined by
evaluation and testing on a representative model of the device under evaluation.

6.2 AMPs covered by this Standard shall be provided with a means of connection to the external
charging device, with the exception of applications where batteries are intended to be removed for
charging. While connected to the charger, the AMP shall not be capable of being energized in a manner
that would allow movement of the AMP that would strain connections to the charger or cause the
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connection to break under load, unless evaluated for those conditions. Energizing systems for other than
operation, such as communications, is allowed during charging.

6.3 No modification of the AMP shall be permitted to be performed by the user. The user shall not be
instructed on how to modify the AMP. Instructions shall indicate that no modification is allowed, see 78.6.

6.4 All AMPs are considered suitable for use in an ordinary location. For any AMP that is intended to be
operated in an area that is considered classified, further evaluation to determine suitability in that location
is required.

6.5 AMPs are intended for indoor use only or as outdoor use dewces AMPs shall mclude the enclosure

that extends
upper limit, b

6.6 Ariska
compliance W
risk. Any requ
may be omit
location wher
to forces exe
21.

6.7 AMPs ¢
are used to p
described in {
of protecting

7 Batterya

7.1 The bat

7.2 For bat
management
outlined belo
in external cg

ault amblent range is 0 °Cto 40 °C (32 °F to 104 °F) and for mdoor/outdoor LIS
ignt range is -30 °C to 40 °C (-22 °F to 104 °F). A manufacturer may choosean’a
outside this default range, such as a temperature lower than the lower Aimit
t all AMPs shall meet the default range as a minimum.

ssessment covering the equipment and its intended function is.to be completed
ith this standard. Any hazard that is identified shall be provided with a means to
irement that pertains to a hazard that has been deemed mitigated by design or
ed from the overall evaluation. For example, if a product is used in a restr
e no humans are present, the bumper activation force is no longer applicable si
'ted on humans. See the requirements and guidance provided in Risk Assessn

bvered by this standard shall be evaluated-for functionality in relation to safety

door use only
e AMPs, the
mbient range
br above the

to determine
mitigate that
ntended use
icted access
hce it applies
hent, Section

systems that

rotect people and property in the vicinity-of the AMP or near the AMPs defined travel path as

b.6. Human overrides are allowed te shut down the AMP but shall not be the pr
people and property. See Risk Assessment, Section 21 and Functional Safety, S

hd Battery Management Systems

ry provided with thé&;AMP shall be in accordance with Lithium Based Batteries

e
Lead Acid Balteries, Section 9;

ery packsthat are provided with an integral battery management system
system.shall be evaluated as part of the battery pack in accordance with the
v. If the battery management system or a portion of the battery management sy
mpaQnents, such as the charger, then the combination of the external compon

mary means
bction 22.

Section 8 or

the battery
requirements
stem resides
ents and the

battery pack

bre_critical and shall be evaluated together in accordance with this Standard, in

cluding faults

in the battery

management system on parts located outside the battery pack.

7.3 For swapped/removable batteries, the battery pack or its connections shall be keyed or configured in
a manner that will prevent reverse polarity connections of the battery when it is replaced.

7.4 The terminals of a battery shall be protected or located so they are unlikely to be inadvertently short-
circuited during installation, replacement, or while in service.

8 Lithium Based Batteries

8.1

Lithium based battery packs shall be provided with an appropriate Battery Management System

(BMS) and shall be designed to withstand anticipated abuse conditions for the AMP involved without
resulting in a risk of fire, shock, injury or explosion. A lithium-based battery pack used in AMPs covered by
this standard shall be in accordance with one of the following:
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a) UL
b) UL

c) UL

/ULC 2580;
/ULC 2271;

62133-2 and CSA C22.2 No. 62133-2; or

d) IEC 62619

8.2 A lithium based battery pack in accordance with 8.1(c) shall comply with the requirements in the
Overcharge Test, Section 58, with single fault conditions in the battery control circuits; Imbalanced
Charging Test, Section 59; Vibration Test, Section 60; Shock Test, Section 61; and the Thermal Cycling

Test, Section

8.3 A lithiu
pack shall b
external to th

9 Lead Acid Batteries

9.1 Lead a
taken to redy

9.2 For lea
charging. No

10 Access

10.1 Batter
accordance

11 Charge

11.1 Forch

I be removed from the AMP, the'Charger or charging unit shall comply with one of the following

a) UL
b) UL

c) UL

62.

Mm-based battery pack that relies on additional battery management external
e subjected to the tests in 8.2 including single fault conditions in the battery ¢
e battery pack.

cid batteries shall be of the insulated type complying withh UL 1989 and meas
ce the risk of connections becoming loose and causing‘arcing or overheating.

d acid batteries that are enclosed, means shall bé provided to vent the off-g
arcing or sparking parts shall be present in the battery compartment.

pry Batteries

es used to power accessories, and 'provided as an integral part of the accessqg
vith the applicable standard for that accessory.

'S
arging batteries, whether the battery is located on board the AMP or the battery
1310 and CSA C22.2 No. 223.

1012 and)CSA C22.2 No. 107.1.

60950-1 and CSA C22.2 No. 60950-1.

o the battery
ontrol circuits

ures shall be

assing during

ry, shall be in

is intended to

d) UL
e) UL
f) UL
g)uL
h) UL

62368-1 and CSA C22.2 No. 62368-1.
2202 and CSA C22.2 No. 107.1.

1564 and CSA C22.2 No. 107.2.

1236 and CSA C22.2 No. 107.2.

60335-1 and CSA C22.2 No. 60335-2-29.

| Note: If recharging of the battery is intended to be performed outdoors, then the charger or charging unit and its connection to the
AMP shall be suitable for outdoor use. If the AMP is intended for outdoor use but is only intended to be charged indoors, this should
be indicated in the Operating Instructions, Section 80.
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11.2
21, AMP moti

on shall be prevented.

If motion during charging would present a hazard, as determined by risk assessment per Section

11.3  When charging via a charging unit, the AMP and associated charging unit shall be designed such
that the reachable charging contacts are only activated when the AMP is connected to the charging unit.

12 Transformers

12.1  Transformers provided as part of an AMP, shall comply with one of the following:
a) UL 506;
b) UL [1561; or
¢) UL p085-1 and CSA C22.2 No. 66.1, and one of the following:
1) UL 5085-2 and CSA C22.2 No. 66.2; or
2) UL 5085-3 and CSA C22.2 No. 66.3.
13 Motors
13.1 A motqr shall be suitable for the application and shall be‘capable of delivering its max
load without iptroducing a risk of fire, electric shock, or injury to.persons.
13.2 A motqr shall incorporate overload protection andcshort-circuit protection (locked-rotor

Exception: A
keyed, or oth

prwise fixed to the motor shaft is notrequired to have overload protection.

mum normal

brotection).

motor intended to move air only by‘means of an air-moving fan that is integrally attached,

13.3 The overload protection required by 13.2 shall consist of one of the following:
a) Impedance protection complying with the requirements in UL 1004-2 and UL 1004-1 and CSA
C22.2|No. 100; or
b) Thgrmal protection.complying with the applicable requirements in UL 1004-3 and UL 1004-1 and
CSA ¢22.2 No. 100;
c) Elegtronically’ protected motors shall comply with the applicable requirements in UL 1004-7, UL
1004-1, CSA C22.2 No. 100 and CSA C22.2 No. 0.8; or
d) Other—protection—such—as—overload—relays—and—thetike—that-tests—show—is—equivalent to the
protection mentioned in (a), (b) or (c).

14 Printed Wiring Boards

14.1

A printed-wiring board shall comply with UL 796.

14.2 A printed-wiring board containing circuits involving a risk of fire or electric shock shall have a flame
rating as specified in requirements in UL 94, and CSA C22.2 No. 0.17, of V-2 minimum. Printed-wiring
boards not involving a risk of fire or electric shock shall be rated HB minimum.

14.3 A conformal coating employed on the surface of a printed-wiring board, intended to be used for the
acceptance of reduced spacings as described in Spacings and Separation of Circuits, Section 41, may be

acceptable if i

t complies with UL 796.
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15 Stop Function

15.1

The AMP shall be provided with a stop safety function where the intended result is to stop within the

stopping time or distance specified by the manufacturer. This safety function shall be in accordance with
Functional Safety, Section 22, as applicable.

16 Lasers

16.1

Equipment which employs laser-radiation shall be provided with documentation of compliance, as

applicable, with the Federal requirements 21 CFR Part 1040 (Lasers) of the Department of Health and
Human Services (DHHS). This includes determination of laser class, instructions, markings, and protective

components
17 Lamps

17.1 An AN
when it is mg
visible to ped

17.2 Thes
This includeq
at the time o
those configl

17.3 Thev
one direction|

17.4 Thevi

a) Th

The lasershallbe class 1 orshall he included as rr\grf oftherisk-assessment.

Horns / Alarms / Indicators

IP shall be provided with a signaling device to indicate when it is ready to sta
ving. The signaling device shall be either audible or visual. The wisual signal s
ple in the area of the AMP movement from any location around.the AMP.

gnaling devices in 17.1 are allowed to be configurable based on the end produ
adjusting light intensity, sound volume, and the like.-The means of configuratig
[ integration and then once configured shall be pravided with a means to preve
ration settings by anyone other than the trained:and authorized personnel.

sual indicator shall indicate the travel direction if the AMP is capable of moving
. The ability to move in more than one direetion refers to forward, reverse, or sid

sual indicator shall comply with all ofithe following:

b visual indicator shall follow'the guidance of NFPA 79. Yellow (amber) is the de

this type of indicator.

b) AV

18 Object

isual indicator, subjected to the effects of vibration in use, shall:
1) Not be a serew-in type indicator, and

2) Not beya‘filament type indicator.

Detection and Avoidance

t moving and
nall be readily

ct integration.
n shall be set
nt changes to

in more than
bways.

fault color for

18.1 AMPs

shaftbe provided with object detection and avoidance systems to prevent |

jury or other

hazards due to impact of the AMP with persons in the travel path. Object detection and avoidance systems
may be provided with a means to mute the object detection safety function when alternate risk reduction is
provided to mitigate the risk of impact with an object, e.g., safety-reduced speed, and the like, when an
AMP is approaching a load or operating in a restricted access location.

18.2 With reference to 18.1, the muting of the object detection and avoidance system shall not be
performed when operating in a normal area where personnel are allowed to be located or to enter freely.
The controls used to program or set the mute function shall be provided with a means to prevent changes
to those settings by anyone other than the trained and authorized personnel. Additionally, if the AMP goes
into a power down mode, due to a depleted battery or other reason, the muting shall go to the off state
(unmuted) and object detection and avoidance protection shall be turned on and active upon re-
energization.
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18.3 For object detection and avoidance systems, object detection in the form of object sensing at a
distance from the AMP shall be required. As a minimum, the object sensing shall be in the direction of
travel. Additional directional sensing is required if deemed necessary by the risk assessment

18.4 Object detection that is monitoring the travel path shall be capable of monitoring the travel path
such that people located within the travel path would be detected. If the AMP can choose its path or
direction of movement, then the object detection shall also be capable of monitoring the area to each side
of the AMP before a change in direction so that the AMP does not turn into people.

18.5 Object detection that is monitoring the travel path shall have an effective monitoring distance that
exceeds the distance required to safely stop the AMP when it is fully loaded and operating at maximum

speed.

18.6 Forall
bumper or tg
bumper syste
bumper or se
required. The
Section 68.

a) The

b) The
the pe

c) The
and

d) The
fall.

18.7 The rg
sensor syste
Section 22.

18.8 The ol
being inadve
objects left o

18.9 Instrud
measures an

AMPs using a bumper or touch sensor as a protection device in lieu of objeet ¢
uch system shall be designed and integrated to comply with (a) through (d
m or touch sensors integration shall be analyzed to determine the.proper Io
hsor to reduce the risk if the contact can cause a fall. Multiple bumpeérs or sens
bumper or touch sensor shall also comply with the Bumper/Touch Sensor Ag

AMP shall exert not more than a maximum of 100 N (22.5-bf) impact to a perso

bumper or touch sensor shall actuate before the<AMP exerts more than 100 N
rson;

AMP shall immediately cease motive powéronce the bumper or touch sensoj

bumper and touch sensor shall be\located so that the impact does not causd

liability and functionality ofithe object detection and avoidance system, or
M, shall comply with the_functional safety analysis in accordance with Func

ject detection and avoidance system, regardless of type of system, shall not G
tently defeated by environmental aspects, such as lack of light, direct sunlig
the AMP;.and the like.

tions to the user shall include the required training about the use, hazard

etection, the

below. The
cation of the
ors could be
tivation Test,

=

’

| (22.5 Ibf) to

is activated;

a person to

umper/touch
ional Safety,

e capable of
ht exposure,

s, protective

i the limitations of the protective measures, for example:

a) AMPs have their own travel paths — keep out of the AMP travel path!

1) DO NOT walk in the travel path or directly toward the AMP.

2) DO NOT run towards the AMP.

b) The object detection and stopping of the AMP does not address approaches from the side!

1) DO NOT cross into the travel path while the AMP is in motion.

¢) AMPs are not intended to transport people!

1) DO NOT attempt to board or ride the AMP.

d) AMPs can move without notice, particularly if no obstacle is detected!
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1) DO NOT attempt to crawl over or climb across the AMP.
2) DO NOT attempt to use the AMP as a stepladder.

18.10 Instructions to the user shall indicate that the AMP shall not be routed through doorways or

pathways that are intended for persons unless there is sufficient room for both to pass through without
risk. If it is deemed that sufficient room is available, there shall be designated AMP and people paths. The
instructions shall indicate that the AMP shall not be routed near stairways, edges of raised platforms, and
the like. If the AMP is provided with a system of sensing that allows it to identify stairways and the like, and

that system complies with Functional Safety, Section 22, then the instructions may be omitted.

19 Brakes

and Braking Distance

19.1  Brakin
slowing the
hazard avoig
such as durin

19.2 Brakin

the travel pgth. Braking systems shall also automatically operate to safely stop the AMP

coasting in th

19.3 Brakin
within the dis
loaded prior
the braking {
Object Deted

19.4 Theb
shall be proy
due to mislog

19.5 Either
will stop the
overall motio

19.6 Either
prevent inad

19.7 Either

g systems shall be provided on all AMPs. The braking system shall perfoerm, th
AMP for motion control and hazard avoidance, stopping the AMP for |motio
ance, and holding (restraining) the AMP from moving when it is reguired to
g loading/unloading or charging.

g systems shall automatically operate to safely stop the AMP)When an object

e event of power loss including power loss due to a fault.

g systems shall be coordinated with any object sensing devices in order to s
tance that the sensors can detect the object. The-AMP shall be capable of stopp
o contacting the detected object. For AMPscthat use a bumper or touch system
ystem shall activate upon detection in a<manner that prevents a hazard in ac
tion and Avoidance, Section 18.

raking action of the AMP shall not cause instability of the AMP or its load, if 2
ided with instructions detailing proper loading such that braking will not cause
ding.

separate or as part of the overall braking system, an emergency brake shall be
AMP in a safe manner once a fault is detected in any system that is included
h control of the AMP.

separate’or as part of the overall braking system, a parking brake shall b
ertentmovement of the AMP when it is intended to be parked, such as while ch

e functions of
h control and
be stationary,

s detected in
and minimize

top the AMP
ing while fully
for detection,
ordance with

ny. The AMP
load stability

provided that
as part of the

b provided to
arging.

ded such that

separate or as part of the overall braking system, a service brake shall be provi

if the AMP requires maintenance and it is being moved manually (e.g., pushing), the person or persons
moving the AMP can apply brakes to stop or slow the motion of the AMP while it is being manually moved.

19.8 With reference to 19.5, 19.6, and 19.7, these brake functions can be separate systems or
components or can be part of one overall system. If the brake functions are included, at least one braking
system shall satisfy the requirements. The brakes can be electromechanical, electrical or mechanical in

nature.

19.9 Electromechanical brakes that operate at hazardous voltage levels shall comply with Miscellaneous
Devices, in UL 508 and the applicable requirements of CSA C22.2 No. 14. Mechanical brakes shall be
subjected to the Brake Test, Section 65.


https://ulnorm.com/api/?name=UL 3100 2024.pdf

20 ANSI/CAN/UL 3100 MAY 23, 2024

19.10 The braking system, and its components and functions, shall be included in the risk assessment
and comply with functional safety analysis in accordance with Risk Assessment, Section 21, and
Functional Safety, Section 22.

20 Ramp/Slope Operation

20.1 The AMP shall be capable of meeting all requirements for operation and control on a level grade,
defined as an even grade and a sloped grade up to 3 % of grade. If the AMP can operate on a sloped
grade above 3 % based on manufacturer's specifications, then the AMP shall be evaluated for use on level
grade and that manufacturer’s specified maximum grade. AMPs not evaluated for use on a grade
exceeding 3 % shall be marked in accordance with 76.8.

20.2 The slgped grade mentioned in 20.1 includes both uphill and downhill operation.

21 Risk Assessment

ess the risks
e completed

211
of fire, shock
based on the

A risk assessment for the AMP shall be completed by the manufacturerand shall add
and injury associated with the use of the AMP. The risk assessment shall G
following:

e of the AMP
foreseeable

a) Ide
electri
misus

ntify the conditions of use associated with charging, diseharging and general us
cal system. The conditions of use shall take into aceount normal and reasonably

a)
> .

inder normal
pquent faults

b) Ide
condi]
due to

ntify the potential hazards associated with the conditions of use identified in (a)
ons and single fault conditions within thelelectrical system of the AMP. Subs
the single fault condition shall be included.

c) ldentify the protective measures or other protective means provided or implementgd in order to
mitigaje the hazards identified in (b).

Note: A risk ass€

21.2 The pr|
to address a
additional usq
process shou

21.3 When
safely mitigat

ssment following the guidelines-inJSO 12100 is considered to be in compliance with the process deg

bcess to complete the risk assessment outlined in 21.1 may require more than
| potential hazards. The protective measures or other risk mitigation means
conditions or potential hazards. In order to have a complete and robust risk ass|
d be reviewedfor each iteration to assess if additional analysis is required.

conducting the risk assessment, active devices shall not be relied on as the s
b avrisk unless:

cribed above.
one iteration

may create
essment, the

ble means to

a) They are provided with a redundant passive protection device; or

b) They are provided with redundant active protection that remains functional and energized upon
loss of main power or failure of the first level active protection; or

¢) They are determined to fail safe upon loss of power to the active circuit; or

d) They are part of a protective circuit that has been shown to comply with an appropriate functional
safety requirements as outlined in Functional Safety, Section 22, with a safety level defined by a
corresponding hazard and risk analysis.

21.4 Once the risk assessment is complete, the manufacturer shall provide that risk assessment as part
of the product evaluation. The risk assessment provides the inputs into the functional safety evaluation of
Functional Safety, Section 22.
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21.5 The protective measures or other risk mitigation means shall be shown to perform the associated
risk mitigation reliable. This shall be accomplished through functional safety evaluations in accordance
with Functional Safety, Section 22.

22 Functional Safety

22.1 For all components, circuits, and systems relied upon to provide a safety function as identified in the
risk assessment, see Section 21, Risk Assessment, functional safety evaluations are required unless the
reliability of the component, circuit or system is already assessed by the requirements in this Standard.
Examples of safety functions may include, but are not limited to, load stability, load arrangement,
oversized load detection, deviation from travel path, object sensing, low battery, safe starting, braking

force, bumper activation, loss of braking, loss of power, maximum load determinations, and the like.
22.2 Functipnal safety criteria can be found in one of the following standards. These standards shall be
used to judgé functional safety of a component, circuit or system that is relied on for'safety inh accordance
with 22.1.

a) UL|991, UL 1998, and CSA C22.2 No. 0.8;

b) IEC 61508, all parts

c) ISQ 13849-1 and ISO 13849-2

d) IEC 62061
22.3 Due tp the fact that all designs are different, afd the combinations and methods| of protective

measures a
These shall
the specific

safety evalug

23 OpenB

23.1

23.2 The ¢

e
;Le assigned based on the risk assessment Section 21, Risk Assessment, and th

An AN
charging sys
indoors. The
Installation in

numerous, this Standard does not assign performance levels or safety in

functional safety standard in 22.2.\These values, once assigned, will guide
tion.

us Bar Connection Systems

P that uses an open\bus bar connection system to automatically conductively d
tem shall be constructed so that the connection system is located in an ord
open bus bar_system on the AMP shall also be protected from exposure
structions shall'include this information.

pnnection system shall have maximum operating voltages less than 60 Vdc

tegrity levels.
e guidance in
he functional

onnect to the
nary location
to elements.

and shall not

allow make gnd.break under load unless evaluated for that use.

23.3 Copper bus bars shall be used. If the bus bars are bent at any point in the design and fabrication of
the connection, there shall be no evidence of cracks in the copper.

23.4 The current density of the bus bar shall not exceed the values specified in Table 23.1 unless the bus
bar has characteristics that do not result in maximum bus bar temperatures exceeding the values in Table
47.1. Forced air ventilation is allowed to maintain the bus bar temperature below the values in Table 47.1.
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Table 23.1
Rating and Sizes of Single Bus Bars — 800 A Maximum
Copper bus
Bus size®® Cross section
Current rating in A mm (inch) mm? (inch?)
225 3.2by22.2 (0.125 by 0.875) 70.3 (0.109)
400 6.4 by 38.1 (0.250 by 1.500) 242.0 (0.375)
600 6.4 by 50.8 (0.250 by 2.000) 3226 (0.500)
800 6.4 by 76.2 (0.250 by 3.000) 483.9 (0.750)
NOTES -
1 See 23.5 — 24.7. The minimum contact area at a clamped joint shall provide not less than 6.5 cm? (1 square inch) per 200 A.

@ A bus bar hav
has equivalent

5 Minimum con

ng other dimensions is allowed when it has not less than the cross-sectional area specified in the ta
igidity.

uctivity of 55 % of International Annealed-Copper Standard.

le and when it

23.5 Thecr

23.6 Remo

a) The
there

b) The
having
inch)
inch)
152.4

Exception: The above limitations do(not apply to a bus bar having characteristics that do

maximum bu
indicated in T

bss section of the bus shall not be reduced by more than 5 %"due to rounding or

ing part of the bus material for slots or holes (whetherused or not) is allowed wh

remaining material at any cross section along the length of the bus bar has at
quired ampacity in accordance with Table 23.1¢and 23.5, and

remaining metal in any 152 mm (6 inch)length of bus is at least 93 % of the nj

vide bus is capable of having 7.1 mmX(9/32 inch) holes on 25.4 mm centers or
vide bus is capable of having 10,3 mm (13/32 inch) wide slots 81.3 mm (3.2 inc
mm (6 inch).

5 bar temperatures exceeding the values specified in Table 47.1 under the te
bmperature Test, Section 47.

23.7 Theli

a) Co
fuseh

b) Porti

itations on clirrent density mentioned in Table 23.1 do not apply to a:

necting “strap, bus, or similar device comprising a part of a circuit breakg
Ider employed in the unit.

shaping.

en:

east 70 % of

etal of a bus

the required ampacity in accordance with Table 23.1 and 23.5. For example, @ 25.4 mm (1

a 102 mm (4
h) long every

not result in
st conditions

r, switch, or

| of a switch,

circuit breaker, or fuseholder, and not more than 25.4 mm (1 inch) from the terminal, when a
reduced cross section in that portion is required because of the recessing of the terminal or

becau

se of barriers adjacent to it.

24 Parts Subject to Pressure

241

Any part or system within an AMP that is subjected to vapor or liquid pressure shall be rated and

found suitable for the application. Pressurized systems shall be subjected to the Hydrostatic Strength Test,

Section 70.

24.2 For any pressure relief valves that are provided in the pressurized system, the risk assessment of
Section 21, Risk Assessment, shall include assessment of risk associated with discharge of the pressure
relief valve and failure of the pressure relief valve. A pressure relief valve shall be installed such that the
valve drains back to a reservoir or to open air. If venting to open air, the discharge opening shall be located
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and directed so that no moisture is discharged onto electrical parts and so that no discharge is directed
towards persons in the area.

25 Load Handling Device

25.1  An AMP provided with an actuator for load handling shall be provided with a function that, when
activated, will stop any further movement of the actuator. Activation of this function shall not compromise
the actuators ability to support the load. A means shall be provided, by way of a manual control or other
method, to allow the load to be positioned safely on a supporting structure or the ground before releasing

the load.

25.2 The /

actuator is n
actuators loag
the working e

25.3 Visiblg
moving. This
17.1. In both
Indicators, S

254 A mes
and intends
may include
mechanical §
the conditior]
comply with
components
in the risk 4
analysis of S

25.5 For A
capacity of th

256 Anye
preventing o

accordance

26 Towing

AP _shall be prn\/lrlnd with o e\]/efnm or-interlock that prn\lnnfe movement-of-the AMP if the

pt seated in the travelling position as indicated by the manufacturer. The pos

nvelope of the AMP as defined by the manufacturer.

or audible signals shall be provided to indicate that the actuator.is prepared
indicator can be an individual signal or combined with the movement indicator
cases, the visual indicator shall comply with the requirements in Lamps / Ho
bction 17.

or a full range of motion. Limiting means may include mechanical stops to res
electrical components or programmable cofmponents to limit the range of 1
tops are provided, they shall be capable of/stopping the motion of the robot a
s of rated load, maximum speed, and maximum extension. The mechanica
the Endurance of Actuator Stop Means, Section 71. When electrical or g
are provided to restrict the motion_ofithe actuator, the circuit or component sh3
ssessment of Section 21, Risk~Assessment, and shall comply with the fun
ection 22, Functional Safety.

MPs that have load capacity ratings, the manufacturer shall specify the maxim
e AMP and/or the actuator in kilograms (pounds).

ectrical or programmable means that is provided, and intended to act as risk
verloading ef\the AMP’s loading capacity, shall comply with the functional safg
vith Functional Safety, Section 22.

Capacity

tioning of the

d engaging elements, such as arms, clamp pads, friction pads, or platforns, is allowed within

to move or is
referenced in
ns / Alarms /

ns shall be provided to limit the motion of any robpt/actuator unless the design anticipates

rict motion or
notion. When
ctuator under
means shall
rogrammable
Il be included
ctional safety

im rated load

mitigation by
ty analysis in

26.1

For AMPs that have towing capability, the manufacturer shall specify the maximum drawbar pull

force and the normal rated drawbar pull force for the AMP in Newtons (pounds).
27 Enclosure of Hazardous Live Parts and Moving Parts

271 AMPs shall be constructed and assembled so that they will have the strength and rigidity necessary
to resist the abuses and the environment to which it is likely or intended to be subjected, without increasing
the risk of fire, electric shock, or injury to persons due to total or partial collapse resulting in a reduction of
spacings, loosening or displacement of parts, access to hazardous electrical or moving parts, or other
serious defects.

27.2 The enclosure shall prevent molten metal, burning insulation, flaming particles, or similar materials
from falling on combustible materials outside the enclosure.


https://ulnorm.com/api/?name=UL 3100 2024.pdf

24 ANSI/CAN/UL 3100 MAY 23, 2024

27.3 The frame or chassis of the AMP shall not be used to carry current during intended operation.

27.4 Contactors and fuses shall be located so as to be readily accessible for servicing, such as complete
replacement or the replacement of contacts and inspection after the removal of a cover or covers. Other
arcing and operating parts shall be accessible for servicing and inspection.

27.5 A part, such as a dial, display face, or nameplate, that serves as a functional part of the enclosure
shall comply with the enclosure requirements in this Standard.

27.6 An AMP that is intended for outdoor operation shall comply with the environmental considerations in
accordance with Environmental Considerations, Section 33. These requirements apply to the enclosures

that are relie

not included.
28 Metallic

28.1 A mets
28.2 A mets
to comply wi
material.

28.3 A cast
3.2mm (1/8i

cast aluminumn, brass, bronze, or zinc shall be at least 24 mm (3/32 inch) thick for an area

155 cm? (24
thick for an a
considered fg

on-to prnfnr\f the-user-Structural parfe ofthe AMP that are-notrelated-to-slectrical Safety are

Materials
llic enclosure shall comply with the requirements for the Impact Tést, Section 64

llic enclosure constructed of aluminum, steel, stainless steel;-or similar metals
h flammability requirements without test. Magnesium shall not be used as

tmetal enclosure shall be at least 3.2 mm (1/8.inch) thick at every point an
nch) thick at reinforcing ribs and door edges. Malleable iron and die-cast or per,

nch?) or having any dimension more than*152 mm (6 inch); and at least 1.6 m
ea of 155 cm? (24 inch?) or less having no dimension more than 152 mm (6 inq
r material at least 1.6 mm (1/16 ineh) thick may be bounded by reinforcing ribs

s considered
hn enclosure

d more than
manent mold
greater than
m (1/16 inch)
h). The area
subdividing a

larger area.
28.4 The thjckness of a sheet-metal-enclosure shall not be less than that specified in Taple 28.1 and
Table 28.2, ekcept that at points to which a wiring system is to be connected, uncoated stegl shall be at

least 0.81 min (0.032 inch) thick, \zinc-coated steel at least 0.86 mm (0.034 inch) thick, an

metal at least]

1.14 mm (0.045 inch) thick.

d nonferrous
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Table 28.1
Thickness of Sheet Metal for Enclosures — Carbon Steel or Stainless Steel
Without supporting frame? With suppor:ierilrg:f:,r"acTneggr equivalent Minimum thickness
Maximum width® | Maximum length® | Maximum width® | Maximum length Uncoated Metal coated
cm (inch) cm (inch) cm (inch) cm (inch) mm (inch) mm (inch)
10.2 (4.0) Not limited 15.9 (6.25) Not limited 0.51 (0.020)¢ 0.58 (0.023)¢
12.1 (4.75) 14.6 (5.75) 171 (6.75) 21.0 (8.25)
15.2 (6.0) Not limited 24.1 (9.5) Not limited 0.66  (0.026) | 074  (0.029)¢
17.8 (7.0) 22.2 (8.75) 25.4 (10.0) 31.8 (12.5)
20.3 (8.0) Not limited 30.5 (12.0) Not limited 0.81 (0.032) 086 (0.034)
229 (9.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0)
31.8 (12.5) Not limited 49.5 (19.5) Not limited 1.07 (0:042) 1114 (0.045)
35.6 (14.0) 457 (18.0) 53.3 (21.0) 63.5 (25.0)
45.7 (18.0) Not limited 68.6 (27.0) Not limited 1.35 (0.053) 142 (0.056)
50.8 (20.0) 63.5 (25.0) 73.7 (29.0) 91.4 (36.0)
55.9 (22.0) Not limited 83.8 (33.0) Not limited 1.52 (0.060) 1J60 (0.063)
63.5 (2%.0) 78.7 (31.0) 88.9 (35.0) 109.2 (43:0)
63.5 (2%.0) Not limited 99.1 (39.0) Not limited 1.70 (0.067) 178 (0.070)
73.7 (29.0) 91.4 (36.0) 104.1 (41.0) 1296 (51.0)
83.8 (33.0) Not limited 129.5 (51.0) Not limited 2.03 (0.080) 2113 (0.084)
96.5 (38.0) 119.4 (47.0) 137.2 (54.0) 167.6 (66.0)
106.7 (42.0) Not limited 162.6 (64.0) Not limited 2.36 (0.093) 2146 (0.097)
119.4 (47.0) 149.9 (59.0) 172.7 (68.0) 213.4 (84.0)
1321 (52.0) Not limited 203.2 (80.0) Not limited 2.74 (0.108) 2182 (0.111)
1524 (60.0) 188.0 (74.0) 213:4 (84.0) 261.6 (103.0)
160.0 (63.0) Not limited 246.4 (97.0) Not limited 3.12 (0.123) 3p0 (0.126)
185.4 (73.0) 228.6 (90.0) 261.6 (103.0) 322.6 (127.0)
2 See 30.3.
® The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure maylhave commoh supports and be made of a single sheet.
¢ Not limited applies only.if the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent suffaces not
normally remoyed in tse:
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Table 28.2

Thickness of Sheet Metal for Enclosures — Aluminum, Copper, or Brass

Without supporting frame®

With supporting frame or equivalent
reinforcing®

Maximum width®

Maximum length®

Maximum width®

Maximum length

Minimum thickness

cm (inch) cm (inch) cm (inch) cm (inch) mm (inch)
76 (3.0) Not limited 17.6 (7.0) Not limited
8.9 (3.5) 10.2 (4.0) 21.6 (8.5) 24.1 (9.5) 0.58 (0.023)¢
10.2 (4.0) Not limited 254 (10.0) Not limited
12.7 (5.0) 15.2 (6.0) 26.7 (10.5) 34.3 (13.5) 074 (0.029)
15.2 (6.0) Not limited 35.6 (14.0) Not limited
16.5 (6.5) 20.3 (8.0) 38.1 (15.0) 45.7 (18.0) 0.91 (0.036)
20.3 (8.0) Not limited 48.3 (19.0) Not limited
24.1 (9.5) 29.2 (11.5) 53.3 (21.0) 63.5 (2500) 1.14 (0.045)
30.5 12.0) Not limited 711 (28.0) Not limited
35.6 14.0) 40.6 (16.0) 76.2 (30.0) 94.0 (37.0) 1.47 (0.058)
45.7 18.0) Not limited 106.7 (42.0) Not limited
50.8 20.0) 63.4 (25.0) 114.3 (45.0) 139.7 (55.0) 1.91 (0.075)
63.5 25.0) Not limited 152.4 (60.0) Not limited
73.7 29.0) 914 (36.0) 162.6 (64.0) 198.1 (78.0) 2.41 (0.095)
94.0 37.0) Not limited 221.0 (87.0) Not limited
106.7 42.0) 134.6 (53.0) 236.2 (93.0) 289.6 (114.0) 3.10 (0.122)
1321 52.0) Not limited 3124, (123.0) Not limited
152.4 60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0) 3.89 (0.153)
@ See 30.3.
® The width is the smaller dimension of a rectapguilar piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have common supports and be.made of a single sheet.
¢ Not limited applies only if the edge of théisurface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent surfaces not
normally removed in use.
28.5 Table 28.1 and Table 28.2 are based on a uniform deflection of the enclosure surface for any given
load concentrjated at th&.center of the surface regardless of metal thickness.
28.6 With rgference to Table 28.1 and Table 28.2, a supporting frame is a structure of angle pr channel or
folded rigid section of sheet metal that is rigidl\l/ attached to_and has necnn’rinlly the me outside

dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments that may be applied by the enclosure surface when it is deflected. A structure that is as rigid as
one built with a frame of angles or channels is considered to have equivalent reinforcing. Constructions
considered to be without supporting frame include:

a) A single sheet with single formed flanges — formed edges;

b) A single sheet that is corrugated or ribbed;

c) An enclosure surface loosely attached to a frame — for example, with spring clips; and

d) An enclosure surface having an unsupported edge.
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28.7 Metallic parts shall be inherently resistant to corrosion or shall be protected against corrosion by
enameling, galvanizing, plating, or other equivalent means. Small minor parts such as washers, screws,
bolts, and the like need not be protected.

28.8 The requirement in 28.7 applies to all enclosing cases whether of sheet steel or cast iron, and to all
parts upon which proper mechanical operation may depend.

29 Nonmetallic Materials

29.1 A nonmetallic enclosure shall comply with the requirements for the Impact Test, Section 64.

la
nmavc a

29.2 Nonm
accordance

ros i H 4 Wy | ol Ll 4 '™ £ L laall £l ih H H
etamntcmMatettars—usSea— e consStructo— o encrosuresS—snan rramma |||ty ratlng n

vith Flammability, Section 39.

29.3 Enclo
or distortion
hazardous m

sures of molded or formed thermoplastic material shall be constructed.so’that any shrinkage
bf the material over time will not allow for the user to be exposed,to fiazardous live parts or
oving parts. Compliance is determined by the Mold Stress Test, Section 51.

29.4 The 1
requirements

hinimum thickness of a nonmetallic enclosure shall be“such as to com
of 29.1 — 29.3.

ply with the

surface area

29.5 A poly
greater than
spread rating

29.6 Amon

meric material enclosure having in any single unbroken section, a projected
D.93 m? (10 feet?) or a single linear dimension greater than 1.83 m (6 feet) shall
of 200 or less when tested in accordance with\UL 723.

 the factors that are to be taken into consideration when judging the accs

have a flame-

eptability of a

nonmetallic gnclosure are:

a) Mechanical strength;

b) Repistance to impact;

c¢) Moijsture absorption;

d) Repistance to combustion and to ignition from electrical sources;

e) Diglectric properties, insulation resistance, and resistance to arc tracking; and

f) Re
undet

bistance~to distortion and creeping at temperatures to which the material may
conditions of normal or abnormal use.

be subjected

g) A material shall not display a Toss of these properties beyond the minimum accepiable level as a
result of aging. Tests on nonmetallic enclosures shall be conducted in accordance with
requirements in UL 746C and CSA C22.2 No. 0.17.

29.7 A polymeric material used for the enclosure of live parts shall have a relative thermal index rating
higher than the temperature observed on that polymeric part during the Temperature Test, Section 47, for
the specific application of the insulating material.

29.8 For an AMP that contains nonmetallic enclosures, the nonmetallic materials shall comply with the
water exposure and UV exposure requirements in UL 746C and CSA C22.2 No. 0.17. If the nonmetallic
enclosure is located on the AMP in a manner that prevents water exposure, UV exposure or both, then,
based on review of the design, the specific requirements may not be applicable to that particular
enclosure.
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30 Openings for Indoor use AMPs

30.1 The minor dimension of any ventilation opening in the top of an enclosure directly over an
uninsulated live part involving a risk of electric shock shall not exceed 4.8 mm (3/16 inch) unless the
configuration is such that the risk of direct vertical entry of a falling object to uninsulated live parts is
reduced by means of a trap or restriction. The minor dimension of a ventilation opening is the diameter of
the largest cylindrical probe that is capable of being inserted through the opening.

30.2 The minor dimension of any ventilation opening located on the side of an enclosure shall not
exceed 4.8 mm (3/16 inch) unless the openings are provided with louvers that are shaped to deflect
outwards an external vertically falling object — see Figure 30.1.

Figure 30.1

Examples of Louver Design

/ 1%

INS|DE [ OUTSIDE INSIDE [ QUTSIDE
I
/ 0 /
~E /

OUTWARD PROJECTIONS INWARD PROJECTIONS

EC513

30.3 For ventilation openings located in a portion of the enclosure that is not above uninsulated live parts
or moving parts, or the openings are so located that an object, upon entering the enclosure, is unlikely to
fall on uninsulated live parts involving a risk of fire or electric shock, there are no specified dimensions.
However, the openings shall not allow access to uninsulated live parts or moving parts when evaluated
using the accessibility probes as outlined in Accessibility, Section 34.

30.4 Ventilation openings in the bottom panel are allowed when noncombustible baffle plates are
provided to reduce the risk of materials from falling directly onto the supporting surface or any other
location under the AMP. An example of such a baffle is illustrated in Figure 30.2.
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Figure 30.2

Example of a Bottom Enclosure Baffle

—=—— 2X BUT NEVER LESS THAN

255 mm (1 1nch)

BAFFLE PLATES
(MAY BE BELOW.
BOTTOM OFMACHINE)

~
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31 Doors/

31.1 Apart
locks, interlo

31.2 An en

of the AMP.

closure cover shall'be hinged if it gives access to a fuse or any other overlg
device that r¢quires renewal, orif it is necessary to open the cover in connection with the nor

31.3 A hing
latch or a ¢

Covers / Windows for Indoor use AMPs

of an enclosure, such as a-door or a cover, shall be provided with a means — su
cks, or screws — for firmly_securing it in place.

ed cover/provided in accordance with the requirement in 31.2 may be provide
ptive 'multiturn or partial-turn fastener. Such securing means shall be locatg
multiple so as'to)hold the cover closed over its entire length. A captive fastener shall be ope

BOTTOM OF MAGHINE M

ch as latches,

ad-protective
mal operation

d with a snap
d or used in
rable by hand

or by a simple hand tool such as a screwdriver.

31.4 Glass covering an observation opening or the like shall be secured in place so that it cannot be
readily displaced in service and shall provide mechanical protection for the enclosed parts.

31.5 Glass for an opening not more than 101.6 mm (4 inch) in any dimension shall not be less than
1.6 mm (1/16 inch) thick, and glass for a larger opening, but not more than 929 cm? (144 inch?) in area and
having no dimension greater than 304.8 mm (12 inch), shall not be less than 3.2 mm (1/8 inch) thick. Glass
used to cover a larger area shall not be less than 3.2 mm (1/8 inch) thick and shall conform to one of the

following:

a) The glass shall be of a nonshattering or tempered type that, when broken, shall conform to the
performance specifications in ANSI Z97.1; or

b) The glass shall withstand the 3.39 J (2.5 feet-Ibf) impact specified in Impact Test, Section 64.
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32 Battery Compartments/Enclosures

321

that is an integral part of the AMP or a separate enclosure, such as a tray and cover.

Support and protection shall be provided for the battery or battery pack by means of a compartment

Exception: In cases where the battery or battery pack provides its own protection, a compartment or
separate enclosure is not required.

32.2 The cover of a compartment or separate enclosure that houses a power source shall remain closed

by the force o

f gravity or shall be provided with a fastener.

32.3 The cgnmf

provided with
mixtures.

32.4 Means
more than a t

325 Them

shall be provided as a part of the AMP to restrain a battery or battery pack
btal of 12.7 mm (1/2 inch) in any direction during starting, stopping’and normal u

hterial used to form the compartment or the enclosure fof: the battery or batte

comply with the requirements for materials in Metallic Materials, Section-28.

32.6 Forou
Environmentd

32.7 Access

33 Environ

33.1 All eng

door use AMPs, the battery enclosure shall comply/with the environmental con
| Considerations, Section 33.

ory batteries are covered in Accessory Bafteries, Section 10.
mental Considerations

osures shall be rated for one of'the enclosure types in UL 50E and CSA C22.2

a minimum, the enclosure shall be rated Jype 3R for outdoor use AMPs. The enclosure ra

suitable for th

33.2 All end
enclosure rat

33.3 For an
accordance W

33.4 The oq

e intended use of the AMP;

losures shall comply’ with the applicable test requirements for the manufacty
ng in accordance,with UL 50E and CSA C22.2 No. 94.2.

y gaskets/that are provided to meet the enclosure rating, the gaskets shall
ith UL\S0E and CSA C22.2 No. 94.2.

hydrogen-air

from moving
5e.

ry pack shall

siderations in

No. 94.2. As
ting shall be

rer specified

be tested in

enings provided in the enclosure shall be in accordance with the allowance fo

- openings in

UL 50E and CSA C22.2 No. 94.2. Doors and covers shall also meet the requirements of UL 50E and CSA

C22.2 No. 94.

2.

34 Accessibility

34.1

To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an

uninsulated live part or film-coated wire or injury to persons from a moving part, an opening in an
enclosure shall comply with either (a) or (b).

a) For an opening that has a minor dimension (see 34.5) less than 25.4 mm (1 inch), such a part or
wire shall not be contacted by the probe illustrated in Figure 34.1.

b) For an opening that has a minor dimension of 25.4 mm (1 inch) or more, such a part or wire shall
be spaced from the opening as specified in Table 34.1.
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Exception: A motor need not comply with these requirements if it complies with the requirements in 34.2.

Figure 34.1
Articulate Probe with Web Stop
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Table 34.1

Minimum Acceptable Distance from an Opening to a Part that may Involve a Risk of Electric Shock

or Injury to Persons

¢ Any dimensio

4 More than 54

less than 25.4 mm (1 inch) applies to a motor only.

mm (2-1/8 inch), but not more than 152.0 mm (6 inch).

Minor dimension? of opening Minimum distance from opening to part,
mm® (inch)® mmP (inch)®
19.1 (3/4)° 114.0 (4-1/2)
254 (1) 165.0 (6-1/2)
31.8 (1-1/4) 190.0 (7-1/2)
38.1 (1-1/2) 318.0 (12-1/2)
476 8} 394-6 +61/2)
5410 (2-1/8) 444.0 (17-[1/2)
(d) 762.0 (30)

@ See 34.5.

b Between 19.1|mm (3/4 inch) and 54 mm (2-1/8 inch), interpolation is to be used to determine a vallie between values specified in

the table.

34.2 With re

34.1:

a) An

b) An

wire is

ference to a part or wire in an integral enclosure of a motor as mentioned in the

bpening that has a minor dimension (see 345) less than 19.1 mm (3/4 inch) is a
1) A moving part cannot be contacted.by the probe illustrated in Figure 34.2;
2) Film-coated wire cannot be contacted by the probe illustrated in Figure 34.3;

3) In a directly accessible, motor (see 34.6), an uninsulated live part cannot be
the probe illustrated in Figure 34.4; and

4) In an indirectly aceessible motor (see 34.6), an uninsulated live part cannot
by the probe illustrated in Figure 34.2.

ppening that has a minor dimension of 19.1 mm (3/4 inch) or more is acceptab
spaced ffom the opening as specified in Table 34.1.

Exception to

cceptable if:

contacted by

be contacted

le if a part or
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Figure 34.2

Probe for Moving Parts and Uninsulated Live Parts
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Figure 34.3
Probe for Film-Coated Wire
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Figure 34.4
Articulate Probe
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34.3 The probes mentioned in 34.1 and 34.2 and illustrated in Figure 34.1 — Figure 34.4 are to be applied
to any depth that the opening will permit; and are to be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figure 34.1 and Figure 34.4 are to be applied in any possible configuration; and, if necessary, the
configuration is to be changed after insertion through the opening.

34.4 The probes mentioned in 34.1 and 34.2 shall be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they shall

be applied with the minimum force necessary to determine accessibility.

34.5 With reference to the requirements in 34.1 and 34.2, the minor dimension of an.o

diameter of
opening.

34.6 Withr

a) An

b)Ad

34.7 During
and 34.2, a
attach an ac

the largest cylindrical probe having a hemispherical tip that can be inserteq

pference to the requirements in 34.2:
indirectly accessible motor is a motor:

1) That is accessible only by opening or removing a parb of the outer enclosy
guard or panel, that can be opened or removed witheut using a tool, or

2) That is located at such a height or is otherwise*guarded or enclosed so thg
to be contacted.

irectly accessible motor is a motor:
1) That can be contacted without opening or removing any part or

2) That is located so as to be accessible to contact.

the examination of a product to determine whether it complies with the require
part of the enclosure that may be opened or removed by the user without us
essory, to make an.operating adjustment, or for other reasons) is to be opened

pening is the
through the

re, such as a

titis unlikely

ments in 34.1
ing a tool (to
br removed.

34.8 With reference to therequirements in 34.1 and 34.2, insulated brush caps are not required to be
additionally gnclosed.

35 Internal Wiring

35.1 The intermatwirmgof the AMPshattcompty withrone of the fotfowing—T e wirmg shattbe considered

with respect to the temperature and conditions of service to which the wiring is to be subjected in, the
intended use:

a) UL 758 and CSA C22.2 No. 210;
b) UL 83 and CSA C22.2 No. 75;
c) UL 62 and CSA C22.2 No. 49;
d) SAE J1128;

e) UL 66;

f) UL 1276 and CSA C22.2 No. 96;
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g) UL 1426; or
h) UL 1063.

35.2 Wiring located within a battery compartment shall comply with one of the following. The wiring shall
be considered with respect to the temperature and conditions of service to which the wiring is to be
subjected to in the intended use:

a) UL 2726;
b) SAE J1127;

C) UL 1')7;

d) For|
of acig

wiring smaller than 13.3 mm? (6 AWG), the requirements in 35.1 would apply-and the effects
exposure need not be evaluated.

temperature
bjected.

35.3 The wiring of an AMP shall be rated for the particular application with respect to the
and voltage, ¢xposure to oil or grease, and other conditions of service to which the wiring is st

35.4 A bare|conductor is permitted to be insulated with insulating tubing or with noncarbonizable beads.

in excess of
terminal —is
is employed
terioration of

35.5 A shor
the maximum

length of rubber-insulated conductor exposed to temperatures that normally arg
acceptable temperatures for the compound invelved — for example, at a resisto
acceptable if supplementary heat-resistant insulation having\the adequate dielectric strength
on the indiviqual conductor to protect against breakdown’of the insulation resulting from de
the rubber. A insulating sleeve shall be secured in place.

35.6 Wiring|shall be protected against mechani¢al"damage by:

a) Eng
wiring

b) Eng

losing it in the body of the AMP;or when mounted on masts, booms, lifts or sim
shall be installed so as to reduce the likelihood of mechanical damage and kinki

losing it in metal raceway, such as armored cable, rigid metal conduit, or elec

lar parts, the
ng;

rical metallic

and ngnmetallic tubing, flexible nonmetallic conduit or nonmetallic insulated tubing; or

c¢) Other suitable method in which the wiring is protected sufficiently against mechanical damage.
35.7 Deletefl
35.8 All of the 'splices and connections shall be mechanically secure and shall provide eledtrical contact

nt to that on

H o B oo ad-tareainal PN H bhall bha nravadadaantb-inerdlaticon-—acktivial
Wlthout Stres: UIT CUTITTICUUUTTO ATTU tTTTTITTAlS . 7 OMITUG oTf'idil VT PYTUVIUTU WILTT ITTouTtativlt Tyurvar

the wires involved.

35.9 A hole by means of which insulated conductors pass through a sheet-metal wall shall be provided
with a smooth, rounded bushing, or shall have smooth, rounded surfaces upon which the insulated
conductors may bear.

35.10 Wireways shall be smooth and free from sharp edges, burrs, fins, or moving parts that may
damage wiring.

35.11 Aninternal-wiring connection shall be made with a solder lug or a pressure terminal connector.
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35.12 A terminal lug shall be arranged so that in any position it cannot contact either the frame of the
AMP or other electrical circuits, or the shank of the lug shall be provided with insulation equivalent to that
on the conductor.

36 Current Carrying Parts

36.1 A current carrying part shall be of silver, copper, a copper-based alloy, stainless steel, aluminum, or
other material determined to be acceptable for the application. Plated iron or steel shall not be used for
parts that are depended upon to carry current. Wire binding screws shall not be of iron or steel.

36.2 lron or steel, if protected agamst corrosion by zinc, tin, or equwalent platmg can be used for
screws, platg S ping-the-conductor, providing
such parts a

e not the primary current carrying members.

36.3 Suitable means shall be provided for retaining live parts within such limits of.alignment as to ensure
that plugs will enter receptacles, connectors, and the like in the intended manner.

36.4 Uninsulated live parts shall be secured in place so that they do not turn or shift, when turning or
shifting results in a reduction in the clearance and creepage distances, below those requirefl in Spacings
and Separatipn of Circuits, Section 41.

36.5 A current carrying part shall be prevented from turning refative to the surface on which it is mounted
if such turning would adversely affect the performance of the part or can result in a hazard.

37 Connegdtions (Battery to AMP, Battery to Charger,’AMP to Charger)

37.1 An AMP shall be equipped with connegtors for connection of the battery pack|to the AMP.
Additionally, [connectors shall be provided for the electrical connection for recharging the pattery. If the
battery is int¢nded to be removed for charging, the connector mating with the AMP may alsg serve as the
connector for recharging. All connectorsprovided shall be suitably rated for the applicatjion and shall
comply with the requirements of UL 1977 and CSA C22.2 No. 182.3 for indoor use AMPs or UL 2734 for
outdoor use|AMPs. If clamps are.provided for connection to battery terminals, such as [for lead acid
batteries, thgn the clamps shall be'suitable for the purpose.

37.2 With reference to 37.4/if a particular connection on an AMP for outdoor use is encldsed within an
mply with the

length of the

A = al eking with the
dlsconnectlng operatlon and W|thout placmg stress on term|nals The cable shaII be provided with
insulation that is appropriate for the intended operation, rated for the voltage involved, secured so as not to
touch hot parts or moving parts, and in compliance with 35.2.

37.4 Live parts shall be recessed from the face of the connector to reduce the possibility of a short
circuit.

37.5 If a connector is not used in lieu of an open contact type connection system, that connection system
shall comply with Open Bus Bar Connection Systems, Section 23.

37.6 The terminals of a battery shall be protected or located so they are unlikely to be inadvertently
short-circuited during installation, replacement, or while in service.
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38 Fuses
38.1 Fuses shall be acceptable for the current and voltage of the circuit they are protecting, and they

shall comply with the applicable part of the UL 248 series CSA C22.2 No. 248 series and UL 275 and UL
275A.

38.2 For user replaceable fuses, a fuse replacement marking shall be located adjacent to each fuse or
fuse holder, or on the fuse holder, or in another location if it is obvious to which fuse the marking applies
and giving the fuse ratings. Where user replaceable fuses with special fusing characteristics such as time
delay or breaking capacity are necessary, the type shall also be indicated. Information on proper fuse
replacement of user replaceable fuses shall also be included in the instructions. See Maintenance

Instructions,

ection 79

39 Flamma

39.1 Nonmg
accordance

enclosures
C22.2 No. (Q
evaluation, e

bility

tallic materials used for enclosures shall have a minimum flammability rati
vith the requirements in UL 94 and CSA C22.2 No. 0.17. As“an alterna
ay be tested in accordance with the 20 mm end-product flame test in UL 74
.17. Metallic materials used for enclosures are considéered to comply wi
cept magnesium shall not be used for enclosure materials:

ng of V-1 in
ive, finished
5C and CSA
thout further

39.2 Nonmagtallic materials used for internal parts within the“everall enclosure shall he rated V-2
minimum.
39.3 Interngl parts of components shall comply with the flammability requirements of th¢ component

standard in a
39.4 Small
they cannot

specific flamg

39.5 Nonmsg

tcordance with Components, Section 2.

parts, and gaskets, that are not located near live parts, and are located in a man
ropagate flame from one area.to)another within the equipment, are not requir
rating.

tallic materials located outside the enclosure, and not used to complete the e

considered decorative parts. These\parts shall be rated HB minimum.

her such that
ed to have a

hclosure, are

39.6 Printeq wiring board materials shall be rated as indicated in 14.2.
39.7 For thg requirements outlined in 39.2 — 39.6, the flammability rating of the material shall be provided
as part of thel material rating or the flammability rating may be determined in accordance with UL 94 and

CSAC22.2N

p. 017

40 Low-Voltage Limited Energy Circuit (LVLE)

40.1

peak) or a direct current voltage of not more than 60 volts and supplied by:

a) Class 2 transformer or Class 2 Power Unit, or

A LVLE is a circuit involving an alternating current voltage of not more than 30 volts rms (42.4 volts

b) A combination of a battery source or an isolated transformer secondary winding and one or more
resistors, or a regulating network complying with 40.3, 40.4, and 40.6, or

¢) A battery with output current limited by overcurrent protection in accordance with 40.5 and Table

40.1.
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Table 40.1

Rating for Secondary Fuse or Circuit Protector

Circuit voltage (Vrms) Current (A)
20 or less 5
More than 20 but not greater than 60 100/V@

2V is the maximum output voltage, regardless of the load, with the primary energized.

40.2 A part or device located in or supplied by an LVLE circuit need not be investigated. The secondary
winding of the transformer, the fuse or circuit protective device, or the regulating network, and all wiring up

to the point TM&LMM&MWM&E&LMQ&M&&WU& requirements
in this Standard.

40.3 The maximum load current is to be drawn under any condition of loading, including short circuit,
using a resisfor. The current is to be measured 60 seconds after the application afthe load.

to be contifuously readjusted during this 1 minute period to maintain maximum load

measured load current shall not exceed the value listed in Table 40.1.

40.4 With neference to the voltage limit specified in 40.1, measurement is to be made

connected to the intended supply voltage and with all loading circuits/disconnected.

The resistor is

current. The

with the unit

40.5 The ojer-current protective device provided in the LVALE circuit used to limit the cufrent shall be
rated or set gt not more than the values specified in Table 40.7.

40.6

Table 40.1 shall not be affected by malfunction of;a’single component, excluding resistors

shall comply jwith the value in Table 40.1.

4

411

Spacings and Separation of Circuits

Table 41.1
Spacings

Spacings shall not be less than'the applicable values specified in Table 41.1.

If a regulating network is used to limit the outputwunder any conditions, the LVLE currept limitation in

The network

Minimum spacing, mm (inch)

Equipment with a volt-ampere rating that is not limited

Equipment hgving a limited
volt ampgre rating

enclosure, or
exposed metal
part®d

A B
Potential involved in Vrms 0-50 >51 — 150 >150 — 300 >300 - 600 >50 — 300 300 - 600
(peak) (0-70.7) | (70.7-212.1) | (212.1 — 424.3) | (424.3 - 848.5) | (70.7 — 424.3) | (424.3 - 848.5)
Between any Through |[1.62(1/16)2| 3.22 (1/8)° 6.4 (1/4) 9.6 (3/8) 1.62 (1/16)° 4.8 (3/16)
uninsulated live air or oil
part of opposite Over |1.62(1/16)° 6.4 (1/4) 9.6 (3/8) 12.7 (1/2) 3.22 (1/8)° 9.6 (3/8)
polarity and any Surface
uninsulated
grounded part
other than the

Table 41.1 Continued on Next Page
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Table 41.1 Continued

Minimum spacing, mm (inch)

Equipment having a limited

Equipment with a volt-ampere rating that is not limited volt ampere rating
A B
Potential involved in Vrms 0-50 >51-150 >150 — 300 >300 - 600 >50 - 300 300 -600
(peak) (0-70.7) | (70.7—-212.1) | (212.1 —424.3) | (424.3 — 848.5) | (70.7 — 424.3) | (424.3 — 848.5)
Between any Shortest | 1.6 (1/16)? 6.4 (1/4) 12.7 (1/2) 12.7 (1/2) 6.4 (1/4) 12.7 (1/2)
uninsulated live distance
part and the walls
of a metal
enclosure including
fittings for condyit
or armored cablg®
@ The spacing b¢tween field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and|a grounded
dead metal part[shall not be less than 6.4 mm (1/4 inch) if a short-circuiting or grounding of such terminalsyresults from projecting
strands of wire.
b For the purpose of this requirement, a metal plate attached to the enclosure is a part of the encldstre if deformation of the
enclosure is likely to reduce spacings between the metal piece and uninsulated live parts.
¢ In a safety circliit the spacing between wiring terminals, regardless of polarity, and the spacing between a wiring tefminal and a
grounded dead metal part — including the enclosure — shall not be less than 6.4 mm (1/4 ihch).
91n a safety circliit the spacing between same polarity live parts on opposite sides of & switching mechanism, excepf at contact
point, shall not He less than 0.8 mm (1/32 inch) through air and 1.6 mm (1/16 inch) over surface.
41.2 As an plternative to the spacing requirements of 4174, as applicable, the spacing requirements in
UL 840 and ¢SA C22.2 No. 0.2, may be used. The spaeing requirements of UL 840 and CSA C22.2 No.
0.2 shall not|be used for field wiring terminals and \spacings to a dead metal enclosure. The pollution

degree for an
industrial app
overvoltage ¢

41.3 A spadg
and other par

41.4 For the purpose of these requirements, the voltage and volt-ampere ratings are tho

with the AMP

41.5 Uninsy
parts of oppo
highest voltag

indoor use AMP is Pollution Degree 2,;for commercial applications and Pollution
ications. For outdoor use AMPs, the pollution degree is Pollution Degree 3. In
ptegory is considered Overvoltage Category |l.

[s as in actual service.

connected to,its-rated battery supply circuit.

lated live parts connected to different circuits shall be spaced from each other a
site polarity, in accordance with the requirement in 41.1, and shall be judged
e involved.

Degree 3 for
all cases, the

ing at a wiring terminal is-te*be measured with appropriate wires connected to ¢ach terminal

5e measured

5 if they were
based on the

41.6 Safety

critical circuits shall be judged as primary circuits with regard to spacings.

41.7 The spacings specified in column B of Table 41.1 are applicable to devices or circuits rated 1
horsepower or less, 720 VA or less — break pilot duty; or not more than 15 A at 51 — 150 V, 10 A at 151 —
300V, or5Aat301-600V.

41.8 Spacings inherent in a component are judged under the requirements for the component. Spacings
from such a component to another component and the enclosure, and spacings at wiring terminals shall
comply with the requirements in 41.1 and Table 41.1.

41.9 Spacings at a fuse and fuseholder are to be measured with a fuse that has the maximum standard
dimensions for the rating in place and shall not be less than those specified in column A of Table 41.1.


https://ulnorm.com/api/?name=UL 3100 2024.pdf

MAY 23, 2024 ANSI/CAN/UL 3100 41

41.10 An insulating barrier or liner that is used to provide spacings, including spacings in conjunction
with the required over surface spacings, shall not be less than 0.71 mm (0.028 inch) thick. A barrier or liner
that is used in conjunction with a spacing through air not less than 0.33 mm (0.013 inch) thick, provided
the barrier or liner is an acceptable insulating material resistant to moisture and has the necessary
mechanical strength if exposed or otherwise likely to be subject to mechanical damage, reliably held in
place, and located so that it will not be adversely affected by operation of the equipment in service —

particularly a

rcing.

Exception: As provided in 42.1.

41.11  Aninsulating barrier or liner used as the sole separation between live parts and grounded parts, or

between live

linsulated live

parts and is ot less than 0.71 mm (0.028 inch) thick. Otherwise, a barrier shall be used in topjunction with
at least a 0.8)mm (1/32 inch) air spacing.

Exception: Ap provided in 42.1.

42 LVLE Cjrcuits

42.1 If a short circuit between the parts in an LVLE safety control may result in a risk df fire, electric

shock, or inju

ry to persons, spacings shall be as specified in 42.2 42 4.

42.2 Spacing between an uninsulated live part and the wall:of a metal enclosure shall no

3.2mm (1/8
required spa

Cing because of its size, shape, or the material used.

42.3 Spacing between wiring terminals, regardless*of polarity, and between a wiring termin

be less than

nch). A greater spacing may be required if an‘enclosure is not sufficiently rigid t¢ maintain the

8l and a dead

metal part — jncluding the enclosure — that may-be grounded when the equipment is installed shall not be
less than 6.4|mm (1/4 inch).

42.4 Spacing between uninsulated live parts, regardless of polarity, and between an uninsulated live part
and a dead etal part, other than the“enclosure, that may be grounded when the equipment is installed
shall not be [less than 0.8 mm (1/32 inch) if the construction is such that spacings will bgd permanently
maintained.

43 Other than Safety. Circuits

43.1 Deletg

d

43.2 Delete

44 Separation of Circuits

441

uninsulated live parts by reliable means in accordance with 44.2.

Insulated conductors shall be segregated or separated from other insulated conductors or

44.2 Segregation of insulated conductors in accordance with 44.1 may be accomplished by clamping,
routing, or equivalent means, or by providing a barrier between conductors and/or parts.

44.3

voltage involved, then segregation is not required.

If insulated conductors of different circuits are all provided with insulation suitable for the highest
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PERFORMANCE
45 General

45.1 Unless otherwise stated, compliance with the performance requirements shall be determined by
testing a representative model of a new AMP. The performance of an AMP shall be investigated by
subjecting a representative sample or samples to the tests described in Sections 46 — 72, as applicable.
Consideration shall be given to the working environment, rated loads, electrical and mechanical ratings,
and other construction criteria in selecting samples for testing.

452 Unless indicated otherwise, batteries shall be fully charged in accordance with the manufacturer's

the batteries

specification
shall be allow

45.3 All test
45.4 Delete

45.4A Wher

for r\nnrlllr\ﬁng the-tests-in-this-Standard —After nharging and prinr io fn:fing’

ed to rest for a maximum period of 8 hours at room ambient.
5, unless noted otherwise, are conducted in a room ambient 25 +5 °C (77 %9 °F)
’

thermocouples are used to determine temperatures in electrical equipment,

practice to employ thermocouples consisting of iron and constantan (wires (Type J), or sir

types, and 4
measuremen

potentiometer-type instrument. Such equipment is<to be used whenever
s by thermocouples are necessary.

45.4B The thermocouples and related instruments are to be accurate and calibrated in acG

good laboratg

a) Spe
the To

b) The

c) IEC
accorg

ry practice. The thermocouple wire shall conform with one of the following requi

cial tolerance thermocouples specifiedin the Special Tolerances thermocoupld
erances on Initial Values of EMF versus Temperature tables in ASTM E230/E23

table of Special Limits as outlined in ASTM E230; or

60584-1 or JIS C 1602. (Tolerance Class 1, 2 or 3; type and Class tolerance sha
ing to the following:

1) The maximum tolerance value does not exceed 1.5 °C (+2.7 °F) of
thermocouples-identified in IEC 60584-1 or JIS C 1602; or

2) Alternately, where higher temperature ranges of the selected therm
measured, a tolerance value of 0.4 % of reading may be applied to thermocoup

t is common
hilar suitable
temperature

ordance with
ements:

s as listed in
OM; or

| be selected

reading for

ocouple are
le tolerances

as'specified in IEC 60584-1 or JIS C 1602.

455 If there is a specific reference to a single fault condition in the individual test methods, the single
fault is to consist of a single failure (i.e. open, short or other failure means) of any component in the AMP
electrical system that could occur and affect the results of the test. This fault is implemented in conjunction
with the test being conducted (i.e. overcharge, short circuit, etc.) or may be conducted as part of a
verification of a protective circuit. A protective device determined to be reliable may remain in the circuit
without being faulted. A protective device determined to be reliable is one that has been shown to comply
with an appropriate component safety standard and is used within its ratings.

45.6 The tests contained in this Standard may result in explosions, fire and emissions of flammable
and/or toxic fumes as well as electric shock. It is important that personnel use extreme caution and follow
local and regional worker safety regulations when conducting any of these tests and that they be protected
from flying fragments, explosive force, and sudden release of heat and noise that could result from testing.
The test area is to be well ventilated to protect personnel from possible harmful fumes or gases. As an
additional precaution, the temperatures on the surface of at least one cell/module within the battery pack
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can be monitored during the test for safety and information purposes. All personnel involved in the testing
are to be instructed to never approach the sample or the battery pack until temperatures are falling and
have returned to within ambient temperatures.

45.7 In the tests in this Standard, wherever there is a reference to the use of cheesecloth, the
cheesecloth is to be untreated cotton cloth running 26 — 28 m?/kg (14 — 15 yards?/Ib), and having, for any
square inch, a count of 32 threads in one direction and 28 in the other direction. Wherever there is a
reference to the use of medical gauze, the medical gauze is to be U.S. Pharmaceutical Type Il gauze
which is a bleached cotton cloth having a nominal thread count of 32 by 28 threads per 2.54 mm (1 inch)

and a weight

45.8 Unles

between 24 — 30 m?/kg (13 — 16.5 yards?/Ib).

noted otherwise in the individual test methods, the tests shall be followe

by a 1-hour

observation
45.6.

459 An AN
minimum of
determine th

a) Ele

b) Me

46 Power Rating Verification Test

46.1 The in

exceed the manufacturer’s specified rating by more than 10 percent.

46.2 AMPs
accordance
in accordanc

46.3 An AN
intended. Th
measured v3
charging.

46.4 A fully
connections
supply. The

ime prior to concluding the test and temperatures are to be monitored in_acq

IP's electrical systems that are operational after the following tests~shall be s
bne cycle of charging and discharging in accordance with the manufacturer's sp
bt there are no non-compliant results as stated in this Standard for-that test:

ctrical Tests — Overcharge, short circuit, imbalanced charging; and

chanical Tests — Vibration, shock.

put rating to the AMP, or the output rating(of an off board power supply or cha

where the battery is charged while the battery remains on the AMP shall
vith 46.3. AMPs where the battery is removed and charged off board the AMP s
P with 46.4.

IP with a fully discharged battery is connected to an off board charger or poy
e connection is made through a meter that can measure the input current to {
lue is recordedrand compared to the manufacturer's specified input rating for th

discharged battery is removed from the AMP and connected to the off board

ordance with

ubjected to a
ecifications to

rger, shall not

be tested in
hall be tested

ver supply as
he AMP. This
e AMP during

charger. The

are_made through a meter that can measure the output current of the char

ger or power

neasured value is recorded and compared to the output rating of the charger or power supply.

47 Temperature Test

471

This test is conducted to determine whether or not temperature sensitive safety critical components

and temperature sensitive materials in the AMP are being maintained within their temperature ratings
based upon the maximum operating temperature limits of the component or material. Temperatures on
accessible surfaces, which may be contacted by the user, are also monitored.

47.2 The test consists of charge and discharge cycles until temperatures are stable as described in each
requirement below. Stability of temperatures is determined in accordance with 45.4.

47.3 With reference to 47.2, a charge cycle consists of charging a battery from the fully discharged level
to the fully charged level based on manufacturer’s specification for each. A discharge cycle consists of
depleting a battery from fully charged to fully discharged levels.
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474 An AMP with a non-removable battery is tested in accordance with AMPs with Non-Removable
Batteries, Section 48. An AMP with a battery that is inherently required to be removed for charging, shall
be tested in accordance with AMPs with Removable Batteries, Section 49. For an AMP that provides the
user with an option and allows for charging both on board or off board the AMP, the test shall be in
accordance with both Section 48 and 49.

47.5 Temperatures measured on components shall not exceed their specifications. See Table 47.1 and
Table 47.2 for surface and component temperature limits. Measured values for temperatures during these
tests shall be adjusted to reflect the manufacturer’'s maximum specified ambient for the AMP. For all AMPs
intended to be used in an ambient above 40 °C (104 °F) based on manufacturer specification, the test
shall be performed in a chamber at that ambient temperature.

Table 47.1
Temperatures on Components
Temperature Limits
Temperature limit
Materials and components
o °F
A. MOTORS
1. Clasp A insulation systems on coil windings of motors having a diameter of' more than
178 jnm (7 inch)
a. Ip an open motor:
Thermocouple method 90?2 1942
Resistance method 100 212
b. Ip a totally enclosed motor:
Thermocouple method 95 203
Resistance method 105 221
2. Clasp A insulation systems on coil windings-of motors having a diameter of 178 mm (7
inch)or less
a. Ipan open motor:
Thermocouple or resistance method 100 212
b. Ip a totally enclosed'motor:
Thermocouple er resistance method 105 221
3. Clasp B insulatien(systems on coil windings of motors having a diameter of more than
178 m (7 inch)
a. Ihan‘epen motor:
Thermocouple method 1102 230°
Resistance method 120 248
b. In a totally enclosed motor:
Thermocouple method 120 248
Resistance method 125 257
4. Class B insulation systems on coil windings of motors having a diameter of 178 mm (7
inch) or less
a. Inan open motor:
Thermocouple or resistance method 120 248
b. In a totally enclosed motor:

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Temperature limit
Materials and components = oF
Thermocouple or resistance method 125 257
B. COMPONENTS
1. Capacitors:
a. Electrolytic types 65° 149°
b. Other than electrolytic 90° 194°
2. Field wiring terminals 75 167
3. Vulganized fiber employed as electric insulation 90 194
4. Plated bus bar 9Q° 194°
5. Undlated bus bar and a joint 75° 167°¢
6. Relgys, solenoids, and similar devices
a. [Class 105 coil insulation systems:
Thermocouple method 90?2 1942
Resistance method 110 203
b. [Llass 130 coil insulation systems:
Thermocouple method 1102 2302
Resistance method 120 248
7. Trafsformer insulation systems:
a. [Class 105:
Thermocouple method 90?2 1942
Resistance method 95 203
b. [Llass 130:
Thermocouple method 11028 203
Resistance method 120 248
c. [lass 155:
Thermocouple method 135° 2752
Resistance method 140 284
d. [lass 180:
Thermieeouple method 1502 3022
Resistance method 160 320
e. Blass266-
Thermocouple method 1652 3292
Resistance method 175 347
f Class 220:
Thermocouple method 1802 356
Resistance method 190 37
8. Phenolic composition employed as electrical insulation or as a part the deterioration of 1504 302¢
which results in a risk of fire or electric shock
9. Wood and other combustible material 90 194
10. Rubber- or thermoplastic-insulated wire and cord 60%e 140%

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Temperature limit
Materials and components
DC OF
11. Other types of insulated wires g g
12. A surface upon which a portable unit is mounted in service, and surfaces that are 90 194
adjacent to the unit when so mounted
13. Any point on or within a terminal box or compartment of a fixed unit on which field- 60 140
installed conductors rests
14. Thermoplastic sealing compound h h
15.  Selenium rectifier 759N 1679h
16. Powgr semiconductor | |
17.  Printed-wiring board j i

@ At a pointon t
means of a the
measured by th

b A capacitor th
types is allowe(

¢ For a bus bar
characteristics

4 The temperat
has heat-resist

¢ A short length
when supplemd
accordance witl

fThe temperaty

9 The sealing ¢
accordance wit

he surface of a coil where the temperature is affected by an external source of heat, the température|
mocouple is not prohibited from being 5 °C (9 °F) higher than that specified when the temperature of
e resistance method is not more than that specified.

bt operates at a temperature of more than 65 °C (149 °F) for electrolytic and more than 90 °C (194 °H
to be judged on the basis of its marked temperature limit.

having a current density in accordance with 19.4, it is not required to measure the temperature since]
vhich result in temperatures not exceeding the indicated values.

re limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to a
nt properties in accordance with UL 746B and CSA C22.2 No. 017+

of rubber- or thermoplastic-insulated cord inside the unit is exposed to a temperature of more than §

h UL 746A, UL 746B and CSA C22.2 No. 0.17.
re is not to exceed the temperature limit of the wire éxcept as noted in note e.

mpound temperature limit is 15 °C (27 °F) less-than the softening point of the compound as determi
h ASTM D1525.

ntary insulation on each individual conductor is rated for the.measured temperature and has dielectiic properties in

measured by
the coil as

) for other
it has
fompound that

0 °C (140 °F)

hed in

" A temperaturd limit of 85 °C (185 °F) meets the intent of the requirement when the stack assembly is insulated witl} phenolic
composition or pther insulating material rated for a temperature of 150 °C (302 °F).
" For a power-s\yitching semiconductor and similar Components the temperature limit on the case is the maximum cdse
temperature spgcified by the semiconductor manufacturer.
I For a printed wWiring board, the temperature‘limit is the specified limit of the board.
Table 47.2
Temperatures on User Accessible Surfaces
Maximum surface temperatures
Glass, porcelain and Rlastic and
MWetat vitreous materiats rubber?
Accessible surfaces °C (°F) °C (°F) °C (°F)

Handles, knobs, grips, etc., continuously held in normal 55 (131) 65 (149) 75 (167)
use
Handles, knobs, grips, etc., held or touched for short 60 (140) 70 (158) 85 (185)
periods only
External surfaces of equipment which may be touched® 70 (158) 80 (176) 95 (203)
Parts inside equipment which may be touched® 70 (158) 80 (176) 95 (203)
@ For each material, account shall be taken of the data from that material to determine the appropriate maximum temperature.
® For areas on the external surface of equipment and having no dimension exceeding 50 mm (2.0 inch), and which are not likely to
be touched in normal use, temperatures up to 100 °C (212 °F) are permitted.

Table 47.2 Continued on Next Page
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Table 47.2 Continued

Maximum surface temperatures

Glass, porcelain and
vitreous materials

°Cc (oF)

Metal

Accessible surfaces °C (°F)

Plastic and
rubber?

°C (oF)

information

¢ Temperatures exceeding the limits are permitted provided that the following conditions are met:

1) Unintentional contact with such a part is unlikely;

2) The part has a marking indicating that this part is hot. It is permitted to use the symbol (IEC 60417, No. 5041) to provide this

48 AMPs with Non-Removable Batteries

48.1 For th
cycle. The te

48.2 During
carry a load
applied durin

48.3 At the
accordance
Dielectric Vo

49 AMPs w

491 Forth
include oper
battery is im
continue un
temperatures

49.2 During
alternating b
such that the
test, more th
the AMP.

49.3 Thelg

5t is terminated after two complete test cycles and the maximum temperature is

this test, an AMP is tested under conditions of normal operation: If the AMP
pr to tow a load, then 125 % of the maximum load as specified’by the manufa
g this test.

s test, one complete test cycle will consist of one charge cycle followed by g

conclusion of the test, the AMP and battery shall-be/subjected to an observa

ne discharge
recorded.

s intended to
cturer is to be

tion period in

with 45.8. An AMP that contains hazardous @peérating voltages shall be suibjected to a

tage Withstand Test, Section 73.

yith Removable Batteries

btion of the AMP to deplete the (battery from fully charged to fully discharged
mediately removed and replaced with a fully charged battery. Operation of t
il the temperatures stabilizé in accordance with 45.4. This continuous o
stabilize is one complete test cycle and only one cycle is needed for this test.

this test, the battery pack that is not in use will be charging. In order to correl
bttery packs, the charge cycle will need to be completed in advance of the di

an two battery packs can be used such that one is always charged and ready

ading parameters and use parameters for this test shall be as specified in 48.2.

s test, the complete test cycle is defined to represent the worst case possible us

AMP is not.allowed to cool while the replacement pack is charging. In order to ¢

e. This would
and then that
he AMP is to
peration until

hte the use of
scharge cycle
oordinate the
to be used in

49.4 At the conclusion of the test, the AMP and battery, as well as all other batteries used in the test,
shall be subjected to an observation period in accordance with 45.8. An AMP that contains hazardous

operating vol

tages shall be subjected to a Dielectric Voltage Withstand Test, Section 73.

50 Dielectric Strength Test

50.1

within the AMP.

This test is an evaluation of the electrical spacings and insulation at hazardous voltage circuits

50.2 Circuits at 60 Vdc or higher shall be subjected to a dielectric withstand voltage consisting of a dc
potential of twice the rated voltage.
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50.3 The test voltage is to be applied between the hazardous voltage circuits of the AMP and non-
current carrying conductive parts that may be accessible.

50.4 If the accessible parts of the AMP are covered with insulating material that may become live in the
event of an insulation fault, then the test voltages are applied between each of the live parts and metal foil
in contact with the accessible parts. The metal foil shall be wrapped tightly around and in intimate contact
with the accessible part. The foil is to be drawn tightly across any opening in the enclosure or other
accessible parts to form a flat plane across such opening. See Figure 50.1.

Figure 50.1

ENCLOSURE

OPENING IN
ENCLOSURE

METAL FOIL

SB0722

50.5 The tept voltages shall be applied for a minimum of one minute with the battery disgonnected to
prevent charding-during application of the voltage.

50.6 The test equipment shall be capable of delivering the required dc output. There is no trip current
setting for the test equipment since the test is checking for insulation breakdown, which results in a large
increase of current. Setting a trip current may result in a false failure of this test, as it may not be indicative
of insulation breakdown.

50.7 There shall be no evidence of a dielectric breakdown (breakdown of insulation resulting in a short
through insulation/arcing over electrical spacings) as evidenced by an appropriate signal from the
dielectric withstand test equipment as a result of the applied test voltage. Corona discharge or a single
momentary discharge is not regarded as a dielectric breakdown (i.e. insulation breakdown).
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51 Mold Stress Test

51.1 This test is intended to evaluate whether any shrinkage or distortion exists on a molded or formed
thermoplastic enclosure due to release of internal stresses caused by the molding or forming operation
and result in the exposure of hazardous parts or reduction of electrical spacings.

51.2 The sample, or the part in question, is to be placed in a full-draft circulating-air oven maintained at a
uniform temperature equal to 10 °C (18 °F) higher than the highest temperature observed on the
enclosure or a temperature of 70 °C (158 °F) whichever is higher. The samples are to remain in the oven

for seven hours.

51.3 To pr

vent hazards from overheatina eneraized cells the batteries shall he remove
J J I

prior to this

test.

51.4 After ¢
to examinati
shrinkage, W

moving partsg.

areful removal from the oven, the sample shall be allowed to cool to room tem
bn. After the conditioning, the sample shall not show any signs of distortion,
arping, or softening that would allow access to live parts or other hazardous

52 Abnor

52.1

An ANIP shall not emit flame or molten metal or become’a'risk of fire, electric shock,

al Operations

perature prior
deterioration,
barts such as

explosion, or

injury to pergons when subjected to the tests specified in Sections 53 — 61. Separate samples are to be

used for con

52.2 Follow
Section 73, i

52.3 During
paper and a
If it is impra
openings are

52.4 The A

only, the battery is to be supplied from the applicable charger. For all tests performed w

battery is no
are to remair

52.5 Each

ucting each test, unless using a sample for mere than one test is agreeable to g

ing each test for AMPs with hazardous,voltage circuits, a Dielectric Voltage W
5 to be conducted.

these tests, the AMP is to be'placed on a softwood surface covered with §
single layer of cheesecloth ormedical gauze is to be draped loosely over the ent
tical to drape cheesecloth.or medical gauze over the entire enclosure, only t
required to be covered.

MP shall be powered from a fully charged battery for this test. If the test relate

b charging,.the' inherent protective components associated with the supply of
in place:

test\is to be continued until further change as a result of the test conditig

Il concerned.
ithstand Test,
white tissue

ire enclosure.
he ventilation

s to a battery
nen the AMP
battery power

n is reduced

significantly.

ANhen an allfnmni‘innlly reset prnfnnfnr functions rlllring a-test, the test is to be

continued for

seven hours. When a manual reset protector functions during a test, the test is to be continued until the
protector is operated for ten cycles using the minimum resetting time, and not faster than ten cycles of
operation per minute. The following are examples of acceptable test terminations:

a) Opening or shorting of one or more components such as capacitors, diodes, resistors, solid state
devices, printed wiring board traces, or similar devices, when the opening or shorting of the
component terminates operation.

b) Opening of an internal fuse or other protective device.
53 Component Faults

53.1 A component, such as a capacitor, diode, solid state device, resistor, or similar component,
connected in the AMP's electrical system are to be short- or open-circuited, any two terminals one at a
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