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Summary of Topics

This is the First Edition of Standard for Automated Mobile Platforms (AMPs), ANSI/CAN/UL 3100,
which covers battery-operated mobile platforms with or without a payload. 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.
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PREFACE

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

UL 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, In the event that no revisions are issued for a period of four years (fro
publication, gction to revise, reaffirm, or withdraw the standard shall be initiated.

In Canada, there are two official languages, English and French. All safety warnings must
and English.| Attention is drawn to the possibility that some Canadian authorities may requ
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 tin
should be supmitted via a Proposal Request in the On-Line Collaborative Standards Develog
(CSDS) at http://csds.ul.com.

UL's Standafds for Safety are copyrighted by UL. Neither a printed nor electronic copy d
should be alfered in any way. All of UL's Standards and-all copyrights, ownerships, and rig
those Standards shall remain the sole and exclusive.property of UL.

To purchase |UL Standards, visit the UL Standards Sales Site at
http://www.shopulstandards.com/HowToOrder:aspx or call tollfree 1-888-853-3503.

This Edition

Automated Mobile Platforms (AMPs), STP 3100.

This list repre¢sents the STP(3100 membership when the final text in this standard was ballot
time, changess in the membership may have occurred.

STP 3100 Membership

with the requirements of ANSI and SCC for accreditation of a Standards |Development

the date of

be in French
ire additional

ne. Proposals
ment System

f a Standard
hts regarding

pf the Standard has beéen formally approved by the UL Standards Technical Panel (STP) on

bd. Since that

Name Representing Tnterest Category Region
Bablo, Joseph UL LLC Testing & Standards Organization USA
Bauer, Andrew Clearpath Robotics Inc Producer Canada
Brown, Peter CSA Group Testing & Standards Organization United Kingdom
Fryman, Jeff JDF Consulting Enterprises, Ltd General Interest USA
Jordan, Diana P. Underwriters Laboratories Inc. STP Chair — Non-voting USA
Jorgensen, Claus Mobile Industrial Robots Producer Denmark
Kamble, Sudesh Intertek Testing Services Testing & Standards Organization USA

Kim, Ji Han Korea Institute Robot Industry Government

Advancement

South Korea

STP 3100 Membership Continued on Next Page
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International Classification for Standafds(ICS): 25.040.30

For further information on UL standards, please contact:

Underwriters LLaboratories Inc.
171 Nepean $treet, Suite-400
Ottawa, Ontafio K2R'0B4
Phone: 1-613.755.2729

E-mail: ULCStandards@ul.com
Web site: ul.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 to 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 platforms that are covered by this Standard are intended for lifting, carrying, product picking,

towing, and
attachment,

1.3 Portion
installed in 4
Code (CE Cq

1.4 This S
Standard for|
Z434. A robo
integrated sy

1.5 This St
that function
standard for
Treatment M

1.6 This St
and marked
Designations
are covered
the Investiga

and th

e like, to lift or carry the load.
s of a system, such as the charger, that are located off board the AMP,/are ir

ccordance with the National Electrical Code (NEC), NFPA 70 and the Canad
de), CSA C22.1.

andard does not include requirements for industrial robots,/which are cover
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.

hndard 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 |
pchines with Traction Drives, CSA C22:2'No. 336.

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, Conversions, Maintenance, and Operations, NFPA 505. Theg
under the Standard for Electric-Battery-Powered Industrial Trucks, UL 583 and
fion of Electric-Battefy-Powered Industrial Trucks, ULC/ORD-C583.

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

D operate as
s indicated in

1.7 Automated mobile platforms are not provided with “forks” and are not intended t
“forklifts.” Anly device with.that capability is considered an industrial truck and is evaluated 3
1.6.

1.8 This standard'does not cover products intended to transport persons.

2 Components

2.1 A component of a product covered by this Standard shall:

a) Comply 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 u

c) Be used within its established use limitations or conditions of acceptability.

se; and

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)lss

uperseded 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.

23

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 compénent 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 additijonally 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  Any ung
interpreted as

4.2 The foll
may be esser

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

bwing standards are referenced in this"Standard, and portions of these referenc
tial for compliance.

ANSI Standards

ANSI 797 1,
Methods Of T

American Sd

ASTM E230
Standardized|

Safety Glazing Materials Used In Buildings — Safety Performance Specif
st

ciety for Testing and Materials (ASTM) Standards

E230M; -Standard Specification and Temperature-Electromotive Force (em
Thermocouples

tion, ground-
hereof, shall
that provide

planatory or

dard shall be

ed standards

jcations And

) Tables for

ASTM D1525

, Standard Test Method For Vicat Softening Temperature Of Plastics

Code of Federal Regulations (CFR)

21 CFR Part 1040 series, Performance Standards for Light-Emitting Products

CSA Standards

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

CSAC22.2N

CSAC22.2N

0. 0.15, Adhesive Labels

0. 0.2, Insulation Coordination
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CSA C22.2 No

CSA C22.2 No

CSA C22.2 No

CSA C22.2 No

CSA C22.2 No

CSA C22.2 No

. 0.8, Safety Functions Incorporating Electronic Technology

. 14, Industrial Control Equipment

. 0.17, Evaluation of Properties of Polymeric Materials

. 49, Flexible Cords and Cables

.66.1, Low Voltage Transformers — Part 1: General Requirements

.66.2, Low Voltage Transformers — Part 2: General Purpose Transformers

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2 N

CSA C22.2
Floor Treatm

(0]

CSA C22.2 N

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

. 66.3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformeérs
75, Thermoplastic - Insulated Wires and Cables

94.2, Enclosures for Electrical Equipment, Environmental Considerations
96, Portable Power Cables

100, Motors and Generators

107.1, Power Conversion Equipment

107.2, Battery Chargers

182.3, Special Use Attachment-Plugs, Receptacles, and Connectors

210, Appliance Wiring Material Products

223, Power Supplies with Extra Low Voltage Class 2 Outputs

248 series, Low/\Voltage Fuses

No. 336, Particular Requirements for Rechargeable Battery-Operated Comm
pnt Machines with Traction Drives

a. 60950-1, Information Technology Equipment — Safety — Part 1: General Reqt

prcial Robotic

irements

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

CSA C22.2 No. 62133-2, Secondary Cells and Batteries Containing Alkaline or other Non-Acid
Electrolytes — Safety Requirements for Portable Sealed Secondary Cells, and for Batteries made from
them, for use in Portable Applications — Part 2: Lithium Systems

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

CSA Z434, Industrial Robots and Robot Systems
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IEC Standards

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

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

o | s H Yl £ LO £
PrOgrammab CTeCII O COotiror-SyStents

ISO Standards
ISO 10218-1,|Robots And Robotic Devices — Safety Requirements For IndustrialRobots — Payt 1: Robots
ISO 12100, Safety Of Machinery — General Principles For Design — Risk Assessment And Risk Reduction

ISO 12405-1| Electrically Propelled Road Vehicles — Test Specification for Lithium-lon Traction Battery
Packs and Systems — Part 1: High-Power Applications

ISO 13849-1) Safety of Machinery — Safety Related Parts of. Gontrol Systems — Part 1: Geneyal Principles
for Design

ISO 13849-2 | Safety of Machinery — Safety Related Rarts of Control Systems — Part 2: Validalion
NFPA Standards

NFPA 70, National Electrical Code

NFPA 79, Electrical Standard For Industrial Machinery

NFPA 505, Fiye Safety Standard for Powered Industrial Trucks Including Type Designations, Areas of Use,
Conversions,|Maintenance, and Operations

SAE Standaids

SAE J1127, Llow\loltage Battery Cable

SAE J1128, Low Voltage Primary Cable

UL Standards

UL 50E, Enclosures for Electrical Equipment, Environmental Considerations
UL 62, Flexible Cords and Cables

UL 66, Fixture Wire

UL 83, Thermoplastic-Insulated Wires and Cables
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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

UL 506, Specialty Transformers

UL 508, Industrial Control Equipment

UL 583, Eleg
UL 723, Test|
UL 746A, Po
UL 746B, Po
UL 746C, Po
UL 758, App
UL 796, Prin
UL 840, Insy
UL 969, Mar
UL 991, Test]
UL 1004-1, R
UL 1004-2, /

UL 1004-3, T

(ric-Battery-Powered Industrial Trucks

for Surface Burning Characteristics of Building Materials
lymeric Materials — Short Term Property Evaluations

lymeric Materials — Long Term Property Evaluations

lymeric Materials — Use in Electrical Equipment Evaltiations
jance 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

Fquipment

UL 1012, Power Units Other Than Class 2

UL 1063, Ma

chine-Tool Wires and Cables

UL 1236, Battery Chargers for Charging Engine-Starter Batteries

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
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UL 1564, Industrial Battery Chargers

UL 1740, Robots and Robotic Equipment

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

UL 1989, Standby Batteries

UL 1998, Software in Programmable Components

UL 2202, Electric Vehicle (EV) Charging System Equipment

UL 2271, Bat
UL 2580, Bat
UL 2726, Ouf

UL 2734, Oy
Vehicle (EV)

UL 4127, Ouf
UL 5085-1, L
UL 5085-2, L

UL 5085-3, L

eries for Use in Light Electric Vehicle (LEV) Applications
eries for Use in Electric Vehicles
ine for Investigation for Battery Lead Wire

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

ine for Investigation for Low Voltage Battery Cahle
bw Voltage Transformers — Part 1: General Requirements
bw Voltage Transformers — Part 2: General Purpose Transformers

bw Voltage Transformers — Part3.)Class 2 and Class 3 Transformers

hrd Electrical

ents

ytes — Safety
, for Use in

UL 60335-1, Bafety of Household and,Similar Electrical Appliances, Part 1: General Requiren

UL 60950-1, Information Technolegy Equipment — Safety — Part 1: General Requirements

UL 62133-2, [Secondary GCells’and Batteries Containing Alkaline or Other Non-Acid Electrol
Requirement$ for Portable Sealed Secondary Cells, and for Batteries Made From Then

Portable Applications; Rart 2: Lithium Systems

UL 62368-1,| Audio/Video, Information and Communication Technology Equipment — errt 1. Safety
Requirement

ULC Standards

ULC/ORD-C583, Guide for the Investigation of Electric-Battery-Powered Industrial Trucks

ULC 2271, Batteries for Use in Light Electric Vehicle (LEV) Applications

ULC 2580, Batteries for Use in Electric Vehicles

5 Glossary

5.1

The following terms apply for this document.
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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.

5.4 LIVE PART — A conductive part, such as metal, within the unit that during intended use has a
potential difference with respect to earth ground or any other conductive part.

5.5 MANIPULATOR — Mechanism consisting of an arrangement of segments, jointed or sliding relative to

one another.

Note: A manipul

torincludes-robotactuators.

©ISO. This ma
International Or

5.6 RESTH
where acces
means which

5.7 RISK
between a ¢
under norma

erial is from ISO 10218-1 with permission of the American National Standards Institute (ANSI)
panization for Standardization (ISO). All rights reserved.

ICTED ACCESS LOCATION — A location where equipment is.opérated und
5 from unauthorized persons is prohibited and unauthorized access is detected

DF ELECTRIC SHOCK - the condition that exists between any two condu
pbnductive part and earth ground if the open circuit'voltage exceeds the limits|
or abnormal conditions.

Table 5:1
Risk of Electric Shock Threshold

on behalf of the

er conditions
by protection

will cause a shutdown or other function to mitigate risks from the unauthorized gccess.

ctive parts or
in Table 5.1,

Waveform type

Maximum voltage

Dry-and damp locations Wet locatio

ns

Sinusoidal ac
Non-sinusoidal

dc?

30Vrms
42.4V peak 21.2V pea

60V 30V

15Vrms

ac

2 DC waveforn

in wet location$.

s interrupted at frequencies between 10 — 200 Hz shall be limited to 24.8 V in dry and damp location

s,and 124V

5.8 RISK @
circuit voltag
including shd

F FIRE </A'risk of fire is considered to exist at any two points in a circuit wh

rt circuit, results in a current of 8 A or more after 1 minute of operation.

ere the open

b is mare.than 42.4 V peak and the energy available to the circuit under any copdition of load

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

Note: Energy ca

n be electrical, hydraulic, pneumatic, or more.

©ISO. This material is from 1ISO 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 water exposure, such as spraying, cleaning, and the like.
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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 conductive connection to the
external charging device. 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 connection to break under load, unless evaluated for those conditions. Energizing systems
for other thanoperati icati i j i

6.3 No mod

6.4 Al AM
operated in ah area that is considered classified, further evaluation to determine suitability in

shall not be
, see 78.3.

tended to be
that location

is required.

6.5 AMPsa
type rating o
AMPs, the d
default ambi
that extends
upper limit, b

e intended for indoor use only or as outdoor use devices. AMPs shall include the enclosure

its nameplate label. See Environmental Considérations, Section 33. For indoor use only
ault ambient range is 0 °C to 40 °C (32 °F to 104.°F); and for indoor/outdoor ugse AMPs, the
nt range is -30 °C to 40 °C (-22 °F to 104 °F)."Asmanufacturer may choose an afnbient range
outside this default range, such as a temperature lower than the lower limit pr above the
t all AMPs shall meet the default range as.a minimum.

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

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

ssessment covering the equipment.and its intended function is to be completed
ith this standard. Any hazard thatis 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. Seé\the requirements and guidance provided in Risk Assessn

6.7 AMPs cpvered by this'standard shall be evaluated for functionality in relation to safety |systems that
are used to pfotect pedple and property in the vicinity of the AMP or near the AMPs defined fravel path as
described in $.6. Human overrides are allowed to shut down the AMP but shall not be the prjmary means
of protecting people*and property. See Risk Assessment, Section 21 and Functional Safety, Section 22.

7 Battery and Battery Management Systems

7.1 The battery provided with the AMP shall be in accordance with Lithium Based Batteries, Section 8 or
Lead Acid Batteries, Section 9.

7.2 For battery packs that are provided with an integral battery management system, the battery
management system shall be evaluated as part of the battery pack in accordance with the requirements
outlined below. If the battery management system or a portion of the battery management system resides
in external components, such as the charger, then the combination of the external components and the
battery pack are critical and shall be evaluated together in accordance with this Standard, including 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.
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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:

a) UL/ULC 2580;
b) UL/ULC 2271; or

c) UL 62133-2 and CSA C22.2 No. 62133-2.

8.2 A lithium based battery pack in accordance with 8.1(c) shall comply with the requianents in the
Overcharge [Test, Section 58, with single fault conditions in the battery control «ircuits| Imbalanced
Charging Test, Section 59; Vibration Test, Section 60; Shock Test, Section 61; and the Thermal Cycling
Test, Section 62.

8.3 A lithium-based battery pack that relies on additional battery management external o the battery
pack shall b¢ subjected to the tests in 8.2 including single fault conditions in the battery control circuits
external to the battery pack.

9 Lead Acid Batteries

9.1 Lead acid batteries shall be of the insulated type complying with UL 1989 and meadures shall be
taken to redyce the risk of connections becoming loose@nd causing arcing or overheating.

9.2 For legd acid batteries that are enclosed;.feans shall be provided to vent the off-gassing during
charging. Nolarcing or sparking parts shall be present in the battery compartment.

10 Accesspry Batteries

10.1 Batterjes used to power accessories, and provided as an integral part of the accessdry, shall be in
accordance \vith the applicable-standard for that accessory.

11 Chargefs

11.1  For charging.batteries, whether the battery is located on board the AMP or the batteryf|is intended to
be removed from the AMP, the charger shall be located off board the AMP and shall comply with one of the
following:

a) UL 1310 and CSA C22.2 No. 223.

b) UL 1012 and CSA C22.2 No. 107.1.

c) UL 60950-1 and CSA C22.2 No. 60950-1.

d) UL 62368-1 and CSA C22.2 No. 62368-1.

e) UL 2202 and CSA C22.2 No. 107.1.

f) UL 15664 and CSA C22.2 No. 107.2.

g) UL 1236 and CSA C22.2 No. 107.2.

h) UL 60335-1 and CSA C22.2 No. 60335-2-29.
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Note: If recharging of the battery is intended to be performed outdoors, then the charger 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.

12 Transformers

Transformers provided as part of an AMP, shall comply with one of the following:

085-1 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.

r shall be suitable for the application and shall be capable*of delivering its max
htroducing a risk of fire, electric shock, or injury to persons:

121
a) UL 506;
b) UL 1561; or
c)UL

13 Motors

13.1 A motg

load without i

13.2 A motd

Exception: A
keyed, or oth

13.3 The o

a) Img
C22.2

b) The
CSA(

c) Oth
show

14 Printed

r shall incorporate overload protection and short-cirCuit protection (locked-rotor

brwise fixed to the motor shaft is not required to have overload protection.

erload protection required by 13.2 shall consist of one of the following:

edance protection complying with the requirements in UL 1004-2 and UL 100
No. 100; or

rmal protection complying with the applicable requirements in UL 1004-3 and U
22.2 No. 100;

er protection, such as electronic based components, overload relays and the li
s equivalent.forthe protection mentioned in (a) or (b).

Wiring-Boards

14.1 A print

=d-wiring hoard shall r‘nmlnly with Ul 796

mum normal

brotection).

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

-1 and CSA

| 1004-1 and

ke, that tests

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 it complies with UL 796.

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.
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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. The laser shall be class 1 or shall be included as part of the risk assessment.

17 Lamps /Horns / Alarms / Indicators

17.1  An AMP shall be provided with a signaling device to indicate when it is ready to start moving and

when it is moving. The signaling device shall be either audible or visual. The visual signal shall be readily
visible to pe pln nthe area of the AMP movement from. any location-around-the-AMPB.

17.2 The signaling devices in 17.1 are allowed to be configurable based on the end produft integration.
This includeg adjusting light intensity, sound volume, and the like. The means of configuratign shall be set
at the time of integration and then once configured shall be provided with a means-to prevept changes to
those configyration settings by anyone other than the trained and authorized personnel.

17.3 The v(sual indicator shall indicate the travel direction if the AMP is\capable of moving in more than
one direction. The ability to move in more than one direction refers to farward, reverse, or sid¢ways.

17.4 The vipual indicator shall comply with all of the following:

a) The visual indicator shall follow the guidance of NEPA 79. Yellow (amber) is the degfault color for
this type of indicator.

b) A Misual indicator, subjected to the effects.of vibration in use, shall:
1) Not be a screw-in type indicator; and

2) Not be a filament type indicator.
18 Object Detection and Avoidance

18.1 AMP{ shall be provided/with object detection and avoidance systems to prevent ipjury 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 rigk reduction is
provided to I]itigate the risk of impact with an object, e.g., safety-reduced speed, and the Jike, when an
AMP is apprgaching-aload or operating in a restricted access location.

18.2 With reference—te ﬁ, the |||ut;||9 of-the ubjcut detection—and—aveidance OyOtUII 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.

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
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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 For all AMPs using a bumper or touch sensor as a protection device in lieu of object detection, the
bumper or touch system shall be designed and integrated to comply with (a) through (d) below. The
bumper system or touch sensors integration shall be analyzed to determine the proper location of the
bumper or sensor to reduce the risk if the contact can cause a fall. Multiple bumpers or sensors could be

required. The_bumper or touch sensor shall also comply with the Bumper/Touch Sensor Activation Test,
Section 68.
a) Thg AMP shall exert not more than a maximum of 100 N (22.5 Ibf) impact to@ persop;
b) Thg bumper or touch sensor shall actuate before the AMP exerts morerthan 100 N (22.5 Ibf) to
the person;
c) Thg AMP shall immediately cease motive power once the bumper or touch sensof is activated;
and
d) The bumper and touch sensor shall be located so that\the impact does not causg¢ a person to
fall.

18.7 The rgliability and functionality of the object detection and avoidance system, or G

sensor syste
Section 22.

18.8 The ok
being inadve
objects left o

18.9 Instru
measures an

a) AM

M, shall comply with the functional safety analysis in accordance with Func

ject detection and avoidance system, regardless of type of system, shall not 4
tently defeated by environmental aspects, such as lack of light, direct sunlig
the AMP, and the like.

ttions to the user shall include the required training about the use, hazard
i the limitations of the protective measures, for example:

Ps have their'ewn travel paths — keep out of the AMP travel path!
1) DONOT walk in the travel path or directly toward the AMP.

2)\DO NOT run towards the AMP.

umper/touch
ional Safety,

e capable of
ht exposure,

s, protective

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!

1) DO NOT attempt to crawl over or climb across the AMP.

2) DO NOT attempt to use the AMP as a stepladder.
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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

Braking systems shall be provided on all AMPs. The braking system shall perform the functions of

slowing the AMP for motion control and hazard avoidance, stopping the AMP for motion control and

hazard avoi

ance, and holding (restraining) the AMP from moving when it is required to

e stationary,

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 Braking systems shall be coordinated with any object sensing devices in order to §

within the dig
loaded prior
the braking {
Object Deted

19.4 The b
shall be proy
due to mislog

19.5 Either
will stop the
overall motio|

19.6 Eithef
prevent inad

19.7 Either|
if the AMP
moving the

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.

tance that the sensors can detect the object. The AMP shall\be capable of stopp
o contacting the detected object. For AMPs that use albumper 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 &
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 paft.of the overall braking system, a parking brake shall b
ertent movement ofthe AMP when it is intended to be parked, such as while ch

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

s detected in
and minimize

stop the AMP
ing while fully
for detection,
tordance with

ny. The AMP
load stability

provided that
as part of the

p provided to
brging.

ded such that

;fquires maintenance and it is being moved manually (e.g., pushing), the person or persons
MP can-apply brakes to stop or slow the motion of the AMP while it is being man

ually moved.

19.8  With

reference to 19.5, 19.6. and 19.7, these brake functions can be separai¢ 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.

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.
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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 sloped grade mentioned in 20.1 includes both uphill and downhill operation.

21

Risk Assessment

21.1 Arrisk
of fire, shock
based on the

a) Ide
electri
misus

b) Ide
condif]
due to

c) lde

Note: A risk assegssment following the guidelines in ISO 12100 is;considered to be in compliance with the process des

21.2 The pr
to address a
additional use
process shou

21.3 When
safely mitigat

a) The

b) The
loss o

hssessment for the AMP shall be completed by the manufacturer and shall add
and injury associated with the use of the AMP. The risk assessment_shall b
following:

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

o)

c.

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

pcess 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 reviewed for each iteration to assess if additional analysis is required.

conducting the risk)assessment, active devices shall not be relied on as the s
B a risk unless:

y are provided with a redundant passive protection device; or

y are“provided with redundant active protection that remains functional and en
main power or failure of the first level active protection; or

ess the risks
e completed

e of the AMP
foreseeable

inder normal
pquent faults

ntify the protective measures or other protective’means provided or implementgd in order to
mitigafe the hazards identified in (b).

cribed above.

one iteration
may create
essment, the

ble means to

brgized upon

c) 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

corres

ponding 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.

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.
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22 Functional Safety

221 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 Functional safety criteria can be found in one of the following standards. These standards shall be
used to judge functional safety of a component, circuit or system that is relied on for safety in accordance

with 22.1.

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

b) IEC 61508, all parts

c) 1ISO 13849-1 and ISO 13489-2

d) IEC 62061
22.3 Due fo the fact that all designs are different, and the combinations and methods| of protective
measures a;le numerous, this Standard does not assign performance levels or safety infegrity levels.
These shall e assigned based on the risk assessment Section 21, Risk Assessment, and the guidance in
the specific functional safety standard in 22.2. These values, once assigned, will guide the functional

safety evalug
23 OpenB

23.1 An AN
charging sys
indoors. The
Installation in

23.2 The d
allow make 4

23.3 Coppe
the connectiq

us Bar Connection Systems

tion.

IP that uses an open bus bar cofnection system to automatically conductively g
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.

onnection system shall have maximum operating voltages less than 60 Vdc
nd break underload unless evaluated for that use.

r bus bars.shall be used. If the bus bars are bent at any point in the design and
n, there shall be no evidence of cracks in the copper.

onnect to the
nary location
to elements.

and shall not

fabrication of

Unless the bus
alues 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 — 23.7. 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|ng other dimensions is allowed when it has not less than the cross-sectional area specified-inthe table and when it
has equivalent figidity.
b Minimum con uctivity of 55 % of International Annealed-Copper Standard.

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|

23.7 The limitations on current density mentioned in Table 23.1 do not apply to a:

a) Co
fusehd

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 (whether dsed or not) is allowed wh

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

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

vide bus is capable of having 7.1 mm>(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 34.1 under the te
bmperature Test, Section 47.

hnecting-sirap, bus, or similar device comprising a part of a circuit breaks
Ider employed in the unit.

b) Por

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

tion)of a strap, bus, jumper, or similar part adjacent and connected to a terming

| 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.

e AMP if the
tioning of the

actuators logd engaging elements, such as arms, clamp pads, friction pads, or platforngs, lis allowed within

the working

25.3 Visibl¢

moving. This
17.1. In both
Indicators, S

gnvelope 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
pction 17.

to move or is
referenced in
ns / Alarms /

25.4 A means shall be provided to limit the motion of any robot/actuator unless the design anticipates

and intends
may include
mechanical §
the condition
comply with
components
in the risk 4
analysis of S

255 ForA
capacity of th

25.6 Any ¢
preventing o

accordance

26 Towing

or a full range of motion. Limiting means may include mechanical stops to res
electrical components or programmable cofponents 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 sha
ssessment of Section 21, Risk~Assessment, and shall comply with the fun
bction 22, Functional Safety.

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

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

Capacity

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

um 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

27.1  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.
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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
mm (1/8 inch
aluminum, br
cm? (24 inch?
for an area d
considered fg
larger area.

28.4 The th
Table 28.2, e

on-to prnfnr\f the-user-Structural parfe of the- AMP that are-notrelated-to-electrical 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

s considered
hn enclosure

tmetal enclosure shall be at least 3.2 mm (1/8 ingh) thick at every point and more than 3.2

thick at reinforcing ribs and door edges. Malléable iron and die-cast or perman
Ass, bronze, or zinc shall be at least 2.4 .mm’ (3/32 inch) thick for an area grez
) or having any dimension more than 152'mm (6 inch); and at least 1.6 mm (1/
f 155 cm? (24 inch?) or less having-ho dimension more than 152 mm (6 ing
r material at least 1.6 mm (1/16 ineh) thick may be bounded by reinforcing ribs

ickness of a sheet-metalenclosure shall not be less than that specified in Ta
xcept that at points to which a wiring system is to be connected, uncoated ste

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.

ent mold cast
ter than 155
6 inch) thick
h). The area
subdividing a

ble 28.1 and
B| shall be at
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)¢
121 (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) 036 (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) 45.7 (18.0) 53.3 (21.0) 63.5 (25.0)
457 (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) 914 (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 (48:0)
63.5 (2%.0) Not limited 99.1 (39.0) Not limited 1.70 (0.067) 1578 (0.070)
73.7 (29.0) 91.4 (36.0) 104.1 (41.0) 1295 (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) 2134 (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) 2434 (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)
1854 (73.0) 228.6 (90.0). 261.6 (103.0) 322.6 (127.0)
2 See 30.3.
® The width is the smaller dimensior’of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may|have commaorisupports and be made of a single sheet.
¢ Not limited agplies only-ifithe edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent suffaces not
normally remoyed in use:
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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)
7.6 (3.0) Not limited 17.6 (7.0) Not limited
8.9 (3.5) 10.2 (4.0) 21.6 (8.5) 241 (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) 0.74 (0.029)
15.2 (6.0) Not limited 356 (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
241 (9.5) 29.2 (11.5) 53.3 (21.0) 63.5 (250) 1.14 (0.045)
30.5 12.0) Not limited 71.1 (28.0) Not limited
35.6 14.0) 40.6 (16.0) 76.2 (30.0) 94.0 (37.0) 1.47 (0.058)
457 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 1524 (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)
132.1 52.0) Not limited 3124 (123.0) Not limited
1524 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 rectangularpiece of sheet metal that is part of an enclosure. Adjacent surfgces of an
enclosure may have common 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 surflaces 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 thé/eenter 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 $ection of sheet metal that is rigidly attached to and has essentially the same 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.

talls 4 oy | al i Ll 4 '™ £ 1 lall Lo £l HH H H
29.2 Nonmetatliemateriatstused—in—the—constructionof-encltostres—shatthave—a—ftamma |||ty ratlng n

accordance With Flammability, Section 39.

29.3 Enclosures of molded or formed thermoplastic material shall be constructed.so’that any shrinkage
or distortion pf the material over time will not allow for the user to be exposed,to fazardous live parts or
hazardous moving parts. Compliance is determined by the Mold Stress Test, Section 51.

29.4 The minimum thickness of a nonmetallic enclosure shall be-such as to comply with the
requirementg of 29.1 — 29.3.

29.5 A polymeric material enclosure having in any single unbroken section, a projected|surface area
greater than 0.93 m? (10 feet?) or a single linear dimension greater than 1.83 m (6 feet) shall have a flame-
spread rating of 200 or less when tested in accordance with\UL 723.

29.6 Among the factors that are to be taken into consideration when judging the acceptability 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) Resistance-to distortion and creeping at temperatures to which the material may|be subjected
undel conditions of normal or abnormal use.

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

/ L

/ 1%

INS|DE [ OUTSIDE INSIDE [  OQUTSIDE

|
| /
hying /

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
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31 Doors/

31.1 Apart
locks, interlo

31.2 An ern

BOTTOM OF MAGHINE M

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.

device that r¢quires renewal, orif it is necessary to open the cover in connection with the nor

of the AMP.

31.3 A hing
latch or a ¢

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¢d or used in

multiple so as'to)hold the cover closed over its entire length. A captive fastener shall be ope

ch as latches,

closure cover shall\be hinged if it gives access to a fuse or any other overlgad-protective

mal operation

d with a snap

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

32.1 Support and protection shall be provided for the battery or battery pack by means of a compartment
that is an integral part of the AMP or a separate enclosure, such as a tray and cover.

32.2 The cover of a compartment or separate enclosure that houses a power source shall remain closed
by the force of gravity or shall be provided with a fastener.

32.3 The compartment or separate enclosure that is intended to house a lead acid battery shall be
provided with means for ventilation that reduces the likelihood of accumulation of explosive hydrogen-air

mixtures.

32.4 Means
more than a t

325 The m

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

aterial used to form the compartment or the enclosure for the battery or batte

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

32.6 Forou
Environmentsd

32.7 Accesq

33 Environ

33.1 Alleng

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

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

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

a minimum, the enclosure shall be rated Type 3Rfor outdoor use AMPs. The enclosure ra

suitable for th

33.2 All en
enclosure rat

33.3 For ar
accordance W

33.4 The of
UL 50E and (
C22.2 No. 94

e intended use of the AMP.

tlosures 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 50E and'CSA C22.2 No. 94.2.

enings provided in the enclosure shall be in accordance with the allowance fo
LSA C22.2 No. 94.2. Doors and covers shall also meet the requirements of UL §
2.

from moving
5e.

ry pack shall

siderations in

No. 94.2. As
ting shall be

rer specified

be tested in

" openings in
OE and CSA

34 Accessi

34.1

ility

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.

Exception: A motor need not comply with these requirements if it complies with the requirements in 34.2.
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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

Minor dimension? of opening Minimum distance from opening to part,
mmP (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)
47.6 (1-7/8) 3940 (45-1/2)
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 value between values specified in

the table.

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

4 More than 54 fnm (2-1/8 inch), but not more than 152.0 mm (6 inch).

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 34.5) 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 accessible motor (see 34.6), an uninsulated live part cannot
by the probe illustfated in Figure 34.2.

ppening thathas’a minor dimension of 19.1 mm (3/4 inch) or more is acceptab
spaced frem-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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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 feference to the requirements in 34.1 and 34.2, the minor dimension of an. dpening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.
34.6 With reference to the requirements in 34.2:
a) Anlindirectly accessible motor is a motor:
1) That is accessible only by opening or removing a patb of the outer enclosyre, such as a
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 that it is unlikely
to be contacted.
b) A directly 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.
34.7 During the examination of a product to determine whether it complies with the requirements in 34.1
and 34.2, a part of the enclosure that may be opened or removed by the user without uging a tool (to
attach an acgessory, to make an.operating adjustment, or for other reasons) is to be opened ¢r removed.
34.8 With neference to the-requirements in 34.1 and 34.2, insulated brush caps are not required to be
additionally gnclosed.
35 Internal Wiring
35.1 The intermatwiring of the AMPshaft comply with-one of the foftowing—T he wiring 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;

127

c) UL

d) For|

wiring smaller than 13.3 mm? (6 AWG), the requirements in 35.1 would apply-and the effects

of aciq exposure need not be evaluated.
35.3 The wjring of an AMP shall be rated for the particular application withrespect to the|temperature
and voltage, ¢xposure to oil or grease, and other conditions of service to which the wiring is sybjected.
35.4 A bare|conductor is permitted to be insulated with insulating tubing or with noncarbonizgble beads.
35.5 A short length of rubber-insulated conductor exposed to temperatures that normally are in excess of
the maximum| acceptable temperatures for the compound invaelved — for example, at a resistof terminal — is
acceptable if supplementary heat-resistant insulation having\the adequate dielectric strengthl is employed

on the indivio

the rubber. A insulating sleeve shall be secured in place.

35.6 Wiring

a) Eng
wiring

b) Enc

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

ual conductor to protect against breakdowri’of the insulation resulting from de

shall be protected against mechanical’"damage by:

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

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

terioration of

lar parts, the
Ng;

rical metallic

c) Other suitable method in which the wiring is protected sufficiently against mechanical damage.
35.7 Wiring| connections to a continuously moving part, or a part for which the degree of movement is
appreciable ghall hesa Type such as S, SJ, SJE, SJO, SEO, SJT, SJTO, SJEO, SO, ST,|SE, or STO

flexible cord.

Exception No. 1: Individual conductors having flexible stranding, such as Type FFH-2, TFF, or SFF-2,
enclosed in flexible tubing are permitted to be used in place of flexible cord. The tubing is not required on
exposed moving conductors that are readily visible to the operator and are therefore subject to
replacement when damaged.

Exception No. 2: Cords determined to be equivalent to those within UL 62 and CSA C22.2 No. 49, but with
an increased number of conductors, may be acceptable.

35.8 All of the splices and connections shall be mechanically secure and shall provide electrical contact
without stress on connections and terminals. A splice shall be provided with insulation equivalent to that on
the wires involved.
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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 An internal-wiring connection shall be made with a solder lug or a pressure terminal connector.
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 Currenf Carrying Parts

36.1 A current carrying part shall be of silver, copper, a copper-based alloy, stainless steel,
other material determined to be acceptable for the application. Plated iron of-steel shall ng

parts that arg

36.2 Iron d
screws, plate

such parts afle not the primary current carrying members.

36.3 Suital
that plugs wi

36.4 Unins
shifting resul
and Separati

36.5 A curr
if such turnin

r steel, if protected against corrosion by zinc, tin, or €quivalent plating, car
s, yokes, or other parts that are employed as a means, of clamping the condug

le means shall be provided for retaining live parts within such limits of alignmen
| enter receptacles, connectors, and the like.ja the intended manner.

ulated live parts shall be secured inlace so that they do not turn or shift, wh
ks in a reduction in the clearance and creepage distances below those require
pn of Circuits, Section 41.

ent carrying part shall beprevented from turning relative to the surface on which
g would adversely affect the performance of the part or can result in a hazard.

37 Conned

371 An A
Additionally,

battery is int¢

connector fo

comply with th

tions (Battery to.AMP, Battery to Charger, AMP to Charger)

P shall/be equipped with connectors for connection of the battery pack
connectons shall be provided for the electrical connection for recharging the
nded:to be removed for charging, the connector mating with the AMP may alsd

recharglng AII connectors prowded shall be suitably rated for the appllcat

depended upon to carry current. Wire binding screws shall not.be of iron or stegl.

aluminum, or
t be used for

be used for
tor, providing

[ as to ensure

en turning or
d in Spacings

it is mounted

to the AMP.
battery. If the
serve as the
jon and shall

r UL 2734 for

outdoor use AMPs. If clamps are provided for connectlon to battery termmals such as for lead acid
batteries, then the clamps shall be suitable for the purpose.

37.2 With reference to 37.1, if a particular connection on an AMP for outdoor use is enclosed within an
enclosure that meets the environmental considerations of 23.6, then the connection can comply with the
requirements for indoor or outdoor connectors in accordance with 37.1.

37.3 If the connectors referred to in 37.1 are interconnected using a length of cable, the length of the
cable attached between the connectors shall be as short as practical, without interfering with the
disconnecting operation and without placing stress on terminals. The cable shall 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.
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37.4 Live parts shall be recessed from the face of the connector to reduce the possibili
circuit.

37.5
shall comply with Open Bus Bar Connection Systems, Section 23.

38 Fuses

38.1 Fuses shall be acceptable for the current and voltage of the circuit they are protecti

ty of a short

If a connector is not used in lieu of an open contact type connection system, that connection system

ng, 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 usr replaceable fuses, a fuse replacement marking shall be located adjacent to
fuse holder, gr on the fuse holder, or in another location if it is obvious to which fuse the 'mqg
and giving th¢ fuse ratings. Where user replaceable fuses with special fusing characteristics
delay or bregking capacity are necessary, the type shall also be indicated. Inferination on
replacement [of user replaceable fuses shall also be included in the instructions. See

Instructions,
39 Flamma

39.1 Nonm
accordance

enclosures m
C22.2 No. (
evaluation, e

39.2 Nonm
minimum.
39.3

standard in a

39.4 Small
they cannot
specific flamg

Internal parts of components shall” comply with the flammability requirements of thg

ection 79.
ility

btallic materials used for enclosures shall have @ minimum flammability rat
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 enclosufes are considered to comply wi
cept magnesium shall not be used for enclosure materials.

ccordance 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.

39.5 Nonm
considered d

¥

talliczmaterials located outside the enclosure, and not used to complete the e
corative parts. These parts shall be rated HB minimum.

each fuse or
rking applies
such as time

proper fuse
Maintenance

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

etallic materials used for internal\parts within the overall enclosure shall be rated V-2

e component

her such that
ed to have a

hclosure, are

39.6 Printed wiring board materials shall be rated as indicated in 14.2.

39.7 For the requirements outlined in 39.2 — 39.6, the flammability rating of the material shall be provided
as part of the material rating or the flammability rating may be determined in accordance with UL 94 and

CSAC22.2N

0.0.17.

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
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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

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

40.1.
Table 40.1
Rating for Secondary Fuse or Circuit Protector
Circuit voltage (Vrms) Current (A)
20 or less 5
I\||ore than 20 but not greater than 60 100/V*
2Vis the maxiinum output voltage, regardless of the load, with the primary energized.

40.2 A parf 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, ang all wiring up
to the point 4t which the current and voltage are limited shall be judged under the applicable|requirements
in this Standard.

40.3 The maximum load current is to be drawn under any condition of loading, includingd short circuit,
using a resisfor. The current is to be measured 60 seconds afterthe application of the load. The resistor is
to be continuously readjusted during this 1 minute period. to maintain maximum load|current. The
measured lo@d current shall not exceed the value listed in Table 40.1.

40.4 With reference to the voltage limit specified, in~40.1, measurement is to be made|with the unit
connected td the intended supply voltage and with all'loading circuits disconnected.

40.5 The dver-current protective device provided in the LVLE circuit used to limit the cufrent shall be
rated or set dt not more than the values spécified in Table 40.1.

40.6 If a regulating network is used te’limit the output under any conditions, the LVLE currept limitation in
Table 40.1 shall not be affected by malfunction of a single component, excluding resistors| The network
shall comply jwith the value in Tabte 40.1.

41 Spacings and Separation of Circuits

41.1 Spacings shallnot be less than the applicable values specified in Table 41.1.
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Table 41.1
Spacings for Nonsurge-Controlled Circuits in a General Environment
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 Through | 1.6 (1/16)® 3.2% (1/8)? 6.4 (1/4) 9.6 (3/8) 1.6% (1/16)? 4.8 (3/16)°
uninsulated live air or oil

part of opposite Over |162(1/162] 64 (1/4) 96 (3/8) 127 (1/2) 329 (1/8)° 9.6 (3/8)
polarity and any] Surface

uninsulated

grounded part

other than the

enclosure, or

exposed metal

partc,d

Between any Shortest 6.4 (1/4) 12.7 (1/2) 12.7 (1/2) 12.7 (1/2) 6.4 (1/4) 12.7 (1/2)

uninsulated live distance

part and the wal|s

of a metal

enclosure including

fittings for condyit

or armored cablg®

@ The spacing bgtween 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 terminals results from projecting
strands of wire.

b For the purposk of this requirement, a metal plate attached to the\erclosure is a part of the enclosure if deformatior} of the
enclosure is like]y to reduce spacings between the metal pieceahd uninsulated live parts.

¢ n a safety circlit the spacing between wiring terminals, regardless of polarity, and the spacing between a wiring tefminal and a
grounded dead metal part — including the enclosure — shallynot be less than 6.4 mm (1/4 inch).

91n a safety circlit the spacing between same polarity-live parts on opposite sides of a switching mechanism, except at contact

point, shall not He less than 0.8 mm (1/32 inch) thieugh air and 1.6 mm (1/16 inch) over surface.
41.2 As an [alternative to the spacing requirements of 41.1, as applicable, the spacing requirements in
UL 840 and ¢SA C22.2 No. 0!2,)may be used. The spacing 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 ¢

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
ategary.is considered Overvoltage Category Il.

Degree 3 for
bll cases, the

41.3 A spad

and other parts as in actual service.

ing‘at a wiring terminal is to be measured with appropriate wires connected to @ach terminal

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

with the AMP

connected to its rated battery supply circuit.

41.5 Uninsulated live parts connected to different circuits shall be spaced from each other as if they were
parts of opposite polarity, in accordance with the requirement in 41.1, and shall be judged based on the
highest voltage involved.

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.
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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.

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 rmmmwamwwmwmmmmmwnabw held in
place, and Ipcated so that it will not be adversely affected by operation of the equipment in service —
particularly afcing.

Exception: A

41.11 Anin
between live

5 provided in 42.1.

sulating barrier or liner used as the sole separation between live parts and grou
parts of opposite polarity, shall be a material that is acceptable for mounting ur

parts and is ot less than 0.71 mm (0.028 inch) thick. Otherwise, a barrier shall be used in co

atleasta 0.8
Exception: A
42 LVLEC

421 Ifas
shock, or inju

42.2 Spaci
3.2mm (1/8
required spa

42.3 Spaci
metal part —
less than 6.4

42.4 Spaci

mm (1/32 inch) air spacing.
5 provided in 42.1.
rcuits

nort circuit between the parts in an LVLE safety control may result in a risk g
ry to persons, spacings shall be as-specified in 42.2 — 42 4.

ng between an uninsulated Jive part and the wall of a metal enclosure shall no

nded parts, or
insulated live
hjunction with

f fire, electric

be less than

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

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

g between wiring terminals, regardless of polarity, and between a wiring termin
ncluding the enclosure — that may be grounded when the equipment is installe
mm (1/4 inch).

g between uninsulated live parts, regardless of polarity, and between an uninsy

and a dead
shall not be
maintained.

al and a dead
d shall not be

lated live part
nt is installed

etal.part, other than the enclosure, that may be grounded when the equipme

A Q
= A

43 Other than Safety Circuits

43.1

mm (1/32 inch) through air and over the surface of insulating material.

d permanently

The spacings between bare live parts connected to separate LVLE circuits shall not be less than 0.8

43.2 The spacings within an LVLE circuit, other than a safety circuit, are judged on the basis of a
dielectric voltage-withstand test.
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44 Separation of Circuits

44 1

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.

or

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

PERFORMA
45 General

45.1  Unless
testing a rep

subjecting a fepresentative sample or samples to the tests described in Sections 46 — 72, 3

Consideratior]
and other con

45.2 Unlesq
specifications
shall be allow

45.3 All test

454 Tempdg
larger than

temperature

AWG) iron a
wire is to co
Temperature
equilibrium (3
after three su
less than 5m

A>3 =

otherwise stated, compliance with the performance requirements shall be d
resentative model of a new AMP. The performance of an AMP)shall be iny

shall be given to the working environment, rated loads, eleetrical and mecha
struction criteria in selecting samples for testing.

indicated otherwise, batteries shall be fully charged'in accordance with the m
for conducting the tests in this Standard. Afterscharging and prior to testing,
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 19 °F)

rature shall be measured using thermocouples. Thermocouples are to consist
21 mm? (24 AWG) and notismaller than 0.05 mm? (30 AWG). WheneV
easurements by thermocouples are necessary, thermocouples consisting of (
d constantan wire and @ potentiometer-type instrument are to be used. The t
nform with the requireménts specified in the Tolerances on Initial Values of

Iso referred to as.steady state conditions), thermal equilibrium is considered to
ccessive readings taken at intervals of 10 % of the previously elapsed test dur
nute interyals; indicate no change in temperature greater than +2 °C (+3.6 °F).

¢ is asspecific reference to a single fault condition in the individual test methog
sist.of a single failure (i.e. open, short or other failure means) of any componer

ptermined by
estigated by
s applicable.
nical ratings,

anufacturer's
the batteries

of wires not
er reference
.05 mm? (30
hermocouple
EMF versus

tables in ASTM E230/E230M. For those tests that require the sample to r¢ach thermal

be achieved
Ation, but not

s, the single
tin the AMP

h conjunction

with the test be|ng conducted (i.e. overcharge short cwcmt 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
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.
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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 between 24 — 30 m?/kg (13 — 16.5 yards?/Ib).

45.8 Unless noted otherwise in the individual test methods, the tests shall be followed by a 1-hour
observation time prior to concluding the test and temperatures are to be monitored in accordance with
45.6.

45.9 An AMP's electrical systems that are operational after the following tests shall be subjected to a

minimum of
determine th

a) Elg

b) Me

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.

46 Power Rating Verification Test

46.1 The in

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

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

46.2 AMPS
accordance
in accordanc

46.3 An AN
intended. Th
measured va
charging.

46.4 A fully
connections
supply. The 1

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

P 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 t
lue is recorded and compared to the manufacturer's specified input rating for th

discharged batteryiis removed from the AMP and connected to the off board
are made through’a meter that can measure the output current of the charn

ecifications to

rger, shall not

be tested in
hall be tested

ver supply as
he AMP. This
e AMP during

charger. The
ger or power

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

47 Temperature Test

471

| components

This tgst is conducted to determine whether or not temperature sensitive safety critic

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.

47.4 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
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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 Cimits

Materials and components

Temperature limit

°c °F
A. MOTORS
1. Clasp A insulation systems on coil windings of motors having a diameter of more than
178 jnm (7 inch)
a. Iph an open motor:
Thermocouple method 90? 1942
Resistance method 100 212
b. I 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. Iph an open motor:
Thermocouple or resistance method 100 212
b. Ip a totally enclosed motor:
Thermocouple or resistance method 105 221
3. Clasp B insulation systems_on-coil windings of motors having a diameter of more than
178 jnm (7 inch)
a. Ih an open motor:
Thermocguple method 1108 2307
Resistance method 120 248
b. Ip a tetally 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:
Thermocouple or resistance method 125 257
B. COMPONENTS
1. Capacitors:
a. Electrolytic types 65° 149°

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Materials and components

Temperature limit

°c °F
b. Other than electrolytic 90P 194°
2. Field wiring terminals 75 167
3. Vulcanized fiber employed as electric insulation 90 194
4. Plated bus bar 90° 194°
5. Unplated bus bar and a joint 75° 167°
6. Relays, solenoids, and similar devices
a. PfasstO5coitmsutatiomrsystenTs:
Thermocouple method 90° 1942
Resistance method 110 203
b. [lass 130 coil insulation systems:
Thermocouple method 1102 230°
Resistance method 120 248
7. Trapsformer insulation systems:
a. [lass 105:
Thermocouple method 90? 1942
Resistance method 95 203
b. [Llass 130:
Thermocouple method 1102 2032
Resistance method 120 248
c. [lass 155:
Thermocouple method 135° 2752
Resistance method 140 284
d. [lass 180:
Thermocouple method 150° 3022
Resistance method 160 320
e. [lass 200:
Thermocouple method 165° 3292
Resistance;method 175 347
f. [lass 220:
Thermocouple method 180° 356°
Resistance method 190 37
8. Phehetie-eompesitionemployed-as-electricaHnsulationoras-a-partthe-deteriorationof 4564 3024
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%° 140%¢
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 75%h 167¢h
16. Power semiconductor | [

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Temperature limit
OC OF

Materials and components

17. Printed-wiring board j j
@ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature measured by
means of a thermocouple is not prohibited from being 5 °C (9 °F) higher than that specified when the temperature of the coil as
measured by the resistance method is not more than that specified.
b A capacitor that operates at a temperature of more than 65 °C (149 °F) for electrolytic and more than 90 °C (194 °F) for other
types is allowed to be judged on the basis of its marked temperature limit.
° For a bus bar having a current density in accordance with 19.4, it is not required to measure the temperature since it has
characteristics which result in temperatures not exceeding the indicated values.
4 The temperatiire limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to.a ¢ompound that
has heat-resistaint properties in accordance with UL 746B and CSA C22.2 No. 0.17.
¢ A short length|of rubber- or thermoplastic-insulated cord inside the unit is exposed to a temperature of more-than g0 °C (140 °F)
when supplemgntary insulation on each individual conductor is rated for the measured temperature and-has“dielectiic properties in
accordance with UL 746A, UL 746B and CSA C22.2 No. 0.17.

fThe temperatyre is not to exceed the temperature limit of the wire except as noted in note e.

9 The sealing cmpound temperature limit is 15 °C (27 °F) less than the softening point of the eompound as determifed in
accordance with ASTM D1525.
" A temperaturd limit of 85 °C (185 °F) meets the intent of the requirement when the stack.assembly is insulated witf} 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 case
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
Metal vitreous materials rubber®
Accessible surfaces °C (°F) °C (°F) °C (°F)
Handles, knobd, grips, etc., continuously-held in normal 55 (131) 65 (149) 75 (167)
use
Handles, knobd, 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 eqfiipmentwhich may be touched® 70 (158) 80 (176) 95 (203)

@ For each matgrial, account shall be taken of the data from that material to determine the appropriate maximum tenrperature.

b 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.

¢ 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
information.

48 AMPs with Non-Removable Batteries

48.1 For this test, one complete test cycle will consist of one charge cycle followed by one discharge
cycle. The test is terminated after two complete test cycles and the maximum temperature is recorded.
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48.2 During this test, an AMP is tested under conditions of normal operation. If the AMP is intended to
carry a load or to tow a load, then 125 % of the maximum load as specified by the manufacturer is to be
applied during this test.

48.3 At the conclusion of the test, the AMP and battery shall be subjected to an observation period in
accordance with 45.8. An AMP that contains hazardous operating voltages shall be subjected to a

Dielectric Voltage Withstand Test, Section 73.

49 AMPs with Removable Batteries

49.1 For this test, the complete test cycle is defined to represent the worst case possible use. This would
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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.
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Method of Covering Enclosures with Foil for Measurement and Tests

Figure 50.1

ENCLOSURE

50.5 The test voltages shall be applied forsa minimum of one minute with the battery dis
ing during application of thevoltage.

prevent charg

50.6 The tesst equipment shall be capable of delivering the required dc output. There is n
test equipment since the test is checking for insulation breakdown, which rest
increase of cdirrent. Setting a-trip’current may result in a false failure of this test, as it may not
reakdown.

setting for thg

of insulation &

50.7 There
through insu
dielectric with

SB0722

METAL FOIL

OPENING N
ENCLOSURE

shall bé no evidence of a dielectric breakdown (breakdown of insulation result
ation/arcing over electrical spacings) as evidenced by an appropriate sig
stand test equipment as a result of the applied test voltage. Corona discharg

connected to

D trip current
Its in a large
be indicative

ng in a short
nal from the

e or a single

momentary d

51 Mold Stress Test
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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.
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51.3 To prevent hazards from overheating energized cells, the batteries shall be removed prior to this
test.

51.4 After careful removal from the oven, the sample shall be allowed to cool to room temperature prior
to examination. After the conditioning, the sample shall not show any signs of distortion, deterioration,
shrinkage, warping, or softening that would allow access to live parts or other hazardous parts such as

moving parts.
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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
time, during any condition of operation including start-up. This test is not required where circuit analysis
indicates that no other component or portion of the circuit is overloaded. At the end of each component
fault condition, the AMP shall comply with the requirement in 52.1.

53.2 The components chosen for the test shall take into consideration the anticipated worst case results
and may be coordinated with a Failure Mode Effects Analysis (FMEA) as provided by the manufacturer.
Not all components need be faulted but components shall be selected that are anticipated to provide a
potentially hazardous condition which includes the deactivation of protective systems.
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