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PART 1 — ALL GARDENING APPLIANCES

INTRODUCTION

1 Scope

1.1

These requirements cover cord-connected, electrically-operated gardening appliances, such as

cultivators, edger-trimmers, and the like, rated 250 volts or less for use in accordance the National
Electrical Code, ANSI/NFPA 70.

1.2 These requirements also cover battery-operated gardening appliances covered in Battery Powered
Gardening Appliances, Supplement SA of this Standard.

1.3 These re

defined in the

1.4 These re
are covered ur

1.5 These re
covered under

1.6 These rg
covered under

1.7 Thesere
2 Units of M
2.1 Values s

approximate in

2.2 Unless o
square.

3 References

3.1
interpreted as

Any undd

guirements do not cover sprayers, foggers, or equipment for use in hazardg
National Electrical Code, ANSI/NFPA 70.

uirements do not cover electrically operated walk-behind lawn mowers . Th
der UL 1447.

quirements do not cover battery operated ride-on_lawn mowers. These
UL 2753.

quirements do not cover electrically operated hedge trimmers. These
UL 60745-2-15.

uirements do not cover electrically operated log splitters.
pasurements

ated without parentheses are the requirement. Values in parentheses are
formation.

herwise indicated, all voltage and current values specified in this Standard

tedyréference to a code or standard appearing in the requirements in this st

us locations as

ese appliances

appliances are

bppliances are

explanatory or

are root-mean-

andard shall be

> e PR .
eferrngtothetatesteditiormrof that codeorstardard:

ANSI Standards

ANSIB175.3

Internal Combustion Engine-Powered Hand-Held Grass Trimmers and Brushcutters — Safety and
Environmental Requirements

ANSI B175.5

Internal Combustion Engine-Powered Hand-Held Edgers — Safety and Environmental Requirements
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ASTM Standards

ASTM E230/E23-0M
Specification and Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples

ASTM D257
Test Methods for DC Resistance or Conductance of Insulating Materials

IEC Standards
IEC 61000-4-5

Electromagnetic Compatibility (EMC) — Part 4-5: Testing and Measurement Techniques — Surge Immunity
Test

ISO Standards

ISO 11684
Tractors, Machinery for Agriculture and Forestry, Powered Lawn and Garden Equipment 1+ Safety Signs
and Hazard Pigtorials — General Principles

ISO 7010
Graphical Symbols — Safety Colours And Safety Signs — Registered Safety Signs

NFPA Standards

ANSI/NFPA 70
National Electrical Code

UL Standards

UL 20
General-Use Shap Switches

UL 44
Thermoset-Insylated Wiressand Cables

UL 62
Flexible Cords pnd.Cables

UL 66
Fixture Wire

UL 83
Thermoplastic-Insulated Wires and Cables

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

UL 157
Gaskets and Seals

UL 224
Extruded Insulating Tubing
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UL 244A
Solid-State Co

UL 248-1

ntrols for Appliances

Low-Voltage Fuses — Part 1: General Requirements

UL 248-5

Low-Voltage Fuses — Part 5: Class G Fuses

UL 310

Electrical Quick-Connect Terminals

UL 355
Cord Reels

UL 486A-486E
Wiring Conned

UL 486C
Splicing Wiring

UL 486E
Equipment Wi

UL 489
Molded-Case

UL 489A
Circuit Breake

UL 496
Lampholders

UL 498
Attachment Pl

UL 507
Electric Fans

tors

Connectors

ing Terminals for Use with Aluminum and/or Copper Conductors

Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures

s For Use in Communications-Equipment

igs and Regeptacles

UL 508

Industrial Control Equipment

UL 510

Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape

UL 514A
Metallic Outlet

UL 514C

Boxes

Nonmetallic Outlet Boxes, Flush-Device Boxes and Covers

UL 514D

Cover Plates for Flush-Mounted Wiring Devices
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UL 635
Insulating Bushings

UL 746A
Polymeric Materials — Short Term Property Evaluations

UL 746B
Polymeric Materials — Long Term Property Evaluations

UL 746C
Polymeric Materials — Use in Electrical Equipment Evaluations

UL 746D
Polymeric Matgrials — Fabricated Parts

UL 758
Appliance Wiring Material

UL 773A
Nonindustrial Rhotoelectric Switches for Lighting Control

UL 796
Printed-Wiring Boards

UL 810
Capacitors

UL 817
Cord Sets and Power-Supply Cords

UL 873
Temperature-indicating and -Regulating Equipment

UL 917
Clock-Operatedl Switches

UL 935
Fluorescent-Lamp. Ballasts

UL 943
Ground-Fault Circuit-Interrupters

UL 943B
Appliance Leakage-Current Interrupters

UL 969
Marking and Labeling Systems

UL 991
Tests for Safety-Related Controls Employing Solid-State Devices

UL 1004-1
Rotating Electrical Machines — General Requirements
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UL 1004-2

Impedance Protected Motors

UL 1004-3

Thermally Protected Motors

UL 1004-7

Electronically Protected Motors

UL 1012
Power Units O

ther Than Class 2

UL 1029
High-Intensity

UL 1053
Ground-Fault

UL 1059
Terminal Bloch

UL 1077
Supplementar,

UL 1283
Electromagne

UL 1310
Class 2 Power

UL 1411

Transformers @nd Motor Transformers for Use in Audio-, Radio-, and Television-Type Applig

UL 1412
Fusing Resistq

UL 1434

Discharge Lamp Ballasts

Bensing and Relaying Equipment

Protectors for Use in Electrical Equipment,

ic Interference Filters

Units

rs and Temperature-Limited Resistors for Radio- and Television-Type Applia

Thermistor-Ty,

e Device

nces,

nces

UL 1439

Tests for Sharpness of Edges on Equipment

UL 1441

Coated Electrical Sleeving

UL 1446

Systems of Insulating Materials — General

UL 1447

Electric Lawn Mowers

UL 1557

Electrically Isolated Semiconductor Devices
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UL 1565
Positioning Devices

UL 1642
Lithium Batteries

UL 1699
Arc-Fault Circuit-Interrupters

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

UL 1998
Software in Prgqgrammable Components

UL 2111
Overheating Priotection for Motors

UL 2459
Insulated Multi{Pole Splicing Wire Connectors

UL 2595
General Requitrements for Battery-Powered Appliances

UL 2753
Outline of Investigation for Battery Operated Ride-On;Lawn Mowers

UL 4248-1
Fuseholders — Part 1: General Requirements,

UL 4248-9
Fuseholders — Part 9: Class K

UL 5085-1
Low Voltage Transformers=Part 1: General Requirements

UL 5085-2
Low Voltage Transformers — Part 2: General Purpose Transformers

UL 5085-3
Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

UL 8750
Light Emitting Diode (LED) Equipment for Use In Lighting Products

UL 60691
Thermal-Links — Requirements and Application Guide

UL 60730-1
Automatic Electrical Controls — Part 1: General Requirements

UL 60730-2-2
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Automatic Electrical Controls for Household and Similar Use; Part 2 Particular Requirements for Thermal
Motor Protectors

UL 60730-2-6
Automatic Electrical Controls for Household and Similar Use; Part 2: Particular Requirements for
Automatic Electrical Pressure Sensing Controls Including Mechanical Requirements

UL 60730-2-7
Automatic Electrical Controls for Household and Similar Use; Part 2: Particular Requirements for Timers
and Time Switches

UL 60730-2-9
Automatic Eldctrical Controls for Household and Similar USe, Part 2. Particular Reuirements for
Temperature Sensing Controls

UL 60745-2-13
Hand-Held Mdtor-Operated Electric Tools — Safety — Part 2-13: Particular Requirements for|Chain Saws

UL 60745-2-1§
Hand-Held Méotor-Operated Electric Tools — Safety — Part 2-15: Particular Requiremgnts for Hedge
Trimmers

UL 61058-1
Switches for Appliances — Part 1: General Requirements

UL 61800-5-1

Adjustable Spg¢ed Electrical Power Drive Systems<“Part 5-1: Safety Requirements — Eledtrical, Thermal,
and Energy

4 Glossary
4.1 For the purpose of this standard the following definitions apply.
4.2 ACCESSIBLE PART — A part so located that it can be contacted by a person, eithgr directly or by
means of a probe or toely»or that is not recessed the required distance behind an| opening. See

Accessibility of Moving-Parts, Section 9.

4.3 APPLIANCE\.COUPLER - A single-outlet, female contact device for attachment to a flexible cord as
part of a detachable power-supply cord to be connected to an appliance inlet (motor attachment plug).

4.4 APPLIANCE INLET (Motor Attachment Plug) — A male contact device mounted on an end product
appliance to provide an integral blade configuration for the connection of an appliance coupler or cord
connector.

4.5 APPLIANCE (FLATIRON) PLUG — An appliance coupler type of device having a cord guard and a
slot configuration specified for use with heating or cooking appliances.

4.6 AUTOMATICALLY CONTROLLED PRODUCT — A product is determined to be automatically
controlled if it complies with one or more of the following conditions:

a) The repeated starting of the product is independent of any manual control after one complete
cycle of operation, after which some form of limit device opens the circuit;

b) During any single preset cycle of operation, the motor is caused to stop and restart;
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c) When the product is energized, the initial starting of the motor may be intentionally delayed
beyond intended, conventional starting; and

d) For a product employing a motor with a separate starting winding, during any single
predetermined cycle of operation, automatic changing of the mechanical load reduces the motor
speed sufficiently to reestablish starting-winding connections to the supply circuit.

4.7 BASIC INSULATION - The insulation applied to live parts to provide basic protection against electric
shock.

4.8 COMPONENT — A device or fabricated part of the appliance covered by the scope of a standard
dedicated to the purpose. When incorporated in an appliance, equipment otherwise typically field installed

i cancidarad o ba A caomnanant | lnlacce Athamaion conanifind  maatarialc
< < orertT—oT SaRA1RA~ toterraro—tt

(e.g. luminaire
device or fabrig
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relied upon as

an efficiency ¢
normal or abno
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control.

412 CONTR

TO—COTTOTOCTC O oTTTo SO LIARISASINS) SASAS LR S P p )

ated part, such as thermoplastic or copper, are not considered components:
L, AUTOMATIC ACTION — A control in which at least one aspect is-hon“man

DL, AUXILIARY — A device or assembly of devices that provides a function
hn operational or protective control, and therefore is not reliedupon for safety

rmal operation of the end product is considered an auxiliary control.

DL, MANUAL — A device that requires direct-human interaction to activg

DL, OPERATING — A device or assembly of devices, the operation of \

regulates the ¢nd product during normal operation,For example, a thermostat, the faily

thermal cutout/
persons, is cg
controls”.

4,13 CONTR
reduce the ris
abnormal oper|
relied upon for
also referred to
circuit, the prot

414 CONTR

imiter or another layer of protection-would mitigate the risk of electric shock,
nsidered an operating controk-Operating controls are also referred to

DL, PROTECTIVE — ,A-device or assembly of devices, the operation of whick
of electric shocks-fire or injury to persons during normal and reasona
btion of the appliance. For example, a thermal cutout/limiter, or any othe
normal and abnermal conditions, is considered a protective control. Protecti
as “limiting“controls” and “safety controls”. During the evaluation of the prot
pctive functions are verified under normal and single-fault conditions of the cg

DLYWTYPE 1 ACTION — The actuation of an automatic control for which the

deviation and t

at compose a

Lial.

al utility, is not
. For example,

bntrol not relied upon to reduce the risk of electric shock,fire, or injury to persons during

te or rest the

hich starts or
re of which a
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as “regulating

is intended to
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control/circuit
e controls are
ective control /
ntrol.

manufacturing
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bperating time,

or operating sequence has not been declared and tested under this Standard.

4.15 CONTROL, TYPE 2 ACTION — The actuation of an automatic control for which the manufacturing
deviation and the drift (tolerance before and after certain conditions) of its operating value, operating time,
or operating sequence have been declared and tested under this Standard.

416 CORD CONNECTOR — A female contact device wired on flexible cord for use as an extension from
an outlet to make a detachable electrical connection to an attachment plug or, as an appliance coupler, to
an equipment inlet.

4.17 CUTTER AREA — The area through which the cutting means moves and in which a foreign object
may be struck by the cutting means.
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418 DEAD-MAN CONTROL — A control intended to automatically interrupt power when the actuating
force supplied by the operator is removed.

4.19 DOUBLE INSULATION — An insulation system comprised of basic insulation and supplementary
insulation, with the two insulations physically separated and so arranged that they are not simultaneously
subjected to the same deteriorating influences, such as temperature, contaminants, and the like, to the
same degree. See Figure 4.1.

Figure 4.1

Example of double insulation

ARMATORE
CONDUCTOR

SLOT LINER
(BASIC INSULATION)
SHAFT

INSULATION
SLEEVE

ARMATURE
LAMINATION

A— CONSIDERED TO CONSTITUTE DOUBLE.INSULATION

ARMATURE
CONDUCTOR o

ST

/ SLOT LINER
\ (TWO LAYERS)
\/////I/)))})),\\\

I','J

SHAFT ARMATURE

LAMINATION

B NOT CONSIDERED TO CONSTITUTE DOUBLE INSULATIOI

S0723A

4.19A EDGHR - Grass and soil trimming machine where the metallic or non-metallic rigid|blade operates
in a plane app1oximately perpendicular to the ground.

4.20 ENCLOSURE - That portion of an appliance that:

a) Renders all or any part that may otherwise present a risk of electric shock or injury to persons
inaccessible; or

b) Prevents propagation of flame initiated by electrical disturbances occurring within the appliance.

4.21 FOOT PROBE - A simulated human foot. See Figure 4.2, for dimensional details.
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Figure 4.2

Foot probe

L

e
N

[ 1.97 Inches (50mm)

A
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— 3.04

(15mm)

TAches (90mm)

0.59 Inches

3.15 Inches
(80mm)

9.33 Inches
(237mm)

3.15 Inches
(80mm)

2,76 Inches
(70mm)

i

i

entirely or in pgrt by the ground.

4.23 GUARD
shock, or injury]

4.24 HAND-S
completely sup

4.24A LAWN

to persons.

ported by.the user.

soft vegetation

1.38 Inches
(35mm)
? 5.90 Inches
(150mm)
10.01 Inches
PA235A (254;2mm)

D-SUPPORTED APPLIANCE-— An appliance that, during normal operation, is supported

— A part of an assembly provided for shielding parts that may present a risk|of fire, electric

UPPORTEDAPPLIANCE — An appliance that, during normal operafion, must be

EDGE TRIMMER - Machine with a non-metallic cutting means for cutting drass or similar

ahere the cutting-means-operates-in-a-plane-approximatelv perpendiculartolthe ground
~J Lud Lud rr PAL Ll .

4.24B LAWN TRIMMER — Machine with a non-metallic cutting means for cutting grass or similar soft
vegetation where the cutting means operates in a plane approximately parallel to the ground.

4.25 LEAKAGE CURRENT - All current or currents, including capacitively-coupled currents, that may be
conveyed between exposed conductive surfaces of an appliance and ground or other exposed conductive

surfaces of the

appliance.

4.26 LIVE PART — A part energized with respect to earth or energized with respect to some other part.

4,27 OPERATOR CONTROL - Any device necessary for operating an appliance including a drive-
engaging control, a movable-guide control, a drive-speed changing control, and a deflector control.
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428 POLE PRUNER - hand supported pole-mounted appliance fitted with a saw chain cutting
attachment mounted on a pole for pruning branches and having a bar not greater than 10.24 inch (260

mm).

4.29 PRUNING SHEARS - A hand-supported gardening appliance intended for one hand use and used

primarily to cut

off small twigs and branches of trees and shrubs.

4.29A RECIPROCATING AND ROTARY SCISSOR — Machine with circular dual blades that rotate
opposite to each other or reciprocate back and forth to achieve a scissor cutting action to cut grass,

weeds, scrub,

brush, and similar vegetation.

4.30 REINFORCED INSULATION — An improved basic insulation with such mechanical and electrical

qualities that
insulation. It m

4.31 SUPPL
insulation to p|
basic insulatio
insulation.

CONSTRUCT

5 Components

5.1 General

5.1.1 A comg
a) Com
b) Be u
c)Beu

d) Not

Exception No.
specific compq

it, in itself, provides the same degree of protection against electric sh
ay consist of one or more layers of insulating material.

EMENTARY INSULATION — An independent insulation provided in additig

h. An enclosure of insulating material may form a part or theywhole of the

ON

onent of a product covered by this-Standard shall:
ply with the requirements forthat' component as indicated in Sections 5.2 — 5|
5ed in accordance with its rating established for the intended conditions of us
sed within its establishied use limitations or conditions of acceptability; and

ontain mercury:

1: A eomponent of a product covered by this Standard is not required td
nentwequirement that:

pbck as double

n to the basic

rotect against electric shock in case of mechanical rupture or electrical br¢gakdown of the

supplementary

123,

comply with a

a) Invg

Ives a feature or _characteristic_not required _in_the application of the cor

nponent in the

product;

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

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

Exception No. 2: A component that complies with a UL component standard other than those specified in

Sections 5.2 -

5.23, is acceptable if:

a) The component also complies with the applicable component standard specified in Sections 5.2

- 5.23;

or

b) The component standard:
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1) Is compatible with the ampacity and overcurrent protection requirements in ANSI/NFPA
70 where appropriate;

2) Considers long-term thermal properties of polymeric insulating materials in accordance
with UL 746B; and

3) Any use limitations of the other component UL standards are identified and appropriately
accommodated in the end use application. For example, a component used in a household
application, but intended for industrial use and that complies with the relevant component

standard may assume user expertise not common in household applications.

5.1.2 A component that is also intended to perform other functions, such as over current protection,

ground-fault ci

rcuit-interruption, surge suppression, any other similar functions, or _any combination

thereof, shall ¢
that provide thq

Exception: Wh

markings, instluctions, or packaging for the appliance, the additional component UL s

required to be

5.1.3 A comp
component sta
personal injury
comply with 5.1

51.4 With re
performance r
anticipates nor
standard.

5.2 Attachment plugs, receptacles, connectors, and terminals

5.2.1 Attach
appliance (flati

Exception No.
evaluated in ag

Exception No.

pbmply additionally with the requirements in the applicable UL standard that
se functions.

bre these other functions are not required for the application and_pot ident
pplied.
pnent not anticipated by the requirements in this Standard, not specifically

ndards specified in Sections 5.2 — 5.23, and that ipvolves a risk of electric
shall be additionally evaluated in accordance with the applicable UL stang

.1 (b) —(d).
gard to a component being additionally evaluated, reference to cor

bquirements in another UL end product standard is appropriate where
mal and abnormal use conditions caonsistent with the application of the requi

on) plugs, shall comply with UL 498. See 5.2.9.

[ Attachment plugs and appliance couplers integral to cord sets or power s(
cordancewith UL 817, and is not required to comply with UL 498.

P: A fabricated pin terminal assembly is not required to comply with UL 494

with Live Parts

cover devices

fied as part of
fandard is not

covered by the
shock, fire, or
ard, and shall

struction and
that standard
rements in this

ent plugs, receptacles, appliance couplers, appliance inlets (motor attachment plugs), and

pply cords are

B, if it complies

Section 14- Flectric Insulation Section 16- and Spacings_Section 22

5.2.2 Quick-connect terminals, both connectors and tabs, for use with one or two 22 — 10 AWG copper
conductors, having nominal widths of 0.110 in (2.8 mm), 0.125 in (3.2 mm), 0.187 in (4.8 mm), 0.205 in
(5.2 mm), and 0.205 in (6.3 mm), intended for internal wiring connections in appliances, or for the field
termination of conductors to appliance, shall comply with UL 310.

Exception: Other sizes of quick-connect terminals shall be evaluated with respect to crimp pull out,
insertion-withdrawal, temperature rise, and all tests shall be conducted in accordance with UL 310.

5.2.3 Single and multi-pole connectors for use in data, signal, control and power applications within and
between electrical equipment, and that are intended for factory assembly to copper or copper alloy
conductors, or for factory assembly to printed-wiring boards, shall comply with UL 1977. See 5.2.9.

5.2.4 Wireco

nnectors shall comply with UL 486A-486B.
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5.2.5 Splicing wire connectors shall comply with UL 486C.

5.2.6 Multi-pole splicing wire connectors that are intended to facilitate the connection of hard-wired
utilization equipment to the branch-circuit conductors of buildings shall comply with UL 2459. See 5.2.9.

5.2.7 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors, shall comply with UL 486E.

5.2.8 Terminal blocks shall comply with UL 1059, and, if applicable, be suitably rated for field wiring.

Exception: A fabricated part performing the function of a terminal block is not required to comply with UL
1059 if the part complies with the requirements in Live Parts, Section 14; Electrical Insulation, Section 16;
and Spacings| Section 22, of this end product Standard. This exception does not apply to protective
conductor termpinal blocks.

5.2.9 Femalg devices (such as receptacles, appliance couplers, and connectors) that gre intended, or
that may be uged, to interrupt current in the end product, shall be suitably rated-for current interruption of
the specific type of load, when evaluated with its mating plug or connector,*For examplg, an appliance
coupler that can be used to interrupt the current of a motor load shall have a suitable hofsepower rating

when tested wjth its mating plug.
5.3 Batterieg

5.3.1 Rechailgeable lithium ion (Li-ion) cells shall comply, with the requirements for se
cells specified |in UL 1642.

condary lithium

5.4 Boxes and raceways

5.4.1 Electridal boxes and the associated\bushings and fittings, and raceways, of the types specified in

Wiring Method
as UL 514A; |
with the requir

5.5 Capacitqg

5.5.1 The co
810, is conside

s and Materials, of the ANSI/NFPA 70, and that comply with the relevant UL
L 514C; and UL 514D) and Components — General, Section 5.1, are consiq
bments in this Standard.

rs and filters

mponentrequirements for a capacitor are not specified. A capacitor that cq
red to'comply with the requirements in 20.1.

5.5.2 Electro

standard (such
ered to comply

mplies with UL

agnp’rir‘ interference filters with infpgral enclosures that anply with

UL 1283, are

considered to comply with the requirements in 20.1.

5.6 Controls

5.6.1 General

5.6.1.1 Auxiliary controls shall be evaluated using the applicable requirements in this end product
Standard and the requirements in Controls — End Product Test Parameters, Section 25.

5.6.1.2 Operating (regulating) controls shall be evaluated using the applicable component standard
requirements specified in 5.6.2 — 5.6.7, and if applicable, the requirements in Controls — End Product Test
Parameters, Section 25, unless otherwise specified in this end product Standard.
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5.6.1.3 Operating controls that rely upon software for the normal operation of the end product where
deviation or drift of the control may result in a hazard, such as a speed control unexpectedly changing its
output, shall comply with UL 991 and UL 1998, or UL 60730-1, or both.

5.6.1.4 Protective (limiting) controls shall be evaluated using the applicable component standard
requirements specified in Sections 5.6.2 — 5.6.7, and if applicable, the parameters in Controls — End
Product Test Parameters, Section 25, unless otherwise specified in this end product Standard.

5.6.1.5 Solid-state protective controls that do not rely upon software as a protective component shall
comply with UL 991 or UL 60730-1 (except for the Controls Using Software requirements in Annex H), or
both

5.6.1.6 Prote¢iive controls
and UL 1998,

at rely upon software as a protective component shall comply with UL 991
r UL 60730-1, or both.

5.6.1.7 An elgctronic, non-protective control that is simple in design need only be supjected to the
applicable reqyirements in this end product Standard. A control that does not in¢lude an infegrated circuit
or microprocesgsor, but does consist of a discrete switching device, capacitorsytransistors, |or resistors, is
considered simple in design. See Abnormal Operation Tests, Section 35.

5.6.2 Electromechanical and electronic controls

5.6.2.1 A confrol, other than as specified in Sections 5.6.2 < 5:6.7, shall comply with UL 244A, UL 873, or
UL 60730-1.

5.6.3 Liquid level controls

5.6.3.1 Aliquld level control shall comply withcJL 244A, UL 873, UL 508, or UL 60730-1 and UL 60730-
2-15.

5.6.4 Motor dnd speed controls

5.6.4.1 A confrol used to start,(stop, regulate or control the speed of a motor shall comply|with UL 244A,
UL 873, UL 508, UL 61800-5-1, or UL 60730-1.

5.6.5 Pressufe controls

2-6.

5.6.5.1 A pressute,control shall comply with UL 873, UL 508, or UL 60730-1 and UL 60730

5.6.6 Temperature controls

5.6.6.1 A temperature control shall comply with UL 244A, UL 873, UL 61800-5-1, or UL 60730-1 and UL
60730-2-9.

5.6.6.2 A temperature positive temperature coefficient (PTC) or a negative temperature coefficient (NTC)
thermistor, that performs the same function as an operating or protective control shall comply with UL
1434,

5.6.6.3 A thermal cutoff shall comply with UL 60691.
5.6.7 Timer controls

5.6.7.1 A timer control shall comply with UL 244A or UL 60730-1 and UL 60730-2-7.
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5.7 Cords, cables, and internal wiring
5.7.1 A cord set or power supply cord shall comply with UL 817.

5.7.2 Flexible cords and cables shall comply with UL 62. Flexible cord and cables are considered to
comply with this requirement when preassembled in a cord set or power supply cord that complies with UL
817.

5.7.3 Internal wiring composed of insulated conductors shall comply with UL 758.

Exception No. 1: Insulated conductors is not required to comply with UL 758, if they comply with UL 44,
UL 83 or UL 66 or if they comply with the applicable UL standard for other insulated conductor types
specified in Wing Methods and Materials, of the ANSI/NFPA 70.

Exception No.|2: Insulated conductors for specialty applications (e.g. data processingor c¢mmunications)
and located inl a low-voltage circuit not involving the risk of fire or injury to pefsons are |not required to
comply with UL 758.

5.8 Cordreels
5.8.1 A cord feel shall comply with special use cord reel requirements in UL 355.
5.9 Film-codted wire (magnet wire)

5.9.1 The component requirements for film coated wire and Class 105 (A) insulation systems are not
specified.

5.9.2 Film-cdated wire in intimate combination with one or more insulators, and incdrporated in an
insulation system rated Class 120 (E) or higher, shall comply with the magnet wire requirements in UL
1446.

5.10 Gaskets, seals, and tubing

5.10.1 Gaskgts, o-rings, seals, and tubing the failure of which would increase the risk|of fire, electric
shock, injury t@ persons,erpersonal injury shall comply with UL 157.

5.11 Ground-fault;-arc-fault, and leakage current detectors / interrupters

5.11.1 Ground=fauttTircuitinterrupterstGFCtforprotectiomagainstetectricatstockstattcomply with UL
943. The following statement, or equivalent, shall be included as a marking near the GFCI, or as an
instruction in the manual: “ Press the TEST button (then RESET button) every month to assure proper
operation.”

5.11.2 Appliance-leakage-current interrupters (ALCI) for protection against electrical shock shall comply
with UL 943B. An ALCI is not considered an acceptable substitute for a GFCI when ANSI/NFPA 70
requires a GFCI.

5.11.3 Equipment ground-fault protective devices shall comply with UL 1053, and the applicable
requirements in UL 943.

5.11.4 Arc-fault circuit-interrupters (AFCI) shall comply with UL 1699.
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5.11.5 Leakage-current detector-interrupters (LCDI) and any shielded cord between the LCDI and
appliance shall comply with UL 1699.
5.12 Insulation systems

5.12.1 Materials used in an insulation system that operates above Class 105 (A) temperatures shall
comply with UL 1446.

5.12.2 All insulation systems employing integral ground insulation shall comply with the requirements
specified in UL 1446.

5.13 Light sources and associated components

5.13.1 Lampholders and indicating lamps shall comply with UL 496.

Exception: Lar
standard are cq

5.13.2 Lightin

Exception No.
standard are cq

Exception No.
5.13.3 Lightsg

Exception No.
luminaire stang

Exception No.
indicating purg
requirements in
5.14 Marking

5.14.1 A marl

npholders forming part of a luminaire that complies with the~applicable
nsidered to comply with this requirement.

g ballasts shall comply with UL 935 or UL 1029.

1: Ballasts forming part of a luminaire that complies with the applicable
nsidered to comply with this requirement.

mitting diode (LED) light sources shalbcomply with UL 8750.

1: LED light sources formingpart of a luminaire that complies with an
ard are considered to comply with this requirement.

2:
oses is not required to comply with UL 8750, but shall comply with
this end produetStandard.

and labeling systems

ing and labeling system shall comply with UL 969.

UL luminaire

UL luminaire

P: Ballasts for other light sources shall comply with the appropriate UL standard.

ppropriate UL

Individual LED_light sources mounted on printed-wiring boards andl intended for

the applicable

5.15 Motors
5.15.1 Gener

5.15.1.1

and motor overioad protection

al

General-purpose type motors having a NEMA frame size shall comply with the requirements

specified in General-Purpose Type Motors, Section 5.15.2. This includes fractional HP motors rated up to
1 HP (typically NEMA frame sizes 42, 48, or 56), and integral HP motors rated 1 HP and greater (typically
NEMA frame sizes 140 — 449T).

5.15.1.2 Motors not enclosed, or partially enclosed, by the end product enclosure shall comply with the
requirements specified in General-Purpose Type Motors, Section 5.15.2.

5.15.1.3 Component type motors completely enclosed within the end product enclosure shall comply
with the requirements specified in General-Purpose Type Motors, Section 5.15.2 or in or Component Type
Motors, Section 5.15.3.
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5.15.1.4 Motors located in a low voltage circuit are evaluated for the risk of fire and personal injury in
accordance with the applicable requirements in this end product Standard.

5.15.1.5 Low voltage component fans that comply with UL 507, are considered to comply with the
requirements in Motors, Section 17.

5.15.2 General-purpose type motors

5.15.2.1

5.15.3 Component type motors

5.15.3.1

5.15.3.2 The

A general-purpose type motor shall comply with UL 1004-1.

Corhponent type motors shall comply with either 5.15.3.2 or 5.15.3.3.

motor shall comply with UL 1004-1 except as noted in Table 5.1:

Table 5.1
Superseded requirements

UL 1004-1 exen

pted requirements

Superseded by UL 82-requirements

Current and Hor

epower Relation, Section 6

31.3

Cord-Connected

Motors, Section 15

Supply Connections, Section 13

Factory Wiring T

erminals and Leads, Section 17

Internal'\Wiring — Electrical Connections, Secti

-
[6)]

Electrical Insulat

on, Section 22

Electrical Insulation, Section 16

Non-Metallic Fun]

ctional Parts, Section 28

Erames and Enclosures, Sections 6

Polymeric Enclosures, Section 7

Polymeric Materials Not Classed HB, Section 4

Polymeric Materials Classed HB, Section 45

High Current Arc Ignition Test, Section 46

Solid-State Cont|

ols, 7.2

Controls, Section 5.6

Non-metallic end

osure thermal aging, 9- 14

Motors and Motor Overload Protection, 5.15

Motor enclosure

9.2-94

Frames and Enclosures, Section 6

Grounding, Sect

on 10 and Grounding Identification, Section 11

Grounding, Section 23

openings are on
enclosure.

Ventilation OpenLngs, Section12: only applicable where the

urfaces.considered to be the appliance

Frames and Enclosures, Section 6

Accessibility of U

ninsulated Live Parts, Film-Coated Wire, and

Accessibility of Live Parts, Section 10

Moving Parts, Section 13

Protection Again

st Corrosion, Section 14

Protection Against Corrosion, Section 12

capacitors, 26.6:
appliances.

Available fault current ratings for motor start and running

not applicable for cord and plug connected

Capacitors, Section 20

switches

Switch, Section 27 is not applicable to centrifugal starting

Switch and Control Test, Section 42

With the exception of Resilient Elastomer Mounting Test,
Section 36 and Electrolytic Capacitor Tests, Section 41, the
performance tests of UL 1004-1 are not applicable

All applicable performance tests

Only the followin

than 1; and multi

g marking requirements specified in 44.1 of UL

1004-1 are applicable: manufacturer’'s name or identification;
rated voltage; rated frequency; number of phases if greater

-speed motors, other than a shaded-pole or a

permanent-split-capacitor motor, shall be marked with the
amperes and horsepower at each speed
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5.15.3.3 The motor shall comply with the applicable component requirements in Components — General,
Section 5.1, the following construction requirements, and the applicable performance requirements (when
tested in conjunction with the end product), of this end product Standard:

a) Protection Against Corrosion, Section 12;

b) Internal Wiring — Electrical Connections, Section 15;

c) Elect

d) Moto

rical Insulation, Section 16;

rs, Section 17;

e) Capacitors, Section 20;

f) Spaci
g) Grou

5.16 Motoro

5.16.1
60730-1and U

5.16.2 Imped

5.16.3 Electrg

5.16.4 Excep

following. See |

a) The
compon
perform

b) UL ¢

Therm

hgs, Section 22; and

nding, Section 23.
verload protection

al protection devices integral with the motor shall comply-with UL 2111, UL

ance protection shall comply with UL 2111 or UL~1Q04-2.
nic protection integral to the motor shall comply with the UL 1004-7.

as indicated in 5.16.3, electronically protected motor circuits shall comply
b.6.4, for basic control requirements.

ent, it shall comply with.the’ requirements in the UL 1998. If software is
a safety function, it shalhbe considered software Class 1;

0730-1; If softwaresis relied upon to perform a safety function, it shall

softwarg Class B; or

c) The |

Exception: Co
circuit if there

L 61800-5:

npliafice with the above standards is not required for an electronically p
5.9 fisk of fire, electric shock, or casualty hazard during abnormal testing

| 60730-2-2, in conjunction with UL 1004-3 (to evaluatéthe motor-protector g

UL 991. When the protectivé-electronic circuit is relying upon software 3

1004-3, or UL
ombination).

vith one of the

s a protective
relied upon to

be considered

[otected motor
with the motor

electronic circuitTerdered-Trreffective, comptiance withthe—appficabte requirerments—of th

Standard is the

n required.

5.17 Overcurrent protection

5.17.1

s end product

Fuses shall comply with UL 248-1; and the applicable UL 248 part standard (e.g. UL 248-5).

Defined use fuses that comply with UL 248-1 and another applicable UL standard for fuses are considered
to comply with this requirement.

5.17.2 Fuseholders shall comply with UL 4248-1, and the applicable part standard (e.g. UL 4248-9).

5.17.3 Circuit

breakers shall comply with UL 489.

Exception: Circuit breakers used in telecommunications circuitry that comply with UL 489A, is not required
to comply with UL 489.
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5.17.4 Circuit breakers having integral ground fault circuit interrupter capability for protection against
electrical shock shall additionally comply with UL 943.

5.17.5 Supplementary protectors shall comply with UL 1077.

5.17.6 Fusing resistors shall comply with UL 1412.

5.18 Polymeric materials

5.18.1

Polymeric enclosure materials or a polymeric device which provides mechanical support or

electrical insulation or separation whose deterioration would reduce spacings between uninsulated live
parts or could result in a risk of fire, electric shock, or risk of injury to persons shall comply with UL 746A,

UL 746B, UL 1
or fabricated b|

5.18.2 Metal
in UL 746C. T
parts if the me
externally.

5.19 Power
5.19.1 ACla

5.19.2 Anon

5.20 Semicdnductors and small electrical and electronic components

y a source other than the manufacturer, shall be identified according to ULl 7

ized or painted polymeric parts or enclosures shall comply with the applicab
his requirement is not applicable to exterior surfaces of polymeric enclosy
tallized coating or paint does not offer a continuous path for anvinternal flani

supplies
bs 2 power supply shall comply with UL 1310.

-Class 2 power supply shall comply with UL+ 1012.

46C, unless superseded by the requirements in this Standard. Polymeric-mpterials molded

6D.

e requirements
re materials or
e to propagate

5.20.1 A power switching semiconductor-device that is relied upon to provide isolation fo ground shall
comply with UL 1557.
5.20.2 An optical isolator that is«relied upon to provide isolation between primary and se¢ondary circuits

or between oth

5.20.3 Exceq]
small electrica
circuits, and c4

er circuits as required by this end product Standard shall comply with UL 157

t as otherwise specified in this Standard, component requirements are n
parts onprinted-wiring boards, including diodes, transistors, resistors, indug
pacitors hot directly connected to the supply source.

5.20.4 Wher

7.

bt specified for
tors, integrated

-

h_ a0 _alactranic ocamnanant 1o datarminad ta ha Ao oritical ~aamnanant A g
o e Gt orc— oM P oS gt a—o—pCc—a—trrrtar—Cormporerit—au

ing the testing

Abnormal Operation Test, Section 35, the circuit shall comply with UL 991, including its Follow-Up
Program; and as applicable, UL 1998 for controls that rely upon software as a protective component, UL
60730-1, or both. See Protective Controls (Limiting Controls), Section 25.4 for the test parameters to be
used.

5.20.5 A critical component is a component that performs one or more safety-related functions where its
failure results in a condition, such as the risk of fire, electric shock, or injury to persons, in the end product
application.

5.20.6 A critical component may also be identified using a Failure-Mode and Effect Analysis (FMEA) in
accordance with the Failure-Mode and Effect Analysis (FMEA), requirements in UL 991.
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5.20.7 Portions of a circuit comprised of a microcontroller or other programmable device that performs a
back-up, limiting, or other safety function intended to reduce the risk of fire, electric shock, or injury to
persons shall comply with Controls Using Software requirements in UL 60730-1.

5.21

5.21.1

Supplemental insulation, insulating bushings, and assembly aids

The requirements for supplemental insulation (e.g. tape, sleeving or tubing) are not specified

unless the insulation or device is required to comply with a performance requirement of this Standard. In
such cases, the insulation or device shall comply with the following applicable standards:

a) Insulating tape shall comply with UL 510;

b) Sleey

ing shall rnmply with Ul 1441 or

c¢) Tubin

5.21.2 Wire p
with UL 1565.

g shall comply with UL 224.

ositioning devices required to comply with the requirements in this,Standar

5.21.3 Insula

the hole size ahd shape, maximum use temperature and wire size or’type. To determine

and shape is s
Section 13.3, K
conducted.

5.22 Switches

5.22.1 Switch

Exception: Swi

transfer switch
another compo

5.22.2 Clock-
60730-1 and U

5.22.3 Atime
separable con
protective cont

}‘i.‘ng bushings shall comply with UL 635, and be suitable for-the application

itable for the bushing, the applicable test specified-in.this Standard (e.g. Str
Push-Back Relief Test, Paragraph 13.3.3, Mold.Stress Relief Test, Section

es shall comply with UL 20, UL 773A; or UL 61058-1, as applicable:

fching devices that comply with the applicable UL standards for specialty ap
equipment), industrial use-(e.q. contactors, relays, auxiliary devices), or
nent (e.g. switched lampholder) is not required to comply with this requireme

bperated switches,)and time switches, including timers, shall comply with
| 60730-2-7.

I or time~switch, incorporating electronic timing circuits or switching circuits,
actsthat functions as a protective control, shall comply with the requ
olxSee 5.6.1.4.

d shall comply

ith respect to
f the hole size
hin Relief Test,
44.1) shall be

plications (e.g.
are integral to
t.

UL 917 or UL

with or without
rements for a

5.23 Transformers

5.23.1

General-purpose transformers shall comply with UL 5085-1 and UL 5085-2.

Exception: A transformer that complies with UL 1411, and that is used in a circuit involving an audio or
video component complies with the intent of this requirement.

5.23.2 Class 2 and Class 3 transformers shall comply with UL 5085-1; and UL 5085-3.

Exception: Transformers located in a low voltage circuit, and that do not involve a risk of fire, electric
shock, or injury to persons is not required to comply with this requirement.
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6 Frames and Enclosures
6.1 General

6.1.1 The frame and enclosure of an appliance shall have the strength and rigidity necessary to resist the
abuses to which it is likely to be subjected during normal service without total or partial collapse resulting in
a risk of fire, electric shock, or injury to persons due to reduction of spacings, loosening or displacement of
parts, and other serious defects.

6.1.2 Among the factors taken into consideration when judging the acceptability of a frame or enclosure
are its:

a) Meclramicatstrengtt;

b) Resistance to impact;

c¢) Moisjture-absorptive properties;

d) Combustibility and resistance to ignition from electrical sources;
e) Resigtance to corrosion;

f) Resistance to distortion at temperatures to which the“enclosure may be suibjected under
conditigns of normal or abnormal use; and

€xXpos to oil, acids, solvents, reagents, cleaning agents, or ozone as part|of the use or
application of the appliance shall not be adversely affected by these environments| as determined
by tests.

9) DieL;Ié:tric properties, insulation resistance, and.resistance to arc tracking. A matgrial that will be

6.2 Metallic pnclosures

6.2.1 The th|ckness of cast- and .sheet-metal portions of an enclosure shall not be| less than the
applicable valye specified in Table 6:1.

Exception: The specifications‘in’ Table 6.1, do not apply to an enclosure determined to be a¢ceptable when
evaluated undgr the considerations specified in 6.1.2.

Table 6.1
Thickness of metal enclosure

Minimum thickness

At small, flat, unreinforced surfaces and at
Metal surfaces that are reinforced by curving, At relatively large unreinforced, flat surfaces
ribbing, or the like

Inch (mm) Inch (mm)
Die-cast metal 3/64 (1.2) 5/64 (2.0)
Cast malleable iron 1/16 (1.6) 3/32 (2.4)
Other cast metal 3/32 (2.4) 1/8 (3.2)
Uncoated sheet steel 0.026 (0.66) 0.026 (0.66)
Galvanized sheet steel 0.029 (0.74) 0.029 (0.74)
Nonferrous sheet metal 0.036 (0.91) 0.036 (0.91)
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6.2.2 The material used as the enclosure shall be acceptable for use at the maximum temperature to
which it is exposed in normal use. Material exposed to temperatures in excess of 80°C (176°F) shall be
evaluated with respect to aging to determine whether it is acceptable for the purpose. See 7.1.

7 Polymeric Enclosures

7.1

An enclosure formed of polymeric material shall either:

a) Comply with the requirements for Polymeric Materials Not Classed HB, Section 44; or

b) Be classed HB in accordance with UL 94, and comply with the requirements for Polymeric
Materials Classed HB, Section 45, and if applicable, with the requirements for High Current Arc

Ignition

Test Section 46

Exception No.
without further

a) All
enclosu

b) All
displace
a Stress
integral
requireq

c) The f

Exception No.
requirements fi
test described
insulated or ha

Exception No.
subjected to th
less than the m

8 Handles

1: An enclosure formed of polymeric material classed HB or less flanimablg
fest provided the appliance complies with all of the following:

ive parts within the enclosure are acceptably insulated or have acce
res independent of the outer polymeric enclosure;

pads connecting components inside the enclosure care” mechanically se
ment of any component resulting from degradation 6f the polymeric materia
on the junction between a lead and a terminal of the component. A com
leads is to be subjected to strain relief tests if\such tests are not otherwis|
test procedure for the component; and

ower supply cord strain relief does not depend upon the enclosure.

2: An enclosure formed of polymeric material classed HB that complies
br Polymeric Materials not Classed HB, Section 44, except those for the flg
n 44.4.1 — 44.4.4, is acceptable provided all live parts within the enclosure
e acceptable internal enclosures independent of the outer polymeric enclost

3: An enclosure fertmed of material classed V-2 or less flammable is not
b flame resistance_test described in 44.4.1 — 44.4.4, if the thickness of the e
inimum thickness for which the material was classed.

b jS acceptable

ptable internal

cured so that
will not cause
loonent having
b a part of the

with all of the
me resistance
hre acceptably
re.

required to be
hclosure is not

8.1 An appliahce'shall have a handle or handles that permit grasping the appliance with bgth hands.

Exception: An appliance that is manipulated with one hand, such as grass shears and pruning shears,
may have only one handle.

8.2 Other than as noted in 8.4, the handles or surfaces most likely to be grasped by the user during the
normal operation of an appliance shall be made of or covered with an insulating material that complies
with the requirements in 8.5, the Handle Tests, Section 36, and the Dielectric Voltage Withstand Test,
Section 80 and entry 2 of Table 80.1.

8.3 With reference to 8.2, examples of surfaces that are likely to be grasped by the user during normal
operation include a lever, handle, or button for a switch or other operator control. Surfaces of a guard for a
switch or other operator control are also included if located where likely to be grasped.

8.4 The outer surfaces of a handle or other area likely to be grasped during normal operation shall not be
of electrically conductive material, unless:
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a) Insulation that complies with Dielectric Voltage Withstand Test, Section 80 and entry 2 of Table

80.1,is

interposed between the surfaces likely to be grasped and:

1) The cutting member; and

2) Any metallic guard for the cutting member; and

b) Surfaces likely to be grasped:

1) Are double-insulated from live parts; or

2) Do not enclose electrical components and are separated from all dead metal parts that
enclose electrical components by insulation that complies with Dielectric Voltage Withstand

Tact S

8.5 The insu
the sole insulg
dead metal, th

Exception: Thg
determined to

9 Accessibility of Moving Parts

9.1 Specific
requirements
contemplated
requirements.

9.2 There are risks of injury to persons inherent in some appliances that, if completely el

defeat the utili
retaining the n

9.3 If various
be considered

9.4 Anenclo
of injury to per:

9.5 A moving

fest-Section-80-and-entry2-offable 8604

ating material specified in 8.2, shall be of a type and thickness that make i
tion between a live part and a dead metal part. If it overlies and is, invintima
b insulating material shall not be less than 5/64 inch (2.0 mm) thick:

b thickness of the insulating material may be less than 5/64 inch (2.0 mm) i
pe acceptable when evaluated in accordance with 6.1.2.

ests, markings, guards, and the like, are detailed for some appliances, bu
bpply to more or less common constructions and specific features. Other
herein are to be given appropriate consideration regarding compliance with

y of the appliance. The requitements in this section are intended to reduce
prmal function of such an appliance.

functional attachmients are available for use with a basic appliance, each ¢
individually.

sure, a frame; a guard, a handle, or the like, shall not be sufficiently sharp to
50ns in hormal maintenance and use.

part'shall be guarded or enclosed to reduce the likelihood of injury to person

acceptable as
te contact with

the material is

t such detailed

appliances not
these detailed

minated, would
the risks, while

ttachment is to

constitute a risk

@

9.6 Among the factors to be considered when judging the acceptability of an exposed moving part are:

a) Degree of exposure necessary to perform its intended function;

b) Sharpness of the part;

c) The

d) The

likelihood of unintentional contact with the part;

speed of the part; and

e) The likelihood that a part of the body could be endangered, or that clothing could be entangled,
resulting in a risk of injury to persons.

9.7 Some guards provided over moving parts are required to be self-restoring. Other features of guards
that are to be considered include:
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a) Removability without the use of a tool;

b) Removability for servicing and likelihood of replacement;

c) Stren

gth and rigidity;

d) Completeness; and

e) Creation of a risk of injury to persons, such as a pinch point, and the necessity for additional
handling because of the increased need for servicing, such as cleaning, unjamming, and the like.

9.8 An opening in a guard or enclosure around a moving part capable of causing injury, such as a cutting
tool, a fan, a pulley, a gear, a chain, or the like, shall have a minor dimension less than 1 inch (25.4 mm).

Exception: Thi
appliance.

9.9 Theunob
8D minus 1.5in

Exception: A f3

illustrated in Figqure 10.2.

9.10 An enclq
complete and s

a) Cont
separat

b) Retai

9.11 If the brg
of injury to perg
loading conditid

9.12 A devics
protective devi
will not result in

5 requirement does not apply to an opening for cutting edges or a dis€har

structed distance from the opening to the moving part specified in 9.8, shall n
ches (38 mm), in which D is the minor dimension of the opening‘in inches (m|

n is considered to be acceptably guarded if the bladeleannot be contacted

sure or guard over a rotating part and a discharge guide or deflector shall
hall have such strength as to:

hin and deflect a part that, because ofibreakage or other reasons, may be
bd from the rotating part; and

n a foreign object that may be sttuck and propelled by the rotating part.

akage or deformation of an‘enclosure, a frame, a guard, and the like, could
ons, the material of the part shall have the properties necessary to withstan
ns.

that automatically starts an appliance, such as a timer, an automatically 1
be, or the Jike, shall not be employed unless it can be demonstrated that aut
a risk of injury to persons.

10 Accessibility\of Live Parts

je chute of an

ot be less than
m).

with the probe

be sufficiently

come loose or

result in a risk
] the expected

eset overload-
bmatic starting

10.1 General

10.1.1

Electrical parts of an appliance shall be located or enclosed to reduce the likelihood of

unintentional contact with uninsulated live parts. Insulated brush caps do not require additional enclosure.

10.1.2 An opening anywhere in the enclosure of a hand-supported appliance, or in the handle portion,
the area likely to be handled in guiding during normal operation, of an appliance that normally rests on the
ground and is guided by the handle is acceptable if the probe of Figure 10.1, when inserted as far as
possible into the opening:

a) Does

b) Does

not enter the opening for a distance of more than 1/8 inch (3.2 mm); and

not touch any uninsulated live part or film-coated wire.
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Figure 10.1

Probe for hand-supported enclosure

1/4 INCH
(6.4 mm)DIA.
- \
~+——— CONVENIENT ———== 178 INCH
LENGTH (3.2 mm)

PA19D

10.1.3 With feference to the requirement in 10.1.1, and except-as. indicated in 10.1.2] an opening is
capable of beifg used when:

a) A prpbe as illustrated in Figure 10.2, cannot be made to touch any uninsulated |ive part or any
film-cogted wire when inserted through the opening’in any possible direction using|no appreciable
force; gnd

b) A prpbe as illustrated in Figure 10.3, canhot be made to touch any uninsulated live part when
inserted through the opening in any possible direction using no appreciable force.
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Figure 10.2

IEC articulate probe
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10.1.4 The opening illustrated in Figure 10.4, is acceptable if, within the enclosure, there is no
uninsulated live part or film-coated wire:

a) Less than X distance from the perimeter of the opening; and

b) Within the volume generated by projecting the perimeter distance X normal to its plane.

X equals five times the diameter of the largest round rod that can be inserted through the opening, but not
less than 4 inches (102 mm). In evaluating an opening, any barrier located within the volume is to be
ignored unless it intersects the boundaries of the volume in a continuous, closed line.

Figure 10.4

Opening in enclosure

OPENING

PLAN
ENCLOSURE
ELEVATION
@
% AN NOAVA
0610

Proportions exagderated,for clarity

10.1.5 During the examination of an appliance to determine compliance with the requirements in 10.1.1,
a part of the outer enclosure that may be removed without the use of a tool by the user of the appliance, to
permit the attachment of accessories, to allow access to means for making operating adjustments, or for
another reason, is to be disregarded — that is, it will not be assumed that the part in question reduces the
risk of electric shock unless marked in accordance with 53.5.

10.1.6 A latch or fastener that is intended to be opened by use of a coin or the like is considered to be
capable of being opened without the use of a tool.
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10.2 Assembly screws

10.2.1

An assembly screw in the area likely to be grasped that secures a covering of insulating material

to a metal enclosure and threads into a metal enclosure containing electrical components or into a metal
enclosure that contacts another metal enclosure containing live parts shall:

a) Not be accessible to the probes illustrated in Figure 10.2 and Figure 10.3, when inserted; or

b) Be recessed at least 1/8 inch (3.2 mm) behind the outer surface of the insulating material if the
opening will not admit a 3/8 inch (9.5 mm) diameter rod.

Mechanical Assembly

1
11.1 General
11.1.1  An apj

to persons due

11.1.2 Excep
plug connector
prevented from

11.1.3 A switg

a) The
toggle 9
operatid

b) The means of mounting the switch makes it unlikely that operation of the switch

switch.
c) Spac

d) Norm

11.1.4 A lam
indicator light i
turning if rotatiqg

liance shall be assembled so that it will not introduce a risk of fire,electric s
to vibration during normal operation.

as noted in 11.1.3 and 11.1.4, a switch, a lampholder, an attachment-plug
or other component that is handled by the user shall be’mounted securel
turning by means other than friction between surfaces.

switch is of a plunger, slide, or other type-that does not tend to rotate whg
witch is considered to be subject to forees that tend to turn the switch
n of the switch.

al operation of the switch is by mechanical means rather than by direct conta

pholder of the type in which the lamp cannot be replaced, such as a n¢g
n which the famp is sealed in a nonremovable jewel, is not required to be [
n cannotreduce spacings below the minimum acceptable values.

means of preverti

hock, or injury

receptacle, a
y and shall be

h is not required to be prevented from turning if all-four of the following condifions are met:

n operated. A
during normal

will loosen the

ngs are not reduced below the minimum acceptable values if the switch rotates.

ct by persons.

on pilot or an
revented from

11.1.5 With referenice to the requirement in 11.1.2, a properly applied lock washer is acgeptable as the
WMWMWUMW means

from turning.

11.1.6 An adhesive that is used to secure a part which if dislodged would result in a risk of electric shock,

fire, or injury to

persons shall comply with the requirements for adhesives in UL 746C.

11.1.7 The requirementin 11.1.6, also applies to an adhesive used to secure a conductive part that may,

if loosened or d

islodged:

a) Energize an accessible dead metal part;

b) Make a live part accessible;

c) Redu

ce spacings below the minimum acceptable values; or

d) Short-circuit live parts.
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11.1.8 A gardening appliance shall be so constructed that user-maintenance can be accomplished
without the likelihood of:

a) Pinc

hing leads;

b) Reducing spacings to values less than those indicated in Table 22.1;

c¢) Mislocating or damaging the means for accomplishing strain relief; and

d) Mislocating or damaging a guard or other similar device.

11.1.9 User-maintenance is considered to consist of inspection of or replacement of motor brushes or
fuses and other service that is recommended in the instruction manual to be performed by the user. It does
not include njaintenance ithat the Instruction manual recommends be done by auif

personnel.

11.1.10 Com
of wire channg
components, g

11.1.11 Rout
been put into
procedure will
wire must be o

11.1.12 Aga
hold down or
functioning of
to grease, itis

Exception: Thd
pad as determ

11.2 Applian

11.2.1 Excep
the factory.

11.22 Anap

a) All p
carton;

pliance with the requirements in 11.1.8, may be accomplished by routing of
Is, provision of locating wells for components, use of barriers, use’of restrai
nd other means.

ng as specified in 11.1.8, is acceptable if the construction is such that, aft
the intended position prior to reassembling the <gardening appliance, t
hot result in the wire contacting a moving part or being pinched. This does ng
f such length or so clamped that it cannot reach the pinch point or the moving

rdening appliance employing a soft rubber, neoprene, or polyvinyl chloride
Maintain permanent position of an elegctrical part, such as a motor, to provi
he appliance shall be subjected to the/test specified in 41.2. If the pressure
also to be tested in accordance with™41.3.

fned by the test in 41.1.
ces shipped partially disassembled

t as noted in 14:2.2, an appliance shall be completely assembled before beirn

orized service

vires, provision
nts, securing of

br the wire has
he reassembly
t mean that the
part.

ressure pad to
e for intended
pad is exposed

p fest is not required if a risk(of fire or electric shock does not result from detg¢rioration of the

g shipped from

ckaging if:

bliance may be shipped from the factory partially disassembled to facilitate p
aTV—BVTI—V_PI_FrVJs Or assembly that are necessary for the operation of the appliance are provided in one

b) Proper assembly can be readily accomplished without introducing a risk of fire, electric shock, or
injury to persons;

c) Clea

r and detailed assembly instructions are provided;

d) Internal electrical connections that must be made in the field are made by plug and receptacle
connections only and do not require rearrangement of components or wiring; and

e) The appliance is marked in accordance with 53.7, if a required guard is shipped from the factory
detached.
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12 Protection Against Corrosion

12.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other
equivalent means if the corrosion of such unprotected parts are likely to result in a risk of fire, electric
shock, or injury to persons.

Exception No. 1: Surfaces of sheet steel and cast-iron parts within an enclosure are not required to be
protected against corrosion if the oxidation of iron or steel due to the exposure of the metal to air and
moisture is not likely to be appreciable. The thickness of the metal and the temperature are also factors.

Exception No. 2: Bearings, laminations, or minor parts of iron or steel, such as washers, screws, and the
like, are not required to be protected against corrosion.

12.2 If the legkage of a liquid from inside of a container provided as a part of an applignce may resultin a
risk of fire, electric shock, or injury to persons, the container shall be of a material-that|is resistant to
corrosion by the liquid it is intended to hold.

13 Supply Connections
13.1 Power supply cord

13.1.1  An appliance shall be provided with a power supply card that cannot be damaged for impaired by
any cutting eddes, blades, belts, or rotating parts of the appliance.

Exception: An appliance may employ a motor attachment.plug for connecting an extension dord.

13.1.2 A powegr supply cord shall not be less than, 8 inches (203 mm) nor more than 18 in¢ghes (457 mm)
long.

13.1.3 An appliance intended for use with-an extension cord shall not be provided with terminal pins that
will accommodate a standard flatiron or‘appliance plug.

13.1.4 Aflexible power supply cord provided with an appliance shall be:
a) Type|SW-A, SOW-=A, STW-A, STOW-A, SIW-A, SIOW-A, SITW-A, or SUITOW-A;|or
b) Type|SW, SOW, STW, STOW, SJW, SIOW, SJTW, or SITOW.

13.1.5 The flgxible cord used in a cord set provided with, or made available for use with, an appliance
shall be one of the types specified in 13.1.4.

13.1.6 A flexible cord shall be acceptable for use at a voltage not less than the rated voltage of the
appliance, and shall have an ampacity not less than the current rating of the appliance.

13.2 Attachment plug

13.2.1 An attachment plug shall be rated for use at a current not less than the rated current, and at the
rated voltage of the appliance. If the appliance is acceptable for being adapted for use on two or more
different values of voltage by field-alteration of internal connections, the attachment plug provided with the
appliance shall be rated for the voltage for which the appliance is connected when shipped from the
factory. See 52.6.

13.2.2 The attachment plug shall be of the polarized- or 3-prong grounding-type.
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13.2.3 A three- to two-wire grounding adapter shall not be provided with an appliance.
13.2.4 An attachment plug may be of the locking type.

13.2.5 A ground-supported appliance shall be constructed so that the cord connector of the extension
cord will not touch the ground when the handle is in a normal operating position.

13.2.6 An attachment plug on the supply cord of an appliance shall be constructed so that, when inserted
in the connector of an extension cord, the blades will not be energized until they are inaccessible to
contact by persons. See Attachment Plug Test, Section 38.

13.3 Strain relief

13.3.1 Strain| relief shall be provided so that a stress on a flexible cord will net |be| transmitted to
terminals, splices, or internal wiring in the appliance or in a fitting, such as an)attachment plug, an
appliance plug, or the like.

13.3.2 A mefal strain-relief clamp or band without auxiliary protection is aceéptable with g power supply
cord unless it is evaluat3ed that the clamp may damage the cord insulatien.

13.3.3 Mean shall be provided so that the flexible cord cannot be pushed into the appliapce through the
cord-entry holg if such displacement is likely to subject the cord\to'mechanical damage or tp exposure to a
temperature higher than that for which the cord is rated, or is.likely to reduce spacings, such as from a live
part to a metal|strain-relief clamp, below the minimum acceptable values.

13.4 Bushings
13.4.1 The efdges of the entry hole for the power supply cord, including the cord-entry hole in a bushing,
shall be smooth and free from burrs, fins, and.sharp edges. Unless an insulating bushing of a material that
has been detefmined acceptable for theapplication is provided, the hole in the metal in whjch the bushing
is mounted shall be smooth and free from burrs, fins, and sharp edges.

14 Live Parts

14.1 A currept-carrying.part shall be made of aluminum, silver, copper, a copper alloy, of other material
acceptable for|the purpese.

14.2 Stainlegs steel or plated iron or steel is capable of being used for a current-carrying part that is:

a) Within a motor or associated governor; or

b) Permitted in accordance with Components — General, Section 5.1.

14.3 An uninsulated live part and its support shall be secured to the base or mounting surface so that it
will be prevented from turning or shifting in position if such motion may result in a reduction of spacings
below the minimum acceptable values.

14.4 Friction between surfaces is not acceptable as the sole means to prevent the turning of a live part. A
properly applied lock washer or a factory-assembled press-fit is acceptable for this purpose.
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15 Internal Wiring — Electrical Connections

15.1 General

15.1.1 The wiring and connections between parts of an appliance shall be acceptably protected or
enclosed.

Exception: A length of flexible cord may be employed for external connections if flexibility is necessary in
the application. See 15.1.2 and 15.1.4.

15.1.2 A flexible cord used for external interconnection as specified in the exception to 15.1.1, shall be
one of the types of cord specified in 13.1.4, or the equivalent, and shall be provided with bushings and

strain relief in
construction is

15.1.3 Insula
enclosure of th

15.1.4 With r¢ference to exposure of internal wiring through openings ifqthe enclosure o

the protection
coated wire, th
located where |

15.1.5 Interna
screw, nail, or g

15.1.6 Wiring
armored cable,

15.1.7 Wiring
the like that ma

15.1.8 A scr¢
terminate in thd
exposed in the

Exception: A 3
enclosed in sle

ccordance with 13.3.1 — 13.4.1, and Strain Relief and Torque Tests, Section
uch that the cord will be protected from stress and motion.

ed wires may be bunched and passed through a single opening-inia metal
b appliance.

pf the wiring required in 15.1.1, is considered to exist4f; when evaluated ag
e wiring would be acceptable in accordance with-40.1.2 and 10.1.3. No
t is likely to be contacted by the user.

| wiring shall not be located near a hole in¢the appliance where it can be
ther device intended to support the appliance.

conduit, or electrical metallic tubing, or shall otherwise be protected.

shall be protected from sharp edges including screw threads, burrs, fins, mo
y cause abrasion of the insulation on conductors.

wireway. A thrfough screw used to assemble a 2-piece tube handle shall no
wireway.

crew,_or-screw threads may be exposed in the wireway if the wires in th
bving that has been evaluated and determined to be acceptable for the applig

39, unless the

wall within the

an appliance,
if it were film-
viring is to be

Hamaged by a

inside an appliance that might otherwise be subjected to mechanical damage shall be in

ving parts, and

w (including the blunt-end type) used in the assembly of a 2-piece tube handle shall not

t have threads

al
-

wireway are
ation.

15.1.9

a) The temperature and voltage to which the wiring is likely to be subjected;

Insulated internal wiring shall be acceptable for the application when considered with respect to:

b) Exposure to oil, grease, or other substances likely to have a deleterious effect on the insulation;

c) Exposure to moisture; and

d) Other conditions of service to which it is likely to be subjected.

15.1.10 Thermoplastic-insulated wire and neoprene-insulated wire employed for internal wiring shall be
standard building wire or acceptable appliance wiring material (see 15.1.9) and shall comply with Table
15.1.
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Table 15.1
Characteristics of internal wiring

Nominal thickness of insulation, . . Nominal thickness of braid or jacket,
Insulation Braid or jacket
inch (mm) required inch (mm)
Thermoplastic 1/32 (0.8) No - -
Neoprene 1/64 (0.4) Yes 1/64 (0.4)
Rubber 1/322 (0.8) Yes? 1/642 (0.4)

braid is required.

@ For heat-resistant rubber, other than a silicone type, the insulation thickness shall not be less than 3/64 inch (1.2 mm) and no

15.1.11 Insul
shall have a ng

15.2 Splices and connections

15.2.1 Each
soldered conn
the connectior
the like when j

15.2.2 Anop
like, are provid
any case, an o

15.2.3 A spli
metal parts m3

Ating tubing employed In place of wire insulation shall be acceptable for the
minal wall thickness of at least 1/32 inch (0.8 mm).

5plice and connection shall be mechanically secure and shall provide electri
ection shall be made mechanically secure before being soldered if breaking
may result in a risk of fire or electric shock. Consideration shall be given f
Idging the acceptability of electrical connections.

en-end spade lug is not acceptable unless additional means, such as uptur
ed to hold the lug in place should the wire-binding screw or nut become sligh
rdinary open-end lug with a lock washer is‘not acceptable.

e shall be acceptably insulated if pefmanence of spacings between the s
y not be maintained.

hpplication and

tal continuity. A
or loosening of
o vibration and

hed lugs or the
tly loosened. In

plice and other

15.2.4 The ipsulation on a splice shall.be at least 1/32 inch (0.8 mm) thick. In determining if splice

insulation cons
such factors
Thermoplastic

15.2.5 The means of connecting stranded internal wiring shall be such that loose strands

contact live pa

15.2.6 Alumi
interconnectio

isting of coated-fabric, thermoplastic, or other tubing is acceptable, consider
as its dielectric properties, heat- and moisture-resistant characteristics,
tape wrapped over.a‘sharp edge is not acceptable.

rts of opp@site polarity and dead metal parts.

hum_ ‘eonductors, insulated or uninsulated, used as internal wiring,

btion is given to
and the like.

of wire cannot

such as for

n‘between current-carrying parts or as motor windings, shall be terminated a

each end by a

method accep

able for the combination of metals involved at the connection point.

15.2.7 With reference to 15.2.6, a wire-binding screw, a pressure wire connector, and the like, used as a
terminating device shall be acceptable for use with aluminum under the conditions involved — for example,
temperature, heat cycling, and vibration.

16 Electrical Insulation

16.1

Insulating washers, bushings, and the like, and bases or supports for the mounting of live parts shall

be made of a moisture-resistant material, such as glazed porcelain, phenolic, cold-molded composition, or
other material acceptable for the application, that will not be adversely affected by the temperatures to

which they will

be subjected under conditions of actual use.
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16.2 Ordinary vulcanized fiber may be used for insulating bushings, washers, separators, and barriers,
but not as the sole support for uninsulated live parts if shrinkage, current leakage, or warpage may
introduce a risk of fire or electric shock. Thermoplastic materials may be employed if evaluated and
determined to have the necessary physical strength and rigidity, resistance to heat, resistance to flame
propogation, dielectric strength, and other properties acceptable for the application. All these properties
are to be considered with respect to the effects of thermal aging.

16.3 A molded part shall have the necessary mechanical strength and rigidity to withstand stresses of
normal service. A brush cap shall be protected, by recessing or other means, from mechanical damage
that may occur during normal use unless the part has the strength necessary to withstand the abuses to
which it is likely to be subjected. See Brush Cap Test, Section 37.

17 Motors
17.1 General

17.1.1 A motg¢r shall be acceptable for the application, and shall be constructed’to handlg the maximum
normal load of the appliance as described in 30.4 and 30.5, without introducing-a risk of fire,[electric shock,
or injury to pergons.

17.1.2 A motgr winding shall resist the absorption of moisture.

17.1.3 With r¢ference to the requirement in 17.1.2, fiber slat.iners, cloth coil wrap, and similar moisture-
absorptive matgrials shall be impregnated or otherwise treated to resist moisture absorptign. Film-coated
wire is not requiired to be additionally treated to prevent absorption of moisture.

17.1.4 An overcurrent-protective device shall not’ open the circuit during normal oppration of the
appliance.

17.1.5 A brugh-holder assembly shall .bé-constructed so that when a brush is worn olit — no longer
capable of performing its function — the.brush, spring, and other parts of the assembly are fetained to the
degree necessary not to cause:

a) Accepsible dead metal'parts to become energized; and

b) Live parts to become accessible.

17.2 Overtemperature protection

17.2.1 The motorof ashredder orshredder-baggerstatt-beprovidedwithramanuatty reset locked-rotor
overtemperature-protective device or equivalent protection.

17.2.2 A motor employing a protective device that complies with the requirements for locked-rotor
protection specified in Motor Overload Protection, Section 5.16, is considered to comply with 17.2.1.

18 Switches and Controls

18.1 A switch or other control device shall be provided in an appliance to control the motor. The switch or
control device shall be acceptable for the application, and shall have a voltage and current rating not less
than the corresponding values of the load that it controls.

18.2 A switch shall be located or protected so that it is not likely to be operated unintentionally during
intended use of the appliance.
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18.3 A switch shall be located or guarded so that an appliance cannot be energized by:

a) Placing the appliance in any at-rest position against a flat or contoured surface that may be

encoun

tered in actual use; or

b) Actuating the switch by irregular surfaces across which the appliance may be moved.

18.4 All switches shall operate readily by finger pressure with the appliance held in the intended manner.

18.5 An appli

ance shall not employ a through-cord switch.

18.6 A single-pole switch in an appliance employing a polarized attachment plug shall be connected in

natintandad tao - ba araundad
TOUTITINOTTU T

the conductor

18.7 All opefator controls shall be readily operable from the location intended to.be a

operator.

18.8 Aself-p
(for example,

disengaging th
for locking the

18.9 A rever
self-propelled.

Exception: On
provided for g
operation of th
longer than is

19 Lamphol

19.1
contacts will n

A lampholder shall be constructed or installed so that uninsulated live parts other

TOtooTTgTroTuTaToT

Fopelled appliance and an appliance that, because of its function, tends to b
A cultivator) shall be provided with a momentary-contact switch or a dead-
e propelling drive to prevent movement of the appliance‘when it is unatten
switch in the "on" position shall be provided.

5ing switch shall not be provided on an appliance that, because of its functi

a cultivator, a momentary contact reversing switch that cannot be lock
n auxiliary function not intended tobe continuous if the function, the lo
e switch make it unlikely that the product will be operated in the reverse dirg
necessary to perform the intended auxiliary function.

Hers

bt be exposed to-contact by persons removing or replacing lamps in normal s

ssumed by the

b self-propelled
man control for
jed. No means

bn, tends to be

ed on may be
pation, and the
ction for a time

than the lamp
Brvice.

19.2 The screw shell of each lampholder shall be connected to:

a) The ponductor of the flexible cord intended to be grounded; or

b) The kame conductor of the flexible cord in the absence of a canductor intended td be grounded.
20 Capacitors
20.1 A capacitor provided as a part of a capacitor motor and a capacitor connected across the line —

such as a capacitor for radio-interference elimination — shall be housed within an enclosure or container
such that, should breakdown of the capacitor occur, the plates will not be subject to mechanical damage
and there will be no emission of flame or molten material. The construction shall comply with one of the

following:

a) The capacitor container shall be of sheet steel not less than 0.020 inch (0.51 mm) thick or shall
be constructed to afford equivalent protection;

b) A capacitor having a sheet-steel container less than 0.020 inch (0.51 mm) thick or of other
acceptable material shall be mounted in an enclosure that houses other parts of the appliance and
that is acceptable for the enclosure of live parts;
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c) The individual enclosure of an electrolytic capacitor with means for venting shall reduce the
likelihood of mechanical damage only, and no minimum enclosure thickness is specified; or

d) The individual enclosure of an electrolytic capacitor not provided with means for venting and with
an opening more than 1/16 inch (1.6 mm) wide between the capacitor enclosure and the motor
shall comply with the requirements in Capacitor Overvoltage Test, Section 35.2, and no minimum

enclosu

re thickness is specified.

20.2 The voltage rating of a capacitor other than a motor-starting capacitor shall be at least the maximum
steady-state potential to which the capacitor is subjected during operation of the appliance.

21

Printed-Wiring Boards

211 A printe
requirements i
determined by

Exception: A p
accordance wit

22 Spacings

22.1 The spa
and a dead me
applicable valu
rigidly fixed in
proximity to an
will be maintain

Exception No.

appliance, such as a snap switch. Suchspacings are evaluated on the basis of the require

components.

Exception No.

that short-circu
uninsulated co
and the approp

n UL 796. The printed-wiring board shall have a flammability rating\.of"V-
An evaluation to UL 94.

rinted-wiring board positioned inside an enclosure or compattment having
h UL 94 may have a flame rating of HB.

Cing between uninsulated live parts of opposite polarity and between uninsu
tal part that is exposed to contact by persons or that is grounded shall not b
e specified in Table 22.1, for alternatingzcurrent circuits. If an uninsulated
osition by means other than friction between surfaces, or if a movable dead
uninsulated live part, the construction;shall be such that the minimum acce|
ed in all possible positions of the movable part.

1: This requirement does not apply to the inherent spacings of a com

P: This requirement does not apply to the commutator, the brush assembly,
it the brushes of a repulsion, repulsion-induction, or repulsion-start induct
nductor ofthe rotor circuit is regarded as a dead metal part with respect to th
riate spacing is required between uninsulated stator and rotor conductors.

i-wiring board included as part of the circuitry of a gardening appliance shJaII comply with

1 or better as

a 5V rating in

ated live parts
b less than the
ive part is not
metal part is in
ptable spacing

ponent of the
ments for such

or the jumpers
on motor. Any
e stator circuit,
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Table 22.1
Minimum acceptable spacings

Minimum spacings, inch (mm)
Poten - - - -
tial Motor diameter 7 inches (178 Motor diameter more than 7 inches (178
in Part involved mm) or less® mm)*®
volved, Over surface Through air Over surface Through air
volts
Inches (mm) Inches (mm) Inches (mm) Inches (mm)
0-125 | Between commutator 3/32 (2.4) 3/32 (2.4) 3/16 (4.8) 1/8 (3.2)
bars or collector rings
of a motor and the
motor shaft and
laminatjans
Elsewhgre in the 3/32 (2.4) 3/32 (2.4) 1/4° (6.4) 1y8° (3.2)
appliange
126 — | Betwegn commutator 3/32 (2.4) 3/32 (2.4) 3/16 (4.8) 3[16 (4.8)
250 | or colleftor rings of a
motor
Elsewhgre in the 3/32 (2.4) 3/32 (2.4) 1/4° (6.4) 1y4° (6.4)
appliange
@ This is the diampter, measured in the plane of the laminations, of the circle circumscribingthe stator frame, exclyding lugs, fins,
boxes, and the lije, used solely for motor mounting, cooling, assembly, or connectigf:
b Spacings not legs than 3/32 inch (2.4 mm) are acceptable throughout a universal’motor.
¢ Film-coated wir¢ is considered to be an uninsulated live part. However, a spacing not less than 3/32 inch (2.4 mmp) (over surface
and through air) etween film-coated wire, rigidly supported and held in place on a coil and a dead metal part is agceptable in an
appliance.
22.2 In applying Table 22.1 to an appliance ing@rporating two or more motors of diffgrent sizes, the

spacings insid

elsewhere in the appliance are evaluated on thebasis of the size of the largest motor in the

22.3 Ifaniso
a) Live

b) A liv

c) A livg part and\a-dead metal part that may be grounded;

the spacing m

e each motor are evaluated on_the basis of the size of that motor, an

ated dead metal part is interposed between or in close proximity to:
parts of opposite pelarity;

p part and an exposed dead metal part; or

by be ho less than 3/64 inch (1.2 mm) between the isolated dead metal part

| the spacings
appliance.

and any one of

the other parts

previously specified, provided the sum of the spacing between the isolated glead metal part

and each of the other two parts is not less than the applicable value specified in Table 22.1. See Figure

221.
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Figure 22.1

Spacings for isolated dead metal parts

SB

Spacing A and spgd

CASE 1
LIVE PARTS OF . ISOLATED , LIVE
OPPOSITE - A—m=| DEAD METAL  |ws-B—m=f PART
POLARITY PART
CASE 2
DEAD METAL
PART THAT ) ISOLATED , LIVE
IS EXPOSED - A — DEAD METAL - B —t PART
OR MAY BE PART
GROUNDED
D836

icing B shall be at least 3/64 inch (1.2 mm); and spacing A plus spacing B shall be no less t

value specified in Table 22.1.

22.4 Primary-
maximum avai

other secondairy circuits are to be evaluated on the basis of the dielectric voltage withstand

in31.1.

22.5 Aninsul
otherwise be |g
shall be locateq

Exception: Vul
spacing of not

circuit spacings apply to all se¢ondary circuits supplied by a transformer wi
able volt-amperes of 200 or-more at a potential greater than 100 volts. The

hting liner or barrier/of vulcanized fiber or similar material employed where a
ss than the minimum acceptable value shall be no less than 1/32 inch (0.8
or be of sueh material that it will not be adversely affected by arcing.

banized*fiber not less than 1/64 inch (0.4 mm) thick may be used in conjunc
esS\than 50 percent of the minimum acceptable through-air spacing.

an the applicable

nding having a
spacings in all
test specified

spacing would
mm) thick, and

fion with an air

22.6 An insulating liner or barrier of a material other than that specified in 22.5, may be used if, upon
investigation, the material is determined to be acceptable for the application.

22.7 The spacings between an enclosure of polymeric material classed HB in accordance with UL 94,

and:

a) A nonarcing bare live part, such as a bus bar, a connecting strap, a terminal, or the like, shall be
no less than 1/32 inch (0.8 mm).

b) An arcing part, such as a commutator, unenclosed switch contacts, and the like, shall be no less
than 1/2 inch (12.7 mm).

Exception: The spacing may be smaller than 1/2 inch (12.7 mm) but no less than 1/32 inch (0.8
mm) provided the material complies with the requirement in High Current Arc Ignition Test, Section

46.
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22.8 The spacing specified in 22.7(b), is to be measured from the source of the arc.

23 Grounding

23.1

The flexible cord of an appliance shall include an equipment-grounding conductor.

23.2 An equipment-grounding conductor of a flexible cord shall be:

a) Green with or without one or more yellow stripes;

b) Connected to the grounding member of an acceptable attachment plug of the grounding type;

and

c) Contliuctively connected to:

23.3 The sci
corrosion. A |
loosened by vi

23.4 With re
likely to becom

a) A snpall metal part, such as an adhesive-attached, foil marking, a screw, a hand

that is:

b) A ps
varnish

1) All exposed dead metal parts of the appliance; and

P) All dead metal parts within the enclosure that are exposed té’contact @
servicing and that are likely to become energized. The . grodnding cong
connected by means of a screw or other reliable means not likely to be remg
servicing operation not involving the power supply cord; solder alone shall
securing this conductor. A sheet metal screw shallynot be used for the)
grounding conductors or connection devices to an‘enclosure.

ew specified in 23.2(c), shall be of corrosion-resistant metal or shall be pr
bck washer or other acceptable means; shall be used to prevent the scH
bration. This screw shall have a slotted; hexagonal, green-colored head.

erence to the requirement in 23.2(c), the following dead metal parts are
€ energized:

1) On the extenion of the enclosure and separated from all electrical ¢
grounded metal; or

) Electrically isolated from all electrical components.

nel or_cover that is isolated from all electrical components by a barrier of v
ed ‘cloth, phenolic composition, or other moisture-resistant insulating materi

uring any user
uctor shall be
ved during any
hot be used for
connection of

btected against
ew from being

hot considered

e, and the like,

omponents by

Lilcanized fiber,
bl not less than

1/32 in
vibratio

chr(6-8mm)thick—amd—secured-mptace—suchthatitwitt ot toosenmrdueto-
n.

npact shock or

c) A panel or cover that does not enclose uninsulated live parts and is electrically isolated from
other electrical components.

d) Cores and assembly screws of relays, solenoids, and the like.

24 Rotating

241

Parts

likelihood of its release or loosening in a manner likely to cause a risk of injury to persons.

A rotating member shall be formed and constructed of materials of a strength that will reduce the

24.2 Except as noted in 24.3, a user-removable rotating part, such as a blade, shall be assembled so
that the direction of rotation tends to tighten the means used to hold the rotating part in place. Dynamic
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braking of the appliance shall not loosen a retaining means during normal operation tests conducted on
the appliance.

24.3 Unless secured as specified in 24.2, a removable rotating part that is not intended to be removed by
the user shall be secured by a keyed nut, a jam nut, a nut locked in place with a pin, or other positive
means.

25 Controls — End Product Test Parameters
25.1 General

25.1.1 Spacings of controls shall comply with the electrical spacing, or clearances and clearance
distance requirements in the applicable control standard as determined in Controls — General, Section 5.6.

25.1.2 Wherqd reference is made to declared deviation and drift, this indicates jthe manufacturer’s
declaration of the control’s tolerance before and after certain conditioning tests.

25.2 Auxiliary controls
25.2.1 Auxiligry controls shall not introduce a risk of risk of fire, electfi¢ shock, or injury to persons.
25.2.2 Auxiligry controls shall comply with the requirements inthis end product Standard.

Exception: An quxiliary control that complies with a companent standard specified in Contfols — General,
Section 5.6, is gonsidered to comply with this requirement:

25.3 Operating controls (regulating controls)

25.3.1 The following test parameters shall be among the items considered when dgtermining the
acceptability oflan operating control evaluated using UL 60730-1:

a) Control action Types 1 or 2;

b) Unlegs otherwise specified in this Standard, manual and automatic controls shall be tested for
6,000 ¢ycles with.under maximum normal load conditions, and 50 cycles uhder overload
conditiops;

c) InstallatioriClass 2 in accordance with , IEC 61000-4-5;

d) For tl a-annlicabla Ovarvolisaae Cataagonceaa-labla 26 1-
| o vervorta o=

TapPpPITTaoTe g oatCgory; oo CTiotc 0

e) For the applicable Material Group, see Table 25.2; and

f) For the applicable Pollution Degree, see Table 25.3.

25.3.2 The following test parameters shall be among the items considered when judging the
acceptability of an operating control evaluated using other than UL 60730-1:

a) Control action Types 1 or 2;
b) Unless otherwise specified in this Standard, manual and automatic controls shall be tested for
6,000 cycles with under maximum normal load conditions, and 50 cycles under overload

conditions;

c) For the applicable Opervoltage Category, see Table 25.1;
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d) For the applicable Material Group, see Table 25.2; and

e) For the applicable Pollution Degree, see Table 25.3.

Table 25.1
Overvoltage categories

Appliance Overvoltage category

Intended for fixed wiring connection Il
Portable and stationary cord-connected 1]

Control located in low-voltage circuit |

NOTE - Applicalple to low-voltage circuits if a short circuit between the parts involved may result in operation of the controlled
equipment that Would increase the risk of fire or electric shock.

Table 25.2
Material group
CTI PLC value of insulating materials Material group
CTI 2600 (PLC = 0) I
400< CTI <600 (PLC =1) Il
75<CTI <400 (PLC=2o0r3) Illa
100 =< CTI <175 (PLC = 4) Illb

NOTE — PLC stands for Performance Level Category, and CTI stands for Comparative Tracking Index as specifigd in UL 746A.

Table 25.3
Pollution degrees

Appliance control microenvironment Pollution degree

No pollution or oply dry, nonconductive paliution. The pollution has no influence.
Typically hermetfcally sealed or encapsulated control without contaminating 1
influences, or pripted-wiring boards'with a protective coating can achieve this degree.

Normally, only ngnconductive.peftution. However, a temporary conductivity caused by
condensation mgy be expected-“Typically indoor appliances for use in household or 2
commercial cleap environments achieve this degree.

Conductive pollution»or dry, nonconductive pollution that becomes conductive due to
condensation thgt'is expected. Typically controls located near and may be adversely A

affected by motorswithgraphite or graphite Composite brushes, or outdoor USe

appliances achieve this degree.

25.4 Protective controls (limiting controls)

25.4.1 An electronic control that performs a protective function shall comply with the requirements in
Controls — General, Section 5.6, while tested using the parameters in this section. Examples of protective
controls include:

a) A control used to sense abnormal temperatures of components within the appliance;
b) An interlock function to de-energize a motor;
c) Temperature protection of the motor due to locked rotor, running overload, or loss of phase; or

d) Other function intended to reduce the risk of fire, electric shock, or injury to persons.


https://ulnorm.com/api/?name=UL 82 2023.pdf

50 UL 82 JANUARY 18, 2023

25.4.2 The following test parameters shall be among the items considered when determining the
acceptability of an electronic protective control evaluated using UL 60730-1:

a) Failure-Mode and Effect Analysis (FMEA) or equivalent risk analysis method;

b) Power supply voltage dips, variation and interruptions within a temperature range of 50°F (10°C)
and the maximum ambient temperature determined by conducting the Temperature Test, Section
32;

¢) Surge Immunity Test — installation Class 3 shall be used;

d) Electrical Fast Transient/Burst Test, a test level 3 shall be used;

e) Elect -Cctatin n:onhmmc Tact:

TooToCTaTyY TCUt

f) Radiorfrequency electromagnetic field immunity:
) Immunity to conducted disturbances, when applicable, test level 3/shall be jused; and
2) Immunity to radiated electromagnetic fields, field strength of\3W/m shall befused;

g) Thermal Cycling Test shall be conducted on protective devices’intended for othgr than outdoor
use at gmbient temperatures of 32.0 +3.6°F (0 +2°C) and 104.1+3.6°F (40.0 +2°C).|For protective
devices|intended for outdoor use, the test shall be condlcted at ambient temperatures of -31.0
+3.6°F [-35.0 £2°C) and 104 +3.6°F (40.0 +2°C). If the. maximum ambient temgerature of the
control is determined to exceed the specified upper limit'of the ambient temperature| by conducting
the Temperature Test, Section 32, this higher ambient temperature shall be used. The test shall be
conducted for 14 days;

h) Overload shall be conducted based on the Tmaximum declared ambient temperatyre (T,.,) Or as
determiped by conducting the Temperature Test, Section 32; and

i) If soffware is relied upon as part of the protective electronic control, it shall bg evaluated as
softwarg¢ Class B.

25.4.3 The tgst parameters and. conditions used in the investigation of the circuit covefed by 5.6.1.4,
shall be as spegified in UL 991; using the following test parameters:

a) With|regard to~gelectrical supervision of critical components, for attended applignces, a motor
operatefl system)becoming permanently inoperative with respect to movement ¢f an exposed
portion pf thezappliance complies with the criteria for trouble indication. For unattended appliances,
electrical supeérvision of critical components may not rely on trouble indication.

b) A field strength of 3 V per meter is to be used for the Radiated EMI Test.

c) The Composite Operational and Cycling Test is to be conducted for 14 days at temperature
extremes of 32°F (0°C) and 158°F (70°C).

d) The Exposure Class as defined under Humidity Classes for the products intended end use is to
be used for the Humidity Test.

e) A vibration level of 5 g is to be used for the Vibration Test.

f) When the Demonstrated Method is conducted, the multiplier for the test acceleration factor is to
be 576.30 for intermittent use appliances, or 5763.00 for continuous use appliances. The test
acceleration factor equation is to be based on a 77°F (25°C) use ambient.

g) The Endurance Test is to be conducted concurrently with the Operational Test. The control shall
perform its intended function while being conditioned for 14 days in an ambient air temperature of
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140°F (60°C), or 18°F (10°C) greater than the operating temperature of the control, whichever is
higher. During the test, the control is to be operated in a manner representing normal use.

h) For the Electrical Fast Transient Burst Test, test level 1 is to be used;
i) Conduct a failure-mode and effect analysis (FMEA); and

j) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software Class 1 in accordance with UL 1998.

25.4.4 Unless otherwise specified in this Standard, protective controls shall be evaluated for 100,000
cycles for Type 2 devices and 6,000 cycles for Type 1 devices with rated current.

25.5 Controls using a temperature sensing device

2551 Atem
(NTC) thermis|

using the follo
as specified in

ture coefficient
shall be tested
Fndurance Test

perature sensing positive temperature coefficient (PTC) or negative temperg
for, that performs the same function as an operating or protective|control,
ving number of cycles when testing a sensing device in accordance with the
UL 991 or UL 60730-1:

a) For @ device employed as an operating device — 6000 cycles;

b) For g device employed as a protective device — 100,000ycles; and

c) For g device employed as a combination operating*and protective device — 100,000 cycles.
PERFORMANCE
26 General
26.1 The performance of an appliance shall be evaluated by subjecting the requisite nunmber of samples

to all the appli
in the order in
leakage prior t

Cable tests as described(in/27.1 — 43.3. Insofar as practicable, the tests sha
which they are presented. Samples employed for leakage-current tests are
D employing the samples for other tests.

| be conducted
fo be tested for

d Test, Section

26.2 An altefnate magnetiwwire coating used in an appliance motor subject to the Overlog
83, and the Arinature Inyestigation, Section 84 shall be:

a) An ejaluated magnet wire of the same:

1)MANSI grade designation;

2) Generic material type and construction with the same temperature rating as the original
magnet wire tested; or

b) Tested as indicated by the Overload Test, Sections 83 and the Armature Investigation, Section
84.

Exception: Only a single sample of a gardening appliance employing an alternate magnet wire
coating is to be tested if the test results are equivalent to the test results of the original construction
tested. Equivalency is based upon the test duration, the enclosure temperature, and the leakage
current being slightly higher, the same, or less and acceptable dielectric voltage withstand test
results.
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27 Leakage Current Test

27.1 An appliance rated for a nominal 120-volt supply, shall be subject to the test specified in 27.2 —
27.7. As aresult of the test, the leakage current shall not be more than 0.5 milliamperes.

27.2 All exposed conductive surfaces are to be tested for leakage currents. The leakage currents from
these surfaces are to be measured to the grounded supply conductor individually as well as collectively
where simultaneously accessible. Parts are considered to be exposed surfaces unless guarded by an
enclosure considered acceptable for reducing the risk of electric shock as defined in 10.1.1 — 10.1.6.
Surfaces are considered to be simultaneously accessible if they can be readily contacted by one or both
hands of a person at the same time. These measurements do not apply to terminals operating at voltages
that are considered not to present a risk of electric shock.

27.3 If a confluctive surface other than metal is used for the enclosure or part of ¢he’enclosure, the
leakage current is to be measured using a metal foil with an area of 10 by 20 centimetgrs (3.9 by 7.9
inches) in contact with the surface. If the surface is less than 10 by 20 centimeters)(3'9 by 1.9 inches), the
metal foil is to |be the same size as the surface. The metal foil is not to remain_in place lpng enough to
affect the tempgrature of the appliance.

27.4 The megdsurement circuit for leakage current is to be as illustrated in Figure 27.1. Thg measurement
instrument is dgfined in (a) — (c). The meter that is actually used for@measurement need only indicate the
same numerical value for a particular measurement as would the/defined instrument. The| meter used is
not required to have all the attributes of the defined instrument.

a) The eter is to have an input impedance of 1500 ohms resistive shunted by a fapacitance of
0.15 migrofarad.

b) The iheter is to indicate 1.11 times the avierage of the full-wave rectified composite wave form of
voltage jacross the resistor or current through the resistor.

c) Over|a frequency range of 0 —:100 kilohertz, the measurement circuitry is to haye a frequency
responge ratio of indicated to actual value of current that is equal to the ratio of the impedance of a
1500 ohm resistor shunted by a 0.15 microfarad capacitor to 1500 ohms. At an indication of 0.5
milliampgere the measuremeént'is to have an error of not more than 5 percent at 60 heftz.

Figure 27.1

Leakage current measurement circuit

PRODUCT METER

| <'_T—T—|—|52 —

= | INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B
Lcio0

Note:
A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of product to another.

27.5 Unless the meter is being used to measure leakage from one part of an appliance to another, the
meter is to be connected between the accessible parts and the grounded supply conductor.
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27.6 A sample of the appliance is to be tested for leakage current starting with the as-received condition
but with its grounding conductor, if any, open at the attachment plug. The as-received condition is without
prior energization except as may occur as part of the production line testing. The supply voltage is to be
adjusted to 120 volts. The test sequence with reference to the measuring circuit — Figure 27.1 — is to be as
follows:

a) With switch S1 open, the appliance is to be connected to the measuring circuit. Leakage current
is to be measured using both positions of switch S2, and with the appliance switching devices in all
their normal operating positions.

b) Switch S1 is then to be closed energizing the appliance, and within 5 seconds the leakage
current is to be measured using both positions of switch S2 and with the appliance switching
devices in all their normal operating positions.

c) The |eakage current is to be monitored until thermal stabilization. Both positions-qQf switch S2 are
to be uged in determining this measurement. Thermal stabilization is considered to|be obtained by
operatipn as in the normal temperature test.

27.7 Normally, the complete leakage current test program described in 27:6¢'is to be conducted without
interruption fof other tests. With the concurrence of those concerned, theleakage curregnt test may be
interrupted forthe purpose of conducting other nondestructive tests.

28 Starting Current Test

28.1 An appliance shall be subjected to the test specified in 28.2 and 28.3. As a result|of the test, the
appliance shall start and operate normally on a circuit«protected by an ordinary — not timje-delay — fuse
having a current rating corresponding to the currentirating of the attachment plug of the appliance in
accordance with Table 28.1.

Exception: This requirement does not apply to an appliance that:
a) Will tart and operate normally on a circuit protected by a time-delay fuse; and
b) Is marked in accordance.with 57.7.

Table 28.1
Rating of test fuse

pttachment plug rating, amperes Fuse rating, amperes
| 15 15
20 20

28.2 In a test to determine whether an appliance complies with the requirement in 28.1, the appliance is
to be connected to a supply of rated voltage using a 100-foot (30.5 m) cord set, as described in 28.3, and
started three times, with the appliance at room temperature at the beginning of the test. Each start of the
motor is to be made under conditions representing the beginning of normal operation, and the motor is to
be allowed to come to rest between successive starts. The results are unacceptable if the fuse opens, or if
a thermal protector provided as part of the appliance trips.

28.3 With reference to the requirement in 28.2, a 100-foot (30.5 m) cord set is to be used when the
starting current is measured. If the manufacturer supplies a 100-foot (30.5 m) cord set, that cord set is to
be used. If a cord set of the required length is not supplied by the manufacturer, the following is to be used:
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a) A 100-foot-long cord set having 16 AWG (1.3 mm?) conductors if a 15 ampere attachment plug
is provided on the appliance; or

b) A 100-foot-long cord set having 10 AWG (5.3 mm?) conductors if a 20 ampere attachment plug
is provided on the appliance.

29 Continuity of Ground Connection Test

29.1

23.2(c), shall be electrically connected.

The grounding blade of the attachment plug and the dead metal parts of an appliance specified in

29.2 The resistance between the point of connection of the equipment-grounding means at or within the

appliance and gmyotherpomtimthegroundimgcircuit of theapptiancestattmotbemoretham 0.1 ohm.

29.3 Complia
if unacceptablg

12 volts or les$

metal part in th
points. The res
amperes passi
30 Input Test

30.1
appliance is op

30.5, 56.2, 58.2,

hce with the requirement in 29.2, may be determined by any convenientmet
results are obtained, an alternating current of 20 amperes or more)from a p
is to be passed from the point of connection of the equipment-grounding
e grounding circuit, and the resulting drop in potential is to besxmeasured bg
stance in ohms is to be determined by dividing the drop in potential in volts b
g between the two points.

The curfent input to an appliance shall not be more.than 120 percent of the rated V

erated under the condition of normal load \fesulting in maximum input as deg
60.3, and 62.1.2, while connected to a‘'supply circuit of rated voltage and ra

30.2 If the raf
value of the rar]

30.3 A 100-foot

30.4 In testin

ing is given in terms of a range of Voltages, rated voltage is considered to
ge but not less than 120 volts or240 volts.

(30.5 m) cord set as described in 28.3, is to be used when the input test is

j an appliance, netmal load resulting in maximum input is considered to b

approximates
overload excef
conditions that
determined to
58.2, 60.3, ang

hod. However,
pwer supply of
means to the
tween the two
y the current in

alue when the
cribed in 30.4,
ted frequency.

be the highest

conducted.

b the load that

as closely as possible the most severe conditions of normal use. It is nq

t as the conditions of actual use are likely to be somewhat more severe t
are recammended by the manufacturer of the appliance. Test loads t

62.132, for some common forms of appliances. However, appliances havi

bt a deliberate
an the loading
at have been

e close approximations of the most severe conditions of normal use are degcribed in 56.2,

g features not

contemplated |n_thése test procedures may be tested as necessary to meet the | tent of these

requirements.

30.5 Combination appliances are to be tested individually for each function.

31 Dielectric Voltage Withstand Test

31.1 Other than as specified in 31.2, an appliance shall withstand for 1 minute without breakdown the
application of a 60-hertz essentially sinusoidal potential of 1000 volts plus twice rated voltage between live
parts and dead metal parts, with the appliance at the temperature reached during the Temperature Test,
Section 32.

31.2 For an appliance employing an induction motor rated less than 1/2 horsepower (373 W output) and
250 volts or less, the test potential for the motor — but not for the remainder of the appliance —is to be 1000
volts. See 31.3.
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31.3 In applying 31.2 to a motor not rated in horsepower, the appropriate table in ANSI/NFPA 70 that
specifies the relationships between horsepower and full-load currents for motors is to be used. For a
universal motor, the table applying to a single-phase, alternating-current motor is to be used if the
appliance is marked for use on alternating current only; otherwise, the table applying to direct-current
motors is to be used.

31.4 To determine whether an appliance complies with the requirements in 31.1, the appliance is to be
tested by means of a 500-volt-ampere or larger capacity transformer, the output voltage of which is
essentially sinusoidal and can be varied. The applied potential is to be increased from zero until the
required test level is reached, and is to be held at that level for 1 minute. The increase in the applied
potential is to be at a substantially uniform rate and as rapid as is consistent with its value being correctly
indicated by a voltmeter.

Exception: A iiOO—volt—ampere or larger capacity transformer is not required to be used,if the¢ transformer is
provided with & voltmeter to directly measure the applied output potential.

32 Temperature Test

32.1 An appliance shall be subjected to the test specified in 32.3. As & result of the tes{, the appliance
shall not:

a) Attaip a temperature at any point sufficiently high to cadsea risk of fire or damagp any materials
employjed in the appliance; or

b) Excded the temperature rises specified in Table 32.1.

Table 32.1
Maximum acceptable temperature rises

Materials and.&omponents °C (°F)

A. MOTORS

1 Class Ajnsulation on coil windings\ef an a-c motor having a frame diameter of 7 inches (178
mm) or Iess, not including a universal motor, and on a vibrator coil #°

(a) Im an open motor and on a vibrator coil:

Tlhermocouple.8r-resistance method 75 (135)
(b) In a totally@nclosed motor:

Tlhermoeouple or resistance method 80 (144)

2 Class Ajnsulation systems on coil windings of an a-c motor having a frame diameter of more
. 5
than 7 inches (178 mm), of @ d-C motor, and of a universat motor

(a) In an open motor:

Thermocouple method 65 (117)

Resistance method 75 (135)
(b) In a totally enclosed motor:

Thermocouple method 70 (126)

Resistance method 80 (144)

3 Class B insulation systems on coil windings of an a-c motor having a frame diameter of 7
inches (178 mm) or less, not including a universal motor, and on a vibrator coil*®

(a) In an open motor and on vibrator coils:

Thermocouple or resistance method 95 171)

Table 32.1 Continued on Next Page
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Table 32.1 Continued

Materials and components °C (°F)
(b) In a totally enclosed motor:
Thermocouple or resistance method 100 (180)
4  Class B insulation systems on coil windings of an a-c motor having a frame diameter of more
than 7 inches (178 mm), of a d-c motor, and of a universal motor®®
(a) In an open motor:
Thermocouple method 85 (153)
Resistance method 95 (171)
(b) In a totally enclosed motor:
Thermocouple method 90 (162)
Resistance method 100 (180)
5 Class E ipsulation systems on coil windings and core laminations
Thermocpuple method 80 (144)
Resistanfe method 90 (162)
B. COMPONENTS
1 Capacitofs:
(a) Electrolytic® 40 (72)
(b)  Ofher types® 65 (117)
2 Fuses 65 (117)
3 Relay, sdlenoid, and coils (except motor coil windings:and transformers) with
(a) Class 105 insulated systems®
Thermocouple method 65 (117)
Resistance method 85 (153)
(b)  Class 130 insulated systems?
Thermocouple method 85 (153)
4 Transforpers
(a) Class 105 insulation systems?
Thermocouple method 65 (117)
Resistance method 75 (135)
C. CONDUCTORS
1 Rubber- or thermoplastic-insulated wires and cords®f 35 (63)
D. ELECTRICAL INSULATION — GENERAL
1 Fiber employed as electrical insulation 65 (117)
2 Phenolic composition employed as electrical insulation or as a part the deterioration of which 125 (225)
could result in a risk of fire or electric shock®
3 Varnished cloth insulation 60 (108)
4 Wood or other combustible materials 65 (117)
@ See 32.12.

Table 32.1 Continued on Next Page
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Table 32.1 Continued

Materials and components °C (°F)

b See note a to Table 22.1.

¢ For an electrolytic capacitor that is physically integral with or attached to a motor, the maximum acceptable temperature rise on
insulating material integral with the capacitor enclosure may be not more than 65°C (117°F).

9 A capacitor that operates at a temperature rise of more than 65°C (117°F) may be evaluated on the basis of its temperature limit.

¢ These limitations do not apply to compounds and components that have been evaluated and determined acceptable for use at
higher temperatures.

f A rubber-insulated conductor within a Class-A-insulated motor, a rubber-insulated motor lead, and a rubber-insulated conductor
of a flexible cord entering a motor may be subjected to a higher temperature if the conductor is provided with sleeving or a braid
that has been evaluated and determined acceptable for use at the higher temperature. This does not apply to thermoplastic-
insulated wires or cords.

32.2 During the temperature test, the temperature of a surface that may be contacted by|the user, other
than a cutting|or functional edge, shall not be more than the value specified in Table 32)2. If the test is
conducted at fa room temperature of other than 25°C (77°F), the results are to be cqrrected to that
temperature.

Table 32.2
Maximum temperatures of surfaces exposed-to user contact
Metal Nonmetallic

Location °C (°F) °C (°F)
A handle or knoH that is grasped for lifting, carrying, or holding 50 (122) 60 (140)
A handle or knoH that is contacted but does not involve lifting, 60 (140) 85 (185)
carrying, or holdihg; and other surfaces subjected to contact ifvgormal

use

32.3 For thg temperature test, a gdarden appliance is to be loaded by an eddyijcurrent brake,
dynamometer,|or the like as follows:

a) A sirlgle-speed appliapce:with a universal motor is to be operated loaded to rated|current.

b) An gppliance with_an  induction motor is to be operated at rated voltage and Idaded to obtain
rated durrent. The“input wattage is to be measured. If the appliance is intendedl for use on a
nomingl 120-V/ora 240-V supply, the load is to be increased until the initial wattage is obtained at
120 or P40 V;

c) A vartiable-speed appliance with a universal motor, and discrete speed setting, is|to be operated
while loaded to rated current at highest and lowest speed settings and may be operated at
intermediate speed settings.

d) An infinitely variable-speed appliance with a universal motor, without feedback, is to be operated
as follows:

1) At the maximum-speed setting, while loaded to rated current.

2) At the no-load speed setting equal to 25 percent of the no-load maximum speed and then
loaded to obtain 25 percent of the maximum speed obtained with rated current.

e) An infinitely variable-speed appliance with feedback is to be operated as follows:

1) At the maximum-speed setting while loaded to obtain rated current.
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2) At a no-load speed setting equal to 25 percent of the maximum no load speed and then
loaded to obtain rated current.

Exception: If an appliance with feedback employs circuits to limit the current at low speed,
so that rated current cannot be obtained at 25 percent of no-load speed, then the load is to
be adjusted to result in the maximum current obtainable at 25 percent of the maximum no-
load speed.

32.4 With reference to feedback as specified in 32.3 (d) and (e), an appliance is considered to have
feedback if the rated current is exceeded when making the adjustment described in (d) and (e)(2).

32.5 All values for temperature rises in Table 32.1, are based on an assumed ambient temperature of

25°C (77°F). Ty
104°F).

32.6 A 100-fq
conducted.

32.7 The app
connected to a

acte mav, ha condictad ot Ay amhinnt tamnaratiien vaathin tha ranan Af 10
Poto—Tay P ComCuCtet—atarty o orcHtrtermpCratare—ywit i —te—Tantge—or—g

ot (30.5 m) cord set, as described in 28.3, is to be used when-the“temp

liance is to be operated continuously until constant temperature has been
voltage supply as follows. The voltage of a direct-current.power supply circ

— 40°C (50 —

erature test is

reached while
Lit is to be 115

or 230 volts, and that of an alternating-current circuit is to be 120 or240 volts, depending ¢n whether the

appliance has
than those just
the appliance.
appliance rate
alternating cur
is to be tested

32.8 Thermal
taken at intervg
indicate no chal

32.9 Tempers
used as specifi
and not smalle
and calibrated
the requiremer
ANSI/ASTM EZ

:

h nominal voltage rating of 115 or 230 volts. For anappliance having a volta
indicated, the voltage of the power supply circuitiis to equal the maximum r.
f the appliance has a single frequency rating;‘the test is to be made at that
a-c/d-c, d-c 60-hertz, or d-c 25 — 60 herfz’is to be tested on direct curre
nt, whichever results in higher temperatures. An appliance rated 25 — 60 o
60-hertz alternating current.

equilibrium or constant temperature is considered to exist when three succe
Is of 10 percent of the previously elapsed duration of the test, but not less t
hge.

tures are to be measured by thermocouples except when the resistance n
ed in 32.12. The thermocouples are to consist of wires not larger than 24 AV|
- than 30 AWG\(0.05 mm?). The thermocouples and related instruments sh
n accordarnce 'with accepted laboratory practice. The thermocouple wire is
ts given-in the Tolerances on Initial Values of EMF versus Temperature
30/E230M.

he rating other
bted voltage of
frequency. An
nt or 60-hertz
50 — 60 hertz

bsive readings,
nan 5 minutes,

ethod is to be
/G (0.21 mm?)
Il be accurate
o comply with
tables in the,

32.10 A thern

nocouple junction and adjacent thermacouple lead wire are to be securely feld in thermal

contact with the surface of the material for which the temperature is being measured. In most cases,
acceptable thermal contact will result from securely taping or cementing the thermocouple in place; but if a
metal surface is involved, brazing or soldering the thermocouple to the metal may be necessary.

32.11 Whenever referee temperature measurements are necessary in connection with the heating of
electrical equipment, thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan wires and a
temperature indicating instrument are to be used.

32.12 Ordinarily, the temperature of a coil or winding is to be measured by means of thermocouples
mounted on the outside of the coil wrap. If the coil is inaccessible for mounting thermocouples (for
example, a coil immersed in sealing compound), or if the coil wrap includes thermal insulation, or more
than 1/32 inch (0.79 mm) of cotton, paper, rayon, or similar insulation, the resistance method is to be used.
For the thermocouple-measured temperature of a coil of an alternating-current motor other than a
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universal motor having a frame diameter of 7 inches (17.8 mm) or less (see Table 32.1), the thermocouple
is to be mounted on the integrally applied insulation of the conductor.

32.13 When using the resistance method, the windings are to be at room temperature at the start of the

test. The temp

in which:

erature rise of a winding is to be calculated from the formula:

R
At=—(k+ 1)~ (k+ 1)

A tis the temperature rise in °C:

R is thg
ris the
t, is theg
t, is the

kis 23
(k) for ¢

33 Humidity

33.1 An appl
of normal use
temperature of

a) An g
repeats
stabiliz

b) An appliance other-thah specified in (a) shall have an insulation resistance 9

50,000

c) An 3
possibl
specifig

resistance of the coil at the end of the test in ohms;
resistance of the coil at the beginning of the test in ohms;
room temperature at the beginning of the test in °C;
room temperature at the end of the test in °C; and

4.5 for copper, 225.0 for electrical conductor grade(EC) aluminum. Values
ther grades must be determined.

Conditioning Test

ance using insulating material likely to-be adversely affected by moisture u
shall be conditioned for 24 hours in moist air having a relative humidity of 85
32 +2°C (90 £4°F). As a result.of the conditioning:

ppliance rated for a nominal(120-volt supply shall comply with the requireme

d leakage current test,(except that the test is to be discontinued when |
S,

ohms between'live parts and interconnected dead metal parts.

b, the test is to be conducted with the appliance still in the humidity chambe
d humidity and temperature. If it is necessary to remove the appliance from

room, i

iS-to be tested within 1 minute of removal.

of the constant

hder conditions
+5 percent at a

hts in 27.1,ina
bakage current

f not less than

ppliance-shall be subjected to a dielectric voltage withstand test as descfibed in 31.1; if

or room at the
the chamber or

Exception: A battery charger that is not provided as an integral part of an appliance is not required to
comply with these requirements.

34 Water Sp

34.1

ray Test

.2 —34.4. As a result of the test, the following conditions shall be met:

A shredder, shredder-bagger, pruning shears, or grass shears shall be subjected to the test
specified in 34

a) Rated for a nominal 120 volt supply shall comply with the requirement in 27.1, in a repeated
leakage current test, except that the test is to be discontinued when leakage current stabilizes.

b) Of a type other than that specified in (a) shall have an insulation resistance not less than 50,000

ohms b

etween live parts and interconnected dead metal parts.
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c) Shall withstand without breakdown for 1 minute the application of a 60-hertz essentially

sinusoidal potential between live parts and exposed dead metal parts. The dielectri
shall be:

1) In accordance with 31.1, for a grounded appliance.
2) Twenty-five hundred volts for a double-insulated appliance rated a nominal

3) Thirty-five hundred volts plus twice the rated voltage of the appliance
insulated appliance rated other than a nominal 120 volts.

34.2 Grass shears are to be mounted so that the blade is tilted downward at a 30 degree
shears are to be mounted so that the blade is tilted upward at a 30 degree angle. A spray o

c test potential

120 volts.

for a double-

angle. Pruning
f water is to be

directed onto the blade and the portion of the motor case nearest the blade for 4 hours. Thi
strike the enclgsure on the side of the motor away from the blade. The appliance is to.be

34.3 A shredder or shredder-bagger, supported in the normal operating position, is to be
hour to a downward spray of water onto the top and sides, applied to the “appliance at
degrees from the vertical and in the direction most likely to cause water toZenter. The applia
operated during exposure to the water spray, but is to be operated for seconds without log
subjected to th¢ tests required by 34.1.

34.4 The wat
rack as illustrg
specified in Fig
head. The distd
spray is to be
nearest current

ted in Figure 34.1. Spray heads are to be, constructed in accordance w
ure 34.2. The water pressure for all tests is.fo be maintained at 5 psi (34 kPa
nce between the center nozzle and thevappliance is to be approximately 5 fe
directed at an angle of 45 degrees'to the vertical toward the louvers or g
-carrying parts.

34.5 Before the test is started, the resistivity of the water is to be 3500 ohm-centimeters 14
measured at 2p°C (77°F). At the conclusion of the test, the resistivity of the water is not {
3200 ohm-cent

o

and 5 seconds [after the spray is removed before being subjected to the tests required,by 34|1.

!

meters nor more than 3800 ohm-centimeters when measured at 25°C (77°F).

spray is not to
erating during

—_

subjected for 1
n angle of 45
ce is not to be
d before being

Br spray test apparatus is to consist of three spray heads mounted in a waler supply pipe

ith the details
at each spray
et (1.5 m). The
ther openings

percent when
p be less than
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Figure 34.1
Rain-test spray-head piping
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Figure 34.2

Rain-test spray head
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.JOU .70 SO0 11,99
E /64  0.40 R 1/4 6.35
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J 23/32  18.3 v 5/8 16.0
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0 Nylon Rain—Test Spray Heads are available from

Underwriters Laboratories

b ANSI B94.11M Drill Size

C Optional — To serve as a wrench grip.

RT100E
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35 Abnormal Operation Tests

35.1 Component short- and open-circuit test

35.1.1 An appliance having a semiconductor of one or more semiconductor junctions, a capacitor, or a
combination of both shall be subjected to the tests specified in 35.1.2 — 35.1.4, As a result of the test, the
semiconductor shall not involve a risk of fire, electric shock, or injury to persons when either the
semiconductor junction or the capacitor is short- or open-circuited.

35.1.2 The appliance is to be connected to a grounded supply of rated frequency and maximum rated
voltage operating at no load with the short- or open-circuited condition introduced. Only one abnormal
condition is to be simulated at a time.

35.1.3 If the pppliance is provided with a momentary-contact switch having no provision-
on and if therg is indication of malfunction of the appliance, such as emission ofsmoke,

br being locked
inability of the

appliance to operate in the intended manner, or other indication, the test is to be disconti
malfunction bgcomes evident. Otherwise, the test is to be continued until ultimate results

dead metal pafts of the appliance are to be connected to ground through a 3-ampere fuse.
unacceptable if the fuse opens during the test.

35.1.4 During the tests described in 35.1.2, the appliance is to_be)connected in series

nued when the
bccur. Exposed
The results are

vith a nontime-

 of the branch
of fire, electric

delay fuse of the maximum current rating that can be accommaodated by the fuse-holde
circuit to whicH the appliance could be properly connected. Qpening of the fuse before a ris
shock, or injury to persons results is an acceptable conclusion-of a test.

35.2 Capacifor overvoltage test

35.2.1 In a tgst to determine if a capacitor asdescribed in 20.1(d), is acceptable, several|samples of the
capacitor, moynted in the usual manner and with cotton placed around openings in the enclosure, are to
be subjected {o such overvoltage as to:cause breakdown. If the cotton ignites upon brgakdown of the

capacitor, the fesults are unacceptable(

36 Handle Tests

36.1 If the insulating material used for a handle, as specified in 8.2, overlies dead metgpl, the material

shall be conditjoned as specified in 36.2 — 36.4. As a result of the test, the material shall nof]

a) Show holes, cracks, distortion, or other evidence of unacceptable deteriorat
conditigned“as described in 36.2; and

on after being

b) Break, crack, rupture, or show other adverse effects after the appliance has been subjected to
the impacts described in 36.3. The impact test is to be conducted on the samples that have been
conditioned as described in 36.2.

36.2 For the conditioning specified in 36.1, the appliance is to be kept for 7 hours in an air-circulating
oven at a temperature that is 10°C (18°F) higher than the temperature attained by the handle under
conditions of normal operation, but at not less than 70°C (158°F).

36.3 With reference to 36.1(b), a hand-supported appliance is to be dropped twice on each handle
through a distance of 3 feet (0.91 m) to strike a concrete surface. Each handle of a ground-supported
appliance is to be subjected to two impacts of 5 foot-pounds (6.8 J). See 36.4. In the tests, two different
samples may be used, one for each set of drops or impacts.
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36.4 The impact specified in 36.3, is to be applied by dropping a steel sphere, 2 inches (51 mm) in
diameter and weighing 1.18 pounds (0.54 kg), through a vertical distance of 51 inches (1.29 m).

37 Brush Cap Test

37.1 A brush cap of a hand-supported appliance shall be subjected to the test specified in 37.2. As a
result of the test, the brush cap shall withstand the test without cracking or breaking.

37.2 The appliance is to be dropped through a distance of 3 feet (0.91 m) to strike a concrete surface,
except that if the brush cap is located so that it cannot strike the surface when the test is being conducted,
it is to be subjected to an impact of 1 foot-pound (1.36 J).

37.3 A brush|cap of a ground-supported appliance shall be subjected to the test specifief in 37.4. As a
result of the tegt, the brush cap shall withstand the test without cracking, breaking, or exposipg live parts.

37.4 An impagt of 1 foot-pound (1.36 J) is to be applied to the brush cap through|the hardened steel rod
shown in Figuifle 37.1 with a diameter of 1/4 inch (6.4 mm), held in contact with the brugh cap by any
convenient means.

Figure 37.1

Impact rod

0.125 .inghes
(3.176nm) +

Vs { hon _
) @oimm) | (O]

" 0.25 inches
(6,35mm)
Diameter
. 0.7 inches
| 2 ipches Fa )X
(51)4mm) (17mm)
SM853A

38 AttachmentPlug Test

38.1 An attachment plug provided with an appliance shall be tested as spcified in 38.2 and 38.3. As a
result of the test, the test probe shall not contact any blade of the attachment plug while the plug is
conductively connected to the connector of the extension cord.

Exception: The probe may contact the grounding blade of a 3-conductor grounding plug.

38.2 The receptacle used in the test shall comply with the requirements in UL 498, or the equivalent. The
receptacle is to be connected to the extension cord of the test assembly illustrated in Figure 38.1. The plug
is to be inserted in the receptacle as far as possible. The plug is then to be withdrawn not more than the
distance that is necessary to permit the test probe to be inserted between the plug body and the extension
cord receptacle. The test probe is to be inserted with a force of 4.1 pounds (18 N) or less, until the probe
contacts one blade of the plug. While the probe is in contact with the blade, the electrical continuity is to be
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determined by an ohmmeter or similar instrument between the contacts of the extension cord receptacle
and the test probe. The test is then to be repeated for the other blade of the attachment plug.

Figure 38.1

Test assembly for accessibility of attachment-plug blades

EXTENSION CORD RECEPTACLE
(THREE WIRE GROUNDED) 1.38 INCH

CONTINUITY =(35.1mm)
/{ TEST’;R MINIMUM

| w ~ .38

GH INCH

(GROUNDING L

OREN) / T
TEST PROBE °

O TEST PROBE IS TO BE MADE OF 006 INCH (1.5mm)
SM1832A THICK METAL.

38.3 The tesi probe specified in 38.2, is to be made of 0.06-inch (1.5-mm) thick metal that is 1.38 inches
(35 mm) wide,[and not less than 1.38 inches long.

39 Strain Rdlief And Torque Tests

39.1 The strdin-relief means provided on the power supply cord shall be subjected to the fest specified in
39.2 and 39.3| As a result of the test, relief means shall withstand for 1 minute, without displacement, a
pull of 35 pourlds (156 N) applied to the.cord, with the connections within the appliance dis¢onnected. The
strain relief is ot acceptable if, at the point of disconnection of the conductors, there is sugh movement of
the cord as to indicate that stress'would have resulted on the connections.

39.2 A 35-pdund (15.9-kg) weight is to be suspended from the power supply cord and sdpported by the
appliance so that the strain-relief means will be stressed from any angle that the congtruction of the
appliance pernits.

39.3 A powef supply cord shall withstand for 1 minute a torque of 50 ounce-inches (0.353|N-m) applied 1
inch (25.4 mm) from the strain relief without damage to the cord and without transmitting the torque to the
terminations.

40 Cord Flexing Test

40.1 A power supply cord shall be subjected to the test specified in 40.2 — 40.5. As a result of the test,
the cord shall withstand 20,000 cycles of flexing at the cord entrance to the product.

40.2 Flexing is to be performed at a rate not exceeding 10 cycles per minute, unless agreeable to those
concerned.

40.3 Three samples are to be tested. Each sample is to be mounted so that the cord entrance point of
the product is at the center of rotation. A 1-pound (0.40-kg) weight is to be attached to the cord between 3
feet (0.91 m) and 5 feet (1.52 m) from the cord entry point. Any additional cord beyond 5 feet is to be
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removed. Guides are to be provided 3 feet from the cord entry point to minimize bouncing or side-to-side
motion of the cord. The weight is to be located so as not to interfere with the guides. When a short cord is
employed, the additional length is to be obtained by using an attached cord set that the manufacturer
makes available. If a cord retaining device is provided with the appliance, the device is to be removed for
this test. See Figure 40.1 .
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Figure 40.1
Cord flexing
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40.4 Starting with the cord in a vertical position and the cord entrance pointing downward, each cycle is
to consist of rotating the entrance point 90 degrees to the horizontal position, rotating back 180 degrees to
the opposite horizontal position, and then back to the vertical position, for a total rotation of 360 degrees.

Rotation is to be smooth with no sudden starts or stops.

40.5 After flexing:

a) Each current-carrying conductor shall be capable of carrying its rated ampacity (for the size
conductor) as given in the , ANSI/NFPA 70, for 2 minutes without interruption. A grounding
conductor, if provided, shall be capable of carrying twice its rated ampacity for 2 minutes without
interruption.

b) Following the test specified in (a), there is to be no dielectric breakdown when

a potential of

1000 V|plus twice the rated voltage of the product is applied for 1 minute betweer
conducfors of the cord with the internal connections to the product severed-and
between live parts and accessible metal parts.

41 Pressure Pad Test

41.1 To determmine if the pressure pad tests described in 41.2 and 41.8; are needed, a

gardening appl
removed from
evidence of a
applicable, 41.]

41.2 To dete
chloride pressu
20°C (36°F) m
dimension that]
electrical part.

41.3 If a pres
are to be cond
temperature. T
result in the ina

ance is to be operated at no load for a period of 1 hour with the pad speci
the appliance. At the conclusion of the test, the appliance is to be carefully
isk of fire or electric shock. If there is such evidence, the tests described
B, are to be conducted.

mine compliance with 11.1.12, three samples of a soft rubber, neopren
re pad, after conditioning in a full-draft\air-circulating oven maintained at a
pre than the normal operating temperature for 168 hours, shall not undergo
will result in the inability of the~pad to hold down or maintain permanent

sure pad is likely to be exposed to grease, three samples of the pad speci
tioned for 18 hours in _oil at a temperature of 20°C (36°F) more than the no
ne oil to be used isIRM 902. The pads shall not undergo any change in dim

42 Switch and ControlTests

421 General

the individual
insulated, and

sample of the
ied in 11.1.12,
examined for
n 41.2, and, if

b, or polyvinyl
emperature of
any change in

position of an

ied in 11.1.12,
Fmal operating
ension that will

bility of the padto hold down or maintain permanent position of an electrical part.

4211

A switch or other device that controls the motor of an appliance shall perform acceptably when

subjected to a test consisting of 50 cycles of operation, making and breaking the locked-rotor current of
the appliance. There shall not be any electrical or mechanical breakdown of the device or undue pitting or
burning of the contacts. In addition, the results are not acceptable if the fuse in the grounding connection
provided in accordance with 42.1.2, opens during any of the tests.

Exception No. 1: A speed changing switch that has been previously evaluated and determined to be
acceptable or has been tested in accordance with 42.3.1, is not required to be subjected to this test.

Exception No. 2: A reversing switch that has been previously evaluated and determined to be acceptable
or has been tested in accordance with 42.2.1, is not required to be subjected to this test.

Exception No. 3: A switch that controls an induction motor and has an acceptable horsepower rating is not
required to be subjected to this test.
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Exception No. 4: A switch that is interlocked so that it will never have to break the locked-rotor current is
not required to be subjected to this test.

Exception No. 5: A switch in an isolated secondary circuit limited to 100 volt-amperes or less is not
required to be subjected to this test (see 42.3.3).

42.1.2 For the tests described in 42.1.3 — 42.3.2, the appliance is to be connected to a grounded power
supply circuit of rated frequency and maximum rated voltage. See 32.7. During the tests, exposed dead
metal parts of the appliance are to be connected to ground through a 3-ampere plug fuse, so that any
single-pole, current-rupturing device will be located in the ungrounded conductor of the supply circuit. If
the appliance is intended for use on direct current, or on direct current as well as on alternating current, the
exposed dead metal parts of the appliance are to be connected so as to be positive with respect to any
single-pole, current=rupturingcontrotdevice:

42.1.3 For the test described in 42.1.1, the rotor of the motor is to be locked in position, and the device is
to be operated at a rate of not more than 10 cycles per minute; and the device is to bg left in the on
position as briefly as possible (a faster rate of operation may be employed” if agre¢able to those
concerned).

42.2 Revers|ng switch

42.2.1 A swifch or other device used for reversing the motor.of@an appliance, unless acgeptable for the
application, shiall be subjected to a test consisting of 25 cycles of operation as described ip 42.2.2. There
shall not be anjy:

a) Electrical or mechanical breakdown of the device;
b) Undlie pitting or burning of the contacts;or

¢) Emigsion of molten metal or flame from the enclosure of the appliance.

42.2.2 For the test specified in 42.2.1.each cycle of operation is to consist of:

a) Thrgwing the switch te~thie position in which the motor of the appliance rotates ip one direction,
allowing it to attain full©perating speed in that direction;

b) Then, without pause in any intermediate off position unless the switch will not fun¢tion otherwise,
throwing the switch to the position in which rotation is reversed, allowing the motor {o attain normal
speed in thatdirection; and

c) Thenreversing the rotation again by throwing the switch to the initial on pasition

42.3 Speed changing switch

42.3.1 A switch or other device for changing the speed of the motor of an appliance, other than an "on-
off" switch, unless acceptable for the application, shall be subjected to 50 cycles of operation as described
in 42.1.2 and 42.3.2. There shall not be any:

a) Electrical or mechanical breakdown of the device;
b) Undue pitting or burning of the contacts; or

¢) Emission of molten metal or flame from the enclosure of the appliance.
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42.3.2 For the test specified in 42.3.1, each cycle of operation is to consist of operating the appliance at
one speed, throwing the switch to cause operation at the other speed, and then changing the setting back
to the position that results in the first value of speed again.

42.3.3 Switching contacts in an isolated secondary circuit that is limited to 100 volt-amperes or less:

a) Is not required to be evaluated to determine whether it is acceptable for the application; and

b) Is not required to be subjected to the tests in 42.1.1 — 42.3.2.

43 Accelerat

ed Aging Test

43.1 A rubber
moisture shall
have physical ¢

ornaapranae-compbolnd-formina-a-nartthat ic danandaed - upnontao-nrotect-tha
© CopPrerC- oM poTTa o g o pPart ot ro-aC peraCtoportoprote o e

be subjected to the test specified in 43.2 and 43.3. As a result of the tests
roperties as specified in Table 43.1, after aging.

appliance from
the part shall

Table 43.1
Accelerated aging test
Temperature n component Minimum accepfable percent of
during temperature test unaged value|for samples
Tensile
°c (°F) Accelerated aging procedure strength Elongation
60 or less (140 or less) Air oven aging for 70 hours at 100&2°C (212 +3.6°F) 60 60
61-75 (142 -167) Air oven aging for 7 days at 100:42°C (212 £3.6°F) 50 50
76 -90 (169 —194) Air oven aging for 168 houps at 121.0 £1.0°C (249.8 50 50
+1.8°F)
91 -105 (196 — 221) Air oven aging for168'hours at 136.0 £1.0°C (276.8 50 50
+1.8°F)

43.2 The test
upon the mate
and other factg
after the accel
and after the aq

procedure for determining whether a part complies with the requirement in
fial of which it is composed, its size and shape, the mode of application in
rs. The test procedure may include visual inspection for cracks, deformatio
brated aging,as-well as comparison of hardness, tensile strength, and elo
celerated.aging.

43.3 With refe

strength and

determined to Bbe-He

rence-to 43.1 and 43.2, a part made of rubber or neoprene, tested to com
longation before and after the accelerated aging, is acceptable if these

44 Polymeric Materials Not Classed HB

441

4411

Mold stress relief test

43.1, depends
the appliance,
n, and the like
ngation before

pare its tensile
properties are

An appliance with a polymeric enclosure not classed HB shall be subjected to the test specified in

44.1.2 — 44 .1.4. After testing, the enclosure material shall comply with all of the following conditions:

a) The material shall not soften, as determined by handling immediately after the oven

conditio

ning;

b) The material shall not crack;
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¢) No uninsulated live parts shall be exposed to the extent that the product would not comply with
requirements in this standard for protection against unintentional contact with uninsulated live
parts;

d) Spacings shall not be reduced below the minimum acceptable value; and

e) Warping or distortion shall be limited to the extent that the appliance complies with the Strain
Relief and Torque Tests, Section 39.

44.1.2 Three samples of the complete appliance are to be placed for 7 hours in an oven maintained at a
uniform temperature not less than 10°C (18°F) higher than the maximum operating temperature of the
material as measured under normal operating conditions, but not less than 70°C (158°F). Immediately
following this conditioning, the sample is to be examined with reference to the requirements in 44.1.1(a).
After cooling td room temperature, the sample is to be examined with reference to 44.11 (|b), (c), and (d),
and tested as $pecified in 44.1.1(e).

4413 Theo

is in a throw-a
the oven cond
shock, or injury

44.1.4 Crazing of the polymeric material is not considered to\be unacceptable with

requirements i

44.2 Resistgnce to impact test — appliance

4421 Anap
appliance shal

a) Mak

b) Prod

44.2.2 With
protective or c

Cracking of thg enclosure istnot acceptable if a dust- or moisture-tight enclosure is required

4423 A gro

ven conditioning described in 44.1.2, may cause the enclosure toydistort to t
vay condition provided the performance of the appliance, as examined seve
tioning, is such that intermediate stages of distortion do not.introduce a risk

to persons.

h44.1.1.

pliance shall be subjected to the testspecified in 44.2.2 — 44.2.5. As a resulf
withstand the impact specified in 44.2.3 — 44.2.5, without:

ng live parts accessible to contact; or

ucing any other conditiofi that would introduce a risk of electric shock.

reference to 44.2:1(b), cracking of the enclosure shall not affect the f
bnstructional feature, such as a thermostat, an overload-protective device, g

ne extent that it
ral times during
of fire, electric

regard to the

of the test, the

inction of any
r a strain relief.

Lind-supported appliance is to be subjected to three impacts of 5 foot-pou

hds (6.8 J), as

described in 4#1.3.2,°0on any surface that is exposed to a blow during normal use. For surfaces other than
the top of an gnclosure, the steel sphere used for the impact is to be suspended by a cordland allowed to
fall as a pendulum through the distance required 10 cause It 10 Sirike the surface wi € specified impact.

44.2.4 Each of three samples of a hand-supported appliance is to be subjected to the impact that results
from its being dropped three times through a distance of 3 feet (0.91 m) to strike a concrete surface in the
positions most likely to produce adverse results.

44.2.5 With reference to 44.2.4, the tests on a hand-supported appliance are to be conducted so that
each sample strikes the surface in a position different from those of the other two samples. Three
individual samples may be employed for the tests, or if the manufacturer so elects, fewer samples may be
used in accordance with Figure 44.1. The overall performance is acceptable upon completion of any one
of the procedures represented in Figure 44.1. If any sample does not comply with the test criteria on its
first drop in any of three positions, the results of the test are unacceptable.
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Figure 44.1

Procedure for impact test on a hand-supported appliance

Sample Number

Series
Num —
ber 12 3 12 3 1 2 3 12 3
1 ANN A NN AN N A NN
2 ANN A NN U A N U A N
3 i N N U A N N U A
Arrows indicate sequence of test procedure
A — Acceptable results framv drop
U — Unacceptable results  from drop
N — No test necessary
SA1162

44.3 Resistahce to impact — component

44.3.1 A moving part as specified in(9.11, of a ground-supported appliance that is expgsed to impact
shall withstand|the ball-impact test described in 44.3.2, and a component of a hand-suppdrted appliance
shall withstand|the drop test specified-in 44.3.3:

a) Withgut cracking that affects the functional strength of the part;

b) Withgut being affected to the extent that a part that may present a risk of injury to persons would
be expdsed towunintentional contact; and

¢) Withqut affecting the intended mechanical performance of the appliance.

44.3.2 The ball-impact test is to be conducted with a smooth steel sphere having a diameter of 2 inches
(51 mm) and weighing 1.18 pounds (0.45 kg). If the component being tested can be struck from above, the
sphere is to be allowed to fall vertically from rest to strike the component. Otherwise, the sphere is to be
suspended by a cord and is to be allowed to fall from rest as a pendulum to strike the component. In either
case, the vertical travel of the sphere is to be 51 inches (1.29 m).

44.3.3 For the drop test, each of three samples of the complete appliance is to be dropped three times
from a height of 3 feet (0.91 m) onto a concrete surface in such manner as to test the component most
severely.

44.3.4 With reference to 44.3.3, the tests on a hand-supported appliance are to be conducted so that a
sample strikes the surface in a different position for each drop. Three individual samples may be employed
for the tests, or if the manufacturer so elects, fewer samples may be used in accordance with Figure 44.1.
The overall performance is acceptable upon completion of any one of the procedures represented in the
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figure. If any sample does not comply with the test criteria on its first drop in any position, the results of the
test are unacceptable.

44.3.5 If the component is made of nonmetallic material, the ball-impact test or the drop test is to be
performed on the sample or samples in the as-received condition. The test is then to be repeated on a
different sample or samples that have been conditioned in an air-oven for 7 hours at a uniform
temperature not less than 10°C (18°F) higher than the maximum operating temperature of the material
measured under normal operating conditions, but not less than 70°C (158°F). The conditioned samples
are not to be tested until they have returned to room temperature.

44.3.6 After the conditioning described in 44.3.5, and before being subjected to the ball-impact test or
the drop test, no sample shall show checking, cracking, or other deleterious effects, nor shall any sample
show distortionrttatwoutdmtroduceariskof fire;etectricstock; ormjury topersors:

44.3.7 If the component is nonmetallic, samples of an appliance that has an accessory that may adapt
the appliance [for use at low temperatures are also to be subjected to the ball<impact tgst or drop test
immediately after being conditioned at minus 20°C (minus 4°F) for 7 hours.

44.3.8 Deformation of a guard during the ball-impact or drop test is acceptable if:
a) Opefation of the appliance or performance of the guard isn¢t affected; or

b) The puard can be readily restored to its original shape:

44.3.9 A fungtional component, including a cutting toal.of’portion of the drive system, is|not required to
comply with the requirement for the drop or ball-impact test if it is obvious that the appliange would not be
capable of normal operation after the test.

44.4 Abnormal operation test

4441 An appliance shall be subjected to the test specified in 44.4.2 and 44.4.3. As a rgsult of the test,
there shall not|be:

a) Ignitjon of the enclosure)material;
b) Expgsure of liveparts; or

c) Emigsion of flame or molten metal, or glowing or flaming of the combustible material upon which
the apgliancéds placed.

Exception: Any emission of flame or molten metal or glowing or flaming of the combustible supporting
surface that may result from such emission is acceptable if it occurs through an opening provided as a part
of the design and construction of the enclosure — not an opening that occurs as a result of this test.

44.4.2 For the test, the appliance is to be connected to the circuit specified in 35.1.2.

44.4.3 The appliance is to be operated under the condition of abnormal operation, such as stalled-rotor
operation, operation without liquids, operation with current-carrying parts short-circuited, and the like.
During the test, the appliance is to rest on white tissue paper on a softwood surface and is to operate
continuously until the ultimate results have been determined. In most cases, continuous operation will be
necessary until constant temperatures are reached.

44.4.4 With reference to the requirement in 44.4.1, warping, shrinkage, expansion, or cracking of the
material of the enclosure is acceptable.
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44.5 Flame resistance test

4451 An enclosure shall be subject to the test specified in 44.5.2 — 44.5.6. As a result of the test, the
enclosure shall not support combustion for more than 1 minute after two 30-second applications of a test
flame, with an interval of 1 minute between applications of the flame, and shall not be completely
destroyed as a result of this test.

4452 Except as noted in 44.5.3, three samples of the enclosure are to be placed, for 7 days, in an oven
maintained at a temperature not less than 10°C (18°F) higher than the maximum temperature of the
material measured under normal operating conditions, but not less than 70°C (158°F). After cooling to

room temperature, the samples are to be tested in accordance with 44.5.4 —44.5.6.

4453 The te
enclosure if:

a) It ha
flame-rg

b) The
thickned

4454 Three
selected. Usin
described in 44
draft-free locat
portions are ng
in place.

4455 Theflg
blue cone. Tw
enclosure sele

44.5.6 With re¢ference to 44.5.4,.the sections adjacent to coil windings, splices, open swi

arcing or spark

4457 Flame

flammability requirementsiin 44.5.1 — 44.5.6.

45 Polymerig

St described In 44.9.4 — 44.0.b, IS 10 be conducted on uncondituoned. s

5 been determined previously by means of a long-time thermal -aging pra
tardant properties of the enclosure material are not adversely affected by ag

hging program included specimens of a thickness equal to ‘er’less than the
s of the enclosure.

sections of the enclosure of the appliance that.are/most likely to be ign
j a separate sample in each case, each section' is to be subjected to

.5.5. During the test, the appliance is to be supported in its normal operatin
on; the nonpolymeric portions of the enclostpe in contact with or fastened tq

me of a Bunsen burner is to be.adjusted to have a 3/4-inch (19.1-mm) yelloy
b 30-second applications of\the tip of the flame are to be made to each
ted as specified in 44.5.4, with a 1-minute interval between the applications.

ng parts are considered to be those most likely to be ignited.

retardant ¢oatings or paints are not to be depended upon for compli

Materials Classed HB

bmples of the

gram that the
ng; and

minimum wall

ited are to be
the flame test
g position in a
the polymeric

t to be removed; and, insofar as possiblejthe internal mechanism of the appliance is to be

flame with no
section of the

ches, or other

ance with the

45.1

45.11

Mold-stress evaluation and input test

An appliance is to be conditioned and tested in accordance with 44.1.1 — 44.1.4. Following the

test, each sample is to be operated at no load and rated voltage. As a result of the test, no sample shall
have an input current of more than 145 percent of the current measured during the input test conducted in

accordance wit

h 30.1.

45.2 Resistance to impact test

45.21

shall comply with the requirements in 44.2.1 and 44.2.2.

An appliance is to be subjected to the applicable impact tests specified in 44.2.3 — 44.2.5, and
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45.3 Overload test

45.3.1 An appliance shall be subjected to the test specified in 45.3.2 — 45.3.4, as applicable. As a result
of the test:

a) Except as noted in 45.3.4, the no-load current input of an appliance that has completed the
overload test specified in 45.3.2, without burning out electrically shall not be more than 145 percent
of the current measured during the input test on a previously unconditioned appliance in
accordance with 30.1.

b) The enclosure of an appliance that burns out electrically during the overload test described in

45.3.2 or 45.3.4, shall not support flame for more than 1 minute.

45.3.2 An appliance is to be operated at no load for 1/2 hour and then at full load for 1/2°h
then to be incfeased every 15 minutes by 10 percent of the then-existing current until/th
equals approxjmately 145 percent of rated current or the appliance burns out.

45.3.3 Durin
appliance is to

4534 Anap
appliance:

a) Has

b) Has

45.4 Physical properties of enclosure materialtests

4541 Anap
polymeric mat

45.4.2 Each
and having a
wrapped with f

45.4.3 The v
running 1.61
approximately

the overload test specified in 45.3.2, any overload-protective device prq
be short-circuited.

pliance is to be operated until burnout occurs by continding the overload cor

completed the overload test described in 45.33, without burning out; and

B no-load current input more than the value, specified in 45.3.1.

pliance shall be subjected to.the test specified in 45.4.2 — 45.4.4. As a resulf
rial shall resist ignition forZ\seconds or longer.

of three samples of the: material, each 5 inches (127 mm) long, 1/2 inch (7
thickness not more~than the minimum thickness of the enclosure at any
ve turns of resistance wire, with a spacing of 1/4 inch (6.35 mm) between tur

ire is to.be-24 AWG (0.21 mm?), iron-free, 20 percent chromium and 80
phms ‘per foot (5.25 ohm/m) and 865 feet per pound (581 m/kg). The|
10+inches (254 mm) long and is to carry the current necessary for it to diss

The measuremént of the time is to begin when the current begins to flow.

bur. The load is
e current input

vided with the

ditioning, if the

of the test, the

2.7 mm) wide,
point, is to be
ns.

percent nickel,
wire is to be
ipate 65 watts.

45.4.4 The resistance per unit volume (volume resistivity) of the polymeric material shall not be:

a) Less

than 45 megohm-centimeters in the as-received condition; and

b) Less than 10 megohm-centimeters after exposure for 96 hours to moist air having a relative

humidit

y of 85 15 percent at a temperature of 32 £2°C (90 +4°F).

45.4.5 The volume resistivity is to be determined in accordance with ASTM D257.

46 High Current Arc Ignition Test

46.1

the test specified in 46.2 — 46.5. As a result of the test, the material shall not ignite.

To determine compliance with the exception to 22.7(b), a polymeric material shall be subjected to
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46.2 Three samples of the polymeric material, each 5 inches (127 mm) long, 1/2 inch (12.7 mm) wide,
and having a thickness not more than the minimum enclosure thickness, are to be tested.

46.3 The test is to be conducted using a pair of electrodes and a variable-inductive impedance load
connected in series with a high-capacity alternating-current source. The stationary electrode is to be a 8
AWG (8.4 mm?) solid copper conductor having a horizontal chisel point. The movable electrode is to be
1/8-inch (3.2-mm) diameter stainless-steel rod having a pyramidal point. The major axis of each electrode
is to be 45 degrees from the horizontal, and the major axes of both electrodes are to be in the same
vertical plane. With the electrodes short-circuited, the variable-inductance impedance is to be adjusted
until the current is 32.7 amperes at 240 volts alternating current, with a 50 percent power factor.

46.4 The sample is to be supported horizontally in air on a test stand. The movable electrode is to be

provided with g
the fixed electr
above the sam

46.5 The mo
with the fixed
unless each sa

bde and then to break the electrical circuit. The electrodes are to be supporte

able electrode is to be moved in a horizontal direction to make and break el
blectrode at a rate of 40 contacts per minute. The polymeric.material is
mple resists ignition during 60 arcs.

47 Permanence of Marking Tests

471 General

4711 Arequ
indelibly stamp
adhesive shall
of a pressure-§

immediately fol
temperature fo

a) Each

b) The |

ired marking shall be molded, die-stamped, paint-stenciled, stamped or etch
ed on pressure-sensitive labels secured-by adhesive. A pressure-sensitive la
be subjected to the tests specified in'd7.2.1 — 47.4.1. As a result of the testg
ensitive label or a label secured-by' cement or adhesive is considered to b
lowing removal from each testimedium, and after being exposed for 24

lowing removal from each testmedium:

sample demonstrates good adhesion and edges are not curled;

hbel resists defacgement or removal as demonstrated by scraping across the

a flat metal blade, 1/32\inch (0.8 mm) thick, held at a right angle to the test panel; andg

c) Theq

47.1.2 Ordindg

rinting is fegible and is not defaced by rubbing with thumb or finger pressure.

ry usage, handling, storage, and the like of the appliance will be considered

the permanend]

ble equal to the distance from the arc source to the enclosure in the appliance.

!

ved to contact
at a distance

ctrical contact
ot acceptable

bd on metal, or
bel secured by
, the adhesion
b acceptable if
hours to room

test panel with

in determining

£ ofla marking.

47.2 Oven aging test

47.21

Three samples of the label, applied to test surfaces as in the intended application, are to be

conditioned for 240 hours in an air oven maintained at the temperature specified in Table 47.1.
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Table 47.1
Oven aging test temperatures

Maximum temperature — as me_asured d_uring t_emperature Test temperature

test — of surface to which label is applied,

°C (°F) °c (°F)

60 or less (140) 87 (189)

61-80 (142 -176) 105 (221)

81-100 (178 -212) 121 (250)

101-125 (214 — 257) 150 (302)

126 - 150 (259 - 302) 180 (356)

47.3 ImmerJion test

47.3.1
conditioned fo
relative humid
temperature of

47.4 Standa
4741 Three
conditioned fo
relative humid
MANUFACTU
48 General

48.1 Each fir
Section 49, an
it leaves the fa
49 Producti(

491

Six samples of the label, applied to test surfaces as in the intended applica

!

24 hours in a controlled atmosphere maintained at 23 +2°C (73 #4°F) with
ty. Three samples are then immersed in water and three samples are imm
21 +2°C (70 £4°F) for 48 hours in each case.

rd atmosphere test

ty.

RING AND PRODUCTION TESTS

ished appliance is to be subjected to the Production Line Dielectric Voltage
d the Production Line'Grounding Continuity Test, Section 50, with acceptabl
ctory.

bn Line Djelectric Voltage Withstand Test

Each appliance:shall withstand, without electrical breakdown, as a routine producti

60-hertz essentially

application of

samples of the label, applied to test surfaces’as in the intended applicg
72 hours in a controlled atmosphere maintained at 23 +2°C (73 +4°F) with & 50 +5 percent

ion, are to be
50 %5 percent
rsed in oil at a

tion, are to be

Withstand Test,
b results before

bn line test, the
ad metal parts.
¢ Condition B of

Table 49.1.
Table 49.1
Production-line test conditions
Condition A Condition B
Appliance description Potential, volts Time, seconds Potential, volts Time, seconds

Having a universal motor or a motor 1000 60 1200 1

rated 1/2 horsepower (373 W

output) or less

Having a motor rated more than 1/2 1000+2V2 60 1200+2.4\? 1

horsepower

@ Maximum marked voltage but not less than 120 volts if the maximum marked voltage is within the range 105 — 120 volts, and not
less than 240 volts if the maximum marked voltage is within the range 210 — 240 volts.
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49.2 Each finished double-insulated appliance shall withstand for 1 second without breakdown the
application of a 60 hertz essentially sinusoidal test potential as specified in Table 49.2.

Table 49.2
Production line dielectric voltage withstand test potential for double-insulated appliances
Points between which potential is to be applied Test potential, volts

Live parts and dead metal parts insulated from each other by basic insulation® 1000

B. Accessible dead metal parts or, for an appliance with an outer enclosure of insulating 1500
material, metal foil wrapped tightly around the enclosure and inaccessible metal parts
including metal foil in contact with the insulating barriers provided to accomplish compliance
with the requirements in 72.72°

C. Live parts alld accessible dead metal parts or, for an appliance with an outer enclosure of 500
insulating mpterial, metal foil wrapped tightly around the enclosure®?°

2 If necessary beq
the appliance ang
conducted on the

® Those parts of t
required to be col
required physical

1) Investiga
evaluated a

2) Periodic g

¢ The test of (C) i
1) Isolated b

insulation o
assembly.

3) Visual inspection of each molded part to determine that material is free from cracks and metal particles.

2) Are locatgd so that they are remote from live parts and\from inaccessible metal parts separated from live

ause of the inaccessibility of parts, tests in accordance with (A) and (B) may be conductedon st
in this case, the test described in (C) shall be conducted. If the tests in accordancefwith (A) and
completely assembled appliances, the test described in (C) may be omitted if there is no reinfor

e tests described in (B) and (C) that include application of metal foil to outer enelosures of insul
ducted if the manufacturer has an acceptable control program. To determine‘that the material c:
and electrical properties, this program is to include the following:

on of the dielectric properties of the material. This investigation may,\be waived if the material hg
d determined to be acceptable for the application;

hysical property tests on molded parts; and

not required for small accessible metal parts, such,as assembly screws, that are:

y an outer enclosure of insulating material that is subject to the control program indicated in notg

ly. The remoteness is to include consideration of possible displacement of parts as the results o

bassemblies of
(B) are
ed insulation.

hting is not
mplies with the

s been

b; and

arts by basic
improper

49.3 A 500 vq
49.1 and 49.2,
test equipment]
breakdown, m4
test is to result.

49.4 Test equ
intended factor

lt-ampere or larger capacity transformer is not required to be used for the tg
f the transformer is provided with a voltmeter to measure the applied potenti
is to include an jndication of breakdown that is audible or visual, or both.

nual reset of an gxternal switch is to be required, or an automatic reject of|

ipmentiother than that described in 49.3, may be used if determined to §
y control.

sts required in
al directly. The
n the event of
the unit under

ccomplish the

50 Productio

50.1

n Line Grounding Continuity Test

Each product that has a power supply cord having a grounding conductor is to be tested, as a

routine production line test, to determine that grounding continuity exists between the grounding blade of
the attachment plug and accessible dead metal parts of the product that are likely to become energized.

50.2 Only a single test need be conducted if the accessible metal selected is conductively connected by
design to all other accessible metal.

50.3 Any acceptable indicating device, such as an ohmmeter, a battery-and-buzzer combination, or the
like, may be used to determine whether a product complies with the requirement in 50.1.
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RATING
51 General

51.1 An appliance shall be rated in volts, in frequency — expressed in one of the following terms: hertz,
Hz, cycles-per-second, cps, cycles/second, or ¢/s — and in amperes. If the appliance is intended for use on
a direct-current circuit, such designation shall also be included in the rating.

Exception: In place of an ampere rating, an appliance may be rated in watts if the full-load power factor is
0.80 or more, or if the rating of the appliance is 50 watts or less.

MARKING

52 General

on 47), legible,
thout impairing

521 Allrequ
readily visible,

red markings shall be permanent (see Permanence of Marking dests, Sect
and shall be located on a part of the appliance that cannot be removed w

the operation ¢

f the appliance.

52.2 A product shall be legibly and permanently marked with:
a) The |manufacturer's name, trade name, or trademark, of.other descriptive marking by which the
organization responsible for the product may be identified;
Exceptlon: The manufacturer's identification may®e in a traceable code if the product is identified
by the brand or trademark owned by a private labeler.
b) A didtinctive ("catalog" or "model") number or the equivalent;
c) The glectrical rating; and
d) The fate or other dating periad/of manufacture not exceeding any three consecut|ve months.
Exceptlon: The date of .iianufacture may be abbreviated; or may be in a natidnally accepted
conventional code or jn‘a‘code affirmed by the manufacturer, if the code does nof repeat in less

than 1@ years, and+daes not require reference to the production records of the manufacturer to

determfne when theproduct was manufactured.
52.3 An accessory_or the package containing it shall be marked with a catalog des|gnation or the
equivalent.

52.4 If a manufacturer produces or assembles appliances at more than one factory, each finished
appliance shall have a distinctive marking by which it may be identified as the product of a particular
factory.

52.5 For an appliance employing a single motor as its only electric-energy-consuming component, the
electrical rating given on the motor nameplate is not required to be shown elsewhere on the appliance if
this nameplate is readily visible after the motor has been installed in the appliance.

52.6 If an appliance employs a dual-voltage motor and if the motor nameplate is employed to indicate the
electrical rating of the appliance in accordance with 52.5, the appliance shall be additionally marked to
indicate the particular voltage for which it is connected when shipped from the factory. If the appliance
employs an attachment plug, instructions shall be provided to indicate the type of plug that should be used
if the appliance is reconnected for the alternate voltage.
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52.7 If an appliance will not start and attain normal running speed when connected to a circuit protected
by an ordinary — not a time-delay — fuse as described in 28.1, the appliance shall be plainly marked with
the following or the equivalent, "If connected to a circuit protected by fuses, use time-delay fuses with this
appliance.”

52.8 A switch, other than a momentary contact switch — one that requires constant pressure to hold it in
the "on" position — that controls the motor of an appliance shall have a marked "off" position if the
appliance, when energized, has moving parts that are likely to cause injury to persons.

52.9 The function of a reversing switch of a cultivator as described in the exception to 18.9, shall be
marked on the appliance adjacent to the switch.

52.10 A trimnfier using a flexible nonmetallic cutting NIne or that Is provided with the gaude described in

57.6.1 and 57.4

.2, shall be marked with the size and type of the cutting line specified bycthe

Exception: If th
the manufactur
be given in the

52.11 A pole
attachment.

53 Cautional

53.1
from the opera
persons would

53.2

53.3 Under c
appliance, cau
risk of injury to

53.4 An edge
with a guard sh
Eye Injury. Use

e construction of the appliance is such that a cutting line that is larger than th
er cannot be used with the appliance, the specification of the cutting line sizg
instruction manual.

pruner shall be marked with the direction of rotatioh of the saw chain

Yy

A requir¢d warning marking shall be of a color that.contrasts with its background and

or's position or from the position in whi¢h a specific risk of fire, electric shg
be encountered.

In a warfhing marking, the word "WARNING" shall be in letters not less than 3/32 inch

ionary markings shall be provided to instruct the user as to the steps to ta
persons.

r, lawn edge.rimmer, or a lawn trimmer employing a nonmetallic cutting lin
all be plainty marked with the word "WARNING" and the following or the equ
Safety.Glasses or Similar Eye Protection."

manufacturer.
at specified by
and type may

on the cutting

shall be visible
ck, or injury to

(2.4 mm) high.

brtain conditions where complete guarding of a moving part would defeat the utility of the

e to reduce a

e not provided
valent "Risk of

53.5 If the cg

nstruction of an appliance contemplates cleaning or servicing by the use

I, such as the

replacement of pilot lamps, and if such cleaning or servicing would involve the exposure of a normally
enclosed or protected live part to unintentional contact, the appliance shall be marked to indicate that such
servicing or cleaning is to be done with the appliance disconnected from the supply circuit to reduce the
risk of electric shock.

53.6 An appliance shall be plainly marked with the word "WARNING" and the following or the equivalent,
"To reduce the risk of electric shock, do not expose to water— replace damaged cord immediately."

53.7 If an appliance is shipped from the factory with a required guard detached, the appliance shall be
legibly and permanently marked with the word "WARNING" and the following or the equivalent, "To reduce
the risk of injury to persons, do not operate without guards in place."

53.8 A pole pruner shall be plainly marked with the following or the equivalent,
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a) “WARNING: Wear head and eye protection. Or the safety signs M014 of ISO 7010 and M004 of
ISO 7010. A combination of personal protective equipment safety signs may be used.

b) “DANGER — Keep sufficient distance away from electrical power lines.” or the equivalent or
alternatively the safety sign C.2.30 of ISO 11684.

Instruction Manual

An instruction manual shall be provided with an appliance.

54

54.1 Genera
54.1.1
54.1.2 Theiir

electric shock,

54.1.3 Speci
be included in

54.1.4 Thein

a) A st

be accgptable for use with the appliance, and:

b) For
directig

c) A stg

d) Inst
adjust
that an

e) Instri
like are

f) For t1

struction manual shall specifically warn the USer ol any reasonably Toresee
or injury to persons and state the precautions that should be taken to reduce

the instruction manual in accordance with 54.1.4.

struction manual shall include all of the following:

htement specifying only those accessories and attachments that have beer

1) A warning to the user that the use of any other accessory or attachment m
risk of injury; and

P) Instructions to the user for the intended use of the accessory or attachmern

b cultivator as described in the exception to 18.9, a statement to specify th
ns for the operation, of a reversing switch.

tement indicating that devices for retaining extension cords are available.

uctions and cautionary statements for cleaning, user-maintenance (such
ent, and the like), operations recommended by the manufacturer, and a war
other servicing.should be performed by an authorized service representativ

Lictions regarding the use of eye protection and advising the user that safety
available:

immers employing a flexible nonmetallic cutting line:

hble risk of fire,
such risk.

ic identifications and warning information applicable to accessoriés, and attachments shall

determined to

py increase the

t, if necessary.

e function, and

as lubrication,
ning to the user

=)

c.

glasses or the

1) Instructions and cautionary statements regarding line replacement with respect to use of
proper type and size of line. The cautionary statements shall warn the user against using

heavier lines than recommended by the manufacturer and against using li

ne materials of

other types — for example, metal wire, rope, and the like. It shall also make reference to the
line gauge, if provided on the unit, and instruct the user how to apply the gauge to

replacement lines and how to maintain the gauge;

2) Instructions regarding proper use of the trimmer and cautionary statements regarding the

use of the appliance for edging operations; and

3) Cautionary statements regarding the use of proper clothing and footwear during

operation to reduce the risk of injury that may be caused by flying debris.


https://ulnorm.com/api/?name=UL 82 2023.pdf

82 UL 82 JANUARY 18, 2023
g) When the double insulation symbol (a square within a square) is used as the only marking to
identify a unit as being double insulated, the symbol shall be defined in the instruction manual (See
Details, Section 85).

h) For pole pruners:

1) “WARNING — Do not operate near electrical power lines. The unit has not been designed
to provide protection from electric shock in the event of contact with overhead electric lines,
Consult local regulations for safe distances from overhead electric power lines and ensure
that the operating position is safe and secure before operating the saw chain pole pruner.”
2) Description and identification of the principal parts of the saw chain pole pruner including
the safety devices and harness, and the use of the quick release mechanism.

) Instruction for adjusting the proper tension of the saw chain, lubricatingl, maintenance

nd for transportation and storage.

) Advice on correct working posture, maintaining firm footing and)balance dliring operation
including the safe usage of the harness, the quick release mechanism, and the need for rest

eriods and changing working position.

) Advice of the need for head, and eye protection and-the necessary perspnal protective

quipment (PPE) to be used, including correct clothing,

) Advice of the risk for bystanders, especially. for-children, and the need to keep them at a
$afe distance during operation of the saw chainpole pruner.

54.1.5 The instruction manual shall include the name and address (city, state, and zip code) of the

manufacturer or brand-name distributor.

54.2 Important safety instructions

54.2.1 The ingtruction manual shall include an important safety instruction section which shall include the

applicable itemp of 54.2.2.

54.2.2 The following applicable important safety instructions shall be separated in format|from the other

instructions, and shall appear before the operating instructions in the instruction manual. The phrases

"Read All Instrictions" and-"SAVE THESE INSTRUCTIONS" shall appear and shall be thg first and last

items, respectiyely. The phrase "Read All Instructions" shall be preceded by the statement "WARNING:

When using elgctric gardening appliances, basic safety precautions should always be follgwed to reduce

the risk of fire, ¢lectric shock, and personal injury, including the following:..." Equivalent wordings in equally

definitive terminology may be used when

signal word. Th

a) FOR

1

€y comply wi € Intent of the Instruction,
e instructions shall be legible, and shall contrast with the background.

ALL GROUNDED APPLIANCES

) Grounding Instructions

except for the

This appliance should be grounded while in use to reduce the risk of electric shock to the
operator. The appliance is equipped with a 3-conductor cord and 3-prong grounding plug to
fit the proper grounding receptacle. The green or green and yellow conductor in the cord is
the grounding wire. Never connect the green or green and yellow wire to a live terminal. If
your unit is for use on less than 150 volts, it has a plug as illustrated in sketch A in Figure
54 1. Ifitis for use on 150 to 250 volts, it has a plug as illustrated in sketch D.

An adapter, sketches B and C, is available for connecting plugs as illustrated in sketch A to
2-prong receptacles. The green-colored rigid ear, lug, or the like, must be connected to a
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permanent ground, such as a properly grounded outlet box. No adapter is available for the

plug illustrated in sketch D.

2) Extension Cords

Use only three-wire outdoor extension cords that have three-prong grounding plugs and

grounding receptacles that accept the appliance's plug.

b) FOR ALL DOUBLE-INSULATED APPLIANCES

1) Replacement Parts

When servicing use only identical replacement parts.

c) FOR

2) Polarized Appliance Connections

To reduce the risk of electric shock, this appliance has a polarized plug-(ong
than the other) and will require the use of a polarized extension.cord. The
will fit into a polarized extension cord only one way. If the plug-does not

extension cord, reverse the plug. If the plug still does not_fity”obtain a cg
extension cord. A polarized extension cord will require the use of a polari
This plug will fit into the polarized wall outlet only one/way. If the plug does
the wall outlet, reverse the plug. If the plug still doesinet fit, contact a qualifie
nstall the proper wall outlet. Do not change the eqdipment plug, extension d
or extension cord plug in any way.

ALL APPLIANCES

P) Don't Use In Rain.
3) Keep Children Away — Allvisitors should be kept at a distance from work g

4) Dress Properly — Do _not wear loose clothing or jewelry. They can be cq
parts. Use of rubber gloves and substantial footwear is recommended
putdoors. Wear-protective hair covering to contain long hair.

6) Use SafetyrGlasses — Always use face or dust mask if operation is dusty.

6) Use Right Appliance — Do not use appliance for any job except that
ntended.

blade is wider
appliance plug
fit fully into the
rrect polarized
red wall outlet.
not fit fully into
d electrician to
ord receptacle,

1) Avoid Dangerous Environment — Den't use appliances in damp or wet locdtions.

rea.

ught in moving
when working

for which it is

/) Ground Fault Circuit Interrupter (GFCI) protection should be provided on

the circuit(s) or

outlet(s) to be used for the gardening appliance. Receptacles are available having built-in

GFCl protection and may be used for this measure of safety.

Exception: This warning does not apply to a battery-operated appliance.

8) Warning — To reduce the risk of electric shock, use only with an extension cord intended
for outdoor use, such as an extension cord of cord type SW-A, SOW-A, STW-A, STOW-A,

SJW-A, SJIOW-A, SITW-A. or SITOW-A.

Exception No. 1: This warning does not apply to a battery-operated applianc

e.

Exception No. 2: Types SW, SOW, STW, STOW, SJW, SJOW, SJTW, and SITOW are
alternative designations to Types SW-A, SOW-A, STW-A, STOW-A, SIW-A, SUOW-A,

SJTW-A, and SUTOW-A, respectfully.
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9) Extension Cord — Make sure your extension cord is in good condition. When using an
extension cord, be sure to use one heavy enough to carry the current your product will
draw. An undersized extension cord will cause a drop in line voltage resulting in loss of
power and overheating. Table 54.1, shows the correct size to use depending on cord length
and nameplate ampere rating. If in doubt, use the next heavier gage. The smaller the gage
number, the heavier the cord. To reduce the risk of disconnection of appliance cord from the
extension cord during operating:

i) Make a knot as shown in Figure 54.2; or

i) Use one of the plug-receptacle retaining straps or connectors described in this
manual.

F on switch. Be

ure switch is off when plugging in.

1) Don't Abuse Cord — Never carry appliance by cord or yank it“to disconnect from
eceptacle. Keep cord from heat, oil, and sharp edges.

xception: This statement does not apply to a cordless_battery-operafed gardening
ppliance.

2) Don't grasp the exposed cutting blades or cutting.edges when picking ug or holding the
appliance.(For grass shears and similar appliances only.)

3) Don't Force Appliance — It will do the job better and with less likelihood of| a risk of injury
at the rate for which it was designed.

4) Don't Overreach — Keep proper footing and balance at all times.

5) Stay Alert — Watch what you(are doing. Use common sense. Do not opgrate appliance
vhen you are tired.

6) Disconnect Appliance + Disconnect the appliance from the power supply when not in
Wise, before servicingawhen changing accessories such as blades, and the like.

Exception: Thisjwarning does not apply to a battery-operated appliance.

7) Store ldle~Appliances Indoors — When not in use, appliances should be |stored indoors
in dry, and,high or locked-up place — out of reach of children.

8):Maintain Appliance With Care — Keep cutting edge sharp and dlean for best
performance and to reduce the risk of injury. Follow instructions for lubricating and changing
accessories. Inspect appliance cord periodically, and if damaged, have it repaired by an
authorized service facility. Inspect extension cords periodically and replace if damaged.
Keep handles dry, clean, and free from oil and grease.

19) Check Damaged Parts — Before further use of the appliance, a guard or other part that
is damaged should be carefully checked to determine that it will operate properly and
perform its intended function. Check for alignment of moving parts, binding of moving parts,
breakage of parts, mounting, and any other condition that may affect its operation. A guard
or other part that is damaged should be properly repaired or replaced by an authorized
service center unless indicated elsewhere in this manual.

d) EDGER, LAWN EDGE TRIMMER, LAWN TRIMMER
1) Keep guards in place and in working order.

2) Keep blades sharp.
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3) Keep hands and feet away from cutting area.

e) CULTIVATORS, GRASS SHEARS, PRUNING SHEARS

Keep hands away from blades.

f) POLE PRUNERS

1) Keep all parts of the body away from the saw chain. Do not remove cut material or hold

material to be cut when blades are moving. Make sure the switch is off

when clearing

jammed material. Saw chain continues to move after the switch is turned off. A moment of

inattention while operating the extended-reach pruner may result in serious p

ersonal injury.

2-Carry—the—extended-reash—pruner—by—the—handie—with—the—saw—chain
transporting or storing the extended-reach pruner, always fit the saw chai
Proper handling of the extended-reach pruner will reduce possible pefsonal

saw chain.

3) Hold the extended-reach pruner by insulated gripping surfaces only, beg
chain may contact hidden wiring or its own cord. A saw chain contacting a
Mmake exposed metal parts of the extended-reach pruner/live" and could gi
an electric shock.

Exception: "or its own cord" maybe omitted for battery-operated appliances.

4) Keep cable away from cutting area. During operation the cable may be h
and can be accidentally cut by the saw chain:

Fxception: This warning does not apply to a battery-operated appliance.

5) Do not use the extended-reach pruner in bad weather conditions, especi
s a risk of lightning. This decreases the risk of being struck by lightning.

K) To reduce the risk of electrocution, never use near any electrical powe

7) Always use two’/hands when operating the extended-reach pruner. Hold
reach prunerwith both hands to avoid loss of control.

8) AlwaysUse head protection when operating the extended-reach pruner oy
debriscan result in serious personal injury.

stopped. When

 device cover.
injury from the

cause the saw
"live" wire may
ve the operator

dden in shrubs

blly when there

lines. Contact

Wwith or use near power lines may cause serious injury or electric shock resuling in death.

the extended-

erhead. Falling

b.g. “pole” or “long

NOTE For all markings above, alternate wording for "extended-reach" is possible,

eduir .


https://ulnorm.com/api/?name=UL 82 2023.pdf

86 UL 82 JANUARY 18, 2023

Figure 54.1

Grounding methods

METAL SCREW

5
00

COVER OF GROUNDED
—0OUTLET BOX
GREUONDING
PIN -\ ) (B>
ADAPTER @
®
GROUNDING @
> MEANS GROUNDING
PIN
D
AA210
Table 54.1
Minimum gauge for extension cords

Volts Total length of cord in feet

120V 25 50 100 150
240V 50 100 200 300

Ampere RatiLg
More than Not more

than AWG

0-6 18 16 16 14
6—-10 18 16 14 12
10-12 16 16 14 12
12-16 14 12 Not recommended

NOTE — Only the applicable parts of the Table need to be included. For instance, a 120-volt product is not required to include the
240-volt heading.
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Figure 54.2

Method of securing extension cord

CORD APPLIANCE
SET CORD

(A) TIE CORD AS SHOWN

(B) CONNECT PLUG AND RECEPTACLE
S1036A

PART 2 — SPHCIFIC APPLIANCES

GRASS SHEARS

55 Construdtion

55.1 Grass shears shall be stfficiently in balance when held by the handles to reduce th¢ likelihood that
the operator wjll attemptto hold it other than by the handles.

55.2 Grass shears'shall be equipped with a momentary contact "on-off" switch.

55.3 The switch specified in 55.2, may have a means for locking in the "on" position if:

a) The lock-on mechanism is located or constructed so as to require a distinct, intentional
movement to actuate it;

b) Unlocking can be accomplished with a single motion of that part of the switch that turns the
grass shears on;

c) The movement required to unlock the switch is a natural action. For example, conventional grass
shears with a switch that releases the means for locking the shears on when added pressure is
applied to the actuator of the switch is acceptable; and

d) The means for locking and unlocking the switch complies with the requirements in (a) — (c) when
the grass shears are being operated by either hand.
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55.4 The unobstructed distance between any portion of the handles intended to be grasped and the
cutting blades shall be at least 5 inches (127 mm). The handles shall be positioned so that at least 5
inches will be maintained in normal movements that are needed to approach and grasp the handles.

55.5 The power supply cord shall exit the enclosure at a point farthest from the cutting edges and in a
direction away from the cutting edges.

55.6

If the handles can be adjusted to various positions, the balance and the relationship between the

handles and the cutting blade are to be evaluated with the handles in all the possible positions.

56 Performance

56.1
56.2.

Grass s

56.2 The inpdit test is to be conducted with the appliance operating continuoulsly, witho

cutting membef.

LAWN TRIMM
57 Construc

57.1 General

57.1.1 The eq
compliance wit

57.2 Guardin

57.2.1 The c\
135 degrees of]
and shall not in
the cutting mes
cannot be mad

Exception: A la

57.2.2 Fora

EFRS AND LAWN EDGE TRIMMER

ion

ging and trimming functions of an lawn.edge trimmer shall be evaluated ind
n lawn trimmer and lawn edge trimmerrequirements.

9

peripheral guarding. Theguarding shall comply with the requirements in 57.

hears shall comply with the tests specified in Sections 26 — 47, modified @s indicated in

ut load on the

ependently for

tting means of a lawn trimmer or lawn edge trimmer shall be provided with not less than

p.2 and 57.2.3,

clude any openings.in-the top or rear sections facing the operator's side. Tof
ns shall be such that the foot probe illustrated in Figure 4.2, applied as desc
b to contact the\cutting means.

whn trimmer as specified in 57.2.4, is not required to be provided with a guard

awnntrimmer or lawn edge trimmer, the guard required in 57.2.1, shall exte

inch (6.4 mm)

al guarding for
ibed in 57.2.5,

hd at least 1/4

haviond-tha cuttina nlana _maoaciirad narnandicetdarhs whila tha laowawn teimama
DYy Ora—tre-Cuttmg—prarterHeasure—perpentrturar Ty W —tre—rethyw it e

trimmer is operating at no load. See Figure 57.1.

r or lawn edge
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Figure 57.1

Extension of peripheral guard

PERIPHERAL GUARD

[ EXTENSION OF GUARD

BEYO!

S2014

|57.2.3 For a
at least:

a)45d
from th

b)75d
the opq
guard i

Exception No.

45 degrees on the side where the cutting member is moving away from the operator i

complies with

Exception No.
tip speed not
side where thg
test described

57.24 Ther

CUTTING

ND CUTTING PLANE

lawn trimmer or lawn edge trimmer, the 135-degree giiard specified in 57.2
egrees from the axis of the handle on the side.where the cutting member i
b operator; and

pgrees from the axis of the handle on.the side where the cutting member is
rator. The vertex of the angle is theaxis of the cutting member's spindle.
5 at the intercept of the radial extension of the cutting edge.

1: For a ground-supported ‘lawn trimmer or lawn edge trimmer, the angle m

he foot-probe test described in 57.2.1 and 57.2.5.

2: For a lawn tfimimer having a 4 inch (102 mm) cutting swath or less and a
nore than 16,000 feet (4877 m) per minute, the angle may be less than 75
cutting member is moving toward the operator if the appliance complies with
in 57.2{1 and 57.2.5.

PLANE

1, shall extend

5 moving away

moving toward
The end of the

Ay be less than
F the appliance

butting-member
degrees on the
the foot-probe

equirement in 57.2.1, does not apply to a lawn trimmer employing a nonmetallic line for

cutting if all of

he following requirements are met:

a) The line is not larger than 0.090 inch (2.3 mm) in diameter and does not employ a center core or
outer covering of another material;

b) The part of the lawn trimmer that directs thrown objects away from the operator is clearly and

visibly marked, identified, or defined by the configuration of any guards, shrouds, or enclosures;

c) The lawn trimmer is marked in accordance with 53.4; and

d) The tip speed, as determined by the measurement of one lawn trimmer, does not exceed 32,000
feet (9754 m) per minute when connected to the rated voltage for which the lawn trimmer is
marked.

Exception: A "spiral” shaped line with smooth round edges and having an equivalent mass per unit length
as a 0.090 in (2.3 mm) diameter line is considered to be equivalent.
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57.2.5 The foot probe specified in 57.2.1, is to be applied from any angle on the operator's side, in a
direction parallel to the plane of the rigid cutting means.

57.3 Kbnife blade

57.3.1 The cutting edge of a knife blade employed as a line limiter on a flexible-nonmetallic-line trimmer
shall be packaged so that it is not likely to cause injury to a person removing the appliance from its
shipping container.

Exception No. 1: The cutting edge of a knife blade employed as a line limiter on a flexible-nonmetallic-line
trimmer is not required to be provided with packaging protection if the cutting edge is not sufficiently sharp
to constitute a risk of injury to persons when evaluated in accordance with UL 1439.

Exception No.
determination (
1439.

P: Packaging protection is not required if exposure or location of the knife)bldde is such that
f a risk of injury to persons cannot be evaluated by application of the,teol described in UL

57.3.2 The k
mechanically s

57.4 Cutting

nife blade employed as a line limiter for a flexible-nonmetallic-line tri
bcured by screws, rivets, eyelets, or other means determinegd acceptable for {

blade position

mer shall be
he purpose.

| 57.4.1 Deleted

| 5742 Deleted

57.5 Switches

57.5.1 A lawr

cannot be locked in the "on" position.

5752 The s
unintentional g
adjusting line, v

57.5.3 A lawr
provided with
appliance, autd

trimmer or lawn edge trimmer shall be provided with a momentary-cont

witch specified in §7.5.1, shall be located or protected so that it will not
peration during.‘any user adjustment or maintenance such as cleaning
vith the applianee’held in any position required for such operations.

trimmer\or lawn edge trimmer employing a flexible nonmetallic line for ¢
brecut-lines or a built-in knife, cutter, or other mechanism that, upon o
matically cuts or shortens the line to the proper length, or automatically proj

line of proper le

hct switch that

be subject to
replacing, or

utting shall be
eration of the
vides a cutting

ngth

57.6 Gauges

57.6.1

A lawn trimmer or lawn edge trimmer employing a flexible nonmetallic line for cutting shall be

provided with a gauge that the user can utilize to determine whether a replacement line is of the size
specified by the manufacturer. If the shape of the line is not circular, the gauge shall also indicate the
proper shape of a replacement line. See 52.10.

Exception No. 1: A gauge is not required to be supplied with a lawn trimmer or lawn edge trimmer that is
provided with precut line segments for replacement purposes.

Exception No. 2: A gauge is not required to be supplied if the flexible nonmetallic line needed for
replacement purposes is provided in bulk form.
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57.6.2 The gauge shall be easy to use, of a go, no-go type — specifying the maximum line dimensions —
and shall be located on or attached to the lawn trimmer or lawn edge trimmer so that it is not damaged or
otherwise rendered ineffective as a result of normal operation of the appliance.

57.7 Support

57.7.1 A lawn edge trimmer in the edging position shall be provided with a ground-supporting means to
support the appliance during normal use.

Exception: Appliances that complies with §7.2.4, is not required to be provided with ground-supporting
means.

57.8 Rotating members

57.8.1 A rotating member of an adjustable line trimmer (impact-feed type), the malfunctio
create a risk ¢f injury to persons, shall be constructed of material and in such,a manr
complies with the Rotating Members Test — Adjustable Line Trimmers, Section 572.

h of which may
er such that it
57.9 Rotating Members Test — Adjustable Line Trimmers

57.9.1 A rotg
57.9.6, as app

ting member as specified in 57.8.1 shall be subjected to the tests specif
icable. As a result of the test, the rotating member of the line trimmer shall ng

ed in 57.9.2 -
t:

a) Bend, break, or have other malfunction of parts; or

b) Have parts releasing or loosening.

57.9.2 Twos
Stress Relief
method 2 in 57

ted to the Mold
57.9.4, or test

amples of an adjustable line trimmer hub and spool assembly shall be subjeq
fest, Section 44.1. Following, the” test, either test method 1 in 57.9.3 and
.9.5 and 57.9.6, shall be conducted.

57.9.3 In tesf method 1, each hub and spool assembly is to be subjected to three drops from a height of

24 inches (610

mm) onto a concréte floor, followed by operation as specified in 57.9.4. The

| to be conducted with the assembly mounted as intended on the lawn trimmer and wit

orientation:

a) One

surfacd.

sample-is'to be dropped three times with the spool drive shaft perpendiculg

three drops are
h the following

r to the impact

b) The

other sample is to be dropped three times with the lawn trimmer tipped forw

ard so that the

hub drive shaft is inclined approximately 30 degrees to the front or forward position.
Exception: The same sample may be used for both conditions.

57.9.4 Each hub and spool assembly that has been dropped as specified in 57.9.3, is to be mounted as
intended on the lawn trimmer or on an equivalent test apparatus such as a precision mandrel attached to a
driving means. The assembly is to be operated under the maximum unbalanced condition at 150 percent
of the maximum no-load speed (measured without string) for 15 minutes. The maximum unbalanced
condition is considered to be the hub and full spool with the line extended to its maximum recommended
cutting length. The hub and spool assembly shall remain intact while mounted as intended on the lawn
trimmer or equivalent test apparatus during the entire period of operation.
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57.9.5 In test method 2, a hub and spool assembly is to be subjected to 50 drops from a height of 24
inches (610 mm) onto a concrete floor, followed by operation as specified in 57.9.6. The drops are to be
I conducted with the assembly mounted as intended on the lawn trimmer and with the following orientation:

a) One sample is to be dropped 50 times with the spool drive shaft perpendicular to the impact
surface.

I b) The other sample is to be dropped 50 times with the lawn trimmer tipped forward so that the hub
drive shaft is inclined approximately 30 degrees to the front or forward position.

Exception: The same sample may be used for both conditions.

57.9.6 Each PMWM&M&MJMMMMMMJve mounted as
I intended on th¢ lawn trimmer. The assembly is to be operated under the maximum unbalahced condition

at 106 percent pf the rated voltage for 15 minutes. The maximum unbalanced condition.is.cqnsidered to be
the hub and fu|l spool with the line extended to its maximum recommended cutting length. The hub and
I spool assembly shall remain intact while mounted as intended on the lawn trimmer or g¢quivalent test
apparatus during the entire period of operation.

58 Performance

I 58.1 Lawn trilmmers and lawn edge trimmers shall comply with/the’tests indicated in Se¢tions 26 — 47,
modified as indjcated in 58.2.

58.2 The inpuit test is to be conducted with the appliance operating continuously, without load on the
cutting membef.

EDGERS
58A Construlction
58A.1 Generfl

58A.1.1 In addition to the requirements in this standard, an edger shall also comply with the following
requirements in ANSI B175.5 as specified in Table 58A.1.

Table 58A.1
ANSI B175.5 applicable requirements

Section/paragraph reference in Application of requirement
ANSI B175.5
3.1,3.2,3.3,34,35,3.7,3.8,3.9,
3.11,3.13,3.14,3.15
4
8.1
8.2 For 8.2, the first paragraph is replaced with the following: When the edger is positioned on
a flat and level surface as shown in Figure 3, the blade shall be shielded (as a minimum) to
the extent shown in Figure 5.
8.3
8.4 The dry weight of the unit is considered to be with the blade and blade guard(s) installed.
9 Thrown objects protection evaluation

Table 58A.1 Continued on Next Page
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Table 58A.1 Continued

Section/paragraph reference in Application of requirement
ANSI B175.5
10.1 For 10.1.2, 4" paragraph, the maximum speed is considered to be the speed attained with
the edger connected to rated voltage and operated at no load. Replace “engine” with
“appliance”.

For 10.2.2, the text and requirements are replaced as follows:

Edgers shall be provided with a means for securing the cutting head and cutting accessory
to prevent loosening during use.

The retention system shall not allow relative motion exceeding 15° of the cutting head or
cutting accessory and its retainer in either direction upon application of a torque applied to
the cutting head or cutting accessory, except cutting heads that are capable of rotation in
one direction only may be retained by a thread thatis self-tightened by 1hq driving torque of
the spindle.

Compliance is checked by inspection and by the following test forallcuttirjg heads and
cutting accessories, except for those that are only retained by-a thréad thdt is self-tightened
by the driving torque of the spindle:

a) The cutting head or cutting accessory is installed,in accordance with the
instructions.

b) The spindle of the edger is locked.
c) A torque of 15 Nm is applied for 5 sito\the cutting head or cutting gccessory.

The test is conducted five times in each direction of rotation.

58A.2 Switches

58A.2.1 An gdger shall be provided with a momentary-contact switch that cannot be logked in the "on"
position.

58A.2.2 The|switch specified in 58A.2.1,xshall be located or protected so that it will ngt be subject to
unintentional pperation during any user.adjustment or maintenance such as cleaning, replacing, or
adjusting with the appliance held in any-position required for such operations.

58A.3 Performance

58A.3.1 Edgers shall comply with the tests indicated in Sections 26 — 47, modified fas indicated in
58A.3.2.

58A.3.2 Thelinputtest is to be conducted with the appliance operating continuously, withiout load on the
cutting membedrc

CULTIVATORS
59 Construction

59.1 The direction of rotation of the cultivator blades shall tend to cause the cultivator to propel itself
away from, rather than toward, the operator.

Exception: A cultivator may be of a type that can propel itself toward the operator if provided with a guard
that prevents the blades from contacting the probe illustrated in Figure 4.2, when tested as described in
60.2.
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60 Performance

60.1 Cultivators shall comply with tests indicated in Sections 26 — 47, modified as indicated in 60.2 and
60.3.

60.2 With reference to the exception to 59.1, the test is to be conducted with the cultivator operating in
earth in the normal manner. The cultivator is to be directed in a rearward direction toward the probe
illustrated in Figure 4.2. The angle made by the probe with respect to the direction of motion of the
cultivator, the angle made by the handle of the cultivator with respect to the ground, and other variables,
such as pressure applied and type and condition of earth are to be such as to result in the greatest
likelihood of contact of the probe with the blades.

60.3 The inpyttestis o be conducted with the appliance cultivating dry 60 — 80 mesh sang.
SHREDDERS,|SHREDDER-BAGGERS, OR CHIPPERS
61 Construction

61.1 A garden shredder shall comply with the requirements in 61.2 — 61:4:

Exception: A garden shredder employing a monofilament line as the.sole cutting means and that complies
with §7.2.4, is ot required to comply with the requirements in 6.2~ 61.4.

61.2 An infeefd or discharge opening shall be so constructed and guarded as to prevent the probe shown
in Figure 61.1,[from contacting any cutting or shredding‘edge. The probe is to be applied in any possible
direction or origntation with a force of 30 N (6.7 pounds=force).

Exception: Thel 30 N force is not required to be(applied against a bag or other flexible catcher device that
completely covers a discharge opening.
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Figure 61.1
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61.3 Any gug

rd or obstruction protecting an-infeed or discharge opening shall:

a)Bep
be inte

b) If digplaceable, be gonstructed such that it will return to its obstructing position ug
of any felated attachment without any operator assistance, and be securely attache

ermanently attached to the' machine, require the use of tools for removal or d

locked such that thetmachine is inoperable when it is not in place; and

splacement, or

on the removal
d by a hinge or

bf the opening,

a) The pusher shall be so shaped or constructed that it cannot contact any cutting edges when

used in

the intended manner;

b) Provision shall be made for attachment of the pusher to the machine by a permanent means
which is unlikely to be accidentally or casually removed; and

¢) The minimum length of the pusher shall be equal to the distance from the infeed opening to the
cutting edge, or 2 feet (0.6 m), whichever is less.

61.5 A shredder, shredder-bagger, or chipper shall be subjected to the Structural Integrity Test, Section
62.2, the Thrown Object Test, Section 62.3, the Throwback Test Section 62.4, and the Balance Test

Section 62.5.
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Exception No. 1: A shredder, shredder-bagger, or chipper using a monofilament line as the sole cutting
member is not required to be subjected to the tests in Sections 62.2 — 62.4.

Exception No. 2: A shredder, shredder-bagger, or chipper having a discharge opening which is directed at
an angle of 80 or more degrees below the horizontal is not required to be subjected to the Thrown Object

Test, Section 62.3.

62 Performance

62.1 General

62.1.1

Shredders or shredder-baggers shall comply with the tests indicated in Sections 26 — 47, modified

as indicated in |

62.1.2 Thein

b2.1.2.

put test is to be conducted by measuring the average load obtained over 5

chipping and shredding materials according to the manufacturer's instructions.

62.2 Structu

62.2.1 A shrg
result of the te
introduce a rish
appliance or th

al integrity test

dder, shredder-bagger, or chipper shall be subjected‘io the test specified i
5t, no part of the appliance shall fracture, break, loosen, or deform in a mg
of injury to the operator or to bystanders as a.result of the test, nor shall

minutes while

h 62.2.2. As a
nner that may
bny part of the

b test bar be ejected from any location on the appliance other than the disch

rge chute.

62.2.2 An appliance as specified in 62.2.1 is to be mounted according to the manufacturdr's instructions

and, if necessa
input voltage o
infeed opening

Exception: A sf
with Exception

62.3 Thrown

62.3.1 A shre

ry, is to be secured in place. It is to beioperated at the maximum speed a
f 120 volts at 60 hertz. A steel bar 0f sufficient size and shape is to be ins
in order to cause a sudden stop of, the rotor during each insertion of the steel

hredder, shredder-bagger, or-chipper is not required to be subjected to this te
INo. 1 of 61.5.

object test

dder, shredder-bagger, or chipper shall be subject to the tests specified in 6|

As a result of th
paper in the ar

e test, pe;more than 15 nails or nail fragments shall penetrate the surface of
between 2 and 4 feet (0.6 and 1.2 m) above floor level (see Figure 62.1),

penetrate the surfaceabove that 4-foot level. If the surface of the corrugated paper has mor

the unitisto b

:

tested two more times. The results will be considered acceptable if both additional tests

ilable with an
rted into each
bar.

5t if it complies

P.3.2 - 62.3.5.
the corrugated
hnd none shall
b penetrations,

comply with the test requirements in 62.3.2 — 62.3.5.

62.3.2 An appliance as specified in 62.3.1 is to be placed on an elevated platform 2 feet (610 mm) above
the test chamber floor as illustrated in Figure 62.1. A wall constructed of 350-pound corrugated paper 4
feet (1.2 m) in height is to be placed 8 feet (2.4 m) from the discharge opening as shown in Figure 62.1,
and is to surround the unit. The chamber floor between the appliance and the wall is to be covered with
sand or other absorbent material. The means used to construct or support the corrugated paper wall is not
to interfere with the penetration of the surface by a projectile.

Exception: A shredder, shredder-bagger, or chipper is not required to be subjected to this test if it complies
with Exception No. 1 or Exception No. 2 of 61.5.
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Figure 62.1

Thrown object test

Bystander Target
350 - pound corrugated poper

(4 feet minimum heightd

1
|
|
8 feet (24 m |
|

|
'S
l o
|
| No
| hits
I 4 feet v Wall
| a2 m
\ T/ Not more
2 feet
; | :h2n+£5 + €0.61 m
[© I
[ ]
2 feet
€0.61 m
|
JS S S S S S S LSS
LOOR LEVEL
I —
Material to prevent ricochet Any convenient distarce

(sand or other absorbent materiald
SMJ075

NOTES:

1) The wall is not to be used for reinforcement of the corrugated papeh:

2) The cqrrugated paper is to surround the unit.

62.3.3 Any bpg or catcher which forms all or part'of the guarding as specified in 61.2, anq 62.3.5 is to be
attached accolding to the manufacturer's instructions if:

a) The pag or catcher is shipped and;sold as a part of the appliance; and

b) Both[the catcher and the appliance are marked according to 52.2(a).

62.3.4 The shredder, shredder-bagger, or chipper is to be operated at the maximum speed obtainable
with an input ¢f 120 volts at 60 hertz. One hundred (100) six-penny steel nails are to be [introduced into
each feed intake opening,at'a feed rate as specified by the manufacturer's instructions or, if no feed rate is
specified, as fast as possible.

62.3.5 A bag or'catcher as specified in 62.3.3, shall not become detached from the machine during the
test.

62.4 Throwback test

62.4.1 A shredder, shredder-bagger, or chipper shall be subject to the test specified in 62.4.2. As a result
of the test, no particles shall exit any opening with sufficient force to penetrate a piece of 350-pound
corrugated paper within 6 inches (152 mm) of the machine, nor shall any particle attain a vertical height of
greater than 6 feet (1.8 m) from the supporting surface.

62.4.2 An appliance as specified in 62.4.1 is to be surrounded by the corrugated paper. The appliance is
to be operated at a maximum attainable speed with an input of 120 volts at 60 hertz. All infeed and exit
guards and obstructions are to be positioned according to the manufacturer's instructions. Ninety dowels
which are 3/8 inch (95 mm) in diameter and 5 inches (127 mm) long are to be fed into any infeed opening
at random, no more than three at a time, and at a feed rate as specified by the manufacturer's instructions
or, if no feed rate is specified, as fast as possible.
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Exception: A shredder, shredder-bagger, or chipper is not required to be subjected to this test if it complies

with Exception

No. 1 of 61.5.

62.5 Balance test

62.5.1

A shredder, shredder-bagger, or chipper shall be subjected to the test specified in 62.5.2 and

62.5.3. All bags and guards are to be included during the test. As a result of the test, the appliance shall
not become physically unstable or unbalanced under conditions of normal use.

62.5.2 An appliance as specified in 62.5.1, shall not become unbalanced when:

a) The unit is tilted at an angle of 10 degrees from its normal upright position; and

b) A for
force), i

62.5.3 The b4
without the use

PRUNING SHE
63 Construc
63.1 Pruning
area shall prev

See 63.4A.

63.2 Pruning
of being locked

63.3 The blag

ce equal to 20 percent of the weight of the unit, but not more than 250'N
5 applied in any direction and at the location most likely to cause tipping.

(56.2 pounds-

lance test is to be performed once with and once without any bags‘which can be removed

of tools. The tests shall also be performed with the bag full and.the bag empf

FARS
ion

shears shall be constructed to allow grasping and operation by a single hand
bnt inadvertent contact of the user's hand holding the pruning shears with the

shears shall be equipped with a momentary contact on-off switch that shall
in the “on” position.

es shall stop or return to {he full retracted position when the switch trigger|

Y.

. The grasping
cutting blade.

not be capable

is released. A

blade release mechanism shall be provided for a system that does not fully retract the blades when the

switch trigger is

63.4 Deleted

released.

Figure 63.1

Examples of measurement for finger protection?

tadl

=i dal
—gufre-Geretet

63.4A Pruning shears shall have a barrier that limits the forward movement of the hand or finger between
the nearest shearing point of the pruning shear blades and the:

a) Front

of the switch trigger, (see Figure 63.1A), or

b) Nearest point located at the rear outer section of a trigger guard where no more than two fingers
are intended to fit and engage the power switch within the trigger guard area, (See Figure 63.2) or

c) Nearest point located at the front inside section of the trigger guard where more than two fingers
are intended to fit and engage the power switch within the trigger guard area. If there is a barrier
located within the trigger guard that prevents the forward movement, then the measurement is

made in

accordance with (a). (See Figure 63.3).
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The measurement of the chain distance between the points in (a) or (c) shall be at least 80 mm and a
chain distance of at least 100 mm between the points in (b). See Figure 63.1A — Figure 63.3 for examples
of the measurement of the chain distance.

Figure 63.1A

Measurement of chain distance between nearest shearing point and front of the switch trigger

su4580
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Figure 63.2

Measurement of chain distance between nearest shearing point and the nearest point located at
the rear outer section of a trigger guard where no more than two fingers are intended to fit and
engage the power switch within the trigger guard area

su4581

O
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Figure 63.3

Measurement of chain distance between nearest shearing point and the nearest point located at
the front inside section of the trigger guard where more than two fingers are intended to fit and

engage the power switch within the trigger guard area

su4582

63.5 The poyer supply cord shall exit the enelosure at a point farthest from the cutting
direction away|from the cutting edges.

64 Performdnce

64.1 Pruning shears shall cemply with the tests indicated in Sections 26 — 47, modified
64.2.

64.2 The input test is’to be conducted with the appliance operating continuously, withg
cutting membaqr.

bdges and in a

as indicated in

ut load on the

POLE PRUNERS

65 Construction

65.1 A cutting attachment capable of being operated as a standalone chain saw or reassembled into a
chain saw as specified in the manufacturer’s instruction manual, shall comply with the requirements in UL

60745-2-13.

65.2 To prevent the operator from contacting the saw chain while operating the pole pruner, the minimum
distance between the activating switch and the saw chain shall be 39.37 in. ( 1,000 mm). The distance
shall be measured with the pole adjusted to the minimum distance between the cutting attachment and the
activating switch. If the pole consists of sections that can be removed, the minimum number of pole

sections required to operate the device shall be used to measure the distance.
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