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INTRODUCTION

1 Scope

1.1 These requirements cover cord-connected or permanently-connected stationary and light industrial

electric tools for use in accordance with the National Electrical Code, ANSI/NFPA 70 and provided with a

means for:

a) Grounding the tool on a branch circuit rated not more than 600 V and employing no universal
motor rated more than 250 V; or

b) Providing double insulation for a tool on a branch circuit involving a potential of not more than

150 V

1.2 Theser
accessories o

a) ldentified by catalog number or equivalent product designation in thetinstruction

tool; o

b) Pag

Specific requi

1.3 These requirements do not cover any of the following;

a) Porl
b) Aut

c) Gar|

d) Paipting equipment; or

e) Oth
14 A stati
permanently

requirements
determine wh

'l
U yrouriy.

bquirements also cover accessories and attachments for use with tools,includ
r attachments are:

ked with the tool.

rements are outlined in Sections 85 — 88.

able tools;
bmated machine tools intended for-production line use;

hge equipment with the exception of bench type brake lathes;

br equipment covered by individual requirements.

bnary or fixed . €lectric tool intended to be remotely or automatically co
connectedtool intended for continuous duty are judged on the basis of comp
in this( standard, insofar as they are applicable, and further examinatio
btherithe tool is acceptable for the purpose.

ed in 1.1 if the

manual for the

ntrolled, or a
iance with the
n and test to

1.5 Theser

a) Are

QUITETTENS 00 TTOt COVET aCCESSOTIES or attachments that:

not packed with the tool; or

b) Are not identified by catalog number or equivalent product designation in the instruction manual
provided with the tool.

Accessories or attachments mentioned in mini-catalogs or flyers may or may not be provided with the tool.

2 Units of Measurement

2.1
approximate i

nformation.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or
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3 Undated References

3.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

4 Glossary

4.1 In the following text, a requirement that applies only to a specific class or classes of stationary, fixed,
and light industrial electric tools is so identified by a specific reference in the requirement to the class or
classes of equipment involved. Absence of such specific reference or use of the term tool indicates that
the requirement applies to all of the classes of equipment covered by this standard unless the context

indicates otherwise.

4.2 Forthep

4.3 ACCESY
tipped saw bla

4.4  APPLIAN
part of a detac

4.5 APPLIAN
appliance to
connector.

4.6 APPLIAI
slot configurat

47 ATTACH
not attach to
tools, and dev

48 COMPQ
standard dedi
installed (e. g,
compose a de

49 CORDQ(

an outlet to make a detachable electrical connection to an attachment plug or, as an applian

an equipment

urpose of this standard, the following definitions apply.

ORY - A device that is attached only to the spindle of the tool. Accessories in
des, wire brushes, and shaper cutters.

\CE COUPLER - A single-outlet, female contact device for attachment to a fl
hable power-supply cord to be connected to an appliance inlet (motor attachm

NCE INLET (Motor Attachment Plug) — A male contact device mounted on a
rovide an integral blade configuration for the .connection of an appliance cq

NCE (FLATIRON) PLUG - An appliance. coupler type of device having a corg
on specified for use with heating or ceoking appliances.

IMENT — A device attached to the housing or other component of the tool thg
he spindle. Attachments .inClude tables to convert bench mounted tools to
ces that facilitate the usé of tools such as a saw dust collection device.

NENT — A device-or fabricated part of the appliance covered by the scop
ated to the purpose. When incorporated in an appliance, equipment otherwise
luminaire) is\considered to be a component. Unless otherwise specified,

ONNECTOR - A female contact device wired on flexible cord for use as an ¢

clude carbide

pxible cord as
ent plug).

h end product
upler or cord

guard and a

t may or may
loor mounted

e of a safety
typically field
Mmaterials that

vice or faliricated part, such as thermoplastic or copper, are not considered coinponents.

xtension from

ce coupler, to

inlet.

4.10 CONTROL, AUTOMATIC ACTION — A control in which at least one aspect is non-manual.

4.1

CONTROL, AUXILIARY — A device or assembly of devices that provides a functional utility, is not

relied upon as an operational or protective control, and therefore is not relied upon for safety. For example,
an efficiency control not relied upon to reduce the risk of fire, electric shock, or injury to persons during
normal or abnormal operation of the end product is considered an auxiliary control.

4,12 CONTROL, MANUAL — A device that requires direct human interaction to activate or rest the
control.

4,13 CONTROL, OPERATING — A device or assembly of devices, the operation of which starts or
regulates the end product during normal operation. For example, a thermostat, the failure of which a
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thermal cutout/limiter or another layer of protection would reduce the risk of fire, electric shock, or injury to
persons, is considered an operating control. Operating controls are also referred to as "regulating
controls".

4.14 CONTROL, PROTECTIVE — A device or assembly of devices, the operation of which is intended to
reduce the risk of fire, electric shock, or injury to persons during normal and reasonably anticipated
abnormal operation of the appliance whereby during the evaluation of the protective control/circuit, the
protective functions are verified under normal and single-fault conditions of the control. For example, a
thermal cutout/limiter, or any other control/circuit relied upon for normal and abnormal conditions, is
considered a protective control. Protective controls are also referred to as "limiting controls" and "safety
controls".

4.15 CONTROL, TYPE 1 ACTION — The actuation of an automatic control for which thelmanufacturing
deviation and|the drift (tolerance before and after certain conditions) of its operating valug;-operating time,
or operating sequence has not been declared and tested under this standard.

416 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, gperating time,
or operating sequence have been declared and tested under this standard:

4.17 STATIODNARY TOOL - Electric motor-operated or magnetically-driven machine so|designed that
the motor and the machine from an assembly which does not requiré support by hand and the material on
which the machine performs the work is brought to the machine:

4.18 TOOL t+ A stationary or light industrial tool as spegified in 1.1.
419 TRAN$PORTABLE TOOL — A stationary toaFthat is cord connected and is easily transported to the
work site by pne person, simple devices to facilitate transportation may be incorporated,| e. g. handles,
wheels and the like.
CONSTRUCTION

5 General

5.1 A tool shall employ materials throughout that are acceptable for the use, and shall{be made and
finished with the degree of\uniformity and grade of workmanship practicable in a well-equipped factory.

5.2 A motorlfor atool provided with a means for grounding may be shipped detached from(the tool if both
the motor and the*tool comply with the applicable requirements in 8.5, 10.5, 10.6, 13.1.10{ 15.18, 15.19,
16.1 —16.4, 796,809, 8010, 8314, and83-15:

5.3 The motor of a double insulated tool shall be shipped attached to the tool.
6 Components
6.1 General

6.1.1 A component of a product covered by this standard shall:

a) Comply with the requirements for that component as indicated in 6.2 — 6.22;

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

c) Be used within its established use limitations or conditions of acceptability;
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d) Additionally comply with the applicable requirements in this end product standard; and

e) Not contain mercury.

Exception No. 1: A component of a product covered by this standard is not required to comply with a
specific component requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product;

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

c) Is separately investigated when forming part of another component, provided the component is

used W

Exception No.
6.2-6.22isa

a) The

b) The

6.1.2 Speci
capabilities. §
temperatures

6.1.3 A com
ground-fault g
thereof, shall ¢
that provide th

ithin its established ratings and limitations.

2: A component that complies with a UL component standard other tham thos
Cceptable if:

component also complies with the applicable component standard specified in
component standard:

1) Is compatible with the ampacity and overcurrent{rotection requirements i
Electrical Code, ANSI/NFPA 70, where applicable;

2) Considers long-term thermal properties of polymeric insulating materials
with the Standard for Polymeric Materials<Long Term Property Evaluations, (

3) Any use limitations of the other comiponent UL standards are identified and
accommodated in the end use application. For example, a component used i
application, but intended for industrial use and that complies with the releva
standard may assume user expertise not common in household applications.

ic components are incomplete in construction features or restricted in
uch components are. intended for use only under limited conditions, su

ponent thatuis*also intended to perform other functions, such as over currg
ircuit-interfuption, surge suppression, any other similar functions, or any
omply additionally with the requirements in the applicable UL standard(s) that
psefunctions.

e specified in

6.22;

6.2

or

h the National

n accordance
L 746B; and

appropriately
n a household
nt component

performance
th as certain

not exceeding specified limits, and shall be used only under those specific condlitions.

nt protection,
combination
cover devices

Exception: Where these other functions are not required for the application and not identified as part of
markings, instructions, or packaging for the appliance, the additional component UL standard(s) need not

be applied.

6.1.4 A component not anticipated by the requirements in this end product standard, not specifically
covered by the component standards in 6.2 — 6.22, and that involves a risk of fire, electric shock, or injury
to persons, shall be additionally investigated in accordance with the applicable UL standard, and shall
comply with 6.1.1 (b) — (d).

6.1.5 With regard to a component being additionally investigated, reference to construction and
performance requirements in another UL end product standard is applicable where that standard
anticipates normal and abnormal use conditions consistent with the application of this end product

standard.
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6.2 Attachment plugs, receptacles, connectors, and terminals

6.2.1 Attachment plugs, receptacles, appliance couplers, appliance inlets (motor attachment plugs), and
appliance (flatiron) plugs, shall comply with the Standard for Attachment Plugs and Receptacles, UL 498.
See 6.2.8.

Exception No. 1: Attachment plugs and appliance couplers integral to cord sets or power supply cords
that are investigated in accordance with the requirements in the Standard for Cord Sets and Power Supply
Cords, UL 817 are not required to comply with UL 498.

Exception No. 2: A fabricated pin terminal assembly(ies) need not comply with UL 498 if it complies with
Live Parts, Section 14, Insulating Material, Section 17, and Spacings, Section 23, of this end product

standard.

6.2.2 Quick
conductors, h
in), intended
appliance, sh

Exception: O
insertion-with

6.2.3 Single
between eled
conductors,
Component G
6.2.4 Wirec
6.2.5 Splicin

6.2.6 Multi-

utilization equiipment to the branch-circuit conductors of buildings shall comply with the

Insulated Mul

6.2.7 Equip
conductors, s
Copper Cond

connect terminals, both connectors and tabs, for use with one or two‘22"— 1
aving nominal widths of 2.8, 3.2, 4.8, 5.2, and 6.3 mm (0.110, 0.125, 0.187, 0.2
for internal wiring connections in appliances, or for the field términation of
hll comply with the Standard for Electrical Quick-Connect Terminals, UL 310.

her sizes of quick-connect terminals shall be investigated with respect to
Hrawal, temperature rise, and all tests shall be conducted in accordance with U

and multipole connectors for use in data, signal; control and power applicati
trical equipment, and that are intended for factory assembly to copper o
pr for factory assembly to printed wiring-~boards, shall comply with the
onnectors for Data, Signal, Control and Power Applications, UL 1977. See 6.2
pnnectors shall comply with the Standard for Wire Connectors, UL 486A-486B
g wire connectors shall comply with the Standard for Splicing Wire Connectorg
pole splicing wire canhectors that are intended to facilitate the connection
i-Pole Splicing Wire Connectors, UL 2459. See 6.2.9.

ment wiring-terminals for use with all alloys of copper, aluminum, or copper-

hall comply with the Standard for Equipment Wiring Terminals for Use with Al
ictors, UL 486E.

AWG copper
P05, and 0.250
conductors to

crimp pull out,
L 310.

bns within and
 copper alloy
Standard for
8.

, UL 486C.

of hard-wired
Standard for

tlad aluminum
minum and/or

6.2.8 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if applicable, be
suitably rated for field wiring.

Exception: A fabricated part performing the function of a terminal block need not comply with UL 1059 if
the part complies with the requirements in Live Parts, Section 14, Insulating Material, Section 17, and
Spacings, Section 23, of this end product standard. This exception does not apply to protective conductor
terminal blocks.

6.2.9 Female devices (such as receptacles, appliance couplers, and connectors) that are intended, or
that may be used, 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 example, an appliance
coupler that can be used to interrupt the current of a motor load shall have a suitable horsepower rating
when tested with its mating plug.
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6.3 Batteries

6.3.1 Rechargeable lithium ion (Li-ion) cells shall comply with the requirements for secondary lithium
cells Specified in the Standard for Lithium Batteries, UL 1642.

6.4 Boxes and raceways

6.4.1 Electrical boxes and the associated bushings and fittings, and raceways, of the types specified in
Chapter 3, Wiring Methods and Materials, of the National Electrical Code, ANSI/NFPA 70 and that comply
with the relevant UL standard (such as the Standard for Metallic Outlet Boxes, UL 514A, the Standard for
Nonmetallic Outlet Boxes, Flush-Devices Boxes and Covers, UL 514C, the Standard for Cover Plates for
Flush-Mounted Wiring Devices, UL 514D) and 6.1 are considered to comply with the requirements in this

end product s
6.5 Capacit

6.5.1 The ca
Standard for G

6.5.2 Electrg
Electromagne

6.6 Controld

6.6.1 General

6.6.1.1 Auxi

standard and the requirements in the Controls —~End Product Test Parameters, Section 34.

6.6.1.2 Ope
requirements
Parameters, S

6.6.1.3 Ope
deviation or d
speed control

a) The

[

ndard.
s and filters

mponent requirements for a capacitor are not specified. A capaeitor that con
apacitors, UL 810, is considered to comply with the requirements in 22.1.

magnetic interference filters with integral enclosures that comply with the
ic Interference Filters, UL 1283, are considered to camply with the requiremen

iary controls shall be evaluated using the applicable requirements in this

specified in 6.6.2 — 6.6.7A.and if applicable, the requirements in Controls — Eng
ection 34, unless otherwise specified in this end product standard.

ating controls that rely upon software for the normal operation of the end [
ift of the cantrol may result in a risk of fire, electric shock, or injury to perso
Linexpectedly changing its output, shall comply with one or both of the following

Standard for Tests for Safety-Related Controls Employing Solid-State Devices

plies with the

Standard for
Is in 22.1.

end product

rating (regulating) controls\shall be evaluated using the applicable compoment standard

Product Test

roduct where
ns, such as a
standards:

, UL 991, and

the Stq

ndard for Software in Programmable Components, UL 1998; or

b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1.

6.6.1.4 Protective (limiting) controls shall be evaluated using the applicable component standard
requirements specified in 6.6.2 — 6.6.7 and if applicable, the parameters in Controls — End Product Test
Parameters, Section 34, unless otherwise specified in this end product standard.

6.6.1.5 Solid-state protective controls that do not rely upon software as a protective component shall
comply with one or both of the following standards:

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991; or

b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1, except for the Controls Using Software requirements.


https://ulnorm.com/api/?name=UL 987 2020.pdf

MAY 12, 2020

UL 987

15

6.6.1.6 Protective controls that rely upon software as a protective component shall comply with one or
both of the following standards:

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991; and

Standa

rd for Software in Programmable Components, UL 1998; or

b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1.

6.6.1.7 An electronic, non-protective control that is simple in design need only be subjected to the
applicable requirements in this end-product standard. A control that does not include an integrated circuit
or microprocessor, but does consist of a discrete switching device, capacitors, transistors, or resistors is

mnla-in desian-Sea-Abnormal OnerationTasts Saction 64
Hpre-H-a8Sigh- ROH AT PeraHOR—85tS; HOH-B4—

considered si
6.6.2 Electr

6.6.2.1 A co
a) The
b) The

c) The

Requitrements, UL 60730-1.

6.6.3 Liquid

6.6.3.1 Aliqg
a) The
b) The
c) The

d) The

Requifements, UL 60730-1, and;

omechanical and electronic controls

htrol, other than as specified in 6.6.2 — 6.6.7, shall comply with oneof the folloy

Lid level control shall comply with ongzof the following:

Standard for Solid-State Controls for Appliances, UL 244A,;
Standard for Temperature-Indicating and -Regulating Equipment, UL 873; or

Standard for Automatic Electrical Controls for Hotisehold and Similar Use; R

level controls

Standard for Solid-State Controls)for Appliances, UL 244A;

Standard for Temperature=lndicating and -Regulating Equipment, UL 873;
Standard for Industrial Control Equipment, UL 508; or

Standard for Automatic Electrical Controls for Household and Similar Use; R
1) The-Standard for Automatic Electrical Controls for Household and Simila

Particular Requirements for Automatic Electrical Water Level Controls of the
Household and Similar Applications, UL 60730-2-16; or

Ving:

art 1: General

art 1: General

r Use; Part 2:
Float Type for

6.6.4 Motor

6.6.4.1
following:

a) The
b) The
c) The

2) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 2:

Particular Requirements for Automatic Electrical Water and Air Flow Sen
Including Mechanical Requirements, UL 60730-2-18.

and speed controls

Standard for Solid-State Controls for Appliances, UL 244A,;
Standard for Temperature-Indicating and -Regulating Equipment, UL 873;

Standard for Industrial Control Equipment, UL 508;

sing Controls,

A control used to start, stop, regulate or control the speed of a motor shall comply with one of the
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d) The Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety
Requirements — Electrical, Thermal, and Energy, UL 61800-5-1; or

e) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1.

6.6.5 Pressure controls

6.6.5.1
a) The
b) The

c) The

Requir
Similar|

Includi

6.6.6 Tempgdrature controls

A pressure control shall comply with one of the following:

Standard for Temperature-Indicating and -Regulating, UL 873;

oL

Standard-for-industrial-Centrol- Equiprment UL508;

Ot

Standard for Automatic Electrical Controls for Household and Similar Use}/P
pments, UL 60730-1; and the Standard for Automatic Electrical Controls.for H
Use; Part 2: Particular Requirements for Automatic Electrical Pressure Ser
ng Mechanical Requirements, UL 60730-2-6.

art 1: General
ousehold and
sing Controls

6.6.6.1 A temperature control shall comply with one of the following:

a) The [Standard for Solid-State Controls for Appliances)UL 244A,;

b) The [Standard for Temperature-Indicating and -Réegulating Equipment, UL 873;

¢) The Btandard for Industrial Control Equipment, UL 508; or

d) The|Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General

Requirgments, UL 60730-1; and the Standard for Automatic Electrical Controls for Household and

SimilariUse; Part 2: Particular Requirements for Temperature Sensing Controls, UL 60730-2-9.
6.6.6.2 A temperature positive temperature coefficient (PTC) or a negative temperature cogfficient (NTC)
thermistor, thgt performs the same function as an operating or protective control shall comply with the

Standard for T]

6.6.6.3 A th
Application Gy

6.6.7 Timer

6.6.7.1 Atim

a) The

hermistor-Type-Devices, UL 1434.

ermal cutoff shall comply with the Standard for Thermal-Links — Requ
ide, UL(60691.

controls

rements and

er control shall comply with one of the following:

Standard for Solid-State Controls for Appliances, UL 244A; or

b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2: Particular Requirements for Timers and Time Switches, UL 60730-2-7.

6.7 Cords, cables, and internal wiring

6.7.1

Cords, UL 817.

A cord set or power supply cord shall comply with the Standard for Cord Sets and Power Supply
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6.7.2 Flexible cords and cables shall comply with the Standard for Flexible Cords and Cables, UL 62.
Flexible cord and cables are considered to comply with this requirement when pre-assembled in a cord set
or power supply cord that complies with the Standard for Cord Sets and Power Supply Cords, UL 817.

6.7.3 Internal wiring composed of insulated conductors shall comply with the Standard for Appliance
Wiring Material, UL 758.

Exception No. 1: Insulated conductors need not comply with UL 758 if they comply with one of the
following:

a) The Standard for Thermoset-Insulated Wires and Cables, UL 44;

b Th Q4 s L L ke L hran ] L IRW.VA WS LIl QN
) Udrddru 10r TricririopiastiC=Iriouliatcu vvircs darid wuavics, UL 09,

¢) The| Standard for Fixture Wire, UL 66; or

d) Theg applicable UL standard(s) for other insulated conductor types spegified in Chapter 3, Wiring
Methops and Materials, of the National Electrical Code, ANSI/NFPA 70.

Exception No| 2: Insulated conductors for specialty applications (e.g. data processing or cojmmunications)
and located in a low-voltage circuit not involving the risk of fire, electric shock or injury to pefsons need not
comply with YL 758.

6.8 Cord regls

6.8.1 A cord reel shall comply with special use cord reelvequirements in the Standard for §ord Reels, UL
355.

6.9 Film-copted wire (magnet wire)

6.9.1 The cpmponent requirements for({ilm coated wire and Class 105 (A) insulation syjstems are not
specified.

6.9.2 Film ¢oated wire in intimate combination with one or more insulators, and incofporated in an
insulation sygtem rated Class ;120 (E) or higher, shall comply with the magnet wire requifements in the
Standard for $ystems of Insulating Materials — General, UL 1446.

6.10 Grounf-fault,\arc-fault, and leakage current detectors/interrupters

6.10.1 Groynd-fault circuit-interrupters (GFCI) for protection against electrical shock shall comply with
the Standard for Ground-Fault Circuit-Interrupters, 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."

6.10.2 Appliance-leakage-current interrupters (ALCI) for protection against electrical shock shall comply
with the Standard for Appliance-Leakage-Current Interrupters, UL 943B.

6.10.3 With respect to 6.11.2, an ALCI is not considered an acceptable substitute for a GFCI when the
National Electrical Code, ANSI/NFPA 70 requires a GFCI.

6.10.4 Equipment ground-fault protective devices shall comply with the Standard for Ground-Fault
Sensing and Relaying Equipment, UL 1053, and the applicable requirements in the Standard for Ground-
Fault Circuit-Interrupters, UL 943.
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6.10.5
Interrupters, U

L 1699.

Arc-fault circuit-interrupters (AFCI) shall comply with the Standard for Arc-Fault Circuit-

6.10.6 Leakage-current detector-interrupters (LCDI) and any shielded cord between the LCDI and

appliance shal

6.11

6.11.1

comply with th
6.11.2 Allin

specified in th
6.12 Lights

6.12.1 Lamp|

Exception: La
standard are ¢

6.12.2 Lighti
a) The

b) The

Exception No
standard are g

Exception No.

6.12.3 Light
(LED) Equipm

Exception No
luminaire stan

| comply with the Standard for Arc-Fault Circuit-Interrupters, UL 1699.

Insulation systems

e Standard for Systems of Insulating Materials — General, UL 1446.

I Standard for Systems of Insulating Materials — General, UL 1446.

burces and associated components
holders and indicating lamps shall comply with the Standard for Lampholders,

mpholders forming part of a luminaire that complies with the applicable
onsidered to comply with this requirement.

ng ballasts shall comply with one of the following:
Standard for Fluorescent-Lamp Ballasts, UL.935; or

Standard for High-Intensity Discharge Lamp Ballasts, UL 1029.

1: Ballasts forming part of a_luminaire that complies with an applicable
onsidered to comply with this requirement.

2: Ballasts for other light sources shall comply with the applicable UL standar

emitting diode (LED)'light sources shall comply with the Standard for Light B
ent For Use In kighting Products, UL 8750.

1: LEDJight sources forming part of a luminaire that complies with an
Hard aré considered to comply with this requirement.

Materials used in an insulation system that operates above Class 105 (A) temperatures shall

requirements

UL 496.

UL luminaire

UL luminaire

i(s).

mitting Diode

hpplicable UL

Exception No

2. "Individual LED light sources mounted on printed wiring boards and

intended for

indicating purposes need not comply with UL 8750, but shall comply with the applicable requirements in

this end produ

ct standard.

6.13 Marking and labeling systems

6.13.1

A marking and labeling system shall comply with the Standard for Marking and Labeling Systems,

UL 969. Requirements include standard atmosphere, oil, and oven conditioning.

Exception: A label on a tool that is only intended to be used for wood-working and that is not shipped with
an oil coating is not required to be evaluated for oil.
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6.14 Motors and motor overload protection

6.14.1 General

6.14.1.1 General-purpose type motors having a NEMA frame size shall comply with the requirements
specified in 6.14.2 or 6.14.3. 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).

6.14.1.2 Component type motors shall comply with the requirements specified in 6.14.2 or 6.14.3.

6.14.1.3 Mo

ors located in a low voltage circuit are evaluated for the risk of fire, electric sh

ck, or injury to

persons in ac

6.14.1.4 Lo
considered to|

6.14.2 Geng¢ral-purpose type motors

6.14.21 Ad
General Reqy

6.14.3 Com
6.14.3.1 Co
6.14.3.2 TH

Requirements

ponent type motors

cordance with the applicable requirements in this end product standard.

v voltage component fans that comply with the Standard for Electric/Fang
comply with the requirements for Motors, Section 18.

eneral-purpose type motor shall comply with the Standard for Rotating Electrig
irements, UL 1004-1.

mponent type motors shall comply with either 6.14.3.2 or 6.14.3.3.

e motor shall comply with the _Standard for Rotating Electrical Machin
, UL 1004-1 except as noted in_Table 6.1.

Table 6.1
Superseded requirements

, UL 507, are

al Machines —

s — General

UL 1004-1Exempted Requirement Superseded by UL 987 Requirements
Current and Hofsepower Relation,, Section 6 Paragraph 56.3
Cord-Connectefl Motors, Section 15 Section 13.1
Factory Wiring Terminals\and Leads, Section 17 Section 15
Electrical Insulgtiony Section 22 Section 17
Non-Metallic Functiomat-Parts, Section 28 Sections 7, {7, 18
Solid-State Controls, 7.2 Section 6.6
Non-metallic enclosure thermal aging, 9.1.4 Section 7.2
Motor enclosure, 9.2 - 9.4 Section 7
Grounding, Sections 10 and 11 Section 24

Sections 8 and 9

Ventilation Openings, Section 12: only applicable where the
openings are on surfaces considered to be the appliance
enclosure.

Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Sections 8 and 9

Moving Parts, Section 13

Protection Against Corrosion, Section 14 Section 11

Table 6.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 987 2020.pdf

20

UL 987

MAY 12, 2020

Table 6.1 Continued

UL 1004-1Exempted Requirement

Superseded by UL 987 Requirements

Available fault current ratings for motor start and running Section 22
capacitors, Paragraph 26.6: not applicable for cord and plug
connected appliances.

applicable

Mounting and Electrolytic Capacitor Tests, respectively), the
performance tests in the Standard for Rotating Electrical
Machines — General Requirements, UL 1004-1 are not

Switch, Section 27 is not applicable to centrifugal starting Section 19
switches
With the exception of Sections 35 and 40 (Resilient Elastomer All applicable performance tests

Only the followi
1004-1 are app
rated voltage; ra
than 1; and multi
permanent-split
amperes and ho|

marking requirements specified in 43.1 of UL Paragraph 80.1
licable: manufacturer’s name or identification;

ed frequency; number of phases if greater
-speed motors, other than a shaded-pole or a
Capacitor motor, shall be marked with the
sepower at each speed

6.14.3.3

Theg

6, the followin
conjunction wi

a) Prot

b) Wirihg Compartments, Section 12.2;

c) Intern

d) Insu

e) Mot

f) Capg

g) Spa

h) Grodnding, Section 24.

6.14.4 Moto

6.14.4.1

motor shall comply with the applicable component requirements for Compor
j construction requirements, and the applicable performance requirements (v
th the end product), of this end product standard:

bction Against Corrosion, Section 11;

hal Wiring, Section 15;
ating Material, Section 17;
rs, Section 18;

citors, Section 22;

Cings, Section 23yand

r overload protection

ents, Section
hen tested in

The

rmal protection devices integral with the motor shall comply with one of the foll

bwing:

a) The Standard for Overheating Protection for Motors, UL 2111;

b) The Standard for Thermally Protected Motors, UL 1004-3; or

¢) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2 Particular Requirements for Thermal Motor Protectors, UL 60730-2-2; in
conjunction with the Standard for Thermally Protected Motors, UL 1004-3 (to evaluate the motor-
protector combination).

6.14.4.2
1004-2.

Impedance protection shall comply with the Standard for Impedance Protected Motors, UL
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6.14.4.3 Electronic protection integral to the motor shall comply with the Standard for Electronically
Protected Motors, UL 1004-7.

6.14.4.4 Except as indicated in 6.14.4.3, electronically protected motor circuits shall comply with one of
the following. See Motor and Speed Controls, Section 6.6.4, for basic control requirements.

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991.
When the protective electronic circuit is relying upon software as a protective component, it shall
comply with the requirements in the standard for tests for Software in Programmable Components,
UL 1998. If software is relied upon to perform a safety function, it shall be considered software
Class 1;

art 1: General
Requi ements UL 60730 1 If software is relied upon to perform a safety functlan, it shall be
considered software Class B or

c) The¢ Standard for Adjustable Speed Electrical Power Drive Systems — Paft 5-1: Safety
Requifements — Electrical, Thermal, and Energy, UL 61800-5-1.

Exception: Cpmpliance with the above standards is not required for an“€lectronically pfotected motor
circuit if therel|is no risk of risk of fire, electric shock, or injury to persons during abnormal testing with the
motor electranic circuit rendered ineffective; compliance with the\‘applicable requirements in this end
product standard is then required.

6.15 Overcuyrrent protection

6.15.1 Fusep shall comply with the Standard for Lowi-Voltage Fuses — Part 1: General Redquirements, UL
248-1; and th¢ applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1 and
another appli¢able UL standard for fuses are considered to comply with this requirement.

6.15.2 Fusgholders shall comply with. Standard for Fuseholders — Part 1: General Requirements, UL
4248-1, and the applicable Part 2 (e.g(UL'4248-9).

6.15.3 Circyit breakers shall comply with the Standard for Molded-Case Circuit Breakers| Molded-Case
Switches and|Circuit-BreakepEnclosures, UL 489.

Exception: Cifcuit breakers used in telecommunications circuitry that comply with the Standard for Circuit
Breakers For {Use in.Communications Equipment, UL 489A, need not comply with UL 489.

6.15.4 CircL||it breakers having integral ground fault circuit interrupter capability for protection against
electrical shock shall additionally comply with the Standard for Ground-Fault Circuit-Interrupters, UL 943.

6.15.5 Supplementary protectors shall comply with the Standard for Supplementary Protectors for Use in
Electrical Equipment, UL 1077.

6.15.6 Fusing resistors shall comply with the Standard for Fusing Resistors and Temperature-Limited
Resistors for Radio- and Television-Type Appliances, UL 1412.

6.16 Polymeric materials and enclosures

6.16.1 Unless otherwise specified in this end product standard, polymeric electrical insulating materials
and enclosures shall comply with the applicable requirements in the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C.
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6.16.2 Metallized or painted polymeric parts or enclosures shall comply with the applicable requirements
in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C. This
requirement is not applicable to exterior surfaces of polymeric enclosure materials or parts provided that
the metallized coating or paint does not offer a continuous path for an internal flame to propagate

externally.

6.17 Power supplies

6.17.1

A Class 2 power supply shall comply the Standard for Class 2 Power Units, UL 1310.

6.17.2 A non-Class 2 power supply shall comply with the Standard for Power Units Other Than Class 2,

UL 1012.

6.18 Printed

6.18.1 Printe
Boards, UL 79

Exception: A g
requirements
bond between|
coming in con

6.18.2 A pri
comply with th
6.18.3 Unleg
V-2.

Exception: A |
Class 2 or limi|

6.19 Semicg

6.19.1 A po
comply with th

6.19.2 An oq

wiring boards

d wiring boards, including the coatings, shall comply with the Standard for §
6.

rinted-wiring board in a Class 2 nonsafety circuit is not required to comply wif
n UL 796 if the board is separated from parts of other circuits such that log
the foil conductor and the base material will not resdltyin the foil conductors o
act with parts of other circuits of the control or of the' end-use product.

hted-wiring board containing circuitry in a line-connected circuit or a safet
e direct-support of live parts requirements:

s otherwise specified, a printed-witing board shall have a minimum flame cl

printed-wiring board located.in a secondary circuit that complies with the req
ed voltage/current circuitshave a minimum flame Class of HB.

nductors and small'electrical and electronic components

ver switching\semiconductor device that is relied upon to provide isolation tg
e Standard’of Safety for Electrically Isolated Semiconductor Devices, UL 1557

tical isolator that is relied upon to provide isolation between primary and secg

Printed Wiring

h the bonding
sening of the
Iy components

y circuit shall

assification of

uirements for

ground shall

ndary circuits

or between ot

her circuits as required by this end product standard shall comply with the

Standard for

Safety for Opti

cal Isolators, UL 1577.

6.19.3 Except as otherwise specified in this standard, component requirements are not specified for
small electrical parts on printed wiring boards, including diodes, transistors, resistors, inductors, integrated
circuits, and capacitors not directly connected to the supply source.

6.19.4 Where an electronic component is determined to be a critical component during the Abnormal
Operation Test, Section 64 in this standard, the circuit shall comply with one or both of the following
standards. See Protective Controls (Limiting Controls), Section 34.4 for the test parameters to be used.

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991,
including its Follow-Up Program; and as applicable, the Standard for Software in Programmable
Components, UL 1998 for controls that rely upon software as a protective component; or
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b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1.

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

6.19.6 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 the Standard for Tests for
Safety-Related Controls Employing Solid-State Devices, UL 991.

6.19.7 Portions of a circuit comprised of a microcontroller or other programmable device that performs a

back-up, limit
persons shal
Electrical Con

6.20 Supplémental insulation, insulating bushings, and assembly aids

6.20.1 The
unless the ing

such cases, the insulation or device shall comply with the following-applicable standards:

a) Insy

Insulating Tape, UL 510;

b) Slegving shall comply with the Standard for Coated Electrical Sleeving, UL 1441; g

c) Tub

6.20.2 Wire
shall comply v

6.20.3 Insu
suitable for th
size or type.
specified in tH
Stability Test,

6.21 Switch

ng, or other safety function intended to reduce the risk of fire, electric she
comply with the Controls Using Software requirements in the Standard
trols for Household and Similar Use; Part 1: General Requirements, UIC60730

requirements for supplemental insulation (e.g. tape, sleéving or tubing) arg
ulation or device is required to comply with a performanee requirement of th

lating tape shall comply with the Standard for Polyvinyl Chloride, Polyethylen

ng shall comply with the Standard for€Extruded Insulating Tubing, UL 224.

positioning devices required to*comply with the requirements in this end prg
vith the Standard for Positioning Devices, UL 1565.

ating bushings shall comply with the Standard for Insulating Bushings, U
e application with-respect to the hole size and shape, maximum use temper
To determine if the hole size and shape is suitable for the bushing, the apy
is standard_(e.g. Strain Relief Test, Section 59, Push-Back Relief Test, Sectig
Section 70:10) shall be conducted.

es

tk, or injury to
for Automatic
-1, Annex H.

not specified
s standard. In

e, and Rubber

=

duct standard

| 635 and be
ature and wire
licable test(s)
n 60, Thermal

6.21.1

a) The

Switches shall comply with one of the following, as applicable:

Standard for Special-Use Switches, UL 1054;

b) The Standard for Switches for Appliances — Part 1: General Requirements, UL 61058-1;

c) The

Standard for General-Use Snap Switches, UL 20; or

d) The Standard for Nonindustrial Photoelectric Switches for Lighting Control, UL 773A.

Exception: Switching devices that comply with the applicable UL standards for specialty applications (e.g.
transfer switch equipment), industrial use (e.g. contactors, relays, auxiliary devices), or are integral to
another component (e.g. switched lampholder) need not comply with this requirement.
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6.21.2 Clock-operated switches, and time switches, including timers, shall comply with one of the

following:

a) The Standard for Clock-Operated Switches, UL 917; or

b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1, and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2: Particular Requirements for Timers and Time Switches, UL 60730-2-7.

6.21.3 A timer or time switch, incorporating electronic timing circuits or switching circuits, with or without
separable contacts, that functions as a protective control, shall comply with the requirements for a
protective control. See 6.6.1.3.

6.22 Transformers

6.22.1
Part 1: Gene
General Purpd

Exception: A
Use in Audio-,
audio or video

6.22.2 Class
Part 1: Geners
2 and Class 3

Exception: Trg
or injury to pef

7 Frame and Enclosure

7.1 General

7.1.1 A tool
resist the abu

injury to pers|
displacement

Gengral-purpose transformers shall comply with the Standard for Low Moltage T

| Requirements, UL 5085-1; and the Standard for Low Voltage{Transform
se Transformers, UL 5085-2.

ransformer that complies with the Standard for Transformers and Motor Trg
Radio-, and Television-Type Appliances, UL 1411, an@-that is used in a circu
component complies with the intent of this requirement.

2 and Class 3 transformers shall comply withithe Standard for Low Voltage T|
| Requirements, UL 5085-1; and the Standard for Low Voltage Transformers
Transformers, UL 5085-3.

nsformers located in a low voltage circuit, and that do not involve a risk of fire,
sons need not comply with this requirement.

shall be formed.and assembled so that it will have the strength and rigidity
bes to whichiit'is likely to be subjected, without increasing the risk of fire, ele
pns due-~to total or partial collapse with resulting reduction of spacings,
pf parts; or other serious defects.

ansformers —
ers — Part 2:

nsformers for
it involving an

ransformers —
Part 3: Class

electric shock

necessary to
ctric shock, or
loosening or

7.2 Enclosu

7.2.1
specified in Ta

£ metalli terial

ble 7.1.

Cast-metal portions of an enclosure shall not be thinner than the minimum acceptable values
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Table 7.1
Minimum acceptable thickness of a cast metal enclosure
Curved, ribbed, or otherwise reinforced
surfaces, and surfaces having a size or
shape providing the required mechanical
Flat surfaces strength,

Metal Inch (mm) Inch (mm)
Die-cast metal 5/64 (2.0) 3/64 (1.2)
Cast malleable iron 3/32 (2.4) 116 (1.6)
Other cast metal 1/8 (3.2) 3/32 (2.4)

7.2.2 Amongf the factors to be considered when judging an enclosure of sheet metal shelall be the size,
shape, and thjckness of the metal all with respect to the application and intended use_éf\the {ool.

7.2.3 Among the factors to be considered when judging an enclosure of‘magnesiuny shall be the
combustibilityjand resistance to arcing of the metal.

7.2.4 Sheet|metal to which a wiring system is intended to be connected.in the field shall hgve a thickness
not less than the minimum acceptable value specified in Table 7.2.

Table 7.2
Minimum acgeptable thickness of a sheet metal surface'to which a wiring system is intended to be

connected in.the field

Surfaces to which a wiring system is intended to be connectgd in the
field
Metal Inch (mm)
Uncoated gheet steel 0.032 (0.81)
Galvanized sheet steel 0.034 (0.86)
Sheet aluminum 0.045 (1.14)
Sheet copper or brass 0.045 (1.14)

7.3 Enclosyres of polymeric materials

7.3.1  Polymeric “material used for the enclosure of a cord-connected tool that reqlires operator
attendance while\work is being done shall comply with the requirements in 7.3.3 and 67.]| and with the
requirements forPotymeric-Materiats; Section69-6

7.3.2 Polymeric material used for the enclosure of a tool that is intended for permanent connection to the
power supply or a tool that may be operated unattended shall comply with:

a) The requirement in 7.3.3 and 67.1 and with the requirements for Polymeric Materials, Section 69
or 70, whichever is applicable; and

b) Any additional examination and test needed to evaluate the material for use in the application.

7.3.3 A polymeric material used for the enclosure of a tool shall be resistant to thermal degradation at the
maximum temperature to which it is exposed during its normal use.

7.3.4 With reference to 7.3.3, a polymeric material is considered to be resistant to thermal degradation at
the temperatures to which it will be exposed if:
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a) The material has a temperature index, based on historical data or a long-term thermal aging
program, more than the maximum temperature to which it is exposed during its normal use;

b) The maximum temperature to which the material is exposed during normal use does not exceed

65°C (1

49°F); or

¢) The maximum temperature to which the material is exposed during normal use does not exceed
95°C (203°F), and the material complies with the requirement for Tests of Polymeric Enclosures
Following Oven Conditioning, Section 68.

8 Accessibil

ity of Live Parts

8.1 An electricatpartofatootshattbetocated-orenctosed—sothat-thetiketirood-ofunintentional contact

with an uninsulated live part will be reduced. Insulated brush caps do not require additional.e

8.2 With refd
those requireg
contact any ur

rence to the requirement in 8.1, the enclosure of a tool shall have no openin
for normal use of the tool, which will permit the finger probe, illustrated in
insulated live part or film-coated wire when applied in any direction-

hclosure.

ps, other than
Figure 8.1, to
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Figure 8.1
IEC articulate probe
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Side view
Part 3 Rart 2 Part 1
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Linear dimensions inmillimeters

Tolerances on dimnensions without specific tolerance:

on angles: +0', -10'

on linear dimensions:

up to 25 mm: +0 mm, -0.05 over 25 mm: £0.2 mm

Material of finger: for example heat-treated steel

Both joints of this finger may be bent through an angle of 90°, with a 0 to +10° tolerance, but in one and the same direction only.

Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90°. For this reason
dimensions and tolerances of these details are not given in the drawing. The actual design must ensure a 90° bending angle with a 0
to +10° tolerance.
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8.3 In a double-insulated tool, a test pin as illustrated in Figure 8.2, when inserted point first into an
opening in an enclosure housing, shall not contact any parts separated from live parts by basic insulation
only.

8.4 During the examination of a tool in connection with the requirement in 8.2 and 8.3, a part of the outer
enclosure that is intended to be removed without the use of a tool by the user — to permit the attachment of
an accessory, to allow access to means for making an operating adjustment, or for a similar reason —is to
be disregarded; that is, such a part is not considered to reduce the risk of electric shock.

8.5 If removal of a guard or a cover is necessary for mounting a motor shipped detached from a tool, the
guard or cover shall be constructed so that it cannot be replaced improperly.

Figure 8.2
Test pin

— —— 4

+0

|~

L]

!
25 10 - - -
+0.2 | {

i
—

S2962 Dimensions in millimeters

9 Exclusion of Foreign Matter

9.1 The enclosure of a tool, a control unit, or an auxiliary component, such as a rheostat or a rectifier,
that is not integral with the tool shall exclude foreign matter, including abrasive or electrically conductive
particles, that is likely to be present during operation and that may:

a) Adversely affect electrical insulation — for example, by build-up of a leakage path over an
insulating surface; or

b) Otherwise result in a risk of fire or electric shock.
9.2 Alluninsulated live parts and film-coated wire in a grinder shall be completely enclosed.

Exception: The following are acceptable for a grinder with provision for grounding:
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a) An opening in a horizontal bottom surface of a bench grinder;

b) An opening in a vertical skirt of a bench grinder entirely below an opening specified in (a) above;

¢) An opening in a vertical skirt of a bench grinder below an opening in a curved bottom surface;

and

d) An opening in the enclosure of a grinder other than a bench grinder if protection equivalent to
that for a bench grinder is provided.

10 Mechanical Assembly

10.1 A tool

ssamblad hyv tha manufacturar orin accaordance-with-tha maniifactiirar's cnaco
o8- y—tHe-HahtHaGtt-e o 660raahR e WirtRe-HaRtHactdorsS =4
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not be advers|
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unexpected Ig
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Exception No
four of the foll

a) The
switch
of the

b) Means for mounting the switch make it-unlikely that operation of the switch will loo

c) The)

d) Non

Exception No
indicator light

rotation canngt reduce spacings below the minimum acceptable values.

104 Them
surfaces — for

ely affected by the vibration during its intended operation.

n cap shall be tightly threaded or otherwise designed and secured toyreduce th
osening.

ch, a lampholder, an attachment-plug receptacle, a motor-attachment plug
all be mounted securely, and shall be prevented from turning or shifting. See 1

1: The requirement that a switch be deterred from\turning or shifting may £
pbwing conditions are met:

switch is of a plunger or other type that does not tend to rotate when oper
is considered to be subject to forces thatiternd to turn the switch during the no
switch.

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

2: A lampholder-of a type in which the lamp cannot be replaced, such as
in which the lamp is sealed in a nonremovable jewel, need not be deterred

bans forpreventing the turning mentioned in 10.3 is to consist of more than fr|
example, a properly applied lock washer is acceptable as means to deter tur

e likelihood of

, or a similar
0.4.

e waived if all

ated. A toggle
yrmal operation

sen it.

spacings are not reduced belbw the minimum acceptable values if the switch rotates.

ct by persons.

h neon pilot or
from turning if

ction between
ning of a small

stem-mounte

| 'switch or other device having a single-hole mounting means.

10.5

If a motor shipped detached from a tool is intended to be installed in the field according to the

instructions provided with the tool, proper alignment shall be provided for by location and size of the
mounting hardware. If a motor is intended to be used on a belt-driven tool, the necessary pulleys for field
installation shall be provided with the tool. See 83.1.4.

10.6 With reference to the requirement in 10.5, adjustment means may be provided to allow for belt
tensioning and alignment.

11 Protection Against Corrosion

11.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other
equivalent means if the corrosion of such parts would be likely to result in a risk of fire, electric shock, or
injury to persons.
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Exception No. 1: A surface of sheet steel or a cast-iron part in an enclosure if the oxidation of the iron or
steel due to the exposure of the metal to air and moisture is not likely to be appreciable need not comply
with this requirement. The thickness of the metal and the temperature are also factors.

Exception No. 2: Bearings, laminations, and minor parts of iron or steel, such as washers, screws, and the

like, need not comply with this requirement.

12 Power Supply Connections— Permanently Connected Tools

121

1211 Atoo

General

intended for permanent connection to the power-supply circuit shall have pr

vision for the

connection of
12.2 Wiring

12.2.1 Thelq
made shall be

12.2.2 A wiri
as to be preve|

12.2.3 A wir
edge, burr, fin

12.3 Wiring
12.3.1 Afielg

unless the wir|
eyelet, or othe

b wiring system.
compartments

cation of a wiring compartment in which connections to the supply/circuit are i
such that these connections can be readily inspected after the\{ool is installed

hg compartment intended for connection of a wiring system shall be attached
hted from turning with respect thereto.

ng compartment and any other space intended to enclose wires shall be freg
moving part, or the like, that could damage the conductor insulation.

terminals and leads

-wiring terminal is considered tobe a terminal to which a wire may be connect
b is provided as part of the tool and a pressure wire connector, a soldered lo
I means of making the conhecétion is factory-assembled to the wire.

12.3.2 A peimanently connecteditool shall be provided with field-wiring terminals for the

conductors h

ing an ampacity/suitable for the tool, or it shall be provided with field-conne

such connectipn.

12.3.3 A field-wiring términal shall be provided with a pressure wire connector, firmly bolte

Screw.

Exception: A

ntended to be

as intended.

to the tool so

of any sharp

ed in the field,

bp, a crimped

connection of
ttion leads for

d or held by a

ire~binding screw may be employed at a field-wiring terminal_intended to aci

commodate a

10 AWG (5.3 mm?) or smaller conductor if upturned lugs or the equivalent are provided to hold the wire in

position.

12.3.4 A wire-binding screw shall not be smaller than No. 10 (5.3 mm?).

Exception: A No. 8 screw may be used at a field-wiring terminal intended only for the connection of a 14
AWG (2.1 mm?) conductor.

12.3.5 A field-wiring terminal shall be prevented from turning.

12.3.6 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.05 in (1.27 mm)
thick. There shall be two or more full threads in the metal, which may be extruded if necessary to provide
the threads.
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Exception: A plate equal to or greater than 0.03 in (0.76 mm) thick may be used if the tapped threads have
acceptable mechanical strength.

12.3.7 Upturned lugs or a cupped washer shall be capable of retaining a conductor corresponding in size
to that mentioned in 12.3.2 under the head of the screw or washer.

12.3.8 The free length of a field-connection lead inside an outlet box or a wiring compartment shall be 6

in (152 mm) o

rmore.

12.4 Grounded power-supply conductor

12.4.1
the Edison sc¢
an automatic
lead that is id
lead intended
switch or ove
marked off pg

Exception: A
with this requ

12.4.2 Afiel

a) Be
the oth

b) Be
the tog

1243 Aled
white or grey

12.5 Equipment-groundingconductor

12.5.1 A fig
provided.

Exception: A

Few-shell type, a single-pole switch, or a single-pole overcurrent-protective de
control without a marked off position shall have one field-wiring terminakopfi
entified for the connection of the grounded conductor of the supply circuit. T
to be grounded shall be electrically connected to screw shells of lampholder
rcurrent-protective device of the single-pole type, other than an@utomatic co
sition.

Houble insulated tool complying with the requirements in‘Sections 89 — 93 ne
rement.

H-wiring terminal intended for connection of a grexnded supply conductor shall

er terminals; or

tlearly identified in some other manner, such as on a wiring diagram permaner
L.

d intended for field-connection of a grounded supply conductor shall be finis
color, and shall be readily-distinguishable from the other lead or leads.

Id-wiring tefminal or field-connection lead for an equipment-grounding cond

Houble insulated tool complying with the requirements in Sections 89 — 93 ne

A permanently connected tool rated 125 V or 125/250 V, 3-wire or less emplaying g lampholder of

ice other than
pld-connection
he terminal or
s and not to a
ntrol without a

led not comply

made of or plated with metal substantially white in color and be readily distinguishable from

tly attached to

hed to show a

uctor shall be

ed not comply

ement.

with this requ

12.5.2 The surface of a lead intended for field-connection of an equipment-grounding conductor shall be
green with or without one or more yellow stripes, and no other lead shall be so identified.

12.5.3 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be plainly identified, such as by being marked "G," "GR," "GND,"
"Ground," "Grounding," with the symbol®), or the like, or by a marking on a wiring diagram provided on the
tool. The wire-binding screw or pressure wire connector shall be located so that it is unlikely to be removed
during normal servicing of the tool.
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131

13.1.1

Cords and plugs

A cord-connected tool shall be provided with 6 — 10 ft (1.8 — 3.0 m) of flexible cord, permanently

attached to the tool, and with an attachment plug, which may be of the locking type, for connection to the

supply circuit.

Exception: A tool may be provided with less than 6 ft (1.83 m) of permanently attached flexible cord or with
a motor-attachment plug if the manufacturer:

a) Makes an acceptable extension cord available and the tool complies with the requirements in

80.16;

b) Furn

13.1.2 The permanently attached flexible cord mentioned in the Exception t¢t13.1.1 sh

length that it i
The cord shall

13.1.3 The
attachment ply

13.1.4 Thefl
STO.

13.1.5 Aper
shall be the ol

as Type S), id¢ntified by W suffix type designation on the cord (for example, SJW).

13.1.6 Flexi
Interconnectin

13.1.7 If a
component be

pr

ishes an acceptable detachable cord set, 6 ft (1.83 m) or more in length; with t
5 not likely to be damaged or impaired by a cutting edge, a blade; a belt, or g
not be more than 18 in (460 mm) long.

ength of the cord is to be measured from where_jt¢enters the tool to th
g.

exible cord shall be Type S, SE, SJ, SJE, SJO,:SJT, SJTO, SO, SP-3, SPE-3,

manently attached flexible power-supply cord or a detached cord set provided
tdoor use type, either junior hard-service cord (such as Type SJ) or hard-serv

ble supply cords used with~panel saws shall be rated for extra hard servi
g cords shall be at least one of the types specified in 13.1.4.

omponent having a separate supply cord is provided as part of a tool, thg
ng used in conjunction with the tool shall be one of the types specified in 13.1.

he tool.

all be of such
rotating part.
e face of the

SPT-3, ST, or

with a tile saw
ce cord (such

e conditions.

b cord for the

.

on shall have

13.1.8 Supply connections for tools incorporating more than one electrical supply connect
the connectiors grouped and marked as specified in 81.1.8.
13.1.9 The flexible—cordshall-beratedfora—voltage netlessthantherated-voltageof the

have an ampacity not less than the current rating of the tool.

tool and shall

13.1.10 The attachment plug of a tool and the cord of a motor shipped detached from a tool shall be
rated not less than the rated current and the rated voltage of the tool. If a tool has provision for being
adapted for use on two or more different values of voltage by field alteration of internal connections, the
attachment plug and any receptacle provided on the tool for the connection of the motor shall be rated not
less than the voltage and current for which the tool or motor is connected when shipped from the factory.
See 80.6.

13.1.11 If a tool incorporates a disconnecting means, such as a cord connector in the power-supply cord,
the arrangement shall be such that no live part will be exposed under any normal condition.

13.1.12 If a 3-wire grounding type attachment plug or a 2-wire polarized attachment plug is provided, the
attachment plug connections shall be as shown in Figure 13.1. See 13.1.
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Figure 13.1

Connection to attachment plug

CONNECTIONS OF CORD CONDUCTORS TO GROUNDING - TYPE
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR WITH INSULATION HAVING A
S GREEN OR GREEN AND YELLOW STRIPED
OUTER SURFACE @

CONDUCTOR NOT INTENDED TO BE
CROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED)
(IDENTIFIED CONDUCTOR)

CONNECTIONS OF CORD CONDUCTORS TOMPOLARIZED
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
AB100A (IDENTIFIED CONDUCTOR)

@ The blade to wHich the green conductor is connected may have a U-shaped or circular cross section.
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13.1.13 The equipment-grounding conductor of a flexible cord:

a) Shall be provided with insulation having an outer surface that is green with or without one or
more yellow stripes;

b) Shall be connected to the grounding member of an attachment plug of the grounding type; and

c) Shal

| be conductively connected to:
1) All exposed dead metal parts of the tool that may become energized; and

2) All dead metal parts within the enclosure that are exposed to contact du

ring any user

servicing operation and that may become energized. User servicing as mentioned in this

d) The
equiva
place.

13.1.14 Ato
will directly tu
starting and st

item and In 24-5 IS considered 1o Include operations, such as changing a bla
arm saw, adjusting a belt on a drill press, and the like.

conductor shall be secured by a closed loop connector, connector with’ uptu
ent means. Lock washers or equivalent means shall be utilized(e *hold the
[hread-on devices shall not be used in the ground conductor.

bl shall not be provided with a motor supply cord where the connection to a
n on the motor (i.e. without the operation of a motor<controller, switch or ot
bpping the motor), the operation of which could result.in a risk of injury to persg

13.2 Strain relief

13.2.1
transmitted to

13.2.2 Mean
into the enclos

a) Subj
b) Exp

is rated;

c) Red
or

d) Dam

ferminals, splices, or internal wiring.

s shall be provided to prevent the supply cord or interconnecting cable from
ure of a tool through the cord-entry hole when such displacement results in:

ecting the supply cord of. interconnecting cable to mechanical damage;

bsing the supply cord\or interconnecting cable to a temperature higher than th

’

icing spacifgs (such as to a metal strain-relief clamp) below the minimum re

aginginternal connections or components.

e on a radial-

rned ends, or
conductor in

supply source
her device for
ns.

Strain relief shall be provided to prevent a ‘miechanical stress on a flexible cond from being

being pushed

at for which it

quired values;

To determine compliance, the supply cord or interconnecting cable shall be tested in accordance with
Section 60, Push Back Relief Test.

13.2.3 Ifaknotin a flexible cord serves as strain relief, a surface against which the knot may bear or with
which it may come in contact shall be free from projections, sharp edges, burrs, fins, and the like, that may
cause abrasion of the cord jacket or the insulation on the conductors.

13.2.4 The strain-relief means provided on a flexible cord shall comply with the requirements in Strain
Relief Test, Section 59.

13.2.5 The strain relief provided on a supply cord shall be independent of any rubber or thermoplastic
cord guard unless the guard is molded on the cord or has been investigated and found to be acceptable
for the application.
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13.2.6 At a point where a flexible cord passes through an opening in a wall, barrier, or enclosing case,
the edges of the opening shall be smoothly rounded. If it is not obvious that the edges of such an opening
are smoothly rounded, the tool shall comply with the requirements in 61.1.

14 Live Parts

14.1 Metal employed for a current-carrying part shall be silver, copper, copper alloy, or other metal that
has been investigated and found to be acceptable for the application.

14.2 Ordinary iron or steel, if provided with a corrosion-resistant coating, may be used for a current-

carrying part:

a)lfp
b) Wi

The use of g
acceptable.

14.3 An un
insulating mg
position, if su
brush-holder

14.4 Frictio
uninsulated li

15 Internal

15.1 The wi

Exception: FI{
where flexibil
be used if it Wi

15.2 Interng
as required
conditions sp
is unlikely to 1

1

thin a motor or associated governor.

rmitted in accordance with 6.1; or

rdinary iron or steel, even if plated, for current-carrying partscelsewhere ir

nsulated live part shall be secured to the surface on which it is mounted, &
terials shall be secured in place, so that it will be_pfevented from turning
ch motion may result in a reduction of spacings below the minimum accept
connector shall be secured independently of the brush.

h between surfaces is not acceptable as‘@ means to prevent turning or
e part, but a properly applied lock washermay be used.

Wiring

ing and connections between'parts of a tool shall be protected or enclosed.

bxible cord as specified in13.1.4 and used for external interconnection betweg
fy is essential need-.not be protected or enclosed; however, Type SP and SP1
Il be subjected to.extreme flexing, such as the cord supplying the motor of a rg

| wiring exposed through an opening in the enclosure of a tool is considered {
y 15.1fy'when judged as though it were film-coated wire, the wiring com
pcified-in8.2. Internal wiring not so protected shall be secured within the encl
e subjected to stress or mechanical damage.

a tool is not

nd supporting
or shifting in
bble values. A

shifting of an

n components
" cord shall not
dial-arm saw.

b be protected
plies with the
sure so that it

15.3 Among the factors to be considered when judging internal wiring shall be:

a) The

temperature and voltage to which the wiring may be subjected;

b) Exposure to oil, grease, or other substances that may have a deleterious effect; and

c¢) Other conditions of service to which it may be subjected.

15.4 Thermoplastic-insulated wire and neoprene-insulated wire employed for internal wiring shall be
standard building wire or appliance wiring material. The thickness of insulation shall be 0.030 in (0.76 mm)
or more.

Exception: The nominal thickness of the insulation may be less than 0.030 in, but shall not be less than
1/64 in (0.4 mm) if the wire is also provided with a braid not less than 1/64 in thick.
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15.5 Rubber-insulated wire employed for internal wiring shall be provided with a braid, and the wall

thickness of th

e insulation shall not be less than 1/32 in (0.8 mm).

Exception: A braid need not be provided for appliance-wiring material having heat-resistant rubber
insulation, of other than a silicone type, 3/64 in (1.2 mm) or more thick.

15.6

Appliance-wiring material

having cross-linked synthetic polymer, polytetrafluo

rethylene, or

fluorinated ethylene propylene insulation 0.015 in (0.38 mm) or more thick is acceptable for internal wiring.

15.7

have a wall thickness not less than 1/32 in (0.8 mm).

Insulating tubing employed in place of wire insulation shall be suitable for the application and shall

15.8 Wiring §
agencies that

15.9 Aholet
shall be provig
the wires may|
external interg
13.2.1 — 13.2,
motion.

15.10 Insula
enclosure of a

15.11 Al sp|
contact. A sol
loosening of th

15.12 In atd
use of lock wal

15.13 Anop
lug, bosses, s
nut become sl

15.14 A wire

fed wires may be bunched and passed through.a*single opening in a metal

hall be protected from sharp edges, including screw threads, burrs, moving(p4
may abrade the insulation on a conductor. See 61.3 and 61.4.

hrough which insulated wires pass in a sheet-metal wall within the ovérall encl
ed with a smooth, rounded bushing, or shall have a smooth, rounded surfag
bear, to prevent abrasion of the insulation. See 61.3 and 61:4:4f a flexible cq
onnection as mentioned in 15.1, the construction shall ¢omply with the re
b and the Strain Relief Test, Section 59, unless the cord\will be protected frg

tool.

Hered connection shall be made meghanically secure before being soldered
e connection may result in a risk of fire or electric shock.

ol in which excessive vibration is likely to occur, the requirement in 15.11 ne
shers or other means to prevent wire-binding screws and nuts from becoming

bn-end spade lug.istnot acceptable unless additional means, such as upturne
noulders, and the like, are provided to hold the lug in place should the wire-bin
ghtly loosened.

tbinding screw shall thread into metal.

rts, and other

bsure of a tool
e upon which
rd is used for
Quirements in
m stress and

vall within the

ices and connections shall be mechanically secure and shall provide religble electrical

if breaking or

cessitates the
oosened.

d ends on the
ding screw or

15.15 A splig

e.shall be provided with insulation equivalent to that on the wires involved if p

ermanence of

spacings between the splice and other metal parts may not be maintained.

15.16 The thickness of insulation on a splice shall be 1/32 in (0.8 mm) or more. In determining whether
splice insulation consisting of coated-fabric, thermoplastic, or other tubing is acceptable, consideration
shall be given to such factors as its dielectric properties, heat- and moisture-resistant characteristics, and
the like. Thermoplastic tape wrapped over a sharp edge is not acceptable. An insulated splicing device is
acceptable within the limits of its voltage and temperature range.

15.17 Stranded internal wiring shall be connected at a wire-binding screw so that loose strands of wire
will not reduce spacings below the values identified in Spacings, Section 23. This may be accomplished by
use of pressure wire connectors, crimped eyelets, soldering all strands of the wire together, or equivalent
means.
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15.18 A quick connect, an eyelet, a wire connector, or other means that does not require positioning to
prevent reduction of spacings below the minimum acceptable values shall be provided to make necessary
electrical connections, such as to:

a) Electrically connect a motor shipped detached from the tool;
b) Reconnect a multiple-voltage motor for a different voltage;

c) Reconnect a motor shipped detached from a tool, which can rotate in either direction, for rotation
in the opposite direction; or

d) Reposition a switch mounted integrally with a motor shipped detached from a tool to comply with
the requirement in 38.5.

15.19 Internial wiring shall not be disturbed in mounting a motor shipped detached from the tool.
15.20  Aluminum conductors, insulated or uninsulated, used as internal\ wiring, [such as for
interconnectign between current-carrying parts or as motor windings, shall be terminated at|each end by a

method accef

15.21  With
device shall
temperature,

15.22 A too
terminal block
by other equi

Exception No

Exception No
located in a ¢

16
16.1

a length of fle
the tool.

Interconnecting Cords

Other than as mentioned in 16.4, a motor intended to be installed in the field shall bq

table for the combination of metals involved at the connectionpoint.

eference to 15.20, a wire binding screw or a pressure wire' connector used as
be acceptable for use with aluminum under the~conditions involved —
heat cycling, vibration, and the like.

which employs a splicing device (wire nut) of\the thread-on or setscrew type
s) shall be additionally secured by wrapping‘the wires and the connector with
alent means. Thread-on devices shall not be used to connect a ground lead.

1: This requirement does not apply to double-insulated tools.

. 2: Tape need not be additionally applied to machine-applied wire nuts,
bnfined area where the wire-hut is not capable of backing off.

kKible cord{and an attachment plug for connection to a supply receptacle install

5 a terminating
for example,

(other than in
friction tape or

r to wire nuts

provided with
ed as a part of

16.2 Flexibl

b'cord as mentioned in 16.1 shall be one of the types specified in 13.1.4; how

ever, Type SP

or SPT cord shall not be used if it will be subjected to extreme flexing, such as the cord supplying the
motor of a radial-arm saw. For a grounded tool, the flexible cord shall include an equipment-grounding
conductor, and this conductor shall be bonded to all dead metal enclosures of electrical parts of a motor
assembly and shall connect through the receptacle to the grounding system of the tool.

16.3 Other than mentioned in this paragraph, the length of flexible cord shall not be excessive and the
cord shall be routed directly from the motor to the receptacle. Routing hardware may be provided if a
longer length is required and it becomes necessary to secure the cord to prevent possible damage in
using or moving the tool.

16.4 A motor shipped detached from a tool may be provided with a 6 — 10-ft (1.83 — 3.05-m) cord
terminating in an attachment plug for connection to the power supply if, when the motor is installed in
accordance with the manufacturer's instructions, the tool complies with the requirements in this standard.
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17 Insulating Material

17.1  Material for mounting an uninsulated live part shall be phenolic composition, cold-molded
composition, or other material that has been investigated and found acceptable for the application.

17.2 Vulcanized fiber may be used for an insulating bushing, a washer, a separator, a brush-holder liner,
and a barrier, but not as the sole support for an uninsulated live part where shrinkage, current leakage, or
warpage may introduce a risk of fire or electric shock. Thermoplastic material may be employed for the
sole support of an uninsulated live part only if it has been investigated and found to have mechanical
strength and rigidity, resistance to heat, resistance to flame propagation, dielectric strength, resistance to

arc tracking, and other properties needed for the application.

17.3 A mold
to withstand s
mechanical d3
the abuses to

18 Motors

18.1 The mo
electric shock,

18.2 A moto)

bd part shall be constructed so that it will have the mechanical strength and-r
fresses of normal use. A brush cap shall be protected, by recessing or-other
mage that may occur during normal use unless it has the strength nec¢essar,
vhich it is likely to be subjected.

tor of a tool shall drive the maximum normal load of the toel without introducin
or injury to persons.

I winding shall resist the absorption of moisture;vand shall be formed and as

workmanlike mhanner.

18.3 A brush
of performing
necessary to

a) An g

b) A liv

18.4 A moto
shall be invest

ts function — the brush, spring and other parts of the assembly will be retained
revent:

ccessible dead metal part from-becoming energized; and

e part from becoming accessible.

r that is shipped(detached from a tool and intended for installation in the to
gated with the tool.

19 Switched and Controls

19.1 A switd

h er.other control device shall have a voltage rating and an ampacity not

gidity needed

means, from

y to withstand

j a risk of fire,

sembled in a

-holder assembly shall be constructed so that when a brush is worn out — no Igpnger capable

to the degree

bl by the user

less than the

values of the load that it controls

correspondin

19.2 A motor controller — a switch or other device for starting and stopping the motor — shall be provided
on a tool. The motor controller may be on a motor shipped detached from a tool.

Exception: A motor controller need not be provided on a permanently connected tool if all three of the
following conditions are met:

a) The instruction manual specifies the correct motor controller for use with a particular motor, and
the motor controller is available from the manufacturer;

b) The instruction manual contains instructions for mounting the motor controller in accordance
with 33.3 - 33.6; and

c) The motor controller is provided with a locking means that complies with the requirements in
33.7 and 33.8.
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19.3 A single-pole switch employed in a tool having a nominal rating of 125 V or less shall be connected
in the conductor not intended to be grounded. A double-pole switch shall be employed in a tool having a
nominal rating more than 125 V.

Exception: A single-pole switch may be employed in a tool having a nominal rating more than 125 V if it
switches the control circuit of a motor controller. The motor controller shall open all ungrounded supply

conductors.

19.4 A tool shall not employ a through-cord switch.

19.5 Deleted

20 Lampholders

20.1 If a too
the tool shall
20.2 An Edi

connected on

20.3 An Edi
screw shell is

21 Overcur

211 An ové
rating of the b

21.2 Athermn

21.3 Ifthe h
position of thq

| is intended to be connected to the grounded conductor of a supply, cireuit, a
be wired so that the screw shell will be connected to that conductor:

son-base lampholder employed in a tool having a nominal rating more than
the load side of the on-off switch of the tool.

son-base lampholder employed in a double-insulated tool shall be connecteg
connected to the neutral side of the line.

rent-Protective Devices

rcurrent- or thermal-protective deviceshall be suitable for the application, ¢
ranch circuit to which the tool will be ‘properly connected.

nal- or overcurrent-protective.device shall not open during normal use of the to

andle of a circuit breaker-is operated vertically rather than rotationally or horiz
handle shall be the dn position.

22 Capacitors

221 Acap

citor previded as a part of a capacitor motor and a capacitor connected ac

such as a capacitorfor radio-interference elimination or power-factor correction — shall be
an enclosure pr container that will protect the plates against mechanical damage, and that V
emission of flame or molten material resulting from breakdown of the capacitor. The con

lampholder of

125 V shall be

such that the

pnsidering the

ontally, the up

oss the line —
housed within
vill prevent the

struction shall

comply with o

ne of the following:

a) The capacitor container or enclosure shall be of sheet steel not less than 0.02 in (0.51 mm) thick
or shall be constructed to afford equivalent protection;

b) A capacitor having a sheet-steel container or enclosure thinner than 0.02 in or of other suitable
material shall be mounted in an enclosure that houses other parts of the appliance and that is
acceptable for the enclosure of live parts;

c¢) The individual container or enclosure of an electrolytic capacitor with means for venting shall be
such as to provide protection against mechanical damage only, and no minimum enclosure
thickness is specified; or

d) The individual container or enclosure of an electrolytic capacitor not provided with means for
venting and with an opening more than 1/16 in (1.6 mm) wide between the capacitor enclosure and
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the motor shall comply with the requirements in 63.1, and no minimum enclosure thickness is
specified.

23 Spacings

23.1  The following spacing shall not be less than the minimum acceptable value specified in Table 23.1
(see 12.3.1):

a) Between field-wiring terminals of opposite polarity; and

b) Between a field-wiring terminal and a dead metal part or an uninsulated live part not always of
the same polarity.

Exception: Spacings complying with 23.3 need not comply with this requirement.

Table 23.1
Minimum acceptable spacings at field-wiring terminals
Minimum spacing, Inch (mm)?

. Bet field-wiri Between a field-wiring terminal and a dead metal part or an
Potentia oetween field-wiring uninsulated live part hot always of the same polarity
involve terminals of opposite polarity,

volts through air or over surface Over surface Through air
250 or legs 1/4 (6.4) 1/4 (6.4) 1/4 (6.4)
More than 250 1/2 (12.7) 12 (12.7) 3/8 (9.5)

@ Applies to|the sum of the spacings involved where an isolated dead metal part is interposed.

23.2 At othgr than field-wiring terminals, the\following spacings shall not be less than [the minimum
acceptable value specified in Table 23.2:

a) Between uninsulated parts of.opposite polarity; and

b) Between an uninsulatediive part and a dead metal part.

If an uninsulated live part istnot rigidly fixed in position by means other than friction between|surfaces, or if
a movable dead metal partis in proximity to an uninsulated live part, the construction shall bg such that the
spacing will nqt be reduged below the minimum acceptable value. See 23.6 and Figure 23.1.

Exception: Spaeings complying with 23.3 need not comply with this requirement.

Table 23.2
Minimum acceptable spacings at other than field-wiring terminals
Minimum spacing, Inch (mm)

i Tool employing a motor having a diameter of 7 Tool employing a motor having a diameter more
Potential in (178 mm) or less? than 7 in (178 mm) through 11 in (279 mm)?
involved,

volts Over surface Through air Over surface Through air
0-125 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)° 1/8 (3.2P
126 — 250 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)° 1/4 (6.4)°

Table 23.2 Continued on Next Page
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Table 23.2 Continued

Minimum spacing, Inch (mm)

Tool employing a motor having a diameter of 7

Tool employing a motor having a diameter more

Potential in (178 mm) or less® than 7 in (178 mm) through 11 in (279 mm)?
involved,

volts Over surface Through air Over surface Through air
251-600 1/2 (12.7)° 3/8 (9.5)° 1/2 (12.7)° 3/8 (9.5

@ This is the diameter, measured in the plane of a lamination, of the circle circumscribing the stator frame, excluding lugs,
fins, boxes, and the like, used solely for motor mounting, cooling, assembly, or connection.

® A spacing of not less than 3/32 in (2.4 mm), over surface and through air, is acceptable between film-coated wire,
rigidly supported and held in place on a coil, and dead metal parts.

23.3 The m
inherent spac
basis of the re

234 The sp
Electrical Maq

23.5 In appl
be judged on

Figure 23.1

Component'spacings

acings in a motor shall comply with the spacing requirements in-the Standa
hines — General Requirements, UL 1004-1.

ying Table 23.2 to a tool employing two or more motors-of different sizes, the
he basis of the size of the largest motor in the tool.

inimum acceptable spacings specified in Table 23.1 and Table 23.2 dp,'\ndt apply to the
ngs of a component of a tool, such as a snap switch; such spacings shall'be|judged on the
quirements for the component. See Figure 23.1.

'd for Rotating

spacings shall

¥
R

o -

SM

100

A. Uninsulated live parts of a component.
B. Insulating material of a component.
C. Mounting screw of a component.

D. Dead metal pa

rt of a component.

E. Dead metal part of the product.
F. Spacings to which the requirements of this standard apply unless specifically noted otherwise.

G. Spacings to which the requirements of the component standard apply.
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23.6 At aterminal screw and a stud to which connection is made in the field by a wire connector, eyelet,
and the like, as described in 12.3.1, and at support springs of brushes, the spacings shall not be less than
the values specified in Table 23.2 when such a connector, eyelet, and the like, is in the position that results
in minimum spacings between parts of opposite polarity and to dead metal.

23.7 Aninsulating liner or barrier of vulcanized fiber or similar material employed where a spacing would
otherwise be less than the minimum acceptable value shall not be less than 1/32 in (0.8 mm) thick, and
shall be located or of such material so that it will not be adversely affected by arcing.

Exception: Vulcanized fiber equal to or greater than 1/64 in (0.4 mm) thick may be used in conjunction with
an air spacing[of ot 1ess than 50U percent of ihe spacing required for air alone.

23.8 Film-copted wire is regarded as an uninsulated live part when spacings are being-congidered.

23.9 A printgd wiring board with spacings between circuits of opposite polarity'and potentials less than
those required is acceptable provided that the spacings:

a) Arellocated on a portion of the printed wiring board provided with a conformdl coating that
compIiIs with the requirements in the Standard for Polymeric Materials — Usg in Electrical
Equipment Evaluations, UL 746C; and

1) Are applied at no less than the required thickness; and
2) Comply with the Dielectric Voltage Withstand Test, Section 56.6;

b) Are [ocated on a portion of the printed wirifig board provided with an epoxy coatind not less than
1/32 in|thick; and

1) Have a minimum spacingof not less than 1/32 in; and
2) Comply with the Dielectric Voltage Withstand Test, Section 56.6;

c) Are tonnected to the load'side of a resistor where a short circuit at that point does not result in
the res|stor wattage exeeeding the resistor rating.

Exception: Spacings om a” printed wiring board may alternatively be evaluated to the|Standard for
Insulation Coqrdinatian‘Yncluding Clearances and Creepage Distances for Electrical Equipment, UL 840,
in accordance|with 23:10.

23.10 For thepurpose of determiming suitabitity of spacingsmaccordance wittrtheexception to 23.9, a
tool is considered to operate in a pollution degree 3 environment. For a tool employing a conformal coating
to comply with pollution degree 1 criteria or a solder mask or unevaluated conformal coating used to
achieve a Pollution Degree 2 level shall be used in accordance with the Standard for Insulation
Coordination Including Clearances and Creepage Distances for Electrical Equipment, UL 840, the
conformal coatings shall be used in accordance with its ratings, and applied in accordance with the coating
manufacturer's instructions.

24 Grounding

241 The power-supply cord of a tool that is not double insulated shall include an equipment-grounding
conductor. A tool operating at potentials of not more than 150 V to ground may be provided with a system
of double insulation complying with the requirements for Double-Insulated Tools, Sections 89 — 93, in lieu
of grounding.
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24.2 The grounding member of the attachment plug mentioned in 13.1.13 (b) shall be fixed in position
with respect to the plug.

24.3 With reference to the requirements in 13.1.3(c), the connection shall be made by a screw or other
means not likely to be removed during any servicing not involving the power-supply cord. Solder alone
shall not be used for making this connection. A sheet metal screw shall not be used for the connection of a
grounding conductor to an enclosure.

24.4 The screw mentioned in 24.3 shall be of corrosion-resistant metal or shall be protected against
corrosion. A lock washer or other means shall be employed to prevent the screw from being loosened by

vibration. This screw shall have a slotted, hexagonal, green-colored head.

Exception: Sq
colored head.

245 Inape

dead metal parts within the enclosure that are exposed to contact during any user servicing

that may becq
a) The

b) Thel

rews that are clearly marked or are inaccessible need not have a slotted, hex

rmanently connected tool, all exposed dead metal parts that may become ene
me energized shall be conductively connected to:
point of the enclosure at which the supply circuit is intended*to be connected;

equipment-grounding field-wiring terminal or field-connection lead.

agonal, green-

rgized, and all
operation and

and

24.6 With reference to the requirements in 13.1.13 and«24.5, the following dead metal parts are not
considered likely to become energized:
a) A spnall metal part, such as an adhesive-attached foil marking, a screw, a handl¢, and the like,
that is

b)Ap
varnis
1/32 in

C)Ap

1) On the exterior of the eniclosure and separated from all electrical ¢
grounded metal; or

2) Electrically isolated.from all electrical components.

bnel or a cover thatyis isolated from all electrical components by a barrier of vi
ned cloth, phenolic composition, or other moisture-resistant insulating materig
(0.8 mm) thick‘and reliably secured in place.

nel or. a cover that does not enclose an uninsulated live part and is electricall

bmponents by

Icanized fiber,
| not less than

isolated from

other ¢lectrical components.

d) A cor

aond
carc

24.7 Unless the dead metal parts described in 13.1.13 and 24.5 are bonded together by mechanical
fasteners, a individual bonding conductor or strap shall be used for this purpose.

24.8 The bonding conductor shall be silver, copper, copper alloy, or other metal that has been
investigated and found to be acceptable for use as an electrical conductor, and shall be protected against
corrosion unless inherently resistant thereto. An individual bonding conductor or strap shall be installed so
that it is unlikely to be damaged.

249 Bonding shall be by a positive means, such as clamping, riveting, bolted or screwed connection,
brazing, or welding. A bonding connection shall reliably penetrate a nonconductive coating, such as paint.
Bonding around a resilient mount shall not depend on the clamping action of rubber or similar material
unless the construction has been shown to be acceptable by an investigation that includes tests, such as
overload, short-circuit, and aging.
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2410 The size of an individual conductor or strap employed to bond an electrical enclosure or motor
frame shall not be less than the applicable size indicated in Table 250-95 of the National Electrical Code,
ANSI/NFPA 70. The applicable size is to be determined by the rating of the branch-circuit overcurrent
device to which the tool is intended to be connected.

Exception No. 1: A smaller conductor may be used provided it complies with the Bonding Overload Test,
Section 65.

Exception No. 2: A bonding conductor to a motor need not be larger than the motor-circuit conductors.

2411 If more than one rating of a branch-circuit overcurrent device is involved, the size of the bonding
conductor shall be based on the rating of the overcurrent device intended to provide ground-fault
protection for the component bonded by the conductor.

24.12 With reference to the requirement in 24.11, if a motor may be individually pratected by a branch-
circuit overcurrent device smaller than the overcurrent devices protecting the overall equipinent, the size
of a bonding ¢onductor for that motor is to be based on the rating of the ovefcurrent devige intended to
provide ground-fault protection for the motor.

2413 The gfounding means of a resilient mount of a motor, including-a series motor, shall comply with
the requireménts for those features in the Standard for Rofating Electrical Machings — General
Requirements| UL 1004-1.

25 Lasers

25.1 Alaserjused to indicate a cutting line or the like}, shall comply with the Code of Federal Regulations
(CFR), Title 21, Part 1040.

25.2 With reference to 25.1, compliance of laser products with the Code of Federal Regulations (CFR),
Title 21, Part 1040, shall be determined by

a) Detgrmining the Class of the laser product and the Class of the radiation emitted by the laser
product (as defined in the \€FR) from the manufacturer's Center for Devices and Radiological
Health (CDRH) product report;

b) Verifying that the\manufacturer's markings and labels having the information specified in the
CFR afe affixed-ofithe laser product (as defined in the CFR);

c) Detgrmining that the corresponding construction features, such as protective housing, interlocks,
and similanfeatures, are provided in accordance with the CFR;

d) Determining that the resulting construction complies with the construction requirements of this
standard; and

e) Verifying that the manufacture's safety instructions required by the CFR are provided with the
laser product (as defined in the CFR).

PROTECTION AGAINST INJURY TO PERSONS
ALLTOOLS
26 General

26.1 Sections 26 — 50 contain requirements for tools covered by this standard the operation of which
may involve a risk of injury to persons.
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26.2 During examination of a tool with respect to a risk of injury to persons, the general requirements for
materials, enclosure, guards, and the like, shall be applied, along with specific requirements for that tool.
The requirements in Sections 27 — 50 apply to tools of common constructions; specific features of tools
that are not contemplated herein will be considered. A specific requirement pertaining to a particular tool
takes precedence over a corresponding requirement specified in the general section.

26.3 The material of an enclosure, a frame, a guard, or the like, breakage or deterioration of which may
result in a risk of injury to persons, shall have such properties as to meet the demand of expected
conditions of normal use.

27 Attachments and Accessories

271 Operaion of a tool with an accessory or an attachment (see 1.2, 1.5, 4.3 and 4.7)shall not result in
a risk of injury to persons. See Sections 84 — 88 for specific requirements for |acgessories and
attachments. [The tool with the accessory or attachment installed shall comply)with the applicable
requirementsfin Sections 28 — 46.

28 Tempergtures

28.1 When [ested as described in 28.2, a temperature on a surface of a tool that may bI contacted by
the user, othgr than the cutting tool, shall not be more than the maximum acceptable vallie specified in
Table 28.1.

Table 28.1
Maximum acceptable surface temperature
Composition of surface
Metal Nonmetallic

Location °C °F °C F
Handle, leyer, or 50 122 60 140
knob likely|to be
grasped
Accessiblegl surface in 60 140 85 185
a work arefi
Surface supject to 70 158 95 203
casual contact

28.2 With reference to 28.1, surface temperatures of a bench grinder, or a radial-arm paw are to be
measured after.30 minutes of operation as described in Table 54.1, with the tool at room femperature at
the beginning of the test. Surface temperatures of all other tools are to be measured during the normal
temperature test. For all tools, if the test is conducted at a room temperature other than 25°C (77°F), the
results are to be corrected to that temperature.

28.3 Alamp shall be provided with a shade or be recessed within the tool enclosure.
29 Rotating Members

29.1 A tool employing a user-removable rotating part, such as a blade or a grinding wheel, shall be
constructed so that the direction of rotation tends to tighten the nut that secures the rotating part in place.

29.2 Aremovable rotating part not intended to be removed by the user shall be:

a) Secured as described in 29.1; or
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b) Secured by a keyed nut, a jam nut, a nut locked in place with a pin, or other positive means.
29.3 The outboard edges of all pulleys and sheaves shall be free of projections, sharp edges, and burrs.
30 Enclosures and Guards

30.1 A belt, pulley, gear, shaft, or other moving part likely to present a risk of injury to persons shall be
guarded so as to reduce the likelihood of such injury.

Exception: A part that is necessarily exposed during normal operation and maintenance of a tool need not
comply.

30.2 Amongfthe factors to be considered in judging the acceptability of a moving part shall

b4

e:
a) The [degree of exposure;

b) The sharpness of the moving part;

¢) The |ikelihood of unintentional contact therewith;
d) The speed of the moving part; and

e) The likelihood that fingers, arms, feet, or clothing would\be endangered by the movjng part.

These factors|shall be considered with respect to normal gperation of the tool, setting of arly adjustment,
and replacemgnt of any tool.

30.3 Some duards provided over moving parts aré‘fequired to be of the self-restoring type | for example,
a guard on a spw and a guard on a jointer. Other, features of a guard that shall be considered|include:

a) Removability of the guard without the use of a tool;

b) Removability for servicing and-the need for replacement;
c) Strength and rigidity;

d) Conpleteness; and

e) Creation of a risk of injury to persons, such as pinch points, material hang-ups or jgms, restricted
vision, |or other conditions adversely affecting the ease of operation; and the |necessity for
additiopal"handling because of increased need for servicing — such as cleaning, unjamming, and
the like:

30.4 An opening in a guard or an enclosure around a moving part capable of causing injury — for
example, a cutting tool, a fan, a pulley, a gear, a chain, or the like — shall:

a) Have a minor dimension not more than 6 in (152 mm); and

b) Not be closer to the moving part than the distance specified in Table 30.1.
Exception No. 1: An opening for the cutting edge of a tool need not comply.

Exception No. 2: An opening in a grinder as specified in the Exception to 38.6; and in 40.4 — 40.6 need not
comply.
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30.5 A probe based on the dimensions specified in Table 30.1 may be used to determine whether an
opening complies with the requirement in 30.4(b).

Table 30.1
Distance to a moving part

Minor dimension of opening Minimum straight-line distance from opening to
moving part
inches (mm) inches (mm)?P
1/4 (6.4) 12 (12.7)
3/8 (9.5) 1-1/2 (38.1
1/2 (12.7) 2-1/2 (635
3/4 (19.1) 4-1/2 (174.Q)
1 (25.4) 6-1/2 (165.0)
1-1/4 (31.8) 7-1/2 (190.0)
1-1/2 (38.1) 12-1/2 (318.0)
1-7/8 (47.6) 15-1/2 (394.0)
2-1/8 (54.0) 17-1/2 (444.0)
c 30 (762.0)
@ A fan blafle is considered to be guarded if it cannot be contacted with.the probe illustrated in Figure 8.1.
®Between [1/4 and 2-1/8 in (6.4 and 54 mm), interpolation is to be uséd\té determine a value between values $pecified in
the table.
®More thar] 2-1/8 in (54 mm), but not more than 6 in (152.0 mm).
30.6 Anendosure, a frame, a guard, a handle,-orthe like, shall not be sufficiently sharp to fause a risk of

injury to persq
30.7 The en
of number a

necessary to
separate from

Exception: An

30.8 Compl

ns in normal use and maintenance of a tool.

closure or guard around.a rotating member shall be sufficiently complete from

the rotating member.
opening foFkthe cutting edge of a tool need not comply.

ancewith the requirements in 30.7 may be determined by:

a) Cal

culation in accordance with 30.9:

b) Evaluation of the manufacturer's design data;

c) Performance tests; or

d) Oth

er equivalent means.

the standpoint
nd size of openings provided; and shall have the strength and resistance to puncture
contain and deflect.a'part that, because of breakage or other reason, may become loose or

30.9 A guard or enclosure is considered to comply with the requirements in 30.7 if its minimum thickness

is greater than the value calculated by the following formula using data supplied by the manufacturer:

W2

t: -
\| 27, Pb
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in which:
tis the thickness of the guard or enclosure in inches (mm);
W is the weight of the heaviest loose part that may separate from a rotating part in pounds (N);
v is the speed of the loose part in in/second (mm/s);
g is the acceleration due to gravity in in/second/second (mm/s/s);
Y, is the shear strength at yield point of the material of the guard or enclosure in Ib/in?(MPa);
P is the smallest perimeter of the loose part in in (mm); and
b is thg pure shear of the material of the guard or enclosure in percentage.
30.10 Ifaguprd is intended to be removed, it shall be readily removable and replaceable.
30.11 A guafd that must be removed to permit a speed change, lubrication, or a similar pdjustment or

operation shal

30.12 A guaid required by this standard shall be provided as a part©f a tool.

30.13 Ifrem
the guard or c
31 Stability
311 Atools

Exception No.

and containing explicit instructions in the~instruction manual as to how to prevent the too

sliding, or walk

Exception No.

with this requifement.

31.2 Casters
shall be provid

be hinged or equivalently attached; and when opened, shall.remain in the ops

bval of a guard or a cover is necessary for mounting a motor shipped detache
pver shall be constructed so that it cannot be replaced improperly.

hall be provided with bolt holes or other means for securing it to the supporting

1. A tool powered by a vibrator or a motor developing less than 1/10 hp (7]

ing on the supporting surface, if there is any tendency to do so.

2: A tile saw that complies with the requirements in 31.2 — 31.5 is not requ

or wheels that support a tool shall be retractable or of a locking design; of
ed to-prevent unexpected movement of the tool during operation.

n position.

d from a tool,

structure.
4.6 W output)
from tipping,

red to comply

other means

rotiien on

surface when

31.3 Atool t
tipped through

ated-oe-deceribadin-24
CotCU S UGCSCmoCUTTT o1

an angle of 7° from the horizontal.

4d-chall 1t ot ¥
ol TOtOT T toO 1t 1101

Exception: A tool that is provided with instructions to the user to fasten the tool to the bench top or floor
prior to installation need not comply with this requirement.

31.4 The test mentioned in 31.3 is to be conducted with the tool mounted in accordance with the
manufacturer's instructions and under the normal operating condition most likely to cause tip-over. The

tool is to be tip

ped in the direction of least stability.

31.5 A tool mounted in accordance with the manufacturer's instructions shall not overturn when any
doors, empty drawers, movable tables, or other appurtenances are placed in any position to which they
are capable of being moved without the use of a hand tool. The tool need not be capable of normal

operation whe

n components are positioned for this test.
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32 Mechanical Assembly

321 A tool shall operate smoothly without vibration, chatter, or deflection of a support member or a
worktable that could result in a risk of injury to persons.

32.2 The requirement in 32.1 applies throughout the speed range of a tool, at full or partial capacity —
size of workpiece, and the like — and while performing any of the functions of which it is capable.

32.3 A movable or adjustable component, such as a table, shall be secured so that, even if it should
become loosened, it will not fall or otherwise present a risk of injury to persons.

33 Switches.and Controls

33.1 A devig
or the like —s

33.2 Anon
motion.

Exception: A
comply.

33.3 A switd
a) Reg
b) Loc

Excep
not be

c) For

33.4 Withrg

e that automatically starts a tool — a timer, an automatically reset overload-pro
hall not be employed if automatic starting of the tool will result in a risk oflinjury

off switch shall be capable of being turned off by the operator-with a sing

switch that cannot result in a risk of injury to persons.if Unintentionally opef

h or motor controller shall be:
dily accessible from the position normally;assumed by the operator while using
hted or guarded so that unintentional movement to the on position is unlikely —

fion: A switch that cannot result.in)a risk of injury to persons if unintentionally
guarded.

ference to 33.3(b), aswitch that is located or guarded so that it is not capable ¢

on by being sfruck with the palmof the hand is acceptable.

33.5 A push
a switch — su

by:

-pull switchshall be turned off by an inward push. Other than a switch with tw
Ch as_a.toggle switch, a slide switch, or the like — shall be located so that it wi

A magnetic motor controller, mounted so that unintentional actuation is unlikely.

tective device,
to persons.

e straight-line

ated need not

the tool;
see 33.4; and

bperated need

f being turned

D on positions,
| be turned off

a) A vertical downward movement;

b) A right-to-left movement; or

c) A rearward movement.

33.6 A multiple-function tool shall be designed to prevent unexpected operation of any part that may
involve a risk of injury to persons. Protection against unexpected operation of the switch controlling one
function shall not be defeated by the controls of another function.

33.7 A tool shall be provided with a means for locking the motor-control switch in the off position. See
83.1.8.
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Exception No. 1: A rebar cutter/bender, grinder or brake lathe that is not intended to be used in an area
accessible to children is not required to be provided with the lockout if the tool is marked in accordance
with 81.1.7.

Exception No. 2: A tool that does not involve a risk of injury to persons as determined by inspection is not
required to have a locking mechanism.

Exception No. 3: A permanently-connected tool or a three-phase tool is not required to be provided with
the lockout when the instruction manual provided with the tool instructs the installer to follow local
regulations and National Electrical Code, ANSI/NFPA 70 installation requirements.

33.8 A guard or lockout mechanism constructed of polymeric material used to meet the re
33.3(b) or 33.7 shall have the strength to withstand a 5 ft-Ib (6.8 N-m) impact before and afte
of oven conditjoning at 70°C (158°F), without increasing the risk of electric shock or the.risk
user.

quirements of
r seven hours
bf injury to the

33.9 Alock-gctuating means shall be removable.

33.10 Deletdd

33.11 A handle, a lever, a knob, or other control shall be located so\that it is not necessary fo traverse an

area that may
shall be guard

34 Controls|— End Product Test Parameters
341 Generdl
34.1.1 Spadings of controls shall comply with the electrical spacing, or clearances 3

distance requi

34.1.2 Whe
declaration of

34.2 Auxilia
34.2.1

Auxili

34.2.2  Auxili

involve a risk of injury to persons when reaching for it. Such an area adjacent
d or located so that it cannot be entered unintentionally.

rements in the applicable coftrol standard as determined in Controls, Section §

he control’s tolerance before and after certain conditioning tests.

Iy controls

to the control

nd clearance
.6.

e reference is made to declared deviation and drift, this indicates the mpanufacturer’s

bry controls shall not introduce a risk of risk of fire, electric shock, or injury to pgrsons.

pry-controls shall comply with the requirements in this end product standard.

Exception: An auxiliary control that complies with a component standard (s) specified in Temperature
Controls, Section 6.6 is considered to comply with this requirement.

34.3 Operat

34.3.1

ing Controls (regulating controls)

The following test parameters shall be among the items considered when judging the

acceptability of an operating control investigated using the Standard for Automatic Electrical Controls for
Household and Similar Use; Part 1: General Requirements, 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;
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c) Installation class 2 in accordance with the Standard for Electromagnetic Compatibility (EMC) —
Part 4-5: Testing and Measurement Techniques — Surge Immunity Test, IEC 61000-4-5;

d) For the applicable Overvoltage Category, see Table 34.1;

e) Fort

he applicable Material Group, see Table 34.2; and

f) For the applicable Pollution Degree, see Table 34.3.

34.3.2 The following test parameters shall be among the items considered when judging the
acceptability of an operating control investigated using other than the Standard for Automatic Electrical
Controls for Household and Similar Use; Part 1: General Requirements, UL 60730-1:

a) Corntrol action Types 1 or 2;

b) Unless otherwise specified in this standard, manual and automatic controls-sha

6,000

cycles with under maximum normal load conditions, and 50-7cycles u

conditions;

c) For the applicable overvoltage category, see Table 34.1;

d) Forlthe applicable material group, see Table 34.2; and

e) Forlthe applicable pollution degree, see Table 34.3.

Table 34.1
Overvoltage categories

| be tested for
hder overload

Appliance Overvoltage Category

Control located |

n low-voltage circuit I

Portable and st

tionary cord-connected 1]

Intended for fixgd wiring connection Il

NOTE — Applicgble to low-voltage circuitstif a short circuit between the parts involved may result in operation of th
equipment that ould increase the risk-of:fire or electric shock.

b controlled

Table 34.2
Material group
CTI|PLC, value of insulating materials Material group
CTT=600 (PLC =0) I
400 < CTI <600 (PLC = 1) 1
175 < CTl <400 (PLC =2 or 3) llla
100 < CTl <175 (PLC = 4) Illb

NOTE — PLC stands for Performance Level Category, and CTI stands for Comparative Tracking Index as specified in the Standard
for Polymeric Materials — Short Term Property Evaluations, UL 746A.
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Table 34.3
Pollution degrees

Appliance Control Microenvironment

Pollution degree

No pollution or only dry, nonconductive pollution. The pollution has no influence. Typically
hermetically sealed or encapsulated control without contaminating influences, or printed
wiring boards with a protective coating can achieve this degree.

1

condensation that is expected. Typically controls located near and may be adversely
affected by motors with graphite or graphite composite brushes, or outdoor use

Normally, only nonconductive pollution. However, a temporary conductivity caused by 2
condensation may be expected. Typically indoor appliances for use in household or

commercial clean environments achieve this degree.

Conductive pollution, or dry, nonconductive pollution that becomes conductive due to 3

appliances achig

ve this degree.

34.4 Proteclive controls (limiting controls)

3441 Ane
Temperature
protective con

a)Aco

ectronic control that performs a protective function shall comply-with the re
Controls, Section 6.6 while tested using the parameters_invthis section.
rols include:

htrol used to sense abnormal temperatures of compenents within the applianc

b) An interlock function to de-energize a motor;

c) Tem

d) Othd

3442 The
acceptability ¢
Controls for H

a) Faily
b) Pow
(10°C)
Sectior

c) Surg

d) Elec

berature protection of the motor due to locke@jrotor, running overload, or loss O

r function intended to reduce the risk aofifire, electric shock, or injury to persons.

following test parameters shall be among the items considered when
f an electronic protective control investigated using the Standard for Autom
pusehold and Similar Use;Part 1: General Requirements, UL 60730-1:

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

er supply voltage _dips, variation and interruptions within a temperature ra
and the maximum ambient temperature determined by conducting the Tem
55;

e immunity test — installation class 3 shall be used;

guirements in
Examples of

D

f phase; or

judging the
atic Electrical

hge of 50 °F
perature Test,

frical fast transient/burst test, a test level 3 shall be used;

e) Electrostatic Discharge Test;

f) Radio-frequency electromagnetic field immunity:

1) Immunity to conducted disturbances, when applicable, test level 3 shall be used; and

2) Immunity to radiated electromagnetic fields, field strength of 3 V/m shall be used;

g) Thermal Cycling Test shall be conducted on protective devices intended for other than outdoor
use at ambient temperatures of 32.0 +3.6°F (0 £2°C) and 104 £3.6°F (40.0 £2°C). For protective
devices intended for outdoor use, the test shall be conducted at ambient temperatures of -31.0
13.6°F (-35.0 £2°C) and 104 £3.6°F(40.0 £2°C). If the maximum ambient temperature of the control
is determined to exceed the specified upper limit of the ambient temperature by conducting the
Temperature Test, Section 55, this higher ambient temperature shall be used. The test shall be
conducted for 14 days;
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h) Overload shall be conducted based on the maximum declared ambient temperature (T,,,4) Or as
determined by conducting the Temperature Test, Section 55; and

i) If software is relied upon as part of the protective electronic control, it shall be evaluated as

softwa

re class B.

34.4.3 The test parameters and conditions used in the investigation of the circuit covered by 6.6.1.4 shall
be as specified in the Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL
991, using the following test parameters:

a) With regard to electrical supervision of critical components, for attended appliances, a motor
operated system becoming permanently inoperative with respect to movement of an exposed

electri

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

c) The

extremes of 0°C (32°F) and 70°C (158°F).

d) Thsg
be usq

e) Avi
f) The

g) Wh
be 57
accele

h) The

.......

cal supervision of critical components may not rely on trouble indication.

Composite Operational and Cycling Test is to be conducted for-14 days 4§

d for the Humidity Test.
bration level of 5 g is to be used for the Vibration Test.
computational investigation is not applicable totools covered by this end produ

bn the Demonstrated Method is conducted; the multiplier for the test acceleraf
5.30 for intermittent use appliancesor 5763.00 for continuous use appliaf
ration factor equation is to be based\on a 77°F (25°C) use ambient.

Endurance Test is to be conducted concurrently with the Operational Test. Th

ed appliances,

it temperature

Exposure Class as defined under Humidity Classes for the products intended end use is to

ct.

ion factor is to
ces. The test

e control shall

perform its intended function while-being conditioned for 14 days in an ambient air {femperature of

140°F
higher

i) For
j) Con

k) If s
softwa

(60°C), or 18°F (10°C)\greater than the operating temperature of the contro
During the test, the eontrol is to be operated in a manner representing normal

he Electrical FastFransient Burst Test, test level 1 is to be used;
juct a failuresmode and effect analysis (FMEA); and

bftwarenis relied upon as part of the protective electronic control, it shall be
re-Class 1 in accordance with the Standard for Software in Programmable Cdg

, Whichever is
use.

evaluated as
mponents, UL

1998.

3444 Unless otherwise specified in this standard, protective controls shall be evaluated for 100,000

cycles for Typ

e 2 devices and 6,000 cycles for Type 1 devices with rated current.

34.5 Controls using a temperature sensing device

34.5.1 A temperature sensing positive temperature coefficient (PTC) or negative temperature coefficient
(NTC) thermistor, that performs the same function as an operating or protective control, shall be tested
using the following number of cycles when testing a sensing device in accordance with the Endurance Test
as specified in the Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991
or the Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1:

a) For

a device employed as a operating device — 6000 cycles;
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b) For a device employed as a protective device — 100,000 cycles; and
c) For a device employed as a combination operating and protective device — 100,000 cycles.
35 Tables
35.1 The table of a tool, including a table insert shall:
a) Be smooth;
b) Resist scratching to the degree that free movement of the workpiece would be impeded; and
c) Not cause glare
Excepffon: A tile saw is not required to comply with Item (c).
36 Miter Grqoves
36.1 A miter|slot or groove shall be of uniform depth. The top of a miter gauge bar shall nof extend more

than 0.005 in (0.13 mm) above the top surface of the table. The table or miter gauge bar, or

chamfered or

SPECIFIC TO

37 Drill Pregses

37.1  Drill pre
requirements
various cutters
sanding, routir

37.2 These
a)Apg
b) A ve
37.3 The ho

unintentionally
stop-rod collar

pquivalently finished so that the bar will not hang up at the'table edge during ug

OLS

sses covered by these requirements areudrilling machines of the floor- or benc
cover drill presses intended primarilycfor use in hole drilling, but adaptable t
or bits or accessories to perform.other operations, such as shaping, mortising
g, and other vertical-spindle operations.

equirements are not intended to cover:
rtable drill fastenedto'a column-and-level arrangement; or

ry small drill press, such as a watchmaker's drill press.

remeved from the head. In addition to tightening, there shall be provision
from,being driven off the quill through continued use.

both, shall be
e.

h-type. These
nrough use of
, plug cutting,

low shaft'eontaining the bearing and the spindle — quill — shall be such that it cannot be

o prevent the

37.4 There shall be provision to prevent unexpected removal and opening or complete unwinding of the
return spring. Tightening or tensioning of the return spring shall be by an adjusting means the operation of
which will not result in a risk of injury to persons.

37.5 To prevent unexpected disengagement from the spindle, the chuck shall be firmly fastened to the
spindle by a No. 33 nonreleasing chuck taper, a threaded collar, a similar fastening device, or a
combination of devices.

37.6 Provision shall be made for mandatory removal or self-ejection of the chuck key before the drill
press can be turned on.

37.7 Collars that mount around the column or other means shall be provided to prevent unintentional
lowering or dropping of either the head or the table on a floor-model tool or the head on a bench tool.
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37.8 Unless it is designed for coolant recovery, a table shall be provided with clamping ledges, table

slots, table ho

les, or similar features for conveniently fastening or holding the workpiece.

37.9 Means shall be provided for securely fastening an optional vise, jig, or other workholding device to

the drill-press

column or table.

37.10 A hold-down, a chisel holder, a guard, a fence, and a mounting bracket shall fit properly on the drill
press or attachment assembly.

37.11

An optional cutting tool that may be provided shall comply with the following:

a) Mortising-chisel bits, mortising chisels and bushings, and adapters shall work smoothly together

in the

b) An g@brasive sleeve or sheath shall mount firmly and securely to the assempbly.

37.12 The
clamped firml

38 Bencha

38.1 These

38.2 Agring
wheel.

38.3 A gring
maximum dia
with the grind

38.4 Agring
wheel breaka

38.5 Injudg
grinding whe
operations.

38.6 A gring
horizontal pl3

hd Pedestal Type Grinders

irill press assembly.

thank of an accessory intended to be gripped in a chuck shallbe sufficien
y in the chuck or other holding device.

Fequirements cover bench grinders and pedestal grinders.

er shall be nonreversible, with clockwise rotation as viewed from the outside ¢

er shall be constructed so that an oversize grinding wheel (that is larger in dia
meter grinding wheel specified by the manufacturer for use with the grinder) ¢

Bl

er shall be provided with-a'wheel guard to reduce the risk of injury to persons
je.

ng the acceptability of a guard, consideration shall be given to the direction off
b, the type of wheel, and the position and location of the operator durin

er with*which grinding may be performed on the periphery of the grinding wh
ne\through the spindle shall be provided with a hood guard that does n

tly long to be

f the left-hand

meter than the
annot be used

in the event of

rotation of the
g the various

eel above the
bt expose the

aide—of thaavha ropane ban QN° ne—kmaare—tha n-GOE° ohoasy

periphery and

through the spindle. See Figure 38.1.

h al fo + with th b
SIOC—OT IS wWiiCTT 1O rrorc—orart guou, wiar o orc—arart oo avove—tic— 1ol

izontal plane

Exception: The guard may have an opening for discharging debris from the grinding operation provided
the size of the opening or its orientation with respect to the grinding wheel, or both, are such that injury to
persons from flying pieces of the grinding wheel or debris is not likely to occur.
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Figure 38.1

Guard with maximum clearance shown

ADJUSTABLE

1 INCH MmAX. TONGUE
(6.4 mm)
CLEARANCE
65°
MAX.
90° /

MAX: /

SB1241B

The radius (R) sh4ll not be less than one-half the flange diameter specified in Table 38.4.

38.7 The angles of exposure specified in 3886)and illustrated in Figure 38.1 shall be measured with the
vertexes at thg center of the spindle and:

a) For fhe 90° angle, with the sides extending through the ends of the peripheral protgctive member
exclusijve of a projecting adjustable tongue or the like.

b) For the 65° angle, with/one side in the horizontal plane through the axis of the spindle and the
other qide extending through the upper end of the peripheral protective member ¢xclusive of a
project|ng adjustable*tongue.

38.8 With reference-to 38.6 and 38.7, the opening in the guard shall be entirely within the 90° angle.

Exception: Theoperingmay beoutside of the 86 “anygfe providedthe size of theopering or its orientation
with respect to the grinding wheel, or both, are such that injury to persons from flying pieces of the grinding
wheel or debris is not likely to occur.

38.9 The peripheral protective member of a hood guard, as described in 38.6 — 38.8 and illustrated in
Figure 38.1, shall be adjustable, or the guard shall be provided with an adjustable tongue so that a
maximum clearance of 1/4 in (6.4 mm) can be maintained between the grinding wheel and the end of the
peripheral member or the adjustable tongue as the diameter of the wheel decreases up to 3/4 in (19.1 mm)
with use.

Exception: For a grinder intended for use with grinding wheels not more than 5 in (127 mm) in diameter,
operating at peripheral speeds not more than 5000 surface ft/min (1520 sm/min), and having a rated
output not more than 1/10 hp (74.6W), the 1/4 in (6.4 mm) clearance applies only to the largest diameter
wheel intended for use with the grinder; and the peripheral member need not be adjustable nor be
provided with an adjustable tongue.
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38.10 A guard shall be constructed so that removal of the peripheral protecting member is not necessary

for replaceme

38.11
38.12 or shall

nt of the grinding wheel.

be of material as specified in Table 38.1 and Table 38.2.

The peripheral and side protective members of a guard for a grinding wheel shall comply with

Exception: The members of a guard may be of other material or thinner provided that when tested as
described in 38.13:

a) There is no breakage of the guard; or

b) The guard remains structurally intact and capable of performing the intended guarding function.

38.12 A pol
Tests for Flar
also be tested

a) Not

b) Rer

meric guard for a grinder shall be classed V-2 or better in accordance with'th
hmability of Plastic Materials for Parts in Devices and Appliances, Ul,94. T
in accordance with 38.13, and at the completion of the test, shall:

break; and

hain structurally intact and capable of performing its intendéd guarding functior).

e Standard for
he guard shall

Table 38.1
Minimum thickness of peripheral and side protective members of a grinding wheel guard other

than a drawn steel guard;:inch (mm)?

Diameter of grinding wheel, Inch (mm)

Material Minimum tensile More than 3 (76.2) but not more More than 6 (152) but not more

employed in strength, PSI | Maximum speed than 6 (152) than 10((254)
guard (MPa) SFPM (SMPM) AP BP AP BP

Cast iron 20,000 [ (138) | 8,000 | (2440) 1/4 (6.4) 1/4 (6.4) 3/8 (9.5) 5/16 (7.9)
Malleable iron | (50,000 | (345) | 9,000 | (2740) 1/4 (6.4) 1/4 (6.4) 3/8 (9.5) 5/16 (7.9)
Steel castings | 60,000 | (414) | 16,000 | (4880) 1/4 (6.4) 1/4 (6.4) 5/16 (7.9) 5/16 (7.9)
Structural 60,000 | (414) | 16,000 | (4880) 1/8 (3.2) 1/16 (1.6) 5/16 (7.9) 1/4 (6.4)
steel

@ These values 4§ ard intended for

use with grindin
b "A" s the thick

pply only to a guard intended for use with grinding wheels not more than 2 in (50.8 mm) wide. A g
wheels moreythan 2 in wide are to be given consideration.

ess of the peripheral protective member, and "B" is the thickness of the side members.

Tall 20 .9
rapteoo.Z

Nominal thickness in inches of peripheral and side protective members of a drawn grinding wheel
guard of hot rolled steel having a minimum tensile strength of 60,000 Ibs/in? (414 MPa)

Diameter of grinding wheel, Inch (mm)
More than 3 (76.2) More than 5 (127), More than 8 (203),
Maximum speed of Maximum thiqkness but not more than 6 | but not more than 8 but not more than
wheel SFPM of wheel in (152) (203) 10 (254)
(SMPM) Inches (mm)? AP B AP B AP B
5,000 (1520) 2 (50.8) - - 3/32 116 3/32 116

9,500 (2900) 2 (50.8) 1/16 1/16 3/32 1/16 - -
12,500 (3810) 2 (50.8) 3/32 1/16 3/32 3/32 - -

Table 38.2 Continued on Next Page
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Table 38.2 Continued
Diameter of grinding wheel, Inch (mm)
More than 3 (76.2) More than 5 (127), More than 8 (203),
Maximum speed of Maxin;un:‘thilc.kness but not(ngr)e than 6 | but not(r;:?:’)e than 8 but n:)(t, r(gc;r;; than
wheel SFPM of whee'In
(SMPM) Inches (mm)? AP B® AP B® AP B
17,000 (5180) 1 (25.4) 3/32 1/16 1/8 3/32 - -
@ A guard intended for use with grinding wheels more than 2 in (50.8 mm) wide are to be given consideration.
b "A" s the thickness of the peripheral protective member, and "B" is the thickness of the side members.
38.13 For t | i i X i T, inding wheel having the

maximum dia
The grinder is
break while ru

38.14 A gripder shall be provided with an eye shield employing clear, nonshattering

mounted so th
eye shield of g
such that the 6

38.15 A worl
adjustable so
grinding whee

38.16 For a
diameter of a
Table 38.3, or
intended for u

whether it is syitable for the intended application.

Minimum diameter,of spindle where the grinding wheel is intended to be mou

eter and thickness recommended by the manufacturer is to be assembled-t
then to be operated at maximum no-load speed, and the grinding wheelis to
nning.

at loosening of the grinding wheel guard is not necessary for adjustment of t
grinder intended for use with grinding wheels more than 5.in (127 mm) in dia
ye shield can be moved out of place for grinding large Qbjects.

rest shall be provided for support of the workpiece: The work rest shall be rig
hat a clearance of 1/8 in (3.2 mm) or less canibe maintained between the wor
as the diameter of the wheel decreases up t0,3/4 in (19.1 mm) with use.

grinder intended for use with grindingiwheels 2 in (50.8 mm) thick or less,
spindle at the point the grinding wheel is intended to be mounted shall be 3
a grinder as mentioned in 38.17cshall comply with the requirements in 38.17.
se with grinding wheels more_than 2 in thick, a spindle shall be investigated

Table 38.3

o the spindle.
be caused to

material and
shield. The

"
eter shall be

id and readily
k rest and the

the minimum
s specified in
For a grinder
to determine

nted

Thickness of wheel, Inch (mm)

Diameter of 1-1/4 (31.8)

wheel, 114.(6,4) or and

Inches (mm) léss 1/8 (9.5) | 12 (12.7) [ 558 (15.9) | 314 (19.1)]| 1 (25.4) | 1-1/2 (38[1)| 2 (50.8)
2 (50.8) | 118 (3.2) |[3/16 (4.8) [3/16 (4.8) [1/4 (6.4) [ 1/4 (6.4) [3/8 (9.5) | 3/8 (9.5) |3/8 (9.5)
3 (76.2) | 114 (6.4) | 1/4 (6.4) | 3/8 (9.5) [3/8 (9.5) |3/8 (9.5) |3/8 (9.5) | 358 (9.5) |12 (12.7)
4 (102) |5/16 (7.9) | 3/8 (9.5) | 3/8 (9.5) |3/8 (9.5) [3/8 (9.5) |38 (9.5) | 172 (127)| 12 (12.7)
5 (127) | 3/8  (9.5) | 358 (95) | 112 (127) |12 (127) |12 (127)| 12 (127)| 12 (127 12 (12.7)
6 (152) | 12 (27| 12 (27| 12 (127) |12 (127) (12 (127|172 (27)| 172 (12.7)| 58 (15.9)
7 (178) | 12 127y 12 (127|112 (127) |12 (127) |12 (127)| 172 (127)| 58 (15.9)| 5/8 (15.9)
8 (203) | 12 127y | 12 (127)| 112 (127) | 1/2 (127)|5/8 (15.9) | 5/8 (15.9)| 5/8 (15.9)| 3/4 (19.1)
9 (229) | 5/8 (15.9) | 5/8 (15.9) | 5/8 (15.9) | 5/8 (15.9) | 5/8 (15.9)|5/8 (15.9)| 3/4 (19.1)| 3/4 (19.1)
10  (254) | 5/8 (15.9)| 5/8 (15.9)| 5/8 (15.9) | 5/8 (15.9) | 3/4 (19.1) | 3/4 (19.1) | 3/4 (19.1)| 3/4 (19.1)

38.17 A grinder employing a shaded pole motor and intended for use with a grinding wheel 5 in (127
mm) or less in diameter and 1/2 in (12.7 mm) or less thick may have a spindle diameter of 3/8 in (9.5 mm)
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provided the final runout does not exceed the initial runout by more than 0.005 in (0.13 mm) when the

grinder is eva

luated in accordance with the following:

a) The total runout of the spindle at the midpoint of the wheel seat is to be measured.

b) The

test described in 38.29 is to be conducted.

c) The ball-impact test described in 58.2 is to be conducted on the periphery of a simulated grinding
wheel made of steel. The simulated wheel is to be mounted on the grinder. This test is to be
conducted in such a manner that any runout caused will be additive to that measured as specified
in 38.17(a) and to that resulting from the test specified in 38.17(b).

d) The simulated steel grinding wheel is to be replaced with a grinding wheel intended for use with

the gr
possib

e) The

38.18 Ifthe
grinding whee

a)Be

b) Be
freely

c)Be t

38.19 Thel
wheel with wh

38.20 A grin
flange shall b

38.21 A flan

nder. With the grinder running at no-load speed, the grinder is to be stalled
le by jamming a rough-surfaced 15°- steel wedge between the wheel and the

resulting final runout of the spindle is to be measured at the midpoint|of the wh

means for mounting a grinding wheel consists of a threaded spindle, a nut and
Is intended for use with the grinder, the spindle shall:

pf sufficient length to fully engage the threads of the spindle nut;

bf such diameter that the grinding wheel or a bushing intended for use with the
bN it; and

hreaded:

1) In a direction such that removal of.the spindle nut will be in the same dired
rotation of the grinder when in use;\and

2) For a length sufficient to extend at least through the outer flange but not n
way through the hole in the(grinding wheel.

bngth of a bushing as mentioned in 38.18(b) shall not exceed the thickness
ich it is intended to\be used.

der shall be.provided with two flanges of equal diameter for mounting a grind
b at least 6ne-fourth the diameter of the grinding wheel.

shall be the same diameter. A flange shall be free of sharp edges and burrs.

gesshall be of cold-rolled steel, cast iron, or equivalent material. Flanges for

as quickly as
bwer guard.

eel nut.

flanges, for all

grinder will fit

tion as normal

hore than half-

pf the grinding

ng wheel. The

a given wheel

38.22 A straight relieved flange other than as mentioned in 38.23 shall have the configuration illustrated
in Figure 38.2 and the dimensions specified in Table 38.4. The recess adjacent to the bearing surface shall
not be less than 1/16 in (1.6 mm) (item F in Figure 38.2).

Exception No. 1: A flange intended for use with a grinding wheel having a diameter less than 2 in (50.8
mm) need not be recessed adjacent to the bearing surface provided the bearing surface is flat and true.

Exception No.

2: A flange complying with 38.24 need not comply with this requirement.
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Figure 38.2
Straight relieved flange other than as illustrated in Figure 38.3

D

T -

\ | Tqu'_

SAOB98A

38.23 A stgmped or formed straight relieved flange and a sintered steel flange shall have the
configuration iflustrated in Figure 38.3 and the dimensions specifiedhin Table 38.5.

Exception: A flange complying with 38.24 need not comply with'this requirement.
38.24 Flang¢ designs differing in thickness from those-mentioned in 38.22 and 38.23 are|acceptable if,

when investigated as described in 38.25, a 0.002-in(0.005-mm) feeler gauge cannot be ins¢rted between
the bearing arg¢a of the flange and a steel wheel.

Figure 38.3

Stamped or formed straight relieved flange and sintered steel flange

E D

7 W
L Tt

SB1242A
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Table 38.4
Dimensions for straight relieved flanges other than as mentioned in Table 38.5

Dimensions

Cc D E
Radial width of bearing surface
A B nch (mm) Minimum thickness of
Diameter of Minimum outside thickness of flange at edge of
grinding wheel diameter of flange flange at bore, recess
inch (mm) inch (mm) Minimum Maximum inch (mm) inch (mm)
1 (25.4) 3/8 (9.5) 1/16 (1.6) 1/8 (3.2) 1/16 (1.6) 1/16 (1.6)
2 (50.8) 11/16 (17.5) 1/8 (3.2) 3/16 (4.8) 1/8 (3.2) 3/32 (2.4)
3 (76]2) 1 (25.4) 1/8 (3.2) 3/16 (4.8) 3/16 (4.8) 3/32 (2.4)
4 (10R) 1-3/8 (34.9) 1/8 (3.2) 3/16 (4.8) 3/16 (4.8) /8 (3.2)
5 197) 1-11/16 | (42.9) 3/16 (4.8) 1/4 (6.4) 1/4 (6.4) /8 (3.2)
6 (192) 2 (50.8) 1/4 (6.4) 12 (12.7) 3/8 (9.5) 3/16 (4.8)
7 (17B) 2-3/8 (60.3) 1/4 (6.4) 12 (12.7) 3/8 (9.5) 3/16 (4.8)
8 (20B) 2-11/16 | (68.3) 1/4 (6.4) 12 (12.7) 3/8 (9.5) 3/16 (4.8)
10 (254) 3-3/8 (85.7) 5/16 (7.9) 5/8 (15.9) 3/8 (9.5) /4 (6.4)
Table 38.5

for stamped or formed straight relieved flanges and sintered steel flange|inches (mm)

C
A B Radial width ©f bearing surface D E
Minimum outside Minimum
Diameter of diameter of thickness of
grinding whegl flange Minimum Maximum flange Minimum recess
4 (10R) 1-3/8 (34.9) 1/8 (3.2) 3/16 (4.8) 1/16 (1.6) 132 (0.8)
4-1/2 (11p) 1-1/2 (38.1) 3/16 (4.8) 1/4 (6.4) 1/16 (1.6) /132 (0.8)
5 (127) 1-11/16 | (42:9) 3/16 (4.8) 1/4 (6.4) 1/16 (1.6) 132 (0.8)
6 (192) 2 (50.8) 1/4 (6.4) 12 (12.7) 3/32 (2.4) 132 (0.8)
7 (178) 2-3/8 (60.3) 1/4 (6.4) 12 (12.7) 1/8 (3.2) /16 (1.6)
8 (208) 2-11146 | (68.3) 1/4 (6.4) 12 (12.7) 1/8 (3.2) /16 (1.6)
10 (254) 3-3/8 (85.7) 5/16 (7.9) 5/8 (15.9) 1/8 (3.2) /16 (1.6)

38.25 With reference to 38.24, a flat steel wheel having a diameter at least 2 in (50.8 mm) more than that
of the flanges being investigated is to be mounted on the spindle between the flanges. The mounting nut is
to be tightened in accordance with Table 38.6. Blotters or other compressible materials are not to be
employed between the steel wheel and the flanges. The feeler gauge is to be applied between each flange
and the steel wheel at all locations on the periphery of each flange. The flange is acceptable if the feeler
gauge cannot be inserted.
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Table 38.6
Tightening torque for spindle nut
Diameter of grinding wheel Torque in
inches (mm)? pound-feet (N-m)
4-1/2 (114) 4-1/2 (6.1)
5 (127) 4-112 (6.1)
6 (152) 8 (10.8)
7 (178) 10 (13.6)
8 (203) 10 (13.6)
10 (254) 12 (16 3)
@ For a grinfling wheel not covered by this table, the spindle nut is to be tightened in accordance with the
recommendlation of the manufacturer but not less than the value specified in the table for the next smaller|sizg grinding
wheel.
38.26 A blofter or a flange facing of compressible material shall be affixedt0 each side| of a grinding
wheel, and shall cover the entire area of intended contact between “wheel and flarige. A highly
compressible material, such as blotting paper, shall not be more than 0.025 in (0.64 mm]} thick. A less

compressible

38.27 A grin
its mounting ig

38.28 Aqgrin
break, or releq

38.29 Asim
grinder is to K

250,000 revoltitions. The simulated wheelimay consist of a circular steel plate. The simulat

be out of balar
a) For

b) For
the wh

38.30 A grin
as to comply W

39 Jointers

39.1 Theser

material may be thicker.

Hing wheel of unusual design or contour shall be given consideration to deter
acceptable.

Jer intended for use with grinding wheels 4. in (102 mm) or more in diameter s
se any part when tested as described in'38.29.

ilated grinding wheel having a diameter equal to that of a wheel intended fo
e mounted on the spindle. Thegrinder is then to be operated at the no-Iq

ce, by the addition or remaqval of material:
vheels 6 in (152 mm)\or more in diameter, by 2 oz-in (14 N-mm); and

wheels less than 6 in in diameter, by d%/18 oz-in (d%/2.55 N-mm), where d is tf
bel in inchesy(mm).

Hing wheel provided with the tool shall be constructed of such material and in
ith.the requirements in 86.3.1 and 86.3.2.

mine whether

hall not crack,

r use with the
ad speed for
ed wheel is to

e diameter of

such manner

equirements cover jointers having horizontal cutter heads.

39.2 Where provision for rabbeting operations is provided as a part of the jointer design, the following
requirements shall be met:

a) The

rabbeting operations allowed shall be effectively guarded,;

b) The jointer swing guard shall not be removable without the use of a tool or tools;

c) Removal of the swing guard shall not permit an additional unguarded operation to be performed;

and


https://ulnorm.com/api/?name=UL 987 2020.pdf

MAY 12, 2020 UL 987 63

d) The distance from the end of the jointer knives to the guard hub, perpendicular to the direction of
motion of the workpiece, shall not exceed 3/4 in (19 mm), i.e. the uncut portion of the workpiece
following a rabbet cut shall be limited to 3/4 in.

39.3 A jointer shall be equipped with a cutter head, the knife projection of which extends beyond the
body of the head not more than 1/8 in (3.2 mm). The clearance between the path of the knife projection
and the rear table shall not be more than 1/8 in — the clearance is to be measured radially from the path of
the knife projection to the closest point on the table and with the rear table level with the path of the knife
projection. See Figure 39.1. The clearance between the path of the knife projection and the front table
shall not be more than 3/16 in (4.8 mm) — the clearance is to be measured as described in the preceding
sentence and with the tables coplanar. See Figure 39.1. The table throat opening shall not be more than
2-1/2 in (63.5 mm) when the front and rear tables are set or aligned with each other for zero cut.

Figure 39.1

Table clearance for jointers
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\\\\\\\\\\\\\‘
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39.4 Guarding beneath the table level shall be provided so as to enclose the cutter knives from
unintentional contact and to prevent contact with moving parts of the drive mechanism.

39.5 The jointer frame, motor including a motor shipped detached from the jointer, an exhaust hood, and
other enclosures under the table may be considered as a portion of the guarding required by 39.4.

39.6 If a open-bottomed enclosure is used to guard the cutter knives or other moving parts from contact,
the depth of the enclosure shall be such that the plane of the bottom is 2-1/2 in (63.5 mm) or more below
the bottom of the path of the knife projections with the cutter head in its lowest position.

39.7 A jointer shall be equipped with a guard requiring the use of a tool for removal. The guard shall
cover all sections of the cutter head on the working side of the fence, and shall automatically adjust
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horizontally with the fence. The sections of the cutter head on the other side of the fence shall be totally
enclosed at all times. A sheet-metal telescoping guard is acceptable.

39.8 All operations for which a jointer is recommended shall be readily performed with the guard in place.
On a jointer with a depth capacity greater than 1/8 in (3.2 mm), the guard shall be designed to
accommodate normal stop chamfering and tapering operations.

39.9 The depth of cut obtainable with a jointer shall not exceed 1/8 in (3.2 mm) unless a positive stop for
the 1/8 in depth is incorporated in the jointer. The stop shall require manual release to provide a cutting
depth greater than 1/8 in and shall be self-restoring when returned to the 1/8-in setting.

39.10 A minimum of 2 hold-down/push blocks shall be supplied with the jointer for use for all jointing and

planing operat

40 Band Saws

40.1 Aband

incorporate a {ilting table, or a stationary table with a tilting frame or wheel assembly.

ons for which such blocks are recommended.

saw as covered by these requirements may be of the two- or three-wheel de

5ign; and may

40.2 Abandisaw shall be guarded as follows:
a) All portions of the saw blade other than the working<portion of the blade betwegn the sliding
guide gnd the table shall be enclosed or guarded; and
b) The wheels shall be fully enclosed or guarded,
40.3 The guprd for the portion of the saw blade @bove the sliding guide shall prevent contact with the
cutting edge apd outer side of the blade. This portion of the guard shall be self-adjusting to rdise and lower
with the guide
40.4 The englosure of a wheel shall havea solid outside periphery. The front and back shall be enclosed
by solid mater|al or by wire mesh or perforated metal not less than 0.037 in (0.94 mm) thick with openings
having no dimgnsion more than 3/8\in (9.5 mm). Solid material shall have equivalent strength and rigidity.

40.5 A band
the saw blade

40.6 Theins

saw shall haye-a'tension-control device and an indicator to provide for propef
5 intended foruse with the tool.

ert orthe material of the table surrounding the blade if no insert is provided:

tensioning of

a) Sha

| be’of nonsparking material;

b) Shal

I not be of magnesium or other material likely to be ignited by sparking; and

c) Shall be sulfficiently soft so that contact between the table or insert and the blade will not result in
rupture or splitting of the blade.

40.7 Aninsert shall be firmly held in place and prevented from rotating.

41

411
saws.

41.2 Aradial

Radial-Arm Saws

-arm saw shall be:

These requirements cover radial-arm saws equipped with blade guards and accessories for such


https://ulnorm.com/api/?name=UL 987 2020.pdf

MAY 12, 2020

UL 987

65

a) Provided with automatic or manual arbor braking such that a 10-in (254-mm) or smaller blade
will stop within 15 seconds and a larger blade will stop within 25 seconds; or

b) Constructed so that inherent friction losses, such as from gearing, preclude coasting of the saw
blade beyond the limits specified in 41.2(a).

41.3 A blade guard shall be provided as a part of a radial-arm saw. The guard shall completely enclose
the upper half of the blade and at least 50 percent of the end of the arbor.

Exception: Th
a) The

e guard may have an opening for the ejection of sawdust provided:

opening is located beyond the outer circumference of the blade; or

b) A1
(63.5 1

414 Foras
of the outfeed

a) Red

b) Red

The means s

infeed removal of soft-pine having a thickness within the capacity of the saw.

41.5 A hold
to prevent the

41.6 The un
carriage is at
the table whe

a) The
b) The

c) The

2-in (12.7-mm) diameter probe cannot be made to contact the blade wher.in
nm) into the opening.

aw intended for ripping, antikickback means shall be provided on both'sides of
side. When properly adjusted, the means shall:

uce the likelihood of wrong-way feed; and

uce the risk of kickback — the blade hurling the workpie€e out the infeed side W

nall be functional for bevel angles of 45° or lessand shall provide holding po

down device shall be provided on a saw intended for ripping. The device shg
blade from lifting the workpiece off the;table.

guarded portion of the blade shall not extend beyond the table or mounting ff
any position on the arm at any miter angle from 30° left to 45° right. The blad
n:

saw is set for outrip;
carriage is at theyend of the arm; and

miter angle.is set at 0°.

41.7 Perma

:

adjusted beypnd) the point to which the blade extends beyond the table are acceptd

entlysattached, fixed — not drop leaf — table extensions and carriage stops

serted 2-1/2 in

the saw blade

hen ripping.

wer to prevent

Il be designed

ame when the
e shall be over

hat cannot be
ble means of

complying with the requirements in 471.6 if such extensions and stops are standard equ

assembly.

pment for the

41.8 Provision shall be incorporated in a radial-arm saw so that the arm cannot be positioned to the rear
of a position parallel to the back edge of the table.

41.9 A saw blade shall be furnished with a saw.

41.10 The construction and size of a blade guard or other fixed nonremovable stop shall be such as to
limit the size of the blade that can be installed on the arbor. The maximum size shall be tested in the

assembly.

41.11

The manufacturer shall make available a lower blade guard that will:
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a) Cover both sides of the teeth of the blade not covered by the upper guard when the blade and
lower guard are clear of the workpiece and table;

Exception: A one-piece combination upper and lower blade guard may have a 1-1/4-in (31.8-mm)
side slot on the motor side, extending from the motor-shaft to the bottom of the guard, for motor-
shaft clearance.

b) Cover the teeth of the blade to their full depth;

c) For miter and bevel angles of 45° and less, comply with (a) and (b) in a radial direction, and (d);

and

d) Automatically ride over the workpiece and return to the original position upon leaving the

workpi¢ce.

Except
Crossc

41.12 The n
spreader shall

41.13 Aspre¢

4114 The 3
diameter less
or more.

41.15 The th

rotated in the direction opposite to normal rotation'of the blade.

41.16 Normal rotation of the arbor shall be-clockwise when viewed from the left of the pos

assumed by th

41.17 A dian
mm) diameter
diameter.

42 Scroll Saws andJigsaws

42.1 These 1

jon: A mechanical means may be provided to raise and lower the-lower
itting.

anufacturer shall make a spreader available for a saw used-for ripping. Wh
be aligned with the saw blade.

ader, if provided, shall move automatically with the arbef when the saw is set fi

rbor shall have a nominal diameter not less than 1/2 in (12.7 mm) for a b
than 8 in (203 mm) and not less than 5/8 in (16:9 mm) for a blade having a di

guard during

BN in use, the

br bevel cuts.

lade having a
ameter of 8 in

read for the blade-retaining nut shall-have such direction that the nut is tight¢ned by being

e operator when the saw-is.if the 90°- cutoff position.

neter of a saw-blade\supporting collar shall be at least 1-3/8 in (34.9 mm) fqg
blade and shallbe increased 1/8 in (3.2 mm) for each 1-in (25.4-mm) incr

equiréments cover scroll saws and jigsaws.

ition normally

ra7-in (178-
pase in blade

42.2
nonremovable

, but may be hinged to allow access for this operation.

If speed changes are intended to be made by changing the belt position, the guard shall be

42.3 A scroll saw or a jigsaw capable of causing injury to persons shall be provided with a holddown
mechanism that includes a guard in front of the blade immediately above the workpiece.

424 A saw powered by a motor developing 1/10 hp (74.6 W output) or more shall be provided with a
means to turn the saw by hand through 1 cycle to determine that the blade is correctly installed.

Exception No.

Exception No.

1: A saw powered by a vibrator need not comply.

2: A saw having a linear motion output need not comply with this requirement.
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43 Table Saws

43.1 Glossary

43.1.1

43.1.2

43.1.3

43.1.4

43.1.5

43.1.6

43.1.7

43.1.8

43.1.9

43.1.10

43.1.11

43.1.12

43.1.13

43.1.14

43.1.15

43.2 Gener

43.2.1

43.2.2

43.2.3

43.2.4

43.2.5

43.2.6

43.2.7

Deleted

Deleted

Deleted

Section 43 deleted

Dele

Dele

Dele

Dele

Dele

Dele

Del

Delg

Del

Del

Del

Del

ed

ed

ed

ed

ed

ed

pted

bted

pted

pted

bted

bted

&

Deleted

Deleted

Deleted

Deleted

Deleted

Deleted

Deleted
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43.3 Table saw blade guard
43.3.1 Deleted
Figure 43.1
Test probe "a"
Figure deleted
Figure 43.2
Table saw probe application
Figure deleted
Figure 43.3
Table saw quadrants
Figure deleted
43.3.2 Deleted
43.4 Riving knife
43.41 Deleted
43.4.2 Deleted
43.4.3 Deleted
Figure 43.4

Distance between riving knife and blade
Figure deleted
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Figure 43.5

Highest point of riving knife
Figure deleted

43.4.4 Deleted

Table 43.1

Test forces
Table deleted

Figure 43.6

Pull test for riving knife
Figure deleted

Figure 43.7

Side pull test for riving.khife
Figure deleted

43.4.5 Deleted
43.5 Extended riving knife (fixed or adjustable)
43.5.1 Deleted
43.5.2 Deleted
43.5.3 Deleted

43.5.4 Deleted

43.5.5 Deleted

43.5.6 Deleted
43.6 Antikickback device(s)
43.6.1 Deleted

43.6.2 Deleted

Figure 43.8

Antikickback device test block
Figure deleted
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43.6.3 Deleted

43.7 Rip fence for table saws

43.71

43.8 Table saw insert

43.8.1

Deleted

Deleted

43.9 Tables

43.9.1

Delet

D

Bw arbor

d

43.10 Additional table saw requirements

43.10.1

43.10.2

43.10.3

43.10.4

43.10.5

43.10.6

43.10.7

43.10.8

43.10.9

Delg

Delg

Delg

Delg

Delg

Delg

Delg

Delg

Delg

43.10.10 De

ted

ted

ted

ted

ted

ted

ted

ted

ted

eted

Table 43.2

Minimum push stick length
Table deleted

Figure 43.9

Push stick
Figure deleted
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44 Sanding

441

Figure 43.10

Push stick force test
Figure deleted

Machines

These requirements cover sanding machines employing sanding discs, belts, or drum sanders.

44.2 Unless it can be demonstrated that no risk of injury to persons exists, a guard or guards shall be

provided tore

duce the risks from the nip of the abrasive-belt drive and driven pulleys.

44.3 The cIJearance between a fixed table and the abrasive surface shall not be more theLn 1/16in (1.6

mm). A mova
angles of the

Exception: Th
a) It cg

b)Ag
44 .4 A devig
445 A devig

446 An adj

ble table shall be capable of being adjusted to within 1/16 in from the abrasive
able.

e clearance need not be met for a sanding machine employing a drum sander
n be demonstrated that no increased risk of injury to a person exists; and

Lard or guards is provided to reduce the risk of injury from the drive pulleys.
e shall be provided for adjusting the tension of the'sanding belt.
e shall be provided for tracking the sanding belt.

usting mechanism and a positioning<device shall maintain their settings acq

operation of the sander at full load for ten minutes, including 12 intentional stalls of the a

disc. Positive

adjusting means shall be provided if necessary to permit the sander to b

intended opetation initially and to compensate for wear that may affect the initial adjustment,

45 Shaper

451
natural and

45.2 Other

These fequirements cover shapers of the under-the-table, vertical-spindle type intend

nufactured wood products.

an the\table-insert opening, there shall be no opening through the top surfacs

the area from|the miter slot to the rear of the table that may permit an operator or his clothin
contact with any moving part.

surface for all

urately during
brasive belt or
e adjusted for

ed for shaping

of the table in
g to come into

45.3 An opening in the work area shall have relieved edges to reduce the likelihood of hangup of the

workpiece.

45.4 The spindle shall be accessible from the top of the tool to permit changing collars and cutters. The
spindle shall be equipped with a keyway and a keyed washer to prevent the spindle nut from rotating
during shaping operations.

Exception No. 1: A keyway and a keyed washer are not required to be provided on a nonreversible shaper
when the spindle nut is tightened by being rotated in the direction opposite to normal rotation of the

spindle.
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Exception No. 2: A keyway and a keyed washer are not required when two nuts are provided, and each
nut is tightened by being rotated in a direction opposite to each other, such that the two nuts tighten
against each other regardless of direction of rotation of the spindle.

45.5 A cutter shall be stable and shall not vibrate when operated at design speed.

45.6 The table or the table insert shall support the workpiece to within 1/4 in (6.4 mm) of the outside
diameter of the cutter or the collar. An insert shall be of a color contrasting to that of wood and to that of the
table.

45.7 A ring guard enclosing the upper end of the cutter and its sides down to the workpiece shall be
provided. The guard shall be fully adjustable and easily and quickly installed. The guard may also be used
as a hold-dowp.

45.8 The cufter guard shall be an integral part of the adjustable-fence frame, and shall guard the rear of
the cutter whep the adjustable fence is used.

45.9 An adjystable fence shall be provided. Means shall be provided for fitmly securing the fence to the
table. The adjlistment and locking of the individual faces shall be such that'the settings will Ibe maintained
during normal joperation of the tool. Adjustment equal to one-half of the cutter diameter shall be provided.

45.10 A miter gauge is considered to be an accessory, and need/not be provided with a shgper.

4511 Meanqg of adjustment shall be provided:
a) To ppsition the ring guard vertically;
b) To ppsition individual fences in the feeding direction for depth of cut and cutter diameter;
c) To align the fence parallel to the miter-gauge slot;
d) To square the miter-gauge héad'to the gauge bar; and

e) To afljust the tension inthe'drive belt, if used.

45,12 An adjusting mechanism and a positioning device shall be constructed so that they will maintain
their settings @ccurately-during operation at full load for ten minutes, including 12 intentional stalls of the
cutter during straight-line“shaping.

46 Lathes

46.1 These requirements cover bench lathes and floor lathes.

46.2 A machine and motor pulley shall be guarded to reduce the risk of the operator's fingers or loose
clothing, including a tie, from entering the nip of the belt and pulley.

46.3 A guard, a spindle cap, or other protection shall be provided for the exposed and unused end of the
spindle if the lathe is equipped for outboard turning.

46.4 The tool-support base shall clamp firmly to the bed in any operational position. It shall be capable of
adjustment throughout the bed length and of adjustment both vertically and laterally.

46.5 The tail stock shall clamp firmly to the bed in any operational position.
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46.6 A faceplate:
a) Shall be constructed to withstand the centrifugal force of free turning; and

b) Shall not cause sensible vibration during operation at top speed and with the thrust applied
during a faceplate turning operation.

46.7 All internally-mounted headstock and tailstock centers shall mount firmly into the spindle or ram with
nonself-releasing tapers or other mechanical devices that show no tendency to release when subjected to
normal operating conditions for not less than 15 minutes.

47 Miter Saws

Section 47 deleted

47.1 Deletedl

47.2 Deletedl

47.3 Deletedl

47.4 Deletedl

47.5 Deletedl

47.6 Deletegl

47.7 Deletedl

47.8 Deletedl

47.9 Deletegl

47.10 Deleted

47.11 Deletg¢d

47.12 Deleted

47.13 Deleted

Figure 47.1

Miter saw guarding
Figure deleted
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Figure 47.2

Miter saw guarding using 15° triangle gage
Figure deleted
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47.14

47.15

47.16

47.17

Deleted

Deleted

Deleted

Deleted

48 Abrasive Cutoff Machines

48.1
— 38.27, supp
of the workpi

An abrasive cutoff machine shall comply with the appllcable requwements in 38.2 — 38.5 and 38.20

ided for support

48.2 The maximum angular exposure of the abrasive wheel periphery and sides for'wheg¢l guards used

on abrasive ¢
positions. The
specified in

48.3 The pe
diameter shal

Exception: TH
described in 4

a) The

b) The

toff machines shall not exceed 180°, and the top half of the wheel, shall be
peripheral and side protective members of a guard for a cutoff wheel shall be
ible 48.1.

ripheral and side protective members of a guard for a€utoff wheel 30 in (762
be of a material and thickness as specified in Table48.1.

e members of a guard may be of other material or thinner provided that w
8.4:

re is no breakage of the guard; or

guard remains structurally intact and capable of performing the intended guar

48.4 For the test specified in the Exception to 48.3, a cutoff wheel having the maximum

thickness rec
machine is th

A

[«

ommended by the manufacturer is to be assembled to the spindle. The
en to be operated at maximum no-load speed, and the wheel is to be caused

enclosed in all
of material as

mm) or less in

hen tested as

ing function.

diameter and
brasive cutoff
to break while

running.
Table 48.1
Minimum thicknesses for peripheral and side members of a guard for a cutoff wheel
Diameter of cutoff wheel, inches (rTnm)
6 through 11 More than 11 M.m:uﬂan 20 through
Maximum Maximum through 20 30
thickness of [ o imeter speed
Materials used in cutoff wheel, of cutoff wheel, (152-297) (280-508) (509-762)
construction of a in- (mm) | surface feet per A2 B2 A2 B? A2 B2
guard ches minute (smpm)
Structural Steel, 1/2 (12.7) | 14,200 | (4330) 116 116 3/32 3/32 1/8 1/8
Minimum Tensile orless (1.6) (1.6) (2.4) (2.4) (3.2) 3.2)
Strength
60,000 psi 1/2 (12.7) | 16,000 | (4880) 3/32 1/8 1/8 1/8 3/16 1/8
(11 MPa) orless (2.4) (3.2) (3.2) (3.2) (4.8) (3.2)
@ A is the required thickness of the peripheral protective member, and B is the required thickness of the side members.
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49 Table Tile Saws

49.1
49.2 -49.12.

A tile saw employing baths that utilize non-flammable liquids shall comply with the requirements in

49.2 Atile saw cutting wheel blade shall be furnished with a tile saw. The blade shall be free of openings

and grooves.

49.3 The arbor shall be accessible to facilitate changing cutting wheels.

49.4 The arbor shall have a nominal diameter not less than 5/16 in (8 mm) for a tile wheel having a

diameter less

han 5 in (127 mm), not less than 7/16 in (11 mm) for 3 tile wheel having a diam

eter less than

6 in (152 mm)
and not less th

49.5 The thr

not less than 1/2 in (12.7 mm) for a tile wheel having a diameter less than"§
an 5/8 in (15.9 mm) for a tile wheel having a diameter of 8 in or more.

ead for the wheel-retaining nut shall have such direction that the mut is tighte

rotated in the dlirection opposite to normal rotation of the wheel.

49.6 Normal
assumed by th

49.7 A cuttin
less than 7 in
(25.4-mm) inc

49.8 Asplas
and particles fi

rotation of the arbor shall be clockwise when viewed from, the left of the pos
e operator.

g wheel supporting collar shall not be less than, 1<3/8 in (34.9 mm) in diame
178 mm) diameter and the diameter shall be increased at least 1/8 in (3.2 mm
ease in wheel diameter.

N hood shall be provided with a tile sawsThe splash hood shall reduce the likel
fom being dissipated by enclosing the’sides and top portion of the disc above

shall be adjustable to the thickness of the workpiece.

499 A splas
the wheel blad

49.10 If provi
does not loosg

49.11 The dg
the arbor to on

h hood shall not offer any.cénsiderable resistance to the initial entrance of the
e or to passage of matefial being cut.

ded, a guide fenge,shall be constructed so that it is firmly secured to the table
n under normaloperating conditions.

sign of adile-'saw shall be such as to limit the size of a cutting wheel that may &
e not larger than that tested on the assembily.

49.12 A wat

in (203 mm),

ned by being

ition normally

ter for wheels
for each 1-in

hood of water
the table, and

workpiece to

and so that it

e installed on

erfill line shall be permanently marked on the unit where it is readily visible w

hen filling the

water compartment with water.

Exception: A unit which has all live parts including power supply cord connections above the top most
edge of the water tray is not required to comply with this requirement.

50 Panel Saws

50.1

is mounted to a movable carriage.

50.2 A saw blade shall be furnished with a panel saw.

These requirements cover panel saws that utilize circular saw blades powered by a motor unit that
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50.3 The blade stop time shall be 15 seconds or less for blades less than 10 in (254 mm) in diameter. For
larger blades, one additional second of stop time is allowed for each additional 1 in (25.4 mm) increment of
blade diameter.

50.4 To determine compliance with 50.3, the saw is to be operated at no load and at rated voltage for a
period of 15 minutes prior to the test. The saw is then to be cycled on and off 10 times, with a 30 second
period between the blade stopping and the next actuation. For each cycle, the blade shall come to a
complete stop in the time specified in 50.3.

50.5 For a panel saw, a vertical cut is defined as a cut made by moving the carriage from the top position
down through the work piece. A horizontal cut is defined as a cut where the carriage is locked in place and
adjusted with the blade horizontal so that work piece is fed into the blade.

50.6 A moyable carriage shall be constructed so that it moves freely and smoothly| between any
positions with| all adjustments to the least favorable setting. The carriage shall automatically return to the
original positipn after a vertical cut is complete.

50.7 The cgrriage return mechanism shall be constructed so that it withstands the stregses it may be
subjected to |in normal use and shall comply with 50.8. The return¢mechanism shall pbe capable of
preventing th¢ carriage from free falling during a vertical cut and the maximum force require¢d to move the
carriage systgm vertically shall be 11.2 Ibf (50 N).

which a cable
which the cab

passes shall be (@ ‘smooth, rounded bushing or shall have a smooth, rounded
e bears.

up position to
bunting as one
W no signs of
ting maximum
e hose is to be

sses that they
e likelihood of

osure through
surface upon

all be provided

50.11 The movable

nat it does not

interfere with stationary parts of the panel saw. The control switch shall be located in close proximity to the
operating handle.

50.12 A panel saw that allows for both a vertical cut and a horizontal cut that involve multiple positions
while being operated normally shall not create additional risk of injury from loss of control of the work piece
or power head. For a carriage that is capable of adjusting the saw blade to more than one position, the
maximum force required to turn the carriage system shall be 22.5 Ibf (100 N).

50.13 The arbor of a panel saw shall be readily accessible to perform required maintenance on the
blade.

50.14 The arbor shall have a nominal diameter not less than 1/2 in (12.7 mm) for the blade having a
diameter less than 8 in (203 mm), and not less than 5/8 in (15.9 mm) for a blade having a diameter of 8 in
(203 mm) or greater.
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50.15 The thread for the blade-retaining nut shall have such a direction that the nut is tightened by being
rotated in the direction opposite to the normal rotation of the blade.

50.16 A saw-blade supporting collar shall not be less than 0.15 times the blade.

50.17 A panel saw shall be so guarded as to minimize the risk of accidental contact with the rotating
blade, as far as conditions of use will permit.

50.18 Guarding above the carriage shall enclose the cutting edge zone (the outer 20 percent of the
radius of a saw blade). The supporting platen for the carriage may be considered a barrier to direct contact
with the cutting edge zone. The probe illustrated in Figure 8.1 shall not contact the cutting edge zone or
other moving parts of the blade drive mechanism when moved along the edge of the platen with the probe
stop plate in dontact with the platen edge. The probe finger may be manipulated at thecjo|nts to ensure
contact with tHe blade is not possible when the carriage is located in each applicable cutting position from
the top side of|the platen and areas surrounding the blade guard and power head.

50.19 The ypper guard on the side opposite the motor need not completely cover thHe blade. The
perpendicular projection of the upper guard on to the blade shall cover at least the smallest recommended
blade-cutting ¢dge zone. The space between the upper guard and the blade shall be designed such that
the test probe|'a’ of Figure 50.1 when inserted at any angle and to the depth allowed by its gtop, shall not
be able to cdntact the saw blade teeth tips of the recommended blade. This requirement does not
supersede thel probe requirements in 50.18.

Figure 50.1

Test probe"a’

R6

®35
|
|
|
|
]
— 212 |
|
|
|
|

[}
L J
[}
y

54587 30 S 50

Dimensions in mm
Key

1 Handle section
2 Test section

50.20 A guard(s) shall be constructed so that the saw blade can be removed without difficulty. If the arbor
is accessible with the guard in its intended position, the guard shall be retained in such a way that removal
of its parts will require the use of tools. If the guard totally encloses the arbor, the guard may be retained by
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use of fasteners that do not require the use of a tool to remove, such as thumb screws. If tools are not
necessary for guard removal, the marking specified in 81.16.6 shall be provided.

50.21 All openings provided in the guard for the purpose of ejection or collection of dust shall direct the
dust discharge away from the operator and:

a) Be located beyond the outer circumference of the blade; or

b) Not allow contact with the blade when applying a 1/2 in (12.7) diameter probe when inserted
2-1/2'in (63.5 mm) into the opening.

50.22 A guard may be provided with means for connecting an exhaust hose. If connections are provided,
the exhaust hpse—shattbeabtetobe-firmty-attached-to-theconmectionstattmovefreety-when the carriage
system is moyed in any direction, and shall not contact moving parts or create a risk of\injyry to the user.
See 50.8.

50.23 The 3grea directly behind the power head shall be guarded against direch contact yith the blade.

The probe illl
area behind t
finger may bg
head is locate

50.24 The g
the blade dep

50.25 Switc
with the requi

50.26 The g
saw shall be
requirements

50.27 A panel saw thatis not likely to be secured to a permanent structure shall be subj

test. A force ¢
of the unit at
the applicatio

strated in Figure 8.1 is applied along the edges of the barrier while the repre
he 2.36 in (60 mm) finger joint remains in contact with the-edges of the barn
manipulated at the joints to ensure contact with the blade.is not possible w
d in each applicable cutting position.

istance between the power head carriage assembly and the work support sh
th.

nes intended to energize the tool shall beprotected against accidental activati
ements outlined in Switches and Controls, Sections 19 and 33.

ngle between the work piece and, the vertical position shall be a minimum of
stable and shall comply with the applicable stability test specified in 31.2 -
specified in 50.27 or 50.28.

qual to 1/5 of thertotal weight of the panel saw shall be applied 5 ft (152 cm) 3
bny point along theé panel saw structure that would allow it to become less sta
n of the force,\the panel saw shall remain upright without tipping over or having

sentative hand
ier. The probe
hen the power

all not exceed

bn and comply

5°. The panel
31.4 and the

bcted to a pull
bove the base
ble. Following
parts become

displaced from the sawsstructure.

50.28 A parjel saw intended for wall mounting is to be subjected to a loading test. The panel saw is to be
mounted to p\test wall in accordance with the manufacturer's installation instructiops. When the
instructions do not specify minimum acceptable wall conditions, the test wall is to be constructed of 3/8-in
(9.5-mm) thick plasterboard (dry wall), mounted on nominal 2 by 4 in (38 by 89 mm)] wood studs spaced
on 16 in (406 mm) centers. The panel saw is to be fastened between the studs and secured into the
plasterboard. A test load equal to four times the weight of the unit, but not less than 300 Ibf (136 kg), is to
be gradually applied to the panel saw, horizontally through the center of the support brackets. The force is
to be increased in 5-10 second intervals until the full test load is applied. The full test load is then to be
applied for a period of one minute. As a result of the test, a bracket shall not break, loosen, or pull out of
the wall, nor shall the unit separate from the bracket.

50.29 The base of the machine which supports the work piece shall be provided with a device, such as
flanged rollers, to prevent the work piece from slipping off the machine onto the floor. The appropriate
number of rollers shall be provided and designed to allow for smooth travel and support of the work piece
for both horizontal and vertical cuts.
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50.30 The cord of a panel saw shall not be cut, abraded, or damaged and the cord routing assembly
shall function as intended after extended use. The cord and cord assembly shall comply with the test
specified in 50.31.

50.31 The cord assembly shall be installed on the panel saw in accordance with the manufacturer's
instructions. The carriage shall be moved from the maximum vertical up position to the lowest vertical
down position for a total of 6,000 cycles of movement, with each downward motion counting as one cycle.

After the 6,000 cycles of movement:

a) Each current-carrying conductor shall be capable of carrying its rated ampacity for two minutes
without interruption. A grounding conductor, if provided, shall be capable of carrying twice its rated
ampacity for two minutes without interruption.

b) Follgwing the test specified in (a), a potential of 1000 V plus twice the rated voltage of the panel
saw is o be applied for one minute between the individual conductors of the cord-with the internal
connedtions to the saw severed and insulated, and between live parts and accessible metal parts.
As a result of the test, there shall be no dielectric breakdown of the cord insulation.

¢) The |cord jacket or individual conductor insulation shall not be cut-or,abraded and ho wires shall
be exppsed through conductor insulation.

50.32 Arriving knife, when provided, shall:

a) Have a body thickness not thinner than the body of the.blade recommended by the|manufacturer
but thinner than the kerf of that saw blade;

b) Be lpcated behind the saw blade and pass freely through the cutting groove;

c) Not
result g

d) Hav
shall b
on the

e) Hay
manufa
saw;

f) Be m
least e

contact the blade, be rigidly fixed and in alignment with the plane of the bla
f any operation, maintain the spacing and alignment with the blade;

E its tip rounded, with a radiusof not less than 0.08 in (2 mm). The faces of t
e parallel planes and smodth; the edges shall not be sharp and shall be sligh
bdge facing the blade;

e a width of at(least equal to 1/8 of the largest blade diameter recomm

cturer. The width'is measured at the guide plate level for the maximum cuttin

ade of.steel with a hardness of between 38 HRC and 48 HRC and a resistanc
hual t0.800 Mpa (116,000 psi) or other equivalent material; and

de, and as a

he riving knife
tly chamfered

ended by the
gy depth of the

e to rupture at

g) The

thickmessof the Tiving knife—ardthe Tange of saw btade diametersfor-which

it is intended

shall be permanently marked on the riving knife, for example by engraving, stamping or etching. In
addition, instructions shall be provided to explain how to properly match the blade diameter and the
blade body and kerf dimensions to the riving knife thickness.

50.33 The riving knife and its holder shall be so constructed that for all through cutting saw blades
recommended by the manufacturer, the blade diameters and for any cutting depth adjustment with the
blade set perpendicularly to the guide plate, the riving knife shall comply with the following specifications
while mounted on the saw as intended:

a) Below the guide plate, the radial gap between the riving knife and the outer circumference of the
blade shall not at any point along the riving knife exceed 0.20 in (5 mm), as illustrated in Figure
50.2 and;
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b) The distance from the tip of the riving knife to a line that is parallel to the guide plate and tangent
to the outer circumference of the blade shall not exceed 0.20 in (5 mm), as illustrated in Figure
50.2.

Figure 50.2

Riving knife adjustment
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50.34 The riving knife and its‘holder shall have the rigidity to comply with the following:

a) For|these tests;:the blade is set to maximum depth of cut at 90° and the riving knjife is mounted
in accordance with'the manufacturer's instructions that is provided with the saw;

b) Within_the. construction limits of the riving knife and its holder, the riving knife is adjusted to the
maxirmum)distances as specified in 50.33. At the center of the riving knife tip, a force of 22.5 Ibf
(100 N) shall be applied for one minute perpendicular to the cutting direction and parallel to the
guide plate as shown in Figure 50.3. While the force is being applied, the riving knife shall not
deflect or displace to contact the saw blade tips. In addition, after the test, the linear spacing
between the tips of the saw blade and the riving knife shall not be less than 0.08 in (2 mm); and

c¢) The riving knife is adjusted to the maximum distance in accordance with 50.33. At the center of
the riving knife tip, a force of 6.7 Ibf (30N) is applied perpendicular to the cutting direction and
parallel to the guide plate, as shown in Figure 50.3. The test is conducted in both directions. While
the force is being applied, the tip of the riving knife shall not deflect in the direction of the force by
more than half the thickness of the riving knife. After each test, the riving knife shall be within the
planes defined by the kerf of the blade supplied with the saw.
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Figure 50.3

Riving knife stability test
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PERFORMANCE
51 General
51.1 A tool that has a single frequency rating is to be tested at that frequency. A tool rated alternating
current-direct [current, or direct current-60 Hz, is to be tested on direct current or on 60-lHz alternating
current, whichever results in higher temperatures. A tool rated 25 — 60 or 50 — 60 Hz is to be|tested on 60-
Hz alternating|current.
51.2 The me¢ans for controlling the speed mentioned in 54.3, 55.3.3, and 55.3.7 includgs a controller
having a numherof discrete settings, as well as a controller having an infinite number of settings.

51.3 Unless otherwise specified, all tests are to be conducted at the applicable voltage specified in Table
51.1.

Table 51.1
Values of test voltage

Rated voltage

Test voltage, ac/dc

110-120
121-219

220 - 240

120
Max rated voltage
240

Table 51.1 Continued on Next Page
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Table 51.1 Continued

Rated voltage Test voltage, ac/dc
241 —-253 Max rated voltage
254 - 277 277
278 —439 Max rated voltage
440-480 480
481 —-525 Max rated voltage
526 — 600 600

51.4 During the Section 64, the
tool is to be cpnnected in series with a nontime-delay fuse of the maximum size branch cirguit device that
the equipment is likely to be connected (but no less than 30 A). Opening of the fusebefore a risk of fire,
electric shock, or injury to persons results is an acceptable conclusion of a test.

51.5 An alternate magnet wire coating used in a tool motor subject to tests 90:6.7 — 90.12.2, shall:

a) Be an investigated magnet wire of the same:

1) ANSI grade designation, or

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

b) Be fested as indicated in 90.6.7 — 90.12.2 as.appropriate.
52 Leakage Current Test

52.1 When {ested in accordance with 52.3 —52.7, the leakage current of a grounded cord-gonnected tool
shall not be more than 0.75 mA.

52.2 Leakage current refers te all currents, including capacitively coupled currents,| that may be
conveyed between exposed conductive surfaces of a tool and ground or other exposed durfaces of the
tool.

52.3 All exposed conductive surfaces are to be tested for leakage currents. The leakag¢g currents from
these surfacep are to.be measured to the grounded supply conductor individually as well ap collectively if
simultaneously accessible and from one surface to another if simultaneously accessible. Parts are
considered to| be ‘exposed surfaces unless guarded by an enclosure that has been investiggted and found
to be acceptable 10 reduce the risk of eleciric Shock — se€ 7.3.1 — 7.3.4. 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. If all accessible surfaces are bonded together and connected to the grounded conductor of the
power-supply cord, leakage current may be measured between the grounding conductor and the
grounded supply conductor.

52.4 If a surface other than metal is used for the enclosure or part of the enclosure, the leakage current
is to be measured using a metal foil with an area of 10 cm by 20 cm in contact with the surface. If the
surface is less than 10 cm by 20 cm, the metal foil is to be the same size as the surface. The metal foil is
not to remain in place long enough to affect the temperature of the tool.

52.5 The measurement circuit for leakage current is to be as illustrated in Figure 52.1. The measurement
instrument is defined in 52.5(a) — 52.5(c). The meter that is actually used for a measurement need only
indicate the same numerical value for a particular measurement as would the defined instrument. The
meter used need not have all the attributes of the defined instrument.
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a) The meter is to have an input impedance of 1500 Q resistive shunted by a capacitance of 0.15

MF.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
the voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 KHz, the measurement circuitry is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of the impedance
of a 1500-Q resistor shunted by a 0.15-uF capacitor of 1500 Q. At an indication of 0.75 mA, the
measurement is to have an error of not more than 5 percent at 60 Hz.

52.6 Unless the meter is used to measure leakage from one part of a tool to another, it is to be connected

between acce

coihla narte and tha araundad sunnhv caonductor
t SHS-aRetRe-grodhas Hy-GeRaHGtoH

52.7 A sam(
received being
terminal or att
sequence with

a) With
be me
normal

b) Swit
be me
normal

c) The
to be u
operati

pOHOTS oot

le of the tool is to be tested for leakage current starting with the as-recéived

without prior energization — but with its grounding conductor, if any, open at
hchment plug. The supply voltage is to be adjusted to the voltage specified in
reference to the measuring circuit, Figure 52.1, is to be as follows:

switch S1 open, the tool is to be connected to the measuring circuit. Leakag
hsured using both positions of switch S2, and with the tool switching devig
operating positions.

ch S1 is then to be closed energizing the tool and\within 5 seconds the leakag
bsured using both positions of switch S2 and\with the tool switching devic
operating positions.

eakage current is to be monitored untilthermal stabilization. Both positions of
sed in determining this measurement-Thermal stabilization is considered to b
bn under no-load conditions.

condition — as
the grounding
51.3. The test

e current is to
es in all their

e current is to
es in all their

switch S2 are
e obtained by
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Figure 52.1

Leakage current measurement circuits

PRODUCT METER
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LE200

NOTE:
A — Prope with shielded lead.

B — Sefarated and used as clip when measuring currents from 6he part of tool to another.
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52.8 Normally, the complete leakage current test, as specified in 52.7 is to be conducted without
interruption for other tests. With the concurrence of those concerned, the leakage current test may be

interrupted for

the purpose of conducting other nondestructive tests.

53 Starting Current Test

53.1

When operated as described in 51.2, a tool shall start and operate normally without:

a) Tripping an overload protector provided as part of the tool; or

b) Opening the fuse, when connected to a circuit protected by a fuse of other than the time-delay
type having a current rating corresponding to that of the branch circuit of the lowest rating to which

the toofcan plupcliy beconnected:

Exceptfon: A time-delay fuse may be employed for the test provided the constructior
the nature of the usage is such that the tool is likely to be used continually on the

circuit

53.2 To dete|

fter installation, and the instruction manual or the tool is marked incaceordance

rmine whether a tool complies with the requirements in 53.1, the*tool is to be G

supply circuit protected by a fuse as specified in 53.1. The tool is to be started three times, V|

room temperg
representing t
successive st3

53.3 Cord cg
to the same
connected to

54 Currentl

54.1 The cu
voltage, and Id

54.2 Fortoo
These have b

ture at the beginning of the test. Each start of the toolHs to be made undg
he beginning of normal operation, and the tool is t0 be allowed to come to
rts.

nnected products provided with plug configurations of the same type that can
branch circuit shall comply with the starting current test with all cord plug
he same branch circuit that are required.to operate the tool under normal cond

hput Test

frent input to a tool that is.connected to a circuit of rated frequency and m
aded in accordance with Table 54.1 shall not be more than 120 percent of rate

s of the most comman types, Table 54.1 specifies the conditions of loading for

a tool, regardless of type, having features not contemplated in these test procedures may
considered ndcessary to meet the intent of these requirements. A tool intended to perfornmy two or more
different operations,.such as sanding, polishing, grinding, and the like, is to be tested with
results in maximum{emperatures.

of the tool or
same branch
b with 80.11.

onnected to a
vith the tool at
er conditions
rest between

be connected
s of the tool
tions.

aximum rated
d current.

the input test.

en found to be(Close approximations of the most severe conditions of normal yise. However,

be tested as

the load that

54.3 For the Test, a tool provided with means for controlling the speed is To be operaied in accordance
with the manufacturer's recommendations with respect to:

a) Speeds;

b) Size and type of accessory — drill bit, saw blade, and the like — intended for use with the tool; and

c) Dimensions and material of the work stock for the operation.
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Table 54.1
Loads for input test

Tool Test Procedure
1. Bandsaw The test is to be conducted with the saw ripping soft-pine board having a thickness
equal to 2/3 the maximum thickness of board it is intended to cut.
2. Drill press The input is to be measured with the tool drilling holes in a mild-steel plate of

3. Grinder, bench

thickness not less than the diameter of the drill, using a drill of the largest diameter
that the chuck will accommodate.

A. For a grinder intended for use with grinding wheels less than 6 in (152 mm) in
diameter, the test is to be conducted at no load, with the wheels mounted.

B. For a grinder intended for use with grinding wheels 6 in or larger in diameter, the
tost i e ) in (6 . ing a

4. Hagksaw

5. Jiggaw

5A. Aprasive cutoff
machine

6. Sayy, scroll

7. Say, radial

8. Sayy, table
8A. Deleted
8B. Saw, tile

9. Plaher, jointer, or
shapgr

width exceeding the width of the grinding wheel. A thrust calculated by the follpwing
formula is to be applied to the steel:
T =(18875W x P)/SFPM = (1350.6W x P)/SMPM

in which:

T is the thrust in pounds (N),

P is the rated hp (kW) of grinder,

W is the width of wheel in inches (mm), and

SFPM (SMPM) is the surface ft/min (surface m/min) at no“oad.

The test is to be conducted with the tool sawing a mild-steel plate, 1/4 in thick, |using
the blade recommended by the manufacturer. ItiS assumed that the design of the
tool is such that a reasonably constant pressure‘forces the saw blade against the
stock.

The test of a saw having a blade not more than 6 in long is to be conducted with the
saw cutting plywood 1/2 in (12.7 mm)-thick.

The test is to consist of cutting a.3/4%in (19.05 mm) piece of rebar. The test is t¢ be
conducted with a force applied to.the handle equal to 110 percent of the force
required to cause the blade miechanism to travel the distance of a full cut when the
saw is not energized.

The test is to be conducted in the same manner as that of a jigsaw.

The test is to consist of ripping a soft-pine board having a thickness equal to 7p
percent of the.amaximum depth of cut recommended by the manufacturer and fed at
the rate of@ ft/min (1.22 m/min).

The test is to be conducted in the same manner as that of a radial saw.

The test is to consist of cutting a twice fired ceramic tile with a thickness equalfto 75
percent of the maximum cutting depth allowed by the construction of the saw. No

appreciable force is to be applied to the workpiece, other than that necessary {o
advance the cutting operation.

The test is to be conducted with the tool cutting soft-pine board, with a width of cut
equal to 100 percent of the design capacity, and a depth of 1/16 in (1.6 mm) for
surface planing, 1/8 in (3.2 mm) for edge jointing, and 100 percent of the maxijnum

10. Sander, belt

11. Sander, disc

12. Lathe, wood

13. Lathe, metal

depth permitted by the design of the tool for shaping.

The test is to be conducted with the sander sanding soft-pine wood. A medium-grip
sandpaper is to be used. The sanding is to be done with the grain of the wood. The
width of the wood is to be the width of the belt minus 1/4 in.

The test is to be conducted in the same manner as that of a belt sander with the disc
permitted to revolve across as well as with the grain.

The test is to consist of inboard faceplate turning of a round, soft-pine wood block
having a diameter equal to 80 percent of the swing capacity of the lathe and a
maximum thickness of 3 in (76.2 mm). The test of a lathe not equipped for faceplate
turning is to consist of turning a round, soft-pine wood block having a maximum
diameter of 4 in (102 mm) and a length equal to the capacity of the lathe. The test is
to be conducted with the lathe running at the recommended speed.

The test is to be conducted with the tool cutting metal at the recommended speed
and cutting depth as specified by the manufacturer.
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55 Temperature Test
55.1 General
55.1.1 A tool shall be tested as described in 55.2.1 — 55.3.8. The temperature at any point shall not be

high enough to cause a risk of fire, or to damage any material used, and the applicable temperature rises
specified in Table 55.1 shall not be exceeded.

55.1.2 All values for temperature rises in Table 55.1 are based on an assumed ambient temperature of
25°C (77°F). Tests may be conducted at any ambient temperature within the range of 10 — 40°C (50 —
104°F).

Table 55.1
Maximum acceptable temperature rises

Materials and Components °C °F
1. Varrjished-cloth insulation 60 108]
2. Fusgs 65 117
3. Fibgr employed as electrical insulation 65 117
4. \Woqd and other similar material 65 117
5. Any|point on or within a terminal box of a permanently-connected.tool 65 117
—see $1.8
6. A syrface upon which a permanently connected tool may be.mounted 65 117
in servjce, and surfaces that may be adjacent to the tool when so
mounted

7. Insulation systems on stator windings of an a-c moterhaving a
diamefer of 7 in (178 mm) or less (not including a universal motor); and
on a viprator coil®® :

A. Class A insulation systems

1. In an open motor and.o\a-vibrator coil:
Thermocouple or’resistance method 75 135

2. In a totally enclesed motor:
Thermoecouple or resistance method 80 144

B. Class B insulationsystems

1. In‘afropen motor and on a vibrator coil: 95 171
Thermocouple or resistance method

2. In a totally enclosed motor: 100 180

Thermocouplie or resistance method

8. Insulation systems on stator windings of an a-c motor having a
diameter of more than 7 in (178 mm), of a d-c motor, and of a universal
motor®® :

A. Class A insulation systems

1. In an open motor:

Thermocouple method 65 117

Resistance method 75 135
2. In a totally enclosed motor:

Thermocouple method 70 126

Resistance method 80 144

Table 55.1 Continued on Next Page
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Table 55.1 Continued

Materials and Components °C °F

B. Class B insulation systems

1. In an open motor:

Thermocouple method 85 153
Resistance method 95 171
2. In a totally enclosed motor:
Thermocouple method 90 162
Resistance method 100 180
9. Clags E insulation systems on coil winding.
Thermocouple method 75 13
Resistance method 85 15
10. Clpss 105 insulation systems on windings of a relay, a solenoid, and
the like:
Thermocouple method 65 111
Resistance method 85 15
11. Phenolic composition employed as electrical insulation or as a part 125 22

the ddterioration of which could result in a risk of fire or electric shock®
12. Riibber- or thermoplastic-insulated wires and cords®¢® 35 63

13. Capacitors:

Electrolytic’ 40 72
Other types?® 65 117
14. Sgaling compound h h
15. Clpss 130 insulation systems on windings of a relay, a sole-noid, and
the like:
Thermocouple method 85 15
Resistance method 105 189

@ See[55.2.3. Temperature limits are'based upon stator windings. The temperature of the armature is reqorded
by a gonvenient means as a reference temperature for establishing the armature oven conditioning
tempgrature as specified in 91:6.2.

b Seeffootnote a to Table 2312

¢ Phefolic compositiomand rubber and thermoplastic insulation that has been investigated and found
acceptable for use.athigher temperatures may be used at those temperatures.

4 A rubber-insulated conductor within a motor employing Class A insulation systems, and a rubber-insulated
motor|lead may.be subjected to a higher temperature rise if the conductor is provided with a braid that has
been nvestigated and found acceptable for use at the higher temperature; and a rubber-insulated condyctor of
a flexiple cord may be subjected to a higher temperature rise. This does not apply to thermoplastic-insulaited

wires orcords:

A short length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of more than 60°C
(140°F), such as at terminals, is acceptable if:

1) Supplementary heat-resistant insulation having acceptable dielectric strength is employed on the
individual conductors of the cord to prevent deterioration of the conductor insulation; and

2) The strain-relief means is not dependent on that portion of the insulation subjected to the excessive
temperature.

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

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

" The maximum acceptable sealing compound temperature, when corrected to a 25°C (77°F) ambient
temperature, is 15°C (27°F) less than the softening point of the compound as determined in accordance with
the Standard Test Methods for Softening Point of Resins Derived from Naval Stores by Ring-and-Ball
Apparatus , ASTM E28.
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55.2 Temperature measurements

55.2.1 Temperatures are to be measured by thermocouples unless the change-of-resistance method is
used in accordance with 55.2.2. The thermocouples are to consist of wires not larger than 24 AWG (0.21
mm?) and not smaller than 30 AWG (0.05 mm?). When thermocouples are used in determining
temperatures in electrical equipment, it is common practice to employ thermocouples consisting of 30
AWG iron and constantan wire and a potentiometer-type instrument. Such equipment is to be used
whenever referee temperature measurements by thermocouples are necessary.

55.2.2 A thermocouple is to be used for determining the temperature of a coil or winding if it can be
mounted, without removal of encapsulating compound or the like:

a) On theintegrally applied insulation on a coil not having a wrap, or
b) On he outer surface of a wrap that is not more than 1/32 in (0.8 mm) thick"and consists of
cotton,|paper, rayon, or the like, but not of asbestos or similar thermal insulation:
The change-of-resistance method is to be used if a thermocouple cannot be mounted in acgordance with
the foregoing fonsiderations. For a thermocouple-measured temperatureofya motor coil as| mentioned in
items 7 and 8 |of Table 55.1, the thermocouple is to be mounted on the jategrally applied insulation on the
conductor.
55.2.3 Whern using the change-of-resistance method, the windings are to be at ambient temperature at
the start of thejtest. The temperature rise of a winding is to be.Calculated from the formula:
R,
At = —=(K+#) — (K+1,)
R,
in which:
At is the temperature rise in °C;
R, is the resistance of the¢Qil at the end of the test in ohms;
R, is the resistance ofithe coil at the beginning of the test in ohms;
t; is thg ambienttemperature at the beginning of the test in °C;
t, is thg ambient temperature at the end of the test in °C; and
k is 23%-5-for-copper—225-0-for-efectrical-conductorgrade~(ECH-atuminum—Yatues-ofthe constant k

for other grades must be determined.

55.2.4 A thermocouple junction and an adjacent thermocouple lead wire are to be securely held in good
thermal contact with the surface of the material the temperature of which is being measured. In most
cases, acceptable thermal contact results from securely taping or cementing the thermocouple in place;
when a metal surface is involved, brazing or soldering the thermocouple to the metal is to be used when
necessary.

55.3 Operation for temperature test

55.3.1 Unless indicated otherwise, the test is to be continued until constant temperatures are reached. A
temperature is considered to be constant when three successive readings taken at intervals of 10 percent
of the previous elapsed duration of the test, but not less than 5-min intervals, indicate no change.


https://ulnorm.com/api/?name=UL 987 2020.pdf

MAY 12, 2020 UL 987 91

55.3.2 Temperatures are not to be measured after final shutdown; however, they are to be observed
during the off or idling intervals if loading during the test is of a cyclic nature.

55.3.3 A bandsaw, an abrasive cut-off saw, a drill press, a hacksaw, a planer, a jointer, a shaper, a router,
a radial-arm saw, a belt or disc sander, or a lathe is to be operated continuously while loaded so that the
current input equals the rated current input of the tool. Loading is to be by eddy-current brake,
dynamometer, or the like. If the tool is provided with means for controlling the speed, the test is to be
conducted:

a) At the maximum speed setting of the control with the tool loaded so that the current input equals
the current rating of the tool; and

b) At gey-otherspeed-setting-that mayresultina-higherfemperature-with-thetooloaded so that

the cufrent input equals the current measured at that speed during the current inputtest — see 54.1.

55.3.4 A bepch grinder intended for use with 6-in (152-mm) diameter or larger grinding wheels is to be
operated confinuously while loaded to the input value measured in accordance(with item 3|of Table 54.1.
The test is to be continued until constant temperatures are reached.

55.3.5 A bench grinder intended for use with grinding wheels less than'6.in (152 mm) in digmeter is to be
operated confinuously at no load with the wheels mounted.

55.3.6 A scroll saw and a jigsaw intended for use with blades.n6t more than 6 in (152 mm)long are to be
operated as specified below, cutting plywood 1/2 in (12.7 mm)‘thick.

a) A nmotor-powered saw is to be operated untiNconstant temperatures are reached, using a duty
cycle ¢f five minutes of sawing followed by one\minute of idling.

Excepfion: A motor-powered saw may be\connected to an eddy-brake and loaded |in accordance
with 59.3.3 until constant temperatures‘are reached.

b) A vibrator-powered saw rated\3:A or less and 125 V or less is to be operated for|12 cycles with
each gycle consisting of two minutes of sawing followed by one minute off.

c) A vlbrator-powered saw.other than as mentioned in (b) is to be operated sawing continuously
until cpnstant temperatures are reached.

55.3.7 If ajig or scrolksaw having a blade not more than 6 in (152.4 mm) long is provided|with means to
control the speed (see 83.1.2), the test is to be conducted in accordance with the manufacturer's
recommendafions regarding:

a) The
b) The work stock, such as steel or wood; and

c) The speed.

55.3.8 A tile saw is to be operated continuously for 30 minutes while loaded so that the current input
equals the rated input of the tool. Loading is to be by eddy-current brake, dynamometer, or the like.

56 Dielectric Voltage Withstand Test
56.1 Other than as specified in 56.2, a tool shall withstand for one minute without breakdown the

application of a 60-Hz essentially sinusoidal potential of 1000 V plus twice the rated voltage, between live
parts and dead metal parts, with the tool at the temperature reached during the temperature test.
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56.2 For a tool employing an induction motor rated 1/2 hp (373 W output) or less and 250 V or less, the
test potential for the motor, but not for the remainder of the tool, shall be 1000 V.

56.3 In the application of 56.2 and Table 76.1 to a motor not rated in horsepower, use is to be made of
the appropriate table of the National Electrical Code, ANSI/NFPA 70, that gives the relationships between
horsepower and full-load currents for motors. The table applying to single-phase alternating-current
motors is to be used for a universal motor.

56.4 A capacitor for radio-interference elimination or power-factor correction shall withstand for one
minute without breakdown the application of a 60-Hz essentially sinusoidal potential of 1000 V plus twice

the rated voltage of the tool between terminals of the capacitor.

56.5 For the
capacity trans
potential is to

for one minutg
consistent with

56.6 Printed
in 23.9(a) or 2
traces of opp

conformal codting are to be tested. The samples shall have be€n‘subjected to the produg

process. The
57 Leakage

571 A tool
hours to air hal

57.2 To dete|
a temperaturg
conditioning. T
under the con
described in 5
The testis to b

58

58.1 A comp

Impact tgst

dielectric voltage-withstand test, the tool is to be tested by means of a 5Q(
former, the output voltage of which is essentially sinusoidal and can be yvari€q
be increased from zero until the required test level is reached, and is to)be he
. The applied potential is to be increased at a substantially uniform.rate and a
its value being correctly indicated by a voltmeter.

foil patterns placed on a printed wiring board provided with.a*eonformal coatin
13.9(b), shall withstand the potential specified in 56.1 wheh applied between
psite polarity for one minute without breakdown. €leéan dry samples with
omponents may be omitted for this test.

Current Test Following Humidity Conditioning

shall comply with the requirements_for' leakage current in 52.1 following ex
rmine whether a tool compliesswith the requirement in 57.1, a sample tool is td
just above 34° C (937F)to reduce the likelihood of condensation of m

[he heated sample is to be placed in the humidity chamber and conditioneg

P.7(a). The sample)is then to be energized and tested as described in 52.7 (b

ving a relative humidity of 88 £2 percent at a temperature of 32 £2°C (90 +4°F).

-VA or larger
. The applied
d at that level
s rapidly as is

g as specified
printed wiring

and without
tion-soldering

bosure for 48

be heated to
bisture during
for 48 hours

ditions specified in<&X:1. Following conditioning, the sample is to be tested unenergized as

) and 52.7(c).

e discontinued'when the leakage current stabilizes or decreases.

onent’as mentioned in 4.3 and 4.7 that is exposed to impact shall withstand t

he ball-impact

- ~{eJks] £EQ 7 v

test described

a) With

-t -Ho-narmal-naciian-
o0 Z DU WHCTT T OuUTtCUT T ieS riortar goOsSTaoTT

out cracking that affects the function of the part;

b) Without being affected to the extent that any moving part involving a risk of injury to persons
would be exposed to unintentional contact; and

¢) Without affecting the mechanical performance of a tool in a manner that could result in a risk of
injury to persons.

58.2

The ball-impact test is to be conducted with a smooth steel sphere having a diameter of 2 in (51

mm) and weighing 1.18 Ibf (0.54 kg). If the component being tested can be impacted from above, the
sphere is to be dropped 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 in (1.29 m).
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58.3 A component as mentioned in 4.3 and 4.7 that is subject to impact and that is made of plastic or
other nonmetallic material shall comply with the requirements in 58.1 after conditioning as described in
58.4. After the conditioning and before being subjected to the ball-impact test, the component shall not be
checked, cracked, distorted or otherwise affected so as to impede proper operation of the tool.

58.4 A component as mentioned in 58.3 that has been previously tested is to be conditioned for 7 hours
in an air oven at 70°C (158°F). The sample is to be supported in the same manner it is supported in the
tool. Upon removal from the oven, the component is to be inspected for damage as mentioned in 58.3. The
component is to be allowed to cool to room temperature before being subjected to the ball-impact test
described in 58.2.

58.5 A guard that becomes disassembled during the ball-impact test is acceptable if the damage is
obvious and i{ can be reassembled readily to function properly.

58.6 Deforn
the part can b

ation of a guard or other part, such as a spreader, during the ball-impacttest i
e readily restored to its original shape.

s acceptable if

58.7 Damag
ball-impact te
the tool comp!

a result of the
| operation, or

e to the cutting tool or a portion of the drive system, other than a guard, as
5t is acceptable if, after the test, it is obvious that the tool is.ineapable of normza
ies with the applicable requirements in Sections 29 — 50.

59 Strain Relief Test

shall withstand
cord, with the

59.1 When {ested as described in 59.2, the strain-relief means provided on a flexible cord
for one minute, without displacement, a direct pull of35 Ibf (156 N) applied to the
connections within the tool disconnected.

59.2 A 35-If (15.9-kg) weight is to be suspendéd on the cord and supported by the tool so
relief means will be stressed from any angle that the construction of the tool permits. The str
acceptable if,|at the point of disconnectiontof the conductors, there is such movement of

that the strain-
ain relief is not
the cord as to

indicate that stress would have resulted on the connections.

60 Push Back Relief Test

60.1 To determine compliance with 13.2.2, a product shall be tested in accordance wit
occurrence offany of the'conditions specified in 13.2.2 (a) — (d).

h 60.2 without

60.2 The supply cord or interconnecting cable is to be held 1 in (25.4 mm) from the point Wwhere the cord
or interconne¢ting cable emerges from the product and is then to be pushed back into the prpduct. When a
removable busti i T It i he test. When
the bushing is an integral part of the cord, then the test is to be carried out by holding the bushing. The
cord or interconnecting cable is to be pushed back into the product in 1 in (25.4 mm) increments until the
cord buckles or the force to push the cord into the product exceed 6 Ib-f (26.7 N). The supply cord or

interconnecting cable within the product is to be manipulated to determine compliance with 13.2.2.

61 Sharp Edges Test

61.1  When a test is required to determine whether the edges of an opening through which a power-
supply cord passes are smoothly rounded, the tool shall be tested as described in 61.2; and the cord shall
not be cut, abraded, or permanently scratched.

61.2 With all mechanical and electrical connections in place, the cord is first to be twisted clockwise 360°
and then counterclockwise 360°. The cord is to be twisted 2 in (51 mm) outside the opening of the hole
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through which it passes, while an axial pull in a force determined by the following is applied along the
longitudinal axis of the cord:

a) 10 Ib (44.5 N) for a 16 AWG (1.3 mm?) or 18 AWG (0.82 mm?) cord; or

b) 15 Ib (66.7 N) for a 14 AWG (2.1 mm?) cord.

The plane of the opening is not to be less than 60° from the vertical.

61.3

If it is not obvious that a wire as mentioned in Section 15 will not be abraded by the edges of a hole

through which it passes, a projection in a wireway, and the like, the tool shall be tested as described in
61.4; and the conductor insulation on the wire shall not be visibly abraded or cut.

61.4 Todete

a) Awi
to caus

b) The

'mine whether a tool complies with the requirement in 61.3:

re as mentioned in 61.3 is to be pulled back and forth 100 times by hand over
e damage; and

tool is to be operated for 48 hours without load at rated voltage.Af the output f

tool is ¢scillating, reciprocating, or impacting, this portion of the test is'to be conducte

in the 4
out of [

s-received condition. If the output function is rotary, an,accessory that is 1 oz-
alance is to be fixed to the spindle.

62 Switcheg and Controls Test

62.1 Gener

62.1.1

the motor of a|tool, unless it has a horsepower-rating acceptable for the application or unle
so that it will npt have to break the locked-rotormotor current, shall perform acceptably whe
an overload tgst consisting of 50 cycles_of @peration, making and breaking the locked-rotor
tool. There shall be no electrical breakdown or mechanical malfunction of the device. The on

the switch sha
the grounding

62.1.2 Tode
tool is to be ¢
voltage — see
parts of the to

Il function properly on the 51st cycle when energized under a no load conditig
connection shall not-open during the tests.

ermine whethera switch or other control device complies with the requirement
bnnected to_a grounded supply circuit of rated frequency — see 51.1 —and m
80.2 —with the rotor of the motor locked in position. During the test, exposs
bl aresto be connected to ground through a 3-A plug fuse, and the connection

that any singl¢

-pole; current-rupturlng device is |n the ungrounded conductor of the suppI)

the part likely

unction of the
d with the tool
n (7.1 N-mm)

Other than a speed-changing switch or aréversing switch, a switch or other devicg that controls

5s interlocked
n subjected to
current of the
off function of
n. The fuse in

in 62.1.1, the
aximum rated
d dead metal
is to be such
circuit. If the

tool is intende# —exposed dead
metal parts of the tool are to be connected to be posmve with respect to any single- pole current-rupturlng
control device. The device is to be operated so that it is left in the on position as briefly as possible, and at
a rate of 10 cycles/min. However, with the concurrence of those concerned, a faster rate of operation may
be employed with the device left in the on position as briefly as possible.

62.2 Reversing controls

62.2.1 A switch or other device for reversing the motor of a tool shall perform acceptably when subjected
to a test consisting of 25 cycles of operation as described in 62.2.2. There shall be no:

a) Electrical breakdown or mechanical malfunction of the device;

b) Switch malfunction on the 26th cycle;
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¢) Emission of molten metal or flame from the enclosure; and

d) Opening of the fuse in the grounding connection.

62.2.2 For the test mentioned in 62.2.1, the tool is to be connected to a circuit of maximum rated voltage,
without load. Each cycle of operation is to consist of throwing the switch to the position in which the tool
rotates in one direction, allowing it to reach full operating speed in that direction; then, without pause in any
intermediate off position unless the switch will not function otherwise, throwing the switch to the position in
which rotation is reversed, allowing the tool to reach normal speed in that direction; and then reversing the
rotation again by throwing the switch to the initial on position. Connections, including the grounding

connection, are to be made as described in 62.1.2.

62.3 Speed[change controls

62.3.1 Asw
shall perform
62.3.2. There

a) Ele
b) We
c) Emi

d) Ops

62.3.2 Fort
without load.
switch to cau
results in the

tch or other device for changing the speed of the motor of a tool, otherthan ar
acceptably when subjected to a test consisting of 50 cycles of operation a
shall be no:

trical breakdown or mechanical malfunction of the device;
ding or undue pitting or burning of the contacts;
5sion of molten metal or flame from the enclosure;and

ning of the fuse in the grounding connection.

ne test mentioned in 62.3.1, the tool is to, be connected to a circuit of maximum
Fach cycle of operation is to consist of;allowing the tool to operate at one spee
se operation at the other speed, -and then changing the setting back to th
first value of speed. During the.test the dead metal parts of the tool are to be

on-off switch,
5 described in

rated voltage,
1, throwing the
b position that
b connected to

ground through a 3-A plug fuse.

63 Capacitor Test

63.1 A capacitor as mentioned in 22.1(d) shall be tested as described in 63.2 and the|cotton placed
around it shal| not ignite.
63.2 For the test mentioned in 63.1, three samples of the capacitor are to be mounted in the usual

cotton-is to be placed around openings in the enclosure. The samples are to be subjected to

hge.as to cause breakdown.

manner, and
such overvolt

64 Abnormal Operation Test

64.1 A tool employing a rectifier, a transistor, or a similar component or a capacitor in combination with
such a component, where failure is likely to result in an increased risk of fire or electric shock, shall be
tested as described in 64.2. The test shall not result in a risk of fire or electric shock, and the fuse in the
grounding connection shall not open.

64.2 For the test mentioned in 64.1, exposed dead metal parts of the tool are to be connected to ground
through a 3-A fuse. Only one condition of simulated malfunction or breakdown is to be imposed at a time.
The component or capacitor is to be tested both open- and short-circuited between any two of its
terminals, and all combinations of terminals are to be tested. With the component or capacitor opened or
shorted, the tool is to be operated as it would be in use. If there is indication of malfunction, such as
smoking or operation of the tool in other than its intended manner, the test is to be discontinued when such
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malfunction would become evident to the operator. Otherwise, the test is to be continued until ultimate

results are rea

ched.

64.3 During each test:

a) The unit is to be placed on a softwood surface covered with white tissue paper; and

b) A single layer of cheesecloth is to be draped loosely over the entire enclosure. The cheesecloth
is to be untreated cotton cloth running 14 — 15 yd/Ib (26 — 28 m? /kg) and for any in?, a count of 32
threads in one direction and 28 in the other direction.

65 Bonding

Overload Test

65.1 A bonding conductor smaller than that required by 24.10 shall not open when caLrying for two
minutes a curient equal to twice the rating of the overcurrent device of the branch cireuit to
would normally be connected, but not less than 20 A.

66 Resistance of Grounding Path Test

66.1

The resistance of the grounding path between a dead metal part and the equipm

terminal or lead or the point of attachment of the wiring system shall.net be more than 0.1 Q.

66.2 With reference to the requirements in 66.1, the resistance may be determined by a

method. If un
more than 12
that may be e
point of attach
measured bet
potential in vo

67 Conditio

67.1 The te
conditioned as

a) Test

b) 69.2

cceptable results are recorded, either a direct’or alternating current at a p
V, and equal to the current rating of the largest branch-circuit overcurrent-pro
mployed with the tool is to be passed from the equipment-grounding termin
ment of the wiring system to the dead;mietal part, and the resulting drop in po
veen those two points. The resistance in ohms is to be determined by dividi
ts by the current in amperes passing between the two points.

hing of Polymeric Materials

s5ts required by the \following references shall be conducted on samples
described in 67.2:

5 of Polymeric Enclosures Following Oven Conditioning, Section 68; and

69.5,.and 69.6 or 70.2 — 70.4 and 70.6 — 70.8.

which the tool

ent-grounding

Ny convenient
btential of not
tective device
bl or from the
ential is to be
g the drop in

br specimens

Exception: Th

b tests required by 67.1(b) may be conducted on unconditioned samples if:

a) It has been determined by a long-term thermal aging program, which included samples or
specimens no thicker than the enclosure, that thermal aging will not result in an adverse change in
the properties of the material; or

b) The maximum temperature to which the material is exposed during normal use does not exceed
65°C (149°F).

67.2 Samples or specimens of polymeric material required to be conditioned are to be placed in an air-
circulating oven. The oven is to be maintained at the temperature specified in Table 67.1 for 1000 hours.
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Table 67.1
Oven temperature for thermal aging
Maximum normal operating temperature of enclosure
More than Not more than Oven temperature

°C °F °C °F °C °F

65 149 75 167 85 185

75 167 90 194 95 203

85 185 95 203 105 221
68 Tests of Polymeric Enclosures Following Oven Conditioning
68.1 After the enclosure or a part of the enclosure if it is representative of the enclosure is’conditioned as

described in
mechanical sf

67.2, the enclosure shall comply with the requirements for accessibility
rength, flammability, and the like.

of live parts,

69 Polymernic Material as Described in 69.2

69.1 General

69.1.1 Polymeric material as described in 69.2 shall comply with’the requirements in 69.3 + 69.6
69.2 Flame|resistance test

69.2.1 The enclosure is to be tested as described in 69.2.2 — 69.2.4, and shall not supp

for more thap one minute after the second application of the test flame, nor shall ther

destruction of]
acceptable re|

Exception: An
Flammability
thickness ran

69.2.2 Thre
the test:

a) The

the sample as a result of this test.”A flame-retardant coating shall not be depe
sults for this test.

enclosure of material classed V-0, V-1, or V-2 in accordance with the Standar
of Plastic Materials for Parts in Devices and Appliances, UL 94, if it is w
pe for which the material was classed, need not be tested.

b sections ofithe”enclosure most likely to be ignited are to be selected — see

rt combustion
be complete
nded upon for

d For Tests for
thin the same

69.2.4. During

b) Nor

enclesure is to be supported in its normal operating position in a draft-free Ioc]a

tion;

polymeric portions of the enclosure in contact with or fastened to the polymellic portions are

not to be removed; and

c) Insofar as possible, the internal mechanism of the tool is to be in place.

69.2.3 The flame of a Bunsen burner is to be adjusted to have a 3/4-in (19-mm) yellow flame with no blue
cone. With a different sample in each case, each section is to be subjected to two 30-second applications
of the tip of the flame with a 1-minute interval between the applications.

69.2.4 With reference to 69.2.2, the sections most likely to be ignited are to be considered those
adjacent to a coil winding, a splice, or an open switch or other arcing or sparking part.

69.3 Therm

69.3.1

al stability test

Conditioning as described in 69.3.2 shall not:
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a) Reduce spacings below the minimum acceptable values;

b) Make any uninsulated live part or internal wiring accessible to contact; or

c) Produce any other condition that may increase the risk of fire or electric shock.

Exception: Polymeric material conditioned as described in 67.2 need not comply with these requirements.

69.3.2 Three samples of the enclosure or a part of the enclosure if it is representative of the enclosure
are to be conditioned in an air-circulating oven maintained at a uniform temperature at least 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). The samples are to remain in the oven for 7 hours. After careful removal from

the oven and feturmtoambrent-temperaturetheyaretobeinvestigatedtodeterminme-whethg

with the requir

69.4 Strain rfelief test

69.4.1 After
67.2 or 69.3.2
is dependent

69.5 Impact
69.5.1 Thee
a) Red
b) Mak
c) Prod
69.5.2 Each

enclosure is td
normal use. T
weighing 1.18
the ball to swir

69.6 Abnorn

69.6.1 Wher

ements in 69.3.1.

he test samples have cooled to ambient temperature following, the conditionin
they shall be subjected to the strain-relief test described in €91 and 59.2, if t
n the polymeric material.

test

hclosure shall withstand the impact described'in69.5.2 without:
icing spacings below the minimum acceptable values;
ng any uninsulated live part or interhalwiring accessible to contact; or

ucing any other condition that may increase the risk of fire or electric shock.

of three samples of the enclosure or a part of the enclosure if it is represd
be subjected to an impact of 5 ft-Ibf (6.8 J) on any surface that is exposed to
he impact is to bevproduced by dropping a steel sphere, 2 in (51 mm) in

Ib (0.54 kg) from'a height of 51 in (1.29 m) to produce the specified impact, of
g as a pendulum.

nal operation test

r they comply

j described in
ne strain relief

ntative of the
a blow during
Hiameter, and
by permitting

a'tool is tested as described in 69.6.2, there may be warping, shrinkage,

expansion, or

cracking of the

materiatof theenclosure; but thereshattbeo:

a) Ignition of the material of the enclosure;

b) Exposure of a live part; or

c) Emission of flame or molten metal, or glowing or flaming of the combustible material upon which
the tool is placed.

Exception: Emission of flame or molten metal, or glowing or flaming of the combustible supporting
surface that may result from such emission occurring through an opening provided as a part of the
design and construction of the enclosure — but not through an opening that occurs as a result of the

test.

69.6.2 The tool is to be operated under a condition of abnormal operation appropriate for the specific
application, such as stalled rotor, overload, overvoltage, undervoltage, operation with current-carrying
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parts short-circuited, and the like. During the test, the tool is to be connected to a circuit containing a 30A
fast acting supply fuse while resting on white tissue paper on a softwood surface. The tool is to be
operated continuously until the ultimate results have been obtained. In most cases, continuous operation
for 7 or 8 hours will be necessary to determine that the ultimate results have been obtained, or constant
temperatures are reached, or the 30A fuse opens.

70 Polymeric Material as Described in 70.2
70.1 General

70.1.1  Polymeric material as described in 70.2 shall comply with the requirements in 70.3 — 70.10.

Exception: Mpterial as described in 70.2 need not comply with the requirements in _70.B — 70.10 if it
complies with|one of the following:

a) They material:

1) Complies with the requirement for impact in 69.5.1 and 69.5.2;

2) Does not enclose an uninsulated live part; and
3) Is not relied upon to provide strain relief for the card,
b) Thel material:

1) Complies with the requirements for thefmal stability, strain relief, impact,|and abnormal
operation in 70.3 — 70.6; and

2) Does not enclose an uninsulated\ive part.
c) Thelmaterial:
1) Is not used in quantities-more than 10 ft? (0.93 m?) in area; and

2) Does not enclose\an electrical part.
70.2 Burning rate

70.2.1 The fate of burning of the polymeric material shall not be more than 1.5 in/min (38.1 mm/min)
when tested gs deseribed in 70.2.2 — 70.2.6.

70.2.2 Three-samples-efthe-materialeach-5in{12FmmHoerg—H2 {12 Fmm-widenominally 1/8 in
thick [minimum thickness 0.12 in (3.05 mm)] and having smooth edges are to be tested. On each sample,
a line is to be marked across the width of the sample 1 in (25 mm) from one end and a similar line is to be
marked 1 in from the other end.

70.2.3 The test apparatus is to consist of a Bunsen burner having a 3/8-in (9.5-mm) diameter tube, a ring
stand with two clamps adjustable to the desired angles or equivalent means of support, a 5- by 5-in (127-
by 127-mm) section of 20-mesh steel wire gauze, and a stopwatch or other timing device.

70.2.4 A sample is to be clamped at one end with its longitudinal axis horizontal and its transverse axis
inclined 45° to the horizontal. The wire gauze is to be clamped horizontally beneath the sample, with a
separation of 3/8 in (9.5 mm) between the lower edge of the sample and the gauze and with the free end
of the sample extending approximately 1/2 in (12.7 mm) beyond the gauze. The Bunsen burner is to be
adjusted to provide a blue flame approximately 1 in (25 mm) high, and the tip of the flame is to be applied
to the free end at the lower edge of the sample. The tube of the burner is to be in the same vertical plane
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as the longitudinal axis of the sample and inclined toward the end of the sample at an angle of
approximately 45° to the horizontal. The flame is to be applied for 30 seconds without changing the
position of the burner, and is then to be removed from the sample.

70.2.5 If the sample continues to burn after removal of the test flame, the time for the flame to travel
along the lower edge of the sample from one mark to the other is to be measured, and the rate of burning
is to be calculated in in/min (mm/min).

70.2.6 If the samples undergo significant longitudinal shrinkage during the burning test because of relief
of strains of molecular orientation by heat from the burning portion, as may be the case with a sample
taken from a finished part, the dimensional change may be taken into account in determining the rate of
burning. Measurements may be made of the changes in dimensions of the representative samples of the
material after annealing between glass plates, and a correction for such dimensional changes may then be
applied to the jobserved rate of burning; or the burning test may be conducted on samples:that have been
annealed.

70.3 Hot-wire ignition test

70.3.1  The polymeric material shall resist being ignited for 7 seconds orlonger when testeq as described
in 70.3.2 and 10.3.3.

Exception: A polymeric material that complies with the Hot-Wire Ignition (HWI) Abnormal Qverload Test,
Section 70.4 need not be tested in accordance with 70.3.2 and>Z0.3.3.

70.3.2 Each|of three samples of the material, each & (127 mm) long, 1/2 in (12.7 mm) wide, and
having a thickhess not more than the minimum thickness of the enclosure at any point is tp be wrapped
with five turns pf resistance wire, with a spacing of 1/4'in (6.4 mm) between turns.

70.3.3 The \ire is to be 24 AWG (0.21 mmz), iron-free, 20 percent chromium and 80 percent nickel,
running 1.61 /ft (5.28 Q/m), and 865 ft/lb(580 m/kg). The wire is to carry such current as tq dissipate 6.5
W/in (0.26 W/mm), and the time measurement is to begin when the current begins to flow.

70.4 Hot-wire ignition (HWI) —abnormal overload test

70.4.1  Matefials that do notcomply with 70.3.1 may be evaluated by an abnormal ovefload test that
passes abnormal currentsthrough current-carrying members as described in 70.4.2. Over-¢urrent values
and times are phown in Table 70.1 as a function of the circuit overcurrent device rating.

Exception: The-abnormal overload test need not be conducted if the electrically live parts arg spaced 1/32
in (0.8 mm) or morefrorrthe materiat.

70.4.2 A polymeric material shall be capable of withstanding the temperatures that are generated during
or as a result of the abnormal overload test described in 70.4.5 and 70.4.6 without ignition.

70.4.3 If there is no overcurrent protective device as part of the tool or it cannot be relied upon,
evaluation shall be based upon the available energy to the tool using percentages of the intended branch-
circuit overcurrent device, but not less than a 30 A normal-acting protective device.

70.4.4 If the overcurrent protective device is part of the tool, it shall be relied upon only if the protector is
not user-serviceable unless substitution of a higher-rated protector value is prevented by keying, other
constructional features, or if there is a permanent marking limitation.
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70.4.5 To determine whether a polymeric material complies with 70.4.2, separate samples of the tool or
representative sections of the tool are to be loaded to each indicated overcurrent values for the
corresponding test times indicated in Table 70.1. Except as indicated in 70.4.6, only one sample need be
subjected to each of the specified overload tests.

70.4.6 If a current-carrying conductor within any of the samples of the tool opens before the minimum
test time tabulated in Table 70.1 has elapsed without resulting in ignition, then three samples are to be
loaded to a lesser current value, as indicated in 70.4.10 (b) — (i) for the minimum test time tabulated in
Table 76.1 corresponding to the largest overload value that does not result in a current-carrying conductor
opening before the minimum test time, or 7 hours.

70.4.7 For the sequence of tests described in 70.4.10, if the abnormal overload test continues for 7 hours

or the full tes
the remaining
hours using

overcurrent p|
load (namely
(namely 60 A

70.4.8 The

time indicated in Table 70.1 without a winding or an acceptable protective-d
tests need not be conducted. For example, if the test described in 70.4.10(a)
110 percent of the overcurrent protective device rating load (namely-33
Fotective device), 60 minutes using 135 percent of the overcurrent’protective
40.5 A), and two minutes using 200 percent of the overcurrent protective dey
the tests described in 70.4.10 (b) — (i) need not be conducted.

bvice opening,
continues for 7
A for a 30 A

device rating
ice rating load

bverload current value indicated in 70.4.10 (b) — (h) is thelesser overload vallie tabulated in

Table 76.1 that resulted in a current-carrying conductor opening befgre the minimum test t

test current v
does not resu
conductor op
device rating,

blue indicated in 70.4.10 (b) — (i) is the largest overload value tabulated in 1
It in a current-carrying conductor opening beforeithe minimum test time. Ifa c
bns before 7 hours within the sample loaded:to 110 percent of the overcur
then the base test current value shall be the(rated current of the tool.

70.4.9 For the purpose of illustration, consider the-following two examples:

Example A:

Given the rat

d current of the tool under.evaluation is 10 A and the overcurrent protective ¢

30 A, one sgmple of the tool, designated sample 1, is then loaded to 33 A for 7 h, ar
designated sample 2, is loaded.t0.40.5 A for 60 minutes and a third sample, designated sample 3, is

loaded to 60

If sample 1

for two minutes!

ontinues fory7 hours and sample 2 continues for 60 minutes without a ¢

conductor opening, but.a current-carrying conductor in sample 3 opens before two m
samples of the toal,"designated samples 4, 5 and 6, are subjected to the abnormal overlq
minutes loadgd {o _the base test current (40.5 A) plus 75 percent of the difference betwee
current (60 A)and the base test current (40.5 A), namely 55 A.

me. The base
[able 76.1 that
Lrrent-carrying
rent protective

evice rating is
other sample,

Lirrent-carrying
nutes, then 3
ad test for 60
N the overload

Example B:

Given the same information as Example A above except in samples 1, 2 and 3 a current-carrying
conductor opens before 7 hours, 60 minutes and two minutes respectively, then 3 samples of the tool,
designated samples 4, 5, and 6, are subjected to the abnormal overload test for 7 hours loaded to the
base test current (rated current of 10 A) plus 75 percent of the difference between the overload current,
(33 A) and the base test current (10 A), namely 27.25 A.
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Table 70.1
Abnormal overload test

Overcurrent Protective

Minimum Test Time

Device Rating 110-percent current?® 135-percent current 200-percent current
0-30A 7h 60 minutes Two minutes
31-60 7 60 4
61-100 7 120 6
101 -200 7 120 8
201 -400 7 120 10
@ The test may be terminated when the temperatures have stabilized, indicating that ultimate results have already been
achieved.
70.4.10 Loagling the tool shall not result in ignition, undue distortion, or melting of the material being

evaluated und
a) Loaq

b) Loa
betwesg

c) Loa
betwes

d) Loa
betwes

e) Loa
betwesd

br any of the following conditions:
ing the tool to the specified overload values per Table 70.1.

ling the tool to a current equal to the base test current plus’75 percent of
n the overload current and the base test current.

ling the tool to a current equal to the base test current plus 50 percent of
n the overload current and the base test current.

ling the tool to a current equal to the base,test current plus 25 percent of
n the overload current and the base test current.

Jing the tool to a current equal to the base test current plus 20 percent of
n the overload current and the base\test current.

he difference

he difference

he difference

he difference

f) Loading the tool to a current equal to the base test current plus 15 percent of the difference
betwegn the overload current and.the base test current.
g) Loagling the tool to a cugrent equal to the base test current plus 10 percent of the difference
betwedn the overload current and the base test current.
h) Loagling the toolttoa current equal to the base test current plus 5 percent of the difference
betwedn the overload current and the base test current.

i) Load

ng the-tool to the base test current.

70.4.11

To det

ar o maotarial mantin-—70
T Trcir 19

complete tool are to be subjected to each condition described in 70.4.1

roain o b alecaomplicaarith tha roc tea
T e wWwhotICra rrateTar CUTTipnc S wit T a o TCQuiTeTT

mples of the

70.4.12 For the loading conditions, a variable resistor is to be connected in series with the tool. The tests
described in 70.4.10 (a) — (i) are to be continued for the test times indicated in Table 70.1, unless a current-
carrying conductor within the tool or an acceptable protective device opens in a shorter time. In conducting
the tests described in 70.4.10 (b) — (i) the variable resistance load is to be adjusted to the required value
as quickly as possible and readjusted, if necessary, one minute after application of voltage to the tool.

70.4.13 For a tool that is provided with a built-in, acceptable, protective device (as indicated in 70.4.4)
the tests described in 70.4.10 (a) — (h) are to be conducted if the protective device opens the circuit. If the
protective device is of the automatic recycling type, the test is to be continued for the full time indicated in
Table 70.1.

70.4.14 Samples for the abnormal overload tests are to be prepared as follows:
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a) The complete tool is to be placed on a white tissue paper covered softwood surface.

b) The tool is to be connected to a suitable supply circuit, that may use a low voltage current
source, fused at not less than 30 A.

70.4.15 Each abnormal-overload test is to be continued until ignition of the material occurs, the circuit
under test burns open, or until the test time indicated in 70.4.6 and Table 70.1 is achieved.

70.5 Spacings to enclosure

70.5.1

bus bar, a connecting strap, a terminal, or the like, shall not be less than 1/32 in (0.8 mm).

The spacings between the polymeric enclosure and a nonarcing uninsulated live part, such as a

70.5.2 The
unenclosed s

Exception: TH
does not ignit

70.5.3 The
interface of th

70.6 Arc resistance test

70.6.1 Amas
and power fa(
in 70.6.2.

70.6.2 The
the tool draw
voltage at thg
breakdown is
enclosure or
established b
to create arc

separations/nin. (A rate-0f.30 arc separations/min may be used if 40 arc separations/min is

70.7 Arc-ig

vitch contacts, or the like, shall not be less than 1/2 in (12.7 mm).

e spacing may be less than 1/2 in but not less than 1/32 in (0.8 mm) if the poly
b when tested in accordance with 70.7.

Epacing mentioned in 70.5.2 is to be measured from the source of the arc — tk
e brush and the commutator, or from the interface of the.switch contacts.

terial that does not comply with 70.5 may;be evaluated by using the power (c\
tor) of the circuit in the tool by conducting a short-circuit test using the proced

current for the arcing test is to be based upon the maximum normal load-cur
5 and minimum power factar;*The voltage used for the test is to be equal tg
live part. The arc is to(be*established between the live part and any adjacs
likely to occur. The arc is to be used to attempt to ignite materials formin
to ignite materials-located between the parts of different potential. The
means of a copper or stainless steel conductive probe. The conductive prob
racking or a earbon build-up across the surface of the insulating material at the

hition:test

spacings between the polymeric enclosure and an arcing part, such.!as @ commutator,

meric material

at is, from the

rrent, voltage,
ires described

ent rating that
the available
ent part where
g parts of the
arc is to be
e is to be used
 rate of 40 arc
hot practical.)

70.7.1 Whe

Ttestedas described i 70-7-2 = 70-7-9, there shattbe o -ignitiormof thepot

with 60 or fewer arcs.

neric material

70.7.2 Three samples of the polymeric material each 5 in (127 mm) long, 1/2 in (12.7 mm) wide, and
having a thickness not more than the minimum enclosure thickness, are to be tested.

70.7.3 The test is to be conducted using a pair of electrodes and a variable-inductive impedance load
connected in series to 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 a
1/8-in (3.2-mm) diameter stainless steel rod with a pyramidal point. The major axis of each electrode is to
be 45° 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 A at 240 V alternating current, with a 50 percent power factor.
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70.7.4 The sample is to be supported horizontally in air on a test stand. The movable electrode is to be
provided with an insulated handle so that with the circuit energized, it can be manually moved to contact
the fixed electrode and then to break the electrical circuit. The electrodes are to be supported at a distance
above the sample equal to the distance from the arc source to the enclosure in the tool.

70.7.5 The movable electrode is to be moved in a horizontal direction to make and break electrical
contact with the fixed electrode at a rate of 40 contacts/min.

70.8 Abnormal operation test

70.8.1 Atool shall comply with the requirements for abnormal operation in 69.6.

70.9 Impact|test

70.9.1 The enclosure shall comply with the requirements for impact in 69.5.
70.10 Thernpal stability

70.10.1 A togl shall comply with the requirements for thermal stability in-69.3.
71 Drip Test

71.1 Atile sgw which has a drip or splash pan at a higher level than live parts including the|power supply
cord connectipn shall comply with this Section. At the conclusion of the drip test specified in 71.2 a tile
saw:

a) Rated for a nominal 120 V supply shall comply with the requirements in 52.fl or 91.2, as
applicgble, 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 mehtioned in (a) shall have an insulation resistance [not less than
50,000|Q between live parts and’interconnected dead metal parts.

c) Shqll withstand without breakdown for one minute the application of a 60-Hz essentially
sinusoidal potential between live parts and exposed dead metal parts. The dielectrid test potential
shall b¢:

1) In accordance with 56.1 for a grounded appliance;

2) Twenty-five hundred V for a double-insulated appliance rated a nominal 12Q V; or

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

71.2 The enclosure is to be mounted beneath a drip pan that produces both splashing and dripping and
extends beyond all exposed sides of the enclosure. The bottom of the drip pan is to be equipped with
uniformly distributed spouts; one spout for each 20 in? (129 cm?) of pan area. Each spout is to drip water at
a rate of at least 20 drops/min. The enclosure is to be subjected to continuously dripping water for 30
minutes.

71.3 Parts that are removable without the use of the tool and that are removed or adjusted by the user
under normal operation are to be removed for the test.
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72 Flooding Test

721

A tile saw, after being operated for 1 hour with any component described in 72.3 loosened to

simulate a fault or loose connection, shall comply with the requirements in 70.1. The reservoir is to remain
filled to the maximum level specified during the test.

72.2 While conducting the test described in 72.1, the tile saw is to be in a normal position and oriented to

be most likely

to cause entrance of water into, or on, electrical components and insulation.

72.3 Parts that are removable without the use of the tool and that are removed or adjusted by the user

under normal

operation are to be removed for the test.

724 The d
operated swit
electric shock|

a) Lea
b) Insy

c) Oby
breakd

Exception: A
Reliability Of

72.5 Obviol
obviously be
drops of wate

73 Overflow Test

73.1 A tool,
intended use,
enamel insulg
liquid usually]

requirementin 71.1.

73.2 To dets

Ch, a hose, flexible tubing, a gasket, a boot, a seal, or a diaphragm, shallnotre
due to:

kage current;
lation breakdown; or

ious wetting of any live part having only basic insulatign resulting from such d
own.

part that complies with Section 74, Test For Deterioration Of Parts, or Sectio
Parts, is not required to meet this requirement.

s wetting, as used in 72.4(c), means wetting by a stream, spray, or dripping of
repeated during each flooding. Obvious wetting is not meant to include wett
- that may not be regularly repeated during subsequent flooding.

such as a tile saw, With*a reservoir or liquid storage chamber that is likely to
shall be such thatliquid overflowing from the reservoir or chamber shall not w

used in thenreservoir or chamber. Following the test, the tool shall co

rmine'whether a product complies with the requirements in 73.1, it is tested as

is to be used

bterioration of breakdown of a component, such as a timer switch, a floatt

or pressure-
sult in a risk of

eterioration or

n 75, Test For

water that will

ng by random

be overfilled in
et live parts or

ted wires, and(shall not wet electrical insulation that is likely to be adversely affected by the

mply with the

follows: water

for the test and is to be poured into the reservoir through an orifice 3/8 i

n (9.5 mm) in

diameter. The reservoir is to be filled to maximum capacity (not recommended capacity). Additional water,
equal to 50 percent of the volume just mentioned, but not more than 1 qgt, is then to be poured into the
reservoir through the orifice. Determination of whether live parts have become wet as a result of the
overflow is to be by means of visual inspection.

73.3 Parts that are removable without the use of the tool and that are removed or adjusted by the user
under normal operation are to be removed for the test.

74 Test For Deterioration Of Parts

74.1 To determine whether a tile saw complies with the requirements in 72.4 with regard to parts subject
to flexing, the deterioration of a part made of rubber, plastic, or similar material shall be simulated by
operating the tile saw for one hour with the part completely removed.
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Exception No. 1: Infrequent motion of small amplitude, such as that encountered during normal operation
of a diaphragm covering a pressure-operated switch, does not constitute flexing.

Exception No. 2: A part that has been investigated to determine that the part is reliable in accordance with

Section 75, Test for Reliability of Parts, is not required to be subjected to this test.

74.2 After being tested in accordance with 74.1, a tile saw shall comply with the requirements in 71.1.

75 Test For Reliability Of Parts

75.1 To determine compliance with 72.4, a material used for a gasket, a diaphragm, a seal, or other part

shall have phy

75.2. The material shall not harden, deform, melt, or otherwise deteriorateto

will adversely

Exception No.
compression 3

Exception No.
75.5 is not req|

Exception No.
of the Standd
elongation, te
compliance w

bffect the sealing properties.

1: A material of a component not under compression is not required-to be su
et requirements.

2: A material of a part not subject to flexing that has been.investigated in ac
Liired to have physical properties as specified in Table 75. -

3: A noncomposite material that has been found t6€ comply with the requirem
rd for Gaskets and Seals, UL 157, and that~complies with the minimu
nsile strength, set, and compression set after aging as specified in Tab
(h these requirements.

Table 75.1
Physical Properties For Gaskets And Seals

g specified in
a degree that

bjected to the

cordance with

ents in Part B
m acceptable
le 75.1 is in

Physicg

Nonelastomers (polyvinyj
the like, excluding cor|
similar materi

Elastomers (neoprene, rubber, ethylene,
propylene and the like)

chloride, and
k, fiber, and
hls)

r conditioning

Minimum accept

Minimum accepf

Maximum accep|

5 percent of
original

15 percent of

original

set®

Maximum acceptable compression

Before After conditioning Before Afte
| properties conditioning conditioning
pble elongation? 250 percent 65 percent of 200 percent g
original

pble tensile-strength 1500 psi 75 percent of 1500 psi

(10.3 MPa) original (10.3 MPa)
able'set® 1/4 in - Not specified

(6.4 mm)
15 percent - Not specified

@ Percent increase in distance between gauge marks at break compared to initial distance of 1 in (25.4 mm). For example, a
distance at break of 3.5 in (88.9) is 250 percent elongation.

b Difference between 1.0 in (25.4 mm) and final distance when specimen is stretched so that gauge marks initially 1 in apart are
2.5in (63.5 mm) apart, held for two minutes, and measured two minutes after release.

¢ Percent set measure after Type 1 button specimens are compressed to two-thirds of original thickness, unless the construction of
the gasket joint effectively limits initial compression to less than one-third of original, in which case actual compression will be
used, and heat conditioned for 24hoursat 70°C (158°F) or 10°C (18°F) higher than normal operating temperature, whichever is
higher, following the procedure in Standard Test Methods for Rubber Property Compression Set, ASTM D395, Method B.

75.2 A gasket of material other than those mentioned in 75.1, such as bonded cork or impregnated fiber,
that is not known to be reliable, shall be investigated for equivalent resistance to aging and temperature.
Absorptive materials, such as cork or fiber shall not be used where they may contact a live part.


https://ulnorm.com/api/?name=UL 987 2020.pdf

MAY 12, 2020 UL 987 107

75.3 A boot shall comply with requirements for nonelastomeric material, and a diaphragm that is
compressed at the circumference shall comply with requirements for elastomeric material.

75.4 The temperatures specified in Table 75.2 correspond to the maximum temperature rise measured
on the material during the temperature test described in Section 55, Temperature Test.

75.5 To determine reliability of a part such as a gasket, a diaphragm, or a seal, the part is to be subjected
to accelerated-aging conditions specified in Table 75.2. The gasket, diaphragm, or seal is then to be
installed in the tool and operated for one hour. The reservoir is to remain filled to the maximum level
specified during the test. The entire tool assembly may be subjected to the accelerated-aging conditioning.
When an entire tool assembly is subjected to the accelerated-aging test, the gasket, diaphragm, or seal
temperature shall be monitored and maintained at the values indicated in Table 75.2.

75.6 Following the test of 75.5, the tool shall comply with the requirements of 71.1.

Table 75.2
Accelerated-Aging Conditions
Measured tempperature
rise
°C °F Material Test program
35 63 Rubber or Neoprene 70 hours in anvair circulating oven at 100 +2°C (212 £3.6°F)
35 63 Thermoplastic 7 daysvin.an air circulating oven at 87°C (189°H)
50 90 Rubber or Neoprene 7.days in an air circulating oven at 100 +2°C (2]12 +3.6°F)
50 90 Thermoplastic 10 days in an air circulating oven at 100°C (214°F)
55 99 Rubber, Neoprene, or 7 days in an air circulating oven at 113°C (235°F)
Thermoplastic
65 117 Rubber or Neoprene 10 days in an air circulating oven at 121°C (25(°F)
65 117 Thermoplastic 7 days at 121°C (250°F) or 60 days at 90°C (247°F) in an air
circulating oven
80 144 Rubber, Neoprene, or 7 days in an air circulating oven at 136°C (277°F)
Thermoplastic

MANUFACTURING AND:PRODUCTION TESTS

76 Dielectric Voltage Withstand Test

76.1 Each ltool shall withstand without electrical breakdown, as a routine production-line test, the

application of a potential at a frequency within the range of 40 — 70 Hz between the primary wiring,
including connected components, and accessible dead metal parts that are likely to become energized.

76.2 The production-line test shall be in accordance with either Condition A or Condition B of Table 76.1.

76.3 The tool may be in a heated or unheated condition for the test.
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Table 76.1
Production-line test conditions
Condition A Condition B
Tool rating and form?® Potential, volts Time, seconds Potential, volts Time, seconds

250 V or less with an induction motor 1000 60 1200 1

rated 1/2 hp (373 W) or less

600 V or less with a universal motor 1000 60 1200 1

Al other tools 1000 + 2V° 60 1200 + 2.4V° 1

2 See 56.3.

bV is the maximum marked voltage but not less than 120 V for a tool with a rating between 105 — 120 V inclusive, and not less than
240 V for a tool with a rating between 210 — 240 V inclusive.

76.4 The tegt shall be conducted when the tool is complete — fully assembled. It is not intgnded that the
tool be unwiredl, modified, or disassembled for the test.

Exception No.|1: A part, such as a snap cover or a friction-fit knob, that would-interfere with performance
of the test neef not be in place.

Exception Nol] 2: The test may be conducted before final assembly 'if the test represenis that for the
completed too].

76.5 A tool gmploying a solid-state component that is not relied upon to reduce a risk of plectric shock
and that can be damaged by the dielectric potential maybe tested before the component|is electrically
connected prqvided a random sampling of each day's production is tested at the potential specified in
Table 76.1. The circuitry may be rearranged for the_purpose of the test to reduce the likelinood of solid-
state-compongnt damage while retaining representative dielectric stress of the circuit.

76.6 The test equipment shall include a transformer having an essentially sinusoidal outpyt, a means of
indicating the ftest potential, an audible er(visual indicator of electrical breakdown, and either a manually
reset device tp restore the equipment after electrical breakdown, or an automatic reject feature of any
unacceptable pnit.

76.7 If the optput of the test-equipment transformer is less than 500 VA, the equipment ghall include a
voltmeter in the output circuit to directly indicate the test potential.

76.8 If the ¢utput.of the test equipment transformer is 500 VA or larger, the test potential may be
indicated:

a) By aveltmeterintheprimarycireuitorin-atertiary-win
b) By a selector switch marked to indicate the test potential; or

c) In the case of equipment having a single test-potential output, by a marking in a readily visible
location to indicate the test potential. When marking is used without an indicating voltmeter, the
equipment shall include a positive means such as an indicator lamp, to indicate that the manually
reset switch has been reset following a dielectric breakdown.

76.9 Test equipment other than that described by 76.6 — 76.8 may be used if found to accomplish the
intended factory control.

76.10 During the test, the primary switch is to be in the on position, both sides of the primary circuit of the
tool are to be connected together and to one terminal of the test equipment, and the second test-
equipment terminal is to be connected to the dead metal.
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Exception No. 1: A tool — resistive, high-impedance winding, and the like — having circuitry not subject to
excessive secondary-voltage build-up in case of electrical breakdown during the test may be tested:

a) With a single-pole primary switch, if used, in the off position; or

b) With only one side of the primary circuit connected to the test equipment when the primary

switch

is in the on position, or when a primary switch is not used.

Exception No. 2: The primary switch is not required to be in the on position if the testing means applies full
test potential between primary wiring and dead metal parts with the switch not in the on position.

77 Grounding Continuity Test

771 Eacht
with the requi

77.2 Only a
by design to g
77.3 Anyin

used to deter

RATING

78 Electricgl Rating

78.1 A too
cycles/secon

phases shall be included in the rating.

Exception No|
more.

Exception No

78.2 For a
voltages, suc
the rating is ¢
value of the ra

ﬂcating device, such as an ohmmeter, a battery-and-buzzer‘combination, or th

pol shall be tested, as a routine production-line test, to determine whetherthe
ements in 13.1.13(c) or 24.5, whichever is applicable.

single test need be conducted if the dead metal parts selected are’conductiy
Il other dead metal parts as mentioned in 13.1.13(c) or 24.5, whichever is appl

ine compliance with the requirement in 77.1.

| shall be rated in volts; frequency " expressed in hertz, Hz, cycles-per
, or c/s; and in amperes. If a tool-is intended for use on a polyphase circuit,

2: A tool may be.rated "ac-dc" or "ac Only" if provided with a universal motor.

tool having_a"single voltage rating, such as 115 V, instead of being rated

n as 110 3120 V, maximum rated voltage is considered to be that single valu
iven in-terms of a range of voltages, maximum rated voltage is considered to
nge:

tool complies

ely connected
cable.

e like, may be

-second, cps,
the number of

1: A tool may be rated/in;watts, rather than amperes, if the full-load power factor is 0.80 or

for a range of
e of voltage. If
be the highest

MARKING

79 General

79.1

Markings are required:

a) On a tool as specified in Section 80, Details, and Section 81, Cautionary;

b) In the instruction manual provided with a tool as specified in Section 82, Instruction Manual, and

Sectio

n 83, Instructions Pertaining to a Risk of Injury; and

¢) On an accessory or an attachment as specified in Section 80, Details, and Section 87, Marking.
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79.2 A permanent marking shall be etched, molded, die-stamped, paint-stenciled; permanently secured,
stamped, or etched metal; or indelibly stamped on pressure-sensitive labels secured by adhesive.
Ordinary usage, handling, storage, and the like, of the tool shall be considered in determination of
permanence of a marking.

79.3 A marking as specified in this section shall be permanent, and shall be located on a permanent part
of the tool or on a part that cannot be removed without impairing the operation of the tool.

79.4 A pressure-sensitive label or a label secured by cement or adhesive shall comply with the
requirements in Marking and Labeling Systems, Section 6.13.

79.5 Unless its function is obvious, a handle, a lever, a knob, or another electrical or mechanical control

shall be identified to indicate its function.

79.6 A tool v
of rotation.

Exception: A §

ith a motor shipped detached from the tool shall be marked to indicaté ithe co

haper need not be marked.

rrect direction

79.7 An optipnal cutting tool that may be provided with a drill press/shall be marked on thg accessory or
on the shipping container for the accessory:
a) For & mortising-chisel bit and a mortising chisel, withx\the recommended speed for|the particular
size of pit or chisel; and

b) For & plug cutter and a router bit, with the recommended maximum operating spee

o

79.8 Equivalpnt wording may be used for the instructional information in 83.2 — 83.13.
79.9 1In81.6.1 and 81.11.1, wording in parentheses indicates an acceptable alternative.
80 Details
80.1 A tool s$hall be legibly marked where it will be readily visible after the tool has been installed as
intended, but pot on a remgvable part of the tool, such as on the blades of an attachment |plug, with the
following:
a) The manufacturer's name, trade name, or trademark;
Exceptfjon.) The manufacturer's identification may be in a traceable code if the tool is identified by
the brand or trademark owned by a private labeler.

b) The date or other dating period of manufacture not exceeding any three consecutive months;

Exception: The date of manufacture may be abbreviated or in an established or otherwise
acceptable code. The code shall not require reference to the manufacturer's records to determine
when the product was manufactured.

c¢) A distinctive catalog number or the equivalent; and

d) The

80.2

electrical rating.

If a manufacturer produces or assembles a tool at more than one factory, each tool shall have a

distinctive marking, which may be in code, by which it may be identified as the product of a particular

factory.
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80.3 A permanently connected tool employing a single motor with other loads or more than one motor
with or without other loads shall be marked with one of the following:

a) The minimum supply conductor ampacity and maximum current rating of the overcurrent-
protective device.

Exception: If both the minimum supply conductor ampacity and the maximum rating of the
overcurrent-protective device are 15 A or less the marking need not be provided.

b) The rating of the largest motor in volts and amperes, and the rating of any other loads in volts
and either amperes or watts.

Exception: This marking need not include the ampere value of a motor rated 1/8 hp (93.2 W output)

or less

804 Ifato
consuming cq
electrical ratir]

80.5 Atool
rating of the |
the voltage. T
lamp.

80.6 Ifatoo
rating of the t
manner, to ing

80.7 A spese
the name of t
with or is pern

80.8 If ater
more than 60
statement or {

or a nonmotor load 1 A or less, unless either constitutes the principal load.

bl employs a single motor with or without one or more lamps as the'only e
mponents, and the motor nameplate is readily visible after the motor,has bee
g given on the motor nameplate need not be shown elsewhere on'the tool.

rovided with an incandescent lamp shall be plainly marked to-indicate the may

ectric energy-
N installed, the

imum wattage

mp to be used. If the tool is rated other than a nominal, 120 V, the marking shall also include

he marking shall be legible and located so that it is readily visible during repld

employs a dual-voltage motor and if the motor-nameplate is employed to giv
bol as indicated in 80.4, the tool shall be additionally marked, not necessarily i
icate the voltage for which it is connected'when shipped from the factory.

cement of the

p the electrical
N a permanent

d-control device shall be marked with the catalog number or the equivalent, as well as with

he manufacturer of the tool withiwhich it is intended to be used, unless the de
nanently electrically connected-to the tool.

vice is integral

minal box or compartment intended for power-supply connections reaches a {femperature of

°C (140°F) during<he normal temperature test, the tool shall be marked wit
he equivalent, at'orinear the point where the supply connections are to be mad

n the following
e, and located

so that it will e readily visible-during and after installation: "For supply connections, use wifes suitable for

o

at least
accordance w

I~
N~

(___° E)¥\The temperature value to be used in the preceding stateme
ith Table-80.1.

nt shall be in

Table 80.1

Supply-conmectionmwire temperature

Temperature reached during test in terminal box or

compartment Temperature marking
°c °F °c °F
61-75 142 - 167 75 167
76 — 90 168 — 194 90 194

80.9 A motor that is shipped detached from a tool and packaged separately shall be marked with the
motor manufacturer's name and a distinctive designation.

80.10 A single-phase motor that is shipped detached from a tool shall be marked to indicate the direction
of rotation as shipped from the factory. The marking shall not be permanent if there is a means for
changing direction of rotation.
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80.11 If a tool will not start and reach normal running speed when connected to a circuit protected by an
ordinary — not a time-delay — fuse as described in 53.1, but will start and operate normally when connected
to a circuit protected by a time-delay fuse, the instruction manual or the tool shall be marked with the
words "Connect to a supply circuit protected by a circuit breaker or time-delay fuse," or with an equivalent
wording.

80.12 A power control switch shall be marked with either "On", "Off" or "1", "0" to indicate the switch
setting.

Exception No. 1: A momentary-contact switch need not have an on-off marking.

Exception No. 2: A switch that cannot result in a risk of injury to persons if unintentionally operated need
not be marked.

80.13 A cirg
proper directiq

ular saw blade shall be marked with a maximum operating speed, and with an arrow for

n of rotation.

80.14 Deletgd

80.15 A dire
disc.

80.16 A cord
acceptable ex

ctional arrow shall be provided on a disc sander to indicate proper rotation ¢

-connected tool as mentioned in the Exception t0:13.1.1 shall be marked to in
ension cord for use with the tool is available-from the tool manufacturer. This

not be on the fool if this information or its equivalent is given in the instruction manual, or the
with the tool.

81 Cautiondry

81.1 Alltools

81.1.1 A cdqutionary marking intended to instruct the operator shall be legible, conf

background, gnd be visible from-~the position assumed by the operator when starting the to

specific positi
and adjustme
work is being

81.1.2 Ama

!

n of the specific ,operation involved. Other such markings for servicing or m
ts shall be légible, contrast with the background, and be visible to the operat
ccomplished.

f the sanding

dicate that an
marking need
like, provided

rast with the
ol or from the
bking settings
or when such

king intended to protect against injury to persons shall be prefixed by the worT "WARNING"

in letters not Igss than 3/32 in (2.4 mm) high.

81.1.3 With reference to the requirements in 81.1.2, the word "DANGER" in letters not less than 3/32 in
(2.4 mm) high, may be substituted for the word "WARNING."

Exception: In lieu of prefixing a marking by the word "WARNING" or the word "DANGER," individual items
of such a marking may be prefixed by either of these words provided:

a) All items are prefixed by one of these words; and

b) All items prefixed by the word "DANGER" appear before all items prefixed by the word
"WARNING."

81.1.4 With reference to the Exception to 81.1.3, two or more items of a marking as mentioned in 81.1.1
may be grouped under either prefix word.
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81.1.5 If an adjustment must be made adjacent to an area involving a risk of injury to persons, the tool
shall be marked to indicate that no adjustment should be made until the tool has been stopped.

Exception: The adjustment tongue or tool rest of a bench grinder need not be marked.

81.1.6 Under certain conditions in which guarding could not reduce the risk of injury to persons due to
improper use of a tool — for example, feeding a workpiece the wrong direction through a radial-arm saw set
up for ripping — the tool shall be marked to instruct the user concerning the risk of injury involved and how
it can be reduced.

81.1.7 A tool not intended for use an area accessible to children and not provided with a lockout as
indicated in Exception No. 1 to 33.7 shall be marked "WARNING," and with the following or the equivalent:

"Risk of injuryj

81.1.8 Permanently connected and cord connected tools employing more than‘one el

connection sh
or injury, disc
the tool to ind

Exception: A
cord and plug
flag label as t

81.2 Combination tools

81.2.1 Ifan
of its intende
permanently
W
the other fun
accessory.

81.3 Grinddrs

81.3.1
a) The

b) The

A grinder shall be marked with:

due to accidental starting. Do not use in an area where children may be prese

all be marked: "WARNING" and the following or the equivalent: "Te reduce th
pnnect all electrical supplies to the tool prior to servicing." A diagram shall be
cate wiring configuration.

cord connected tool is not required to employ a diagram when the tool utilizes
as disconnect means, so long as the cord is clearly-identified with a perman
b what it controls.

unused accessory of a combination toolis in motion while the tool is used to p

marked "WARNING — Unused May Cause Personal Injury -
hen using other accessories." The marking shall be visible to the operator wh
ctions for which the tool is intended. The blanks shall be completed with th

size of the-arbor;

nasload speed in revolutions/min;

ht."

bctrical supply
e risk of shock
employed on

an accessible
ently attached

erform another

d functions, and if this motion could“esult in a risk of injury to persons, the tool shall be

Remove this
ile performing
e name of the

c) The

d) The

proper direction of rotation if a 3-phase motor is employed; and

following:
WARNING
For Your Own Safety Read Instruction Manual Before Operating Grinder

1) Wear eye protection.

2) Use grinding wheel suitable for speed of grinder.

81.4 Drill presses

81.41 Adril

| press shall be marked with the following:
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WARNING

For Your Own Safety Read Instruction Manual Before Operating Drill Press
a) Wear eye protection.
b) Do not wear gloves, necktie, or loose clothing.
c) Clamp workpiece or brace against column to prevent rotation.

d) Use recommended speed for drill accessory and workpiece material.

81.5 Jointers

81.5.1 Ajoinfer shall be marked with the following:
WARNING

For Your Own Safety Read Instruction Manual Before Operating Jointer
a) Wegr eye protection.

b) Always keep cutter head and drive guards in place ahd"in proper operating condition. Do not
remove guard for rabbeting operations.

c) Never make jointing, planing, or rabbeting cut deeper than 1/8 in.
Exceptfon: A jointer not provided with a rabbeting edge need not be marked to refererice rabbeting.

d) Always use hold-down/push blocks-for jointing material narrower than 3 inchgs, or planing
materigl thinner than 3 inches.

e) Never perform jointing, planing;.or rabbeting cuts (with jointers provided with a ralbeting guard)
on piedes shorter than 8 inches (203 mm) in length.

Excepffon: A jointer not provided with a rabbeting edge need not be marked to refererjce rabbeting.

81.5.2 The fence provided" with a jointer shall be marked to show the limits of exposure of the cutter
head.

81.6 Radial-larm saws

81.6.1 Aradial-arm saw shall be marked with the following:
WARNING

For Your Own Safety Read Instruction Manual Before Operating Saw
a) Wear eye protection.
b) Keep hands out of path of saw blade.

c) Pay particular attention to instructions on reducing risk of kickback. (or "Know how to reduce risk
of kickback.")

d) Use push-stick for narrow work. (or "Use Push-stick for ripping narrow work.")
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e) Do not perform any operation freehand.

f) Never reach around saw blade. (or "Never reach in back of saw blade.")

g) Return carriage to the full rear position after each crosscut operation.

h) Turn off tool and wait for saw blade to stop before moving workpiece or changing settings.

i) Disconnect power (or unplug tool, as applicable) before changing blade or servicing.

81.6.2 A radial-arm saw equipped for ripping shall be marked "WARNING — For your own safety, do not
feed material into cutting tool from this end." The marking shall not be smaller than 1-1/2 by 3/4 in (38.1 by
19.1 mm); and shall be located on:

a) The

b) The
positid

81.6.3 The
correct directi

81.6.4 The Winguarded end of the motor of a radial-arm saw, if there is provision for driving
bd with an arrow indicating the correct direction ef.rotation of the arbor.

shall be mark

n.

outfeed end of the blade guard; or

saw head or guard so that it is visible from the outfeed end of the saw'head

upper guard provided with a radial-arm saw shall be marked with an arrow,
bn of rotation of the arbor.

81.7 Table saws

81.7.1 Dele

ed

81.8 Band saws

81.8.1

A band saw shall be marked with'the following:

WARNING

For Your.Own Safety Read Instruction Manual Before Operating Saw

a) Wear eye protection.

b) Do

notremove jammed cutoff pieces until blade has stopped.

for any ripping

indicating the

from that end,

¢) Maintain proper adjustment of blade tension, blade guides, and thrust bearings.

d) Adjust upper guide to just clear workpiece.

e) Hold workpiece firmly against table.

81.9 Lathes

81.9.1

A lathe shall be marked with the following:

WARNING

For Your Own Safety Read Instruction Manual Before Operating Lathe

a) Wear eye protection.
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b) Do not wear gloves, necktie, or loose clothing.

c) Tighten all locks before operating.

d) Rotate workpiece by hand before applying power.
€) Rough out workpiece before installing on faceplate.
f) Do not mount split workpiece or one containing knot.

g) Use lowest speed when starting new workpiece.

Exception: The markings required by 81.9.1 (d) — (g), are not required to be included on a metal lathe.

81.10 Shapérs
81.10.1 A shaper shall be marked with the following:
WARNING

For Your Own Safety Read Instruction Manual Before Operating Shaper
a) Wegr eye protection.
b) Be sure keyed washer is directly under spindle nut'and spindle nut is tight.

Exceptfon No. 1: This marking is not required to.be provided on a shaper not employing a keyway
and keyed washer in accordance with the Excéptions 1 and 2 to 45.4.

Exceptfon No. 2: Units employing two spindle nut construction shall include the following: "Always
use both spindle nuts and make sure spindle nuts are tight."

c) Feed work piece against rotation*of cutter.
d) Do rlot use awkward hand\positions.
e) Keep fingers away from revolving cutter — use fixtures when necessary.

f) Use pverheadguard when adjustable fence is not in place.

81.11 Sanddrs

81.11.1 A belt sander, a disc sander, and a belt-and-disc sander shall be marked with the following:
WARNING

For Your Own Safety Read Instruction Manual Before Operating Sander
a) Wear eye protection.

b) Support workpiece with miter gage, backstop, or worktable. (Or for a disc sander, "Support
workpiece on worktable.")

¢) Maintain 1/16 in maximum clearance between table and sanding belt or disc.

81.11.2 For disc sanders, the warning marking shall include the following in addition to the markings
required by 81.11.1: "Avoid kickback by sanding in accordance with the directional arrows."
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81.12 Miter saws

Section 81.12 deleted

81.12.1 Deleted

81.12.2 Deleted

81.12.3 Deleted

81.12.4 Deleted

81.12.5 Delgted
81.13 Other tools
81.13.1 All gther tools shall be marked with the following:
WARNING
For Your Own Safety Read Instruction ManualBefore Operating Tool.
Wear Eye Protection.
81.14 Garage (Automotive) Tools
81.14.1 Garpge (automotive) tools, such as brake lathes, shall be marked with the following:
WARNING
Risk of Fire or Explosion.

This equipment incorporates parts such as snap switches, receptacles, and the like, which ténd to produce
arcs or spark$, and, therefore;"when located in a garage should be in a room or enclosure pfovided for the
purpose or shiould be 181in(457 mm) above the floor.

81.15 Tile saws

81.15.1 A tile saw shall be marked with the Tollowing:
WARNING

For Your Own Safety Read Instruction Manual Before Operating Saw
a) Wear eye protection.
b) Use splash hood for every operation for which it can be used.
c) Disconnect saw before servicing, when changing cutting wheels, and cleaning.
d) Use tool only with smooth edge cutting wheels free of openings and grooves.

e) Replace damaged cutting wheel before operating.
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f) Do not fill water bath above water fill line.

Exception: This marking is not required for a tool complying with the Exception to 49.12.

81.16 Vertical panel saws

material."

de rotation.

when making

Dust Cover or

blade. Do not

81.16.1 A panel saw shall be marked with the following or the equivalent:
"WARNING"
"For Your Own Safety Read Instruction Manual Before Operating Panel Saw"

a) "Always wear eye protection while operating saw."

b) "Do hot operate without the guard(s) in place.”

c) "Do hot cut material smaller than carriage assembly."

d) "Do hot use push sticks."

e) "Kegp hands away from saw blade. Never place hands under €arriage."

f) "Disgonnect power from saw before removing saw guard-ormaking any adjustments.

g) "Material being cut may kickback. Keep hands, body and bystanders out of path of

h) "No |oad speed.”

i) For spws provided with a riving knife:

"Do nof operate without the riving knife.in)place."
81.16.2 The jpaw shall be marked with-the recommended blade size and the direction of bla|
81.16.3 Thelcarriage shall be marked in such a way to clearly designate the feed direction
horizontal cuts.
81.16.4 Dus{ exhaust ports shall be clearly marked, "WARNING: Do Not Operate Without
Hose in Place/"
81.16.5 The|motof carriage assembly shall be clearly marked, "DANGER: Rotating saw
place hands Undersaw-ecarriage—ornearblade— Do net-operatethesawwitheut-the bla

place."

guard (s) in

81.16.6 The following marking shall be provided on panel saws having a construction where tools are not
necessary for guard removal as specified in paragraph 50.20, "WARNING — To Reduce The Risk of Injury,
Do Not Operate Without Guard(s) In Place", or equivalent. The marking shall be placed in the vicinity and
in a location other than on the guard. The marking shall be visible when the guard is installed.

INSTRUCTIONS

82

82.1

Instruction Manual

An instruction manual shall be provided with a tool.
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82.2 The instruction manual shall specifically warn the user against reasonably foreseeable risks of
injury and state the precautions that should be taken to reduce such risks.

82.3 The instructions shall be legible and visible, and shall contrast with the background.
82.4 Wording in parentheses is intended to be explanatory, indicating options, alternatives, and the like.

82.5 Specific identification and warning information applicable to accessories and attachments shall be
included in the instruction manual in accordance with 82.6 and 82.7.

82.6 The instruction manual provided with a tool shall:

a) Spgcify only those accessories and attachments that have been found to be acegptable for use
tool — see 82.7 and 82.8;

b) Wgrn the operator that the use of accessories or attachments not\recommended by the
manufpcturer may result in a risk of injury to persons; and

¢) Instfuct the operator in the proper use of the accessory or attachment to reduce the risk of injury
to pergons.

Excepfion: A tool provided with accessories not required fof the normal functioning dof the tool need
not bg provided with instruction manuals that include Separate proper use ipstructions for
accesgories and/or attachments if each accessory or.attachment is packaged wijth a separate
instrugtion manual in accordance with 88.1.1.

82.7 The manufacturer need not specify in the manual all accessories and attachments that have been
found to be |acceptable. When a new accessory or attachment is packaged with thge product the
manufacturer| may, as an interim measure, refer to such a device on an individual sheet stapled or
otherwise acdeptably attached to the manual:

82.8 For an accessory or attachment such as described in the Exception to 87.1, the information
required by 82.6(a) may be given in a,form such as "For use with drill bits _____inches or less in diameter"
or "For use wjth saw blades ___s-inches or less in diameter." For any other accessory or attachment, the
instruction mgnual shall give the_catalog number or any other identification as mentioned in $7.1.

82.9 For a fool for which a large number of basically similar accessories or attachments| are available,
the number of the ac¢eptable devices may be indicated in the instruction manual by referen¢e to a general
catalog.

83 InstructionsPertainming toa Riskof trjury

83.1 General

83.1.1 The instruction manual shall include the following warning instructions or the equivalent, as
applicable:

A. GROUNDING INSTRUCTIONS
1. All grounded, cord-connected tools:

In the event of a malfunction or breakdown, grounding provides a path of least resistance
for electric current to reduce the risk of electric shock. This tool is equipped with an electric
cord having an equipment-grounding conductor and a grounding plug. The plug must be
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plugged into a matching outlet that is properly installed and grounded in accordance with all
local codes and ordinances.

Do not modify the plug provided - if it will not fit the outlet, have the proper outlet installed
by a qualified electrician.

Improper connection of the equipment-grounding conductor can result in a risk of electric
shock. The conductor with insulation having an outer surface that is green with or without
yellow stripes is the equipment-grounding conductor. If repair or replacement of the electric
cord or plug is necessary, do not connect the equipment-grounding conductor to a live
terminal.

Check with a qualified electrician or service personnel if the grounding instructions are not

completely understood, or if in doubt as to whether the tool is properly groundg

Use only 3-wire extension cords that have 3-prong grounding plugs and-3-po
that accept the tool's plug.

Repair or replace damaged or worn cord immediately.

2. Grounded, cord-connected tools intended for use on a.supply circuit hav
rating less than 150 V.

This tool is intended for use on a circuit that has an outlet that looks like the
in Sketch A in Figure 83.1. The tool has a grounding plug that looks like the ¢
in Sketch A in Figure 83.1. A temporary adapter, which looks like the adapte
Sketches B and C, may be used to connegt this plug to a 2-pole receptacle
Sketch B if a properly grounded outlet,isvhot available. The temporary adap
used only until a properly grounded-outlet can be installed by a qualified el
green-colored rigid ear, lug, and the like, extending from the adapter must be
a permanent ground such as a\properly grounded outlet box.

3. Grounded, cord-connected tools intended for use on a supply circuit hav
rating between 150 — 250V, inclusive:

This tool is intended-for use on a circuit that has an outlet that looks like the

in Sketch D in Figure 83.1. The tool has a grounding plug that looks like the
in Sketch D in Figure 83.1. Make sure the tool is connected to an outlet ha
configuration as the plug. No adapter is available or should be used with this {
must bé reconnected for use on a different type of electric circuit, the reconr
be made by qualified service personnel; and after reconnection, the tool shou
all'focal codes and ordinances.

d.

e receptacles

ng a nominal

bne illustrated
lug illustrated
r illustrated in
as shown in
ter should be
ectrician. The
connected to

ng a nominal

bne illustrated
lug illustrated
ing the same
ool. If the tool
ection should
d comply with

4. Permanently connected tools:

This tool should be connected to a grounded metal permanent wiring system; or to a system

having an equipment-grounding conductor.

B. FOR ALL DOUBLE-INSULATED TOOLS

1. Replacement Parts
When servicing use only identical replacement parts.

2. Polarized Plugs

To reduce the risk of electric shock, this equipment has a polarized plug (one blade
is wider than the other). This plug will fit in a polarized outlet only one way. If the plug


https://ulnorm.com/api/?name=UL 987 2020.pdf

MAY 12, 2020

UL 987 121

does not fit fully in the outlet, reverse the plug. If it still does not fit, contact a qualified
electrician to install the proper outlet. Do not change the plug in any way.

C. FOR ALLTOOLS AS APPLICABLE

1. KEEP GUARDS IN PLACE and in working order.

2. REMOVE ADJUSTING KEYS AND WRENCHES. Form habit of checking to see that
keys and adjusting wrenches are removed from tool before turning it on.

3. KEEP WORK AREA CLEAN. Cluttered areas and benches invite accidents.

4. DON'T USE IN DANGEROUS ENVIRONMENT. Don't use power tools in damp or wet

Jocations, or EXPOSE them to rain. Keep work area well lighted.
5. KEEP CHILDREN AWAY. All visitors should be kept safe distance fromywor

6. MAKE WORKSHOP KID PROOF with padlocks, master switches) or by re|
keys.

7. DON'T FORCE TOOL. It will do the job better and safer at the rate fo
designed.

8. USE RIGHT TOOL. Don't force tool or attachment to do a job for wh
designed.

9. USE PROPER EXTENSION CORD. Make sure your extension cord is in g
When using an extension cord, be sure:to, use one heavy enough to carry th
product will draw. An undersized cord:-will cause a drop in line voltage resu
power and overheating. Table \\¥ (see Table 83.1) shows the correg
depending on cord length and nameplate ampere rating. If in doubt, use th
gage. The smaller the gage number, the heavier the cord.

Exception No. 1: The reference to the table and the table itself may b
statement indicating the appropriate gage and length is incorporated into the

Exception No. 2: YThe information regarding extension cords need not be
permanently connected tool.

10. WEAR-"PROPER APPAREL. Do not wear loose clothing, gloves, n
bracelets, or other jewelry which may get caught in moving parts. Nons
recommended. Wear protective hair covering to contain long hair.

k area.

moving starter

- which it was

ch it was not

ood condition.
e current your
Iting in loss of
t size to use
e next heavier

e omitted if a
nstruction.
orovided for a

eckties, rings,
ip footwear is

A or—FheTeh , o . oS

grinder.

11. ALWAYS USE SAFETY GLASSES. Also use face or dust mask if cutting operation is
dusty. Everyday eyeglasses only have impact resistant lenses, they are NOT safety
glasses.

12. SECURE WORK. Use clamps or a vise to hold work when practical. It's safer than using
your hand and it frees both hands to operate tool.

13. DON'T OVERREACH. Keep proper footing and balance at all times.

14. MAINTAIN TOOLS WITH CARE. Keep tools sharp and clean for best and safest
performance. Follow instructions for lubricating and changing accessories.

15. DISCONNECT TOOLS before servicing; when changing accessories, such as blades,
bits, cutters, and the like.
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16. REDUCE THE RISK OF UNINTENTIONAL STARTING. Make sure switch is in off
position before plugging in.

17. USE RECOMMENDED ACCESSORIES. Consult the owner's manual for recommended
accessories. The use of improper accessories may cause risk of injury to persons.

18. NEVER STAND ON TOOL. Serious injury could occur if the tool is tipped or if the cutting
tool is unintentionally contacted.

19. CHECK DAMAGED PARTS. Before further use of the tool, 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 conditions that may affect its operation. A guard
or other part that is damaged should be properly repaired or replaced.

20. DIRECTION OF FEED. Feed work into a blade or cutter against the 'directjon of rotation
of the blade or cutter only.

21. NEVER LEAVE TOOL RUNNING UNATTENDED. TURN POWER OFF. Dpn't leave tool
until it comes to a complete stop.

Exception: The instructions for a bench grinder need not contain the statemenit pertaining to
leaving the tool until it comes to a complete stop.

Figure 83.1

Grounding méthods
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Table 83.1

Minimum gage for cord?®

Volts Total length of cord in feet
120V 25 ft 50 ft 100 ft 150 ft
Ampere Rating 240V 50 ft 100 ft 200 ft 300 ft
More Than Not More AWG
Than

6 18 16 16 14

6 10 18 16 14 12

10 12 16 16 14 12

12 16 14 12 Not Recommended

heading.

@ Only the gipplicable parts of the Table need to be included. For instance, a 120-V product need not include't

he 240-V

83.1.2 If a tgol is provided with means for controlling the speed, the instructionmanual sh
speed at whigh the tool should be operated, in accordance with pertinent factors-such as:

a) Theldimensions and material of the workpiece; and

b) The size and type of the accessory — drill bit, saw blade, and the like.

all indicate the

83.1.3 If a tpol is shipped disassembled, clear assembly and-adjustment instructions shall be provided

with the tool. The instructions may be included in the instruction manual or provided separats

Bly.

83.1.4 The instruction manual for a tool employing.a motor shipped detached from the togl shall include

a detailed dedcription of the motor installation and connections giving the applicable motor ig

83.1.5 The instruction manual for a tool shall-indicate that the tool is to be disconnected f

supply while the motor is being mounted, connected, or reconnected.

83.1.6 The jnstruction manual of a.dual-voltage tool shall include instructions, illustratio
changing the |voltage and indicate-that, if the motor is reconnected to operate at a voltage
for which it was connected when’/shipped from the factory, all attachment plugs and any re
be replaced with devices rated-for the voltage for which the motor is reconnected.

Exception No| 1: A tool‘that is marked to indicate that it is intended for operation at a sing
with the valug of thatvoltage need not include this instruction.

entification.

rom the power

hs, or both for
bther than that
teptacles shall

e voltage and

Exception No:

Z. A TOOI' In wnich tne attachment piug and any receptaciesS provided ar

voltage for which the motor may be reconnected need not include this instruction.

rated for the

83.1.7 The installation or operating instructions provided with the tool shall direct the user to secure the
tool to the supporting structure if, during normal operation, there is any tendency for the tool to tip over,
slide, or walk on the supporting surface.

Exception: A tool powered by a vibrator or a motor developing less than 1/10 hp (74.6 W output) and
containing explicit instructions in the instruction manual as to how to prevent the tool from tipping, sliding,
or walking on the supporting surface, if there is any tendency to do so need not comply.

83.1.8 A tool required to be provided with a means for locking the motor-control switch in the off position

shall include instructions in the manual explaining the purpose and function.
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83.2 Grinde

83.2.1

rs

the following or the equivalent:

a) Replace cracked wheel immediately.

b) Always use guards and eye shields.

c) Do not overtighten wheel nut.

d) Use

e) Adj

diametgr of the wheel decreases with use. The value of separation used in the marki
ion recommended by the manufacturer, but shall not be more than 1/8n«(3.18

separa

f) Freq
Exception No.

Exception No.
the warning sf

LFt distance between wheel and work rest to maintain ____

only flanges furnished with the grinder.

The instruction manual for a grinder shall include the marking information required by 81.3.1 and

Lently clean grinding dust from beneath grinder.

1: The word "WARNING" mentioned in 81.3.1 need not be included.

ecified in 83.2.1(f) in the instruction manual.

83.3 Drill Presses

83.3.1 Thei
For a drill preq
integral part of

that key.

Exception: Th

83.4 Jointers

83.41 Thei
the following o

a) Do n

nstruction manual for a drill press shall include the marking information requ
s that complies with the requirement in-37.6 by employing an ejection mecha

b word "WARNING" mentioned in 81.4.1 need not be included.

hstruction manual for a jointer shall include the marking information required
r the equivalent:

otperform jointing operations on material shorter than (a dimension equal to t

length

plus 2 in). narrower than 3/4 in. or less than 1/4 in thick.

2: Grinders that are not ventilated in accordance with‘the Exception to 9.2 ne

the key, the instruction manual shall‘include instructions to use only the key th
with the drill pess by the manufacturer or a duglicate of it, and an explanation of the reasons

inch or less separation as the

hg is to be the
mm).

ed not include

i
r

ed by 81.4.1.
ism that is an
at is provided
for using only

by 81.5.1 and

Te cutter head

b) Do not perform planing operations on material shorter than (a dimension equal to the cutter head
length plus 2 in), narrower than 3/4 in, or wider than (the cutter capacity in inches) or thinner than

1/2in.

¢) Maintain the proper relationships of infeed and outfeed table surfaces and cutter head knife path.

d) Support the work piece adequately at all times during operation; maintain control of the work at

all time

S.

e) Do not back the work toward the infeed table.

f) Do not attempt to perform an abnormal or little-used operation without study and the use of
adequate hold-down/push blocks, jigs, fixtures, stops, and the like.
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Exception: The word "WARNING" mentioned in 81.5.1 need not be included.

83.4.2 The information required by 83.4.1 shall include, as an explanatory item, the definition of jointing
and planing cuts.

83.5 All saws

83.5.1 The instruction manual for a saw with manual braking shall include the word "DANGER" and the
following or the equivalent: "Coasting Cutting Tool Can Be Dangerous — Apply brake immediately to stop
cutting tool when the switch is turned off."

83.5.2 The instruction manual for a saw with manual braking shall include a warning that the torque
developed dyring braking may loosen the blade-retaining nut, and that the nut should be checked
periodically apd tightened if necessary, especially after braking.

83.6 Radiallarm saws

83.6.1 The [instruction manual for a radial-arm saw shall include the marking informatign required by
81.6.1 and 81].6.2 and the following:

a) Exglicit instructions indicating how to prevent forward motion of the blade beyond the position
necessgary to complete the cut when performing repetitive cutting operations.

b) Definition of the terms push-stick, kickback, and freehand as they relate to a sawing operation.

Excepfion: The word "freehand" is not required. to be defined when it is not used |n the marking
requirgd by 81.6.1.

c) Explanation of the proper use of and construction of push-sticks.
d) Detgils on how to reduce the risk-of kickback.

e) Instructions to bolt the saw to the supporting surface (table, bench, or floor, as appropriate) or
use a sturdy outrigger support if a table extension more than 24 in long is attached to|the saw.

f) Instfuctions on how to position a radial-arm saw so that the cutting head will not roll outward
toward the operatar.

g) Complete instructions describing how to use a spreader.

Exception: THe:word "WARNING" mentioned in 81.6.1 and 81.6.2 is not required to be included.

83.6.2 The instruction manual provided with a radial-arm saw shall include:
a) A statement indicating that a lower blade guard is available;

b) A statement or statements identifying the potential risks of injury to persons that may be
introduced by the use of the guard, and the actions to be taken to reduce each risk;

c) Complete instructions describing when and how to use the guard; and

d) For saws capable of ripping, a statement that a spreader is available.

83.6.3 The lower blade guard of a radial-arm saw that is shipped as an accessory shall be provided with
complete instruction describing when and how to use the guard.
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83.7 Band saws

83.7.1

a) The

The instruction manual for a band saw shall include:

marking information required by 81.8.1; and

b) An explanation of:

1) The need for properly adjusting the upper blade guide, blade tension, and t
and

2) How the adjustments should be made.

hrust bearing;

83.8 Tile saws

83.8.1 Delet

83.8.2 The imstruction manual for a table tile saw shall include instructions foriuse of an e

including the f
A. POS

B. EXT]

D

d

bllowing text, or the equivalent:
ITION OF TILE SAW

1. To avoid the possibility of the appliance plug or rtéceptacle getting wet, posit
one side of a wall mounted receptacle to preventwater from dripping onto the)
plug. The user should arrange a "drip loop" in<the cord connecting the saw to
The "drip loop" is that part of the cord below the level of the receptacle, or th
an extension cord is used, to prevent water traveling along the cord and con
with the receptacle.

2. If the plug or receptacle does~get wet, DON'T unplug the cord. Disconne
circuit breaker that supplies. power to the tool. Then unplug and examine fg
water in the receptacle.

ENSION CORDS

1. Use only extehsion cords that are intended for outdoor use. These extens
identified by a marking "Acceptable for use with outdoor appliances; store ind
in use." Use:only extension cords having an electrical rating not less than th
product—~Do not use damaged extension cords. Examine extension cord befi
replace-if damaged. Do not abuse extension cords and do not yank on
disconnect. Keep cord away from heat and sharp edges. Always disconnect

tension cord,

ion tile saw to
receptacle or
a receptacle.
e connector if
ing in contact

ct the fuse or
r presence of

ion cords are
bors while not
e rating of the
bre using and

any cord to
the extension

cord from the receptacle before disconnecting the product from the extension

pord.

2. WARNING - To reduce the risk of electrocution, keep all connections dry and off the

ground. Do not touch plug with wet hands.

3. Ground Fault Circuit Interrupter (GFCI) protection should be provided on the circuit(s) or

outlet (s) to be used for the tile saw. Receptacles are available having
protection and may be used for this measure of safety.

built-in GFCI
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Figure 83.2
Drip Loop
TOOL
POWER
SUPPLY
CORD SUPPORTING

SURFACE

< DRIP LOOP
S3850

83.9 Miter daws

Section 83.9 deleted

83.9.1 Deleted

83.9.2 Deleted

83.9.3 Deleted

83.10 Pane|saws

83.10.1 The instruction manual for a panel saw shall include the marking information required by
81.16.1, 81.16.4, and 81.16.5 and an explanation of the following:

a) The use of proper eye protection;
b) The proper installation of the panel saw;

c) The proper assembly and routing of any power supply cords, interconnecting cables and
exhaust hoses;

d) The proper use of riving knifes and their adjustments (i.e. maximum blade thickness as it relates
to correct riving knife application);

e) The proper installation of the carriage assembly and counter balance;


https://ulnorm.com/api/?name=UL 987 2020.pdf

128

UL 987

MAY 12, 2020

f) The proper installation of blade guards;

g) The proper procedure for making a vertical (cross) cut, including specifications on the minimum
number of roller supports and the minimum width of the work piece;

h) The proper procedure for making a horizontal (rip) cut, including specifications on the minimum
number of roller supports and the minimum width of the work piece;

i) Detai

j) Detai

Is on ways to reduce kickback;

Is on making all necessary adjustments for rollers, guides, etc.;

k) Details on making connections to dust collection systems, if applicable;

1) Servi

m) The

Exception: Th
knife.

83.11
83.11.1 The

Exception: Th

Lathes

ce and maintenance procedures; and

proper installation of recommended accessories, if applicable.

b instructions specified in 83.10.1(d) is required only for a panel saw provide

nstruction manual for a lathe shall include the marking information required by

b word "WARNING" mentioned in 81.9.1 need,not be included.

83.12 Shapérs

83.12.1 The
and explanatiq

Exception: Th

instruction manual for a shaper(shall include the marking information requir
n of the use and construction.of fixtures, including why and when they are nee

b word "WARNING" mentioned in 81.10.1 need not be included.

83.13 Sandérs — belt, disc, and belt-and-disc

83.13.1 The

a) The

nstruction4manual for a sander shall include the following:

marking-information required by 81.11.1;

b) A de

finition of the terms "backstop" and "worktable"; and

i with a riving

bd by 81.10.1
ded.

c) For belt and disc sanders, an explanation that the sanding belt is designed to rotate down
towards the table while the disc rotates both up from the table and down towards the table, and
instructions on proper sanding techniques with an explanation of potential risk of injury to persons
associated with sanding against the directional arrows on the disc.

Exception: The word "WARNING" mentioned in 81.11.1 is not required to be included.

83.14

83.14.1

Other Tools

The instruction manual for other tools shall include the marking information required by 81.13.1.

Exception: The word "WARNING" mentioned in 81.13.1 need not be included.
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ACCESSORIES AND ATTACHMENTS

84 Scope

84.1

and fixed electric tools that are either:

The requirements in Sections 84 — 88 cover accessories and attachments for use with stationary

a) ldentified by catalog number or equivalent product designation in the instruction manual for the
tool; or

b) Packaged with the tool.

See 1.2and 1

84.2 There
Sections 1 —§

84.3 Anacc
of complianc

examination 4

84.4 These

5.

3.

essory or attachment not explicitly covered in this standard is.to be investigatg

a)

-

nd tests to determine acceptability for its intended use.

requirements cover carbide-tipped saw blades intended for use with radial 4

carbide-tipped jointer cutters. Carbide-tipped drill bits, and solid (not carbide tipped) blade

bits are not cd

84.5 These

vered.

Fequirements cover wire brushes of all types.

84.6 A guard or rotating backing pad may either be investigated for use with a specifig

accessory or
85 Constru
85.1

85.11 Ifat
tool, the comh

85.1.2 After
control shall b

General

ttachment, as applicable.

ction

bol is converted by an attachment to perform the intended function (or functio
ination shall\comply with the applicable requirements for the other tool.

an.accessory or attachment is installed on the intended tool, a handle, lever,

uirements in Sections 84 — 88 supplement and, in some cases, modify‘the requirements in

d on the basis

with the requirements of this standard, insofar as they’ are applicabl¢, and further

rm saws, and
5, cutters, and

tool or as an

ns) of another

knob, or other
an area where

e.located so that, when reaching for the control, it is not necessary to traverse

a risk of injury
shall be so gu

to-persons may exist A area adjacent to thecontrotwhere a risk of injury to
arded or located that it cannot be entered unintentionally.

persons exist,

85.1.3 The shank of an accessory or attachment intended to be gripped in a chuck or the like shall be

such that it ca

a) The

n be clamped firmly in:

holding device of the tool for which it is recommended; or

b) A representative holding device if the accessory or attachment is intended for use with a variety
of tools.

85.1.4 An accessory or attachment that is intended to be fixed with relationship to the tool shall have
provision for being securely mounted in such a manner that does not result in a risk of injury to persons.
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85.1.5 Guarding required for an accessory or an attachment shall be provided as a part of the accessory
or attachment unless a guard for the basic tool provides guarding for the accessory or attachment.

85.2 Materials

85.2.1 The material of a part, the malfunction of which may result in a risk of injury to persons, shall have
properties acceptable for the conditions encountered during intended use. See Section 86.

85.2.2 The physical properties and the thicknesses of materials used in a cutting tool shall be acceptable
for the stresses that may be encountered during intended use. See Section 86.

86 Performance

86.1 Impact|testing — general

86.1.1 Othenthan a grinding wheel or one of the specific cutting tools mentioned-in 86.2.1,/an accessory
or an attachmgnt that is intended for use with a stationary or a fixed tool shall withstand the bgall-impact test
described in 85.1.2 without:

a) Cragking that may affect the function of the part so as to result'in a risk of injury to gersons;
b) Expg@sing to unintentional contact a moving part likely ta cadse injury to persons; and

c) Affe¢ting the mechanical performance of the accessory or attachment or tool so a$ to result in a
risk of injury to persons.

Exception No.|1: A part that becomes disassembled-or detached during the ball-impact test|is acceptable
if:

a) The [damage is obvious and it can be'reassembled readily to function properly; or

b) The ldisassembly or detachment of the part does not result in a risk of injury to perspns.

Exception No.|2: Breakage of a.part that makes an accessory or an attachment inoperable i$ acceptable if
there is no risK of injury to persons and the product is not usable.

Exception No.|3: Deformation of a guard or other part during the ball-impact test is acceptable if:

a) Thepart can be readily restored to its functional shape; or

b) The defarmation does not result in a risk of injury to persons.

86.1.2 To determine compliance with 86.1.1, each of three samples of the accessory or attachment is to
be subjected to an impact of 5 ft-lbs (6.8 J) on any surface that is exposed to a blow during normal use.
This impact is to be produced by dropping a steel sphere, 2 in (50.8 mm) in diameter and weighing
approximately 1.18 Ibs (0.535 kg), from a height of 51 in (1.29 m). For surfaces other than the top, the
steel sphere is to be suspended by a cord and allowed to swing as a pendulum, dropping through a
vertical distance of 51 in to strike the surface. During the test, the sample is to be installed on the
recommended tool in the intended manner, or the intended manner of installation is to be simulated.

86.1.3 If an attachment is made of a polymeric material, the ball-impact test described in 86.1.2 is to be
conducted on a sample in the as-received condition. The test is then to be repeated on a different sample
or samples that have been cooled to room temperature after being conditioned for 7hoursin an air oven
maintained at 70°C (158°F). During conditioning, a part is to be supported in the same manner that it is
supported on the tool.
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86.1.4 Upon removal from the oven and before being subjected to the ball-impact test described in
86.1.2, no sample shall show cracking, distortion, or other deleterious effects from the oven conditioning
so as to result in a risk of injury to persons during operation of the tool.

86.2 Sharp edges and projections

86.2.1 An edge, projection, or corner of an accessory or attachment shall not be sufficiently sharp to
constitute a risk of injury to persons in normal maintenance and use.

Exception: This requirement does not apply to a part or a portion of a part needed to perform a working
function.

86.3 Rotati‘ig members test

86.3.1 A rofating member, the malfunction of which may result in a risk of injury {to pensons, shall be
constructed of such material and in such manner as to reduce the risk of:

a) Bending, breakage, or other malfunction of parts; or

b) The release or loosening of parts.
Exception No| 1: A wire brush may discharge wires but not burst.

Exception Ng. 2: The test may be waived if evaluation®of the manufacturer's design ¢alculations or
examination qf the product indicates that the part or parts.are adequately strong.

86.3.2 To determine if a part complies with the’requirements in 86.3.1, the part is to [be rotated as
indicated in Table 86.1 and shall not show breakage, separation of carbide tips from blade,|or other effect
that may resujt in risk of injury to persons.

Table 86.1
Rotating members test

Speed of rotation, pefcent of
Rotating member: Time or no. of revolutions maximum rotating memper speed

Carbide-tigped circularsaw blades 1,000,000 Rev. 150
Flexible bgdcking pads 1 hour 120
Wire brusHes with’shank, all sizes 1 hour 120
Wire brusheswithoutstrank2to 6 +Hour 1260
(50 to 150 mm)

6to9in (150 to 230 mm) 130
9in (120 mm) and larger 150
All other rotating members 1 hour 150

86.4 Stability test

86.4.1 A base, a cabinet, a leg, a stand, a table, and similar attachments shall comply with the applicable
stability test described in 86.4.2 — 86.4.7. The attachment is to be investigated in combination with the tool,
installed in accordance with the manufacturer's instructions.

Exception: An attachment that is provided with instructions for the user to fasten the tool to the bench top
or floor prior to installation need not be subjected to stability tests.
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86.4.2 The stability of a bench-top attachment shall be such that it will not be overturned readily while in
any position that may be encountered during intended use, including positions that may be encountered
prior to and after operation.

86.4.3 To determine if an attachment complies with the requirement in 86.4.2, the combination of the
attachment and a representative tool, mounted in accordance with the manufacturer's instructions, is to be
placed, with the motor switched off, on a plane inclined at an angle of 7° to the horizontal. The power
supply cord is to rest on the inclined plane in the most unfavorable position. If, however, the combination
tool and attachment is such that, were it to be tilted to an angle of 7° when standing on a horizontal plane,
a part of it not normally in contact with the supporting surface would touch the horizontal plane, the
attachment is to be placed on a horizontal support and tilted in the direction most likely to decrease
stability through an angle of 7°. The results are considered to be acceptable if the combination does not

overturn.

86.4.4 The

st is to be conducted under the most unfavorable conditions. The combin

attachment is fo be placed on the inclined plane with all doors, drawers, and othef\movable|

parts in the
positions that

a)lsin
of the §

b) Isin

c)lIsin
functio

86.4.5 A floo
with the manu
that makes an

sition tending to decrease the stability. The combination is toybe tested i
ay typically be encountered while the attachment:

a position of being assembled or prepared prior to operatioh.— for example, po
ttachment prior to adding functional parts;

position as if being used to perform one of its intended functions; and

a position of being disassembled or cleaned ‘after operation — for example, W
nal parts removed.

r supported attachment in combination with the recommended tool, mounted
facturer's instructions, shall not tip-aver when it is placed at the center of an
angle of 7° with the horizontal and turned to the position most likely to cause ti

86.4.6 The fest mentioned in 86.4.57is\to be conducted under conditions most likely to

Consideration

in combinatio

shall be given to all parts or options intended for use with the attachment. Th
with the tool, is te.be arranged in its intended position with all doors, dra

wheels, and other appurtenances in the position that results in the least stability. The assg

htion tool and
or adjustable
h all possible

sitioning parts

ith applicable

n accordance
nclined plane
bover.

cause tipover.
e attachment,
vers, casters,
mbly is to be

tipped in the djrection most likely to overturn the unit. Legs and other means of support may|be blocked to

preclude the assembly from:sliding.

86.4.7 If an attachment is provided with wheels or casters for mobility, they are to be retrgctable or of a
locking design, orvother means are to be provided to reduce unexpected movement of tlre tool during
operation.

87 Marking

87.1 An accessory or an attachment shall be marked with a catalog number or equivalent means of
identification, or the package containing the accessory or attachment shall be so marked.

Exception: An accessory or attachment that is used with the tool in the performance of its intended
function, such as a drill bit provided with a drill press or a circular saw blade provided with a table or radial
arm saw need not be marked.

87.2 The literature accompanying a package containing a basic appliance and its attachments or
accessories shall indicate which attachments or accessories are intended for use with the basic appliance
if use of such attachments or accessories may expose the user to a risk of injury.
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Exception: The attachments or accessories referenced in the Exception to 87.1 may be referenced

generically.

87.3

An attachment or accessory that is packaged separately from the basic appliance, and

recommended by the stationary or fixed tool manufacturer for use on the basic appliance, shall identify the
basic appliance for which it is intended. The identification shall appear in at least one of the locations

specified in th

e following:

a) On the attachment or accessory;

b) On the package housing the attachment or accessory;

c) In the instruction manual for the attachment or accessory; or

d) Inin

Exception: T
generically su

87.4 Acarb
marked with
marking shall

formation furnished with the attachment or accessory.

e attachments or accessories referenced in the Exception to 87.1 may
ch as "For Use With Drill Bits ____ Inches or Less in Diameter.”

de-tipped circular saw blade, a flexible backing pad, and a wire brush shall b
the maximum speed, in revolutions/min, such as "
be located on each accessory as indicated in Table 871

Table 87.1
Location of speed:marking

be referenced

e permanently

~_“RPM" or equivalent. The speed

Type of accessory Location of marking

Saw bladep On blade
Flexible bgcking pads On pad
Wire brushes On brush
87.5 A grinding wheel 4 in (1024mm) or larger in diameter shall have the maximum operating speed in

rpm clearly m
either on the

87.6 A mark
"WARNING,"

arked on the wheelA grinding wheel less than 4 in (102 mm) in diameter sk
vheel or package:

all be marked

ing intended-to reduce the risk of injury to persons shall be prefixed by the word "CAUTION,"

or "DANGER" in letters no less than 3/32 in (2.4 mm) high. The marking shall:

a) Inc

udevan affirmative statement of the risk of injury and the precautionar]

y measure or

instru

tions as to how to Teduce the Tisk of injury;

b) Be permanent, see 79.2; and

c) Be located on a permanent part of the accessory or attachment, or on a part that cannot be
removed without impairing the operation of the accessory or attachment, if there is sufficient room.
If there is not sufficient room, the markings shall be in the instructions furnished with the accessory
or attachment.

87.7 A wire brush shall be permanently marked "Wear eye protection" or with an equivalent statement.

Exception: If there is not sufficient room, the marking shall be in the instructions furnished with the wire

brush.
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87.8

shall be identified either on the attachment or in instructions furnished with the attachment.

88

88.1

88.1.1

Instructions

General

If the function of a handle, lever, knob, or other electrical or mechanical control is not obvious, it

An accessory or attachment shall be provided with instructions. The instructions shall specifically

warn the user against reasonably foreseeable risks of injury and state the precautions that should be taken
to reduce such risks. The instructions may be packaged with the accessory or attachment, or for small

attachments a

88.2 Al achssories and attachments

88.2.1 Thein

a)As
intends

b) The
use ey

88.3 Specifi

88.3.1 Thef
instructions pr
minute before

88.3.2 The fi
in the instructi

a) Dad
convex

b) Sha
betwesg

¢) Mold

nd accessories, may be printed on the package. See 82.6.

structions shall include as applicable:

atement indicating the type or types of tools with which the attachment or
d to be used; and

word "WARNING" and the following or equivalent "To reduce the risk of eye
p protection.”

E accessories

bllowing or equivalent wording shall appeargither on the packaging of a wire |
pvided with the wire brush: "Allow wire brushes to run at operating speed fo
using wheel. During this time no one js;to stand in front of or in line with the bru

bllowing instructions, as applicable, shall appear either on the packaging of thg
bn manual provided with the aceessory:

side toward the tablé.of a radial-arm.

per Cutter — "Besure to place a washer that cannot rotate with respect f
n the shaper‘cutter and the spindle nut."

ing Heads—

1)*“Never mold or shape warped materials."

accessory is

injury, always

rush or in the
r at least one
sh."

accessory or

0 Head — The instructions shall warn the user against cutting warped maferial with the

o the spindle

2) "Never edge-mold on a radial-arm saw (with saw arbor vertical) with a saw
always use a molding head guard."

blade guard —

3) "Always position the molding head guard on a radial-arm saw to just clear the workpiece

on the in-feed side before starting the molding operation."
4) "When topside molding on a radial-arm saw with saw arbor horizontal:
i) Lock rip and bevel clamp securely.
ii) Position saw blade guard at in-feed end to just clear the workpiece.

i) Use a push stick on a narrow workpiece.

iv) Maintain a firm push to reduce the risk of kickback (anti-kickback devices are

normally ineffective when performing this type of operation)."
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Exception: Equivalent wordings may be used for 88.3.2 (b) and 88.3.2(c).

DOUBLE-INSULATED TOOLS

89 Scope

89.1

These requirements cover double-insulated electric tools as indicated in 1.1 (b). Coverage is

restricted to tools that are intended for use in accordance with the National Electrical Code, ANSI/NFPA
70, on branch circuits involving potentials of not more than 150 V to ground.

89.2 A tool provided with double insulation shall comply with the applicable requirements in Sections 1 —

88 supplemented by — and, in some cases,_amended by — the requirements in 91 — 93

90 Construgtion

90.1 Glossary

90.1.1 ACCESSIBLE — Denotes accessible to contact by persons. In a-détermination of
live or dead netal, is accessible to such contact, the criteria specified.in 90.3.1 and 90
applied.

90.1.2 BAS|C INSULATION — The insulation applied to live parts to provide basic prof
electric shock. Basic insulation does not necessarily include"insulation used exclusivelyj
purposes.

90.1.3 DEApP METAL PART — A metal or other eléctrically conductive part, accessible o

that is not con

90.1.4 DOU

insulation, with the two insulations physically separated and so arranged that they are not §

subjected to
degree. See H

90.1.5 LIVE
to the power-s

90.1.6 REIN
qualities that

insulation. It may consist of one or more layers of insulating material. Its acceptance in p

vhether a part,
13.2 are to be

ductively connected to a live part.

BLE INSULATION — An insulation system comprised of basic insulation and

the same deteriorating \influences, such as temperature and contaminants
igure 90.1.

PART — Denotés)a part consisting of electrically conductive material conducti
upply circuit under conditions of intended use of the tool.

FORCED INSULATION — An improved basic insulation with such mechanica
it,sin itself, provides the same degree of protection against electric shd

ection against
for functional

r inaccessible,

supplementary
imultaneously
to the same

ely connected

and electrical
ck as double

ace of double

insulation is d

escribed in 90.2.2.

90.1.7 SUPPLEMENTARY INSULATION — An independent insulation provided in addition to the basic
insulation to protect against electric shock in case of mechanical rupture or electrical breakdown of the
basic insulation. An enclosure of insulating material may form a part or the whole of the supplementary

insulation.
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Figure 90.1
Examples illustrating 90.1.4

ARMATURE

CONDUCTOR
SLOT LINER
CFUNCTIONAL
INSULAT|ION)
SHAF T
d ARMADURE
[NEEEESUEN LAMINATION

A- CQONSIDERED TO CONSTITUTE DOUBLE INSULATION

ARMATURE
SLOT LINER
CONDUCTOR (TWO LAYERS)
SHAFT
ARMATURE
LAMINATION

B-NOT CONSIDERED TO CONSTITUTE DOUBLE INSULATION
S0723
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90.2 General

90.2.1 Except as noted in 90.2.2, the tool shall be so constructed that double insulation or acceptable
through-air spacing as indicated in Table 90.1 is interposed:

a) Between all live parts and all accessible surfaces of the tool; and

b) Between all live parts and all inaccessible dead metal parts that are conductively connected to
accessible dead metal parts.

Table 90.1
Minimum acceptable spacings

Partg between which spacings are measured Minimum acceptable spacings

1. Live parfs and dead metal parts that are separated by Not less than the through-air and oyver-sdrface $pacings
basic insulption only, other than reinforced insulation, required in Table 23.1 and Table23.2.
except as indicated in item 4. See 90.2.5.

2. Accessible dead metal parts? and dead metal parts
separated from live parts by basic insulation only; this
ordinarily i$ a spacing resulting from supplementary

insulation.

3. Live paf and accessible dead metal parts® separated 3/16 in (4.8 mm) through-air and over-surface

by double insulation or by reinforced insulation, where
acceptablg, except as indicated in item 4.

4. Live parls and accessible dead metal parts at a 5/16,in (7.9 mm) over-surface
commutatgr or other location in which foreign materials
can build up.

5. Uninsulgted live parts, including film-coated wound in 1/32in (0.8 mm)
the form of|a coil and reliably held in place, and the intefior
surface of |nsulating material that serves as
supplemerjtary insulation.

6. Outer syrface of a wrapped coil and the irterior surface
of insulating material that serves as supplementary
insulation

@ The termfaccessible dead metal part'includes:

1] Inaccessible dead metal parts that are conductively connected to accessible dead metal parts, arjd

2] If the outer surface of the enclosure consists wholly or partially of insulating material, metal foil wrppped
tightly around\and in intimate contact with the enclosure. The foil is to be drawn tightly across any opening in
tHe enclosure’to form a flat plane across such opening. See Figure 90.3.

9022 R' PUH | P H talal + ] £ ol ol : | : ] 4l £l H I .
L. einiorcegmstatonsSacceptanreiprace o dotdre mMsStatton oty tneTonowig places:

a) At a brush cap. See 90.8.1 and 91.1.2.

b) At a commutator or at end turns of the armature winding. See 90.9.1 and item 4 of Table 90.1.

c) At points at which insulated internal wiring, including insulated splices, contacts protective
insulation. See 90.6.2 and 90.6.3.

d) At points inside the tool at which the power-supply cord contacts protective insulation. See
90.4.4.

e) At a brush holder that complies with the restrictions indicated in 90.11.1 and 90.11.2.

f) At a switch that complies with the restrictions indicated in 90.10.1.
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g) Anywhere in the tool if the reinforced insulation consists of one or more layers, in contact with
adjacent layers in a multilayer assembly, with a total thickness of not less than 3/16 in (4.8 mm).

90.2.3 The thickness and the resistance to deterioration with aging of insulation employed as protective
insulation shall not be less than that which would be required for the same material employed as basic
insulation. A greater thickness of protective insulation may be required if this appears to be necessary.

90.2.4 The tool shall be so constructed that the added protection provided by the additional insulation will
not be reduced by the intended use and anticipated abuse (see 91.4.1 — 91.4.6) to which the tool is likely
to be subjected.

90.2.5 A live part, a dead metal part that is insulated from live parts by basic insulation only (unless it is
reinforced ins{ilation as covered in 90.2.2), and basic insulation itself (unless it is reinforged insulation as
covered in 90.P.2) shall not be accessible.

90.2.6 Protegtive insulation that comprises the outer enclosure of the tool is considered to be resistant to
physical abusg if the tool complies with the requirements in 91.4.1 — 91.4.5.

90.2.7 Unlegs protected by the outer enclosure of the tool or by some ‘%other guard, protective insulation
shall be resistant to physical abuse.

90.3 Accessgibility of live parts

90.3.1 Atesfpin as illustrated in Figure 8.2 shall not enter,an enclosure through an opening when the pin
is inserted po|nt first, and the pin shall not touch any.uninsulated live part, film-coated wife, or internal
wiring.
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