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This revision of ANSI/UL 561 dated June 29, 2021 includes the following changes in requirements:

— Replacing the References to the Standard For Power Conversion Equipment, UL 508C,
With Reference to the Standard For Adjustable Speed Electrical Power Drive Systems — Part
5-1: Safety Requirements — Electrical, Thermal and Energy, UL 61800-5-1; 4.5.4.1 and
4.14.4.4

— Type SJ Power Supply Cords for Commercial Spray Extraction Machines; 10.8

— Addition of UL 969A into UL 561; 46.1
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INTRODUCTION
1 Scope

1.1 These requirements cover electrically powered floor-finishing machines to be used in accordance
with the National Electrical Code, NFPA 70. This product category includes the following: a floor polisher,
floor scrubber, floor sander, floor scraper, tile remover, rug shampooer, rug and floor washer, and a similar
machine for commercial use. A machine such as a sander and wet scrubber with vacuum attachments is
also covered.

1.2 These requirements do not cover vacuum cleaning machines, permanently connected machines, or
cord-connected machines that are intended to be fastened in place or located in a dedicated space. These

requirements
universal mot
household us
Floor Finishin

1.3 A mach
energy will |

do not cover machines rated more than 600 volts, nor do they cover mac
brs rated more than 250 volts. These requirements do not cover floor finishin
b, which are covered in the Standard for Vacuum Cleaners, Blower Cleaners, a
j Machines, UL 1017/CSA-C22.2 No. 243.

ne that uses some other source of energy (such as gas orsteam) in additig
e investigated under these requirements and under such additional req

!

ines involving
machines for
nd Household

n to electrical
Juirements as

applicable to {he machine under consideration.
2 General

21 Terminglogy

2.1.1 In the following text, a requirement that applies, to one type of equipment (polisher, sgrubber, or the
like) is identified by a specific reference in that.féquirement to the type of equipment involved. In the
absence of suich specific reference, or if the term product or machine is used, it is undefstood that the
requirement gpplies to all types of equipmentcovered by the standard.
2.2 Units off measurement

2.21 Valueg
approximate i

stated without parentheses are the requirement. Values in parentheses are
hformation.

explanatory or

2.2.2 Unless
mean square

indicated’otherwise, all voltage and current values mentioned in this standard are root
rms).

2.3 Undateqi references

2.3.1  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.

3 Glossary

3.1 For the purpose of this standard, the following definitions apply.

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

3.3 APPLIANCE INLET (MOTOR ATTACHMENT PLUG) — A male contact device mounted on an end
product appliance to provide an integral blade configuration for the connection of an appliance coupler or
cord connector.
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3.4 COMMERCIAL USE PRODUCT - A product not intended for use only in the home.

3.5 COMPONENT — A device or fabricated part of the appliance covered by the scope of a safety
standard dedicated to the purpose. When incorporated in an appliance, equipment otherwise typically field
installed (e.g. luminaire) is considered to be a component. Unless otherwise specified, materials that
compose a device or fabricated part, such as thermoplastic or copper, are not considered components.

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

3.7 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 electric shock, fire, or injury to persons during
normal or abnprmal operation of the end product is considered an auxiliary control.

3.8 CONTR(

3.9 CONTR(
regulates the
thermal cutout
persons, is co

3.10 CONTR
reduce the rig
abnormal ope
relied upon for

Note — During th
conditions of the ¢

3.11 CONTR
deviation and

DL, MANUAL — A device that requires direct human interaction to activate.or re

DL, OPERATING — A device or assembly of devices, the opération of w
end product during normal operation. For example, a thermeostat, the failu
limiter or another layer of protection would reduce the riskiof-electric shock, fi
nsidered an operating control.

OL, PROTECTIVE - A device or assembly of deviees, the operation of which
k of electric shock, fire or injury to persons during normal and reasonab
ration of the appliance. For example, a thermal cutout/limiter, or any other
normal and abnormal conditions, is considered a protective control.

B evaluation of the protective control/circuit, the” protective functions are verified under normaj
ontrol.

he drift (tolerance before-and after certain conditions) of its operating value, o

or operating s¢quence has not been deelared and tested under this standard.

3.12 CONTH
deviation and

he drift (tolerance before and after certain conditions) of its operating value, 0

or operating s¢quence have\been declared and tested under this standard.

3.13 HAND-
hand of the us

SUIDERPRODUCT — A portable product which during intended use is con
er for purposes of electrical or physical control, but not for complete support.

5t the control.

hich starts or
e of which a
re, or injury to

is intended to
y anticipated
control/circuit

and single-fault

OL, TYPE 1 ACTION - Thetactuation of an automatic control for which the manufacturing

perating time,

OL, TYPE 2 ACTION — The actuation of an automatic control for which the fanufacturing

perating time,

tacted by the

3.14 HAND-SUPPORTED PRODUCT — A portable product that is completely supported by the user
during the performance of its intended function. The hand of the user may also be used to exercise
electrical or physical control of the operation of the product.

3.15 LINE-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts and having
circuit characteristics in excess of those of a low-voltage circuit.

3.16 LOW-VOLTAGE CIRCUIT — A circuit involving a peak open-circuit potential of not more than 42.4
volts supplied by a primary battery, by a Class 2 transformer, or by a combination of a transformer and a
fixed impedance that, as a unit, complies with all performance requirements for a Class 2 transformer. A
circuit derived from a line-voltage circuit by connecting a resistance in series with the supply circuit as a
means of limiting the voltage and current is not considered to be a low-voltage circuit.
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3.17 MEASUREMENT INDICATION UNIT (MIU) — The output voltage across the meter, in millivolts
RMS, read from the measurement instrument in Figure 29.1, divided by 500 ohms. (The instrument
indication is equal to the RMS value in milliamperes when the frequency is 60 Hz — sinusoidal current. The
reading may not be a direct indication of the RMS or other common amplitude quantifier of leakage current
when the leakage current is of a complex waveform or frequency other than 50 or 60 Hz).

4 Components

41

411 Acom

General

ponent of a product covered by this standard shall:

a) Cor
b) Be
c) Be
d) Add
e) Not

Note — Specific g
intended for use
under those sped

Exception Ng
specific comp

a) Inv
produ

b)lIss

c)lss
used

Exception No|
4.2—-4.24is 4

a) The

!

nply with the requirements for that component as indicated in 4.2 — 4.24;

sed in accordance with its rating(s) established for the intended conditions ‘of
sed within its established use limitations or conditions of acceptability;
itionally comply with the applicable requirements of this end product standard;

contain mercury.

lomponents are incomplete in construction features or restricted in\performance capabilities. Suc
lonly under limited conditions, such as certain temperatures ‘not‘exceeding specified limits, and
ific conditions.

1. A component of a product covered-by this standard is not required to
onent requirement that:

blves a feature or characteristic.not required in the application of the con
t, or

perseded by a requirementin this end product standard,

bparately investigated when forming part of another component, provided the
ithin its established ratings and limitations.

2: A compenent that complies with a UL component standard other than tho
cceptabledr:

component also complies with the applicable component standard of 4.2 — 4.2

Use;

and

h components are
hall be used only

comply with a

ponent in the

component is

se specified in

14: or

b) The

component Standard.

1) Is compatible with the ampacity and overcurrent protection requirements of the National

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,

in accordance
UL 746B, and

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

standard may assume user expertise not common in household applications.

4.1.2 A component that is also intended to perform other functions, such as over current protection,
ground-fault circuit-interruption, surge suppression, any other similar functions, or any combination
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thereof, shall comply additionally with the requirements of the applicable UL standard(s) that cover devices
that provide those functions.

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 standard(s) need not be
applied.

4.1.3 A component not anticipated by the requirements of this end product standard, not specifically
covered by the component standards in 4.2 — 4.24, and that involves a risk of electric shock, fire, or
personal injury, shall be additionally investigated in accordance with the applicable UL standard, and shall

comply with 4.1.1(b) — (e).

4.1.3.1

product standard is applicable where that standard anticipates normal and abnormal, u
consistent with the application of UL 561.

4.2 Attach

4.2.1
appliance (flat
See 4.2.9.

Exception No.
investigated in
UL 817 and ne

Exception No.
Accessibility q
Section 13, In
as the applica

4.2.2 Quick-
conductors, ha
in), intended f
appliance, shg

Exception No.

out, insertion-Withdrawal, temperature rise, and all tests shall be conducted in accordance wi

Attachiment plugs, receptacles, appliance couplers, appliance inléts (motor attachme

ent Plugs, receptacles, connectors, and terminals

ron) plugs, shall comply with the Standard for Attachment-Plugs and Recepta

1: Attachment plugs and appliance couplers integral to cord sets or power su
accordance with the requirements in the Standard for Cord Sets and Power-
ed not comply with UL 498.

2: A fabricated pin terminal assembly(ies) need not comply with UL 498 if it
f Uninsulated Live Parts, Film-Coated Wire, and Moving Parts, Section
bulating Material, Section 16, arid-Spacings, Section 26 of this end product sta
ble performance requirementswhen tested in the end-product.

connect terminals, both connectors and tabs, for use with one or two 22 — 10
ving nominal widths-of 2.8, 3.2, 4.8, 5.2, and 6.3 mm (0.110, 0.125, 0.187, 0.2
Dr internal wiring ‘connections in appliances, or for the field termination of con
Il comply with.the Standard for Electrical Quick-Connect Terminals, UL 310.

1: Other sizes of quick-connect terminals shall be investigated with respec

With regard to 4.1.3, reference to construction and performance requirements in amother UL end

se conditions

nt plugs), and

cles, UL 498.

bply cords are
Supply Cords,

complies with

®, Live Parts,

ndard, as well

AWG copper
05, and 0.250
ductors to the

t to crimp pull
th UL 310.

Exception No.

2—Aconmector that complies wittr U310 may be used wittramappropriatety

sized tab that

complies with Tabs Used in Electrical Quick-Connect Terminals, Section 15. The connector is the part of a
quick-connect terminal that is pushed onto the male tab, and the tab is the part that receives the female
connector.

4.2.3 Single and multipole connectors for use in data, signal, control and power applications within and
between electrical equipment, and that are intended for factory assembly to copper or copper alloy
conductors, or for factory assembly to printed wiring boards, shall comply with the Standard for
Component Connectors for Data, Signal, Control and Power Applications, UL 1977. See 4.2.9.

4.2.4 Wire connectors shall comply with the Standard for Wiring Connectors, UL 486A-UL486B.

4.2.5 Splicing wire connectors shall comply with the Standard for Splicing Wire Connectors, UL 486C.
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4.2.6 Multi-pole splicing wire connectors that are intended to facilitate the connection of hard-wired
utilization equipment to the branch-circuit conductors of buildings shall comply with the Standard for Multi-
Pole Splicing Wire Connectors, UL 2459. See 4.2.9.

4.2.7 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors, shall comply with the Standard for Equipment Wiring Terminals for Use with Aluminum and/or
Copper Conductors, UL 486E.

4.2.8 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 compglies with the requirements of Live Parts, Section 13, Internal Wiring, Section| 14, Insulating
Material, Secfion 16, and Spacings, Section 26 of this end product standard, as well as |the applicable
performance fequirements when tested in the end-product. This exception does not-apply to protective
conductor terminal blocks.

429 Femal
that may be
the specific ty
coupler that @
when tested v

4.3 Boxes,

4.3.1 Electri
specified in th
(such as Fle
Fittings, UL 5
Flush-Mountg
the requirems

e devices (such as receptacles, appliance couplers, and corinectors) that ar
sed, to interrupt current in the end product, shall be suitablyrated for current
pe of load, when evaluated with its mating plug or conféctor. For example
an be used to interrupt the current of a motor load shall have a suitable horg
ith its mating plug.

conduits, and raceways

cal boxes and the associated bushings; conduits, fittings, and raceways
e National Electrical Code, ANSI/ NERA 70, and that comply with the relevar

14B, Nonmetallic Outlet Boxes,*Flush-Device Boxes, and Covers, UL 514C, C
d Wiring Devices, UL 514D),Jand Components, General, 4.1 are considered
nts of this end product standard.

4.4 Capacitors and filters

441 The cq

mponent requirements for capacitors are specified in Capacitors, Section 23.

4.4.2 Electr
standards ar

magnetic interference filters with integral enclosures that comply with one @
considered to comply with the requirements in 23.1.

e intended, or
interruption of
an appliance
epower rating

of the types
t UL standard

ible Metal Conduit, UL 1, Metallic Outlet Boxes, UL 514A, Conduit, Tubing, and Cable

bver Plates for
o comply with

f the following

a)Th

Standard for Flnr‘frnmngnnfir‘ Interference Filters, UL 1238: or

b) The Standard for Fixed Capacitors for Use in Electronic Equipment — Part 14, UL 60384-14.

4.5 Controls

4.51 General

4.5.1.1 Auxiliary controls shall be evaluated using the applicable requirements of this end product
standard and the requirements in Auxiliary controls, 22.2, unless otherwise specified in this end product
standard; see 4.5.1.4.

4.5.1.2 Operating (regulating) controls shall be evaluated using the applicable component standard
requirements specified in 4.5.2 — 4.5.7, and if applicable, the parameters in Operating controls (regulating
controls), 22.3, unless otherwise specified in this end product standard; see 4.5.1.4.
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4.5.1.21 Operating controls that rely upon software for the normal operation of the end product where
deviation or drift of the operating parameters of the control may result in an increased risk of electric
shock, fire, or injury to persons, shall comply with:

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

4.5.1.3 Solid-state protective (limiting) controls shall be evaluated using the applicable component
standard requirements specified in 4.5.2 — 4.5.7, and if applicable, the parameters in Protective controls

(limiting contrgls}—=224--unless-othernise-spesifiedinthis-end-produststandard-

45131 So
comply with:

a) The

b) The
Requir

4.5.1.3.2 Prd

a) The
the Sta

b) The
Requir

4514 Ane
would not inc
applicable req

4.5.2 Electromechanical andelectronic controls

45.21

a) The

A control, other than ‘as specified in 4.5.3 — 4.5.7, shall comply with:

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

Standard for Automatic Electrical Controls for Household and’Similar Use, P
ements, UL 60730-1, except Controls Using Software.

tective controls that rely upon software as a protective’component shall compl

Standard for Tests for Safety-Related Controls.Employing Solid-State Devices
ndard for Software in Programmable Compgnents, UL 1998; or

Standard for Automatic Electrical Contfrols for Household and Similar Use, P
ements, UL 60730-1.

ectronic, auxiliary, or operating ctontrol (e.g. a non-protective control), the fa
rease the risk of electric.shock, fire, or personal injury, need only be suk
Lirements of this end product standard.

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

b) The

id-state protective controls that do not rely upon software as a protective ‘Component shall

UL 991; or

art 1: General

y with:

, UL 991; and

art 1: General

ilure of which
jected to the

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

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

4.5.3 Liquid

4.5.3.1

level controls

A liquid level control shall comply with the:

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

b) Standard for Temperature-Indicating and —Regulating Equipment, UL 873;

c) Stan

dard for Industrial Control Equipment, UL 508; or

d) Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, UL 60730-1; and
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1) Standard for Automatic Electrical Controls for Household and Similar Use; Part 2:

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

Float Type for

2) Standard for Automatic Electrical Controls for Household and Similar Use; Part 2:
Particular Requirements for Automatic Electrical Water and Air Flow Sensing Controls,

Including Mechanical Requirements, UL 60730-2-18.

4.5.4 Motor and speed controls

4.5.4.1 A control used to start, stop, regulate or control the speed of a motor shall comply with the:

a) Sta

b) Sta

c¢) Stapdard for Industrial Control Equipment, UL 508;

d) Sta
— Elec]

e) Sta

Requitements, UL 60730-1; or

f) Stan
Starte
4.5.5 Press
4551 Apr
a) Sta
b) Sta

c) Sta

Requitements, Ult:60730-1; and the Standard for Automatic Electrical Controls for K

Simila
Includ

1 (4 Qadial Qbada & (- A L D4 4N
IUdaru TUIN OUNU=olalc VUTTUHUIS TUT APPIHATILT S, UL 2595/,

hdard for Temperature-Indicating and -Regulating Equipment, UL 873;

hdard for Adjustable Speed Electrical Power Drive Systems —Rart 5-1: Safety
rical, Thermal, and Energy, UL 61800-5-1;

ndard for Automatic Electrical Controls for Household and Similar Use, P

s — Electromechanical Contactors and Moétor-Starters, UL 60947-4-1A.
Lire controls

bssure control shall comply with one of the following the:
ndard for Temperature-Indicating and —Regulating Equipment, UL 873;
ndard for Industrial €ontrol Equipment, UL 508; or

hdard for Automatic Electrical Controls for Household and Similar Use, P

 Use; Part™2: Particular Requirements for Automatic Electrical Pressure Se
ng Mechanical Requirements, UL 60730-2-6.

4.5.6 Temperature controls

Requirements

art 1: General

dard for Switchgear and Controlgear, Low-Voltage'— Part 1: General Rules, UL 60947-1, and
the Standard for Switchgear and Controlgear, Low=Voltage — Part 4-1: Contacto

rs and Motor-

art 1: General
lousehold and
nsing Controls

4.5.6.1 A temperature control shall comply with the:

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

b) Standard for Temperature-Indicating and —Regulating Equipment, UL 873;

c) Standard for Industrial Control Equipment, UL 508; or

d) 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 Temperature Sensing Controls, UL 60730-2-9.
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4.5.6.2 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 comply with

the:

a) 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 Temperature Sensing Controls, UL 60730-2-9,

with An

b) Stan

nex J; or

dard for Thermistor-Type Devices, UL 1434.

4.5.6.3 A thermal cutoff shall comply with the Standard for Thermal-Links (Thermal Cutoffs) for Use in

Electrical App

iancas and Comnponents LI 8606801
SHc85aHa PRSI t=—9vov=

4.5.7 Timer

4571 Atim

a) Stan

b) Stapdard for Automatic Electrical Controls for Household and Similar Use, P3

Requir
Similar]

4.6 Cords, gables, and internal wiring

4.6.1 A cord

Cords, UL 817.

4.6.2 Flexibl
Flexible cord 4
or power supp|

4.6.3 Interna
Wiring Materiz

Exception No
following:

a) The

controls

er control shall comply with the:

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

ements, UL 60730-1; and the Standard for Automatic-Electrical Controls for H
Use; Part 2: Particular Requirements for Timers and Time Switches, UL 6073(

set or power supply cord shall comply.with the Standard for Cord Sets and

b cords and cables shall comply-with the Standard for Flexible Cords and C
nd cables are considered ta comply with this requirement when preassemble
y cord that complies with the Standard for Cord Sets and Power Supply Cords

| wiring composed.of 'insulated conductors shall comply with the Standard
[, UL 758.

1: Insulated conductors need not comply with UL 758 if they comply w

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

rt 1: General
ousehold and
-2-7.

Power Supply

ables, UL 62.
i in a cord set
UL 817.

for Appliance

th one of the

b) The

c) The

Standard for Thermoplastic-Insulated Wires and Cables, UL 83;

Standard for Fixture Wire, UL 66; or

d) The applicable UL standard(s) for other insulated conductor types specified in Wiring Methods
and Materials in the National Electrical Code, ANSI/NFPA 70.

Exception No. 2: Insulated conductors for specialty applications (e.g. data processing or communications)
and located in a low-voltage circuit not involving the risk of fire or personal injury need not comply with UL

758.
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4.7 Film-coated wire (magnet wire)

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

4.7.2 Film coated wire in intimate combination with one or more insulators, and incorporated in an
insulation system rated Class 120 (E) or higher, shall comply with the magnet wire requirements in the
Standard for Systems of Insulating Materials — General, UL 1446.

4.8 Gaskets and seals

partments and
flooding of elgctrically live parts shall comply with the Flooding Test, Section 37.

4.9 Groundifault, arc-fault, and leakage current detectors/interrupters

491 Groun
Standard for
included as
RESET butto

4.9.2 Applia
with the Stang

Note — An ALCI
GFCI.

4.9.3 Equipment ground-fault protective devices shall comply with the Standard for

Sensing and
Fault Circuit-|

494 Arc-fa

-fault circuit-interrupters (GFCI) for protection against electrical shock shall ¢
round-Fault Circuit-Interrupters, UL 943. The following statemient, or equiy
marking near the GFCI, or as an instruction in the manual: "Press the TES
) every month to assure proper operation."

hce-leakage-current interrupters (ALCI) for protection against electrical shoc
ard for Appliance-Leakage-Current Interrupters; UL 943B.

s not considered an acceptable substitute for GFCINwhen the National Electrical Code, ANSI/NH

Relaying Equipment, UL 1053, ‘and the applicable requirements of the Standa
hterrupters, UL 943.

it circuit-interrupters (AFCI) shall comply with the Standard for Arc-Fault Circ

omply with the
alent, shall be
T button (then

K shall comply

PA 70, requires a

Ground-Fault
rd for Ground-

it-Interrupters,

UL 1699. See] Arc-Fault, and Leakage Current Detectors/Interrupters, Section 20.
495 Leaka
appliance sha
Leakage Curi

pe-current detector-interrupters (LCDI) and any shielded cord between the LCDI and
Il comply,with the Standard for Arc-Fault Circuit-Interrupters, UL 1699. See Arc-Fault, and
ent Detectors/Interrupters, Section 20.

4.10 Heatin

P elements and heaters

4.10.1 Electric resistance heating elements shall comply with the construction requirements of the:
a) Standard for Electric Heating Appliances, UL 499; or

b) Standard for Sheathed Heating Elements, UL 1030.

4.10.2 Thermistor-type heaters (e.g. PTC and NTC heaters) shall comply with the Standard for
Thermistor-Type Devices, UL 1434.

4.11 Insulation systems

4111
18.

Materials used in a Class 105 (A) insulation system shall comply with Insulation Systems, Section
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4.11.2 Materials used in an insulation system that operates above Class 105 (A) temperatures shall
comply with the Standard for Systems of Insulating Materials — General, UL 1446.

4.11.3 All insulation systems employing integral ground insulation shall comply with the requirements
specified in the Standard for Systems of Insulating Materials — General, UL 1446.

412 Light sources and associated components

4.121

Lampholders and indicating lamps shall comply with the Standard for Lampholders, UL 496.

Exception: Lampholders forming part of a luminaire that complies with an applicable UL luminaire standard
are considered ta comply with this requirement

4.12.2 Lighti
a) Stan

b) Star

Exception No
standard are ¢

Exception No.

4123 Light
(LED) Light Sq

Exception No
luminaire stan

Exception No

ng ballasts shall comply with the:
dard for Fluorescent-Lamp Ballasts, UL 935; or

dard 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 standarq

emitting diode (LED) light sources shall gomply with the Standard for Light B
urces For Use In Lighting Products, UL 8750.

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

2: Individual LED light)sources mounted on printed wiring boards and

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

this end produ
4.13 Markin

4131

ct standard.

j and labeling systems

A martking and labeling system shall comply with the Permanence of Marking Test, §

Exception: A

UL luminaire

(S).

mitting Diode

hpplicable UL

intended for

quirements of

ection 42.

narking or labeling system that complies with the applicable requirements of

the Standard

for Marking and Labeling Systems, UL 969, is considered to comply with the requirement.

414 Motors
4141 Gene

4.14.1.1

and motor overload protection

ral

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

specified in 4.14.2. This includes fractional HP motors rated up to 1 HP (typically NEMA frame sizes 42,

48, or 56), and integral HP motors rated 1 HP and greater (typically NEMA frame sizes 140 — 449T).

4.14.1.2 Motors not enclosed, or partially enclosed, but the end product enclosure shall comply with the
requirements specified in 4.14.2 or 4.14.3.2.
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4.141.3 Component type motors completely enclosed within the end product enclosure shall comply
with the requirements specified in 4.14.2 or 4.14.3.

4.14.2 General-purpose type motors

4.14.2.1

General Requirements, UL 1004-1.

4.14.3 Component type motors

4.14.3.1

Component type motors shall comply with either 4.14.3.2 or 4.14.3.3.

A general-purpose type motor shall comply with the Standard for Rotating Electrical Machines -

4.14.3.2 ThJa motor shall comply with the Standard for Rotating Electrical Machin

Requirements

, UL 1004-1 except as noted in Table 4.14.3.

Table 4.14.3

Superseded requirements

es General

Rotating Elec

rical Machines - General Requirements, UL 1004-1
Exempted Requirements

Supetrseded by UL 561 Requifements

Cord-Connecte

i Motors

Supply’Coénnections, Section 10

Factory Wiring ]

[erminals and Leads

Live Parts, Section 13

Electrical Insulg

tion

Insulating Material, Section 16

Non-Metallic FU

nctional Parts

Insulating Material, Section 16

Solid-State Con

trols, 7.2

Controls, 4.5

Non-metallic en

closure thermal aging, 9.1.4

Frame and Enclosure, Section 5

Motor enclosurg

,9.2-94

Frame and Enclosure, Section 5

Grounding

Grounding, Section 27

Ventilation Ope
surfaces consid

hings, only applicable where the dpenings are on
ered to be the appliance enclosure

Frame and Enclosure, Section 5 and Ad
Uninsulated Live Parts, Film-Coated Wi
Parts, Section 6

cessibility of
re, and Moving

Accessibility of
Parts

Uninsulated Live Parts, Film-Coated Wire, and Moving

Accessibility of Uninsulated Live Parts,
Wire, and Moving Parts, Section 6

Film-Coated

Protection Agai

hst Corrosion

Resistance to Corrosion, Section 9

Available fault g
26.6: not applic

urrent ratings for motor start and running capacitors,
hble foreord and plug connected appliances

Capacitors, Section 23

Switch, is not a

plicable to centrifugal starting switches

Switches and Controls, Section 21

Capacitor Tests
Electrical Machi
applicable

With the exception of the Resilient Elastomer Mounting and Electrolytic

, the performance tests in the Standard for Rotating
nes - General Requirements, UL 1004-1 are not

All applicable performance tests

permanent-split

Only marking requirements are applicable: manufacturer's name or
identification; rated voltage; rated frequency; number of phases if
greater than 1; and multi-speed motors, other than a shaded-pole or a
-capacitor motor, shall be marked with the amperes
and horsepower at each speed

4.14.3.3 The motor shall comply with the applicable component requirements in Components, Section 4,
the following construction requirements, and the applicable performance requirements (when tested in
conjunction with the end product), of this end product standard:

a) Resistance to Corrosion, Section 9.
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b) Live

c) Inter

Parts, Section 13.

nal Wiring, Section 14.

d) Insulating Material, Section 16.

e) Motors and Motor Protection, Section 17 and Motor Circuit Overload Protection, Section 19.

f) Capacitors, Section 23.

g) Spacings, Section 26.

h) Grounding, Section 27.

4.14.4 Moto

41441 The
a) Stan

b) Star

c) Standard for Automatic Electrical Controls for Household. and Similar Use, P3g

Requir
Similar
conjun
protect

4.14.4.2 Imp|
a) Stan

b) Star

4.14.4.3 Ele
Protected Mot

4.14.44 Exc
the following.

a) The

r overload protection

rmal protection devices integral with the motor shall comply with the:

dard for Overheating Protection for Motors, UL 2111; or

dard for Thermally Protected Motors, UL 1004-3; or

bments, UL 60730-1; and the Standard for AutomaticElectrical Controls for H
Use; Part 2 Particular Requirements for Thetmal Motor Protectors, UL

br combination).

pdance protection shall comply with the:
dard for Overheating Protection. for Motors, UL 2111 or

dard for Impedance Prote¢ted Motors, UL 1004-2.

tronic protection integral to the motor shall comply with the Standard for
brs, UL 1004-7.

ept as indicated in 4.14.4.3, electronically protected motor circuits shall comp
bee 4.5.4forbasic control requirements.

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

When

rt 1: General
ousehold and
50730-2-2; in

ction with the Standard for Thermally Protected-Motors, UL 1004-3 (to evaluate the motor-

Electronically

ly with one of

ces, UL 991.

he protective electronic circuit is relying upon software as a protective comp

onent, it shall

comply with the requirements in the Standard for Software in Programmable Components, UL
1998. If software is relied upon to perform a safety function, it shall be considered software Class 1;

or

b) The Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, UL 60730-1. If software is relied upon to perform a safety function, it shall be
considered software Class B; or

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

Exception: Compliance with the above standards is not required for an electronically protected
motor circuit if there is no risk of fire, electric shock, or personal injury during abnormal testing with
the motor electronic circuit rendered ineffective; compliance with the applicable requirements of
this end product standard is then required.


https://ulnorm.com/api/?name=UL 561 2021.pdf

JUNE 29, 2021

UL 561

19

4.15 Overcurrent protection

4.15.1

Fuses shall comply with the Standard for Low-Voltage Fuses - Part 1: General Requirements, UL

248-1; and the applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1 and
another applicable UL standard for the fuse are considered to comply with this requirement.

4.15.2 Fuseholders shall comply with the Standard for Fuseholders - Part 1: General Requirements, UL

4248-1, and t

he applicable Part 2 (e.g. UL 4248-9).

4.15.3 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case

Switches and

Exception: Ci

Breakers For

4.15.4 Circd

electrical sho

4.15.5 Supp
Electrical Equ

416 Polym

4.16.1 Unle

Use in Electri

4.16.2 Meta
of the Stand
requirement i
the metallize

Circuit-Breaker Enclosures, UL 489.

Use in Communications Equipment, UL 489A, need not comply with UL 489:

it breakers having integral ground fault circuit interrupter capability*for pro
tk shall additionally comply with the Standard for Ground-Fault Circuit-Interru

lementary protectors shall comply with the Standard for Supplementary Proteg
ipment, UL 1077.

pric materials and enclosures

cal Equipment Evaluations, UL 746C.

lized or painted polymeric parts or enclosures shall comply with the applicable
ard for Polymeric Materials, — 'Use in Electrical Equipment Evaluations, U
5 not applicable to exterior.surfaces of polymeric enclosure materials or parts
] coating or paint does_not offer a continuous path for an internal flame

rcuit breakers used in telecommunications circuitry that comply with the Standfard for Circuit

ction against

pfars, UL 943.

tors for Use in

bs otherwise specified in this end product standard, polymeric electrical insulating materials
and enclosur¢s shall comply with the applicable requirements of the Standard for Polyme

ric Materials —

b requirements
L 746C. This
provided that
to propagate

ts, UL 60950-

externally.

4.17 Power|supplies

4.17.1 A Clgss 2 power-supply shall comply with one of the following:
a) The Standard for Class 2 Power Units, UL 1310; or
b) The-StandardferinformationTechnology EquipmentPart+-—General- Requiremen
11, with an output marked "Class 2", or that complies with the limited power

requirements and is marked "LPS".

4.17.2 A non-Class 2 power supply shall comply with one of the following:

a) The Standard for Power Units Other Than Class 2, UL 1012; or

b) Th

e Standard for Information Technology Equipment, Part 1:

UL 60950-1.

4.18 Printed wiring boards

4.18.1

Boards, UL 796.

source (LPS)

General Requirements,

Printed wiring boards, including the coatings, shall comply with the Standard for Printed Wiring
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Exception: A printed-wiring board in a Class 2 nonsafety circuit is not required to comply with the bonding
requirements in UL 796 if the board is separated from parts of other circuits such that loosening of the
bond between the foil conductor and the base material will not result in the foil conductors or components
coming in contact with parts of other circuits of the control or of the end-use product.

4.18.2 A printed-wiring board containing circuitry in a line-connected circuit or a safety circuit shall
comply with the direct-support requirements for polymeric electrical insulating materials in Section 4.16 of
this end product standard.

4.18.3 Unless otherwise specified, the flammability class and temperature rating shall be that specified in
Polymeric materials and enclosures, 4.16 of this end product standard.

419 Pumps

4.19.1 Motor
Standard for

roperated water and liquid pumps shall comply with the applicable’ requirgments of the

otor-Operated Water Pumps, UL 778.

Exception: A
enclosure tha
comply with 4.

component type motor-operated pump that is completely enclosed within the
complies with the applicable requirements of this end-product standard, is
19.1.

b end product
considered to

4.20 Semicgnductors and small electronic components

4.20.1 A power switching semiconductor device that is relied upon to provide isolation td
comply with the Standard of Safety for Electrically Jsolated Semiconductor Devices, U

ground shall
L 1557. The

dielectric voltage withstand tests required by UL 1557 shall be conducted applying the
Dielectric Voltage-Withstand Test, Section 34 of thisend product standard.

4.20.2 An ogtical isolator that is relied uponto provide isolation between primary and secd
or between ofher circuits as required by his end product standard shall comply with the|
Safety for Optjcal Isolators, UL 1577. The dielectric voltage withstand tests required by UL

criteria of the

ndary circuits
Standard for
1577 shall be
5 end product
minals of the

4.20.3 Except as specified in 4.20.4, component requirements are not specified for small electronic

components oh printed wiring boards, including diodes, transistors, resistors, inductors, integ
and capacitorg not directly connected to the supply source.

rated circuits,

4.20.4 Wher
561, Abnormal Operation Test — Electronic Components Test, Section 40, one of the follow
shall be applied. See Protective controls (limiting controls), 22.4 of this end product standa
parameters to be used.

testing of UL
ing standards
rd for the test

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

b) The Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General

Requirements, UL 60730-1.

4.20.4.1

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.
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4.20.4.2 A critical component may also be identified using a failure-mode and effect analysis (FMEA) in
accordance with Failure-Mode and Effect Analysis (FMEA), in the Standard for Tests for Safety-Related
Controls Employing Solid-State Devices, UL 991.

4.20.4.3 Portions of a circuit comprised of a microcontroller or other programmable device that performs
a back-up, limiting, or other safety function intended to reduce the risk of fire, electric shock, or injury to
persons shall comply with the Standard for Automatic Electrical Controls for Household and Similar Use,

Part 1: General Requirements, UL 60730-1, Annex H.

4.21

4.21.1
unless the in

standard. In §

a) Insy

Supplemental insulation, insulating bushings, and assembly aids

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

ulation or device is required to fulfill 14.9 and 14.10 or a performance requ
uch cases:

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

Insulating Tape, UL 510;

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

c) Tub

4.21.2 Wire
Positioning D

4.21.3 Insul
standard, an
requirements
performed to

4.22 Switch

4.22.1 Switq
a) The
b) The
c) The

d) The

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

positioning devices shall comply with 4.16.1. A.device that complies with th
bvices, UL 1565, is considered to comply with thissrequirement.

bting bushings that comply with Compenents, General, Section 4.1 of thi
i the Standard for Insulating Bushings, UL 635, are considered to co
of this Standard. Tests specified in this Standard (e.g. Strain Relief Test) may
confirm the combination of the insulating bushing and the supporting part are s

es
hes shall comply with one of the following, as applicable:
Standard for Speeial-Use Switches, UL 1054;

Standardfor-Switches for Appliances — Part 1: General Requirements, UL 61(

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

Standard for Nonindustrial Photoelectric Switches for Lighting Control, UL 773

rement of this

e, and Rubber

e Standard for

5 end product
mply with the
still need to be
uitable.

58-1;

A.

Exception: Switching devices that comply with the applicable UL standard 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.

4.22.2 A clock-operated switch, in which the switching contacts are actuated by a clock-work, by a gear-
train, by electrically-wound spring motors, by electric clock-type motors, or by equivalent arrangements
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.
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4.22.3 Atimer or time switch, incorporating electronic timing circuits or switching circuits, with or without
separable contacts, shall comply with the requirements for an operating control with Type 1 action for 6000

cycles of operation, or as a manual control for 5000 cycles of operation, in accordance with the following:

a) The

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.

4.22.4 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 con
4.23 Transfq

4.23.1 Gene
General Requ
Transformers,

4.23.2 Class
General Requ

Transformers,

Exception: Trq

trol-see-4-5-14-3-

prmers

ral-purpose transformers shall comply with the Standard for Low)Voltage

UL 5085-2.

2 and Class 3 transformers shall comply with the Stahdard for Low Voltage
rements, UL 5085-1; and the Standard for Low Voltage Transformers: Class
UL 5085-3.

nsformers located in a Class 2 circuit, and that do not involve a risk of fire or p

need not comply with this requirement.

4.24 Valves
4241 Electi
a) Stan

(electrically operated) and solengids

ically operated valves shall cemply with the:

dard for Electrically Operated Valves, UL 429; or

b) Stapdard for Automatic:Electrical Controls for Household and Similar Use, P3

Requir
Similar|
Mecha

Exception: Au
mixtures shall

bments, UL 60730-1; and the Standard for Automatic Electrical Controls for H
Use; Part 2; Particular Requirements for Electrically Operated Water Val
hical Requirements, UL 60730-2-8.

fomatic valves intended for use with natural gas, manufactured gas, LP-gas

lransformers:

irements, UL 5085-1; and the Standard for Low Voltage Transformers: General Purpose

lransformers:
P and Class 3

ersonal injury,

rt 1: General
ousehold and
es, Including

or LP-gas-air

comply with ANSI Z21.21a/CSA 6.5a (Automatic Valves for Gas Appliances).

ALL APPLIANCES

CONSTRUCT

ION

5 Frame and Enclosure

5.1

A product shall be formed and assembled so that it will have the strength and rigidity needed to resist

the abuses to which it is likely to be subjected, without increasing the risk of fire, electric shock, or injury to
persons due to total or partial collapse with resulting reduction of spacings, loosening, or displacement of
parts, or other serious defects.

5.2 A product shall be provided with an enclosure to house each part that may present a risk of fire,
electric shock, or injury to persons under any condition of use.
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5.3 The min

imum thickness of cast metal shall be in accordance with Table 5.1.

Table 5.1
Minimum thicknesses of cast metal

Minimum thickness

At reinforced surfaces,? At unreinforced flat surfaces,

Metal inch mm inch mm

Die-cast metal 3/64 1.2 5/64 2.0
Cast malleable iron 1/16 1.6 3/32 24
Other cast metal 3/32 24 1/8 3.2

2 Includes surfa
required for the

l;es that are curved, ribbed, and the like, or are otherwise of a shape or size to provide the mechan
pplication.

ical strength

5.4 An enclq
intended use

5.5 Among the factors taken into consideration when judging a nonmetallic enclosure or g

magnesium a
a) Med
b) Reg
c¢) Moi
d) Con

e) Re
condit

5.6 Theenc
with uninsula
conditions tha

5.7 Thedoo

a) ltgi
b) Itis

sure of sheet metal is judged with respect to its size, shape, and thickness, g
bf the complete product.

re:
hanical strength,

istance to impact,
sture-absorptive properties,
hbustibility, and

sistance to distortion at températures to which the material may be su
ons of intended or unintended-use.

osure of a product for use’in wet locations shall be such that water will not con
ted live parts when\the product is subjected to a splash test or other te
t may occur during actual use.

I or cover ofian enclosure shall be hinged or otherwise attached in an equivale

ves aceess to any overload protective device that may require replacement or

onsidering the

n enclosure of

bjected under

he into contact
st to simulate

nt manner if:

necessary to open the cover in connection with the operation of the protective

device.

5.8 Means shall be provided for holding the door or cover over a fuseholder in a closed position, and the

door or cover

shall be tight fitting.

5.9 An edge, projection, or corner of an enclosure, opening, frame, guard, knob, handle, or the like, of a
product shall not be sharp so as to cause a cut type injury when contacted during intended use or user

maintenance.

6 Accessib

6.1

ility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

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

uninsulated live part or film-coated wire or injury to persons from a moving part, an opening in an
enclosure shall comply with either (a) or (b).
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a) For an opening that has a minor dimension, as defined in 6.5, less than 1 inch (25.4 mm), such a

part or

wire shall not be contacted by the probe illustrated in Figure 6.1.

b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be spaced

from th

e opening as specified in Table 6.1.

Exception No. 1: A motor other than one used in either a hand-guided product or a hand-supported
portion of a product need not comply with these requirements if the motor complies with the accessibility
requirements in 6.2.

Exception No. 2: If a moving part as specified in these requirements is exposed for its intended function,
the moving part need not be enclosed or guarded to reduce the likelihood of unintentional contact that may

involve a risk

6.2 With res
Exception No.

a) An
accept

b) An
spaced

6.3 The prob
depth that the
the opening tq
6.1 and Figurg

be changed after insertion through the opening.

TINjury T0 PErsons.

bect to a part or wire as specified in 6.1, in an integral enclosure of ammetor &
1t06.1:

bpening that has a minor dimension, as defined in 6.5, less than 3/4 inch
bble if:

1) A moving part cannot be contacted by the probe illustrated in Figure 6.2;
2) Film-coated wire cannot be contacted by the praebetillustrated in Figure 6.3;

3) In a directly accessible motor, as definedin 6.6, an uninsulated live p
contacted by the probe illustrated in Figure 6:4; and

4) In an indirectly accessible motor, as*defined in 6.6, an uninsulated live p
contacted by the probe illustrated in Figure 6.2.

from the opening as specified in Table 6.1.

opening will permit;;and shall be rotated or angled before, during, and after ins
any position that-is necessary to examine the enclosure. The probes illustr;
6.4 shall betapplied in any possible configuration; and, if necessary, the conf|

s specified in

(19.1 mm) is

art cannot be

art cannot be

bpening that has a minor dimension of 3/4 inch or more is acceptable if a part or wire is

es specified in 6.1 and 6.2 and illustrated in Figure 6.1 — Figure 6.4 shall be applied to any

ertion through
hted in Figure
guration shall
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Figure 6.1

Articulate probe with web stop
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Table 6.1
Minimum distance from an opening to a part that may involve a risk of electric shock or injury to
persons

Minor dimensions of opening,?

b

Minimum distance from opening to part,

b

inches mm inches mm
3/4° 19.1 4-1/2 114
1° 254 6-1/2 165
1-1/4 31.8 7-1/2 191
1-1/2 38.1 12-1/2 318
1-7/8 47.6 15-1/2 394
2-1) 546 =412 445
See footnote d 30 762

through the operping.

¢ Any dimension|less than 1 inch applies to a motor only.
4 More than 2-1/8 inches, but not more than 6 inches (152.4 mm).

b Interpolation is|to be used to determine a value between values specified in the table.

& The minor dimgnsion of an opening is the diameter of the largest cylindrical probe having a hemispherical'tip that

can be inserted

Figure 6.2

Probe for moving parts and uninsulated live parts
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Figure 6.3

Probe for film-coated wire
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6.4 The probes specified in 6.3 shall be used as measuring instruments to judge the accessibility
provided by an opening, and not as instruments to judge the strength of a material. The probes shall be
applied with the minimum force necessary to determine accessibility.

SA1788B
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6.5 With reference to the requirements specified in 6.1 and 6.2, the minor dimension of an opening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.

6.6 With reference to the requirement specified in 6.2, an indirectly accessible motor is a motor that is
accessible only by opening or removing a part of the outer enclosure, such as a guard or panel, which can
be opened or removed without the use of tools, or is located at such a height or is otherwise guarded or
enclosed so that it is unlikely to be contacted. A directly accessible motor is a motor that can be contacted
without opening or removing any part or is located so as to be accessible to contact.

6.7 During the examination of a product to determine whether it complies with the requirements specified
in 6.1 or 6.2, a part of the enclosure that may be opened or removed by the user without the use of tools

(to attach an
removed.

Exception: A
provide acces
removed if the
statement spe

6.8 With refe
be additionally

7 Mechanical Assembly

7.1 The asse
will not be affe]
otherwise con

7.2 A switch
similar compo

Exception No
following cond

a) The
switch
the sw

accessory, to make an operating adjustment, or for other reasons) is to

art of the enclosure that may be opened or removed by the user without the
5 to moving parts (but not live parts) for normal user maintenance-heed not
b enclosure part is marked as specified in 45.11 and the instruction manua
cified in 47.3.

rence to the requirements specified in 6.1 and 6.2, insulated brush caps are 1
enclosed.

mbly of a product that involves a motor or-other vibrating unit shall be such th
cted adversely by the vibration of intended operation. Brush caps shall be tight
Structed so that they will not loosen:

(other than a through-cord switch), a lampholder, a receptacle, a motor-attach
nent shall be mounted securely and shall be restricted from turning.

1: The requirement-that a switch be restricted from turning can be waive
tions are met:

switch is ofithe plunger or other type that does not tend to rotate when oper,
s considered to be subject to forces that tend to turn the switch during intende
fch).

be opened or

Ise of tools to
be opened or
includes the

ot required to

at the product

ly threaded or

ment plug, or

d if all of the

bted (a toggle
d operation of

b) The

means of mounting the switch is such that the operation of the switch is unlik

bly to result in

the switch becoming loosened.

¢) The spacings are not reduced below the minimum values specified in Table 26.1 if the switch
does rotate.

d) Intended operation of the switch is by mechanical means rather than by direct contact by
persons.

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced (such as a neon pilot or
indicator light in which the lamp is sealed in by a nonremovable jewel) need not be restricted from turning if
the rotation cannot reduce spacings below the minimum values specified in Table 26.1.

7.3 The means by which the turning specified in 7.2 is restricted is to include more than friction between
surfaces. For example, a lock washer, properly applied, is acceptable as a means to restrict turning of a
device having a single-hole mounting means.
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7.4 A brush holder assembly shall be constructed so that when a brush is worn out — no longer able to
perform its function— the brush, spring, and other parts of the assembly shall be retained to the degree

that:

a) An accessible dead metal part does not become energized and

b) A live part does not become accessible.

8 Enclosure

8.1 General

812 Thep
part is the sol

9 Resistanc

9.1 Iron ang
equivalent me
risk of fire, elg

Exception: In
and moisture
surfaces of sh
corrosion. Th
washers, scrg

9.2 A contai
be used in the

10 Supply (

10.1 A prod
than 15 feet (4

Exception: A

10.2 The pg
product and s|

Tymeric housing of a component IS not considered 10 be an appliance enclos
e insulation (excluding air) between a live part and an external surface of the aj

te to Corrosion

steel parts shall be made resistant to corrosion by paintingypgalvanizing, pl
ans if the malfunction or breakdown of such unprotected parts would be likel
ctric shock, or injury to persons.

certain instances in which the oxidation of iron or steeldue to the exposure of
is not likely to be appreciable — thickness of 1netal and temperature also
eet steel and cast iron parts within an enclosure’may not be required to be mg
b requirement does not apply to bearings, laminations, or minor parts of iron of
ws, and the like.

container.
Connections

ict shall be provided.with either a detachable or a nondetachable power suppl
.57 m) long, incliding fittings.

broduct that'complies with 10.6 need not comply with this requirement.

wer supply cord shall be rated for use at a voltage not less than the rated
halkhave an ampacity not less than the current rating of the product.

ire unless this
bpliance.

ating, or other
y to result in a

he metal to air
being factors—
de resistant to
steel, such as

her for liquid shall be made resistant'to the possible corrosive effect of the liqliid intended to

y cord not less

voltage of the

10.3 The voltage rating of the attachment plug shall correspond to the voltage rating of the product and
the ampacity of the attachment plug shall be not less than the current rating of the product. If the product
may be field adapted for use with two or more different supply voltages, the attachment plug on the power
supply cord provided with the product shall be rated for the supply voltage selected at the factory.

10.4 The attachment plug shall be of a three-wire grounding type. The attachment plug connections shall
comply with the three wire plug in Figure 10.1.

Exception: A double insulated product shall be provided with a power-supply cord that does not include a
grounding conductor, and has a two-blade polarized attachment plug as shown in the two wire plug in
Figure 10.1. See Supply Connections, Section 52. Also see 47.5.


https://ulnorm.com/api/?name=UL 561 2021.pdf

30 UL 561 JUNE 29, 2021

Figure 10.1

Connection to attachment plug

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

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

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
(IDENTIFIED CONDUCTOR)®

CONNECTIONS OF CORD CONDUCTORS TO POLARIZED
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR NOT INJENDED TO BE
GROUNDED (UNIDENTIEIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
AB100 (IDENTIFIED*CONDUCTOR)®

2 In the above illugtration, the blade to which the green conducteris connected may have a U-shaped or a circular crpss section.
b Signifies a cond{ictor identified in accordance with Table 10.1.

Table 10.1
Polarity identification of flexible cords

Acceptable combinations

Method |of identification Wire intended to be grounded® All other wifes
Color of braids oh individual<€onductors Solid white or gray — without tracer Solid color other than whife or gray —
without tracer

Color of braids op individual conductors Color other than white or gray, with tracer | Solid color other than white or gray —
in braid without tracer

Color of insulationenindividaat Seotfit-whiteor 3|ayb Sefidcotorotherthanwhite or gray

conductors

Color of insulation on individual Light blue® Solid color other than light blue, white, or

conductors gray

Other means Tin or other white metal on all strands of No tin or other white metal on the strands
the conductor of the conductor

@ A wire finished to show a green color with or without one or more yellow stripes or tracers is to be used as an equipment
grounding conductor.

® Only for cords having no braid on any individual conductor.
¢ For jacketed cord.

10.5 A product intended for use with a detachable power supply cord shall not be provided with terminal
pins that will accommodate a standard flatiron or appliance plug.
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10.6 A product may be provided with not more than 18 inches (457 mm) of nondetachable power supply

cord if:

a) Itis likely that the product will be connected by means of an extension cord during operation and
the manufacturer recommends the use of a suitably rated extension cord; or

b) The manufacturer provides with the product a suitably rated extension cord that is not less than
15 feet (4.57 m) long, including fittings.

10.7 A three- to two-wire, grounding-type adapter shall not be provided with a product.

10.8 For rug shampooers and extraction type floor cleaning machines, rated 300 V or less, the cord shall

be Type SJ,
cord shall be

109 Ifapr
handle and t
intended. The

11 Strain Relief

11.1 Strain
terminals, spl
Test, Section

11.2 A clam
protected by
acceptable. F
auxiliary insul
the cord insul

11.3 Means
entry hole wh

a) Sul
is rate

b) Red
Table

fa

type at least equally as serviceable for the intended use.

uct incorporates a disconnecting means (such as a cord connectornin the coi
e motor), the construction shall be such that no live part will be exposed
probe illustrated in Figure 6.1 shall be used to determine if live parts are acces

relief shall be provided so that mechanical stressyon a flexible cord is not
ces, or internal wiring. The strain relief shall comply with the requirements of th
B5.

p (metal or otherwise) is not acceptable for use on Type SVT cord. Howeve
huxiliary varnished-cloth tubing or the;equivalent under the clamp, the constr

ation is not required unless it is determined that the construction of the clamp
btion.

shall be provided so that-the flexible cord is not pushed into the product thr
bn such displacement:

jects the cord t6 damage or to exposure to a temperature higher than that for
] or

uces spacings (such as to a metal strain-relief clamp) below the minimum valu
6.1.

pr STO; or the

d between the
Wwhen used as
sible.

transmitted to
e Strain Relief

, if the cord is
uction may be

or heavier types of thermoplastic-insulated cord, clamps may be used. In sych cases, the

s damaging to

bugh the cord-

Which the cord

es specified in

See the Push-BackRetief Test, Sectionm36:

11.4 If a knot in a flexible cord serves as strain relief, the surface contacting the knot shall be free from
projections, sharp edges, burrs, fins, and the like, that may cause abrasion of the insulation on the
conductors.

12 Bushings

12.1 At a point where a flexible cord passes through an opening in a wall, barrier, or enclosing case,
there shall be a bushing or the equivalent that is secured in place and has a smooth, well-rounded surface
against which the cord may bear. If the wall or barrier is of metal or if the construction is such that the cord
may be subjected to strain or motion, an insulating bushing shall be provided.
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12.2 A hole in a sheet metal wall, through which insulated wires pass within the overall enclosure of a
product, shall be provided with a smooth, well-rounded bushing or shall have smooth, well-rounded
surfaces upon which the wires may bear, so that there is no abrasion of the insulation. A flexible cord used
for external connections as specified in the Exception to 14.1 shall be provided with strain relief and
bushing complying with 11.1 — 11.4 and 12.4, unless the construction is such that the cord is not subjected
to stress or motion.

12.3 If the hole through which the cord passes is in wood, porcelain, phenolic composition, or other
nonconducting material, a smooth, well-rounded surface is considered to be equivalent to an insulating
bushing.

12.4 Ceramic materials and some molded compositions are acceptable for an insulating bushing; but

separate bush

12.5 Vulcani
tolerance of 1
will not be adv

ngs of wood or of hot-molded shellac and tar compositions are not acceptable

ved fiber may be used if the bushing is not less than 1/16 inch (1.6 mm)) thick
64 inch (0.4 mm) for manufacturing variations, and if formed and secured in g
ersely affected by ordinary moisture.

12.6 A sepaiate soft-rubber, neoprene, or polyvinyl chloride bushing may be used in the fra

or in the enclo

sure of a capacitor attached to a motor provided that:

a) The|bushing is not less than 1/16 inch (1.6 mm) thick,with a minus tolerance of
mm) and

b) The bushing is located so that it will not be>exposed to oil, grease, oily ve
substances having a harmful effect.

Exception: A bushing of any of the materials mentioned above may be used at any point

used in conjun]
rubber, neoprg
bushing is mo

12.7 Atany
cord is accept
cord passes th

12.8 An insU
insulating mat

ction with a type of cord for whieh an insulating bushing is not required. If a b
ne, or polyvinyl chloride is used‘anywhere in the product, the edges of the ho
Unted shall be smooth and free from burrs, fins, and the like.

oint in a product, a bushing of the same material as, and molded integrally w
able if the built-up~section is not less than 1/16 inch (1.6 mm) thick at the pg
rough the enclosure.

lated metal-grommet may be used instead of an insulating bushing, proy
brial used’is not less than 1/32 inch (0.8 mm) thick and completely fills the s

with a minus
lace so that it

me of a motor

1/64 inch (0.4

por, or other

n a product if
ushing of soft
e in which the

th, the supply
int where the

ided that the
bace between

the grommet Td the.metal in which it is mounted.

13 Live Part

13.1

S

A current-carrying part shall be of silver, copper, a copper alloy, or equivalent metals.

13.2 Stainless steel or another corrosion-resistant alloy may be used for a current-carrying part. Other
steel or iron that has a corrosion-resistant coating may be used as a current-carrying part if:

a) Itis part of a component, the requirements for which cover such use or

b) It is part of a motor or governor.

13.3 An uninsulated live part shall be secured to the base or mounting surface so that it will be restricted
from turning or shifting in position, if such motion may result in a reduction of spacings below the minimum
values specified in Table 26.1.
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13.4 Friction between surfaces is not acceptable to restrict shifting or turning of live parts, but a lock
washer may be acceptable.

14

14.1

Internal Wiring

The wiring and connections between parts of the product shall be protected or enclosed.

Exception: A length of flexible cord may be used for external connections if flexibility is essential.

14.2 With reference to exposure of insulated wiring through an opening in the enclosure of a product, the
protection of such wiring required in 14.1 is considered to exist if, when judged as though it were film-

coated wire, t
may be acce
mechanical d

14.3 Wires
the risk of da|
moving part, d

14.4 Insulat
enclosure of t

14.5 Theint
a) The
b) Exp

c) Oth

14.6 Therm
wiring materig

14.7 If wirin
damage, it sh
equivalent.

14.8 Each s
contact. A so

btable if it is secured within the enclosure so that it is um(ely to be subjeet
hmage.

vithin an enclosure, compartment, raceway, or the like shall be locatedor prote

r the like.

bd wires may be bunched and passed through a single opening in a metal
he product.

ernal wiring of a product shall consist of wires of‘a-type or types that will withsta
temperature and voltage to which the wiring'is likely to be subjected;
osure to oil or grease; and

er conditions of service to which. it'is likely to be subjected.

bplastic-insulated wire used.for internal wiring shall be standard building wire
| acceptable for the purpese.

j is located so that it may be in proximity to combustible material or may b
all be in armored cable, rigid metal conduit, electrical metallic tubing, metal r:

plice.and connection shall be mechanically secure and shall provide a se
defed connection shall be made mechanically secure before being soldered

loosening of

t so protected
d to stress or

cted to reduce

mage to conductor insulation that might result from contact with_any sharp édge, burr, fin,

wall within the

nd:

or appliance-

e subjected to
hceway, or the

cure electrical
if breaking or

he-connection may result in risk of fire or electric shock. This will necessit

te the use of

locknuts or other means to restrict wire-binding screws and nuts from becoming loosened.

14.9 A splice shall be provided with insulation equivalent to that of the wires involved if permanence of
spacing between the splice and other metal parts is not provided.

14.10

If a wire-binding screw construction or a pressure wire connector is used as a terminating device

for aluminum, it shall be acceptable for use with aluminum under the conditions involved (for example,
temperature, heat cycling, vibration, and the like).

14.11

An aluminum conductor, insulated or uninsulated, used as internal wiring, such as for connection

between current-carrying parts, or as motor windings, shall be terminated at each end by a method
acceptable for the combination of metals involved at the connection point.
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14.12 With reference to 14.11, a wire-binding screw or a pressure terminal connector used as a
terminating device shall be acceptable for use with aluminum under the conditions involved (for example,
temperature, heat cycling, vibration, and the like).

14.13 Insulation consisting of two layers of friction tape, two layers of thermoplastic tape, or one layer of
friction tape on top of one layer of rubber tape, is acceptable on a splice if the voltage involved is less than
250 volts. In determining if splice insulation consisting of coated-fabric, thermoplastic, or other type of
tubing is acceptable, consideration is to be given to such factors as its dielectric properties, heat-resistant
and moisture-resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge is not
acceptable.

14.14 Where stranded internal wiring is connected to a wire-binding screw, loose strands of wire shall be

positively restiicted from contacting other uninsulated live parts that are not always of the sa

the wire and
soldering lugs

15 Tabs Use
15.1

15.1.1
15.3.

A tab

15.2 Materigl requirements

15.2.1 Atab
Live Parts, Se

15.2.2 After
edge of the co

15.3 Dimens
15.3.1 A prd

dimensions sp
illustrates holg

General

dead metal parts. This may be accomplished by use of pressure terming
crimped eyelets, soldering all strands of the wire together, or equivalent mean

d in Electrical Quick-Connect Terminals

shall comply with the Material requirements in 15.2;~and the dimensional re

shall be made of plain or plated copper.alloy, nickel, nickel alloy, or the materig
ction 13.

shearing or removal, a tab that'is'provided on a feeder strip reel need not be
hnector or tab where it was a@riginally attached to the strip.

ional requirements

duction tab shall~have the configuration shown in Figure 15.1 — Figure

me polarity as
| connectors,
S.

quirements in

Is specified in

plated on the

15.3 and the

ecified in Table-15.1 and Table 15.2. Figure 15.2 illustrates dimple detents ar
detents.

d Figure 15.3
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Figure 15.1

Tab dimensions

N LEAD
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CENTER OF DETENT B T Tl
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! | /\
v |
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CUTOFE FLASH ALLOWABLE
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J NO WIDER OR THICKER THAN LEAD
L] y D

su0270

Note 1 — For dimple and hole detent dimensions F, G, M, and N, see Figure 15.2 and Figure 15.3.

Note 2 — Bevel "H" need not be a straight line if it is within the confines shown, and it may be a radius of "P".

Note 3 —"Q" dimension is for tabs without shoulders.

Note 4 — "L" dimension not be specified.
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Figure 15.2

Dimensions of dimple detents
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Figure 15.3
Dimensions of hole detents
F
L DIA. HOLE
|
A
T\
| 5 —
|
LJ
SM1094A
Table 15.1
Tab dimensions in inches
Q
Nominal size A |B(min)| ¢ D E1 E2 F J M N P (min)
0.110x0.020 | | 0.024 0021 | 0.114 | 0071 | 02247 | 0.051 | 12° | 0.067 | 0.055 || 0.055
withdimple | 5912 | 0.275 | 0.019 | 0.106 | 0.051 |,02215 | 0.043 | 8 | 0.055 | 0.039 ||0.012 | 0.319
0.110x0.020 || 0.024 0021 | 0.114 | 0070 0221 | 0.051 | 12° _ — ||o.055
with hole 0012 | 0275 | 0.019 | 0.106 | 0051 | 0.215 | 0.043 | 8° - — {0012 | 0319
0.110x0.032 | | 0.024 0033 | 0.114 10071 | 0221 | 0051 | 12¢ | 0.067 | 0.055 |[0.055
withdimple | 5912 | 0.275 | 0.030 | 0.106°| 0.051 | 0.215 | 0.043 | 8 | 0.055 | 0.039 ||0.012 | 0.319
0.110x0.032 || 0.024 0033 | 0114 | 0071 | 0221 | 0051 | 12° - — ||o.0s5
with hole 0012 | 0275 | 0.080 | 0.106 | 0.051 | 0.215 | 0.043 | 8° - — {0012 | 0319
0.125x0.032 || 0.025 0033 | 0.128 | 0.070 | 0.221 | 0.051 | 12° | 0.067 | 0.053 [|0.055
with dimple | [ o915 | 0.275(],00031 | 0.122 | 0.056 | 0.215 | 0.045 | & | 0.057 | 0.043 ||0.015 | 0.320
0.125x0.032 || 0.025 0033 | 0128 | 0.070 | 0.221 | 0.051 | 12° - — ||o.0s5
with hole 0.015 J%0275 | 0.031 | 0.122 | 0.056 | 0.215 | 0.045 | & - — |lo.015 | 0.320
0.125x0.020 | | 0.025 0021 | 0128 | 0.070 | 0.221 | 0.051 | 12° | 0.067 | 0.053 ||0.055
with dimple | [ 4045 | 0275 | 0.019 | 0.122 | 0.056 | 0.215 | 0.045 | 8 | 0.057 | 0.043 ||0.015 | 0.320
0.125x0.020 0.025 0.021 0128 0.070 0.221 0.051 12° — = 0.055
with hole 0015 | 0275 | 0.019 | 0.122 | 0.056 | 0.215 | 0.045 | & - — | 0015 | 0.320
0.187x0.020 | 0.035 0.021 | 0190 | 0.110 | 0.153 | 0.060 | 12° | 0.067 | 0.059 | 0.067
withdimple o024 | 0244 | 0.019 | 0.181 | 0.001 | 0.147 | 0.050 | 8 | 0.055 | 0.047 | 0.024 | 0.287
0.187x0.020 | 0.035 0.021 | 0193 | 0.134 | 0.128 | 0.060 | 12° - — | 0.067
with hole 0.024 | 0.244 | 0019 | 0.184 | 0117 | 0.122 | 0.050 | &° - — | 0.024 | 0.287
0.187x0.032 | 0.040 0033 | 0190 | 0.110 | 0.153 | 0.060 | 12° | 0.067 | 0.059 | 0.071
withdimple | 057 | 0.244 | 0.030 | 0.181 | 0.091 | 0.147 | 0.050 | 8 | 0.055 | 0.047 | 0.027 | 0.287
0.187x0.032 | 0.040 0033 | 0193 | 0.134 | 0.128 | 0.060 | 12° - - | o071
with hole 0.024 | 0.244 | 0.030 | 0.184 | 0117 | 0.122 | 0.050 | &° - — | 0.027 | 0.287
0.205x0.020 | 0.040 0021 | 0210 [ 0.110 | 0153 | 0.075 | 12° | 0.008 | 0.080 | 0.067
withdimple | 057 | 0244 | 0.019 | 0.201 | 0.091 | 0.147 | 0063 | 8 | 0.086 | 0.070 | 0.024 | 0.287

Table 15.1 Continued on Next Page
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Table 15.1 Continued

Q
Nominal size A |B(min)[ ¢ D E1 E2 F J M N P (min)
0.205x0.020 | 0.040 0021 | 0210 | 0.134 [ 0128 | 0.075 | 12° - — | o067
with hole 0027 | 0.244 | 0.019 | 0201 | 0.117 | 0.122 | 0.063 | 8° - — | 0024 | 0.287
0.205x0.032 | 0.040 0033 | 0210 | 0.110 [ 0153 | 0.075 | 12° | 0.008 | 0.080 | 0.071
withdimple | 57 | 0.244 | 0.030 | 0.201 | 0,001 | 0.147 | 0063 | 8 | 0.086 | 0.070 | 0.027 | 0.287
0.205x0.032 | 0.040 0033 | 0210 | 0.134 [ 0128 | 0.075 | 12° - — | o071
with hole 0027 | 0.244 | 0.030 | 0201 | 0.117 | 0.122 | 0.063 | 8° - — | 0027 | 0287
0.250x0.032 | 0.040 0033 | 0253 | 0.161 [ 0.163 | 0.080 | 12° | 0.008 | 0.080 | 0.071
withdimple | 0007 1 0307 | 0030 { 9244 | 0440 | 0457 L 0063 | g | 908 { 9070 1 0027 | 0.350
0.250x0.032 || 0.040 0033 | 0253 | 0.186 [ 0.137 | 0.080 | 12° - " lo.o71
with hole 0.020 | 0307 | 0.030 | 0.244 | 0.169 | 0.131 | 0.063 | & - 3 lo.027 | 0.350
Table 15.2
Tab dimensions in millimeters
Nominal
size A B (min) c D E1 E2 F J M N P Q (min)
2.8%0.5 06 054 | 290 | 18 | 561 1.3 12° 1.7 1.4 1.4
with dimple | 19 3 70 | 047 | 270 13 | 546 ™ 8° 1.4 1.0 0.3 8.1
28x0.5 06 054 | 290 | 18 | 5.61 13 12° - - 1.4
with hole 0.3 7.0 047 | 270 1.3 5.46 1.1 8° - - 0.3 8.1
2.8%0.8 06 084 | 290 | 18 | 861 1.3 12° 1.7 1.4 1.4
with dimple | 19 3 70 | 077 | 270 | 13 JD546 1.1 8° 1.4 1.0 0.3 8.1
2.8x0.8 06 084 | 290 | 18 | 5.61 1.3 12° - - 1.4
with hole 0.3 7.0 077 | 270 +3 5.46 1.1 8° - - 0.3 8.1
32x038 06 084 | 325} 18 | 561 1.3 12° 1.7 1.4 1.4
with dimple | 19 3 70 | 079 | 310 | 14 | 546 | 14 8° 1.4 1.1 03 8.1
32x08 06 084 . 325 | 18 [ 561 1.3 12° - - 1.4
with hole 03 7.0 079 3.10 1.4 5.46 1.1 8° - - 03 8.1
32x05 06 054 | 325 | 18 | 5.61 1.3 12° 1.7 1.4 1.4
with dimple | 1 3 7050048 | 310 | 14 | 546 | 14 8 1.4 1.1 03 8.1
32x05 06 054 | 325 | 18 | 561 1.3 12° - - 1.4
with hole 0.3 7.0 048 | 3.10 1.4 5.46 1.1 8° - - 03 8.1
4805 0.9 054 | 480 | 28 [ 389 | 15 120 1.7 1.5 1.7
with dimple 06 62 A7 460 273 373 1S 8 t=% 12 0.6 7.3
48x%0.5 0.9 054 | 490 | 34 | 325 | 15 120 - - 1.7
with hole 06 62 | 047 | 467 | 30 | 310 | 13 8° - - 06 7.3
48x0.8 1.0 084 | 480 | 28 | 38 | 15 120 1.7 15 1.8
with dimple | ¢ 7 6.2 077 | 460 | 23 | 373 1.3 8 1.4 1.2 07 73
48x0.8 1.0 084 | 490 | 34 | 325 | 15 12° - - 1.8
with hole 06 62 | 077 | 467 | 30 | 310 | 13 8° - - 07 73
52x0.5 1.0 054 | 530 | 28 | 389 | 19 12° 25 2.0 1.7
with dimple | ¢ 7 6.2 047 | 510 | 23 | 373 16 g 2.2 1.8 06 73
52x0.5 1.0 054 | 530 | 34 | 325 | 109 120 - - 1.7
with hole 07 62 | 047 | 510 | 30 | 310 | 16 8° - - 06 7.3
52x0.8 1.0 62 | 084 | 530 | 28 | 389 | 109 12° 25 2.0 1.8 73

Table 15.2 Continued on Next Page
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Table 15.2 Continued

Nominal
size A B (min) (o] D E1 E2 F J M N P Q (min)

with dimple | 0.7 077 | 510 | 23 | 373 | 16 8° 2.2 1.8 07

52x0.8 1.0 084 | 530 [ 34 | 325 | 19 12° - - 1.8

with hole 07 62 | 077 | 510 | 30 | 310 | 16 8° - - 07 73

6.3x0.8 1.0 084 | 640 | 4.1 414 | 20 12° 25 2.0 1.8
with dimple | ¢ 7 78 | 077 | 620 | 36 | 3.99 16 g 22 1.8 07 8.9

6.3x0.8 1.0 084 | 640 | 47 | 348 | 20 12° - - 1.8

with hole 05 78 | 077 | 620 | 43 | 333 | 16 8° - - 07 8.9

15.3.2 All pgrtions of a production tab shall be flat, its surfaces not deviating more tham0.910 in/in (0.010

mm/mm), ang

15.3.3 With
the stock thick

15.3.4 For4d

of Figure 15.1
the area defin

15.3.5 If the
with dimensio
dimension "E
tab. The dept

15.3.6 Beve
15.3.7 Dims
16

Insulatin

16.1 Materiz
equivalent mg

16.2 Vulcan
sole support ¢

free of burrs greater than 10% of the tab thickness, or raised plateaus,

regard to 15.3.2, in an area 0.050 in (1.3 mm) surrounding the detént, a raise|
ness of 0.001 in (0.03 mm) per side is acceptable.

n optional shoulder, the minimum dimension shall be 0.045)in (1.14 mm). See

ed by dimension "B".

detent is located with reference to a shouldér\it shall be located on the tab
n "E2". If no shoulder is provided, the detentsshall be located on the tab in aqg
1" The center of a hole or detent shall be.within 0.003 in (0.08 mm) of the ce
n of a dimple, dimension "G" on Figure:15.2, shall not be less than 0.003 in (0.0

"H" shall be approximately 45%,See Note 2 to Figure 15.1.
nsional measurements shall not include plating, burrs, or flatness tolerance.
g Material

| for mounting=an uninsulated live part shall be porcelain, phenolic cq
terial.

zed fiber may be used as an insulating bushing, washer, separator, or barrier,
f.anwninsulated live part where shrinkage, current leakage, or warpage may i

d plateau over

dimension "K"

. There shall not be any obstructions within 0.045 in_(4.14 mm) of the "K" dimension end of

in accordance
cordance with
nterline of the
8 mm).

mposition, or

but not as the
htroduce a risk

choek arinimitn narcane Tharmanlactin matarial 1o At ~AanaidArad an~AntA

ble for the sole

of fire, electric

SO CIG O o y tO P CTroUTo o Mopa St T otC o o o T CoONToIaTrotac oo ot

support of an uninsulated live part, but may be used if found to have mechanical strength and rigidity,
resistance to heat, resistance to flame propagation, dielectric voltage-withstand, and other equivalent

properties.

16.3 A small molded part, such as a brush cap, shall be constructed such that it has the strength and
rigidity necessary to withstand the stresses of actual service. A brush cap shall be secured or located so
as to be resistant to damage that may result during intended use.

17 Motors and Motor Protection

171

33.2.5 without introducing a risk of fire, electric shock, or injury to persons.

17.2 A motor winding shall resist the absorption of moisture.

A motor shall be capable of handling the maximum load of the product as described in 33.2.1 —
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17.3 With reference to the requirement in 17.2, film-coated wire is not required to be additionally treated
to reduce the risk of absorption of moisture, but fiber slot liners, cloth coil wrap, and similar moisture-
absorptive materials shall be provided with impregnation or otherwise treated to reduce the risk of
moisture absorption.

18 Insulation Systems

18.1 Class A insulation systems shall consist of a combination of magnet wire and major component
insulation materials evaluated and found to operate as intended in its end use.

18.2 Materials used in an insulation system that operate above Class 105 (A) temperatures shall comply
with the Standard for Systems of Insulating Materials — General, UL 1446.

18.3 All insylation systems employing integral ground insulation shall comply with. the |requirements
specified in th¢ Standard for Systems of Insulating Materials — General, UL 1446.

19 Motor Circuit Overload Protection

19.1 If a motor is provided with an overload protective device, the overload protective dgvice shall not
operate during intended operation of the product and shall not introduce a risk of fire, ele¢tric shock, or
injury to perspns under stalled rotor or limited short-circuit conditions as described in the Abnormal
Operation Tes}, Section 39.

20 Arc-Fault and Leakage Current Detectors/Interrupters

20.1  When required by this end-product standard, orwhen provided as part of an end-profluct, an AFCI
or LCDI shall comply with Ground-fault, arc-fault,.and leakage current detectors/interrupterg, Section 4.9,
20.2,and 20.3.

20.2 An arctfault circuit-interrupter (AECI) or leakage-current detector-interrupter (LEDI) shall be
installed as anl integral part of the attachment plug or located in the supply cord within 4 in (102 mm) of the
attachment plyg.

20.3 Arc fault detection testing-shall include the applicable Arc-Fault Circuit-Interrupters, UL 1699 tests
required for cdrd-type arc-fault circuit-interrupters.

Exception: The carbonized path arc clearing time test is not applicable for LCDIs that are |provided with
shielded powear-supply cords.

21 Switches and Controls

21.1 A switch or other control device shall have a current and voltage rating not less than that of the load
it controls and shall comply with the Overload Test, Section 41.

21.2  With reference to the requirement in 21.1, the ampacity of a switch that controls an inductive load
other than a motor, such as a transformer or an electric-discharge-lamp ballast, shall be not less than
twice the rated full-load current of the transformer or ballast unless the switch has been investigated and
found acceptable for the application.

21.3 A cord-connected product that uses a motor rated more than 1/3 horsepower (249 watts) shall be
provided with a manually operated motor-control switch.
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21.4 A switch that controls a medium-base lampholder of other than a pilot or indicating light shall be
rated for use with tungsten-filament lamps.

21.5 A line-connected, single-pole switch for appliance on-off operation shall be connected to the
ungrounded conductor of the power supply cord. Table 10.1 specifies the identification of the power supply

cord conductor intended to be grounded.

22 Controls — End Product Test Parameters

221

22.1.1
distance requ

22.1.2 Whe
declaration of

22.2 Auxiligry controls

22.2.1 Auxil

22.2.2 Auxil

Exception: An
4.5 is conside

22.3 Operaf

22.3.1 The
acceptability
Household ar

a) Corn

b) Unl
cycles

c) Inst

General

rements of the applicable control standard as determined in Controls, Section

Spacings of controls shall comply with the electrical spacing, or clearances and clearance

4.5.

e reference is made to declared deviation and drift, this indicatesthe manufacturer’s

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

ary controls shall not introduce a risk of electric shock,dfire, or personal injury.
ary controls shall comply with the requirements of this end product standard.

auxiliary control that complies with a compoenent standard(s) specified in Co
red to comply with this requirement.

ing controls (regulating controls)

htrols, Section

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

bf an operating control investigated using the Standard for Automatic Electric
d Similar Use, Part 1: General Requirements, UL 60730-1:

trol action Types A~0t°2;

bss otherwise. specified in UL 561, manual and automatic controls shall be te
with undenmaximum normal load conditions, and 50 cycles under overload co

bllatien:class 2 per IEC 61000-4-5;

d) For

al Controls for

sted for 6,000
nditions.

the-applicable Overvoltage Category. see Table 22.1:

e) For

the applicable Material Group, see Table 22.2;

f) For the applicable Pollution Degree, see Table 22.3.

22.3.2 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) Control action Types 1 or 2;

b) Unless otherwise specified in UL 561, manual and automatic controls shall be tested for 6,000
cycles with under maximum normal load conditions, and 50 cycles under overload conditions.

c) For the applicable Overvoltage Category, see Table 22.1;
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d) Fort

e) For t

he applicable Material Group, see Table 22.2;

he applicable Pollution Degree, see Table 22.3.

Table 22.1
Overvoltage categories

Appliance

Overvoltage category

Intended for fixed wiring connection
Portable and stationary cord-connected

Control located in low-voltage circuit

Note — Applicabl
equipment that

ould increase the risk of fire of electric shock.

e to Class 2 circuits if a short circuit between the parts involved may result in operation of the cantf

olled

Table 22.2
Material group

CTi

PLC value of insulating materials

Material group

CTI=600 (PLC = 0)
400 < CTI <600 (PLC = 1)
175 < CTI < 400 (PLC = 2 or 3)
100 < CTI< 175 (PLC = 4)

|

Il
lla
b

NOTE — PLC st3
for Polymeric M4

terials — Short Term Property Evaluations, UL 746A.

nds for Performance Level Category, and CTI stands-for Comparative Tracking Index as specified

in the Standard

Table 22.3
Pollution degrees

Appliance control microenvironment

Pollution degreg

No pollution or o}
influence. Typica
contaminating in
achieve this deg

hly dry, nonconductive poliution. The pollution has no

lly hermetically sealed or encapsulated control without
fluences, or printed Wiring boards with a protective coating can
ee.

1

or outdoor use a

due to condensation that is expected. TyplcaIIy controls located near and may
be adversely affected by motors with graphite or graphite composite brushes,

Normally, only ngnconductive pollution. However, a temporary conductivity 2
caused by condgnsation-may be expected. Typically indoor appliances for use

in commercial clgan environments achieve this degree.

Conductive pollution or r'lr\/ nonconductive pollution that becomes conductive 3

ppliances achieve this degree.

22.4 Protective controls (limiting controls)

2241

An electronic control that performs a protective function shall comply with the applicable

requirements in Controls, Section 4.5 while tested using the parameters in this section. Examples of
protective controls are: a control used to sense abnormal temperatures of components within the
appliance; an interlock function to de-energize a motor; temperature protection of the motor due to locked
rotor, running overload, loss of phase; or other function intended to reduce the risk of electric shock, fire, or

injury to perso

ns.
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2242 The following test parameters shall be among the items considered when judging the
acceptability of an electronic protective control investigated using the Standard for Automatic Electrical
Controls for Household and Similar Use, Part 1: General Requirements, UL 60730-1:

a) Fail

ure-Mode and Effect Analysis (FMEA) or equivalent Risk Analysis method;

b) Power Supply Voltage Dips, Variation and Interruptions within a temperature range of 10°C and
the maximum ambient temperature determined by conducting the Normal Temperature Test; see

Sectio

n 33;

¢) Surge immunity test — installation class 3 shall be used;

d) Electrical fast transient/burst test, a test level 3 shall be used;

e) Ele

f) Rad

g) Th
maxini
Sectio

h) Ovsg

deternmjined by conducting the Normal Temperature Test; see Section 33 in thi

stands

i) If sq
softwa

22.4.3 The'f
specified in th
UL 991, using

a) Wit

operated system.*hecoming permanently inoperative with respect to movement ¢

portior
electri

trostatic Discharge Test;
o-frequency electromagnetic field immunity:

1) Immunity to conducted disturbances — When applicable, test [evel 3 shall b
2) Immunity to radiated electromagnetic fields; field strength*ef 3 V/m shall be
brmal Cycling test shall be conducted at ambient t€mperatures of 10.0
h 33 in this end-product standard. The test shall be conducted for 14 days; and
rload shall be conducted based on the maximum declared ambient temperaty
rd;

ftware is relied upon as part of _the protective electronic control, it shall bg
re class B.

est parameters and conditions used in the investigation of the circuit covered
e Standard for Safety for Tests for Safety-Related Controls Employing Solid-
the following test parameters:

h regard to eleetrical supervision of critical components, for attended applia

of the~appliance meets the criteria for trouble indication. For unattendg
cal supervision of critical components may not rely on trouble indication;

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

e used; and
used;

+2°C and the

um ambient temperature determined by conducting’ the Normal Temperajure Test; see

re (Thax) Or as
s end-product

evaluated as

by shall be as
State Devices,

nces, a motor
f an exposed
d appliances,

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

d) The Humidity Class is to be based on the appliance’s intended end use and is to be used for the

Humid

e) Avi

ity Test;

bration level of 5 g is to be used for the Vibration Test;

f) The Computational Investigation is not applicable to appliances covered by this end product
standard;

g) When the Demonstrated Method Test is conducted, the multiplier for the test acceleration factor
is to be 576.30 for intermittent use appliances, or 5763.00 for continuous use appliances. The test

accele

ration factor equation is to be based on a 25°C use ambient;
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h) The Endurance Test is to be conducted concurrently with the Operational Test. The control shall
perform its intended function while being conditioned for 14 days in an ambient air temperature of
60°C (140°F), or 10°C (18°F) greater than the operating temperature of the control, whichever is
higher. During the test, the control is to be operated in a manner representing normal use;

i) For the Electrical Fast Transient Burst Test, test level 1 is to be used; and

j) Conduct a failure-mode and effect analysis (FMEA).

k) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software class 1 in accordance with the Standard for Software in Programmable Components, UL

1998.

22.4.4 Unles
Type 2 device

22.5 Contro
2251 Atem

(NTC) thermisg
using the follo

s otherwise specified in UL 561, protective controls shall be evaluated for 100,
5, and 6,000 cycles for Type 1 devices, with rated current.

s using a temperature sensing device

perature sensing positive temperature coefficient (PTC) or negative temperat
tor, that performs the same function as an operating or protective control, s
ving number of cycles when testing a sensing device invaceordance with the er

a) For
b) For

c) For

23 Capacitors

23.1 Acapa
as a capacito
enclosure or

emission of fl
reduced. The
steel having 3
(0.66 mm) is n

Exception: Th
be of material

device employed as a operating device — 6000 cycles,
device employed as a protective device - 100,000 cycles,

device employed as a combination operating and protective device - 100,000

itor provided as a part of a capacitor motor and a capacitor connected across
I for radio-interference elimination or power-factor correction, shall be hou
ontainer such that the ‘plates are not subject to mechanical damage and t
hme or molten material' resulting from malfunction or breakdown of the cay
container shall be of metal providing strength and protection not less than tha
thickness of 0.020 inch (0.51 mm). Sheet metal having a thickness less th
pt to be used.

b individual container of a capacitor may be of sheet metal less than 0.026 inc

product and pfovided that such housing is acceptable for the enclosure of live parts.

other than metal if the capacitor is mounted in an enclosure that houses oth¢

DOO cycles for

ire coefficient
hall be tested
durance test:

cycles.

the line, such
sed within an
ne risk of the
acitor will be
t of uncoated
An 0.026 inch

h thick or may
br parts of the

232

injury to persons shall result when either the rectifier or the capacitor is short-circuited.

If a product uses a combination rectifier and electrolytic capacitor, no risk of fire, electric shock, or

23.3 The total rated capacitance of all capacitors connected from one side of the line to the frame or

enclosure of a

product shall be not more than 0.10 microfarad.

23.4 A capacitor provided with a dielectric medium more combustible than askarel shall not cause a risk
of fire or electric shock and shall be protected to reduce the risk of expelling the dielectric medium.

23.5 A capacitor complying with the requirements for protected oil-filled capacitors in the Standard for
Capacitors, UL 810, is considered to be constructed to reduce the risk of expelling the dielectric medium.
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23.6 For a capacitor provided with a liquid dielectric medium more combustible than askarel and
provided with an expansion mechanism to reduce the risk of expelling the dielectric medium, the spacing

from a terminal of the capacitor, including an attached wire connector, to:

a) An electrically isolated part or a part constructed of a nonconductive material shall be at least 1/2
inch (12.7 mm).

b) An uninsulated live part of opposite polarity or an uninsulated dead metal part that is either
accessible or grounded shall be at least 1/2 inch (12.7 mm) plus the applicable electrical spacings
le 26.1.

in Tab

24 Lampholders

24.1 A lampholder for a low-voltage lamp — for example, a 6-volt lamp — shall not be tapped across a part
of a winding df a motor if the motor is rated more than 230 volts.
24.2 The sqgrew shell of an Edison-base lampholder shall be connected to thé)terminal por lead that is

intended to b

25 Recepta

251 Other
attachment pl

25.2 Arece
type if the co

operation.

25.3 Arece

connected to the grounded conductor of the power-supply circuit:
cles

than a receptacle for interconnection of components, a 15- or 20-ampers
Lig receptacle shall not be provided.

btacle provided for interconnection of a component to the main unit shall be o
mponent contains an Edison-base lamphelder or a single-pole switch for con

ptacle provided for interconnection of a component in an appliance provided wi

e general use

f the polarized
hponent on-off

th a means for

grounding shall be of the grounding type. The grounding contact of the receptacle shall be
reliably electrically connected to dead metal that will be grounded when the appliance is in u

positively and
5.

26 Spacings
26.1 The sp

part and a dg
than the value

ninsulated live
all be not less

acings between-uninsulated live parts of opposite polarity and between an u
ad metal part that is exposed to contact by persons or may be grounded sh
specifiedin Table 26.1.

Exception No
on the basis

1=The inherent spacings of a component of the product, such as a snap swit
fthe rnquirnmnnfc forthe r‘nmpnnnnf in quncﬁnn

ch, are judged

Exception No. 2: For a repulsion motor, a repulsion-induction motor, or a repulsion-start induction motor,
the spacings requirements do not apply to the commutator, the brush assembly, and the jumpers that
short-circuit the brushes.

Exception No. 3: The spacings may be as specified in 26.5.

26.2 If an uninsulated live part is not rigidly fixed in position by means other than friction between
surfaces, or if a movable dead metal part is in proximity to an uninsulated live part, the construction shall
be such that the minimum spacings values specified in Table 26.1 will be maintained.

26.3 In a product incorporating two or more motors of different sizes, the spacings inside each motor are
to be judged on the basis of the size of that motor, and the spacings elsewhere in the product are to be
judged on the basis of the size of the largest motor in the product.
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Table 26.1
Spacings at other than wiring terminals
Minimum spacings
Motor diameter 7 inches (178 mm)
or less,? Motor diameter more than 7 inches,?
Potential Over surface, Through air, Over surface, Through air,
involved,
volts Parts involved inch (mm) inch (mm) inch (mm) inch (mm)
0-125 | Commutator or collector rings of 1/16 1.6 1/16 1.6 3/16° 4.8° 1/8° 3.2°
a motor
Elsewhere in the motor or 3/32° 2.4° 3/32° 2.4° 1/4>9 4> d 1/8bd 3.20d
appliance
126 — 250 | Commutator or collector rings of 1/16 1.6 1/16 1.6 3/16° 4.8° 316° 4.8°
a motor
Elspwhere in the motor or 3/32 2.4 3/32 2.4 17429 4597 qpabd g
appliance
251-600 | Cofmutator or collector rings 1/4 6.4 1/4¢ 6.4° 3/8 9.5 /4 6.4
and live parts of the brush
rigging of a motor
Elspwhere in the motor 1/4¢ 6.4¢ 1/49 6.4° 384"  95%f [ Fgdt  g5df
Elspwhere in the appliance 1/2 12.7 3/8 9.5 1/2 12.7 B/8 9.5
@ This is the dia ing lugs, fins,

boxes, and the li
® Spacings of no
¢ For a motor rat

through air) betw
€ Through-air sp

fSpacings not le
in different subas

a) A terf
b) Cent
c) A stg

d)Aca

This applies only

nLeter, measured in the plane of the laminations, of the circle cireumscribing the stator frame, exclu

4 Film-coated wile is considered to be an uninsulated live part. However, a spacing of not less than 3/32 inch (over

5s than 1/4 inch are acceptable between live parts and dead metal parts within a subassembly ang

e, used solely for motor mounting, cooling, assembly, or conhection.
less than 3/32 inch are acceptable throughout a universakmotor.
ed 1/3 horsepower (249 watts) or less, these spacings-may be not less than 1/16 inch.

een film-coated wire, rigidly supported and held:in place on a coil, and a dead metal part is accepf]

hcings involving a collector ring may be not{ess than 1/8 inch.

Esemblies, of the following types only:

minal board not intended for fi€ld wiring;

rifugally-operated starting,\auxiliary, and interlock switches;
rting relay; and

bacitor.

to subassemblies mounted on or inside a motor.

purface and

Able.

between parts

26.4 Anyun

nsulated conductor of the rotor circuit is regarded as a dead metal part with

respect to the

stator circuit, and the appropriate spacings shall be maintained between uninsulated stator and rotor

conductors.

26.5

a) Live

If an isolated dead metal part is interposed between or is in close proximity to:

parts of opposite polarity;

b) A live part and an exposed dead metal part; or

c) A live part and a dead metal part that may be grounded,

the spacing may be not less than 3/64 inch (1.2 mm) between the isolated dead metal part and any one of
the other parts previously mentioned, provided the total spacing between the isolated dead metal part and
the two other parts is not less than the minimum value specified in Table 26.1.
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26.6 An insulating lining or barrier of vulcanized fiber or similar materials used where spacing would
otherwise not comply with the minimum spacing value specified in Table 26.1 shall be not less than 1/32
inch (0.8 mm) thick and shall be located or of such material so that it will not be adversely affected by
arcing. Vulcanized fiber not less than 1/64 inch (0.4 mm) thick may be used in conjunction with an air
spacing of not less than 50 percent of the spacing required for air alone.

Exception: Thinner insulating material may be used if, upon investigation, it is found to be acceptable for
the application.

26.7 All uninsulated live parts connected to different line-voltage or low-voltage circuits shall be spaced
from one another as though they were parts of opposite polarity, in accordance with the requirements in
26.1, and shall be judged on the basis of the highest voltage involved.

26.8 For patts of low-voltage circuits the spacings between uninsulated live parts of oppos|te polarity and
between sucH parts and dead metal that may be grounded in service is not specified!

26.9 At terminal screws and studs to which connection may be made in thefield by means of wire
connectors, eyelets, and the like, spacings shall be not less than those spetified in Table 26.1 when such
connectors, elelets, and the like are positioned such that minimum spacings — between poipts of opposite
polarity and tg dead metal parts — exist.

27 Grounding

27.1 A product shall be provided with a grounding conduetor and attachment plug complying with the
requirements|in 27.4 and 27.5.

Exception: Ar] appliance may be provided with a stitable system of double insulation in lieu of a means for
grounding. Sych an appliance shall not be provided with a means for grounding.

27.2 If a grqunding means is provided on a product, all exposed dead metal parts and pll dead metal
parts within the enclosure that:

a) Arelexposed to contact.during any user servicing operation and

b) Arellikely to become énergized
shall be bondgd to the-equipment grounding means in accordance with 27.6.

27.3 An equipment-grounding conductor in the cord is considered to constitute a grounding means.

27.4 The grounding conductor of a supply cord shall be secured to the frame or enclosure of the product
by means of a screw that is not likely to be removed during any servicing operation not involving the
power-supply cord or by other equivalent means. Solder alone shall not be used for securing the
grounding conductor. Servicing as mentioned in this paragraph includes repair of the product by a qualified
serviceman.

27.5 The grounding conductor shall be connected to the grounding member of an attachment plug. The
grounding member shall be fixed.

Exception: The grounding member of the attachment plug on a portable hand-guided or hand-supported
product may be of the movable, self-restoring type.

27.6 Bonding shall be provided by a positive means such as clamping, riveting, bolting, brazing, welding,
or a screwed connection. The bonding connection shall penetrate nonconductive coatings such as paint.
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Hinged or pivoting joints are not considered acceptable for bonding unless they are provided with an
additional conductive connection, such as a bonding jumper.

28 Reduction of Risk of Injury to Persons

28.1 If the intended operation of a product involves a risk of injury to persons, means shall be provided to
reduce the risk.

28.2 The details of a guard, safety release, interlock, and the like need not be specified, but the need for
such accessories and their acceptability is to be determined from a study of the complete product, its
operating characteristics, and the likelihood of injury to persons resulting from other than gross
negligence.

28.3 An off gosition shall be plainly marked on a motor control switch (other than aimamentary-contact
switch) of an gnergized product with moving parts that are likely to cause injury to persons.

28.4 If an aufomatic reset protective device is used in a product, the automatic_restarting of a motor shall
not result in any risk of injury to persons.

28.5 The requirement in 28.4 necessitates the use of an interlock inthe-product if moving parts or the like
could result infa risk of injury to persons upon the automatic restarting of the motor.

PERFORMANCE
29 Leakage[Current Test

29.1 The leakage current of a cord-connected preduct rated 240 volts or less shall be not more than 0.5
MIU when tested in accordance with 29.3 — 29./4

29.2 Leakagp current refers to all cutrénts, including capacitively coupled currents, [that may be
conveyed betyveen exposed conductive)surfaces of a product and ground or other exposéd conductive
surfaces of a groduct.

29.3 All expgsed conductive surfaces are to be tested for leakage currents. The leakage [currents from
these surfaceg are to be measured to the grounded supply conductor individually as well ag collectively if
simultaneously accessible® and from one surface to another if simultaneously accessiljle. Parts are
considered to pe expased surfaces unless guarded by an enclosure as specified in 6.1 and|6.2. Surfaces
are considered to.be.simultaneously accessible when they can be readily contacted by one pr both hands
of a person a$the same time. These measurements do not apply to terminals operating atf] voltages that
are not considered 1o involve a risk of electric shock. Tf all accessible surfaces are bonded together and
connected to the grounding conductor of the power-supply cord, the leakage current can be measured
between the grounding conductor and the grounded supply conductor. If exposed dead metal parts of the
product are connected to the neutral supply conductor, this connection is to be open during the test.

29.4 If a conductive 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 that measures 4 by 8 inches (10 by 20 cm) in contact
with the surface. If the surface is less than 4 by 8 inches, 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 product.

29.5 The measurement instrument shall be as described in the Standard for Leakage Current for
Appliances, UL 101. The measurement circuit for leakage current is to be as shown in Figure 29.1.
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29.6 Unless the meter is being used to measure leakage current between two parts of a product, it is to
be connected between the accessible parts and the grounded supply conductor.

29.7 A sample of the product is to be tested for leakage current starting with the as-received condition
but with its grounding conductor, if any, open at the attachment plug. The as-received condition is without
prior energization except as may occur as part of the production-line testing. The supply voltage is to be
adjusted to the voltage specified in 32.2. The test sequence, with reference to the measuring circuit —
Figure 29.1 —is to be as follows:

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

b) Swifch S1 is then to be closed, energizing the product, and within 5 seconds the\l@akage current
is to bp measured using both positions of switch S2, and with the product switehing devices in all
their intended operating positions.

c) Thelleakage current is to be monitored until thermal stabilization. Bothrpositions of switch S2 are
to be ysed in determining this measurement. Thermal stabilization is\considered to Ipe obtained by
operatjon as in the temperature test.

29.8 Usually a sample will be carried through the complete leakage current test, as spegcified in 29.7,
without interruption for other tests. With the concurrence of thos€/concerned, the leakage current test may
be interrupted for the purpose of conducting other nondestructive tests.
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Figure 29.1

Leakage current measurement circuits

MEASUREMENT
INSTRUMENT
- o A S2 PRODUCT
I Ny — :
120V ™ @ i 3
L #—OI S 0 =1/
GR
St [ INSULATING TABLE |
/L
GROUNDED SUPPLY CONDUCTOR B W\
Product intengled for connection to a 120-volt power supply, as illustrated above.
MEASUREMENT
INSTRUMENT

S2 PRODUCT

<
; 120V |
—O [e] N
240V <—— (L @ E Y -

L 120 V —0, 90 0 Sl

= GR
St [ INSULATING TABLE |
Y
GROUNDED SUPPLY CONDUCTOR B W\

Product intengled for connection to a 3-wire, grounded neutral power supply, as illustrated above.

R $2 GR MEASUREMENT
/ PRODUCT INSTRUMENT

r 120V _OIC:—O @ E_\) |

240V <—[ S1
|/
L 120V || ig
- ot | _ =
TTNSULATING TABLE |
//
GROUNDED SUPPLY CONDUCTOR B MW\

Product intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.

su0013

A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of product to another.
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30 Leakage Current Test After Humidity Conditioning

30.1 A product shall comply with the requirements for leakage current in 29.1 following exposure for 48
hours to air having a relative humidity of 88 +2 percent at a temperature of 32.0 £2°C (90 +4°F).

30.2 To determine whether a product complies with the requirement in 24.1, a sample of the product that
has been preheated to a temperature just above 34.0°C (93°F) is to be contained in a chamber under the
time, humidity, and temperature conditions specified. After the conditioning, while still in the chamber, the
sample is to be tested unenergized as described in 29.7 (a). The sample, either in or immediately after
removal from the chamber, is to be energized and tested as described in 29.7 (b) and (c). The test is to be

discontinued when the leakage current stabilizes or decreases.

31 Starting

31.1 Aprod
test as descri
product rated
a circuit prote
as specified in

Exception: A
accordance w

31.2 In ateq
three times w|
be made un
operating cyd
between sucq
during each {
used as part g

32 InputTe

32.1 The cu

Current Test

ict provided with a 15- or 20-ampere attachment plug shall be subjected,to a s
bed in 31.2 on a circuit protected by a 15- or 20-ampere time delay fuse, as
greater than 20 amperes shall be subjected to a starting current test as descr
cted by an appropriately rated nontime delay fuse. The test shall be conducte
32.2.

ime delay fuse may be used with a product rated over-20 amperes if the produ
ith 45.5.

t to determine if a product complies with the requirement in 31.1, the product
th the product at room temperature at theeginning of the test. Each start of
jer conditions representing the beginning of intended operation (the beg
e, in the case of an automatic appliance), and the motor is to be allowed f¢
essive starts. The results are acceptable if the machine starts and operate
bst cycle; that is, the fuse does'not open and there is no tripping of an ove
f the unit.

rrent or wattage ‘input to a product shall be not more than 110 percent of t

when the pro|
when connec

32.2 |If the
volts, the app
240 volts, res

duct is operated”under the condition of maximum intended load as describe
ed to a supply circuit of rated frequency at a voltage as specified in 32.2.

arked-voltage rating is a single value within either of the ranges 110 — 120
ied voltage for the startmg current leakage current, and current input tests 3

tarting current
appropriate. A
bed in 31.2 on
ed at a voltage

ct is marked in

s to be started
the motor is to
jinning of the

come to rest
s as intended
load protector

he rated value

d in 33.2 and

or 220 — 240
hall be 120 or

be that single

value. If a marked voltage is a range of voltages the applied voltage shall be the highest of the range, or

120 or 240 vo

Its, as appropriate, whichever is higher.

33 Temperature Test

33.1 General

33.1.1 A product shall be tested as described in 33.1.8 — 33.2.5 and shall not reach a temperature at any
point sufficiently high to cause a risk of fire, to damage any materials in the product, or to exceed the
temperature rises specified in Table 33.1.

33.1.2 The temperature of a coil or winding is to be measured by means of thermocouples mounted on
the outside of the coil wrap. If the coil is inaccessible for mounting thermocouples (for example, a coil in
sealing compound) or if the coil wrap includes thermal insulation or more than 1/32 inch (0.8 mm) of
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cotton, paper, rayon, or similar insulation, the change of resistance method is to be used. For the
thermocouple-measured temperature of a coil of an alternating current motor (other than a universal
motor) having a frame diameter of 7 inches (178 mm) or less (items A1 and A3 of Table 33.1), the
thermocouple is to be mounted on the integral insulation of the coil conductors (for example, film-coated
wire).

33.1.3 At a point on the surface of a coil where the temperature is affected by an external source of heat,
the temperature rise measured by means of a thermocouple may be higher than the maximum indicated in

Table 33.1 by the following amount:

Additional temperature rise,

Subitem of item in Table 33.1 °C (°F)
1qf A (parta) 5 9

2 gf A (part a) 15 27

3 qf A (part a) 10 18

4 4f A (part a) 20 36

30f B 15 27

33.1.4 With [reference to the requirement in 33.1.3, if the coeilwrap is not caused {o exceed its

temperature li
by means of
wire).

33.1.5 Allva
25°C (77°F). ]
104°F).

33.1.6
be unreeled fo

33.1.7 A sha
more than 609

mitation by radiation from an external source, the temperature of the coil may
h thermocouple on the integral insulation of thé.eoil conductors (for exampl

ues for temperature rises in Table 33.1\are based on an assumed ambient t
[ests may be conducted at any ambient temperature within the range of 10

If a product incorporates a reel forthe power-supply cord, one-third of the length of]

r the temperature test.

rt length of rubbefs-or thermoplastic-insulated flexible cord exposed to a te
C (140°F), such as’at terminals, is acceptable if supplementary heat-resistan

adequate dielgctric voltageswithstand strength is used on the individual conductors of the cq

risk of deterion

33.1.8 For th
volts, and that

ation of theyconductor insulation will be reduced.

e temperature test, the voltage of a direct-current supply circuit is to be 114
of ‘analternating-current circuit is to be 120 or 240 volts, depending on wheth

44 L 14 L 4 ol

be measured
e, film-coated

pmperature of
— 40°C (50 —

the cord is to

emperature of
t insulation of
rd so that the

b volts or 230
br the product

has a nominal

i3 EH £ [aLsYa) + | H 1 £ EH
VUILGUU IGLIIIH Ul TTo Ul 29U VUILS. 1T U1C pruuuctl 1ido d DIIIHIC Mmocyutclt Iby raurt

, the test is to

be made at that frequency. A product rated ac/dc or 60 hertz/dc is to be tested on direct current or 60-hertz
alternating current, whichever results in higher temperatures. A product rated 25 — 60 hertz or 50 — 60
hertz is to be tested on 60-hertz alternating current.

33.1.9 A small product of the hand-supported type (such as a sander) shall not attain a temperature of
more than 125°C (257°F) on any exterior surface that may contact combustible material and there shall be
no emission of smoke or molten material.

33.1.10 To determine if a product complies with the requirement in 33.1.9, the product is to be operated
at the voltage and frequency indicated in 33.1.8 until constant temperatures are attained. The product may
be stationary during the test. Simulation of actual service conditions need not be attempted.


https://ulnorm.com/api/?name=UL 561 2021.pdf

JUNE 29, 2021 UL 561

53

Table 33.1
Maximum temperature rises

Materials and components parts °Cc (°F)
A. MOTORS
1. Class A insulation systems on coil windings of AC motors having a diameter of 7 inches (178
mm) or less (not including universal motors) and on vibrator coils® °:
a. In open motors and on vibrator coils:
Thermocouple or resistance method 75 135
b. In totally enclosed motors:
Thermocouple or resistance method 80 144
2. Class A irjsulation systems on coil windings of AC motors having a diameter of more than 7
inches (178mm), of DC motors, and of universal motors® °:
a. In opgn motors:
Thermocouple method 65 117
Resigtance method 75 135
b. In totdlly enclosed motors:
Thermocouple method 70 126
Resigtance method 80 144
3. Class B irjsulation systems on coil windings of AC motors having a diametér'ef 7 inches (178
mm) or less|(not including universal motors)® °:
a. In opgn motors:
Thermocouple or resistance method 95 171
b. In totdlly enclosed motors:
Thermnocouple or resistance method 100 180
4. Class B infsulation systems on coil windings of AC motors having a frame of more than 7
inches (178mm), of DC motors, and of universal moters® b
a. In opgn motors
Thermocouple method 85 153
Resigtance method 95 171
b. In totdlly enclosed motors:
Thermocouple method 90 162
Resigtance method 100 180
B. COMPONENTS
1. Capacitol
a. Electrplytic 40°¢ 72°
b. Other types 65¢ 117¢
2. Fuses 65 117
3. Class 105 insulation systems on windings of relays, solenoids, and the like:
Thermocouple method 65 117
Resistance method 85 153
4. Class 130 (Class B) insulation systems, except as indicated in subitems 3 and 4 of item A2
Thermocouple method 85 153
5. Sealing compound e e
C. CONDUCTORS
1. Rubber- or thermoplastic-insulated wires and cords 3509 639

Table 33.1 Continued on Next Page
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Table 33.1 Continued

integral with the
4 A capacitor tha
limit.

¢ Exceptin the ¢
ambient tempera
Point by Ring-an
fThe limitations
have special hed
9 Rubber-insulat
entering a motor
of other than a fl

" A handle, knob)

(0.13 mm) or lesk is considered to be and is judged as a nonmetallic part.

Materials and components parts °Cc (°F)
D. ELECTRICAL INSULATION — GENERAL
1. Fiber employed as electrical insulation 65 117
2. Phenolic composition employed as electrical insulation or as a part whose malfunction would 125f 225
result in an unacceptable condition
3. Varnished-cloth insulation 60 108
E. SURFACES
1. Wood and other combustible material 65 117
2. Handles or knobs that are grasped for lifting, carrying, or holding:
a. Metal gurface” 25 45
b. Nonmgtallic surface 35 63
3. Handles of knobs that are contacted, but do not involve lifting, carrying, or holding and other
surfaces sublect to contact in operation and user maintenance:
a. Metal urface” 35 63
b. Nonmgtallic surface 60 108
@See 33.1.3.
b See note a of Table 26.1.
¢ For an electrolytic capacitor that is physically integral with or attached to a motor, thedemperature rise on insulating material

Capacitor enclosure may be not more than 60°C (108°F).

operates at a temperature rise of more than 65°C (117°F) may be judged on the basis of its mark

bse of a thermal setting material, the maximum sealing ggmpound temperature, when corrected to
ture is 15°C (27°F) less than the softening point of theé €dompound as determined by the Test Meth
d-Ball Apparatus, ASTM E28.

bn phenolic composition and on rubber and theFmoplastic insulation do not apply to compounds th
t-resistant properties.

bd conductors within a Class-A-insulated‘motor, rubber-insulated motor leads, and a rubber-insula|
may be subjected to a temperature Tise of more than 35°C (63°F), provided that a braid is used or]
pXible cord. However, this does not'apply to thermoplastic-insulated wires or cords.

or the like made of material other than metal that is plated or clad with metal having a thickness o}

bd temperature

a25°C (77°F)
bd for Softening

At are known to

ed flexible cord
the conductor

f0.005 inch

33.1.11  With
thermal equilik
of the previous

33.1.12 Ath

reference to those tests that are to be continued until constant temperatures
rium is considered to exist when three successive readings taken at intervals
ly elapsed/duration of the test, but not less than 5 minute intervals, indicate no

ermiacouple is to consist of wires not larger than 24 AWG (0.21 mm?) and no

30 AWG (0.05

are attained,
of 10 percent
change.

I smaller than

mm?). When a thermocouple is used in determining temperatures in electrica

equipment, it

is standard practice to use a thermocouple consisting of 30 AWG iron and constantan wire and a
potentiometer-type instrument; and such equipment is to be used whenever referee temperature
measurements by a thermocouple are necessary. The thermocouple wire is to comply with the
requirements specified in the Initial Calibration Tolerances for Thermocouples table in the Standard for
Temperature Measurement Thermocouples, ANSI/ISA MC96.1.

33.2 Maximum intended load

33.2.1 In tests on a product, maximum intended load is considered to be that load which approximates
as closely as possible the most severe conditions of intended use. It is not a deliberate overload except as
the conditions of actual use are likely to be somewhat more severe than the maximum load conditions that
are recommended by the manufacturer of the product. Test loads that have been found to be close
approximations of the most severe conditions of intended use are indicated in 33.2.2 — 33.2.5 for some
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common forms of products. However, products having features not covered by these test procedures may
be tested as necessary to meet the intent of these requirements.

33.2.2 Each product shall be tested in the operation for which it is intended that produces maximum
intended load. Other than as indicated in 33.2.5, a product shall be operated until constant temperatures

are attained.

33.2.3

If the product includes a heater that can be energized independently of a vibrator or motor, an

additional test is to be conducted with only the heater energized until temperatures become constant.

33.2.4 The temperature test on a floor-polishing machine is to consist of 1 hour of continuous operation
of the machine on a previously polished composition-tile surface.

33.25 The
operation in {
temperatures

34 Dielectric Voltage-Withstand Test

34.1 A prod

test on a combination floor scrubber, polisher, and sander is to consist
he intended manner, polishing a previously polished composition-tile ‘surface
are attained.

Lict shall withstand for 1 minute without breakdown the, application of a 60-he

of continuous
until constant

rtz essentially

sinusoidal pofential between live parts and dead metal parts or between live parts of opposife polarity for a

test on a caps

a) On¢ thousand volts for a product using a motor rated 1/2 horsepower (373 wat

250 va

b) Ong
horsey

c) Ong
potent
interfe

citor as mentioned in (c). For primary circuits, the test potential shall be:

Its or less.

thousand volts plus twice the rated yoltage for a product using a motor rated
ower or more than 250 volts.

thousand volts or 1000 volts plus twice rated voltage (depending upon the v
al applied to the product.as_a whole), between the terminals of a capacitor
Fence elimination or arc suppression.

!

s) or less and

more than 1/2

lue of the test
sed for radio-

34.2 For thg secondary circuit-efia product employing a transformer or autotransformer, the test potential
shall be:
a) On¢ thousand Volts plus twice the operating voltage if the secondary operates| at 251 — 600
volts.
b) Ong thousand volts if the secondary operates at 51 — 250 volts.

c) Five-hundred volts if the secondary operates at 50 volts or less.

Exception: Does not apply if the secondary circuit is supplied from a Class 2 transformer.

34.3 The product is to be tested using a transformer with an output voltage that is essentially sinusoidal
and can be varied. The applied potential is to be increased from zero until the required test level is
reached, and is to be held at that level for 1 minute. The increase in the applied potential is to be at a
substantially uniform rate and as rapid as is consistent with its value being correctly indicated by a
voltmeter. The product is to be at the maximum operating temperature reached during intended use.
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35 Strain Relief Test

35.1 When tested as specified in 35.2, the strain relief means shall withstand for 1 minute, without
displacement, a direct pull of 35 pounds (156 N) applied to the cord, with the connections within the
product disconnected.

35.2 A 35-pound (15.9-kg) weight is to be suspended on the cord and supported by the product so that
the strain relief means will be stressed from any angle made possible by the construction of the product.
The strain relief is acceptable if, at the point of disconnection of the conductors, there is no movement of
the cord to indicate that stress would have resulted on the connections.

36 Push-Back Relief Test

36.1 To detgrmine compliance with 11.3, a product shall be tested in accordance-withl 36.2 without
occurrence of pny of the conditions specified in 11.3 (a) and (b).

36.2 The poyver supply cord is to be held 1 inch (25.4 mm) from the point where the cord emerges from
the product. The cord is then to be pushed back towards the product until either:

a) The [cord buckles or

b) The force required to push the cord into the product exceeds 6 pounds (26.7 N).
37 Flooding Test
37.1 General

37.1.1 A profuct shall be subjected to the flooding test as described in 37.2.1 — 37.6.1. The results are
acceptable if:

a) Thete is no wetting of live parts;.film-coated wire, or insulation likely to be adversgly affected by
the ligyids used with the product;

b) Durihg and after each-eondition, the product complies with the leakage current tedt described in
37.1.2;l]and

c) Follpwing theAeakage current test, the product, if it is not double-insulated, complies with the
Dielectric Voltage-Withstand Test, All Appliances, Section 34. A double-insulated [product shall
comply withthe Dielectric Voltage-Withstand Test, Double-Insulated Products, Section 63.

Exception: Self-comntaimed tarpet/rag clearing machines that trave mo-accessories or instructions to clean
hard floors are not required to be subjected to the polymeric water-handling components test described in
37.6.1. However, if deterioration or breakage of a liquid reservoir provided as part of such an appliance
would result in a risk of fire, electric shock, or injury to persons, the container shall be subjected to the
impact test for polymeric reservoirs described in 37.7.1 and 37.7.2 and the temperature stability test for
polymeric reservoirs described in 37.8.1 and 37.8.2.

37.1.2 The leakage current test required in 37.1.1 shall be conducted as described in the Leakage
Current Test, All Appliances, Section 29. The results are acceptable if, for other than a double-insulated
product, the leakage current does not exceed 0.5 MIU. The leakage current for a double-insulated product
shall not exceed 0.5 MIU for accessible metal parts and 3.5 MIU for inaccessible metal parts. In addition,
the tests in 37.5.1 and 37.6.1 shall be conducted with switch S1 open, the control switch in the on position,
and the product connected to the rated supply voltage. Leakage current is to be monitored for a minimum
of 5 minutes after the leakage current has stabilized or decreased.
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37.2 Component malfunction or breakdown

37.2.1 A malfunction or breakdown of a timer switch, a float or pressure-operated switch, or a boot or
diaphragm shall not cause flooding of the electrical components of a product that uses water or other
electrically conductive liquids during operation. The product is to be operated until ultimate conditions
occur with the boot or diaphragm completely removed, or with the timer, float, or pressure-operated switch
defeated, whichever is appropriate. If a product uses more than one of these features, the test is to be
repeated with each feature removed or defeated in turn. Only one feature is to be removed or defeated
during each test.

37.3 Wet pick-up

37.3.1 A prqduct that discharges water through a compartment enclosing any electrical cd)mponent is to

be operated f
of any other

product is to

37.4 Wetsa

3741 A pr
container fille

the product cz

37.5 Overfl

37.5.1

sudsing floor
The total am
solution equa

reservoir. The

Exception: A

A prd
water with 0.(

br 5 minutes after it begins to discharge water from that compartment. A-wet p
fype is to be operated until it has picked up as much water as its Capacity
e operated with the float, if provided, defeated in either case.

rubbing

bduct intended for floor scrubbing shall be operated for 15 minutes in a
 with water to a depth of 1/8 inch (3.2 mm). The container shall be sufficientl
n move freely.

DW

duct that is supplied with a reservoir that can be overfilled is to be tested as fo
2 ounce of sodium chloride per quart’(0.57 g/L) and 0.18 ounce per quart (5.
Hetergent is to be poured into the reservoir through an orifice 3/8 inch (9.5 mr
punt of test solution is that necessary to fill the reservoir to maximum capa
to 15 percent of the capacity,"but not more than 1 pint (0.47 L), is then to be g
product is to be in its intended position when filling the reservoir.

product having a reservoir that must be removed to be filled need not co

ick-up product
permits. The

flat-bottomed
y large so that

llows: Distilled
B g/L) of a low
n) in diameter.
City. Additional
oured into the

mply with this

requirement.

37.6 Polymegric water-handling components

37.6.1 To dgterming if a polymeric reservoir supplied with a product, including attached tu
with 37.1.1, a|1/4yinch (6.4 mm) diameter hole is to be drilled in the reservoir or tubing in thg location most
likely to resultimthetiquid Teachingative part—T e hote istobeptugged;and thetarmkorreservoir is to be
filled to 50 percent of its capacity with solution described in 37.5.1. The plug is then to be removed such

that all of the liquid will flow out. The reservoir is to be in its intended position, and the product is to be in
the position that allows maximum exposure to the liquid.

bing, complies

Exception: If the inside diameter of the tubing is less than 1/4 inch, the hole size is to be equal to that
diameter.

37.7 Impact test for polymeric reservoirs

37.7.1  When required by the Exception to 37.1.1, a polymeric reservoir shall be subjected to the impact

test for polymeric reservoirs as described in 37.7.2. As a result of a single impact on each surface that can
be exposed to a blow during intended use, there shall be no cracking or breakage of the reservoir material.
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37.7.2 The impact force applied to a part of a reservoir is to be obtained using a solid smooth steel
sphere 2 +£0.02 inches (50.5 £0.5 mm) in diameter and weighing approximately 1.18 Ib (0.5 kg). The
sphere is to fall freely from rest through a distance of 51 inches (1.3 m) to cause it to strike the top of the
reservoir with an impact of 5 ft-Ibf (6.8 J). For surfaces other than the top, either the sample is to be
supported on the side and subjected to the ball impact mentioned above, or the sphere is to be suspended
by a cord and is to fall as a pendulum through the distance required to strike the surface with the specified
impact. The reservoir is to be placed so that the surface tested is vertical and in the same vertical plane as
the point of support of the pendulum. Parts of the unit under test that may interfere with the cord of the
pendulum are to be removed. During the test, the unit is to be placed against a rigid supporting surface to

prevent the sample from moving upon impact.

37.8 Temperature stability test for polymeric reservoirs

37.8.1 When
stability condi
reservoir, incly

a) Intenference with the operation or user servicing of the product or

b) Ope

37.8.2 The ¢
maintained at
reservoir mea
no less than 7

38 Cord Regl Flexing Test

38.1 A cord
unreeling the
any damage
contacts.

38.2 During
any convenier
the action of t
of the reel th
intended meth

required by the Exception to 37.1.1, a polymeric reservoir shall withstand) th
ions described in 37.8.2 without any shrinkage, warpage, or any other dis
ding attached tubing, that results in one or both of the following conditions:

nings that allow liquid to leak from the tank.

omplete product is to be placed in a circulating-ait_oven for 7 hours. The
a temperature of 10°C (18°F) higher than the maximum operating tempe
sured at the hottest spot on the inside of the reservoir under normal operating ¢
D°C (158°F). The product is not to be operated during the test.

reel supplied with a product shall be subjected to 6000 cycles of operation
ord in the intended manner. Results are acceptable if there is no perceptible &
fo, the cord insulation and_no evidence of significant wear of movable 3

he endurance test;\the cord is to be unreeled to a length of 30 inches (760 mn
t method repreSentative of actual service, and is to be recoiled on the reel au
e take-up méchanism. The cord is to be unreeled in such direction with respe
t the tendency to abrade the insulation will be the greatest, giving consid
od of mounting the reel.

39 Abnormql Operation Test

e temperature
tortion of the

pven is to be
brature of the
onditions, but

bf reeling and
brasion of, or
nd stationary

n) or more, by
tomatically by
ct to the body
bration to the

39.1

39.1.1

General

A motor provided with inherent overtemperature protection complying with the requirements in the

Standard for Overheating Protection for Motors, UL 2111, or the Standard for Thermally Protected Motors,
UL 1004-3, and an impedance-protected motor complying with the requirements in the Standard for
Overheating Protection for Motors, UL 2111, or the Standard for Impedance Protected Motors, UL 1004-2,
are considered to comply with requirements in 39.2.1 — 39.3.2 without the necessity of further tests.

Exception: Testing of an impedance-protected motor shall not be waived if the motor is subject to some
adverse condition, such as restricted ventilation, proximity to an external source of heat, or the like.
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UL 1004-2 will replace Part Il of UL 2111 and UL 1004-3 will replace Part Ill of UL 2111.

39.2 Locked rotor

39.2.1 A motor having an automatically reset thermal protector is to be tested as described in 39.2.2.
Results are acceptable if there is no permanent damage to the motor, including excessive deterioration of
the insulation, and if the device permanently opens the circuit, it shall do so without grounding to the motor
frame, damage to the motor, or introduction of a risk of fire.

39.2.2 For the test mentioned in 39.2.1, the rotor of the motor is to be locked, and the motor connected to
a supply circuit having a voltage of 100 — 110 percent of the rated voltage of the motor. The protector of the

motor shall pg

Exception: TH
the operation
15 days.

39.23 Amg
itself, the loch
motor conneg
Results are a

39.3 Overcurrent

39.3.1 A mq

acceptable if {here is no ignition of cotton surrounding a thermal protector.

39.3.2 Thre
1/2 horsepow
having other
be 1000 amp
measured wit
the device un

a) Fou

b) 20 4

rform successfully for 15 days.

e test is to be terminated if the product includes other controls, such as|atimg
to a shorter interval, or the device permanently opens the circuit priorto the e

nually reset thermal protector of a motor shall interrupt for$60-0perations, with
ed-rotor current of the motor with which it is intended to-be used when ope
ted to a supply circuit having a voltage of 100 — 110 pereent of the rated voltag
cceptable if there is no permanent damage to the motor.

tor is to be subjected to limited short-circuit currents as described in 39.3.

b samples of the device are to be-subjected to limited short-circuit currents. Fo
er (373 watts) or less and- 250 volts or less, the current is to be 200 ampere
atings, but not more than I*horsepower (746 watts) or more than 600 volts, th
bres. The power factor of the test circuit is to be 0.9 — 1.0, and the circuit ca

Jer test. The fuse\rating is to be not less than the highest of the following:
r times the-fated current of the product;

mperes-for a product rated 150 volts or less; or

r, that will limit
piration of the

put damage to
rated with the
e of the motor.

. Results are

 a motor rated
5. For a motor
e current is to
pacity is to be

hout the device in the\circuit. A nonrenewable cartridge fuse is to be connected in series with

c) 15

[«

mperes for a product rated more than 150 volts.

For a manual reset thermal protector, the test on one sample is to be made by closing the device on the

short circuit.

40 Abnormal Operation Test — Electronic Components Test

40.1

40.1.1

General

conditions specified in 40.2.

Equipment shall not cause a risk of fire or electric shock when operating under the abnormal

40.1.2 Operation under the abnormal conditions specified in 40.2.1 shall not result in a risk of fire,
electric shock, or increased risk of personal injury. A risk of fire, electric shock, or increased risk of
personal injury is considered to exist if the test results in any of the following:
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a) Ignition of the cheesecloth or the tissue paper;

b) The 3-ampere fuse connected to earth ground opens;

c) Any opening is developed in the overall enclosure that is larger than those permitted by
accessibility requirements as covered by the Accessibility of Uninsulated Live Parts, Film-Coated

Wire, a

nd Moving Parts, Section 6; or

d) The appliance does not comply with the Dielectric Voltage-Withstand Test, Section 34.

40.1.3 Following the abnormal condition specified in 40.2, the sample is to be subjected to the applicable

test potentials

described in the Dielectric Voltage-Withstand Test, Section 34.

40.1.4 For tH
circuit protectsg
covered softw|
Exposed non
nontime delay]
between the p

e abnormal operation tests specified in 40.2, the appliance is to be connectg
d by a 30-ampere time-delay fuse marked Type D. It is to be placed on awhit
bod surface. A single layer of cheesecloth is to be draped loosely overthe ¢
current-carrying metal parts are to be connected to earth groupd*through
type fuse. The supply circuit connection is to be such that thevmaximum p
rotective device of the product, if any, and the chassis.

40.2 Electronic components

40.21
state device, 3
For a discrete
circuit device,

Exception: Ab
determined by
of fire, electric

A single malfunction (short or open) of any circuit compenent, such as a resistor, ¢

nd the like, shall not result in a risk of fire, electric:shock, or increased risk of p
multiple (more than two) terminal device, such as a transistor, SCR, triac, or
any combination of terminals taken two at'a'time is to be open- or short-circuite

normal operation testing of multiple’terminal circuit devices may be reduce
circuit analysis that an open- or.short-circuit of the terminal(s) is not likely to
shock, or injury to persons.

40.2.2 The fest potential described in"the Dielectric Voltage-Withstand Test, Section

conducted onl
conducting the

41 Overload

41.1 A switc
or solenoid) s

y after the last abnormal operation test unless it is necessary to replace con
other tests.

Test

h or otherdevice that controls a motor of a product, or that controls a coil (tran
hall_perform acceptably when subjected to an overload test consisting of

operation as qiescribed in 41.2 — 41.4 as applicable. Results are acceptable if there is n

d to a supply
b tissue paper
ntire product.

a 3-ampere
btential exists

Bpacitor, solid
ersonal injury.
an integrated
d.

d if it can be
result in a risk

34, need be
ponents after

sformer, relay,
50 cycles of
b electrical or

mechanical malfunction or breakdown of the device or undue burning or pitting of the con
fuse in the grounding connection does not open.

acts, and the

Exception No. 1: A device known to be acceptable for the application need not be tested for overload.

Exception No. 2: A device interlocked so that it will never break the locked-rotor motor current need not be
tested for overload.

41.2

In a test to determine whether the switch or other control device complies with the requirement in

41.1, exposed dead metal parts of the product are to be connected to ground through a 3-ampere plug
fuse, and the product is to be connected to a grounded supply circuit of rated frequency. During the test
the device is to be operated at a rate of not more than 10 cycles per minute.

Exception: A faster rate of operation may be used if agreeable to those concerned.
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41.3 When testing a switch or other control device that controls a solenoid, a relay coil, or the like, the
product is to be connected to a supply circuit of rated frequency and 110 percent of maximum rated
voltage. The load on the device being tested is to be the same as that which it is intended to control in
intended service.

41.4 When testing a switch or other control device that controls a motor, the rotor of the motor is to be
locked in position and the product is to be connected to a supply circuit of maximum rated voltage as
described in 33.1.8. The connection is to be such that any single-pole, current-interrupting device will be
located in the ungrounded conductor of the supply circuit. If the product is intended for use on direct
current, or on direct current as well as alternating current, the exposed dead metal parts of the product are
to be connected so as to be positive with respect to a single-pole, current-interrupting control device.

42 Permang¢nce of Marking Test
421 General

42.1.1 After|being subjected to the conditions described in 42.2.1 — 42.3.1, arpressure-sepsitive label or
a label securgd by cement or adhesive is considered to be permanent if,<imimediately follpwing removal
from each test medium, and after being exposed to room temperature far 24 hours following removal from
each medium

a) Eagh sample demonstrates good adhesion and the edges.are not curled.

b) The label resists defacement or removal as demonstrated by scraping across the fest panel with
a flat metal blade 1/32 inch (0.8 mm) thick, held at right angles to the test panel.

c¢) Thelprinting is legible and is not defaced by.tubbing with thumb or finger pressure.
42.2 Oven-aging test

42.2.1 Thre¢ samples of the label appglied to test surfaces as in the intended application are to be
conditioned fpr 240 hours in an air oven maintained at the temperature specified in thg¢ Standard for
Marking and fabeling Systems, UL 969.

42.2.2 Samples of the label"applied to test surfaces as in the intended application are to pe placed in a
controlled atnmposphere maintained at 23.0 £2.0°C (73 £4°F) with a 50 x5 percent relative humidity for 24
hours. Three pamples are'then to be immersed in water and, if the marking is on a surface [through which
oil holes or tupes extend or that may otherwise be subject to contact by oil in intended use, three samples
are to be immersedin oil at a temperature of 21.0 £2.0°C (70 £4°F) for 48 hours in each casg.

42.3 Standard-atmosphere test

42.3.1 Three samples of the label applied to test surfaces as in the intended application are to be
conditioned for 72 hours in a controlled atmosphere maintained at 23 +2°C (73 +4°F) with a 50 15 percent
relative humidity.

MANUFACTURING AND PRODUCTION TESTS

43 Production-Line Dielectric Voltage-Withstand Test

43.1 Each product shall withstand without dielectric breakdown, as a routine production-line test, the
application of a potential at a frequency within the range of 40 — 70 hertz between:
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a) The primary wiring, including connected components, and accessible dead metal parts that are
likely to become energized and

b) Primary wiring and accessible low-voltage (42.4 volts peak or less) metal parts, including
terminals.

43.2 The production-line test shall be in accordance with either Condition A or Condition B of Table 43.1.

Table 43.1
Production-line test conditions
Condition A Condition B
Time,
Appliance rating Potential, volts seconds Potential, volts lime, seconds
250 volts or less|with or without a 1000 60 1200 1
motor rated 1/2 horsepower (373
watts) or less
Rated more thar] 250 volts or with a 1000 + 2@ 60 1200,+ 2.4V 1
motor rated mor¢ than 1/2
horsepower
& Maximum rateq voltage.

43.3 The prg

43.4 The tes
be unwired, m

Exception No
performance d

Exception No
completed pro

43.5 With reference to 43.4 -a‘product using a solid-state component that is not relied upon

risk of electriq
component is
potential spec|
solid-state-cor

duct may be in a heated or unheated condition forthe test.

t is to be conducted when the product is fully’assembled. It is not intended th
bdified, or disassembled for the test.

1: A part such as a snap cover or a friction-fit knob that would inte
f the test need not be in place.

2: The test may be performed before final assembly if the test represen
duct.

shock andtthat can be damaged by the dielectric potential may be tests
electrically)connected, provided that a random sampling of daily production is
fied in Table 43.1. The circuitry may be rearranged for the test to reduce th
nponent damage while retaining representative dielectric stress of the circuit.

at the product

fere with the

s that for the

to reduce the
ed before the
tested at the
b likelihood of

43.6 The testequipmentistoinciudeatransformertavingamessentiatty sinusoidatoutput, a means of
indicating the test potential, an audible or visible indicator of dielectric breakdown, and either a manually
reset device to restore the equipment after dielectric breakdown or an automatic feature that rejects any
unacceptable unit.

43.7

include a voltmeter in the output circuit to directly indicate the test potential.

43.8

be indicated by:

a)Avo

b) Ase

Itmeter in the primary circuit or in a tertiary winding circuit;

lector switch marked to indicate the test potential; or

If the output of the test equipment transformer is less than 500 volt-amperes, the equipment is to

If the output of the test equipment transformer is 500 volt-amperes or more, the test potential may
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¢) A marking in a readily visible location to indicate the test potential of equipment having a single
test potential output.

If a 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.

43.9 Test equipment other than that described in 43.6 — 43.8 may be used if found to accomplish the
intended factory control.

43.10 During the test, the primary switch is to be in the on position, both sides of the primary circuit of the
product are to be connected together and to one terminal of the test equipment, and the second test-

equipment teminal is to be connected to the accessible dead metal.

Exception No
excessive se(

a)As

b) On
in the

Exception No
test potential

44 Product
441 Each
production-lin

attachment pl

442 Only a

1: A product (resistive, high-impedance winding, or the like) having circuitry
ondary-voltage buildup in case of electrical breakdown during the testmay be

hgle-pole primary switch, if used, in the off position; or

) one side of the primary circuit connected to the test equipment when the pr
bn position, or when a primary switch is not used.

2: The primary switch is not required to be in the.on position if the testing me
between primary wiring and dead metal parts with the switch not in the on posii

on-Line Grounding Continuity Test

ord-connected appliance having-provision for grounding shall be tested,
e test, to determine that grounding continuity exists between the groundin
Lig and the accessible dead metal parts of the product that are likely to become

single test need be conducted if the accessible metal selected is conductively

not subject to
tested with:

mary switch is

ans applies full
ion.

as a routine
j blade of the
energized.

connected by

construction tp all other accessible'metal.

44.3 Any ao ination, or the

like, may be U

ceptable indicating device, such as an ohmmeter, a battery-and-buzzer comk
sed to detefmine whether a product complies with the requirement in 44.1.

MARKINGS

45 General

45.1 A floor finishing machine shall be legibly and permanently marked with the manufacturer's name,
trade name, or trademark, the date or other dating period of manufacture not exceeding any three
consecutive months, a distinctive catalog or model number or the equivalent, and the electrical rating. The
electrical rating shall include the voltage, frequency, and input in amperes or watts. The marking shall also
include the ampere rating unless the full load power factor is 80 percent or more or unless the machine is
rated 50 watts or less. The number of phases shall be indicated if the machine is for use on a polyphase
circuit.

Exception No. 1: The manufacturer's identification may be in a traceable code when the machine is
identified by the brand or trademark owned by a private labeler.

Exception No. 2: The date of manufacture may be abbreviated;, or may be in a nationally accepted
conventional code or in a code affirmed by the manufacturer, provided that the code:
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