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INTRODUCTION

1 Scope

1.1

These requirements cover commercial and household electric equipment for use on or in aquariums

in indoor locations at 300 volts or less, in accordance with the National Electrical Code, NFPA 70, such as
heaters, pumps, filters, aerators, reflectors, hoods, electrically wired stands, and similar equipment.

1.2 These requirements do not cover:

a) lllu

b) Aq
as, b

aqualfium tank.

1.3 Aquariu
the additiona

2 Units of Measurement

2.1 Values
approximate

2.2 Unless
square (rms)

minators or stands not specifically intended for use with aquariums or

larium tanks except when part of the tank acts as enclosure or water barrierfo
Ut not limited to, filter, heating, or UV units that are integrated into the base

m equipment involving tungsten-halogen or high intensity discharge lamps shal
applicable requirements specified in the Standard for Portable Electric Luminai

stated without parentheses are the requirement. Malues in parentheses are ¢
information.

otherwise indicated, all voltage and current values mentioned in this standard a

3 Undated|References

3.1 Any unglated reference to a code or'standard appearing in the requirements of this star
interpreted ap referring to the latest edition’of that code or standard.

4 Glossary

4.1 For the|purpose of this'standard the following definitions apply.

4.2 APPLIANCE GCOUPLER - A single-outlet, female contact device for attachment to a fII
part of a detgchablepower-supply cord to be connected to an appliance inlet (motor attachm
4.3 APPLIANCEAFEAHRONPEYG—AR-appliance-—coupter-type-of-deviee-having-a-core

fittings, such
br wall of the

| comply with
res, UL 153.

xplanatory or

re root-mean-

dard shall be

xible cord as
nt plug).

slot configuration specified for use

4.4 APPLIANCE INLET (MOTOR ATTACHMENT PLUG)

with heating or cooking appliances.

guard and a

— 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 connect

4.5

or.

AQUARIUM APPLIANCE - An appliance falling within the scope of these requirements.

Requirements that apply only to specific appliances are identified by reference in the text to such specific

appliances.

46 AQUARIUM STAND — Equipment intended to support an aquarium. Such a stand may contain lamps
for illumination, heater elements to control the temperature of the aquarium, and other aquarium-related
appliances and devices.
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4.7 AUTOMATICALLY CONTROLLED - An appliance is considered to be automatically controlled under
any one or more of the following conditions:

a) If the repeated starting of the appliance, beyond one complete, predetermined cycle of operation
to the point where some form of limit switch opens the circuit, is independent of any manual control.

b) If, during any single, predetermined cycle of operation, a motor is caused to stop and restart one
or more times.

c) If, upon energizing the appliance, the initial starting of a motor is likely to be intentionally delayed
beyond conventional starting.

d) If, g

load i
the su

d
bply circuit.

mechanical

nnections to

4.8 COMPONENT — A device or fabricated part of the appliance covered by, the scop¢ of a safety

standard ded

installed (e.d.
compose a d¢

4.9 CONTR

410 CONT
relied upon a
an efficiency
normal or abr

411 CONT
control.
412 CONT

regulates the
thermal cutod
operating con

413 CONT
reduce the ris
of the appliar
and abnormg

cated to the purpose. When incorporated in an appliance, equipment otherwise
luminaire) is considered to be a component. Unless otherwise specified, n
vice or fabricated part, such as thermoplastic or copper, aresnot'considered con

OL, AUTOMATIC ACTION — A control in which at leasti@ene aspect is non-manual.

ROL, AUXILIARY — A device or assembly of devices that provides a functiona
5 an operational or protective control, and therefore is not relied upon for safety.
control not relied upon to reduce the risk of’electric shock, fire, or injury to pg
ormal operation of the end product is considered an auxiliary control.

ROL, MANUAL — A device that requires direct human interaction to activat

ROL, OPERATING — A-device or assembly of devices, the operation of wh
end product during normal operation. For example, a thermostat, the failur
t/limiter or another_layer of protection would mitigate the potential hazard, is ¢
trol. Operating caontrols are also referred to as “regulating controls”.

ROL, PROTFECTIVE — A device or assembly of devices, the operation of which i
k of electric'shock, fire or injury to persons during reasonably anticipated abnorr
ce. Forexample, a thermal cutout/limiter, or any other control/circuit relied upq
| conditions, is considered a protective control. Protective controls are also r
pls”’and “safety controls.”

typically field
naterials that
ponents.

utility, is not
For example,
rsons during

b or rest the

ich starts or
e of which a
bnsidered an

s intended to
nal operation
n for normal
pferred to as

“limiting contn

Note — During the evaluation of the protective control/circuit, the protective functions are verified under normal and single-fault

conditions of the

control.

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

4,15 CONTROL, TYPE 2 ACTION — The actuation of an automatic control for which the manufacturing
deviation and the drift (tolerance before and after certain conditions) of its operating value, operating time,
or operating sequence have been declared and tested under this standard.
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416 CORD CONNECTOR - A female contact device wired on flexible cord for use as an extension from
an outlet to make a detachable electrical connection to an attachment plug or, as an appliance coupler, to
an equipment inlet.

4.17 REMOTELY CONTROLLED - An appliance is considered remotely controlled if it is not within sight
of the operator at the location of the starting switch or other device.

4,18 USER SERVICING — Any form of servicing of an appliance that may be performed by personnel
other than those who have been trained to maintain the particular appliance. Examples include:

a) Resetting or replacement of circuit breakers, fuses, and lamps that are accessible without the
use of tools.

b) Replacement of removable lamps with or without the use of tools.
c¢) Ropitine operating adjustments necessary to adapt the appliance for different'intended functions.

d) Roptine cleaning, and maintenance of components such as filters anddiffusers.
419 UV EMITTER (UV LIGHT SOURCE) — Radiating source constructed to emit| non-ionizing

electromagnegtic energy at wavelengths of 100 nm to 400 nm. They ¢an be gas-discharge Jamp, LED or
other technologies.

420 UV RADIATION WATER TREATMENT APPLIANCE - Appliance that treats|water using
electromagnetic energy at wavelengths in the ultraviolet ‘band using UV EMITTER, such Jas UV Water
Filter.

CONSTRUCITION

5 Frame and Enclosure

5.1 General

5.1.1 An gppliance shall befermed and assembled so that it shall have the strength and rigidity
necessary tq resist the abuses/to which it is likely to be subjected. There shall be no likelihood of fire,
electric shodk, or injury te_persons due to total or partial collapse with resulting reduction] of spacings,
loosening or displacement of parts, or other serious defects.

bt contact live
, to simulate

i mam in place
during the test. The Leakage Current Test, Sectlon 38, shaII be used to determine whether water has
contacted any live part.

5.2 Thickness of metal

5.2.1 For unreinforced, flat surfaces in general, cast metal shall not be less than 1/8 inch (3.2 mm) thick.
Malleable iron shall not be less than 3/32 inch (2.4 mm) thick. Die cast metal shall not be less than 5/64
inch (2 mm) thick if the surface is curved, ribbed, or otherwise reinforced, or if the shape or size (or both) of
the surface is such that equivalent mechanical strength is provided.

5.2.2 An enclosure of sheet metal other than a hood or reflector shall be evaluated with regard to the
size, shape, and thickness of the metal. Consideration shall be given to the intended use of the complete
appliance. The use of sheet steel having a thickness of less than 0.026 inch (0.66 mm) if uncoated, or
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0.029 inch (0.74 mm) if galvanized, or of nonferrous metal having a thickness of less than 0.036 inch (0.91
mm) is not recommended.

Exception: It is acceptable for a relatively small area or surface that is curved or otherwise reinforced to be
less than the specified thickness. A form of construction that uses metal thinner than specified may be
used if found to provide equivalent physical strength and protection.

5.2.3 The thickness of sheet metal in an aquarium hood or reflector shall not be less than indicated in
Table 5.1.

5.2.4 The maximum dimension specified in Table 5.1 is considered to be:

a) Thg diameter of a circular appliance,

b) Thg longest diameter of an elliptical appliance,
c) The longest side of a triangular appliance,

d) Thg diagonal of a rectangular appliance, or

e) Theg longest diagonal of a multisided appliance.

Table 5.1
Minimum sheet metal thicknesses for-aquarium reflectors

Minimum acceptable thicknesq when
maximum dimension? is:

36 inches (914 mm) More than 36
or less, inches (9114 mm),
[ype of metal Wheére used inch (mm) inch (mm)
Stainless $teel At lampholders 0.015 0.38 0.018 0.46
Elsewhere in reflectors 0.013 0.33 0.018 0.46
Plated stegl At lampholders 0.015 0.38 0.018 0.46
Elsewhere in reflectors 0.015 0.38 0.018 0.46
Aluminum| brass, or copper At lampholders 0.025 0.64 0.032 0.81
Elsewhere in reflectors 0.020 0.51 0.025 0.64

2 In accordance with5:2:4.

5.2.5 Table .1 applies to any single surface or single flat sheet. A rigid member consisting|of 1/2 by 1/2
inch (12.7 by 127 mm) 90 degree angle Strips formed of sheet steel not 1ess than 0.0327inch (0.81 mm)
thick, or flat steel bars not less than 3/8 inch (9.5 mm) wide and 1/8 inch (3.2 mm) thick can be used to
reinforce and divide a large area into sections for which lighter metal may be used. Such reinforcement,
unless along the longer dimension of the surface, shall be secured to the adjacent sides of the enclosure.
A single piece of sheet metal that is corner bent to form an angle of not more than 120 degrees is
considered to be reinforced along the bend, and its thickness may be based on the length of the largest
flat surface involved.

5.2.6 The thickness of metal is not specified for a purely ornamental part or for a reflector part not relied
upon to enclose wiring or support a live part. A part relied upon to reduce the risk of a reflector falling into
an aquarium tank is not considered ornamental.

5.2.7 There is no minimum thickness specified for a reflective strip utilized as a heat sink for a reflector;
however, the means of adhesion of the strip to the frame shall be investigated as described in 60.1 — 60.3.
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5.3 Barriers

5.3.1

The enclosure of a remotely or automatically controlled appliance, or one intended to operate

unattended, shall reduce the risk of molten metal, burning insulation, flaming particles, and the like falling
on combustible surfaces or materials, including the surface upon which the appliance is supported.

5.3.2 The requirementin 5.3.1 necessitates the use of a barrier of combustion-resistant material:

a) Under a motor unless one of the following items applies:

1) The structural parts of the motor or of the appliance provide what is determined to be the

equivalent of such a barrier.

b) Un

2) The protection provided with the motor is such that no burning insulat
material falls to the surface that supports the appliance when the motoris ‘en
each of the following fault conditions:

i) Main winding opened,
ii) Starting winding opened,
iii) Starting switch short circuited, and

iv) For a permanent split capacitor motot,/the capacitor short circuite
circuit is to be applied before the motoris.energized, and the rotor is to

3) The motor is provided with a thermal métor protector (a protective device th
to temperature and current). It shall prevent the temperature of the motor
becoming more than 125°C (257° E)-under the maximum load conditions un
motor will run without causing the protector to cycle. It shall also prevent the m
from becoming more than 150°C (302°F) with the rotor of the motor locked.

4) The motor complies:with the requirements for impedance-protected n
Standard for Overheating Protection for Motors, UL 2111.

der wiring, unless.itis of the flame retardant type. Neoprene or thermoplastic in

are considered to be flame retardant types.

53.3 The
individually

a) F
pers

equirement_in 5.3.1 will also necessitate that a switch, relay, solenoid, or sim
nd completely enclosed unless it can be shown that:

ilurewof the component would not result in a risk of fire, electric shock, or ¢

on or molten
brgized under

d. (The short
be locked.)

at is sensitive
vindings from
der which the
otor windings

hotors in the

sulated wires

lar device be

ther injury to

[al~wald

b) There are no openings in the bottom of the appliance overall enclosure.

Exception: A terminal of a switch, relay, solenoid, or a similar device may protrude from such an individual
enclosure.

5.3.4 The barrier mentioned in 5.3.2 shall be horizontal, shall be located as indicated in Figure 5.1, and
shall have an area not less than that shown in the figure. Openings for drainage, ventilation, and similar
needs may be provided in the barrier if they do not permit molten metal, burning insulation, or like
materials to fall on combustible material.
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Figure 5.1

Location and extent of barrier
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A — Region to be shielded by barrier. This consists of the entire component if it is not otherwise shielded and consists of the

unshielded portion of a component which is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C —Inclined line which traces out minimum area of barrier. When moving, the line is always:
a) Tangent to the component,
b) 5 degrees from the vertical, and

c) Oriented so that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the

inclined line C and the horizontal plane of the barrier.
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5.4 Polymeric material

5.4.1 A polymeric enclosure material shall be investigated in accordance with the requirements in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C. The ball impact
value referred to in UL 746C shall be 5 foot-pounds force (6.78 J) in all cases.

5.4.2 A polymeric material used for parts other than the enclosure in aquarium equipment shall be
evaluated in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in
Devices and Appliances, UL 94.

5.4.3 Among the factors that shall be taken into consideration when judging the acceptability of

nd-nonmetallic material are resistance-to:

magnesium
a) Me
b) Im
c) Mo
d) Co

e) Dis

chanical damage,
bact,

sture absorption,
mbustion,

tortion at temperatures to which the material may be subjected under condition

abnofgmal use, and

5 of normal or

f) Agihg, where the material may be exposed to ultraviolet light (from an ultraviolet lamp bulb, for

example), or other similar exposure.
5.4.4 A polymeric appliance material enclosing uninsulated live parts or live parts having ihsulation less
than 0.028 inch (0.71 mm) thick or equivalent,shall comply with the Polymeric Enclosurg¢ Tests (mold
stress, impaft, strain relief, etc.) detailed in-the Standard for Polymeric Materials — Usg in Electrical
Equipment Hvaluations, UL 746C and shall have a flammability class determined in accordpnce with the
Standard for| Tests for Flammability of-Rlastic Materials for Parts in Devices and Appliances, UL 94 as
follows:

a) Clgss 5VA for fixed or stationary appliances or for an appliance that is permanently installed.

Exception: In lieu of)the required 5VA flame rating for stationary or permangntly installed

appliances, the pelymeric enclosure may be subjected to the 127 mm end-product flame test in

accordance with UL 746C.

b) Clgss V-2 minimum for all other aquarium appliances.

Exceptiom No. 11 fieaof the required V2 ftame rating for att other aquariur appliances, the

polymeric enclosure may be subjected to the 12 mm or 20 mm end-product flame test in
accordance with UL 746C.

Exception No. 2: In lieu of the required V2 flame rating for household aquarium appliances, the
polymeric enclosure may be comprised of HB rated materials if the household aquarium equipment
is found to comply with the requirements for UL 746C, Portable Unattended Household Equipment
- Alternate Path. The appliance shall be marked to indicate it is suitable for household use only.

5.4.5 The polymeric housing of a component is not considered to be an appliance enclosure unless this
part is the sole insulation (excluding air) between a live part and an external surface of the appliance.
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6 Component Specifications

6.1

6.1.1

General

A component of a product covered by this standard shall:

a) Comply with the requirements for that component as indicated in 6.2 — 6.25;

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

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

d) Ad
e) Not

Note — Specific g
intended for use
under those spe

Exception Ng
specific comg

a) Invi
produ

b)Is s

c)lss

used Within its established ratings and limitations.

Exception Ng
6.25is accep

a) The

b) The

HH Ll 1 hlatlo L ol + s £ il <l <l 'y 4 <l <l
ol |a||y \.;Ulllply wWILIT IS applluas.nc IGL{UIIUIIIGI o Ur uiio ©rid }JIUUU\JL Sl driudiuy, d
contain mercury. Fluorescent lamps are exempt.

omponents are incomplete in construction features or restricted in performance capabilities. Such
only under limited conditions, such as certain temperatures not exceeding specified,limits, and sh
ific conditions.

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

plves a feature or characteristic not required in<the” application of the comg
Ct; or

Lperseded by a requirement in this standard;/or

eparately investigated when forming part of another component, provided the (

. 2: A component complyingwith a UL component standard other than those
fable if:

component standard:

1) Is compatible with the ampacity and overcurrent protection requirements of
ElectricallCode, ANSI/NFPA 70, where appropriate;

2)«Considers long-term thermal properties of polymeric insulating materials ir
with the Standard for Polymeric Materials — Long Term Property Evaluations, U

component also complies with the applicable component standard of 6.2 — 6.25;

fomponents are
all be used only

omply with a

onent in the

romponent is

cited in 6.2 —

or

the National

accordance
| 7468B; and

3) Any use limitations of the other component standard is identified and appropriately

accommodated in the end use application. For example, a component used in
application, but intended for industrial use and complying with the relevan
standard may assume user expertise not common in household applications.

a household
t component

6.1.2 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
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.
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6.1.3 A component not anticipated by the requirements of this standard, not specifically covered by the
component standards of 6.2 — 6.25, and that involves a potential risk of electric shock, fire, or personal
injury, shall be additionally investigated in accordance with the applicable UL standard, and shall comply
with 6.1.1 (b) — (d).

6.1.4 With regard to a component being additionally investigated, reference to construction and
performance requirements in another UL end-product standard is appropriate where that standard

anticipates normal and abnormal use conditions consistent with the application of this Standard.

6.2 Attachment plugs, receptacles, connectors, and terminals

6.2.1
appliance (fl
See 6.2.9.

Exception N¢.

covered und
not comply w

Exception N
Current-Carn

6.2.2 Quich

conductors, having nominal widths of 0.110, 0.125, 0.187, 0.205, and 0.250 inch (2.8, 3.2, 4.8,

mm), intendq
appliance, sh

Exception: @
insertion-with

6.2.3 Singl
between ele
conductors,
Component

6.2.4 Wire

6.2.5 Splici

Attachment-pluc a i S i i
tlron) plugs shaII comply W|th the Standard for Attachment Plugs and Recepta

1: Attachment plugs and appliance couplers integral to cord sets or.power suj
br the requirements of the Standard for Cord Sets and Power-SupphyCords, UL
ith UL 498.

. 2: A fabricated pin terminal assembly(ies) need not comply with UL 498 if it

ying Parts, Section 16, Insulating Material, Section 18,;and Spacings, Section 223.

-connect terminals, both connectors and tabs, for, use with one or two 22 — 10

d for internal wiring connections in appliances, or for the field termination of con
all comply with the Standard for ElectricalQuick-Connect Terminals, UL 310.

ther sizes of quick-connect terminals shall be investigated with respect to ¢

drawal, temperature rise, and all.tests shall be conducted in accordance with UL

b and multipole connecters.for use in data, signal, control and power applicatig
ctrical equipment, and that are intended for factory assembly to copper or
or for factory assembly to printed wiring boards, shall comply with the

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

connectors.Shall comply with the Standard for Wire Connectors, UL 486A-486B.

hg wire:connectors shall comply with the Standard for Splicing Wire Connectors

ent plugs), and
cles, UL 498.

bply cords are
817 and need

complies with

AWG copper
5.2,and 6.3
ductors to the

rimp pull out,
310.

ns within and
copper alloy
Standard for
be 6.2.9.

UL 486C.

6.2.6 Multi

f hard-wired

1 Lol H t3 that at dad + £, htat +h tH
MUIC opIiCiiy Wil CUTTTITUIUTS  Uidat arc micriiutu tu - raviinatc uic CUTnicUuuri

utilization equipment to the branch-circuit conductors of buildings shall comply with the Standard for
Insulated Multi-Pole Splicing Wire Connectors, UL 2459. See 6.2.9.

6.2.7 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.

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

Exception: A fabricated part performing the function of a terminal block need not comply with UL 1059 if
the part complies with the requirements of Wiring terminals and leads, 10.3.3, Current-Carrying Parts,
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Section 16, Insulating Material, Section 18, and Spacings, Section 22. This exception does not apply to
protective conductor terminal blocks.

6.2.9 Female devices (such as receptacles, appliance couplers, and connectors) that are intended, or
that may be used, to interrupt current in the end product, shall be suitably rated for current interruption of
the specific type of load, when evaluated with its mating plug or connector. For example, an appliance
coupler that can be used to interrupt the current of a motor load shall have a suitable horsepower rating
when tested with its mating plug.

6.3 Batteries and battery chargers
6.3.1 A lithigkn-ien he irements—fo ndary lithium
cells in the Standard for thhlum Battenes UL 1642 A I|th|um ion multlple cell battery, and a lithium ion
battery pack, [shall comply with the applicable requirements for secondary lithium cells ©r baftery packs in
the Standard for Household and Commercial Batteries, UL 2054.

6.3.2 Rechargeable nickel cadmium (Ni-Cad) cells and battery packs shall)cemply with the applicable
construction and performance requirements of this end product standard.

6.3.3 Rechdrgeable nickel metal-hydride (Ni-MH) battery cells and packs shall comply with{ construction
and performahnce requirements of this end product standard, or the-applicable requirements fpr secondary
cells or battery packs in the Standard for Household and Commercial Batteries, UL 2054.

6.3.4 Primary batteries (non-rechargeable) that comply with" the relevant UL Standard and Component
Specificationg, General, 6.1, are considered to fulfill the réquirements of this Standard.

6.3.5 A Clags 2 battery charger shall comply withone of the following:
a) Stapdard for Class 2 Power Units, ULy1310 or

b) Standard for Information Techdology Equipment — Safety — Part 1: General Requjrements, UL
609501, with an output marked "Class 2", or that complies with the limited power $ource (LPS)
requirgments and is marked "LPS".

6.3.6 A noniClass 2 battery charger shall comply with one of the following:
a) Stapdard for Power Units Other Than Class 2, UL 1012 or

b) Standard-for Information Technology Equipment — Safety — Part 1: General Requjrements, UL
60950-1:

6.4 Boxes and raceways

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

6.5 Capacitors and filters

6.5.1 The component requirements for a capacitor are not specified. A capacitor complying with the
Standard for Capacitors, UL 810, is considered to fulfill the requirements of 29.1.
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6.5.2 Electromagnetic interference filters with integral enclosures that comply with the Standard for
Electromagnetic Interference Filters, UL 1283, are considered to fulfill the requirements of 29.1.

6.6 Contro

6.6.1

6.6.1.1

Is

General

standard and the parameters in Controls — End Product Test Parameters, Section 27.

Auxiliary controls shall be evaluated using the applicable requirements of this end product

6.6.1.2 Operatlng (regulatlng) controls shall be evaluated using the appllcable component standard

oL 7

requirementg

Dpcblllcu ||| U U L = U.U.T, allu II appllucu.nc, LI 1< }JGIGIIIULUIO III UUIIlIUIO - LII

Product Test

Parameters, [Section 27, unless otherwise specified in this end product standard.
6.6.1.3 Operating controls that rely upon software for the normal operation of the'end product where
deviation or @rift of the control may result in a hazard, such as a speed control unexpectedly changing its

output, shall

a) Sta
Stang

b) Std

6.6.1.4 Protective (limiting) controls shall be evaluated jusing the applicable compon

requirements
Parameters,

6.6.1.5 Sol
comply with {

a) Ste

b) Std
Claus

6.6.1.6 Pro

a) Sta
Stang

b) Stg

comply with the:

ndard for Tests for Safety-Related Controls Employing Solid-State Devices, UL
ard for Software in Programmable Components, UL 1998 or

ndard for Automatic Electrical Controls — Part 1: General Requirements, UL 607

specified in 6.6.2 — 6.6.7, and if applicable;the parameters in Controls — End
Section 27, unless otherwise specified in'this end product standard.

d-state protective controls that do\not rely upon software as a protective cor
he:

ndard for Tests for Safety-Rélated Controls Employing Solid-State Devices, UL

ndard for Automatic Electrical Controls — Part 1: General Requirements, UL 6(
e H 11.12 (Controls:using software).

ective controls that rely upon software as a protective component shall comply V

ndard for Tests for Safety-Related Controls Employing Solid-State Devices, UL
ard forSoftware in Programmable Components, UL 1998; or

ndard for Automatic Electrical Controls — Part 1: General Requirements, UL 607,

991, and the

30-1.

ent standard
Product Test

hponent shall

D91 or

730-1 except

vith the:

991, and the

30-1.

6.6.1.7 An electronic, non-protective control that is simple in design need only be subjected to the
applicable requirements of this end-product standard. A control that does not include an integrated circuit
or microprocessor, but does consist of a discrete switching device, capacitors, transistors, and resistors, is
considered simple in design. See Abnormal Operation Test, Section 46.

6.6.2 Electromechanical and electronic controls

6.6.2.1 A control, other than as specified in 6.6.3 — 6.6.7, shall comply with the:
a) Standard for Solid-State Controls for Appliances, UL 244A;

b) Standard for Temperature-Indicating and —Regulating Equipment, UL 873; or
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c) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.

6.6.3 Liquid level controls

6.6.3.1 Aliquid 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¢) Standard for Industrial Control Equipment, UL 508.

d St <l ol £ Ak ' |l | ot L ry ] [ P | Lo -} H rs 1L f‘0730 1. d
IUdirua TUT AUtUITIate icuuivar ‘CUTNTUUIS — T arl 1. JDTTICTalr TN\CUYUITTITICTIS, UL U =1, an

the:

1) Standard for Automatic Electrical Controls for Household and_Similar UUse; Part 2:
Particular Requirements for Automatic Electrical Air Flow, Waten Flow and|Water Level
Sensing Controls, UL 60730-2-15 or

2) Deleted

6.6.4 Motonand speed controls
6.6.4.1 A cgntrol used to start, stop, regulate or control the speed of a motor shall comply with the:
a) Stapdard for Solid-State Controls for Appliances; UL 244A,;
b) Stapdard for Temperature-Indicating and —Regulating Equipment, UL 873;

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

d) Stapdard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Requirements
— Elegtrical, Thermal, and Energy; UL 61800-5-1; or

e) Stapdard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.
6.6.5 Pressjure controls

6.6.5.1 A pressure control shall comply with one of the following:

a) Stapdard-for Temperature-Indicating and —Regulating Equipment, UL 873;

ASra far hadnatrial-CantralEmiarant—l
C) Sta UdAaru 1T mmiudolriar CGUTITu Ul =

c¢) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1 and the
Standard for Automatic Electrical Controls — Part 2-6: Particular Requirements for Automatic
Electrical Pressure Sensing Controls Including Mechanical Requirements, UL 60730-2-6.

6.6.6 Temperature controls

6.6.6.1 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
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d) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1 and the
Standard for Automatic Electrical Controls — Part 2-9: Particular Requirements for Temperature

Sensi

ng Controls, UL 60730-2-9.

6.6.6.2 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 Standard

for Thermistor-Type Devices, UL 1434.

6.6.6.3 A thermal cutoff shall comply with the Standard for Thermal-Links — Requirements and
Application Guide, UL 60691.

6.6.7 Time|

6.6.7.1
a) St3
b) Std

Stang
Requ

6.7 Cords,

6.7.1 A con
Cords, UL 81

6.7.2 Flexi
Flexible cord
power supply

6.7.3
Wiring Mater

Exception N,
following:

a) Stg
b) Sta

r Controls

A timer control shall comply with the:

ndard for Solid-State Controls for Appliances, UL 244A or

ndard for Automatic Electrical Controls — Part 1: General Requirements, UL 60
ard for Automatic Electrical Controls for Household and. Similar Use; Part
rements for Timers and Time Switches, UL 60730-2-7.

cables, and internal wiring

d set or power supply cord shall comply with¢the*Standard for Cord Sets and
7.

ble cords and cables shall comply withithe Standard for Flexible Cords and C
and cables are considered to fulfill'this requirement when preassembled in
cord complying with the Standard for Cord Sets and Power Supply Cords, UL 8|

Intermal wiring composed of insulated conductors shall comply with the Standard

al, UL 758.

b. 1: Insulated conductors need not comply with UL 758 if they comply wi

ndard for_Fhermoset-Insulated Wires and Cables, UL 44;

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

c) Sta

¥30-1 and the
2: Particular

Power Supply

ables, UL 62.
a cord set or
17.

for Appliance

th one of the

ndard for Fixture I/I/irny LI RR" or

d) The appropriate UL Standard (s) for other insulated conductor types specified in Chapter 3
(Wiring Methods and Materials) of 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.

6.8 Cord reels

6.8.1

Reels, UL 355.

A cord reel shall comply with the special-use cord reel requirements of the Standard for Cord


https://ulnorm.com/api/?name=UL 1018 2020.pdf

22

UL 1018 SEPTE

MBER 17, 2020

6.9 Film-coated wire (magnet wire)

6.9.1
specified.

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

6.9.2 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.

6.10 Gaskets and seals

6.10.1 Gasl
to fulfill the re
6.11 Groun
6.11.1 Grod
the Standard

be included 4
RESET butto

6.11.2 Appl

with the Stanglard for Appliance-Leakage-Current Interrupters,\tL 943B.

Note — An ALCI
GFCI.

6.11.3 Equ
Sensing and
Fault Circuit-|

6.11.4  ArcH
Interrupters, |

6.11.5 Leal

appliance shall comply with*the Standard for Arc-Fault Circuit Interrupters, UL 1699. See Cq

Product Test

6.12 Heater

d-fault, arc-fault, and leakage current Detectors/Interrupters

+ <l l 4o ot 1 whla tlo (a¥} pu | ol £, ) l 4 M el 4
Clo al'iu oTdio liatl UUlll}le WILT UIC oldiiuaru 1Ur UdontTlo alilu oTd |

nuirements of Aging Test on Seal Materials, Section 57.

SO

nd-fault circuit-interrupters (GFCI) for protection against electrical shock shall
for Ground-Fault Circuit-Interrupters, UL 943. The following-statement, or equ
s a marking near the GFCI, or as an instruction in the manuak’“Press the TEST|
n) every month to assure proper operation.”.

ance-leakage-current interrupters (ALCI) for protection against electrical shock

s not considered an acceptable substitute for a GFClwhen the National Electrical Code, ANSI/NFH

pment ground-fault protective devices shall comply with the Standard for
Relaying Equipment, UL 1053,.and the applicable requirements of the Standarg
hterrupters, UL 943.

fault circuit-interrupters™~(AFCI) shall comply with the Standard for Arc-
JL 1699. See Controls.— End Product Test Parameters, Section 27.

age-current detector-interrupters (LCDI) and any shielded cord between th

Parameters, Section 27.

s and heating elements

considered

comply with
ivalent, shall
button (then

shall comply

PA 70 requires a

[Sround-Fault
i for Ground-

Fault Circuit

e LCDI and
ntrols — End

6.12.1

a) Standard for Electric Heating Appliances, UL 499; or

b) Standard for Sheathed Heating Elements, UL 1030.

Electric resistance heating elements shall comply with the construction requirements of the:

Exception No. 1: Heating wire (e.g. rope heater) that complies with the Standard for Appliance Wiring
Material, UL 758, and the requirements of this end product standard are considered to fulfill this
requirement.

Exception No. 2: Open wire resistance elements are not required to comply with the construction
requirements detailed in UL 499.
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6.12.2 Thermistor-type heaters (e. g. PTC and NTC heaters) shall comply with the Standard for
Thermistor-Type Devices, UL 1434.

6.13 Insulation systems
6.13.1 Materials used in a Class 105 (A) insulation system shall comply with Insulation systems, 20.3.

6.13.2 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.

6.13.3 All insulation systems employing integral ground insulation shall comply with the requirements

H A H (a¥} <l ol £, o 4 £1 | P Mot Ho | ) L1l 4440
SpeCIfled in the-Standard-fot gystems-ormstatmgiviatertars—oenerar o 1440

6.14 Lightsources and associated components
6.14.1 Lampholders and indicating lamps shall comply with the Standard for Lampholders, UL 496.

Exception: Lampholders forming part of a luminaire that complies wijth>an appropriate (UL luminaire
standard are|considered to fulfill this requirement.

6.14.2 Lighting ballasts shall comply with the:
a) Stgndard for Fluorescent-Lamp Ballasts, UL 935; ot

b) Stgndard for High-Intensity-Discharge Lamp Ballasts, UL 1029.

Exception Np. 1: Ballasts forming part of a lumihaire that complies with an appropriate|UL luminaire
standard are|considered to fulfill this requirement,

Exception N¢. 2: Ballasts for other light sources shall comply with the appropriate UL Standayd(s).

6.14.3 Light emitting diode (LED)-light sources shall comply with the Standard for Light Hmitting Diode
(LED) Equipment For Use In Lighting Products, UL 8750.

Exception Np. 1: LED light-sources forming part of a luminaire that complies with an appropriate UL
luminaire stapdard are.considered to fulfill this requirement.

Exception . 25CIndividual LED light sources mounted on printed wiring boards and| intended for
indicating purposes need not comply with UL 8750, but shall comply with the applicable requirements of
this Standard-

6.15 Marking and labeling systems

6.15.1 A marking and labeling system shall comply with the Standard for Marking and Labeling Systems,
UL 969 under the specified environmental conditions.

6.16 Motors and motor overload protection
6.16.1 General

6.16.1.1 A motor located in a low voltage circuit shall be evaluated for the risk of fire, electric shock and
personal injury in accordance with the applicable requirements of this end product standard.
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6.16.1.2 A motor requiring a motor insulation system greater than Class 105 (A) due to the temperatures
obtained on the motor windings during the testing of the appliance, shall comply with 6.16.2.1.

6.16.1.3 An oil-filled motor or a motor employing integral ground insulation of any insulation class shall
comply with 6.16.2.1.

6.16.2 Motors

6.16.2.1

Electrical Machines — General Requirements, UL 1004-1.

laall

6.16.2.2 A

a) 6.1
b) Th

with t
Rotati

4 +lo 4l H P o 46049 o460 4.9 l +hla
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b.2.1 or

ne appliance, and the following additional construction requirements of the
ng Electrical Machines — General Requirements, UL 1004-1:

1) A motor with aluminum windings shall comply with the”Protection Agairn
requirements of UL 1004-1 with respect to galvanic compatibility. All winding te
be suitable for the connection of aluminum windings-and the motor leads.

2) The resilient mounting of a motor in an appliance provided with grounding
with UL 1004-1, if the dead metal parts of the’motor are accessible during n

appliance.

3) A starting or running capacitoryef’a motor in a permanently-connected ap
comply with UL 1004-1 with respect to the maximum available fault current.

4) The motor shall be markéd with the motor manufacturer name or identificatid
model number, rated valtage and rated frequency

6.16.2.3 Wi

a) Mofor controls shall-be evaluated in accordance with Controls, 6.6.

b) Parts of phenolic material in direct contact with live parts other than magnet wire, s

holde

material’s‘electrical insulating properties.

h respect to 6.16,2.2(a), the following exceptions may be applied:

or commutator insulation, shall be considered suitable without further eval

A motor as specified in 6.16.1.2 or 6.16.1.3 shall comply with the Standard for Rotating

e construction and performance requirements of this Standard, when'tested ip conjunction

Standard for

st Corrosion
rminals shall

shall comply
ormal use or

servicing of the appliance or conductively.eonnected to accessible dead metql parts of the

pliance shall

n, catalog or

uch as brush
Lation of the

6.16.3 Motor overload protection

6.16.3.1

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

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

b) Sta

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

c¢) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1; and the
Standard for Automatic Electrical Controls for Household and Similar Use; Part 2 Particular

Requi

6.16.3.2

rements for Thermal Motor Protectors, UL 60730-2-2.

Impedance protection shall comply with the:
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a) Standard for Overheating Protection for Motors, UL 2111 or

b) Standard for Impedance Protected Motors, UL 1004-2.

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

6.16.3.4 Except as indicated in 6.16.3.3, electronically protected motor circuits shall comply with one of
the following:

a) Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991. When
the protective electronic circuit is relying upon software as a protective component, it shall comply

with the requirements in the Standard for Software in Programmable Componentq, UL 1998. If
bre is relied upon to perform a safety function, it shall be considered softwaré)Class 1 or

softw.

b) Stz
Stand
Requ

ndard for Automatic Electrical Controls — Part 1: General Requirements, UL 60
ard for Automatic Electrical Controls for Household and Similar~Use; Part
rements for Thermal Motor Protectors, UL 60730-2-2, or the“-Standard f

Electiical Controls — Part 2: Particular Requirements for Temperature Sensing Contro

2-9. 11

Exception: @
circuit if ther
electronic cin

software is relied upon to perform a safety function, it shall be.considered softw

ompliance with the above standards is not requiredfor an electronically prq
b S no risk of fire, electric shock, or casualty hazard during abnormal testing v
cuit rendered ineffective.

6.17 Overdurrent protection

6.17.1 Fus
248-1; and th
another appr

6.17.2 Fus
4248-1 and {|

6.17.3 Circ
Switches anq

Exception: G
Breakers Fo

¥30-1 and the
2 Particular
or Automatic
Is, UL 60730-
hre Class B.

btected motor
ith the motor

ps shall comply with the Standard for zow-Voltage Fuses — Part 1: General Requiirements, UL

e applicable UL 248 Part 2 (e.g. UL\248-5). Defined use fuses that comply with
ppriate UL standard for the fuse:are considered to fulfill this requirement.

UL 248-1 and

pholders shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL

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

Lit breakers shall\comply with the Standard for Molded-Case Circuit Breakers,
Circuit-Breaker-Enclosures, UL 489.

ircuit breakers used in telecommunications circuitry that comply with the Standj
Usetin"Communications Equipment, UL 489A, need not comply with UL 489.

Molded-Case

ard for Circuit

6.17.4 Cir

Uit breakers having ntegratground fauttcircuitinterrupter capabitity for prot

ction against

electrical shock shall additionally comply with the Standard for Ground-Fault Circuit-Interrupters, UL 943.

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

6.17.6 Fusing resistors shall comply with the Standard for Fusing Resistors and Temperature-Limited

Resistors for

Radio- and Television-Type Appliances, UL 1412.

6.18 Polymeric materials and enclosures

6.18.1

Unless otherwise specified in this end product standard, polymeric electrical insulating materials

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

externally.
6.19 Power

6.19.1

supplies

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

a) Standard for Class 2 Power Units, UL 1310; or

b) Standard for Information Technology Equipment — Safety — Part 1: General Requjrements, UL
60950+1, with an output marked "Class 2", or that complies with the limited power“source (LPS)
requirgments and is marked "LPS".
6.19.2 A nop-Class 2 power supply shall comply with one of the following:
a) Stapdard for Power Units Other Than Class 2, UL 1012 or
b) Standard for Information Technology Equipment — Safety — Part 1: General Requjrements, UL
60950+-1.
6.20 Printed wiring boards
6.20.1 Printed wiring boards, including the coatings,.shiall comply with the Standard for Printed Wiring
Boards, UL 796.

Exception: A
requirements
bond betwee
coming in cor

6.202 Ap
comply with t

6.20.3 Unle
for insulating

6.21 Semic|

;Linted-wiring board«containing circuitry in a line-connected circuit or a safety

printed-wiring board in a Class 2 nonsafety circuit is not required to comply with
in UL 796 if the board is separated from parts of other circuits such that loo
0 the foil conductor and the base material will not result in the foil conductors on
tact with parts of other circuits of the control or of the end-use product.

e direct-support requirements for insulating materials in Internal Wiring, Section

materialsiin Internal Wiring, Section 14.

pnductors and small electronic components

the bonding
bening of the
components

circuit shall
14.

5s otherwisespecified, the flammability class and temperature rating shall be that specified

6.21.1

A power switching semiconductor device that is relied upon to provide isolation to ground shall

comply with the Standard for Electrically Isolated Semiconductor Devices, UL 1557. The dielectric voltage
withstand tests required by UL 1557 shall be conducted applying the criteria of the Dielectric Voltage-
Withstand Test, Section 42.

6.21.2 An optical isolator that is relied upon to provide isolation between primary and secondary circuits
or between other circuits as required by this end product standard shall comply with the Standard for
Optical Isolators, UL 1577. The dielectric voltage withstand tests required by UL 1577 shall be conducted
applying the criteria of the Dielectric Voltage-Withstand Test, Section 42.

6.21.3 Except as specified in 6.21.4, component requirements are not specified for small electronic
components on printed wiring boards, including diodes, transistors, resistors, inductors, integrated circuits,
and capacitors not directly connected to the supply source.
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6.21.4 Where an electronic component is determined to be a critical component during the testing of
Abnormal Operation Test, Section 46, one of the following standards shall be applied. See Protective
controls (limiting controls), 27.4, for the test parameters to be used.

a) 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) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.

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

application.

6.21.6 A cilitical component may also be identified using a failure-mode and effectyanaly

accordance
Related Con

6.21.7 Porf
back-up, lim
persons shal
UL 60730-1,

6.22 Supplemental insulation, insulating bushings, and-assembly aids

6.22.1 The
unless the in
of this Stand

a) Ins
Insulg

b) Sid

c) Tubing shall comply with*'the Standard for Extruded Insulating Tubing, UL 224.

6.22.2 Wir
Material, Se

considered to fulfill this'requirement.

6.22.3 InsU

vith Failure-Mode and Effect Analysis (FMEA), Section 7 of the Standard for Te
rols Employing Solid-State Devices, UL 991.

ons of a circuit comprised of a microcontroller or other progratnmable device th
ting, or other safety function intended to reduce the risk‘of*fire, electric shoc
comply with the Standard for Automatic Electrical Controls — Part 1: General R
Annex H.

requirements for supplemental insulation (e. g. tape, sleeving or tubing) are
Sulation or device is required to fulfill thé requirements of 15.3 or a performancs
brd. In such cases:

ulating tape shall comply with the’Standard for Polyvinyl Chloride, Polyethyleng
ting Tape, UL 510.

eving shall comply with the Standard for Coated Electrical Sleeving, UL 1441.

b positioning\devices shall comply with Separation of Circuits, Section 17 3
ction 18. <A-device that complies with the Standard for Positioning Devices,

5is (FMEA) in
5ts for Safety-

at performs a
K, or injury to
equirements,

not specified
b requirement

, and Rubber

nd Insulating
UL 1565, is

Standard for

lating bushings that comply with Construction, General, Section 6, and the

Insulating Bushings, UL 635, are considered to fulfill the requirements of this Standard. Tests specified in
this Standard (e. g. Strain Relief Test, Section 50) may still need to be performed to confirm the
combination of the insulating bushing and the supporting part are suitable.

6.23 Switches

6.23.1 Swit

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

a) Deleted

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

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

d) Standard for Nonindustrial Photoelectric Switches for Lighting Control, UL 773A.
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Exception: Switching devices that comply with the appropriate 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.

6.23.2 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) Standard for Clock-Operated Switches, UL 917 or

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

Requi

6.23.3 Atim

separable comtacts, shall comply with the requirements for an operating control witholype 1 ac

cycles of ope
a) Sta

b) Sta
Stand
Requi

6.23.4 A tin
separable co

protective control; see 6.6.1.3.

6.24 Transformers

6.24.1 Gen
Part 1: Gene
General Purp

Exception Ng

ements 1or rimers and lime switches, UL 06U/ oU-£Z-7.

er or time switch, incorporating electronic timing circuits or switching circuits, W
ation, or as a manual control for 5000 cycles of operation, in accordance with th
hdard for Solid-State Controls for Appliances, UL 244A; or

ndard for Automatic Electrical Controls — Part 1: General Requirements, UL 607
ard for Automatic Electrical Controls for Household{and Similar Use; Part
ements for Timers and Time Switches, UL 60730-2-7%.

er or time switch, incorporating electronic timing’circuits or switching circuits, W
ntacts, that functions as a protective control, shall comply with the requirg

ral Requirements, UL 5085-1; and the Standard for Low Voltage Transform
pse Transformers, UL 5085-2.

. 1: A transformier)that is completely enclosed within the end product enclos

bral-purpose transformers shall comply with the Standard for Low Voltage TrI

ith or without
tion for 6000
e following:

BO-1; and the
2: Particular

ith or without

ments for a

nsformers —

rs — Part 2:

ure, and that

meets the applicable construction and performance requirements of this end product standard when

tested in conj

Exception No
for Use in Au

Linction withithe end product, meets the intent of this requirement.

2: Atransformer that complies with the Standard for Transformers and Motor
Hio=) Radio-, and Television-Type Appliances, UL 1411, and that is used in a cin

lransformers
cuit involving

an audio or v

eo’component, meets the intent of this requirement

6.24.2 Class 2 and Class 3 transformers shall comply with the Standard for Low Voltage Transformers —
Part 1: General Requirements, UL 5085-1; and the Standard for Low Voltage Transformers — Part 3: Class
2 and Class 3 Transformers, UL 5085-3.

Exception: Transformers located in a low voltage circuit, and that do not involve a risk of fire or personal
injury, need not comply with this requirement.

6.25 Valves (electrically operated) and solenoids

6.25.1 Electrically operated valves shall comply with the:

a) Standard for Electrically Operated Valves, UL 429 or
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b) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1; and the
Standard for Automatic Electrical Controls for Household and Similar Use; Part 2: Particular
Requirements for Electrically Operated Water Valves, Including Mechanical Requirements, UL
60730-2-8.

Exception: Automatic valves intended for use with natural gas, manufactured gas, LP-gas or LP-gas-air
mixtures shall comply with ANSI Z21.21/CSA 6.5, Automatic Valves for Gas Appliances.

6.25.2 Solenoids shall comply with the applicable construction and performance requirements of this

Standard.
7 Mechani

7.1 Anapp
Brush caps s

7.2 A swit
turning.

o bl
cal Assembly

iance shall be assembled so that it will not be affected adversely by the vibratior
hall be tightly threaded or otherwise constructed to reduce the risk of loosening.

th, lampholder, or any similar component shall be mounted securely and re

Exception N

. 1: The requirement that a switch be restrained from turning may be waived if

following conditions are met:

a) The switch is of a plunger or other type that does.not tend to rotate when opera

switc
b) Th

c) Th
shou

d) Th

Exception Ni
indicator lam
turning if suc

is considered to be subject to forces that tendto rotate it during operation.)
e means for mounting the switch make it unlikely that operation of the switch will

b electrical spacings would not be reduced below the minimum required value
 rotate.

b operation of the switch is by~mechanical means rather than by persons.

. 2: A lampholder of the type in which the lamp is not replaceable (such as 4
p in which the lamp-i$ sealed in a nonrenewable jewel) is not required to be rg
h rotation does not reduce spacings below those required.

of operation.

strained from

all four of the

ted. (A toggle

loosen it.

5 if the switch

neon pilot or
strained from

7.3 A properly sizedand applied lock washer is acceptable as a means to restrain turning of a stem-
mounted swifch.

7.4 An aquariumappliance intended to be installed on a tank shall be tested as describetii in 56.1, and
prOVided withHRStraetionsinaceordance-with70-3-3-

Exception: The test described in 56.1 is not required to be performed if the shape or size of the appliance
is such that it cannot fall into the tank in any position.

7.5 Anuninsulated live part shall be secured to the base or surface so that it is restrained from turning or
shifting in position during use if such motion may result in a reduction of spacings below the minimum
required values.

8 Accessibility of Live Parts

8.1

An electrical part of an appliance shall be located or enclosed so that the risk of unintentional contact

with uninsulated live parts is reduced. The method of evaluating openings in an enclosure is specified in

8.2-8.6.
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8.2 An opening in the enclosure of an appliance that does not permit entrance of a 1-inch (25.4-mm)
diameter rod can be used if a probe, as illustrated in Figure 8.1, when inserted into the opening, does not
touch any part that involves electric shock to earth ground.

8.3 Regarding the application of 8.2, the probe may be articulated into any configuration and may be
rotated or angled to any position before, during, or after insertion into the opening. The penetration may be
to any depth allowed by the opening size, including minimal depth combined with maximum articulation.

8.4 If any part of the enclosure must be opened or removed for user servicing with or without the use of
tools, or can be opened or removed without the use of tools, the probe is to be applied without the part in
place.

8.5 If an appliance is supported directly by the floor, the probe illustrated in Figure 8.1 is t0,pe applied to
every part of| the bottom of the enclosure that is accessible without tipping, turning covet, [or otherwise
moving the appliance from its intended position. Any other type of appliance shall be moved in whatever
way necessary to make the entire bottom of the enclosure accessible for the appligation of thg probe.

8.6 An opgning that permits entrance of a 1-inch (25.4-mm) diameter_rod can be used under the
conditions depcribed in Figure 8.2.

Exception: Sych openings cannot be used in an appliance that is hand- or body-supported onthand-held in
use.
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Figure 8.1
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Figure 8.2

Opening in enclosure

ENCLOSURE QPENING

SECTION A=A

\ /
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~ —~

LIVE RART i

SECTION B-B

T T 7=
\ ]
\ /
AN b4
~~ ~
__~»i

The opening complies if, within the enclosure, there is no uninsulated live part or enamel-coated wire:

LIVE PART

EC100A

(proportions exaggerated for clarity)

a) Less than X inches from the perimeter of the opening and

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

X equals five times the diameter of the largest diameter rod that can be inserted through the opening, but not less than 4 inches (102
mm).
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9 Protection Against Corrosion

9.1

An iron or steel part shall be made corrosion resistant by enameling, plating, galvanizing, or other

means determined to be equivalent, if the breakdown of the part is likely to result in a risk of fire, electric
shock, or injury to persons.

Exception No. 1: Stainless steel is not required to be additionally protected as described.

Exception No. 2: Corrosion protection may not be required for the following types of materials:

a) Surfaces of sheet steel within an enclosure in certain appliances where the oxidation of steel is

ered.

rectly to such

be such that
ce.

1.83-m) long

not likely to be accelerated (due fo the exposure of the metal to air and moisture or to other
oxidiZging influences) — the thickness of the metal and temperature shall also be consig
b) Cagt iron.
¢) A dheath used on a heating element operating in air and a terminal part attached d|
an element.
9.2 The aping characteristics of plating or other finish used in @an~appliance shall
deterioration|of the finish will not eventually result in unacceptable performance of the appliar
10 Supply[Connections
10.1 Cord-connected appliances
10.1.1 A cprd-connected aquarium appliance shall be supplied with a minimum 6-foot
flexible cord [and an attachment plug. The cord shall be measured from the face of the plu

where the co

10.1.2 Aflg
not less than

rating of the @ppliance. The minimum cord size shall be 18 AWG (0.82 mm?).

10.1.3 A flexible cord shall terminate in a grounding-type attachment plug or in a polarizg

plug. Figure
identification

Exception: A
does not incl|

rd enters the appliance.

xible cord shall be of a type.that is for the intended use. It shall be rated for us
the rated voltage of thé_appliance and shall have an ampacity at least equal

10.1 illustrates, attachment plug connections, and Table 10.1 indicates the meth
of flexible cords.

flexible cord is not required to be supplied with a polarized attachment plug if
ide)any single-pole on-off switches, polarized receptacles, or lampholders with s

g to the point

e at a voltage
fo the current

d attachment
od of polarity

the appliance
crewshells.
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Figure 10.1

Connections to attachment plug

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

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

I I CONDUCTOR NOT INTENDED TO BE
K GROUNDED (IUNIDENTIFIED CONDUCTOR

CONDUCTOR INTENDED TO BE GROUNDED
(IDENTIFIED CONDUCTOR)

CONNECTIONS OF CORD CONDUCTORS TO<{POLARIZED
ATTACHMENT PLUG (FACE OF PLUG RERRESENTED)

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR

CONDUCTOR INTENDED TO BE GROUNDED
AB100B (IDENTIFIED CONDUCTOR)

2 In the above illustration, the blade-te-which the green conductor is connected may have a U-shape instead of|a circular cross
section.



https://ulnorm.com/api/?name=UL 1018 2020.pdf

SEPTEMBER 17, 2020 UL 1018 35
Table 10.1
Polarity identification of flexible cords
Acceptable combinations
Wire intended to be grounded? — Wire connected to
Method of identification the screw shells of lampholders All other wires®
A Solid white or gray — without tracer Solid color other than white
Color of braids on or gray — without tracer
individual conductors B Color other than white or gray, with tracerin | Solid color other than white
braid or gray — without tracer
cP Solid white or gray Solid color other than white
Color of insulaticnh-on or gray
individual|conductors c1° Light blue Solid color otfier than light
blue, white,.or,gray
Color of spparators D¢ White or gray Color other than yvhite or
gray
E® Tin or other white metal on all strands of the Nojtin or other white metal
conductor on the strands of the
Other mepns conductor
Fd A stripe, ridge, or groove on the exterior
surface of the cord
@ A wire fihished to show a green color with or without one or more yellow strip€s or tracers is to be used only gs an
equipmer(t-grounding conductor. See 13.2 and Figure 10.1.
® Only for|cords — other than Types SP-1, SP-2, SPT-1 — having no braid.on any individual conductor.
¢ For jackpted cords.
4 Only for[Types SP-1, SP-2, SPT-1, and SPT-2 cords.
€ Only for|Types SPT-1 and SPT-2 cords.
10.1.4 If the flexible cord includes an equipment grounding conductor, that conductor shall comply with
13.2.
10.1.5 Thelattachment plug shall be.of a type for use at the rated current and voltage of th¢ appliance. If
the applianceg is intended to be adapted for use on two or more different supply voltages by field alteration
of internal cgnnections, the attachment plug provided with the appliance shall be intended fpr the voltage
for which the|appliance is cannected at the factory.
10.1.6 A flgxible cord.shall be permanently attached to the appliance.
10.1.7 A flgxible ‘cord shall be Type S, SE, SEO, SEOO, SJ, SJE, SJEO, SJEOQO, SJOf SJOO, SJT,
SJTO, SJTOPSO, SO0, ST, STO, or STOO for:

a) A commercial appliance,

b) A household aquarium stand, or

c) A household appliance as covered by the Exception to 10.3.1.2.

The flexible cord of all other appliances intended for household use and marked in accordance with 68.1.8
shall be Type SP-1, SPE-1, SPT-1, or heavier cord.

10.1.8 A cord of an appliance intended to operate in fresh water or salt water shall be water resistant and
shall be so marked. A cord of an appliance intended to operate in a liquid other than fresh water or salt
water, shall be investigated for that application.
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10.1.9 A convenience outlet or other means for field connections of additional loads to an aquarium
appliance shall not be provided.

Exception No. 1: A convenience outlet on an aquarium stand may be used if protection against splashing
is provided.

Exception No. 2: A maximum of four grounding type receptacles for aquarium appliances may be used on
an integral aquarium system (more than one appliance mounted together in one complete unit) when the
receptacles are enclosed within the overall enclosure. The combined maximum current for all receptacles
shall be marked per 68.1.12.

10.1.10 Theface-ofa rnr\npfnr\ln as-described-in104.9 shall

a) Be flush with or project beyond a nonconductive surrounding surface or

b) Project at least 0.015 inch (0.38 mm) beyond a conductive surrounding sutface.

10.1.11  An pquarium reflector employing an in-line ballast shall be supplied with a cord a$ specified in
10.1.1 such that there is a minimum of 5 feet (1.52 m) between the ballast,and the point where the cord
enters the reflector.

10.2 Multipje power supply cords

10.2.1  Cord connected equipment shall not be provided withymore than one power supply cprd unless all
of the following conditions are met:

a) Not/more than two cords are provided;

b) Ea¢h flexible cord is of the type, size;-and rating required for the type of product fand the load
supplied;

c) Eagh attachment plug cap is.sized based on 10.1.5;

d) The total current input per:Input Test, Section 40, is not more than 80 percent gf the branch
circuit[supply for the singlebranch circuit to which it is connected (based on the plug configuration);

Exception: The total_ctrrent input is not required to be less than 80 percent of the branch circuit
rating when bothiattachment plugs are rated 15 Amps or less, and the total current indut is equal to
or lesg than the attachment plug rating.

e) Thg appliance is provided with a single accessible control or switch with a marked|"off" position

that discohnects-all ungrol nded conductors of the lr_\rndl ict;

Exception: The appliance is not required to have a single disconnect when multiple disconnect
means are provided in accordance with any of the following:

1) There is a control or switch for each of the two power supply cords, and the controls or
switches are grouped and identified;

2) The appliance is provided with a mechanical or electrical interlock system that results in
all ungrounded conductors of the supply being disconnected in the event that either cord is
disconnected; or

3) A marking is provided and located adjacent to each switch or disconnect means in
accordance with 68.1.10.
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f) The

Note: The disconnect means may be considered the supply cord. In this case the marking of 68.1.10 should be

located near the cord entries into the appliance.

appliance is rated in accordance with 67.7;

g) The appliance contains the markings in 68.1.11;

h) The appliance is provided with instructions as indicated in 70.1.2;

i) The appliance is comprised of two different types of aquarium equipment, such as a reflector
hood and pump; and

j) Each appliance is provided with their own enclosure such that they could be individually

evalu

10.3 Permanently-connected appliances

10.3.1

10.3.1.1
connection 0
the National

10.3.1.2  Ar
shall have pr|

Exception: N
plug may bd
investigation

a) Th
b) Th
10.3.1.3 A

system inst3
attached and

10.3.1.4 TH
is intended a

Genleral

An appliance intended for permanent connection to the power supply shall have

ed 10 tne requirerments or tnis standdrd.

f one of the wiring systems determined to be acceptable for. the appliance in ac
Electrical Code, ANSI/NFPA 70.

appliance that is intended to be fastened in placelor located in a dedicated s
bvision for permanent connection to the power supply.

ot more than 8 feet (2.44 m) of one of thé.cord types specified in 10.1.7 and §
used for power supply connection .ifsthe need for such a connection is d
In such a case, the following shall bé‘¢onsidered:

b utility of the appliance and

b necessity for having it readily detachable from its source of supply by means o

knockout in a sheet:metal enclosure supplied for connection of the appliang
lled in accordance with the National Electrical Code, ANSI/NFPA 70, shal
removable without deformation that would impair the intended performance of t

e diameter of a knockout shall accommodate conduit of the trade size for which
5 speeified in Table 10.2.

provision for
cordance with

bace, or both,

n attachment
etermined by

Fa plug.
e to a wiring
be securely

he enclosure.

the knockout

Table 10.2
Dimensions associated with knockouts for conduit
Unthreaded openings
Minimum diameter of flat surface at

Trade size of conduit, Nominal knockout diameter, knockout,
inch (mm) inches (mm) inches (mm)
1/2 12.7 7/8 22.2 1.152 29.26
3/4 19.1 1-3/32 27.8 1.450 36.83
1 25.4 1-23/64 34.5 1.804 45.82
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10.3.1.5 There shall be a flat surface surrounding a knockout sized to accommodate attachment of a
rigid metallic conduit of a size corresponding to the size of the knockout. The flat area shall have a
minimum diameter in accordance with Table 10.2.

10.3.2 Field-wiring compartment

10.3.2.1 A field-wiring compartment in which power supply connections are to be made shall be located
so that:

a) During the making of electrical connections, the internal wiring and electrical components will not
be exposed to mechanical abuse or stress and

b) Aftgr the appliance has been installed as intended, such connections will be readily accessible
for inspection.

10.3.2.2 A fleld-wiring compartment intended for connection of a supply raceway @nd integrally mounted
with the appliaince shall be attached so that it is prevented from turning with regard to the appljance.

10.3.2.3 The minimum usable volume of an outlet box or terminal compartment in which field-installed
wiring connegtions to the power supply are to be made shall be as specified in Table 10.3.

Exception: A motor containing an integral wiring compartment that.complies with the Standard for Rotating
Electrical Ma¢hines — General Requirements, UL 1004-1, is not réquired to comply with this raquirement.

Table 10:3
Minimum usable volume of‘terminal compartment

Volume for each field-installed wire origiTting
outside of the compartment and terminating inside
Size of field-installed conductors, the compartment?,
AWG (mim?) cubic inches (cm?)
14 2.1 2.00 33
12 3.3 2.25 37
10 53 2.50 41
8 8.4 3.00 50
6 13.3 5.00 82
2 Including a grounding ¢onductor.

10.3.2.4 Anj|electrical component shall not be mounted on a part, such as the cover of a wjring-terminal
compartment, that must be moved in order for field-wiring connections to be made or inspected.

10.3.2.5 If the constructional features of an appliance are such that it is acceptable for field-wiring
connections to be made in the motor terminal compartment, the compartment shall comply with the
applicable requirements in the Standard for Rotating Electrical Machines — General Requirements, UL
1004-1.

10.3.3 Wiring terminals and leads

10.3.3.1 A permanently-connected appliance shall be supplied with wiring terminals, including an
equipment grounding terminal, for the connection of conductors having an ampacity rated for the
appliance; or the appliance shall be supplied with leads for such connection.
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10.3.3.2 A field-wiring terminal is considered to be a terminal to which a wire may be connected in the
field, unless the wire and a means of making the connection (for example, a pressure terminal connector,
soldering lug, soldered loop, crimped eyelet, or similar parts, factory-assembled to the wire) are supplied
as a part of the appliance.

10.3.3.3 Wiring terminals for the supply conductors, excluding the grounding conductor, shall be supplied
with a pressure wire connector securely fastened in place (for example, firmly bolted or held by a screw).

Exception No. 1: A soldering lug may be used.

Exception No. 2: A W/re-b/nd/ng screw or stud—and—nut comb/natlon may be used at a wiring terminal
intended to ges = piL cupped washer,
or a means eterm/ned equalent are supp/led to ho/d the wire in p/ace

10.3.3.4 A|wiring terminal shall be prevented from turning by a means other, than frigtion between
surfaces. This is to be accomplished by two screws or rivets; square shoulders or'mortisesf a dowel pin,
lug, or offsef; a connecting strap or clip fitted into an adjacent part; or by~a means that has been
determined gquivalent.

10.3.3.5 A wire-binding screw or stud-and-nut combination at a wiringyterminal shall not bg smaller than
No. 10 (4.8 nhm diameter).

Exception: A No. 8 (4.2 mm diameter) screw or stud-and-nut combination may be used |at a terminal
intended only for the connection of a 14 AWG (2.1 mm?) conductor.

10.3.3.6  Agcording to the National Electrical Code, ANSI/NFPA 70, 14 AWG (2.1 mm?) i$ the smallest
conductor that is acceptable to be used for branch-circuit wiring and, therefore, is the smallest conductor
that may be anticipated at a terminal for connection of a power-supply wire.

10.3.3.7 A wire-binding screw shall thread-into metal.

10.3.3.8 A erminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.27
mm) thick and shall have two orsmore full threads in the metal. The metal may be extruded, if|necessary, to
provide the threads.

Exception: A|plate less-than 0.050 inch thick, but not less than 0.030 inch (0.76 mm) thick, may be used if
the tapped thHreads have been determined to have the necessary mechanical strength.

10.3.3.9 Upturned lugs or a cupped washer shall be capable of retaining a supply conducior of the size
required in 1£€—3—1—u-ﬁdeﬁhehead-ef—t-he-sefew-ewraehef—. on -

10.3.3.10 A lead intended for field connection shall comply with the following:

a) The lead shall not be smaller than 18 AWG (0.82 mm?);
b) The insulation thickness shall comply with Table 10.4; and

c) The free length of the lead inside an outlet box or wiring compartment shall be at least 6 inches
(152 mm).
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Table 10.4

Characteristics of leads intended for field connection

Nominal wall thickness of

Nominal thickness of braid or

insulation, Braid or jacket jacket,
Insulation inch (mm) required inch (mm)
Thermoplastic or neoprene 1/322 0.8 No? - -
Rubber 1/32° 0.8 Yes? 1/64° 0.4
Cross-linked synthetic polymer® 1/64 0.4 No - -

b For heat-resisgan
braid is requiregl.

@ The nominal wall thickness may be less than 1/32 inch (0.8 mm) but not less than 1/64 inch (0.4 mm) when the wire is provided
with a braid or jacket having a nominal thickness not less than 1/64 inch.

¢ Synthetic compounds other than neoprene or rubber, such as that used on Type XHHW wire.

.2 mm) and no

10.3.4 Identified terminals and leads

10.3.4.1 A permanently-connected appliance rated 125 or 125/250 volts\(3-wire) or less that employs a
lampholder of the Edison-screw-shell type, or a single-pole switch or overcurrent-protective|device other
than an automatic control without a marked off position, shall hayve ‘ene terminal or lead [identified for
connection of|the grounded conductor of the supply circuit. The terminal or lead intended for ¢gonnection to
the grounded supply circuit conductor shall be the one that/is” connected to the screWshell of the
lampholder. I{ shall not have connection to a single-pole switch;.a single-pole automatic contiol with an on
or off position}, or an overcurrent protective device.

10.3.4.2 A terminal intended for the connection of a:grounded supply conductor shall be of ¢r plated with
metal that is pubstantially white in color and shallche readily distinguishable from the other|terminals; or
proper identiflcation of that terminal shall be cleafly shown in some other manner, such as or an attached

wiring diagra

10.3.4.3 A |ead intended for the ceonnection of a grounded power-supply conductor shall be finished
white or gray folor and shall be readily distinguishable from the other leads.

11 Strain Relief

11.1  Strain felief shall’be provided to reduce the risk of mechanical stress on a flexible cofd from being
transmitted tq terminals, splices, or internal wiring.

11.2 A metgl strain relief clamp or band is acceptable with Type SP-2 or lighter generdl use rubber

insulated cordonty if auxitrary insutation {5 provided over the cord for mechanical protection. A clamp of
metal or other material may be acceptable on Types SPT-1, SVT, SVTO, and SPT-2 cords if
supplementary protection in the form of varnished cloth tubing or the equivalent is used under the clamp.
For heavier types of thermoplastic insulated cord, clamps may be used. In such cases, the auxiliary
insulation is not required unless it is determined that the construction of the clamp is damaging to the cord

insulation.

11.3 Means shall be provided to reduce the risk of the flexible cord being pushed into the appliance

through the cord entry hole if such displacement is likely to:

a) Subject the cord to mechanical abuse or exposure to temperatures higher than that for which the

cord is rated or

b) Reduce spacings (such as to a metal strain relief clamp) below the minimum required values.
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1.4

If a knot in a flexible cord serves as the strain relief, a surface with which the knot may come in

contact shall be free from projections, sharp edges, burrs, fins, and similar hazards that could cause
abrasion of the insulation.

11.5 The strain relief device shall be subjected to the test described in 50.1.
12 Bushings
12.1 At a point where a flexible cord passes through an opening in a wall, barrier, or enclosing case, a

bushing shall be provided that is secured in place and has a smooth, well-rounded surface against which
the cord may bear. If Type SP-1, SPT-1, SP-2, or SPT-2 cord is used, if the wall or barrier is of metal, or if

the construc

provided.

12.2 If the
rounded surf

12.3 A sep
requirements
motor, but ng

a)Th

b) Th
subst

Exception: A
appliance if
insulating bu
the hole in w

124 At an
supply cord i
inch (0.8 mm

13 Grounding

13.1 Gene

13.1.1  An

ion-is-such-that the cord may be. ellhjnr\fari to-strain or mr\fir\n, an inelllafing bu

cord hole is in wood, porcelain, phenolic, or other nonconducting material, a
bce in the material shall be considered equivalent to a bushing.

may be employed in the frame of a motor or in the enclosure of a capacitor
t elsewhere in the appliance, when:

b bushing is no less than 1/16 inch (1.6 mm) thick and

e bushing is located so that it will not be exposed to oil, grease, oily va
Bnces having a harmful effect on the compound-used.

bushing of any of the materials mentioned in this paragraph may be used at a
used in conjunction with a type of.cord determined to be acceptable for us
shing. If a bushing of one of these materials is used anywhere in an appliance
hich the bushing is mounted shall be smooth and free of burrs, fins, and similar h

point in an appliance,(abushing of the same material as, and molded integ
5 acceptable on a Type SP-1 or heavier supply cord if the built up section is not |
) thick and fills the-card entry hole completely.

al

shing shall be

smooth, well-

arate soft rubber, neoprene, or polyvinyl chloride bushing that complies with the applicable

attached to a

por, or other

ny point in an
e without an
the edges of
azards.

rally with, the
ess than 1/32

ized shall be

pppliance that has exposed dead metal parts that are likely to become energ

provided with grounding means as described in 13.1.2 — 13.1.9. Examples of conditions under which an

exposed dea

d metal part is likely to become energized are:

a) Contact between the part in question and wire or splices,

b) Reduction of spacings caused by moisture or contamination or both, and

c) Fai

lure of any single insulation system.

Exception: An appliance protected by a system of double insulation in accordance with the requirements in
the Standard for Double Insulation Systems for Use in Electrical Equipment, UL 1097, shall not be
provided with a means for grounding.

13.1.2 When a grounding means is supplied, whether required or not, it shall be in accordance with
13.1.3 and, when the appliance is cord-connected, shall comply with the requirements in 13.1.4. All
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exposed dead metal parts and all dead metal parts within the enclosure that are exposed to contact during
any user servicing operation and are likely to become energized shall be reliably connected to the means
for grounding.

13.1.3 The following may be used as means for grounding:

a) In an appliance intended to be permanently connected by a metal-enclosed wiring system, a
knockout or equivalent opening in the metal enclosure of the appliance.

b) In an appliance intended to be permanently connected by a nonmetal-enclosed wiring system,
such as nonmetallic-sheathed cable, an equipment grounding terminal or lead. See 13.1.8 and

68.2.3

c)Ina

13.1.4 The
appliance by
the power-su
be of a corros
conductivity K
screw is not
grounding co

13.1.5 The
member of ar

13.1.6 Ase
receptacle, s
broken after g

Exception: In
grounding co

13.1.7 Ifan
to more than

13.1.8 Ate
securing a cg
alone shall ng

cord-connected appliance, an equipment grounding conductor in the cord.

grounding conductor of a supply cord shall be secured to the frame of enc
means of a screw that is not likely to be removed during any servicing.operation
pply cord, or by another means that has been determined to be equivalent. Th
ion-resistant material or made resistant to corrosion by a means,that will not in
etween the screw and any other conductor. A lock washer.shall be employe
subject to loosening if vibration is likely. Solder alone shall not be used for

attachment plug. The grounding member shall be fixed.

parable connection, such as that provided*by an attachment plug and a mating
hall be such that the equipment-grounding connection is made before conng
isconnection from the supply conductors.

ferlocked plugs, receptacles; and connectors that are not energized when thg
hnection is made or brokeniis not required to comply with this requirement.

bne power supply, each such connection shall be supplied with a means for groy

'minal solely.for the connection of an equipment-grounding conductor shall b
nductorof'the size required for the application. A connection device that deper
t be supplied for connecting the equipment-grounding conductor.

nductor. Servicing includes repair of the appliance by qualified service personnel.

osure of the
not involving
b screw shall
ibit electrical
 so that the
securing the

grounding conductor of a cord-connected appliance shall be connected to the grounding

connector or
ction to and

b equipment-

appliance is intended‘\to be grounded and is supplied with a means for separate connection

nding.

e capable of
ds on solder

13.1.9 A wi

| 4T=W~H H 4 H=¢ Adad £ +h tH £
o UIIIUIIIH QUICVW Ul 'JICOOUIU wWiTo  CUTTTTICULUT TTICTIUT U TUT TS UUTITIcowuurT vt di

1 equipment-

grounding shall be located so that it is unlikely to be removed during normal servicing of the appliance.

13.1.10 A small metal part such as an adhesive attached foil marking, a screw other than the grounding
screw, a handle or the like that is on the exterior of the enclosure and separated from all electrical
components is not considered likely to become energized, and is not required to comply with 13.1.1.

13.2

13.2.1

Identification

without one or more yellow stripes.

The surface of the insulation of a grounding conductor of a flexible cord shall be green with or
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13.2.2 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so
identified.

13.2.3 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal or slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be plainly identified. A marking such as "G ," "GR ," "Ground ,"

"Grounding ,

14 Internal

14.1 Gene

1411 The
when consid
service likely

14.1.2 The
conductor ing

14.2 Aluminum conductors — termination

1421 An
interconnecti
method dete

14.2.2 Whe¢n a wire binding screw or a pressure wire connector is used as a terminating

aluminum cd
temperature,

14.3 Prote

" or a marking on a wiring diagram provided on the appliance shall be used.
Wiring

ral

internal wiring of an appliance shall consist of wires of a size and type forthe
bred with regard to temperature, voltage, exposure to oil and grease, and’othe
to be encountered.

e is no temperature limit applicable to beads of inorganic material or the equiv
ulation.

aluminum conductor, insulated or uninsulated, used as internal wiring,
pon of current carrying parts or as a motor winding, shall be terminated at e
mined to be acceptable for the combination.6f metals involved at the point of co

nductor, it shall be for use with~aluminum under the conditions involved
heat cycling, and vibration).

ction of wiring

intended use
conditions of

alent used as

such as for
hch end by a
hnection.

device for an
for example,

14.3.1  The|lwiring and connegtions between parts of an appliance shall be protected or [enclosed. An
uninsulated fonductor or ope.with beads for insulation shall not be used outside an englosure. If the
flexibility of flexible cord isiessential, a length of such may be employed for:

a) Exfernal contiections,

b) IntTrnaI connections that may be employed for external connections, or

c) Internal connections that may be exposed during servicing.
14.3.2 Internal wiring that is exposed through an opening in the enclosure of an appliance is considered

to be protected as required in 14.3.1 if it is evaluated as enamel-insulated and complies with 8.2 and 8.3.
Internal wiring not so protected complies if it is secured within the enclosure in such a manner that it:

a) Closely follows the main structure of the appliance and

b) Is securely held in place so that it is unlikely to be subjected to stress or mechanical abuse.

14.3.3 An internal terminal or wiring of an aquarium appliance shall not be adversely affected by
splashing or overflow due to careless filling of the aquarium tank.
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14.3.4

may be subjected to mechanical abuse, it shall be:

a) Electric metallic tubing,

b) Constructed of armored cable,

c) Hou

sed in rigid metal conduit,

d) Other metal raceway, or

If the wiring of an appliance is located so that it may be in proximity to combustible material or

e) Constructed of, or housed in, another material that has been determined to be equivalent.

14.3.5 Wirin
as to reduce
damage the g

14.3.6 A hg
enclosure of
well-rounded
used for exte
bushings as s
subject to me

14.3.7 Insul

enclosure of an appliance.

14.3.8 Type
14.4 Polarif

14.4.1 The
a) Any

b) On
The method ¢

with Table 1
appliances.

g within an enclosure, compartment, raceway, or similar area shall be located g
the risk of contact with any sharp edge, burr, fin, moving part, or similar/p
onductor insulation.

le by means of which insulated wires pass through a sheet metal wall withi
an appliance shall be supplied with a smooth, well-rounded bushing or shall h
surfaces upon which the wires bear to reduce the risk of insulation abrasion. A

pecified in Strain Relief, Section 11, unless the constrdction is such that the co
Chanical stress or motion.

ated wiring may be bunched and passed through'a single opening in a metal w

SPT-1, SP-1, and SPE-1 cord shall besplit a maximum of 3 inches for internal g

y

ollowing shall be connected\to the grounded (neutral) conductor of the supply cd
lampholder screw shell-and

any polarized receptacle, the terminal or lead intended to be grounded.

f identification of the supply cord conductor intended to be grounded shall be i

r guarded so
arts that can

h the overall
ave smooth,
flexible cord

rnal interconnection as mentioned in 19.1 and 19.2 shall-be supplied with strain relief and

rd will not be

all within the

onnections.

d:

=

accordance

D.1 for, cord-connected appliances and 10.3.3.2 and 10.3.3.3 for permanenfly-connected

14.4.2
circuit.

14.4.3
circuit.

15 Splices

15.1

A single pole switch shall be connected so as to interrupt the ungrounded side of the supply

A fuse or similar device shall be connected so as to interrupt the ungrounded side of the supply

A splice or connection shall be mechanically secure and shall provide continuity of electrical

contact. A soldered connection shall be made mechanically secure before soldering if breaking or

loosening of t

he connection could result in an increase in the risk of fire or electric shock.
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15.2 For an aquarium appliance such as a pump in which a significant amount of vibration is likely, the
requirement of 15.1 specifies the use of lock washers or other means so that wire binding screws and nuts
will not loosen.

15.3 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 can be used on a splice if the voltage involved is not more
than 250 volts. In determining whether splice insulation consisting of coated fabric, thermoplastic, or other
types of tubing is acceptable, consideration is to be given to such factors as dielectric properties, heat and
moisture resistance, and similar conditions. Thermoplastic tape shall not be used to wrap a sharp edge.

15.4 Where stranded internal wiring is connected to a wire binding screw, loose strands of wire shall not

contact any other uninsulated live part that is not always of the same polarity as the wire

or any dead

metal part. §
crimped eyel

15.5 A spli

suitable thermoplastic material.

16 Current

16.1 A curr

16.2 Ordinary iron or steel shall not be used for a current-carrying part.

Exception: d
carrying part

17 Separation of Circuits

171 Gene
17.1.1
circuits conn
insulated cor

17.1.2 Seg
determined f
of a different

Unlgss supplied with insulation rated for the highest voltage involved, insulated

eparation may be accomplished by the use of pressure terminal connectors;"s
ets, soldering all strands of wire together, or a means determined to be equivale

ce, tap, or exposed terminal shall be enclosed in metal, glass, marbl€,’ceramig

-Carrying Parts

ent-carrying part shall be of silver, cooper alloy, stainless stell or other similar me

rdinary iron or steel provided with a corrasion resistant coating, may be used
if acceptable in accordance with 6.2 — 6.25 or within a motor or associated gove

al

ected to separateSsources of supply shall be separated by barriers or othe

aration of)insulated conductors may be accomplished by clamping, routing
b be equivalent that maintains permanent separation from insulated or uninsula
circuit;

pldering lugs,
ht.

, phenolic, or

tal.

for a current-
rnor.

conductors of
r means. An

ductor of one circuit shall be separated from any uninsulated live part of a different circuit.

or a means
ted live parts

17.2 Barri€

17.21

TS

If a barrier is used to provide separation between the wiring of different circuits, it shall be of metal

or of insulating material (not fiber), shall have the required mechanical strength if exposed or otherwise
likely to be subjected to mechanical abuse, and shall be securely held in place. Unclosed openings in a
barrier for the passage of conductors shall not be larger than 1/4 inch (6.4 mm) and shall not exceed in
number the total number of wires that pass through the barrier. The closure for any other opening shall
present a smooth surface wherever an insulated wire may contact it, and the area of any such opening,
with the closure removed, shall not be larger than required for the passage of the required wires.

17.2.2 A metal barrier shall have a thickness at least as large as the minimum required thickness of the
enclosure material. A barrier of insulating material shall be at least 0.028 inch (0.71 mm) thick. A barrier
shall be to able withstand mechanical abuse that could otherwise defeat its purpose.
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18 Insulating Material
18.1 Material for mounting an uninsulated live part shall be porcelain, or constructed of a similar

composition that has been determined equivalent. Moisture absorptive material shall not be used for
electrical insulation.

Exception: Moisture absorptive material may be used if it is sealed in areas where moisture will not enter
and where it is inaccessible to the user.

18.2 A thermoplastic material generally is not considered acceptable for the sole support of an
uninsulated live part, but may be employed if determined to have the necessary mechanical strength and

rigidity, resist,
characteristic

18.3 Asma

rigidity requirx

will not be su
19

19.1
between an a
to be equivalg

19.2 Aninte
the accessory
adaptable for

Exception: F
connections (

nce-toheat rasistance to flame nronaaation dislectric nraonerties —and oth
7 PropPey v ProP 7

L2

I, molded part such as a brush cap shall be constructed to have the mechanical

jected to mechanical abuse under conditions of intended use.

Interconnecting Cords and Cables

A flexilble cord or cable assembly used for external connection.between sections of an

ppliance and an accessory intended for use with that'appliance shall be of a typ
nt to or heavier than the supply cord of the appliance.

rconnecting cable or flexible cord as describéd in 14.3.1 shall be permanently
or additional appliance end at the factory; and shall not be constructed, intend
field disconnection at that end.

Dr household indoor aquarium:equipment, detachable low voltage non-imm
f isolated power supply are alfowed when the voltage does not exceed Class 2

r applicable

strength and

d to withstand the stress of actual service. A brush cap shall be secured or located so that it

appliance or
b determined

connected at
2d, or readily

ersed output
wet limits in

Table 71.1. When the voltage of these-connections exceeds limits in Table 71.1 but within Qlass 2 limits,
the detachable connection of power unit shall have:
a) Minimum of 5 feet (1:52-m) from the point where the cord enters the non submersiple aquarium
appliahce; and
b) Minimum of ®-feet (1.83 m) from the point where the cord enters the submersiple aquarium
appliahces.
19.3 A plug|shall be factory installed on the free end of the flexible cord specified in 19.2. This plug shall
not fit into a parallel blade attachment receptacle or wall outlet.
20 Motors
20.1 General
20.1.1 A motor shall be capable of handling the maximum load imposed by the appliance without

introducing a

risk of fire, electric shock, or injury to persons.

20.1.2 A motor winding shall resist the absorption of moisture. Enameled wire is not required to be
additionally treated to reduce the absorption of moisture. However, fiber slot liners, cloth coil wrap, and
moisture absorptive materials determined to be equivalent shall be impregnated or otherwise treated to
reduce such absorption.


https://ulnorm.com/api/?name=UL 1018 2020.pdf

SEPTEMBER 17, 2020

UL 1018

47

20.1.3 A brush-holder assembly shall be constructed so that when a brush is worn out — no longer
capable of performing its function — the brush, spring, and other parts of the assembly are retained to the
degree required to keep:

a) Accessible dead metal parts from becoming energized and

b) Live parts from becoming accessible.

20.2 Overload protection

20.2.1

An appliance using a motor with a frame diameter of 7 inches (178 mm) or less, rated at 1

horsepower (746 W) or less, that is intended to be remotely or automatically controlled or that may be

operated wh
temperatures
shall not be ¢

Exception: A
protection.

20.2.2 For
overcurrent
speeds at wh

20.2.3 A1
impedance ¢

in the appliapce to a condition such as restricted ventilation, proximity to an external heat sd

like), is consi

20.24 The
requirements

20.2.5 Ath
the Normal T

20.2.6 The
any increase

20.3

20.3.1 Clag

Insul3gtion systems

le unattended, shall incorporate thermal or overcurrent protection so that it
higher than those indicated in 46.4.1.1 and 46.4.1.2. The motor shall not burn
vidence of a risk of fire as a result of testing.

n impedance-protected motor is not required to have additional thermal o

a multispeed motor of any of the types mentioned in*20.2.1 that employ,
brotective device to provide running overcurrent protection, the requirement
ich the motor is intended to operate.

hotor provided with inherent over-temperature, protection complying with 6.
rotected motor complying with 6.16.3.2 (unless the impedance-protected moto

dered to comply with the requirements_in,20.2.1 — 20.2.6 without further testing.

motor of an appliance shall incorporate thermal or overload protection that con
in46.4.1.1-46.4.1.4.

ermal or overcurrent protective device shall not open the circuit during the temp
emperature Test, Segtion 41.

functioning of any-motor protective device provided as part of an appliance sh3
in the risk qf fire or electric shock.

Will not attain
but, and there

r overcurrent

5 a separate
applies at all

16.3.1 or an
I is subjected
urce, and the

plies with the

erature test in

Il not result in

s“A insulation systems shall consist of a combination of magnet wire and maj

br component

insulation materials evaluated and found to operate as intended in its end use. Thermoset materials and
materials in Primary Class A insulating materials and minimum thickness, Table 20.1 at the thicknesses
specified are permitted to be used without further evaluation.

20.3.2 For Class A insulation systems employing other materials or thinner materials than those
indicated in Primary Class A insulating materials and minimum thickness, Table 20.1 or a combination of
materials, the materials, whether polymeric or not polymeric (treated cloth, for example), shall comply with
the requirements in 20.3.3.
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Table 20.1
Primary Class A insulating materials and minimum thicknesses

Minimum thickness

Material inches (mm)
Vulcanized fiber 0.028 0.71
Polyethylene terephthalate film 0.007 0.18
Cambric 0.028 0.71
Treated cloth 0.028 0.71
Electrical grade paper 0.028 0.71
Mica 0.006 0.15
Aramid paper 0.010 0.25

20.3.3 A pg
from dead
terephthalate
index for eleg
thermoplastic
63.

Exception: O
requirements

20.3.4 Mats

lymeric material employed in a Class 105 (A) insulation system thatyisolates
metal parts shall be unfilled or glass-reinforced nylon, polycarbonate,

polyethylene terephthalate, phenolic or acetal, and shall have arelative or ge
trical properties of 105°C minimum. Leads shall be rated 90°€ minimum. Motog
materials shall be subjected to the tests in Thermoplastic Motor Insulation Syst

ther polymeric materials used in a Class 105 (A)insulation system shall con
for thermal aging in 63.4.

rials used in an insulation system that operates above Class 105 (A) temps

comply with tihe Standard for Systems of Insulating Materials — General, UL 1446.

20.3.5 All inpsulation systems employing integral ground insulation shall comply with the

specified in th

21 Overcurn
21.1 A prot
be in an acc
unless a door

Exception NQq.

device shuntd

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

pctive device such.asia fuse, whose normal function requires removal or repla
bssible location-Hoewever, such a device shall be inaccessible from outside t
or cover is opened. The use of a tool shall be required in order to open such a d

1: The)protective device is not required to be accessible when the applia
d outofthe circuit, complies with all requirements.

the windings
polybutylene
heric thermal
rs employing
ems, Section

nply with the

ratures shall

requirements

tement, shall

ne appliance
por Or cover.

hce, with the

Exception No:

Z. 1ne operaring trardie of a circuit breaker, the operaring outtorn or a mariu

lly resettable

motor protector, and similar parts, but not including the knob of an extractor type fuseholder, may project
outside the appliance enclosure.

21.2 No uninsulated live part other than the screw shell or clips of a fuseholder shall be exposed to
contact by persons removing or replacing the fuse.

21.3 A fuseholder or other overcurrent protective device shall be connected in the unidentified power
supply conductor. The screw shell of a plug type fuseholder shall be connected toward the load.

22 Spacing

22.1

S

or low voltage) as though they were parts of opposite polarity as described in 22.2 — 22.4.

An uninsulated live part shall be spaced from another such part connected to a different circuit (line
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22.2 The spacing between uninsulated live parts of opposite polarity and between such a part and dead
metal that may be grounded in service shall not be specified for parts of circuits classified as low voltage.

22.3 The spacing between field-wiring terminals of opposite polarity and between a field-wiring terminal

and any other uninsulated electrically conductive part not of the same polarity shall not
indicated in Table 22.1.

Table 22.1
Spacings at field-wiring terminals

be less than

Minimum required spacings

Between terminals and other uninsulated metalp4grts not
H a
Between wiring terminals always of the same polarity
Potentfal through air or over surface, Through air, Ovet surfacg,
involvgd,
volty inch (mm) inch (mm) inch (mm)

250 or I¢ss 1/4 6.4 1/4 6.4 1/4 6.4

More than 250 1/2° 12.7 3/8 9.5 1/2° 12.7

@ Applies o the sum of the spacings involved where an isolated dead part is interposed.

b A spacirg of not less than 3/8 inch (9.5 mm) through air or over surface is acceptable at wiring terminals in a
compartnjent or terminal box if it is integral with the motor.

iring

22.4 The spacing between an uninsulated live part and a dead metal part that is exposed
persons or that may be grounded shall not be less than indicated in Table 22.2. If an uninsu
is not rigidly [fixed in position by means other than frigtiof’ between surfaces, or if a movab
part is in prgximity to an uninsulated live part, the construction shall be such that the requ
spacing is maintained.

Exception N¢. 1: The spacing may not be less than 3/64 inch (1.2 mm) between an isolate
part interposgd between or in close proximity to:

a) Live parts of opposite polarity,
b) A live part and an expesed dead metal part, or

¢) A live part and a\dead metal part that may be grounded.

However, thg total spacing between the isolated dead metal part and the two other parts sha
the value indjcated\in Table 22.2.

to contact by
ated live part
e dead metal
red minimum

d dead metal

| total at least

Exception No. 2: At a terminal screw or stud to which connection may be made in the fiel

by means of

wire connectors, eyelets, and similar parts, spacings shall not be less than those specified in Table 22.1.
However, the connectors, eyelets, and similar parts shall be in such position that the smallest spacings to

opposite polarity and to dead metal are present at the screw or stud.
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Table 22.2
Spacings at other than field-wiring terminals?®
Minimum spacings
Motor diameter 7 inches (178 mm) or Motor diameter greater than 7 inches
less® (178 mm)®
_Potential Over surface, Through air, Over surface, Through air,
involved in
volts Parts involved inch (mm) inch (mm) inch (mm) inch (mm)
0-125 Commutator or 116 1.6 116 1.6 3/16° 4.8 1/8° 3.2
collector rings of a
motor
Elsowhoro-inthe 2/32d 24 2/32d 24 1/4c.e 6-4 1/gc.e 3.2
appliance
126 — 250 Commutator or 116 1.6 116 1.6 3/16° 4.8 3/1B° 4.8
collector rings of a
motor
Elsewhere in the 3/32 24 3/32 24 1/4%¢ 6.4 1/4p° 6.4
appliance
251 -600 Commutator or 1/4 6.4 1/4f 6.4 3/8 9.5 174 6.4
collector rings and live
parts of the rigging of a
motor
Elsewhere in the 1/2° 12.7 3/g°f 9.5 1/2° 12.7 3/ge 9.5
appliance
@ Spacings of ngt less than 1/16 inch (1.6 mm) are acceptable at a heatingelement, and are acceptable throughout fin aquarium
heater rated 25D V or less.
® This is the diameter, measured in the plane of the laminations, of the ircle circumscribing the stator frame, excluding lugs,
boxes, and the |ike used solely for motor mounting, assembly, or connection.
¢ Spacings of ngt less than 3/32 inch (2.4 mm) are acceptable throughout a universal motor.
9 For a motor rgted at 1/3 horsepower (249 W) or less, these spacings may not be less than 1/16 inch (1.6 mm).
¢ Film-coated wjre is considered to be an uninsulated, live part. However, a spacing of not less than 3/32 inch (2.4 m) (over
surface and thrpugh air) between film-coated wire, rigidly supported and held in place on a coil, and a dead metal pgrt is
acceptable.
f'Spacings inside a motor may not be less than 174 inch (6.4 mm), except a through-air spacing involving a collector fing may not
be less than 1/4 inch (3.2 mm).
22.5 An insplating lining+or; barrier of insulating material employed where spacings would ptherwise be
insufficient shall be at least 0.028 inch (0.71 mm) thick and shall be so located or of such material that it
will not be adversely(affected by arcing. Insulating material not less than 0.013 inch (0.33 mm) thick may
be used in copjunction with an air spacing of not less than 50 percent of the spacing required for air alone.
EXCGPﬁOFI.‘ /nou/dfflly materiat l'lavfuy athicknessfesstharthat opt—;uiffcd may beusedifstrch a material is

determined to be acceptable for the intended use.

22.6 The spacing requirements in this section do not apply to the inherent spacings of a component,
such as a snap switch. These components are to be evaluated under the individual requirements for the
particular component. For a repulsion motor, a repulsion induction motor, or a repulsion start induction
motor, the spacing requirements do not apply to the commutator, the brush assembly, and the jumpers that
short circuit the brushes. Any uninsulated conductor of the rotor circuit is regarded as a dead metal part
with regard to the stator circuits, and the appropriate spacing is required between uninsulated stator and
rotor conductors.

22.7 In applying Table 22.2 to an appliance incorporating two or more motors of different sizes, the
spacings inside each motor are to be evaluated using the Standard for Rotating Electrical Machines —
General Requirements, UL 1004-1. The spacings elsewhere in the appliance are to be evaluated on the
basis of the size of the largest motor in the appliance.


https://ulnorm.com/api/?name=UL 1018 2020.pdf

SEPTEMBER 17, 2020 UL 1018 51

23 Alternate Spacings — Clearances and Creepage Distances

23.1 As an alternative to the specified spacing requirements of this Standard, the spacing requirements
in the Standard for Insulation Coordination Including Clearances and Creepage Distances for Electrical
Equipment, UL 840, are able to be used for spacings on printed wiring boards. The spacing requirements
in UL 840 are not to be used for field wiring terminals and spacings to a dead metal enclosure. In
determining the pollution degree and overvoltage category, the end-use application is to be identified and
is to modify those characteristics given in 23.2 — 23.3, as appropriate.

23.2 When applying specific requirements from the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, it is anticipated that the degree of
pollution expected or controlled will be as indicated in Table 23.1

Table 23.1
Degrees of pollution

Equipment pollution degree Equipment pollution degree

Hermetically s¢aled or encapsulated equipment without 1
contaminating fnfluences or printed wiring boards with a
protective coatjng.

Totally enclosdgd equipment for use in a clean environment. 2

Open equipmgnt for use in a clean environment. 3

23.3 When applying specific requirements from the!Standard for Insulation Coordination Including
Clearances dnd Creepage Distances for Electrical Equipment, UL 840, it is anticipated that the equipment
will be identifjed by overvoltage categories as indicated in Table 23.2.

Table 23.2
Overvoltage categories

Equipment overvoltage category Equipment overvoltage categony

Intended for fied wiring connection 1}

Portable and sfationary cord-connected. 1]

Power-limited and safety low, voltage. |

NOTE — Appligable to low-voltage circuits if a short circuit between the parts involved may result in operation of the|controlled
equipment thaj would:a-increase the risk of fire or electric shock.

23.4  Printed-wiring boards constructed of Types XXXP, XXXPC, G-10, FR-2, FR-3, FR-4, FR-5, CEM-1,
CEM-3, GPO-2, or GPO-3 industrial laminates in accordance with the Standard for Polymeric Materials —
Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed-Wiring
Boards, UL 746E, are determined to have a minimum comparative tracking index of 100 without further
investigation.

24 Antisiphoning

24.1  An aquarium air pump provided with a power supply cord shall also be supplied with a check valve,
or other means determined to be equivalent, to reduce the risk of backflow of liquid that may result in a risk
of electric shock. This check valve may be provided as part of the air hose if applicable installation
instructions are provided. The means of backflow prevention shall be investigated by testing in accordance
with 52.1. In lieu of the backflow prevention, a pump may be marked as shown in 68.1.4.
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Exception: An aquarium air pump intended for direct connection to an outlet receptacle by means of
integral attachment plug blades, with no power supply cord provided shall not be marked as described in
68.1.4. Such a pump shall be provided with a check valve or other means determined to be equivalent to

reduce the risk of liquid backflow.

25 Reduction of Risk of Injury to Persons

25.1

2511

General

means shall be provided to reduce the risk.

25.2 Sharp

25.2.1 A ma
heater shall
subjected to 2

2522 Ane
of an applian
or user maint

25.3 Switch

25.3.1 The
such access

edges

terial (including glass) that is used as a portion of an appliance otherithan on a
be such that no sharp edges are exposed to contact by the userwhen the
mechanical abuse test as outlined in 53.1 and 53.2.

ge, projection, or corner of an enclosure, opening, frame guard, knob, handle, g
be shall be smooth and rounded, and shall not cause lacerations or cuts during
bnance.

es, controls, interlocks

Hetails of guards, safety releases, interlocks;"and the like are not specified, but

If the operation and maintenance of a product by the user involves the risk of injury to persons,

n immersible
appliance is

r similar part
ntended use

the need for

bry protection and its acceptability shall’ be determined from a study of the complete

appliance, it§ operating characteristics, and the¢likelihood of injury occurring from othef than gross
negligence.
25.3.2 A mptor control switch on the .appliance (other than a momentary contact switch)[shall have a

plainly marke

Exception: A

injury to pers¢ns.

25.3.3 Ifan

motor shall ngt result(inythe risk of injury to persons.

253.4 The

i off position.

switch is not required to be marked if energization of the appliance cannot rest

automaticreset protective device is employed in an appliance, the automatic res

requirement in 25.3.3 specifies the use of an electrical interlock in the apq

It in a risk of

tarting of the

liance when

moving parts

25.4 Materials

2541

rthe fike camcause mnjury to persons upon the automatic restarting of the motor.

The material of a part (such as an enclosure, a frame, a guard, or similar parts), the breakage or

deterioration of which might result in the risk of injury to persons, shall have such properties as to meet the
demand of expected loading conditions.

25.4.2 The requirement in 25.4.1 applies to those portions of a part adjacent to a moving part considered

to be capable

of causing an injury.
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25.5 Rotating or moving members

25.5.1

A rotating member, the breakage of which might result in a risk of injury to persons, shall be

constructed so as to reduce that risk of breakage or the release or loosening of a part that could become a

hazard.

25.5.2 An appliance employing a series motor shall be tested as described in 46.4.2.1 to determine
whether it complies with the requirement in 25.5.1.

25.5.3 A rotating or moving part shall be provided with a means to retain a part in place under conditions
of use if that part has a tendency to become disengaged or cause a risk of injury to persons.

26 Switchels and Controllers

26.1 A swif
less than tha

26.2 With
load other th
the full load g

26.3 A swit
previously ey

264 A ma
employs am

26.5 A swit
or indicating
equivalent to
load for dired

26.6 A swit
described in

ch or other control device shall be of a type for the intended use and-shall not
of the load it controls. An aquarium appliance shall not employ a through-cord s

eference to the requirement in 26.1, the current rating of the switch that control
AN a motor, such as a transformer or an electric discharge tamp ballast, shall be
urrent of the inductive load unless the switch has been evaluated for the intendg

ch or other device that controls a solenoid, relay,<coil; or similar part, and that
aluated shall be subjected to an overload test as‘described in 54.1.1.

hually operated motor control switch shalh\be provided in a cord-connected &
btor rated greater than 1/3 horsepower (249 W).

ch that controls a lampholder for_an‘incandescent lamp, other than a 15 watt o
lamp, shall be for use with tungsten filament lamps or shall have a current
six times the steady state. tungsten load for alternating current, or ten times th
t current.

ch of the single-pole:type shall not be connected in the conductor intended to be
10.3.3.2 and 10-3.3:3.

27 Controls — End Product Test Parameters

27.1 Gene

al

18

have a rating
witch.

5 an inductive
at least twice
d use.

has not been

ppliance that

I smaller pilot
ting at least
steady state

grounded as

2711

distance requirements of the applicable control standard as determined in Controls, 6.6.

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

27.1.2 Where reference is made to declared deviation and drift, this indicates the manufacturer’s

declaration o

27.2 Auxili

27.21

27.2.2 Auxi

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

ary controls

liary controls shall comply with the requirements of this end product standard.

Auxiliary controls shall not introduce a risk of electric shock, fire, or personal injury hazard.

Exception: An auxiliary control that complies with a component standard(s) specified in Controls, 6.6, is
considered to fulfill this requirement
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27.3 Operating controls (regulating controls)

27.3.1  The following test parameters shall be among the items considered when judging the
acceptability of an operating control investigated using the Standard for Automatic Electrical Controls —
Part 1: General Requirements, UL 60730-1:

a) Control action Types 1 or 2;

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

27.3.2 The
acceptability
Controls — P3

a) Cor
b) Unl
6,000
condit
c) For

d) For|

e) For|

rement techniques — Surge immunity test, IEC 61000-4-5;
the applicable Overvoltage Category, see Table 27.1;
the applicable Material Group, see Table 27.2;

he applicable Pollution Degree, see Table 27.3.

following test parameters shall be among the items considered when

—Testing and

judging the

bf an operating control investigated using other than‘the Standard for Automatic Electrical

rt 1: General Requirements, UL 60730-1:
trol action Types 1 or 2;

ess otherwise specified in this Standard,"'manual and automatic controls shall
cycles with under maximum normal”load conditions, and 50 cycles un
ons.

the applicable Overvoltage Category, see Table 27.1;
the applicable Material Group, see Table 27.2;
the applicable Pollution Degree, see Table 27.3.

Table 27.1
Overvoltage categories

be tested for
ler overload

Appliance Overvoltage category

Intended for fix

bd Wiring connection 1

Portable and stationary cord-connected Il

Control located

in low-voltage circuit |

equipment that

NOTE — Applicable to low-voltage circuits if a short circuit between the parts involved may result in operation of the controlled

would increase the risk of fire or electric shock.
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Table 27.2
Material group

CTI PLC value of insulating materials Material group
CTI 2600 (PLC = 0) I
400=< CTI <600 (PLC =1) I
175<CTI <400 (PLC =2o0r 3) llla
100 <CTI < 175 (PLC = 4) Illb

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

Table 27.3
Pollution degrees

Agpliance control microenvironment Pollution‘degree

No pollution orjonly dry, nonconductive pollution. The pollution
has no influenge. Typically hermetically sealed or encapsulated
control withoufjcontaminating influences, or printed wiring
boards with a protective coating can achieve this degree.

Normally, only honconductive pollution. However, a temporary
conductivity cdused by condensation may be expected.
Typically indodr appliances for use in household or commercial
clean environnjents achieve this degree.

Conductive pollution, or dry, nonconductive pollution that
becomes conductive due to condensation that is expected.
Typically contrpls located near and may be adversely affected 3
by motors with|graphite or graphite composite brushes, or
outdoor use agpliances achieve this degree.

27.4 Protegtive controls (limiting controls)

27.4.1 An glectronic control that performs a protective function shall comply with the requirements in
Controls, 6.4, while tested using.the parameters in this section. Examples of protective cpntrols are: a
control used to sense abnormal temperatures of components within the appliance; an interlgck function to
de-energize g motor; temperature protection of the motor due to locked rotor, running ovdrload, loss of
phase; or other function.intended to reduce the risk of electric shock, fire, or injury to persons

27.4.2 The follewing test parameters shall be among the items considered when| judging the
acceptability|of\an’ electronic protective control investigated using the Standard for Automptic Electrical

Controls — Part1-General Regquirements. UL 60730-4— |
a) Failure-Mode and Effect Analysis (FMEA) or equivalent Risk Analysis method;

b) Power Supply Voltage Dips, Variation and Interruptions within a temperature range of 10°C and
the maximum ambient temperature determined by conducting the Normal Temperature Test; see
Section 41;

c) Surge immunity test — installation class 3 shall be used;
d) Electrical fast transient/burst test, a test level 3 shall be used;
e) Electrostatic Discharge Test;

f) Radio-frequency electromagnetic field immunity:
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1) Immunity to conducted disturbances — When applicable, test level 3 shall be

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

used and

sed;

g) Thermal Cycling test of Clause H.17.1.4.2 of UL 60730-1 shall be conducted at ambient
temperatures of 10.0+2°C and the maximum ambient temperature determined by conducting the
Normal Temperature Test; see Section 41. The test shall be conducted for 14 days; and

h) Overload shall be conducted based on the maximum declared ambient temperature (T ) Or as
determined by conducting the Normal Temperature Test; see Section 41

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

27.4.3 The fest parameters and conditions used in the investigation of the circuit covered’b
be as specifi¢gd in the Standard for Tests for Safety-Related Controls Employing Solid-State
991, using th¢ following test parameters:

a) Wi

operafed system becoming permanently inoperative with respect\te” movement of

portio
electri

b) A fi

c) The

extremes of 0°C (0°F) and 70°C (158°F);

d) The
Humid

e)Av

f) The

standard;

g) Wh
is to b
accels

h) The
perfor
60°C

regard to electrical supervision of critical components, for attended applian

of the appliance meets the criteria for trouble indication. For unattended
Cal supervision of critical components may not rely on trouble indication;

bld strength of 3 V per meter is to be used for the Radiated EMI Test;

Composite Operational and Cycling Test is<te’ be conducted for 14 days at

Humidity Class is to be based on the appliance’s intended end use and is to bq
ity Test;

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

computational investigation is not applicable to equipment covered by this

en the Demonstrated Method Test is conducted, the multiplier for the test accel
e 576.30 for intermittent use appliances, or 5763.00 for continuous use applian
ration factorequation is to be based on a 25°C use ambient;

Endurance Test is to be conducted concurrently with the Operational Test. The
m its intended function while being conditioned for 14 days in an ambient air te
140°F), or 10°C (18°F) greater than the operating temperature of the control,

27.4.1 shall
Devices, UL

ces, a motor
an exposed
appliances,

temperature

used for the

end product

bration factor
ces. The test

control shall
mperature of
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.

27.4.4 Unless otherwise specified in this Standard, protective controls shall be evaluated for 100,000
cycles for Type 2 devices, and 6,000 cycles for Type 1 devices, with rated current.
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27.5 Controls using a temperature sensing device

27.5.1

A temperature sensing positive temperature coefficient (PTC) or negative temperature coefficient

(NTC) thermistor, that performs the same function as an operating or protective control, shall be tested
using the following number of cycles when testing a sensing device in accordance with the endurance test:

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

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

c) For a device employed as a combination operating and protective device — 100,000 cycles.

28 Lamphglders

28.1 The s
plated coppe

crew shell metal of a lampholder shall be stainless steel, nickel-platedqalumin
r alloy unless the lampholder is located so that it is unlikely to be exposed to moi

28.2 The spacing between an uninsulated live part, such as a screw shell or lamp envelope

an aquarium
and alamp e
The spacing
aquarium tar
with the max
without the u

28.3 A lam

tank shall not be less than 1/2 inch (12.7 mm). In measuring‘the’ distance betw

shall be evaluated with the appliance installed as discussed in the instruction n
k having the dimensions specified in the instruction manual. The aquarium tank
imum quantity of water it can hold. Any accessory.or"part of the appliance that
5e of a tool is to be removed for the purpose of this.requirement.

pholder shall be constructed of porcelain;cold-molded phenolic, urea, or ot

resistant material determined to be equivalent.

28.4 Thersg

quirements in 28.3 preclude the use'of fiber as electrical insulation in lampholde]

29 Capacifors

29.1 Acap
as for radio
container so

hcitor provided as a part of a capacitor motor and a capacitor connected across
nterference elimjnation or power factor correction) shall be housed within an
that the plates will-not be subject to mechanical abuse, and there will not be emi

or molten metal resulting fram failure of the capacitor. The container shall be of metal prov

and protectig
metal less th

Exception: T

n not less)than that of uncoated steel having a thickness of 0.020 inch (0.5
An 0.026 inch (0.66 mm) thick is not recommended.

he “individual container of a capacitor may be of sheet metal thinner than s

im, or nickel-
sture.

, and water in
een the water

nvelope, it is to be assumed that the lamp envelope is symmetrical about the sciew shell axis.

hanual, on an
is to be filled
is removable

her moisture-

I'S.

the line (such
enclosure or
5sion of flame
ding strength

mm). Sheet

pecified or of

material oth

T tham metal if the capacitor 15 mounted 1M an ernciosure that Touses othe

parts of the

appliance, provided that such a box, case, and similar housing is acceptable for the enclosure of current-
carrying parts.

29.2

If a capacitor that is not part of a capacitor motor or a capacitor start motor is connected in an

appliance that is automatically or remotely controlled so that capacitor failure would result in a risk of fire or
electric shock, thermal or overcurrent protection shall be provided in the appliance to reduce the risk of
such a condition.

30 Electronic Control Equipment

30.1
equivalent to

other such controls or devices.

Electronic control components or devices shall have a performance level determined to be


https://ulnorm.com/api/?name=UL 1018 2020.pdf

58 UL 1018 SEPTEMBER 17, 2020

30.2 Electronic control equipment shall be investigated as a system in addition to the investigation of
individual components.

30.3 Breakdown of any electronic component shall not result in a risk of fire, electric shock, or injury to
persons within the unit or in the equipment controlled.

30.4 Compliance with 30.3 requires analysis of the circuit and may require the opening and shorting of
each component in turn while observing the ultimate operating condition. If the circuit opening or shorting
of a component may result in a risk of fire, injury to persons, or electric shock, the reliability of the
component (the probability that the component will perform its intended function under a specified set of
environmental conditions and over a specified period of time) shall be investigated.

30.5 Envirg
electrical tran

31 Printed
31.1

3111 Are
mounted on 3

31.1.2 Con
component o

31.2 Spacings on printed wiring boards

General

nmental and field conditions such as ambient temperature, vibration,. thd
Sients, moisture, and the like shall be considered in investigating electroniccont

Wiring Boards

sistor, capacitor, inductor, transformer, transistor, diode, @r other component g
printed wiring board to form a printed wiring assembly.shall be securely held in

sideration is to be given to the mechanical protection and electrical insulation
part by the presence of a barrier or partition.

brmal shock,
ol systems.

r part that is
blace.

afforded to a

31.2.1 As gn alternative to the spacing requirements of Spacings at other than field-wiring terminals,
Table 22.2, thie spacing requirements in the Standard for Insulation Coordination Including Clearances and
Creepage Disgtances for Electrical Equipment, UL 840 are able to be used. The spacing requirements of
UL 840 shall pot be used for field wiring terminals and spacings to a dead metal enclosure.
31.2.2 The following end use factors from this Standard shall be applied:

a) For|the applicable ©vervoltage Category, see Table 27.1;

b) Forjthe applicable Material Group, see Table 27.2;

c) For|the.applicable Pollution Degree, see Table 27.3.
31.2.3 In order to apply Clearance B (controlled overvoltage) clearances, control of overvoltage shall be

achieved by providing an overvoltage device or system as an integral part of the product. This voltage
limiting device or system shall comply with the Standard for Surge Protective Devices, UL 1449.

31.2.4 All printed wiring boards are identified as having a minimum comparative tracking index (CTI) of
100 without further investigation, for evaluation to the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840.

32 Thermostats

32.1 A thermostat shall comply with the Standard for Temperature-Indicating and -Regulating
Equipment, UL 873, and shall be subjected to the test described in 55.1.1. Compliance with the Standard
for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1, and/or the applicable Part
2 standard from the UL 60730 series fulfills these requirements.
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Exception: A

thermostat is not required to be subjected to the test specified in 55.1.1 if:

a) The heater does not exceed the maximum allowable temperature when the thermostat is
bypassed (shorted out) and

b) The thermostat is not likely to be defeated by the user.

33 Fusible

33.1

Links

A fusible link shall comply with the requirements for such a component. It shall be capable of

opening the circuit in the intended manner. It shall not cause the short circuiting of live parts nor cause
them to be grounded to the enclosure when the appliance is connected to a voltage circuit as specified in

37.2 and ope
in 55.2.1.

rated to cause abnormal heating. Such a fusible link shall comply with the test

34 Rectifigrs

34.1 When
risk of fire, el

35 Heating

35.1
contact with
given to sagg

35.2 Anyh
of the open v

35.3 An af
cooling air bl

to preclude €
without such

36 Attachn
36.1 A fun

the basic af
recommends

requirements

an appliance uses a combination of a rectifier and an electrolytic capacitor, no ipcrease in the

pctric shock, or injury to persons shall result when either compenent is short circ

Elements

A hedting element shall be supported and shall be.guarded against mechanical

outside objects. In the investigation of an element supporting means, conside
ing, loosening, and other adverse results of continuous heating.

pating element that may be contacted by‘the user during intended use or cleanin
ire type.

pliance in which the heatingleléement is intended for operation only when pr

Lited.

damage and
ation is to be

g shall not be

bvided with a

ast shall be wired or construeted so that the element can be operated only when the cooling
effect of the air blast is provided. An appliance in which the cooling effect of the motion of a p

xcessive temperatures shall be wired or constructed so that the element canno
motion.

hents

tional attachment that is made available or recommended by the manufacture
pliance shall be included in the investigation of the appliance. Unless the

art is required
t be operated

r for use with
manufacturer

the' use of two or more attachments at the same time, only one attachment at a time is to be

investigated with the appliance.

36.2 The literature accompanying a package containing a basic appliance and attachments intended to
be marketed as a complete unit shall indicate what attachments are intended for use with the basic
appliance if use of such attachments exposes the user to the likelihood of injury.

36.3 An attachment that is packaged and marketed separately from the basic appliance and
recommended by the manufacturer for use on the basic appliance shall be marked in a manner that
identifies the basic appliance with which it is intended to be used. The identification shall appear in at least
one of the following locations:

a) On the attachment,

b) On the package housing the attachment,
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c¢) In the instruction book for the basic appliance, or

d) In information furnished with the attachment.
PERFORMANCE
37 General

37.1 The tests outlined in these requirements are to be conducted, if possible, in the order in which they
are presented.

37.2 Unless-otheraise Qpn!“lflﬂd, tast \lr\lfngne used-inall-tests-are-tobe-as-showninlable 37.1.

Table 37.1
Test voltages

Voltage rating of appliance Test voltage
Appliance$ rated with a single voltage within the ranges 110 — 120 Highest voltage of range
(inclusive)|or 240 — 250 (inclusive)
Appliance rated with a single voltage not within one of the ranges Ratedrssingle voltage
given aboye

Appliance$ rated with a range of voltages that may or may not coincide,’] Highest voltage of rated range
with one of the ranges given above

38 Leakageg Current Test

38.1 The le@ikage current of a cord-connected-aquarium appliance (including any accessory intended for
use with the gppliance) when tested in accordance with 38.3 — 38.7 shall not exceed:

a) 0.5|milliampere for an ungrounded 2-wire product,

b) 0.5|milliampere for a grounded 3-wire portable product, and

¢) 0.7% milliampere for-a.grounded 3-wire product:

1) Employing a standard attachment plug rated 20 amperes or less and

2) Intended to be fastened in place or located in a dedicated space.

38.2 Leakdge~current refers to all currents, including capacitively coupled currents, that may be
conveyed between exposed conductive surfaces of an appliance and ground or other exposed conductive
surfaces of the appliance.

38.3 Any exposed conductive surface is to be tested for leakage current. The leakage current from such
a surface is to be measured to the grounded supply conductor individually as well as collectively where
more than one surface is simultaneously accessible, and from one such surface to another. A surface is
considered accessible unless protected against inadvertent contact by an enclosure or equivalent that
meets the requirements of Accessibility of Live Parts, Section 8. Surfaces are considered to be
simultaneously accessible when they can be readily contacted by one or both hands of a person at the
same time. These measurements do not apply to terminals operating at voltages that are considered not
to present a risk of injury.

38.4 |If part or all of an enclosure is of a material other than metal, a piece of metal foil measuring 4 by 8
inches (100 by 200 mm) is to be placed on the enclosure so that all of the foil is in close contact with the
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surface of the appliance. Leakage current is then to be measured from the foil to the grounded supply
conductor, and from the foil to exposed conductive surfaces of the appliance. The foil is not to be left in
place long enough to affect the temperature of the appliance.

Exception: For a surface smaller than 4 by 8 inches, the piece of metal foil is to be the same size as the
surface.

38.5 The measurement circuit for leakage current is to be as shown in Figure 38.1. The ideal measuring
instrument is defined in (a) — (d) below. The meter that is actually used for a measurement need only
indicate the same electrical value for a particular measurement as would the ideal instrument; it need not
have all the attributes of the ideal instrument.

Aapacitance of

a) Th
0.15

b) Th
voltag

c) Th
indicg
0.15

meas

d) Un
to be

38.6 A sani
but with its ¢
appliance sh
testing. The

be as followd:

a) Wi
curre
all int

b) Sw
leaka
devic

c) Th
positi

ideal meter has an input impedance of 1500 ohms resistivity shunted by a~c
icrofarad.

e meter indicates 1.11 times the average of the full wave rectified composite
e across or current through the resistor.

b ideal meter, over a frequency range of 0 — 100 kilohertz, has\a frequency resp
ted to actual value of current) that is equal to the ratio of a.1500 ohm resistance
microfarad capacitance of 1500 ohms. At an indicatigh*of 0.5 or 0.75 mi
urement is to have an error of not more than 5 percentiat 60 hertz.

ess the meter is being used to measure leakage from one part of an appliance t
connected between the accessible parts and the grounded supply conductor.

ple of the appliance is to be tested for leakage current starting with the as-rece
rounding conductor (if any) open at the attachment plug. In the as-received

all not have been previously energized except as may have occurred during p,
supply voltage sequence with reference to the measuring circuits shown in Fig

h switch S1 open, the appliance is to be connected to the measuring circuit, an
nt is to be measured using both positions of switch S2 with the appliance switc
bnded operating positions.

itch S1 is then'to' be closed, energizing the appliance, and within a period of 5
pe current.is:t0 be measured using both positions of switch S2 with the applia
s in all intended positions.

A

g

e leakage current is to be monitored until thermal stabilization has been
bns/of switch S2 are to be used in determining this measurement. Thermal sta

waveform of

onse (ratio of
shunted by a
liampere the

b another, it is

ved condition
condition, the
roduction-line
ure 38.1 is to

d the leakage
ning device in

seconds, the
nce switching

ttained. Both
bilization is to

be ob

tained by operation of the appliance as in the temperature test.

38.7 A sample is to be carried through the complete leakage current test program without interruption for
other tests. However, with the concurrence of all concerned, the leakage current tests may be interrupted
for the purpose of conducting other nondestructive testing.
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Figure 38.1

Leakage current measuring circuits

PRODUCT METER

% INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B
LC100

Appliance intendgd for connection to a 120-volt power supply.

=
120V

2R0V <—

120V
=

St } ;E INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC200

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

o \Ce— P

Jov S L2 oSy g e =
I i)

—J

N

INSULATIN(
—— TABLE

GROUNDEDSSUPPLY CONDUCTOR B
LE£300

Appliance intendgd for connectionito a 3-wire, grounded-neutral power supply, as illustrated above.
A — Probe with shielded legd»
B — Separated and used:as clip when measuring currents from one part of device to another.
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39 Insulat

ion Resistance Test

39.1  Where measurement of the insulation resistance is required (for permanently-connected
appliances), a DC voltage of approximately 250 volts is to be applied between exposed dead-metal parts
of the appliance and the appliance supply conductors connected together. A voltmeter, having an internal
resistance of at least 30,000 ohms, is to be connected in series with the DC voltage source and the supply
conductors. The DC line voltage is to be measured using a separate AC-DC voltmeter. See Figure 39.1.
The insulation is to be calculated using the following circuit equation:

in which:

R; is the insulation resistance of the test sample,

Vyis

V. is the voltage across series voltmeter (reading given on series.yvoltmeter), and

Rgis

in wh

The calculated insulation resistance shallnot be less than 50,000 ohms.

Exception: If| is acceptable for self-contained laboratory grade instrumentation that produc
results, suchlas a megohmmeéter with an open circuit output of 500 volts, to be used in pla

voltmeter cir

Vi—V.

he DC line voltage (reading given on AC - DC voltmeter),

he resistance of series voltmeter using the following eqtation:
Ry = MgV,
ch:

My is the deflection sensitivity of the-series voltmeter in ohms/volts and

V., is the maximum voltage which can be read on the scale being used.

buit shown in Figure 39.1.

es equivalent
ce of the two-
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Figure 39.1

Two-voltmeter method of measuring insulation resistance

+
O @
| 1 - 1
Vs
‘ Series
A-C-D-C \Voltmeter
vortmeter @
D-C \/
Line Supply kedds
Vi Test Sample
(R;)
0, @ @
$2192C Dead metal of Test Sample
40 Input Test

40.1 The clirrent or wattage input to.an’ appliance is to be measured when an appliance is operated
under the conpditions of maximum intended load as described in 41.2.1—- 41.7.1 and when cgnnected to a
supply circuitjof maximum rated veltage and rated frequency. The test voltage is to be as spegified in Table
37.1. The me@asured current or-wattage input shall not be more than 105 percent of the marked electrical
rating on the appliance.

41 Normal femperature Test

41.1 General

41.1.1  An appliance is to be tested under conditions of maximum intended load as described in 41.2.1 —
41.2.3. A temperature shall not be recorded at any point that is sufficiently high to cause a fire or to
damage any material used in the appliance. There shall not be temperature rises at specific points greater
than those indicated in Table 41.1.

41.1.2 The temperature rise values in Table 41.1 are based on an ambient temperature of 25°C (77°F),
but the tests may be conducted at ambient temperatures of 10 — 40°C (50 — 104°F).
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Table 41.1
Maximum temperature rises

Degrees,
Materials and component parts °Cc (°F)
1. Varnished-cloth insulation 60 108
2. Fuses 65 117
3. Wood and other similar material 65 117
4. Unimpregnated glass fiber 225 405
5. A surface upon which a cord-connected or permanently wired appliance is likely to be mounted in 65 117
service, and surfaces that are likely to be adjacent to the appliance when it is so mounted
6. Class A insylation systems on coil windings of AC motors having a frame diameter (see note a to
Table 22.2) of fnore than 7 inches (178 mm) and of DC and universal motors:
a) In open motors:
Thermgcouple method 65 117
Resistance method 75 135
b) In totally enclosed motors:
Thermgcouple method 70 126
Resistance method 80 144
7. Class A insylation systems on coil windings of AC motors having a frame diameter(see note a to
Table 22.2) of [ inches (178 mm) or less (not including universal motors):
a) In open motors (thermocouple or resistance method) 75 135
b) In totally enclosed motors (thermocouple or resistance method) 80 144
8. Class 105 infsulation systems on vibrator coils (thermocouple orfesistance method 75 135
9. Class 105 infsulation systems on windings of relays, solenoids; magnets, and the like:
Thermocoliple method 65 117
Resistancg method 85 153
10. Class B indulation systems on coil windings of(AC motors having a frame diameter (see note a to
Table 22.2) of fnore than 7 inches (178 mm) afid'ef DC and universal motors:
a) In open motors:
Thermgcouple method 85 153
Resistance method 85 153
b) In totally enclosed motors:
Thermgcouple method 90 162
Resistance method 100 180
11. Class B ingulation’systems on coil windings of AC motors having a frame diameter (see note a to
Table 22.2) of Em.ches_ul&uwn.).m-less_(.uamemmr i ing-universal motors):
a) In open motors (thermocouple or resistance method) 95 171
b) In totally enclosed motors (thermocouple or resistance method) 100 180
12. Class E system on coil windings of an ac motor having a frame diameter of 7 inches (178 mm) or
less, not including a universal motor.
a) In open motors (thermocouple or resistance method) 85¢ 1532
b) In totally enclosed motors (thermocouple or resistance method) 90 162
13. Class E system on coil windings of an ac motor having a frame diameter of 7 inches (178 mm) or
less, not including a universal motor.
a) In open motors
Thermocouple method 752 135°

Table 41.1 Continued on Next Page
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Table 41.1 Continued

Degrees,
Materials and component parts °Cc (°F)
Resistance method 85 153
a) In totally enclosed motors
Thermocouple or resistance method 80 144
Resistance method 90 162
14. Class F (155°C) insulation systems on coil windings of an ac motor having a frame diameter of
more than 7 in (178 mm) and of a dc motor, and a universal motor®
a) In open motors
Thermacouple method 110 198
Resistahce method 120 216
b) In totally fenclosed motors
Thermacouple method 115 207
Resistahce method 125 225
15. Class F (15p°C) insulation systems on coil windings of an ac motor having a frame diameterof 7
in (178 mm) or [ess, not including a universal motor®:
a) In open rhotors:
Thermacouple or Resistance method 120 216
b) In totally fenclosed motors:
Thermacouple or Resistance method 125 225
16. Class 130 ipsulation systems on vibrator coils (thermocouple orrésistance method) 95 171
17. Class 130 iIsuIation systems on windings of relays, solenoids;\magnets, and the like
Thermocouple method 85 153
Resistance|method 105 189
18. Phenolic composition employed as electrical insulation or as a part whose failure is likely to result 1258 2252
in a risk of fire, electric shock, or injury to persons
19. Rubber- or {hermoplastic-insulated wires and cords 3520 6320
20. On the surface of a capacitor ratings
Electrolytic 40° 72°
Other typeq 65¢ 117¢
21. Transformefs with ClassA05 insulation systems:
Thermocouple methed 65 17
Resistance|mettiod 75 135
22. At any pointwithire-terminat-bex-orwiring-compartmentof-a-permanentiy-connected-appliance-in 35 63
which power-supply conductors are to be connected, including such conductors themselves, unless
the appliance is marked in accordance with 68.2.1

2 The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds that have been
investigated and determined to have heat-resistant properties.

b Rubber-insulated conductors within a Class A insulated motor, rubber-insulated motor leads, and a rubber-insulated flexible cord
entering a motor are likely to be subjected to a temperature rise of more than 35°C (63°F) if a braid is used on the conductor of
other than a flexible cord. However, this does not apply to thermoplastic-insulated wires or cords.

¢ An electrolytic capacitor operating at a temperature (not temperature rise) higher than 40°C (72°F) may be evaluated on the
basis of its marked temperature rating. If not marked with a temperature rating, it may be investigated to determine its compliance
at the higher temperature.

4 A capacitor operating at a temperature (not temperature rise) higher than 65°C (117°F) may be evaluated on the basis of its
marked temperature rating. If not marked with a temperature rating, it may be investigated to determine its acceptability at the
higher temperature.
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41.2 Maximum normal load

41.2.1 Intesting an appliance, maximum normal load is considered to be that load that approximates the
most severe conditions of use during intended operation. It is not a deliberate overload; however the
conditions of actual use may be somewhat more severe than the maximum load conditions recommended
by the manufacturer. Test loads that have been found to be close approximations of the most severe
conditions of intended use are described in 41.3.1 — 41.7.1 for some of the common forms of aquarium
equipment.

41.2.2 If an appliance is not intended for continuous operation, the normal temperature test may be
conducted in such a manner that it will take into consideration the probable intermittent or short term

operation of the particular appliance

41.2.3 For the tests described in this section, the appliance is to be mounted or supperted
and tested under conditions approximating those of intended operation. Installation [agains
right angle cprner of a room, or in an alcove is to be simulated for an appliance.that lends|
placement ahd when such placement results in restricted ventilation. Walls ,are to be forn
painted verti¢al sheets of plywood not less than 3/8 inch (9.53 mm) thick and having such wig
that they extend not less than 2 feet (0.61 m) beyond the physical limits_of‘the appliance.

as in service
5t a wall, in a
itself to such
hed by black-
th and height
Temperatures

are to be obgerved on nearby surfaces, on the supporting surface, at paints of support, on any attachment

plug, and at ¢ther points determined to be appropriate for the particdlar appliance.

41.3 Immefsible heaters

41.3.1 For the normal temperature test, an immersion type aquarium heater is to be immg
to the water |evel marked on the product. It is then to*be operated until temperature equilibr
reached. The test may be conducted in any convenient size container of water, but in the e
that do not comply, it is to be repeated in both the'minimum and maximum size tanks in which
to be used a$ indicated in the instruction manual.

41.3.2 Duripg the test specified in 41:3.4), a small water circulation is permitted to prevent n
(3.6°F) difference between the water\temperature in the upper part of the tank and the wate
in the bottom part of the tank. Totaccomplish this, a 26.5 gallons (100 L) per hour water pu
used and locpted at the bottorp-efithe tank, at least 19.5 inches (50 cm) from the heater, for a
40 gallons (150 L) or less. For-an aquarium of greater than 40 gallons (150 L), a 53 gallor]
hour water pump should be used and located at the bottom of the tank, at least 39 inches
the heater. If the différence in water temperature cannot be limited to 2° C (3.6° F) usi
configuration|, the flow)rate of the pump and/or the distance between the water pump and t
be adjusted as necessary until the desired condition is reached.

rsed in water
um has been
ent of results
it is intended

hore than 2°C
r temperature
mp should be
n aquarium of
s (200 L) per
100 cm) from
g the above
e heater can

41.4 Water pumps

41.4.1
follows with the pump outlet open:

a) Under zero head of water for a centrifugal pump and

b) Under a 3-foot (0.91-m) head of water for all other type pumps.
41.5 Air pumps

4151
then to be repeated with the pump outlet blocked.

An aquarium water pump or motor-driven filter incorporating such a pump is to be operated as

An air pump is to be operated with its outlet open until thermal equilibrium is reached. The test is
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41.6 Aquarium stands

41.6.1  An aquarium stand, with or without heater elements, built-in tank illumination, and similar
accessories is to be operated once while supporting the largest size aquarium permitted by its dimensions
and once with the tank removed. The aquarium tank is to be filled to capacity. Each test is to be conducted
until thermal equilibrium has been attained. All thermostats are to be adjusted for maximum temperature
during both tests.

41.7 Reflectors
41.7.1  An aquarium reflector is to be operated wh|Ie contamlng the maX|mum size and Wattage lamp(s)

specified by the-m d out with the
reflector placd ona softwood board covered W|th a double layer of tlssue paper.

41.8 Test vpltages

41.8.1 Unleps otherwise specified in 41.8.2 or 41.8.3, the test voltage is to belas-specified in| Table 37.1.
41.8.2 Foreé
to be adjuste

voltage to be

n appliance containing a heater or incandescent lamp, the, veltage specified in
d so that the wattage is equal to its marked wattage rating. However, in no ca
ess than that indicated in the table.

Table 37.1is
e is the test

41.8.3 Whsg
integrally cor
separate circ
with Table 37

n an appliance uses a motor in addition to a-heating element, the voltage &
nected motor is to be the test voltage specified in Table 37.1. A motor suf
it is to be connected to a test voltage derivéd from its marked voltage rating i
1.

pplied to an
plied from a
accordance

41.9 Other test requirements

419.1 Thefe
to be contin
intervals of 1

intervals, sho!
the testis to 1

mperature test on an appliance intended to be operated with a constant (noncy
d until temperatures become constant; that is, when three successive readi

percent of the previously elapsed total duration of the test, but not less th
v no change in temperature. If ventilation of the appliance may be affected by of
e repeated with-any such doors opened.

cling) load is
ngs taken at
an 5 minute
ening doors,

41.9.2 Tem
(0.21 mm?)

peratures areto be measured by thermocouples consisting of wires not larger {

dnd notsmaller than 30 AWG (0.05 mm?). When thermocouples are used in

temperatures
iron and cons
referee temp

in eleetrical equipment, it is standard practice to use thermocouples consistin
tantan wire and a potentiometer type instrument; such equipment is to be us

han 24 AWG
determining
y of 30 AWG
ed whenever

erature measurements hy fhnrmnr\mlplne are necessary. The fhnrmnnnllpln

and related

instruments are to be accurate and calibrated in accordance with laboratory practice. The thermocouple
wire is to comply with the requirements for special tolerances thermocouples as listed in the Tolerances on
Initial Values of EMF Versus Temperature tables in the Standard Specification and Temperature-
Electromotive Force (emf) Tables for Standardized Thermocouples, ANSI/ASTM E230/E230M. A
temperature is considered to be constant when three successive readings, taken at intervals of 10 percent
of the previously elapsed duration of the test (but not less than 5-minute intervals), indicate no change.

Exception: Temperatures may be determined by the change-of-resistance method for a coil that is
inaccessible for mounting thermocouples (for example, a coil immersed in sealing compound) or if the coil
wrap includes thermal insulation or more than two layers (1/32 inch or 0.8 mm maximum thickness) of
cotton, paper, rayon, or similar material.

41.9.3 A thermocouple junction and the adjacent thermocouple lead wire are to be held securely in
thermal contact with the surface being measured.
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41.9.4 The temperature of a coil winding may be determined by the change-of-resistance method in
accordance with the exception to 41.9.2 by comparing the resistance of the winding at the temperature to
be measured with its resistance at a known temperature. The following formula is to be used to make such

temperature determinations:

in which:

R
A= —(k+ 1)~ (k+ 1)

At is the temperature rise,

Rist
risth
kis2
tyisth

t2 is th

41.9.5 For
current moto
be separateq
measured te
may be sepd
wrap.

41.9.6 The
ambient, shg
Softening Pq
temperatures

41.9.7 The
as conductor

4198 As
more than 6
insulation w

e resistance of the coil at the end of the test,

e resistance of the coil at the beginning of the test,

B4.5 for copper or 225.0 for electrical conductor grade (EC) alumingm,
e room temperature in degrees C at the end of the test, and

e room temperature in degrees C at the beginning of the test.

a thermocouple-measured temperature on the €oilvof a fractional horsepow
r other than a universal motor, the thermocoupleiis to be applied to the magnet
from that wire by not more than the insulation-on the conductor itself. For a t
mperature of a coil of any other motor, the-thermocouple is to be mounted as g
rated from the conductor by not more than the insulation on the conductor itse

maximum acceptable sealing<€ompound temperature, when corrected to a

int by Ring and Ball Apparatus, ASTM Designation E28-92. It should be n
given in this paragraph ‘are absolute values, not temperature rises.

insulation. Coppér conductors are limited to a maximum of 200°C (392°F).

nort length. of rubber- or thermoplastic-insulated flexible cord exposed to a tg

er alternating
wire, or itis to
hermocouple-
escribed or it
f and the coil

25°C (77°F)

Il be 15°C (27°F) less than theé-softening point of the compound as determined by the Test for

oted that the

e is no temperature’limit specified for beads of inorganic material, or similar materials used

mperature of

0° C (140° F), such as at terminals, can be used. However, supplementary
th«the required dielectric voltage-withstand properties is to be used on

conductors o

42 Dielectric Voltage-Withstand Test

42.1

42.1.1

General

potential for 1 minute, between:

a) Live parts and exposed dead metal parts,

heat resistant

An appliance is to be subjected to the application of a 2500 volt, 60 hertz, essentially sinusoidal

b) Live parts of opposite polarity of a capacitor used for radio interference suppression or arc
suppression, and
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c) Any live parts of the primary circuit and live parts of the secondary circuit, with the appliance at
the maximum operating temperature reached during intended use.

There shall not be a dielectric breakdown.

42.1.2 An aquarium heater that is either partially or completely immersed in water during use shall be
tested once by applying the potential between live parts and exposed dead metal and once between live
parts and water in which the heater is immersed to the level intended in use.

42.1.3 To determine whether an appliance complies with the requirements in 42.1.1, the appliance is to
be tested by means of a 500 voIt-ampere or Iarger transformer the output voItage of whrch can be varied

and is essentja
is reached wi
a voltmeter. A

4214 The
ground where
current poten

a) 141

b) 141
with 3

h the rate of increase as rap|d asis conS|stent W|th correct |nd|cat|on of the fes
fter the required test potential has been reached, it is to be maintained for(thmin

following requirement is for a capacitor that is connected across/the line or
the strength of the charging current makes it impossible to maintain the requirg
ial. The capacitor is to be subjected for 1 minute to a direct current potential of:

4 volts for equipment rated 250 volts or

4 volts plus 2.828 times the alternating current rated voltage (as determined ir
/.2 and Table 37.1) for an appliance rated more than 250 volts.

The result complies if there is no evidence of dielectric breakdown.

wired test level

potential on
ite.

from line to
d alternating

accordance

42.2 Secondary circuits

42.2.1 A segondary circuit of an appliance shall withstand for 1 minute the application of a tgst potential:
a) Betfveen primary and secondary circuits,
b) Between secondary circuits and grounded metal with all chassis-connected |components
discor|nected at the chassis,~and
c) Between secondary circuits supplied from separate transformer windings with common
connegtions discennected. If the secondary winding being tested is grounded, it fis to remain
groungled duringdhe test.

The appliancg is to be at its maximum normaI operating temperature during the test. The test potential is to

be as indica

each power

transformer shaII operate without breakdown wh|Ie the potential |nd|cated in TabIe 42 1 is induced for 1
minute in each secondary winding that normally operates at a higher potential than the primary.

Table 42.1
Dielectric voltage-withstand test potentials

Maximum voltage in circuit Test potential

1000 or less
More than 1000

Three times maximum voltage, but not less than 500 volts

1750 volts plus 1.25 times the maximum voltage in the circuit

42.2.2 To determine whether an appliance complies with the requirements in 42.2.1, it is to be tested by
means of a 500 volt-ampere or larger capacity supply, the output voltage of which can be varied. The
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applied potential is to be increased from zero until the required test level is reached, and then maintained
at that level for 1 minute. The increase in applied potential is to be at a substantially uniform rate, and is to
be as rapid as is consistent with its value being correctly indicated by a voltmeter.

42.2.3 With reference to the applied potential mentioned in 42.2.2:
a) A 60 hertz essentially sinusoidal voltage is to be used for testing alternating current circuits.

b) An essentially sinusoidal source is to be used for the induced test potential to transformers. The
frequency of the source may be in the range of 180 — 1000 hertz if necessary to prevent saturation
of the core.

C) A ;IUbt CUITTI It QUUTUT ;O tU bc uacd fUI [=} d;lcbt CUITClI It b;lbu;t.
43 Grounding Continuity Test

43.1 The rgsistance between the point of connection of the equipment grounding-means, gt or within the
unit, and any| other part of the grounding circuit is to be measured. The result’'complies if thg resistance is
not more thap 0.1 ohm.

43.2 Any indicating instrument may be used to determine compliance with 43.1. Howevey, if results do
not comply, 4n alternating current of at least 25 amperes from a power supply of not more than 12 volts is
to be passed from the point of connection of the equipment gréunding means to a point in the grounding
circuit. The resulting voltage drop is to be measured betweenthe two points. Then, the resisfance in ohms
may be calcllated by dividing the drop in potential (in volts)’by the current (in amperes). The grounding
conductor ofja power supply cord is not to be tested by.this'method.

44 Repeatéd Leakage Test and Dielectric Test{After Conditioning)

44.1 A corgl-connected aquarium appliance-is to be exposed to air having a relative humidity of 93 +2
percent at a femperature of 32.0 +2°C (89.:6+3.6°F) for 48 hours.

44.2 Following the initial leakage current measurement, the sample is to be cooled or heated to just
above the test chamber temperature. Then, the sample is to be placed in a humidity chambefr for 48 hours
in accordance with 44.1.

44.3 Following the exposure and while still in the test chamber, the sample is to be spbjected to a
repeated legkage clrrent test in accordance with the Leakage Current Test, Section 38.|Results shall
comply with ection-38.

Exception:

44.4 While at the temperature specified in 44.1, the sample shall be subjected to the Dielectric Voltage-
Withstand Test, Section 42. Results shall comply with Section 42.

45 Repeated Leakage Measurement Test — Heaters

45.1 An immersible aquarium heater is to be immersed in water 12 inches (305 mm) deep in a metal
container filled with a standard test solution of hard water, as specified in 46.1.7. If the product floats, it is
not to be forcibly submerged below the normal floating level. Leakage current is to be measured between
the metal container and earth in accordance with the Leakage Current Test, Section 38, for a duration of 7
hours. The result complies if the leakage current does not exceed 5 milliamperes.
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46 Abnormal Operation Test

46.1 General

46.1.1 It is possible that the intended operating conditions of an appliance are not representative of
abnormal conditions likely to be encountered during actual service. An example is the operation of an
immersible heater in a dry tank or while lying on a surface outside a tank. Therefore, an appliance is to be
operated so that it can be determined whether an increase in the risk of fire, electric shock, or injury to
persons exists under abnormal conditions.

46.1.2 Abnormal operation as described in 46.1.1 is not required to be limited to the tests described in

Ce.

this Section;

46.1.3 Tod
conditions, 3
continuously
in Table 37.1

Exception: A
tested while
intended on @

46.1.4 Ultim

dditional testinamav be conducted-as reauired -for the narticular tvne of anplian
4 B4 | 1 P P

etermine that a risk of fire, electric shock, or injury to persons is unlikelyy ung

separate burnout or abnormal test is to be conducted with the applian
Lintil the ultimate result is observed. Such a test is to be conducted with'the volt
and with the appliance mounted or supported as intended.

cord-connected appliance intended to be installed in or attached to an aquarium
resting on white tissue paper covering a softwood surface as well as whilg
rin a dry aquarium tank.

ate results usually occur in a 7-hour period following energization. Unless ther

that such resuilts have not been observed, an abnormal testis-normally discontinued after 7 h

46.1.5 Whe
fire when:

a) The
b) The

which
intend

46.1.6 Risk

a) For

h operated under the abnormal conditions 'specified, an appliance is considerg

re is any emission of flame or malten metal (other than drops of melted solder) g

operation of the appliance.results in the glowing or flaming of combustible n
the appliance is resting or that may be in proximity to the appliance when
Pd.

of electric shock'isconsidered to exist if:

a cord-connected appliance, leakage current measured in accordance with

Current Test, Section 38, exceeds 5 milliamperes between any accessible part and grg

b) For

a permanently-connected appliance, the insulation resistance measured in acg

er abnormal
Ce operating
hge specified

tank is to be
installed as

b is evidence
DUr'S.

d to cause a

=

haterial upon
installed as

the Leakage
und or

lordance with

the Ins

ulation Resistance. Tnef’ Section 39 is less than Rﬁ,ﬂnﬁ ohms

Leakage current is not required to be measured at terminals operating at voltage levels considered to be
nonhazardous. In the case of an appliance that uses a liquid in its operation, the liquid container is to be
filled with the hard water solution described in 46.1.7 in the intended manner prior to the leakage current or
insulation resistance measurement. Liquid need not be added if it is obvious that the appliance does not
hold liquid. Otherwise, water in an amount equal to the capacity of the container is to be poured into the
container, and the current (or voltage for insulation resistance) is to be measured as quickly as possible
thereafter. Submersible or immersible aquarium equipment is to be submerged in the intended manner.

46.1.7 The hard water solution specified in 45.1 and 46.1.6 is to consist of 1/2 gram of calcium sulfate
(CaS0, -2H, 0) per liter of distilled water.

46.1.8 Standardized abnormal test conditions for most of the common types of aquarium appliances are
described in 46.2.1 —46.4.2.1.
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46.2 Heater-motor combinations

46.2.1 An appliance using a motor that is connected across a portion of a resistive type heating element
shall be subjected to an open circuit in the portion of the element that is shunting the motor. There shall be
no risk of fire, electric shock, or injury to persons.

46.3 Immersible heaters

46.3.1  An immersible heater with its controls set for maximum heating is to operate in free air until it is
well heated and then suddenly dipped into water at room temperature. After this test has been repeated
five times, the result complies with the requirements if:

a) A dielectric voltage-withstand test shows no evidence of dielectric breakdown,
b) There are no adverse effects on the heater unit or its operation, and

c) There is no increased risk of fire, electric shock, or injury to persons.

46.3.2 A ngw sample of the immersible heater is to be tested by placing\iten a softwood Qoard covered
with two layers of tissue paper. The heater is then to be covered with~0One layer of chegsecloth, and
connected td a 60 hertz supply source in accordance with Table 37.1All temperature-regulating devices
are to be sef to maximum heat, and the heater is to be operated-for 7 hours or until ultimgte results are
observed. The result complies if:

a) There is no glowing or flaming of the cheeseclothor'tissue paper,
b) Thé sample remains operable throughout the.test, and

c¢) There is no indication of a dielectric breakdown during a repeat dielectric voltage-wi{thstand test.
46.4 Motors and protectors
46.4.1 General
46.4.1.1  When the motor is(operating with the maximum load that it is able to carry withput causing a
protective dgvice to operate, jthe temperature on a Class A insulated motor winding shall not exceed
140°C (284°F). On a Class\B insulated motor winding, the temperatures shall not exceed 165°C (329°F).

The motor shall not butn-eut, and there shall not be evidence of a risk of fire as a result of the|tests.

Exception: Thisxequirement does not apply to the motor of a pump, fan, or blower intended to move air
only.

46.4.1.2 When the rotor of a motor is locked, the temperature on the windings of the motor shall not
exceed the value specified in Table 46.1. The average temperature is to be determined as follows. A graph
of the motor temperature plotted against time is to be obtained for the second hour and the seventy-
second hour of operation. For each of these periods, the average temperature is to be determined by
taking:

a) The arithmetic mean of the maximum temperatures and

b) The arithmetic mean of the minimum temperatures.

The motor shall not burn out, and there shall not be evidence of a risk of fire as a result of the test.
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Table 46.1

Maximum temperatures during locked-rotor test

Maximum

Average

Class A insulation,

Class B insulation,

Class A insulation,

Class B insulation,

°C (°F) °C (°F) °C (°F) °C (°F)
During first hour of operation 200 392 225 437 — - — -
After first hour of operation 175 347 200 392 150 302 175 347

46.4.1.3 During the test described in 46.4.1.2, temperatures are to be measured by thermocouples on

the surface of

coils of the motor - The test on-a manually raset nrotective-device-is-to-he conti
g Y P

ued for four

operations of
automatically
includes othe
During the tes
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shorter period or the device permanently opens the circuit before the 15-days has elapsed)
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46.4.2 Seri¢s motor ~overspeed

46421 Af{

the protective device with the device being reset as quickly as possible after it'g
reset device, the locked rotor test is to be continued for 72 hours unless' t

t, the motor is to be connected to a supply circuit as specified in Table 87.1.

automatically reset thermal protector of a motor shall perform as intended when
ss the appliance includes other controls, such as a timer that positively limits g

o be locked, and the motor is to be connected to a_supply circuit of between
test voltage shown in Table 37.1. The result complies when:

re is no permanent damage to the motor, including significant deterioration of {

device permanently opens the circuit and it does so without grounding to the

used if it is capable of interrupting-the locked rotor current for 50 operations wit
f. The 15 days and 50 operations-mentioned in this paragraph are in addition to
ur operations required in 46.4:4-3.

bmersible/immersible water pumps are to be submerged and tested in the inten
ne motor is to be logked. Non-submersible/immersible water pumps are to be t€
it filled with theliquid in the intended manner prior to locking the rotor of the mo

1.3 times rat¢

pens. For an
he appliance

I controls (such as a timer) that positively limit the duration of operation te a shorter period.

operated for
peration to a
The rotor of
100 and 110

he insulation

motor frame,
br of a motor
hout damage
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ded manner.
sted with the
or.

eriessmotor is to be operated for 1 minute at the no-load speed resulting from application of

d voltage. An appliance in which the rotating load may be varied is to be tested for each

condition of Icadin

46.5 Electronic components

46.5.1 A single malfunction (short or open) of any circuit component, such as a resistor, capacitor, solid
state device and the like, shall not result in a risk of fire or electric shock or increased risk of personal
injury. For a discrete, multiple (more than two) terminal device, such as a transistor, SCR, triac, or an
integrated circuit device, any combination of terminals taken two at a time shall be open- or short-circuited.

Exception: Abnormal operation testing of multiple terminal circuit devices may be reduced if it can be
determined by circuit analysis that an open- or short-circuit of the terminal(s) is not likely to result in a risk
of fire, electric shock or personal injury.
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46.5.2 The Dielectric Voltage-Withstand Test, Section 42 need be conducted only after the last abnormal
operation test unless it is necessary to replace components after conducting the other tests.

47 Mechanical Abuse Test — Immersible Heaters
471 General

47.1.1 Six samples of an immersible heater, three of which are in the as-received condition and three
that have been conditioned at 70°C (158°F), or 10°C (18°F) higher than the temperature recorded on the
enclosure during the temperature test (whichever is greater), are to be dropped three times each from a
height of 3 feet (0.91 m) onto a hardwood surface. For each drop, each sample is to strike the hardwood
floor in a diffgrentposi comphyw

47.2 Results

47.2.1 Aftef testing in accordance with 47.1.1, the results comply when:

a) The samples comply with the criteria for insulation resistance as described in 48.1 |with a cycling
period of 3 days;

b) There is no breakage of the enclosure;

c) While immersed to their intended level in a standard hard water solution as described in 46.1.7,
the samples comply with the criteria for leakage currentin the Leakage Current Test, $ection 38;

d) The probe illustrated in Figure 8.1 does not contact any uninsulated live part; and

e) Spacings are not reduced below the minimum values.

47.3 Pull ahd torque

47.3.1 Thrge samples of the heaterare to be placed in an air oven maintained at 70°C (158°F), or 10°C
(18°F) highef than the temperature.measured on the enclosure during the temperature test| whichever is
greater, for 30 days. The samplesare then to be allowed to cool to room temperature befofe conducting
pull torque tgsts. The pull test(isintended to determine the force required to separate enclosuire parts from
the remaindgr of the assembly, while the torque test determines the force required to free parts that use
torque to sedure them toithe 'unit. The values obtained in these tests are to be compared to those recorded
for three diffgrent samples tested in the as-received condition. The results comply when:

a) For the as-received samples, there is no lessening of the forces required to achieye separation
greatenthan 50 percent of the values observed;

b) With 50 percent of the pull and torque forces applied to the conditioned samples, there is no
motion of parts likely to be pulled or torque in service; and

c) After the test, the dielectric voltage-withstand test shows no evidence of dielectric breakdown.

Exception: This requirement does not apply to parts that do not rely upon torque to secure them in
position, nor to parts unlikely to be subjected to pulling or torque forces in actual service.

48 Immersion Test

48.1 Three new samples of an immersible heater are to be mounted in their intended manner or
immersed to their intended level. The samples are then to be operated for cycles of 6 hours on, 18 hours
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off, for a period of 30 days. The insulation resistance or leakage current shall then be measured, and the
units are to be subjected to a repeated dielectric voltage-withstand test. As a result:

a) The insulation resistance shall not be less than 2 megohms for permanently-connected
equipment or,

b) The leakage current shall not exceed the values specified in 38.1 for cord- and plug- connected
equipment, and

¢) There shall be no indication of dielectric breakdown.

During the 30-day conditioning period, and during the three tests following conditioning, the relative

humidity is to

48.2 A sub

instruction manual. The sample is to be operated continuously for a period of 30 days at max

load unless it
cycles of 6

measured, ar

a) Th

equipment; or

b) The
equipment; and

¢) The
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mersible aquarium pump is to be mounted in its maximum intended depth’le

is equipped with an automatic or manual switch. In this case the pump shall be
nours on and 18 hours off. The insulation resistance or leakage current s
d the units are to be subjected to a repeated dielectric voltageswithstand test. As

a)

-

insulation resistance shall not be less than 2 megohms for permanent

leakage current shall not exceed the values specified in 38.1 for cord- and plu

re shall be no indication of dielectric breakdewn.
Im Stands or Shelves Test
pw (all types)

e standing aquarium stand or a unit intended for attachment to a wall or ce

e unit. An aquarium.tank of the maximum size that can be used on the stand is
apacity with water’ An amount of water equal to 150 percent of the tank cap
verflow fromithetank onto the stand or shelf. The overflow test is to be followed
ent measurement for cord- and plug-connected equipment, or insulatio
for permahently-connected equipment, and a dielectric voltage-withstand test.

leakage current measured shall not exceed the values specified in 38.1,

el, given on
mum normal
operated for
hall then be
aresult:

ly-connected

g connected

iling is to be
emoved from
o be in place
Acity is to be
by repeated
h resistance
A\s a result:

b) There shall be no indication of dielectric breakdown,

c) The insulation resistance shall not be less than 2 megohms, and

d) Disassembly and inspection shall reveal no water inside the stand.

49.2 Glass

49.21

breakage (all types)

An aquarium shelf or stand, under the conditions described in 49.1.1, is to be loaded with a glass

aquarium tank filled with water. Then, the tank is to be broken by means of an impact. Following the

resultant wett

ing of the stand:

a) The insulation resistance shall not be less than 50,000 ohms for permanently-connected
equipment or,
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b) The leakage current shall not exceed the values specified in 38.1 for cord- and plug-connected
equipment,

¢) There shall be no evidence of dielectric breakdown, and
d) Disassembly shall reveal no water inside the stand or shelf unit.
49.3 Stability (free standing units)
49.3.1 A free-standing, electrically-wired aquarium stand is to be investigated for stability. The stand

shall not tip over when tilted 10 degrees from its intended upright standing position in any direction under
two conditions:

a) When an empty tank of the maximum size specified for the stand is mounted omthg stand and

b) WHen a tank of the maximum size specified for the stand is in place and filledwith water.

49.3.2 In aftest to determine compliance with 49.3.1, the tank and stand combination, firs{{as described
n (a), and then as described in (b), is to be placed on a level floor in the free.standing position. A force is to
be applied tg the stand immediately beneath the tank so as to tip the entire.configuration 10 degrees in the
direction most likely to cause the unit to tip over.

49.4 Mounting means (units intended for wall or ceiling mounting)

49.41 An gppliance intended to be wall or ceiling mounted-is to be provided with installatign instructions
as described in 70.3.2. All hardware and other parts required for mounting the appliance gas specified in
those instructions shall also be provided.

49.4.2 The|mounting means is to be subjected:to a force of four times the combined weight of the stand
or shelf and|a full aquarium tank of the largest size and capacity that the stand or shelf is intended to
support. However, in no case is the totalload to be less than 100 pounds-force (445 N). The appliance
mounting mgans shall sustain the test load for a period of 1 minute without failure of the un{t or mounting
means or any permanent distortion of‘any part.

49.4.3 To determine compliance with 49.4.2, the appliance is to be mounted in accordance with the
manufacturef's instructions, ‘using the hardware and construction recommended. If no wall gonstruction is
specified in the instructions, 3/8-inch trade size plasterboard (dry wall) on 2-by-4 inch trafe size studs
spaced on 16-inch (406-mm) centers is to be used as the supporting wall. The hardware is fo be installed
as specified| and,~when not otherwise indicated in the instructions, the securing screws are to be
positioned bgtween the studs and secured |nto the plasterboard. An adjustable appliance is fo be adjusted
to the position be applied thrbugh a 3-inch
(76.2-mm) wide strap at the dlmenS|onaI center of the appllance and is to be increased in 5 — 10 second
intervals until a load of four times the weight of the combined shelf and filled aquarium has been applied.
The tank need not be in place on the stand or shelf; the weight may be applied directly to the appliance.
The appliance mounting means shall sustain the test load for a period of 1 minute without failure of the unit
or mounting means or any permanent distortion of any part.

50 Strain Relief Test

50.1 The strain relief means provided on the flexible cord of an aquarium appliance shall be subjected to
a direct pull of 35 pounds-force (156 N) for 1 minute with the connections within the appliance severed.
There shall not be movement of the cord at the point where the conductors are disconnected that would
indicate that stress would have been transmitted to internal parts.
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51 Flooding of Live Parts Test
51.1 For an appliance that uses water or other electrically conductive liquid in its operation, the failure of

a timer switch, a float or pressure operated switch, or a boot or diaphragm of rubber or similar material
shall not allow flooding of the electrical parts.

51.2 To determine whether an appliance complies with this requirement, a boot or diaphragm that flexes
during intended operation is to be removed completely and the appliance operated through one complete
cycle of operation. If flexing is not present, but the part is subjected to aquarium fluids, the material of the
part is to be investigated to determine its acceptability if the failure of the part increases the risk of fire or
electric shock. Consideration is to be given to the effects of heat, air pressure, aquarium solutions, and
other factors that may contribute to deterioration of the material

eration of a
es of these

Exception: In
diaphragm ¢
requirements

frequent motion of small amplitude, such as that experienced during op
pvering a pressure-sensitive switch, is not considered flexing for' purpos
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fifferent position with eaeh drop. There shall not be sharp edges of broken gl

liance intended.for use on a table, bench, counter, and similar structures and n
ne positionst@ another is to be subjected to an impact of 5 foot-pounds-force (
hay be exposed to a blow during intended use. This impact is to be produced K
that is“\2-inches (50.8 mm) in diameter having a mass of 1.18 pounds (0.535
d to produce the specified impact. For a surface other than the top of an enclos

um air pump
er 26 inches
at the lowest
be removed.
of wetting of

cal Abuse Test on Glass Used in Applications Other Than Immersible Heafers

dling is to be
most likely to
it strikes the
ass exposed

bt likely to be
5.8 J) on any
y dropping a
kg) from the
ure, the steel

e 'suspended by a cord and allowed to swing as a pendulum through the distang

e required to

cause it to strike the surface with the specified impact. Each of three samples is to receive three impacts in
different positions. There shall not be exposed sharp edges of broken glass.

54 Switches and Controls Test

54.1 Overload

54.1.1 In a test to determine compliance with 26.3, the appliance is to be connected to a supply circuit
with a voltage 110 percent of that shown in Table 37.1 and with rated frequency. The load on the device is
to be the same as that which it is intended to control. During the test, exposed dead metal parts are to be
connected to ground through a 3-ampere fuse. The control device is to be operated through 50 complete
cycles at a rate of not more than 10 cycles per minute. The fuse in the grounding circuit shall not rupture
during the test, and there shall not be undue burning or pitting of the contacts.
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Exception: A

faster rate of cycling may be used if acceptable to all concerned.

54.2 Locked rotor motor overload

54.2.1

A switch or other device that controls a motor of an appliance (unless previously evaluated or

interlocked so that it will never have to break the locked rotor current) is to be subjected to an overload test

consisting of

50 cycles of operation while making and breaking the locked rotor current of the appliance.

There shall not be electrical or mechanical failure of the device nor any significant pitting or burning of the

contacts.

54.2.2 Tod
by connectin
in Table 37.1

appliance ar¢ to be connected to ground through a 3-ampere plug fuse. The connectian,is’tg

any single pd
If the applia
exposed dea
pole current-
do not compl

Exception: T

etermine compliance with 54.2.1, a switch or other device that controls a motor is to be tested
i Hroui age as shown
fal parts of the
be such that
le, current rupturing device will be located in the ungrounded conductor of the supply circuit.
nce is intended for use on direct current, or on direct current and. alternating current, the
d metal parts of the appliance are to be connected so as to be positive with regard to a single-
rupturing device. The switch is to be operated at no more than 10 cycles per m|nute. Results
y if the plug fuse in the grounding circuit ruptures.

he rate of operation may be faster than 10 cycles per nmiinute if agreeable to all concerned.

55 Thermastats, Fusible Links, and Protective Devices Tests
55.1 Thermostats
55.1.1 A thermostat is to be subjected to an endurance test as indicated in Table 55.1 at rated load and
at a power factor of 100 percent. At the conclusion of the test, the thermostat shall He capable of
performing it function, and there shall not be(significant pitting or burning of the contacts.
Table 55.1
Number of cycles of operation for endurance test
Typ¢ of control Automatically reset control Manually resef control
Temperatpre-regulating A number of cycles equivalent to 1000 hours of normal To be made the gubject of

No value
Lse of
ce.

operation of the appliance, but not less than 30,000 cycles.
However, the test may be omitted when, with the control
short-circuited, no temperature higher than the limits
specified in Table 41.1 is attained in a normal temperature
test of the appliance.

an investigation.
is specified becal
unlikely occurren

Combinat

Temperature-limiting

limiting and -regulating

A number of cycles equivalent to 100 hours of operation of
the appliance under any condition that causes the control to
function but not less than 6000 cycles.

1000 cycles under load
and 5000 cycles without
load.

ion temperature- | 100,000 cycles when, with the control short-circuited, there
is evidence of a risk of fire. If there is no evidence of a risk of
fire under this condition, the control is to be tested as

described above for a temperature-regulating control.

To be made the subject of
an investigation. No value
is specified because of
unlikely occurrence.

55.2 Fusible links

55.2.1 Tod
five times wit

etermine compliance with 33.1, an appliance using one or more fusible links is to be operated
h separate links while any other thermally-operated control device in the appliance is shunted

out of the circuit. Each link is required to perform as intended. During the test, the enclosure is to be
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connected to a supply conductor not containing the link. This connection is to be through a 3-ampere fuse.
Results do not comply if the fuse ruptures.

55.3 Motor protectors — short circuit

55.3.1 Three samples of a thermal protector of a motor are to be subjected to limited short circuit
currents with cotton surrounding the enclosure. For a motor rated 1/2 horsepower (373 W) or less and 250
volts or less, the current is to be 200 amperes. For a motor having other ratings, but not more than 1
horsepower (746 W) nor more than 600 volts, the current is to be 1000 amperes. The power factor of the
test circuit is to be 90 to 100 percent, and the circuit capacity is to be measured without the device in the
circuit. A nonrenewable cartridge fuse is to be connected in series with the device under test. The fuse
rating is not t i i i is it tg be less than
20 amperes for an appliance rated 150 volts or less, nor 15 amperes for a device rated(mpre than 150
volts but not fore than 600 volts. The test on one sample is to be made by closing the devicg on the short
circuit. There|shall not be ignition of cotton surrounding the enclosure of the thermal protectors.

56 Aquarium Appliance Pull Test

56.1 A cor@-connected aquarium appliance is to be mounted on a*filled tank as des¢ribed in the
instruction manual. A weight of 10 pounds (4.54 kg) is then to be freely-suspended from the power supply
cord. The test is to be repeated with the power supply cord placed in.each position in which itjis likely to be
routed from the appliance. The result complies if the appliance deés hot contact the tank watey.

Exception: In|the case of a reflector marked as described in68.1.9, the reflector is to be tested with the
make and mddel aquarium tank specified in the marking.

57 Aging Test on Seal Materials

57.1 Neoprene or rubber compounds forming gaskets or flexible seals shall be placed in an air-
circulating oven for 70 hours at 100°C £2%C (212°F £3.6°F). The results comply when the|material has
physical properties before and after the conditioning as indicated in Table 57.1, or — when fot suited for
these measutements — there is no visible cracking or material change in hardness or flexibility

Table 57.1
Physical properties of seals and gaskets

Properties of material Before conditioning After conditioning

Recovery {+ Maximum set when 2-
inch (50.84mm))gauge marks are
stretched to5meches 27 mm); Hetd H-neh{+2Fmmy) =
for 2 minutes, and measured 2
minutes after release.

Elongation — Minimum increase in
distance between 2-inch (50.8-mm)
gauge marks at break.

Tensile strength — Minimum force at
breaking point

250 percent (2 to 7 inches) (50.8 to
178 mm)

850 pounds per square inch (5.86
kPa)

65 percent of original

75 percent of original

58 Resistance to Salt Spray Test

58.1 Two samples of an appliance intended to be used with salt water aquariums are to be subjected to
24 hours of salt spray conditioning as outlined in 58.2 — 58.6. One sample is to be conditioned while
operating and the other sample while not operating.
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Exception: This test may be omitted if the appliance construction and intended location are as described in
the exception of 68.1.6.

58.2 The apparatus used for a salt spray (fog) testing is to consist of:
a) A fog chamber, the inside of which has a minimum volume of 15 cubic inches (246 cm?®);
b) The salt solution reservoir;
c) A supply of compressed air maintained at a pressure and humidity as specified in 58.3;

d) A dispersion tower constructed in accordance with the Standard Practice for Operating Salt

SpraytFogr-Apparatus ASTM B117.95;

e) Spgcimen supports; and

f) Proyision for heating the chamber.

58.3 The d|spersion tower for producing the salt fog is to be located in the center of the cjamber and is
to be supplied with air having a relative humidity between 94 — 98 percent at\a pressure of 17 — 19 pounds
per square irjich (117 — 131 kPa) so that the salt solution is sprayed as afine mist or fog into the chamber.

58.4 The salt solution is to have the following properties:

]

a) A § percent solution, by weight, of common salt (soditm chloride) in deionized wate
b) A gH value within the range of 6.5 -7.2; and

¢) A dpecific gravity within the range of 1.016+= 1.040 at 33°C (91°F).

58.5 The témperature in the chamber is to.be maintained at 33 £2°C (91 £3.6°F) throughout the test
period. Any drops of salt solution that accumulate on the ceiling or cover of the chamber are pot to drop on
the appliance, and any drops of solution'that fall from the appliance are not to be recirculated but are to be
removed by & drain in the bottom of the‘chamber.

58.6 The appliances are to be)supported or suspended inside the fog chamber so as not fo contact any
other metal pnd then are to_be subjected to the salt spray for 24 hours. The results comply with the
requirementg when:

a) The leakage/current does not exceed the values specified in 38.1 for cord-connected appliances
tested in-aceordance with the Leakage Current Test, Section 38; or

b) Thensutation resistance s not tess tham 50,000 ohms for permanentty-connected appliances
tested in accordance with the Insulation Resistance Test, Section 39; and

c) There is no indication of dielectric breakdown when the unit is tested in accordance with the
Dielectric Voltage-Withstand Test, Section 42.

59 Resistance to Overflow Test

59.1 In accordance with 5.1.2, one sample of an appliance shall be subjected to an overflow test. The
appliance is to be connected to a supply circuit voltage as indicated in Table 37.1, and positioned or
installed together with an aquarium tank in accordance with the instructions provided with the appliance.

59.2 While operating under the conditions described in 59.1 an overflow is to be caused by filling the
aquarium tank to its top with a salt solution as described in 58.4. Then, an amount of salt solution equal to
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25 percent of the tank capacity is to be added through a hose having a 3/8 inch (9.5 mm) diameter orifice
at a rate of 4 gallons (15.1 L) per minute.

Exception: The test solution is to consist of 1/2 gram of calcium sulfate (CaSO, -2H, 0) per liter of distilled

water for an a

ppliance marked for use only with fresh water in accordance with 68.1.6.

59.3 The results are in compliance with the requirements when:

a) In a cord-connected appliance, the leakage current, when tested in accordance with the
Leakage Current Test, Section 38, does not exceed the limits specified in 38.1, and the unit does
not show indication of dielectric breakdown when tested in accordance with the Dielectric Voltage-

Withst

and Test, Section 42.

b) In
with th
show
Withst

60 Permanence of Adhesion Test

60.1 A reflg

securely adhgred to the frame of the reflector.

60.2 In ordg
placed in a ¢
(18°F) higher
C (158°F), wi

60.3 Follow
(0.8 mm) thic
manner as to|
remain firmly

61

61.1 A sole

Standard. In addition, it’shall comply with the following:

a)As
buckli

Solenoidls

h permanently-connected appliance, the insulation resistance, when tested in
e Insulation Resistance Test, Section 39, is not less than 50,000 ohms, and’the
indication of dielectric breakdown when tested in accordance with ¢he"Diele
and Test, Section 42.

ctive strip utilized as a heat sink for an aquarium reflector, as described in 5|

r to determine compliance with 60.1, three samplés of a strip and frame assen
pntrolled atmosphere. The atmosphere is to,be maintained at a temperature 3
than that encountered on the reflective strfip during normal use, but in no case
h a relative humidity of 93 +2 percent fon30 days.

ng this conditioning, the samples are to be tested by scraping a flat metal blg

held at right angles to the reflective strip surface with a force of 5 pounds (22.2
most likely result in the strip being separated from the reflector frame. Reflect
secured to the reflector ffame.

hoid shall be'investigated as part of the appliance and comply with the require

accordance
unit does not
ttric Voltage-

2.7, shall be

bly are to be
t least 10°C
ess than 70°

de 1/32 inch
N), in such a
ve strip shall

ments of this

bring“shall be protected against abrasion and shall be guided or arranged to redluce binding,

g, orother interference with its free movement.

b) Protective devices may be used to interrupt the flow of current to the solenoid coil. If an integral
protective device is provided, it shall be located inside the overwrap insulation of the solenoid coil.

c) Insulation between a crossover lead and the winding to which it is connected is not specified if

the co

il withstands the induced potential test described in Induced potential, 63.4.

d) A slot in a molded bobbin for guiding the crossover or start-lead — unspliced at the windings — of

amag

net-coil is to be filled with an insulating material unless:

1) The slot provides a graduated spacing to the winding increasing to the end turns,

2) The magnet-coil winding withstands the induced potential test described in Induced

potential, 63.4.
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61.2 Where required in 61.1 (c) and/or (d), each of three separate magnet-coil-winding samples shall
withstand without breakdown an induced potential. They shall be operated under conditions representing
those attained during the Normal Temperature Test, Section 41. While still heated, the coil winding shall be
subjected to an alternating potential of twice the rated voltage at any suitable frequency — typically 120
hertz or higher — for 7200 electrical cycles or for 60 seconds, whichever is less. The required test voltage
is to be obtained by starting at one-quarter or less of the full value and increasing to the full value in not
more than 15 seconds. After being held for the time specified, the voltage is to be reduced within 5
seconds to one-quarter or less of the maximum value, and the circuit is to be opened.

61.3 There shall be no emission of flame or molten metal after a solenoid has operated for 7 hours within
the appliance while energized at the voltage specified for the Normal Temperature Test, Section 41 and
with the plunger blocked in the de-energized position at the maximum stroke length specified for the

assembly. F
protection an
in the Dielect

Exception: T
molten meta

62 Genera

62.1 Gene

6211 Ina
purpose tran

62.2 Voltag
62.2.1 For
each second

frequency su

62.3 Overl

br the test, the supply source to the appliance shall include appropriate- |
d grounded, if applicable. Following this test, the solenoid shall comply with the
ric Voltage-Withstand Test, Section 42.

he winding may open in a shorter period of time, provided that theré’is no emissi

Purpose Transformers
al

jdition to the end-product Temperature Test and’Dielectric Voltage-Withstand Tj
sformer shall also be subjected to the tests 0f62.2 — 62.4.

e measurement test

purposes of comparison with waoltages measured as described in the Overlo
ary open-circuit voltage shallbe measured with the primary connected to a tes
pply source as indicated in.Rerformance, General, Section 37.

bad test

branch circuit
requirements

bn of flame or

bst, a general

ad test, 62.3,
t voltage and

ilized surface
n shall not be
50-percent of
bad operation
t, 62.2. As an

62.3.1 A transformer shall‘be subjected to the test conditions described in 62.3.2. The stah
or core tempgrature recorded on the transformer during the second 50 percent load operatio
more than 51C (9°F)-greater than the stabilized core temperature obtained during the initial
load operatign. Thesopen-circuit output voltage determined following the final 50 percent |
shall be within 2 percent of the output voltage measured durlng the Voltage measurement teg
option, a prote

62.3.2 The transformer shall be operated as described in the Normal Temperature Test, Section 41,
except that the load shall be 50 percent of the rated value, until the core, or surface temperatures if
encapsulated, stabilize. After stabilization, the load shall be adjusted until 200 percent of rated secondary
current is reached. After 2 minutes of operation, the load shall be readjusted, if necessary, to restore the
current to 200 percent, but no further adjustment is to be made thereafter. The duration of this overload
shall be 30 minutes. The load is then to be restored to the original 50 percent of rated value. It shall be
held at that value until the core temperature again stabilizes or until the temperature drops to within 5°C
(9° F) of the original stabilized 50-percent load-current temperature (whichever occurs first). This
temperature value shall be compared with the original 50-percent load stabilized condition, as specified in
62.3.1. Then, the secondary load shall be removed. With the primary energized, the secondary voltage(s)
shall be measured and compared with the original output voltage measurements.
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62.3.3 When the core of the transformer is not accessible for direct temperature measurement (due to
the transformer construction or reasons such as encapsulation or filling with electrical insulating material),
the surface of the transformer enclosure shall be used. The portion of the enclosure surface used to
measure this temperature shall be the hottest spot occurring in the 100-percent load heating test.

62.3.4 A protective device, when provided, shall be bypassed when the device opens while the load is

adjusted after the surface temperatures have stabilized.

62.4 Repeated dielectric voltage-withstand test

62.4.1

Following the Overload test, 62.3, the transformer shall be subjected to a repeated dielectric

d. After this

voltage-withs
test, the trans

63 Thermo
63.1

63.1.1 Motd

General

and-test—The-test pnfnnfial shall ha 65 pnrr\nnf of-the value nriginglly epnr\ifi

former shall perform as intended.

blastic Motor Insulation Systems

rs that employ thermoplastic materials to electrically isolate’the windings an

parts from other live parts or noncurrent-carrying metal parts are to,be_subjected to the test

63.3.

Exception No
to the test in {

Exception No
overload test
1097.

Exception Ng

1: A motor that functions to move air only witha.direct mounted fan need not
)3.3.

2: A double-insulated appliance is to be tested in accordance with abnormal d
on motors in the Standard for Doublejinsulation Systems for Use in Electrical E

. 3: A motor that uses Clas$ A insulation materials and has been subjected

d similar live
5 in 63.2 and

be subjected

peration and
yuipment, UL

o the locked

rotor cycling fest in the Standard for¢Rotating Electrical Machines — General Requirements, UL 1004-1
need not be subjected to these tests:

Exception Na. 4: A motor that.complies with the Standard for Overheating Protection for Motors, UL 2111
or the Standayd for Thermally-Protected Motors, UL 1004-3 need not be subjected to these tests.

63.2 Abnormal conditioning

63.2.1 The motor is to be subjected to the abnormal conditioning described in 63.2.2 and|shall comply
with all of the foftowingconditions:

a) The 3 ampere fuse shall remain intact and

b) The material under test shall withstand without breakdown, the dielectric voltage-withstand
potential specified in Section 42 immediately following the conditioning specified in 63.2.2 and with
the 3 ampere fuse removed from the circuit.

63.2.2 The motor is to be operated with the armature locked until ultimate results have been determined
or for 7 hours, whichever occurs first. Noncurrent-carrying metal parts of the motor that are insulated by
the material under test are to be connected to ground through a 3-ampere, quick-acting, plug type fuse

63.2.3 With reference to 63.2.2, when the length of the test is limited by an external factor — such as the
functioning of a reliable, nonuser-serviceable device (such as a fuse or circuit breaker), or the functioning
of the maximume-size branch-circuit protective device that the equipment is likely to be connected (but not
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