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INTRODUCTION

1 Scope

1.1

These requirements cover portable and fixed electric baseboard heating equipment rated at 600

volts or less, to be employed in ordinary locations in accordance with the National Electrical Code,
ANSI/NFPA 70.

1.2 Baseboard heating equipment includes baseboard heaters and baseboard heater accessories.

1.3 Electric baseboard heatmg equment intended for use in a hazardous location is Judged on the

basis of co

pllal 1T VVII.II LI 1< IG\.{UIICIIIUII[O III LIIIO DLGIIUGIU LUUGLI 11 VVII.II LI 1UOoT IUL;UHIIILUU
applicable tolusage in hazardous locations.
1.4 Any ain heating appliance sold or recommended for use as a baseboard heater, irreg

dimensions ¢r other characteristics, is to be identified as a baseboard heater. lt\will be cat

fixed or porta

a) Fix

b) Po
or feg

the handle is as follows:

ble baseboard heater in accordance with the following:
ed — A heater is identified as a fixed baseboard heater if:

1) The heater is less than 6 in (150 mm) in overall depth, the ratio of the overa
overall height is more than two to one, and the heater can be installed comp
space of 18 in (460 mm) above the floor; or

2) The heater enclosure is intended to be_connected to other heater enclosu
system.

Exception: A heater intended for .ceifing mounting or suspended mounting o
Not Install Less Than 6 Feet From\Floor" is not considered to be a baseboard
it meets the specifications in (1).or (2) above.

table — A portable heater is.identified as a baseboard heater if, excluding projec
t, it is less than 5 in (130.mm) in depth and if the ratio of its overall length to its

requirements

spective of its
bgorized as a

| length to the

etely within a

res to form a

r marked "Do
heater even if

tions of guard
height without

Maximum height of heater, feet (mm) Ratio of length to height

More than 2 to 1
More than 3to 1

2 (610)
Over 2 (610)

Excef

btioh: A portable radiant heater which has a visible glowing heating element an

sold d

o which is not

r recommended for use as a baseboard heater may be excluded as a baseboarn

0l heater even

if it meets the dimensional specifications in (b) above. Such a heater may be judged under the
requirements for movable air heaters in the Standard for Movable and Wall- or Ceiling-Hung
Electric Room Heaters, UL 1278. For this determination, a radiant heater is one in which the visible
portion of the heating element attains a temperature of at least 650° C (1200° F) under normal
conditions of operation.

2 Units of Measurement

21
approximate

2A Glossa

2A.1 Forth

information.

ry

e purposes of this standard the following definitions apply.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or
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2A.2 APPLIANCE COUPLER - A single-outlet, female contact device for attachment to a flexible cord as
part of a detachable power-supply cord to be connected to an appliance inlet (motor attachment plug).

2A.3 APPLIANCE INLET (Motor Attachment Plug) —

A male contact device mounted on an end product

appliance to provide an integral blade configuration for the connection of an appliance coupler or cord

connector.

2A.4 APPLIANCE (FLATIRON) PLUG — An appliance coupler type of device having a cord guard and a
slot configuration specified for use with heating or cooking appliances.

2A.5 COMPONENT — A device or fabrlcated part of the apphance covered by the scope of a safety

standard dedic
installed (e. d.
compose a d¢

2A6 CONT

controller whi
the main pow

2A.7 CORD
an outlet to m
an equipment

2A.8 TEMP
devices) may

a) Reg
of use

b) Li

Iumlna|re) is conS|dered to be a component Unless otherW|se speC|f|ed n
vice or fabricated part, such as thermoplastic or copper, are not considered\con

ROL CIRCUIT — A circuit that carries the electric signals directing” the of
ch, in turn, governs power delivered to a motor or other load. A control circuit d
er current.

CONNECTOR - A female contact device wired on flexiblé cord for use as an e
ake a detachable electrical connection to an attachmeént plug or, as an appliang
inlet.

FRATURE CONTROLS - Devices that respond‘with a change in temperature
be one of the following types:

ulating — Functions only to regulate the:temperature of the heater under intend
and whose malfunction would not result in a risk of fire.

hiting — Functions only under™ conditions that produce abnormal tempe

malfunction of such a device will result in a risk of fire.

c) Auxi

d) Op
An ex
or Typ

iliary — Thermostatic device other than of the regulating or limiting type.

brating Control —(A)control intended to start or regulate the heater during norm
bmple would be. a temperature-regulating control. An operating control could pr
e 2 action, (See definitions 2A.9 — 2A.12).

tective.\Control

e) Prg
perso

s during abnormal operation of the heater. An example would be a temper

contrgl.“A protective control always provides Type 2 action. (See definitions 2A.9 — 2A |

— A control intended to reduce the risk of electric shock, firg,

e-typically field
haterials that
ponents.

eration of a
bes not carry

tension from
e coupler, to

thermostatic

bd conditions

ratures. The

al operation.

pvide Type 1

or injury to
ature limiting
12).

2A.9 TYPE 1 ACTION — Automatic action for which the manufacturing deviation and the drift of its
operating value, operating time, or operating sequence have not been declared and tested to the Standard
for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.

2A.10 TYPE 2 ACTION — Automatic action for which the manufacturing deviation and the drift of its
operating value, operating time, or operating sequence have been declared and tested to the Standard for
Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.

2A.11 TYPE 2.H ACTION — So designed that the contacts cannot be prevented from opening and which
may automatically reset to the closed position if the reset means is held in the reset position. The control
shall not reset automatically at any temperature above -35 °C.
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2A12 TYPE 2.J ACTION — So designed that the contacts cannot be prevented from opening, and the
control is not permitted to function as an automatic reset device if the reset means is held in the reset

position. The

control shall not reset automatically at any temperature above -35 °C.

3 Components

3.1 General

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

a) Comply with the requirements for that component as indicated in 3.2 - 3.10;

b) Be
c) Be
d) Ad

Excej
a spe

Excef
speci

used in accordance with its rating(s) established for the intended conditions of u

used within its established use limitations or conditions of acceptability;

ption No. 1: A component of a product covered by this standard is not required {
cific component requirement that:

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

c) Is separately investigated when fermiihg part of another component,
component is used within its established'ratings and limitations.

ption No. 2: A component that complies with a UL component standard oth
fied in 3.2 - 3.10 is acceptable if;

a) The component also complies with the applicable component standard sp¢
3.10; or

b) The component.standard:

1) Is compatible with the ampacity and overcurrent protection requirg
Nationhal Electrical Code, ANSI/NFPA 70, where applicable;

2) Considers long-term thermal properties of polymeric insulating
accordance with the Standard for Polymeric Materials — Long Ti
Evaluations, UL 746B; and

ditionally comply with the applicable requirements of this end productstandard; and

o comply with

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

provided the

br than those

ecified in 3.2 -

bments in the

materials in
brm  Property

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 a household application, but intended for industrial use and complying with
the relevant component standard may assume user expertise not common in

household applications.

3.1.2 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

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

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

3.1.4 A component not anticipated by the requirements of this end product standard, not specifically
covered by the component standards in 3.2 — 3.10, and that involves a risk of fire, electric shock, or injury
to persons, shall be additionally investigated in accordance with the applicable UL standard, and shall

comply with 3.1.1 (b) — (e).

3.1.5 With
performance
normal and a

3.2 Attachn

3.2.1 Attach

regard to a component being additionally investigated, reference to cons

bnormal use conditions consistent with the application of this end product standg
hent plugs, receptacles, connectors, and terminals

ment plugs, receptacles, appliance couplers, appliance inlets.{(motor attachmer

appliance (flatiron) plugs, shall comply with the Standard for Attachment Plugs and Recepta

See 3.2.6.

Exception: At
investigated
required to cd

3.2.2 Fema
that may be
the specific t
coupler that g
when tested v

3.2.3 Multi-
utilization eq
Insulated Mul

3.24 Equip
conductors, s
Copper Cond

fachment plugs and appliance couplers integral\to cord sets or power supply @
n accordance with the Standard for Cord Sets’and Power Supply Cords, UL
mply with UL 498.

e devices (such as receptacles, appliance couplers, and connectors) that are
sed, to interrupt current in the end-product, shall be suitably rated for current i
pe of load, when evaluated with)its mating plug or connector. For example,

an be used to interrupt the clrrent of a motor load shall have a suitable horse
vith its mating plug.

bole splicing wire connectors that are intended to facilitate the connection ¢
lipment to the branch-circuit conductors of buildings shall comply with the
li-Pole Splicing'\Wire Connectors, UL 2459. See 3.2.6.

ment wiring terminals for use with all alloys of copper, aluminum, or copper-cl
hall comply with the Standard for Equipment Wiring Terminals for Use with Alur]
uctors, UL 486E.

truction and

Fequirements in another UL end product standard is suitable where that standand anticipates

rd.

t plugs), and
cles, UL 498.

ords that are
817 are not

intended, or
nterruption of
an appliance
power rating

f hard-wired
Standard for

ad aluminum
hinum and/or

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

3.2.6 Female devices (such as receptacles, appliance couplers, and connectors) that are intended, or
that may be used, to interrupt current in the end product, shall be suitably rated for current interruption of
the specific type of load, when evaluated with its mating plug or connector. For example, an appliance
coupler that can be used to interrupt the current of a motor load shall have a suitable horsepower rating
when tested with its mating plug.
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1

3.3 Contro
3.3.1 Gene

3.3.1.1

Is

ral

product standard unless otherwise specified; see 3.3.1.7.

Auxiliary controls shall be evaluated in accordance with the applicable requirements of this end

3.3.1.2 Operating (regulating) controls shall be evaluated in accordance with the applicable component
standard requirements specified in 3.3.2 — 3.3.6, if applicable, unless otherwise specified in this end
product standard ; see 3.3.1.7.

3.3.1.3 Op
deviation or
speed contrg

a)Th
the S

b) Th

3.3.14 Prg
standard req

3.3.1.5 Sol
comply with

a)Th

b) Th
excefl

3.3.1.6 Sol
with one of th

a)Th
the S

b) Th

3.3.1.7 An
would not in

' 4 | 4o ot 1 £4 £ 4l 1 4 £ Ll <l
JIGLIIIH CUTII VIO Uidadt |c|y UpuIT outTivwdailc 10T uic 1iurriar upcrauurt Ut tuic Tl
drift of the control may result in a risk of fire, electric shock, or injury to perse
| unexpectedly changing its output, shall comply with one of the following:

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

b Standard for Automatic Electrical Controls — Part 1: General Requirements, UL

tective (limiting) controls shall be evaluated in accordance with the applicab
Lirements specified in 3.3.2 — 3.3.6, unless otherwisé.specified in this end produ

d-state protective controls that do not rely upon' software as a protective cor
bne of the following:

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

e Standard for Automatic ElectricalhControls — Part 1: General Requirements,
t the Controls Using Software reguirements, Clause H 11.12.

d-state protective controls\that rely upon software as a protective component
e following:

b Standard for Tests for Safety-Related Controls Employing Solid-State Devices
andard for Software in Programmable Components, UL 1998; or

b Standard/for Automatic Electrical Controls — Part 1: General Requirements, UL

electronic, auxiliary or operating control (e.g. a non-protective control), the fa
crease the risk of fire, electric shock, or injury to persons, need only be suk

roduct where
s, such as a

, UL 991, and

60730-1.

e component
ct standard.

nponent shall

UL 991; or

UL 60730-1,

shall comply

, UL 991, and

60730-1.

lure of which
jected to the

applicable requirements of this end product standard.

3.3.2 Electromechanical and electronic controls

3.3.2.1

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

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

A control, other than as specified in 3.3.3 — 3.3.6, shall comply with one of the following:

¢) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.
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3.3.3 Liquid level controls

3.3.3.1 Aliquid level control shall comply with one of the following:
a) The Standard for Solid-State Controls for Appliances, UL 244A,;
b) The Standard for Temperature-Indicating and -Regulating Equipment, UL 873;
¢) The Standard for Industrial Control Equipment, UL 508; or

d) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1,
and;

1) Deleted

2) The Standard for Automatic Electrical Controls for Household and¢Similar|Use; Part 2:
Particular Requirements for Automatic Electrical Air Flow, Water, Flow and|Water Level
Sensing Controls, UL 60730-2-15

3.3.4 Motonand speed controls

3.3.4.1 A cqgntrol used to start, stop, regulate or control the speed ¢f a motor shall comply wjth one of the
following:

a) Thg Standard for Solid-State Controls for Appliances; UL 244A;
b) Thg Standard for Temperature-Indicating and.;Regulating Equipment, UL 873;
¢) Thg Standard for Industrial Control Equipment, UL 508;

d) The Standard for Adjustable Speed Electrical Power Drive Systems — Part| 5-1: Safety
Requifements — Electrical, Thermal and Energy, UL 61800-5-1; or

e) Thqg Standard for Automatic(Electrical Controls — Part 1: General Requirements, UL|60730-1.

3.3.5 Pressure controls

3.3.5.1 A pressure controkshall comply with one of the following:
a) Thg Standard for Temperature-Indicating and -Regulating, UL 873;

b) Thg Standard for Industrial Control Equipment, UL 508; or

¢) The 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 Automatic Electrical Pressure Sensing Controls Including Mechanical
Requirements, UL 60730-2-6.

3.3.6 Timer controls

3.3.6.1 A timer control shall comply with one of the following:
a) The Standard for Solid-State Controls for Appliances, UL 244A; or

b) The 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 Timers and Time Switches, UL 60730-2-7.
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3.4 Cords, cables, and internal wiring

3.4.1 A cord set or power supply cord shall comply with the Standard for Cord Sets and Power Supply
Cords, UL 817.

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

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

Exception Np. 1: Insulated conductors need not comply with UL 758 if they comply,'with one of the
following:

a) The Standard for Thermoset-Insulated Wires and Cables, UL 44;
b) The Standard for Thermoplastic-Insulated Wires and Cables, UL 83;

c) The applicable UL standard(s) for other insulated conductor types specified in Chdpter 3, Wiring
Methods and Materials, of the National Electrical Code, ANSI/NEPA 70.

Exception N¢. 2: Insulated conductors for specialty applications{e.g. data processing or communications)
and located in a low-voltage circuit not involving the risk of fireyelectric shock or injury to persons need not
comply with UL 758.

3.5 Film-cgated wire (magnet wire)

3.5.1  The ¢omponent requirements for film-coated wire and Class 105 (A) insulation sygtems are not
specified.

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

3.6 Printed wiring boards

3.6.1 Print¢d wiring_boards, including the coatings, shall comply with the Standard for Rrinted Wiring
Boards, UL 796.

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

3.6.2 A printed-wiring board containing circuitry in a line-connected circuit or a safety circuit shall comply
with the direct-support requirements for insulating materials in Electrical Insulation, Section 14 of this end
product standard.

3.6.3 Unless otherwise specified, the flammability class and temperature rating shall be that as specified
in Electrical Insulation, Section 14 of this end product standard.
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3.7 Semiconductors and small electronic components

3.7.1 A power switching semiconductor device that is relied upon to provide isolation to ground shall
comply with the Standard for Optical Isolators, UL 1577. The Dielectric Voltage Withstand Tests required
by UL 1577 shall be conducted applying the requirements of the Dielectric Voltage Withstand Test, Section
50, of this end product standard.

3.7.2 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 requirements in Dielectric Voltage Withstand Test, Section 50 of this end product standard.

3.7.3 Exce
components

pt as specified in 3.7.4, component requirements are not specified for.sm
bn printed wiring boards, including diodes, transistors, resistors, inductors (integ

and capacitons not directly connected to the supply source.

3.7.4 Wher
Operation Tes

a) The

e an electronic component is determined to be a critical compenent during t
bts, Section 33, one of the following standards shall be applied:

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

as applicable, the Standard for Software in Programmable CGomponents, UL 1998 for

rely uf
b) The
3.7.5 A crif

related functi
persons, in th

3.7.6 A criti
analysis (FM
Standard for ]

3.7.7 Portiog

on software as a protective component; or

Standard for Automatic Electrical Controls — Part.1: General Requirements, UL

cal component, as specified in 3.7.4, is’@ component that performs one or
bns whose failure results in a conditiony, such as the risk of fire, electric shoch
e end product application.

cal component as specified in 3-7.4, may also be identified using a failure-mo
EA) in accordance with the(Failure-Mode and Effect Analysis (FMEA) require]
[ests for Safety-Related Cantrols Employing Solid-State Devices, UL 991.

back-up, limifing, or other safety function intended to reduce the risk of fire, electric shock

persons shall
UL 60730-1,

comply with the Standard for Automatic Electrical Controls — Part 1: General R
Annex H.

3.8 Supplementalinsulation, insulating bushings, and assembly aids

all electronic
ated circuits,

he Abnormal

UL 991, and
controls that

60730-1.

more safety-
, Or injury to

le and effect
ments in the

hs of a circuit comprised of a microcontroller or other programmable device that performs a

, or injury to
equirements,

3.8.1

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

unless the insulation or device is required to comply with 12.3 or a performance requirement of this end
product standard. In such cases, the insulation shall comply with the following applicable standards:

a) Insulating tape shall comply with the Standard for Polyvinyl Chloride, Polyethylene, and Rubber
Insulating Tape, UL 510;

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

¢) Tubing shall comply with the Standard for Extruded Insulating Tubing, UL 224.

3.8.2 Wire positioning devices shall comply with the requirements in Electrical Insulation, Section 14. A
device that complies with the Standard for Positioning Devices, UL 1565, is considered to comply with this
requirement.
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3.8.3 Insulating bushings that comply with the requirements in General, Section 3.1, of this end product
standard, and the Standard for Insulating Bushings, UL 635 are considered to comply with the
requirements of this end product standard. Tests specified in this end product standard (e.g. Strain Relief
Test, Section 47) may still need to be performed to confirm the combination of the insulating bushing and
the supporting part comply with the intent of the requirements.

3.9 Switches

3.9.1 Switches shall comply with one of the following:

a) Deleted

b) The Standard for Switches for Appliances — Part 1: General Requirements, UL 61058-1;
¢) The¢ Standard for General-Use Snap Switches, UL 20; or

d) The Standard for Nonindustrial Photoelectric Switches for Lighting Contrel’UL 773A.

Exception: Switching devices that comply with the applicable UL standards.for specialty applications (e.g.
transfer switth equipment), industrial use (e.g. contactors, relays, auxiliary devices), or gre integral to
another component (e.g. switched lampholder) need not comply with this‘requirement.

3.9.2 A clogk-operated switch, in which the switching contact§)are actuated by a clock-work, by a gear-
train, by elegtrically-wound spring motors, by electric clock-type motors, or by equivalent arrangements
shall comply |with one of the following:

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

b) The Standard for Automatic Electrical~€ontrols — Part 1: General Requirements,| UL 60730-1,
and the Standard for Automatic Electrical Controls for Household and Similar [Use; Part 2:
Partiqular Requirements for Timers and Time Switches, UL 60730-2-7.

3.9.3 A timer or time switch, incorporating electronic timing circuits or switching circuits, with or without
separable contacts, shall comply with the requirements for an operating control with Type 1 action for 6000
cycles of opgration, or as a manual control for 5000 cycles of operation, in accordance w(th one of the
following:

a) The Standardyfer Solid-State Controls for Appliances, UL 244A; or

b) The 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:
Parti i i i i -2-

3.9.4 A timer or time switch, incorporating electronic timing circuits or switching circuits, with or without
separable contacts, that functions as a protective control, shall comply with the requirements for a
protective control; see 3.3.1.3.

3.10 Transformers

3.10.1 General-purpose 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 2:
General Purpose Transformers, UL 5085-2.

Exception No. 1: A transformer that is completely enclosed within the end product enclosure, and that
complies with the applicable construction and performance requirements of this end product standard
when tested in conjunction with the end product, complies with the intent of this requirement.
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Exception No. 2: A transformer that complies with the Standard for Transformers and Motor Transformers
for Use in Audio-, Radio-, and Television-Type Appliances, UL 1411, and that is used in a circuit involving
an audio or video component complies with the intent of this requirement.

3.10.2 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, electric shock
or injury to persons need not comply with this requirement.

CONSTRUCTHON

4 Frame and Enclosure

41 The en
flaming partiq
enclosure is s

4.2 The end
for permanen|
in the intende
furnished with

4.3 Thereq

a) Ung

closure of baseboard heating equipment shall prevent molten metal, burnin
les, or the like from falling on flammable materials, including the-surface up
upported.

t connection to the power supply, shall be provided wittimeans and instructions
d manner. Any fittings such as brackets, hangers, apthe like, necessary for mou
the equipment.

lirement in 4.1 necessitates use of a barrier.6f nonflammable material:
er a motor unless:
1) The structural parts of the motor or of the heater provide the equivalent of su

2) The protection provided ,with the motor is such that no burning insulati
material falls to the sufface that supports the heater when the motor is ene
each of the following fault conditions:

i) Open.main winding;
i) @pen starting winding; and

iii) Starting switch short-circuited.

g insulation,
bn which the

losure of baseboard heating equipment designed for permanent installation, that is, intended

for mounting
nting shall be

ch a barrier;

bn or molten
rgized under

from becoming more than 125°C (255°F) under the maximum load under whi

8)"Fhe motor is provided with a thermal motor protector (a protective device thI

t is sensitive
tor windings
ch the motor

will run without causing the protector to cycle, and from becoming more than 150°C (300°F)

with the rotor of the motor locked.

b) Under wiring, unless it is of the flame-retardant type. Neoprene- or thermoplastic-insulated wires

are of this type.

It also necessitates that a switch, transformer, relay, solenoid, or similar component be individually and
completely enclosed except at terminals, unless it is shown that failure of the component does not result in
a risk of fire, or unless there are no openings in the bottom of the enclosure. An opening in the bottom of
the enclosure is prohibited when it is located directly below field- or factory-made splices or overload or
overcurrent protective devices.
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4.4 Except as indicated in 4.5, if openings are provided in the enclosure of a heater or in an externally
mounted component intended for permanent connection to the power supply, they shall be so located that
they will not vent into concealed spaces of a building structure such as into hollow spaces in the wall,
when the equipment is installed as intended.

4.5 The requirement in 4.4 does not apply to an opening for a mounting screw or nail or for a

manufacturin

g operation (such as paint drainage) if:

a) No such opening has a dimension more than 17/64 in (6.7 mm) or an area more than 0.055
square inch (34.5 mm?), and

b) There is no more than one mounting-screw hole for each 12 in (300 mm) of length or fraction

there

4.6 Except
heater and &

with one or more baffles that will prevent the emission of flame, molten metal, burning insulat

from the hea

4.7 In a cq
baffles menti

a) Noj
air frg
or

b) Th
inves

4.8 Cast-a

Exception: A
than 0.020 ir
shape and u

4.9 Among
materials are

a) Mg

b) Im

TN DasebdOoara neating equipment intenaed 10r recessed Installation.

as noted in 4.7 an opening for ventilation in the enclosure, other thanyin the
n opening associated with the dissipation of heated air from the element sha

er.

mpartment other than one that houses an overload or @Qvercurrent protectiy
pned in 4.6 may be omitted if:

ventilating opening in a vertical wall, other than on@ associated with the dissipa
m the elements during normal operation of the Reater, is more than 3/8 in (9.5

e heater is so constructed that it is suitable for the purpose, as shown b
igation.

hd sheet-metal enclosures shall. conform with the requirements of Table 4.1 — Ta

bottom, of a
| be provided
on, or the like

e device, the

tion of heated
mm) in width,

y appropriate

ble 4.3.

sheet steel enclosure majhave a lesser thickness than specified in Table 4.
(24 MSG) (0.51 mm) when it is determined that the enclosure of lesser thickn|
be of reinforcing membets affords the required protection.

the factors that.shall be taken into consideration when judging the acceptability
resistanceto:

chanical.damage,

! but not less
ess due fo its

bf nonmetallic

bact,

c) Mo

d) Co

isture absorption,

mbustion, and

e) Distortion at temperatures to which the material may be subjected under conditions of normal or

abnormal use.

4.10 A polymeric material used for the frame or enclosure shall comply with the applicable requirements
in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: The abnormal operation tests in UL 1042 may be conducted in lieu of the Abnormal Operation
Test, Section 35, and Severe Conditions Test, Section 24, of UL 746C.
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4.11 Sheet metal to which a wiring system is to be connected in the field shall have an average thickness
no less than 0.032 in (0.81 mm) if uncoated steel, no less than 0.034 in (0.86 mm) if galvanized steel, and
no less than 0.045 in (1.14 mm) if nonferrous.

4,12 At points where the face of an attachment-plug receptacle projects through it, the enclosure shall
have a thickness no less than:

a) 0.032in (0.81 mm) if of ferrous metal,
b) 0.045 in (1.14 mm) if of nonferrous metal, and

¢) 0.10 in (2.5 mm) if of insulating material, except that an enclosure of insulating material may be
of lesger—thickness—ifso—formed—or—reinforcec—as—to pluv;dc adcquatc phyo;ua: Lrength. The

insulafing material shall be nonflammable.

Table 4.1
Minimun thickness of sheet metal for electrical enclosures — carbon steel or stainl¢ss steel
With supporting frame or equivalent
WithoutFupporting frame? reinforcing? Minimum thickness in inches (mm)
A - b H c . - b s
Maximum wu*h Maximum length® [ Maximum width Maximum length Metal coated
Inches (cth) Inches (cm) Inches (cm) Inches (cm) Uncoated (MSG) (GSG)
4.0 (1012) Not limited 6.25 (15.9) Not limited 0.020¢ (0.51) 0.023¢ (0.58)
4.75 (121) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (20
6.0 (192) Not limited 9.5 (24.1) Not limited 0.026¢ (0.66) 0.0p9° (0.74)
7.0 (17}8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) (22) (22)
8.0 (2013) Not limited 12.0 (3045) Not limited 0.032 (0.81) 0.0p4 (0.86)
9.0 (229) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (29)
12,5 (3118) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (396) 18.0 (45.7) 21,0 (53.3) 25.0 (63.5) (18) (18)
18.0 (497) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.0p6 (1.42)
20.0 (5018) 25.0 (6375) 29.0 (73.7) 36.0 (91.4) (16) (16)
@ A supporting flame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attachefl to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending
moments which|may be applied\ia the enclosure surface when it is deflected. Construction that is considered to hae equivalent
reinforcing may pe accomplished by designs that will produce a structure which is as rigid as one built with a frame of angles or
channels. Consfruction considered to be without supporting frame includes:
1) Sindle.sheeét with single formed flanges (formed edges),

2) A single sheet which is corrugated or ribbed, and

3) An enclosure surface loosely attached to a frame, that is, with spring clips.

b The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 in (12.7 mm) wide.

9 Sheet steel for an enclosure intended for outdoor use shall comply with the requirements for outdoor use equipment.
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Table 4.2
Minimum thickness of sheet metal for electrical enclosures — aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame? reinforcing®
Maximum width® Maximum length® Maximum width® Maximum length Minimum thickness
Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inches (mm) (AWG)

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (0.58) (22)
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74) (20)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 0:911) (18)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)
8.0 (RO.3) Not limited 19.0 (48.3) Not limited 0.045 (1.1¢) (16)
9.5 (p4.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5)
12.0 (B0.5) Not limited 28.0 (71.1) Not limited 0.058 (1.4)) (14)
14.0 (B5.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 #5.7) Not limited 42.0 (106.7) Not limitéd 0.075 (1.901) (12)
20.0 (p0.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7)

@ A supporting frame is a structure of angle or channel or a folded rigid section‘ef sheet metal which is rigidly attached to and has

essentially the
moments whic
reinforcing ma
channels. Con

3)An

°For panels w
be limited to th

1) Sin

2) A dingle sheet which is corrugated or ribbedsand

® The width is t
enclosure may

9 Sheet metal f

same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resis
h may be applied via the enclosure surface when it is deflected. Construction that is considered to hg

be accomplished by designs that will produce a structdre which is as rigid as one built with a frame
Btruction considered to be without supporting framesincludes:

gle sheet with single formed flanges (formed edges),

enclosure surface loosely attached-to.a frame, that is, with spring clips.

he smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surf
have supports in common and be made of a single sheet.

ich are not supported aleng one side, for example, side panels of boxes, the length of the unsuppori
e dimensions specified unless the side in question is provided with a flange at least 1/2 in (12.7 mm)

pr an enclosure jntended for outdoor use shall comply with the requirements for outdoor use equipm

the bending
ve equivalent
lof angles or

hces of an

ed side shall
wide.

ent.

Table 4.3
Cast-metal electric enclosures

Minimum thickness, inch (mm)

Cast metal of other than
Use, or dimensions of area involved? Die-cast metal the die-cast type

Area of 24 square inches (155 cm?) or less and having no dimension 1/16 (1.6) 1/8 (32.2)
greater than 6 inches (152 mm)

Area greater than 24 square inches or having any dimension greater 3/32 (2.4) 1/8 (32.2)

than 6 inches

At a threaded conduit hole 1/4 (6.4) 1/4 (6.4)

At an unthreaded conduit hole 1/8 (3.2) 1/8 (3.2)

larger area.

@ The area limitation for metal 1/16 in (1.6 mm) in thickness may be obtained by the provision of reinforcing ribs subdividing a

4.13 An electrical part shall be so located or enclosed that protection against unintentional contact with

uninsulated |

ive parts will be provided.
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4.14 The door or cover of an enclosure shall be hinged:

a) If it gives access to any fuse, circuit breaker, or manually resettable limit control in other than a
low-voltage circuit, and

b) If uninsulated live parts are exposed during the replacement of the fuse or resetting of the
manually resettable device.

Such a door or cover shall also be provided with an automatic latch (see 4.16) of the equivalent and, if live
parts other than the screw shell of a plug fuseholder are exposed inside the enclosure, a captive screw (or
equivalent means requiring the use of a tool to open) to secure the door or cover in place.

4.15 A doof
shall be tight-

4.16 A sprif
door in place
means for ho

417 Acom
as practicable
operated or a

4.18 Parts
operation ang

4,19 A hangle intended to support or carry more than 20 Ibs (9.07 kg) shall have a grippi

least 4 in (10(

420 A han
without the ug

4.21 A hanc
heater. The 3
handle, gradd
value for 1 m
cracking, or g
test weight cz

or cover giving access to any overload-protective device in other than a low-\
fitting and shall overlap the surface of the enclosure around the opening.

g latch, a magnetic latch, a dimple, or any other mechanical arrangément that
and would require some effort on the user's part to open it, is considered to be 3
ding the door in place as required in 4.14.

, and shall be fully accessible without the use of special tools if it is intended to
djusted or if it will definitely require periodic servicing:

bf baseboard heaters such as an enclosure, frame, guard, or handle, subject
user servicing shall be free of sharp corners; edges, or projections. See 26.11 4

mm) long.

dle shall be fastened so thatit*will not be capable of being partly or comple
e of a tool.

le used for support of a portable heater shall be able to sustain four times the

ppropriate load shall’be uniformly applied over a 3 in (75 mm) length at the

ally increased (o the test value over a period of 5 to 10 seconds, and maintain
inute. The load shall be supported with no evidence of damage to the handle
ermanent_ deformation). For this test the heater may be inverted and supporte
n be applied directly to the handle.

4.22

If more than one handle is furnished on the heater, the load indicated in 4.21 shall H

oltage circuit

will hold the
n acceptable

bonent subject to inspection, replacement, cleaning, or other servicing shall be as accessible

be manually

to contact in
nd 59.35.

g surface at

ely removed

weight of the
center of the
bd at the test
(separation,
d so that the

e distributed

between the handles. The distribution of the Toad shall be determined by measuring the percentage of the
weight of the heater supported by each handle with the heater in the intended carrying condition.

4.23
alone, each h

5 Accessib

5.1

andle shall be capable of supporting the load described in 4.21.

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

a) The proximity of uninsulated live parts (as determined by applying 5.3 and 5.4) and

If a heater is furnished with more than one handle and the heater can be carried by one handle

In determining if an opening in an enclosure is acceptable, consideration is to be given to:

b) The possibility of the emission of burning insulation, molten metal, and the like through the
opening (as determined by applying 4.1 — 4.7).
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5.2 A moving part such as a fan blade, a blower wheel, a pulley, a belt, or the like that may cause injury
to persons shall be enclosed or guarded.

5.3 To reduce the likelihood of unintentional contact that may involve a risk of:
a) Electric shock from an uninsulated live part or film-coated wire or

b) Injury to persons from a moving part, an opening in an enclosure shall comply with either (1) or

2).

1) For an opening that has a minor dimension (see 5.7) less than 1 in (25.4 mm), such a
part or wire shall not be contacted by the probe illustrated in Figure 5.1.

2) For an opening that has a minor dimension of 1 inch or more, such a part'of wire shall be
spaced from the opening as specified in Table 5.1.

Exception: Almotor need not comply with these requirements if it complies with thé,requiremgnts in 5.4.
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Figure 5.1
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5.4 With respect to a part or wire as mentioned in 5.3, in an integral enclosure of a motor as mentioned in
the exception to 5.3.

a) An opening that has a minor dimension (see 5.7) less than 3/4 in (19.1 mm) is not acceptable if:

b) An

from {he opening as specified in Table 5.1.

5.5 The prg
depth that th
the opening
5.1 and Figu

be changed gfter insertion through the opening.

5.6 The piobes mentioned in 5.5 and 5.7 are to be used as measuring instruments

accessibility
be applied w

5.7 Withre
is the diamet|

5.8 Withre

a) An

b)Ad

1) A moving part can be contacted by the probe illustrated in Figure 5.2,

2) Film-coated wire can be contacted by the probe illustrated in Figure 5.3,

3) In a directly accessible motor (see 5.8), an uninsulated live part can be contacted by the

probe illustrated in Figure 5.4, or

4) In an indirectly accessible motor (see 5.8), an uninsulated live part can be

contacted by

the probe illustrated in Figure 5.2.

opening that has a minor dimension of 3/4 in or more is acceptable if a partor v

b opening will permit; and shall be rotated or angled before, during, and after ins

e 5.4 shall be applied in any possible configuration; and, i necessary, the conf

brovided by an opening, and not as instruments to judge the strength of a materi
th the minimum force necessary to determine accessibility.

ference to the requirements in 5.3 atd 5.4 and Table 5.1, the minor dimension
br of the largest cylindrical probe that can be inserted through the opening.

erence to the requirements in5.4:
indirectly accessible motor is a motor:

1) That is accessible only by opening or removing a part of the outer enclosu
guard or panel, that can be opened or removed without using a tool, or

2) Thatis*etherwise guarded or enclosed so that it is unlikely to be contacted.

irectly.accessible motor is a motor:

h

vire is spaced

bes mentioned in 5.3 and 5.4 and illustrated in Figure 5.1 — Figure 5.4 shall be applied to any

brtion through

fo any position that is necessary to examine the enclosure. The probes illustrated in Figure

guration shall

to judge the
al; they are to

bf an opening

re, such as a

H
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2) That is located so as to be accessible to contact.
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Figure 5.2

Probe for moving parts and uninsulated live parts
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Probe for film-coated wire
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Figure 5.4
Articulate probe
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Table 5.1
Minimum agceptable distance from an-opening to a part that may involve a risk of electric shock or

injury to persons?®

Minor dimension® of opening Minimum distance from opening to|part®
Inghes (mm) Inches (mm)
3J4° (19.1) 4-1/2 (114.0)
¢ (25.4) 6-1/2 (165.0)
111/4 (31.8) 7-1/2 (190.0)
111/2 (38.1) 12-1/2 (318.0)
14z/8 (47.8) 15-14/2 (394.0)
2-1/8 (54.0) 17-1/2 (444.0)
d 30 (762.0)
@ For an opening having a minor dimension between two values specified in the table, the distance from the opening to the part
shall not be less than that determined by interpolation between the corresponding values in the right-hand column.
bSee 5.7.
¢ Any dimension less than 1 inch applies to a motor only.
4 More than 2-1/8 in, but not more than 6 in (152.0 mm).

5.9 During the examination of a product to determine whether it complies with the requirements in 5.3 or
5.4, a part of the enclosure that may be opened or removed by the user without using a tool (to attach an
accessory, to make an operating adjustment, or for other reasons) is to be opened or removed.
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5.10 With reference to the requirements in 5.3 and 5.4, insulated brush caps are not required to be

additionally e

5.11

nclosed.

injury to persons, the opening or removal of the door, panel, or shield shall:

a) Require the use of tools, or

If the opening or removal of a door, a panel, or a shield will expose any moving part that can cause

b) Cause an interlocking device not likely to be unintentionally rendered ineffective to stop the

movin

g part.

5.12 A moving part is not to be considered when judging compliance with 5.3 or 5.4 if the part is unlikely

to be contacted through the opening because of fixed components, including baffles.

6 Parts Suk
6.1 Thereq
6.2 For detg

6.3 A mearn

generated in fhe event of fire.

6.4 Pressu
pressure-relig

6.5 Theres
to protect.

6.6 A vesse
generated or

6.7 The stg
marked maxi

relieving the

6.8 Apress

)ject to Pressure
lirements of 43.1 apply to parts which are 6 in (150 mm) or less in inside diamet
rmining criteria for testing see Section 43, Hydro-Static Pressure Test.

s for safely relieving pressure shall be provided for<all parts in which press

re-relief devices (see 6.10), fusible plugs, seldered joints, nonmetallic tubi
f means or the equivalent may be employedio comply with the requirement in 6|

hall be no shutoff valve between the pressure-relief means and the part(s) that

| having an inside diameter of-more than 3 in (75 mm) and subject to air or stq
stored within the appliancée shall be protected by a pressure-relief device.

rt-to-discharge pressure setting of the pressure-relief device shall be no hig
mum working pressure of the vessel. The discharge rate of the device shall b
ressure.

ire-relief-device shall comply with all four of the following:

a) Sh

intended.to protect.

Il be connected as close as possible to the pressure vessel or parts of the sys

U

ire might be

ng, or other

3.

it is intended

am pressure

her than the
e capable of

tem that it is

b) Shall be so installed that it is fully accessible for inspection and repair, and cannot be readily
rendered inoperative,

c) Shall have its discharge opening so located and directed that the risk of scalding has been
reduced to an acceptable degree, and

d) Shall have its discharge opening so located and directed that operation of the device will not
deposit moisture on bare live parts, or on insulation or components affected detrimentally by
moisture.

6.9 A pressure-relief device having an adjustable setting is to be judged on the basis of its maximum
setting unless the adjusting means is sealed at a lower setting.
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6.10 A pressure-relief device is considered to be a pressure-actuated valve or rupture member designed
to relieve excessive pressures automatically.

6.11 If a pressure-relief device is required, the electrical control responsible for limiting the pressure in
the vessel shall be capable of performing under rated load for 100,000 cycles of operation and shall
prevent the pressure from exceeding 90 percent of the relief-device setting during any of the tests required
by this standard.

7 Assembly
7.1 A switch, a lampholder, an attachment-plug receptacle, a motor-attachment plug, or similar

Component allhe mounted-and-secured-in plar\n gnrl, nvr\npf as-pnoted-in/7.2 and 7_'1, shallbe prevented
from turning.|See 7.4.

7.2 The requirement that a switch be prevented from turning may be waived if all four off the following
conditions are met:

a) The switch is of a plunger or other type that does not tend to rotate when operated (a toggle
switc:l: is considered to be subject to forces that tend to turn the switch during the ogeration of the
switch)

b) Thé means of mounting the switch is not subject to looséning as the result of its opgration.
¢) The spacings are not reduced below the minimum aceeptable values if the switch rotates, and

d) The operation of the switch is by mechanical. means rather than direct contact by pgrsons.

7.3 Alampholder of a type in which the lamp cannpt be replaced, such as a neon pilot or inglicator light in
which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if rgtation cannot
reduce spacings below the minimum acceptable values.

7.4 The me¢ans for preventing the turiing mentioned in 7.1 is to consist of more than frigtion between
surfaces; for|example, a lock washer;”properly applied, is acceptable as means to prevent turning of a
small stem-mounted switch or othér device having a single-hole mounting means.

7.5 Uninsulated live parts shall be secured to the base or mounting surface so that they will|be prevented
from turning pr shifting if'such motion may result in a reduction of spacings below the minimum acceptable
values specified in 24-1—24 4.

7.6 Friction|between surfaces is not acceptable as a means to prevent shifting or turning of [live parts, but
a lock washdrisZacceptable

8 Protection Against Corrosion

8.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other
equivalent means if the corrosion of such unprotected parts could result in a risk of fire or electric shock.

Exception: Cast-iron parts are not required to be protected against corrosion. A sheath employed on a
heating element operating in air and terminal parts attached directly to the heating element need not be
protected against corrosion.

8.2 The aging characteristics of plating or other finish used in a heater shall be such that deterioration of
the finish will not result eventually in unacceptable performance of the heater.
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8.3 The sheath of an immersion-type heating element shall be of a metal resistant to corrosion by the
liquid in which the element is intended to be immersed.

9 Permanently Connected Equipment

9.1

9.11

General

Permanently connected equipment (intended for permanent connection to the power supply) shall

have provision for connection of one of the wiring systems that, in accordance with the National Electrical
Code, ANSI/NFPA 70, would be suitable for the appliance.

9.1.2 Thel

connected ed
equipment is

9.1.3 Atern
equipment so

9.1.4 AKkno
compartment

uat;un Uf d tUIIII;IIG: bUI\ Ul \.;Ulllpai.tlllcl It ;II vvh;ph pUVVCI oupp:y bUIIIIUbt;UIIO tU
uipment are to be made shall be such that these connections may be inspeq
nstalled as intended.

ninal compartment intended for the connection of a supply raceway 'shall be at
as to be prevented from turning with respect to it.

ckout hole or threaded hub for connection of a conduit field-wiring system to
shall accommodate conduit of the trade size determined by applying Table 9.1.

9.1.5 Ifthre
if an equival

ds for the connection of conduit are tapped all thedway through a hole in an enc
t construction is employed, there shall not be less than three nor more than fi

the metal, and the construction of the device shall be such-that a conduit bushing can be
threads for the connection of conduit are not tapped.all-the way through a hole in an en

conduit hub,
smooth, roun
provided by a
of the corresp

9.1.6 Akno
of being remd
conduit fitting
both.

9.1.7 A kno

or the like, there shall not be less than“3-1/2 threads in the metal, and the
ed inlet hole for the conductors that will afford protection to the conductors equ
standard conduit bushing and will-have an internal diameter approximately the
onding trade size of rigid conduit.

ckout in a sheet-metal epclosure conforming with the requirements of 9.1.7 sha

, may result in reduction of electrical spacings below the minimum acceptab

ckout shall.femain in place when a force of 10 Ibs (44.5 N) is applied at right

knockout by @ 1/4 in (6,4 mm) diameter mandrel with a flat end. The mandrel shall be applie

most likely to

cause.movement of the knockout.

permanently
ted after the

ached to the

a field-wiring

osure wall or
ve threads in

attached. If
closure wall,
e shall be a
valent to that
same as that

Il be capable

ved without deformationof the enclosure to the extent that it would affect the attachment of a

le values, or

bngles to the
J at the point

Table 9.1
Trade size of conduit in inches? (mm OD)

Wire size Number of wires
AWG mm? 2 3 4 5 6
14 2.1 1/2 (21.3) 12 (21.3) 12 (21.3) 12 (21.3) 12 (21.3)
12 3.3 1/2 (21.3) 1/2 (21.3) 12 (21.3) 3/4 (26.7) 3/4 (26.7)
10 5.3 12 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7) 3/4 (26.7)
8 8.4 3/4 (26.7) 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1 (33.4)
6 13.3 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3)

@ This table is based on the assumption that all conductors are of the same size and there are no more than six conductors in the
conduit. When more than six conductors are involved or when all of them are not of the same size, the internal cross-sectional
area of the smallest conduit for which an opening or knockout is to be provided is determined by multiplying by 2.5 the total cross-
sectional area of the wires, based on the cross-sectional area of Type THW wire.
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9.1.8 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing and
shall be located so that installation of a bushing at any knockout likely to be used during installation will not
result in spacings between uninsulated live parts and the bushing less than those required by this
standard. In applying the spacing requirement, the bushing is considered to be part of the enclosure. The
area of the flat surface surrounding the opening shall be capable of accommodating the bushing and
locknut intended to be used with the largest size conduit that can be installed. See Table 9.2.

9.1.9 In measuring a spacing between an uninsulated live part and a bushing installed in the knockout
referred to in 9.1.8, it is to be assumed that a bushing having the dimensions indicated in Table 9.3 is in
place, in conjunction with a single locknut installed on the outside of the enclosure.

9.1.10 Spa n the field Q et box o allation of the
conductors qf the number and size required by 9.2.1 — 9.2.6 using Type TW or THW wire (except that
other types df conductors may be used when specified in the installation instructions) when pt least a 6-in
(150 mm) length of each conductor is brought into the wiring compartment. If necessary, a trjal installation
is to be madg.

9.1.11  An ¢pening for the entry of a conductor or conductors in a low-voltage circuit ag described in
12.4.11 shall be provided with insulating bushings. The bushings shall eithér be mounted in place in the
opening or be provided with the enclosure so that they are mounted when the equipment is installed.

Exception: A bushing is not required when the heater is marked_to indicate that field wiring in the low-
voltage circuft is to be installed in Class 1, in accordance with.thé-National Electrical Code, ANSI/NFPA 70.

9.1.12 A byshing of rubber or rubber-like material provided in accordance with 9.1.11 shall{be 1/8 in (3.2
mm) or morg in thickness. A hole in which such a bushing is mounted shall be free from |sharp edges,
burrs, or projections which may damage the bushing:

Exception Np. 1: The bushing may be not dess than 3/64 in (1.2 mm) minimum thicknesg if the metal
around the hple is eyeletted or treated to ensure smooth edges.

Exception N¢. 2: A tab resulting from~removal of a conduit knockout is not considered a burf or projection
when applying this requirement.

Diameter of knockout andTev?éﬁl'?gf surrounding flat surface
Minimum width of flat surface

Tradg size'6f conduit Knockout diameter? surrounding kngckout
Inches (mm OD) Inches (mm) Inch (mm)
12 (21.3) 7/8 (22.2) 0.13 (3.4)
3/4 (26.7) 1-3/32 (27.8) 0.16 (4.1)
1 (33.4) 1-23/64 (34.5) 0.21 (5.2)
1-1/4 (42.3) 1-23/32 (43.7) 0.28 (7.1)

@ Knockout diameters will be measured other than at point where a tab may remain after removal of knockout.



https://ulnorm.com/api/?name=UL 1042 2021.pdf

30

UL 1042

FEBRUARY 2, 2021

Table 9.3
Dimensions of bushings

Bushing dimensions
Trade size of conduit Overall diameter Height
Inches (mm OD) Inches (mm) Inch (mm)
12 (21.3) 1 (25.4) 3/8 (9.5)
3/4 (26.7) 1-15/64 (31.4) 27/64 (10.7)
1 (33.4) 1-19/32 (40.5) 33/64 (13.1)
1-1/4 (42.3) 1-15/16 (49.2) 9/16 (14.3)
9.2 Wiring lerminals
9.2.1 Equipment intended for permanent connection to the power supply shall ‘be provided with field-
wiring terminals or leads for connection of the power-supply conductors. Each terminal or |ead shall be
sized for connection of a conductor having an ampacity, according to the “National Elettrical Code,
ANSI/NFPA 10, no less than 125 percent of the rated current at the terminalor lead; if such rating is 24
amperes or I¢ss, the terminal or lead shall be sized for connection of & 10" AWG (5.3 mm?)|copper wire,

except as in
conductors, t
except as ind

9.2.2 Alead
conductor (cq

9.2.3 Alead
the leads ma
edges. Conn
considered aj

9.2.4 Leads
wire-binding
unless the sc

9.2.5 Equip
(copper) pow
as appropriat

;

icated in 9.2.5 and 59.15. When the equipment is to be field-connected w
ne terminal or lead shall also be rated for connectionof a 8 AWG (8.4 mm?) al
cated in 9.2.5 and 59.15.

shall be no more than two standard wire sizes smaller than the branch-circuit |
pper) to which it will be connected. See 9.2.5:

intended for connection to an external circuit shall be provided with a strain reli
cause the lead to separate from its termination, or result in damage to the leg
ections which are welded, meehanically secured and soldered, or securely
not likely to separate due.to-such stress.

provided for spliced.connections to an external high-voltage circuit shall not be

th aluminum
uminum wire

bower-supply

of if stress on
d from sharp
crimped, are

connected to

5crews or pressuré-terminal connectors located in the same compartment as the splice

ews or connectors.are rendered unusable for field wiring connections.

ment rated)16 amperes or less, which is not arranged for connection of 10 AW
er-supply ‘conductors, shall be arranged for connection to a 15- or 20-ampere b
e for the'rating of the equipment, and shall be marked in accordance with 59.15.

G (5.3 mm?)
ranch circuit,

9.2.6 When

aetermining the siZe or the power-supply conauctors in equipment intehdea 1or

onnection to

multiple power supplies, and when it is likely that more than six such conductors will occupy the same
raceway, the additional ampacity adjustment factors given in the National Electrical Code, ANSI/NFPA 70,
shall be applied.

9.2.7 For the purpose of these requirements, field-wiring terminals are considered to be the terminals to
which power-supply, control, or equipment-grounding connections will be made in the field when the
equipment is installed.

9.2.8 A field-wiring terminal or lead for connection of an equipment-grounding conductor shall be
provided. See 9.2.22.

9.2.9 A field-wiring terminal intended solely for connection of an equipment-grounding conductor shall be
capable of securing a conductor of the size for the particular application, in accordance with the National
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Electrical Code, ANSI/NFPA 70 and as required by 9.2.10 — 9.2.16 and 9.2.21. Sheet-metal screws shall
not be used to connect grounding conductors to enclosures.

9.2.10 A field-wiring terminal shall be provided with a pressure wire connector fastened in place by being
bolted or held by a screw.

Exception: A wire-binding screw may be employed at a field-wiring terminal intended to accommodate a
10 AWG (5.3 mm?) or smaller conductor if upturned lugs or the equivalent are provided to hold the wire in
position.

9.2.11 A field-wiring termrnal shall be prevented from turnlng or shlftlng |n posmon by means other than
friction between—su ‘ e, shoulders or
mortices, by p dowel pin, Iug or offset by a connectmg strap or C|Ip fltted into an adjacent part or by some
other equivalent method.

9.2.12 A wjre-binding screw at a field-wiring terminal shall not be smaller thah,.10 (4.8 mim diameter),

nnection of a

except that
14 AWG (2.
AWG (1.3 m

e

9.2.13 In 4
smallest con

anticipated g

9.2.14 Ate
in thickness,
threads havsg
threads.

9.2.15 Upty

eitherin 9.2.1,

of the screw
9.2.16 Awi

9.2.17 Eqy
grounded pd

n 8 (4.2 mm diameter) screw may be used at a terminal intended.only for the cq
mm?) conductor, and a 6 (3.5 mm diameter) screw may be used for the conn
2) or 18 AWG (0.82 mm?) control-circuit conductor.

ccordance with the National Electrical Code, ANSI/NFPA 70, 14 AWG (2.1
Huctor that shall be used for branch-circuit wiring,/and thus is the smallest con
[ a terminal for the connection of a power supply-wire.

rminal plate tapped for a wire-binding screwishall be of metal no less than 0.05
except that a plate no less than 0.030,in-(0.8 mm) in thickness is acceptable
two or more full threads in the metal; which may be extruded if necessary t

rned lugs or a cupped washeét-shall be capable of retaining a conductor of the si
but no smaller than 14 AWG (2.1 mm?) or in 9.2.9, whichever is applicable, u
br the washer.

re-binding screw shall thread into metal.

ipment provided with field-wiring terminals or leads and intended to be co
wer-supply. conductor shall have one terminal or lead identified for the conn

bction of a 16

mm?) is the
ductor that is

0 in (1.3 mm)
if the tapped
o provide the

ze mentioned

nder the head

nnected to a
ection of that

conductor if pecessary because of the requirement in 20.4, 21.1, 22.4, or 23.1.2.

9.2.18 A field=w : C C oe of or plated
with a metal substantlally whlte in color and shall be dlstlngwshable from the other terminals, or
identification of that terminal shall be shown in some other manner, such as on an attached wiring
diagram. A lead intended for the connection of a grounded conductor shall be finished to show a white or
grey color and shall be distinguishable from the other leads.

9.2.19 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 other than a
grounding lead shall be so identified.

9.2.20 The requirements in 9.2.18 and 9.2.19 relating to color coding of a lead for identification do not
apply to internal wiring that is not visible in a wiring compartment in the area in which field connections are
to be made. These requirements also do not apply to leads or wiring of low-voltage circuits intended to be
field-connected to Class 2 wiring and which are separated or segregated from high-voltage circuit field-
wiring connections by barriers.
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9.2.21 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal-shaped, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be identified by:

a) Being marked G, GR, Ground, Grounding, or the equivalent;
b) A marking on a wiring diagram provided on the equipment; or

c) The symbol shown in Figure 9.1 on or adjacent to the terminal. See 61.5.

The wire-binding screw or pressure wire connector shall be so located that it is unlikely to be removed
during servicing of the equipment.

Figure 9.1

Symbol for equipment grounding conductor

9.2.22 Excgpt as noted in 9.2:23 the free length of a lead inside an outlet box or wiring gompartment
shall be 6 in (150 mm) or more'ifthe lead is intended for field connection to an external circuit,

9.2.23 The |ead may/be less than 6 in (150 mm) in length if it is evident that the use of a longer lead
might result in damage to the lead insulation.

10 Cord-Cgnnected Heaters

10.1 General

10.1.1 A portable heater shall have a mass of no more than 65 Ibs (29 kg), and no dimension of such a
heater shall be greater than 8 ft (2.4 m).

10.1.2 A portable heater shall be provided with a directly attached flexible cord and an attachment-plug
cap shall be provided on the cord for attachment to the supply circuit. The exposed length of the cord
(including fittings) shall be no less than 6 feet (1.8 m) and no more than 8 feet (2.4 m). All detachable
power-supply cords and attached power-supply cords shall comply with the requirements of the Standard
for Cord Sets and Power-Supply Cords, UL 817.

10.1.3 Deleted
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10.1.4 The flexible cord shall be as indicated in Table 10.1 and must additionally be subjected to the

performance

test requirements of Sections 53.1 — 56.5.

Table 10.1
Acceptable types of cord

Temperature of more than 121°C (250°F) on any surface

liable to be contacted by cord to be contacted by cord®

Temperature of 121°C (250°F) or less on all surfaces liable

HPD,

HPN, HSJO, HSJOO, HSJ, HSO, HSOO

SP-2, SPT-2, SVO, SV, SVTO, SVT, SJO, SJ, SJTO, SJT

@ Cords of the types indicated in the first column may also be used.

10.1.5 The

heater, exce
volts, or 300
4000 watts a

10.1.6 Sup
heater (unle
unraveling, g

10.1.7 The
Table 10.2..

bt that a 15-ampere cap is acceptable for a heater rated at no more than- 1500
D watts at 240 volts, and a 20-ampere cap is acceptable for a heater rated at
240 volts.

blementary insulation on a flexible cord shall not extend more than 1/2 in (13 mr
5s provided with additional mechanical protection), shall be prevented frg
nd shall not adversely affect the means for providing strain relief.

size of the flexible cord, based on the current rating*of the heater, shall be in ac

Table,10.2
Cord wire size based’on heater current rating®

ampacity of the flexible cord shall be not less than the current rating of the hJaater, and the
current rating of the attachment-plug cap shall be no less than 125 percent of the current

rating of the
watts at 120
no more than

n) outside the
m fraying or

cordance with

Maximum current rating of heater, amper

eS

blades of the g

Attachment plug connection and connections of sypply cord to
internal wiring of a heater shall be soldered, brazed, or welded!
Attachment plug Cord types S, SJ, SJO, SJT, Cord types HPD, HPN, HS, HSJ,
connection crimped SJTO, SO, SP, SPT, SRDT, ST, HSJO, HSO
Cord wire side AWG" only® STO, SV, SVO, SVT, SVTO

18 8 10 10

16 104 13 15

14 144 18 20

2 This table limjts the figater current on the basis of cord wire size, type of cord, type of connection between the corfl wires and

ttachment plug and connections of power supply cord to internal wiring of a heater. For current limita

the attachmen

tion based on

plud rating, see 10.1.5.

® The maximum current rating for other cord sizes can be determined from Table 400.5(A), Ampacity of Flexible Cords and Cables,
National Electrical Code, ANSI/NFPA 70. When the attachment plug is connected by crimping only, the current rating of the heater
is not to exceed 80 percent of the rating of the corresponding wire sizes of Type S Cord, regardless of the type of cord used.

¢ Applies to any acceptable cord type.

4 A soldered connection shall be mechanically secured before being soldered. A soldered connection that is crimped before being
soldered is considered to be mechanically secured before soldering. A brazed or welded connection may additionally be
mechanically secured before brazing or welding.

10.2 Strain relief

10.2.1

Strain relief shall be provided to prevent a mechanical stress on a flexible supply cord from being

transmitted to terminals, splices, or interior wiring. Compliance shall be determined in accordance with
Section 47, Strain Relief Test.
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10.2.2 Means shall be provided to prevent the supply cord or lead from being pushed into the enclosure
of a heater through the cord-entry hole when such displacement results in:

a) Subjecting the supply cord or lead to mechanical damage;

b) Exposing the supply cord or lead to a temperature higher than that for which it is rated;

¢) Reducing spacings (such as to a metal strain-relief clamp) below the minimum required values;

or

d) Damaging internal connections or components.

To determine

Back Relief T
10.2.3 AKkn
10.3 Bushi

10.3.1 Ata
there shall be
surface again
employed, wh
to strain orm

the bushing material shall be rated for the particular application.

10.3.2 Ifthe
a smooth rou

10.3.3 Cergmic materials and some molded.compositions are acceptable for insulating bu
hing of wood, hot-molded shellac-and-tar composition, or rubber material (other than in a

separate bus|
motor) is not
thick and if it i

combliance thae sunnlv cord or lead -shall he tested in accordancewith- - Sacti
Lig 7 PPy

pSt.
pt in the supply cord shall not serve as the strain relief means with a metallic enc
ngs
point where a flexible cord passes through an opening in<a ‘wall, barrier, or en

a bushing or the equivalent that shall be secured in place{.and shall have a smq
st which the cord may bear. When Type SP-2, SPT-2;.6r other cord lighter than
en the wall or barrier is of metal, and when the construction is such that the corg
btion, an insulating bushing shall be provided. The heat- and moisture-resistant

cord hole is in wood, porcelain, phenolic composition, or equivalent nonconduc
nded surface is considered to be equiyalent to a bushing.

bcceptable. Vulcanized fiberrmay be employed if the bushing is no less than 3/6
s formed and secured in place so that it will not be adversely affected by moistun

on 48, Push-

osure.

Closing case,
oth, rounded
Type HSJ is
is subjected
properties of

ting material,

shings; but a

1 in (1.2 mm)
e conditions.

10.3.4 An ipsulated metal grommet may be accepted in place of an insulating bushing if the insulating

material used
and the meta

10.3.5 Ina
smooth-edge

is no less than-1/32 in (0.8 mm) thick and fills completely the space between
in which itjs-mounted.

portable heater with a cord of a type for which an insulating bushing is ng
H hole; free from burrs, fins, and the like, is considered to be the equivalent of a &

the grommet

t required, a
ushing.

10.4 Special protection devices

10.4.1

for Arc-Fault Circuit-Interrupters, UL 1699.

An AFCI or LCDI provided as part of a cord-connected appliance shall comply with the Standard

10.4.2 The AFCI or LCDI shall be installed as an integral part of the attachment plug or located in the
supply cord within 4 in of the attachment plug.

10.4.3 Arc fault detection testing shall include the following as applicable:

a) Carbonized path arc clearing time test;

b) Point contact arc test;
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¢) Unwanted tripping test — Load Condition I;
d) Unwanted tripping test — Load Condition Il — Condition B and C;
e) Unwanted tripping test — Load Condition Ill — Condition A; and

f) Operation Inhibition - Masking.

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

11 Current-Carrying Parts

11.1 Metal pmployed for a current-carrying part shall be the following or equivalent:

a) Plated iron or steel, where the intended operating temperature of the part is mor
(212°F); or

b) Stainless steel or other corrosion-resistant alloy, regardless of. the part's intend
tempgrature.

However, plg

Exception: G
heating-elen
resistant cog

in (unplated) iron or steel shall not be used, regardless of temperatures attained

rdinary iron or steel having no additional protection against corrosion may be e
ent terminal part in accordance with 8.1, and ordinary iron or steel having
ting may be used for any current-carrying.part, regardless of its operating tef

e than 100°C

ed operating

by the part.

mployed for a
a corrosion-
nperature, as

follows:
a) Within a motor or associated governor.
b) On|a control device such as a combination tip-over and thermostat control.
¢) Fol a welded-on connectiorr to*any terminal of a control device referenced in (b) gr to terminals
of a heating element assembly.
12 Internal Wiring
121 Geneial
12.1.1 The|internal wiring shall consist of wires of a size and of a type or types that are| rated for the
particular application, when considered with respect to the temperature and voltage to whicl the wiring is
liable to be subjected, with Tespect o 1t eXposure to it Or grease, and with respectto other conditions of

service to which it is liable to be subjected. The thickness of the insulation shall be 1/32 in (0.8 mm) or
more: except that it may be no less than 1/64 in (0.4 mm) if the wire is provided with a braid or jacket no
less than 1/64 in thick, or is a standard building wire provided with a braid or jacket.

12.1.2 For the purpose of these requirements, the internal wiring of baseboard heating equipment is
considered to be all the wiring beyond the point where the power-supply cord of a cord-connected heater
enters the enclosure, or beyond the wiring terminals or leads for power-supply connection of a
permanently connected heater, even though some of such wiring may not be completely enclosed and
even though some of it may be in the form of flexible cord.

12.1.3 There is no temperature limit applicable to a conductor (except as noted in C2 and C3 of Table
32.1) provided with beads of noncarbonizable material or the equivalent.
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wiring material, or flexible cord rated for the particular application.

12.2 Protection of wiring

12.21

Insulated wire employed for internal wiring shall be standard building wire, fixture wire, appliance-

The internal wiring (see 12.1.2) shall be protected or enclosed, except that a length of flexible

cord may be employed for external connections, or for internal connections that may be exposed during
servicing, if flexibility of the wiring is essential.

12.2.2 The wiring between the end of the element and the wiring compartment need not be enclosed in a

metal racewa

y if:

a)ltis

b) The

enclosed:

1) In impregnated-glass fiber sleeving no less than 0.015 in (0.38 mm) th
impregnation rated for the temperature attained on the wire,

2) In unimpregnated-glass fiber sleeving no less than 0.020 in (081 mm) thick,
3) In other equivalent sleeving or tubing, and

wiring insulation is no less than 1/32 in (0.8 mm) thické@and the exposed length ¢

more than 1in (25.4 mm).

12.2.3 Inter
as required |
acceptable a

nal wiring that is exposed through an openingiinithe enclosure is considered to
h 12.2.1 if, when judged as though it werfe enamel-insulated wire, the wiri
tcording to 4.13 and Accessibility of Unirisulated Live Parts, Film-Coated Wire

Parts, Sectiop 5. Internal wiring within an enclosurelis acceptable if, even though it can be

the probe, it i
be subjected

12.2.4 If thg
physical dam
raceway, or s

12.2.5 Wirin
parts, and oth

5 so protected or guarded that it cannot be grasped or hooked in such a manne
fo stress.

wiring is so located that it may be in proximity to flammable material or may be

nall otherwise be equivalently protected.

g shall be protected from sharp edges (including male screw threads), burrs,
er agencies.that might abrade the insulation on conductors.

12.2.6 A hdg
enclosure sh

le by ‘means of which insulated wires pass through a sheet-metal wall withi
Il be provided with a smooth rounded bushing or shall have smooth well-roun

upon which the.wires may bear, to prevent abrasion of the insulation. A flexible cord useq

ick, with the

or

f wiring is no

be protected
ng would be
and Moving
touched with
r that it could

subjected to

age, it shall be in metal-clad cable, rigid metal conduit, electrical metallic fubing, metal

fins, moving

nh the overall
ded surfaces
for external

interconnection as mentioned in 12.2.1 shall be provided with bushings and strain relief in accordance with
10.2 and 10.3.1 — 10.3.4 unless the construction is such that the cord will be protected from stress or
motion.

12.2.7 When relative motion occurs between insulated wire and metal through which the wire passes
because of expansion and contraction resulting from changes in temperature, the opening shall be fitted
with an insulating bushing or the equivalent.

12.3 Splices

12.3.1  All electrical connections, such as wire nuts, splicing wire connectors, quick-connect terminals,
terminal connectors, multi-pin and other forms of wire connectors, shall comply with the following
standards:
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a) The Standard for Electrical Quick-Connect Terminals, UL 310;

b) The Standard for Wire Connectors, UL 486A-486B;

c¢) The Standard for Splicing Wire Connectors, UL 486C;

d) The Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper
Conductors, UL 486E; or

e) The Standard for Component Connectors for Use in Data, Signal, Control and Power
Applications, UL 1977.

Exception Ng-

low-voltage ¢

Exception N¢
a) Bra
b) So

c) Co
voltag

12.3.2 Asp
spacing betw

12.3.3 Insu
layer of fricti
wrapped ove

12.3.4 The
strands of w
wire and fro

1 This requirement is not annlicahble to cLurrent-carrving connections that ar
T r pALEE

ircuit (see 12.4.11).

. 2: This requirement is not applicable to the following types of connections:
zed or welded connections;
dered connections on printed circuit boards located in a low-yoltage circuit (see

hnections on small components that are mounted on printed circuit boards loc
e circuit (see 12.4.11).

lice shall be provided with insulation equivalent{e‘that of the wires involved if p
een the splice and other metal parts is not ensured.

lation consisting of two layers of friction, tape, of two layers of thermoplastic tg
bn tape wrapped over one layer of rubber tape is acceptable on a splice. Thern
r a sharp edge is not acceptable.

means of connecting strandéd internal wiring to a wire-binding screw shall be s
re will be prevented from contacting other live parts not always of the same g
M contacting dead metal parts. This may be accomplished by use of pres

e located in a

12.4.11); or

ated in a low-

brmanence of

pe, or of one
noplastic tape

ich that loose
olarity as the
sure terminal

connectors, $oldering lugs, crimped eyelets, soldering all strands of the wire, or the like.
12.4 Separation of circuits
12.4.1 Confuctors(of different circuits used in internal wiring, including insulated wires used in a terminal

box or compartment, shall either be:

a) Pr

idad H Y P [P ol f tha khink $ 1+ H ] A |
vVIUCTU Wit imrourauult 1atCu iur uic IIIHI 1ICot VUILGBU mrvurvou, Ul

b) Shall be separated by a barrier or spacing from an uninsulated live part connected to a different
circuit.

12.4.2 Low-voltage and high-voltage circuits, for example, are considered to be different circuits with
reference to the requirement in 12.4.1.

12.4.3 Segregation of insulated conductors may be accomplished by clamping, routing, or an equivalent
means that ensures permanent separation from insulated or uninsulated live parts of a different circuit.

12.4.4 Except as noted in 12.4.5 and 12.4.6, barriers shall be provided to separate conductors that will

be field-insta

a) Co

lled from:

nductors of any other circuit that will be field-installed,
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b) Conductors of any other circuit that are factory-installed,

¢) Uninsulated live parts of any other circuit, and

d) Live parts of the same circuit if unsafe operation can result from short-circuiting of the live parts.

12.4.5 The barriers mentioned in 12.4.4 (a) and (b) are not required if the conductor involved are, or will
be, insulated for the maximum voltage of either circuit.

12.4.6 The barriers mentioned in 12.4.4 (c) and (d) are not required if the field-installed conductors will
be rated for general wiring or fixture wires rated for 600 volts.

12.4.7 If the
12.4.6, the b3
of the live par

12.4.8 With
conductors
appliance. If
separation of

1249 Seg
uninsulated li

rrier mentioned in 12.4.4 (d) is not required if the circuit is low-voltage and if s
Es will not result in a risk of fire or electric shock.

respect to 12.4.4 (a) and (b) a removable barrier or one having opénings for th
ay be employed, provided instructions for the use of the barrier are a permane
complete instructions, in conjunction with a wiring diagram, will provide for th
the high-voltage and low-voltage circuits, the barrier may be omitted.

regation of field-installed conductors from othet field-installed conductor

location of th

uninsulated live metal parts, so that there is no likelihood ef the intermingling of the conductg
different circujts.

a) If the number of openings in the enclosure does not exceed the minimum req
intended wiring of the heater and if each~opening is located opposite a set of termina
assunjed, for the purpose of determining compliance with 12.4.4, that the conductors ¢

openi

b) If n
condu
conne
a diffe

12410 To ¢
service. In sq
stowed in the

openings in the enclosure for the various conductors, with respect to the term

g will be connected to the tefminals opposite the opening.

nore than the minimum“aumber of openings are provided, there shall be no
ctors entering at poihts ‘other than opposite the terminals to which they are in
cted and contacting'insulated conductors or uninsulated current-carrying parts
Fent circuit.

etermine if a heater complies with the requirement in 12.4.4, it is to be wired as
doing,slack is to be left in each conductor within the enclosure, and this
wiring'‘compartment.

field-installed conductors will have insulation less than that for the conductors|described in

i

ort-circuiting

e passage of
nt part of the
b designated

s and from

ve parts of the heater connected to different circuits may be accomplished by arranging the

nals or other
rs or parts of

uired for the
Is, it is to be
ntering each

likelihood of
tended to be
connected to

t would be in
lack is to be

12.4.11

A circuit classified as low-voltage is one involving a potential of not more than 30-volts,

alternating-current (42.4 peak) or direct current and supplied by a primary battery or by a Class 2
transformer or by a combination of transformer and fixed impedance which, as a unit, complies with all the
performance requirements for a Class 2 transformer.

12.4.12 A circuit derived from a source of supply classified in 12.4.13 as a high-voltage circuit, by
connecting resistance in series with the supply circuit as a means of limiting the voltage and current, is not
considered to be a low-voltage circuit as described in 12.4.11.

12.4.13 A circuit classified as high-voltage is one involving a potential of not more than 600 volts and
having circuit characteristics in excess of those of a low-voltage circuit.
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12.4.14 A metal barrier shall have a thickness at least as great as the required thickness of the enclosure
metal. A barrier of insulating material (see Section 14, Electrical Insulation) shall have a minimum
thickness of 0.028 in (0.71 mm).

12.4.15 Unclosed openings in a barrier for the passage of conductors shall be no larger in diameter than
1/4 inch (6.4 mm) and shall not exceed in number, on the basis of one opening per conductor, the number
of wires that will need to pass through the barrier. The closure for any other opening shall present a
smooth surface wherever an insulated wire may be in contact with it; and the area of any such opening,
with the closure removed, shall be no larger than required for the passage of the necessary wires.

13 Heating Elements

131 A heeLting element shall be supported so as to prevent sagging, loosening, and\gther adverse
conditions of|the element resulting from:

a) Coptinuous heating, or

b) Flegxing of the element supports or related wiring due to alternate heating and ¢ooling of the
elemgnt.

13.2 A sheath type heating element shall comply with the requirements in:
a) The Standard for Sheathed Heating Elements, UL 1030; or

b) The Standard for Electric Heating Appliances, UL/499, except the minimum sheath thickness
shall be 0.016 in. (0.33 mm) for stationary products:

14 Electridal Insulation

14.1  Materjal for the mounting of current-earrying parts shall be of moisture resistant material such as
porcelain, phenolic, or cold-molded compaosition.

14.2 Vulcanized fiber may be used for the insulating bushings, washers, separators, and barriers but not
as the sole sppport for uninsulated live parts of other than low-voltage circuits.

14.3 Magrlesium oxidey compounds are capable of being used as electrical insulatign only when
protected agginst mechanical damage and absorption of moisture such as in sheathed heatef elements.

15 Thermdl Insulation

15.1 Thernmatinsutation shattbe of sSuchmature and 5o focatedand mounted or supported that it will not
be adversely affected by any intended operation of the heater. See also 32.1.11.

15.2 Thermal insulation that is not rigid shall be so mounted or supported that it will not sag. Adhesive
material employed for mounting thermal insulation shall be rated for use at the temperature to which it may
be subjected.

15.3 Determination of the quality of an adhesive may be omitted if the thermal insulation is mechanically
supported by at least one rivet or the equivalent per square foot of material (at least 11 rivets or the
equivalent per square meter of material).

15.4 Flammable thermal insulation shall not be acceptable if it is so located that it may be in a current of
air within the heater.
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15.5 Flammable or electrically conductive thermal insulation shall not make contact with uninsulated live
parts of a heater.

16 Motors

16.1 A motor shall comply with the Standard for Rotating Electrical Machines - General Requirements,
UL 1004-1.

16.2 A motor winding shall resist the absorption of moisture. Enameled wire is not required to be
additionally treated to prevent absorption of moisture, but fiber slot liners, cloth coil wrap, and similar
moisture-absorptive materials shall be provided with impregnation or otherwise treated to prevent moisture
absorption.

17 Motor Oyerload Protection

17.1  Thermal protection devices integral with the motor shall comply with one of the following:
a) Thg Standard for Overheating Protection for Motors, UL 2111;
b) Thg Standard for Thermally Protected Motors, UL 1004-3; or

c) The Standard for Automatic Electrical Controls — Part{I?)General Requirements, [UL 60730-1;
and thie Standard for Automatic Electrical Controls for Household and Similar Use; Part 2 Particular
Requifements for Thermal Motor Protectors, UL 60730-2-2; in conjunction with the |Standard for
Thermally Protected Motors, UL 1004-3 (to evaluate the motor-protector combination).

17.2 Impedance protection shall comply with one of.the following:
a) Thg Standard for Overheating Protection for Motors, UL 2111; or

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

17.3 Electrpnic protection integral t0 the motor shall comply with the Standard for Electronically
Protected Motors, UL 1004-7.

17.4 Except as indicated in/17.3, electronically protected motor circuits shall comply with one of the
following. Seg 3.3.4 for basic control requirements:

a) The¢ Standard for Tests for Safety-Related Controls Employing Solid-State Deviges, UL 991.
When|the\protective electronic circuit is relying upon software as a protective compagnent, it shall
comply “with the requirements in the Standard for Software in Programmable Conlponents, UL
1998. If software is relied upon to perform a safety function, it shall be considered software Class 1;

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

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

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

18.1

A heater rated at more than 48 amperes shall have the heating elements subdivided. Each

subdivided circuit shall not exceed 48 amperes and shall be protected at not more than 60 amperes.

18.2 The overcurrent protective devices required by 18.1 shall be provided as an integral part of the
equipment or shall be provided as a separate assembly (for independent mounting) for use with the
equipment. See 59.11.

18.3 The overcurrent protection mentioned in 18.1 — 18.3, 18.7, and 18.8 shall be of a type recognized in
the National Electrical Code, ANSI/NFPA 70, for branch-circuit protection.

18.4 A mot
by an overc
Code, ANSI
determined t

18.5 The tequirement in 18.4 does not apply to a motor rated at 1/8 horsepower (9

connected to

18.6 Ordinarily, a motor having thermal protection that complies-with the requirements for

is acceptablg
a branch-cirdg
that with whi

18.7 Overc
as a part of
circuit (exce
included in th
Electrical Co

18.8 Overc
each genera
with the Nati

18.9 The o
omitted from
heater enclo

br, except as indicated in 18.5, in a heater rated at more than 16 amperes shal
irrent device having a maximum ampere rating in accordance with thel Natid
NFPA 70. Such overcurrent protection shall be provided as a part of.the” heat
nat equivalent overcurrent protection is incorporated as a branch-circuit‘protectiy

a circuit having overcurrent protection at 50 amperes or less:

with respect to the requirement in 18.4, if, in the equipment, it will be connected
uit overcurrent-protective device of the same type and having a current rating
th the motor-protector combination was tested during the investigation of the prg

urrent protection at not more than 20 amperes shall be provided by a circuit bre
he equipment, for each general-use duplex receptacle circuit, for each transfq
bt as indicated in 18.9), and for each lampholder circuit independent of a he
e heater, unless the equipment.would be properly connected in accordance wit
de, ANSI/NFPA 70, to a branch-circuit rated at 20 amperes or less.

urrent protection at no more than 15 amperes shall be provided by a fuse or circ
-use single receptacle, unless the equipment would be properly connected i

vercurrent.-proetection may be omitted from the primary of a Class 2 transforme
the primary of any other transformer if there is no emission of flame or molten n
sure when the transformer is operated under the conditions described in 18.10 a

be protected
nal Electrical
br unless it is
e device.

B W) or less

such devices
in series with
no more than
tector.

bker or fuses,
rmer primary
bting element
h the National

Lit breaker for
h accordance

bnal Electrical Code, ANSI/NFPA 70, to a branch circuit rated at 15 amperes or Igss.

, and may be
hetal from the
nd 18.11.

18.10 The

rarsformer is to bhe npnr:ﬁnd r\nni‘inllmlely at the test \/nlfngn indicated in Tabl

32.2 and at

rated frequency with the enclosure grounded. Except as noted in 18.11, the load connected to the output
terminals is to be a resistance of such value that three times the full-load rated current will be drawn from
the secondary winding; and operation is to be continued until constant temperatures are indicated by a
thermocouple on the enclosure unless burnout occurs earlier. The circuit on which the transformer is
tested is to be protected by fuses rated at no less than that required for the heater.

18.11 The burnout test is to be conducted with the output terminals of the transformer short-circuited if
such condition results in less than three times rated current being drawn from the secondary. If the
transformer controls a motor and the motor locked rotor load plus the additional load on the transformer is
greater than three times the full-load rated current, the test is to be conducted with the output terminals
connected to the motor with the rotor locked, and the other loads in parallel. If the transformer does not
control a motor, the load imposed on the transformer by the coils of any solenoids, relays, or the like, with
the armature of the largest such device blocked open is determined; and the test is to be conducted with
an equal resistance load substituted for the coils if this load is greater than three times the full-load rated
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current. If accessible fuses are provided on the transformer, they are to be replaced with dummy fuses, but
inaccessible fuses are to remain in the circuit.

18.12 A fuseholder or circuit breaker shall be of a type rated for the particular application and shall not be
accessible from outside the enclosure without opening a door or cover, except that the operating handle of
a circuit breaker may project outside the enclosure. A plug fuseholder shall be so designed and installed
that uninsulated live parts other then the screw shell will not be exposed to contact by persons removing or
replacing fuses.

18.13 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL
248-1; and the applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1 and
another applicable Ul standard(s) for fuses are considered to comply with this requirement

18.14 Fuseholders shall comply with one of the following:

a) Delpted
b) The Standard for Fuseholders - Part 1: General Requirements, UL 4248-1, and the applicable
Part 2|(e.g. UL 4248-9).

18.15 Circujt breakers shall comply with the Standard for Molded<Case Circuit Breakers, Molded-Case

Switches and|Circuit-Breaker Enclosures, UL 489.

Exception: C
Breakers For

18.16 Circd
electrical sho

18.17 Supp
Electrical EqU

19 Therma

19.1 A ther|
without dama

19.2 A ther
live parts an
connected to

rcuit breakers used in telecommunications circuitry that comply with the Stande
Use in Communications Equipment, UL 489A, heed not comply with UL 489.

it breakers having integral ground fault circuit interrupter capability for prote
Ck shall additionally comply with the Standard for Ground-Fault Circuit-Interrupte

ementary protectors shall comply with the Standard for Supplementary Protect
ipment, UL 1077.

Links

mal-link shall be secured in place and so located that it will be accessible for
ping other connections or internal wiring. See 59.22.

mal-link:shall open the circuit in the intended manner without causing the shor
d without causing live parts to become grounded to the enclosure when t
a\circuit having a voltage in accordance with 32.1.21 and operated in a norm

rd for Circuit

ction against
rs, UL 943.

brs for Use in

replacement

t-circuiting of
he heater is
al position to

cause abnormal heating.

19.3 To determine if a thermal-link complies with the requirement in 19.2, the heater is to be operated
five times with separate cutoffs as described above, and with any other thermally operated control devices
in the heater short-circuited. Each thermal-link is required to perform acceptably. During the test, the
enclosure is to be connected through a 3-ampere fuse to ground.

19.4 A thermal-link that is depended upon to reduce the risk of fire or electric shock due to overheating of
a heater during abnormal operation shall comply with the requirements in the Standard for Thermal-Links
— Requirements and Application Guide, UL 60691, in addition to the requirements specified in this
standard.

Exception: A type-2 action thermal cut-out, as specified in the Standard for Automatic Electrical Controls —
Part 1. General Requirements, UL 60730-1 and the Standard for Automatic Electrical Controls for
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Household and Similar Use; Part 2: Particular Requirements for Temperature Sensing
60730-2-9, is considered to comply with the requirements of UL 873.

20 Receptacles and Transfer Switches

20.1

Controls, UL

Except as noted in 20.2, an attachment-plug receptacle for general use provided on a heater

designed to be connected with other similar units to form a heating system shall not be in electrical
connection with the heating-element supply terminals, that is, shall be supplied from a separate circuit.

20.2

If a combination receptacle and transfer-switch accessory is provided, the receptacle may be

energized from the heater branch-circuit provided that the receptacle and the heater are not connected

Simu|taneoue|y to-the-same-branch-circuit.

20.3 With reference to 20.2, the transfer-switch accessory shall be adequate for connection
size branch-¢ircuit to which the receptacle-switch combination is intended to be connected. S

20.4 If a heater or accessory intended for permanent connection to the power supp

to the proper
ee 59.16.

y contains a

polarized attachment-plug receptacle, the heater or accessory shall be\so wired that the receptacle

contact intended for connection to the grounded circuit conductor is connected to an identifi
terminal or Igad.

20.5 Except as indicated in 20.6, in a receptacle accessory{orvuse in or with a permane
heater or heater system, either designed to be mounted in thetheater or supplied as a separs

ed field-wiring

ntly mounted
tely enclosed

unit, the atta¢chment-plug receptacle shall be provided and shall be of the grounding type.

20.6 With reference to 20.5, the receptacle need nat be provided under either of the following conditions,
provided thejaccessory is marked in accordance, with 59.34.
a) The receptacle need not be provided if the heater and accessory comply with the[requirements
of4.1- 4.3 and 12.2.1 — 12.2.7, both with and without the receptacle installed.
b) The receptacle need not be_provided if the openings for installation of the receptag¢le are closed
by knpckouts.
21 Lampholders
21.1 If a heater intehded for permanent connection to the power supply or a heater eqlipped with a
polarized attachment-plug cap is intended to be connected to the identified (grounded) cpnductor of a
power supply circuit, a lampholder supplied as part of the heater shall be so wired that the sgrew shell will

be connecteqi to the identified conductor.

21.2 Except as noted in 21.3, a lampholder shall be so designed and installed that uninsulated live parts
other than the screw shell will not be exposed to contact by persons removing or replacing lamps in
service.

21.3 The requirement in 21.2 does not apply if, in order to remove or replace a lamp, it is necessary to
dismantle the heater by means of tools. See 59.22.

22 Switches

221 A switch or other control device shall have a current and voltage rating no less than that of the
circuit (load) which it controls.
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22.2 A switch shall be so located or protected that it will not be subjected to physical damage in intended
use. A through-cord switch shall not be provided.

22.3 A switch shall be of the indicating type, or the switch function, for example, ON — OFF, HIGH —
LOW, and the like, shall be otherwise indicated with marking that is visible when the switch is made
accessible.

22.4 A switching device that interrupts the main power-supply circuit to a fixed heater shall be such that,
when open, the device will disconnect all ungrounded conductors of the power-supply circuit if the
switching device itself (or the pilot device that controls the switching device) has a marked "on" or "off"

position.

22.5 A switd
time shall be
intended are

22.6 A man
the power-su
than 1/3 hors

22.7 Thedi
than 125 per

heater, motor

conductors.
23 Automa

23.1 Gener

2311 Aco
23.1.2 Ifan
heater has a
conveys the 3

all ungroundg¢d conductors of'the power-supply circuit when placed in that position (that

cycling).

23.1.3 An
temperature,

h or other means of control intended to permit the use of a limited number of ele
so located or of such a type that the connections to permit the use of more’e
ot apparent.

ually operable motor-control switch shall be provided in a heater.intended for ¢
pply circuit by flexible cord and an attachment-plug cap and employing a motor
bpower (249 W).

Econnecting means of a fixed electric baseboard heatér/shall have an ampere r.
ent of the total load of the motors and the heaters)yand shall simultaneously di
controller (s), and supplementary overcurrent. protective devices from all

ic Controls and Control Circuits
Al
ntrol circuit shall comply with.the requirements in 12.4.

auxiliary control device (thermostat or combination thermostat and control swit
marked "off" position; or another wording (such as "no heat," "cold," "O," or
ame meaning as.the word "off," it shall disconnect the element or elements it

auxiliary control is considered to be one that is intended primarily for s
or pressure regulation under conditions of intended operation, and not for protg

overload or e

ments at one
ements than

onnection to
ated at more

hting not less
sconnect the
ungrounded

ch) in a fixed
the like) that
controls from
is, when not

ch as time,
ction against

cess fnmpnrah re conditions rest |Ii'ing from abnormal r\pnrafinn

23.1.4 A safety control or a temperature-limiting control (one designed to prevent unsafe operation of a
heater) shall be operative whenever the heater is connected to its power supply. Operation of such a
control shall interrupt power to a sufficient number of heating elements to reduce temperature to comply
with the requirements of 33.3.

23.1.5 A component such as a pilot light, capacitor, or resistor shall not be connected across the contact
terminals of a safety control or a temperature limiting control.

23.1.6 A contactor actuated by a limit control shall comply with the requirement for a limit control if it is a
part of the limit-control circuit.
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23.1.7 A temperature-limiting control for use with baseboard heaters shall not function during the

Continuity of

23.1.8

Operation Test. See 32.2.1.

If a thermostat (or combination thermostat and control switch) has a marked position as described

in 23.1.9, it shall not function as a thermostat, that is, it shall not respond to temperature changes, while

the actuating

member is in that position.

23.1.9 The requirement in 23.1.8 applies to a thermostat (or combination thermostat and control switch)

that is marke

d:

a) With an "off" position, or

b) Wi
as the

23.1.10 At
(minus 31°F

23.2 Termi

23.21 The
enclosed tha

23.22 The

h another wording such as "no heat,” "cold,” "O," or the like that conveys the s
word "off."

hermostat that does not reclose (remains open) when cooled to a temiperature g
is acceptable with respect to the requirements in 23.1.8.

hals and actuating members of safety devices

terminals of a safety device within the enclosure of a heater shall be so loc3
I they will be protected against accidental short-circuiting or damage.

bulb, capillary tubing, or other sensing element of a thermostat or limit s

Bame meaning

f minus 35°C

ted or further

bwitch that is

depended upon to prevent hazardous operation of the heater shall be so located or guaided as to be

protected fro

23.23 Ing¢
when being i

24 Spacings

241 Excep
Table 24.3.

242 The s
component g

24.3 At cld
mounted in

M physical damage during installation and use of the heater.

bnnection with the requirement in_23:2.2, particular attention is to be paid to
hstalled, requires partial disassembly or permits rearrangement of internal parts.

pacings specified in Table 24.1 and Table 24.2 do not apply to the inherent
art of a heater.

psed=in points only, such as the screw-and-washer construction of an insul

A heater that,

t as noted in 24.2 and.24.3, the spacings in a heater shall be in accordance with Table 24.1 —

spacings of a

ated terminal

less.

24.4 The spacings within a motor connected across a portion of a resistance element or in series with a
reactor or an autotransformer shall be based on the full rated voltage of the heater.

24.5 Except as indicated in 24.6, an insulating lining or barrier of fiber or similar material employed where
spacings would otherwise be less than the required values shall be no less than 1/32 in (0.8 mm) in
thickness, and shall be so located or of such material that it will not be adversely affected by arcing; except
that fiber no less than 1/64 in (0.4 mm) in thickness may be used in conjunction with an air spacing of no
less than 50 percent of the spacing required for air alone.

24.6 Unless protected from physical abuse during assembly and the intended functioning of the heater, a
barrier of mica shall be 0.01 in (0.25 mm) or more in thickness.
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Table 24.1
Minimum acceptable spacings at field-wiring terminals and at fuseholders and thermal-links®®
Potential Through air Over the surface

Parts involved involved, volts Inch (mm) Inch (mm)

Between live metal parts of opposite 0-250 1/4 (6.4) 3/8 (9.5)

polarity; and between a live metal part and c .

a dead metal part, other than the 251-600 3/8 (9.5) 172 (12.7)

enclosure, which may be grounded

Between a live metal part and the 0-600 1/2 (12.7) 1/2 (12.7)

enclosure

¢ A spacing of n
compartment o

Such spacings rm 242
b Applies to the|sum of the spacings involved where an isolated dead part is interposed.

& The spacings do not apply to connecting straps or busses extending away from wiring terminals, fuseholders or thermal-links.

ot less than 3/8 in (9.5 mm), through air and over the surface, is acceptable at wiring terminals.in a w
terminal box if the compartment or box is integral with a motor.

iring

Minimum

Table 24.2

terminals, fuseholders, thermal-links, or inside motor?

acceptable spacings through air or over the surface at points other than fi¢ld-wiring

Parts involved Potential involvedyvolts Inch (mm)
Between live mgtal parts of opposite polarity; and 0-250 1/6 1.6
between a rigidly mounted uninsulated live metal part 251 —600 1/4bc 6.4b¢
and a dead mefal part other than the enclosure that
either is exposdgd for persons to contact or may be
grounded
Between uninsiilated live metal parts and the metal 0-600 1/4 6.4
enclosure
2 If an uninsulated live metal part is not rigidly supported, or if a movable dead metal part is in proximity to an uninsulated live
metal part, the ¢onstruction shall be such that at least-the minimum acceptable spacing is maintained under all operpting
conditions and pinder all normal conditions of handling.
b Enamel-insuldted wire is considered to be anwninsulated live metal part. However, a spacing of not less than 3/32[in or 2.4 mm
(over the surfade and through air) is acceptable between a dead metal part and enamel-insulated wire rigidly suppofted and held
in place on a mptor coil.
¢ A spacing of 116 in (1.6 mm) is permissible at the heating element only in a heater rated for 300 volts or less.
Table 24.3
Minimum-acceptable internal motor spacings at other than field-wiring terminals
Potential at the Thluuyh air Over the surface
points between
which the spacings
are measured, Diameter of motor frame,
volts Parts involved inches (mm) inch (mm) inch (mm)
0-125 Commutator or 7 (178) or less? 116 (1.6) 1/16 (1.6)
collector rings
More than 7 (178)? 1/8° (3.2P 3/16° 4.8)p
Elsewhere in the 7 (178) or less? 3/32° (2.4)° 3/32° (2.4)°
motor
More than 7 (178)? 1/804d (3.2)>4 1/404 (6.4)>¢
126 — 250 Commutator or 7 (178) or less?® 116 (1.6) 1/16 (1.6)
collector rings

Table 24.3 Continued on Next Page
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Table 24.3 Continued

Potential at the Through air Over the surface
points between
which the spacings
are measured, Diameter of motor frame,
volts Parts involved inches (mm) inch (mm) inch (mm)
More than 7 (178)? 3/16° 4.8p 3/16° 4.8p
Elsewhere in the 7 (178) or less? 3/32 (2.4) 3/32 (2.4)
motor
More than 7 (178)? 1/404 (6.4)>¢ 1/404 (6.4)°¢
251 -600 Commutator or 7 (178) or less? 1/4¢ (6.4)° 1/4 (6.4)
HeetorFings
and live parts of
the bruch rigging
More than 7 (178)? 1/4 (6.4) 3/8 (9.5)
Elsewhere in the 7 (178) or less? 1/4¢ (6.4) 1/4¢ (6.4)°
motor
More than 7 (178)? 3/8¢ (9.5)° 3/8¢ (9.5)°

dead metal paft.

¢ Spacings invglving a collector ring may be no less than 1/8 in (3.2mm).

@ The frame digmeter is the diameter, measured in the plane of the laminations, of the circle.circumscribing the statpr frame,
excluding lugs| boxes, or the like, used solely for motor mounting, assembly or connectjon,

® Spacings of rfo less than 3/32 in (2.4 mm) are acceptable throughout a universal Motor.
¢ For a motor rated at 1/3 horsepower (249 W output) or less, these spacings may.be no less than 1/16 in (1.6 mm)

4 Enamel-insullpted wire is considered to be an uninsulated live part. Howeveér, a'spacing of not less than 3/32 in or P.4 mm (over
the surface angl through air) is acceptable between enamel-insulated wire«(rigidly supported and held in place on a [oil) and a

25 Grounding

251 In a h¢ater or accessory intended for-permanent connection to the power-supply circult, all exposed

dead metal parts and all dead metal-parts inside the enclosure that are exposed to contact during any

servicing op}ration (including maintenance and repair) and that are subject to becoming energized shall
I

be electrical
the point of

connected to the_egquipment-grounding terminal or lead and be conductively|connected to
tachment of the witing system.

25.2 Sectipns of heaters' and accessories intended to be interconnected to form a hgating system
supplied by ja single-branch circuit shall have provision for maintaining continuity of a metal-to-metal
grounding bgnd between adjacent sections.

25.3 On a partable heater where grounding is provided whether required ar nat the power supply cord

shall include a grounding conductor which shall be:

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

b) Connected to the grounding blade of an attachment-plug cap of a grounding type,

c) Connected to the enclosure of the appliance by means of a screw not subject to being removed
during ordinary servicing, or by other equivalent means. Solder alone is not acceptable for making
this connection (see also 25.5), and

d) Bonded to all exposed dead metal parts and all dead metal parts exposed during any servicing
operation (including maintenance and repair) that are subject to becoming energized.

254 A cord-connected heater rated more than 150 volts shall have provision for grounding, in
accordance with 25.3.
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25.5 With reference to 25.3 (c), a grounding connection that is mechanically crimped before being
soldered is to be tested for acceptability as a connection without the solder in place.

26 Guarding of Heating Elements

26.1 The heating element and any part of the element assembly such as an element support or sheath,
shall be so guarded that flammable material as well as persons will be protected against contacting it.

26.2 The adequacy of a guard is judged with respect to its general serviceableness and with respect to
the shape and/or size of the openings in it, in conjunction with the distance of the guard from the heating

element and the other high- temperature parts mentioned i in 26.1 1 Except as noted in 26.4 4 an opening in a

a) The
having
touchi
gauge

b) The

shape and size of an opening are such that a test gauge in the form of a right-
a base diameter of 2-3/4 in (70 mm) and an altitude of 5-1/2 in (140 mm) is pr
hg the heating element and the other high-temperature parts mentioned in 2¢.1 when the
is inserted, apex first, in any manner. See 26.3.

shape and size of an opening which permits the vertically downward entrance ¢

(12.7 mm) wide and 1/16 in (1.6 mm) thick are such that a test gauge 1/16 in in thickne

form g
is pre
26.1 V
triangl
constr
tends

c) The
incheq
directi

26.3 The fir

f an isosceles triangle having a base of 2-3/4 in (70 mm) and an altitude of 5-1/2
ented from touching the heating element and the 6ther high-temperature parts
bhen the gauge is inserted, apex first, in any manner. The testing of an ope
P gauge applies also where the vertically downward insertion of the bar is prey
uction of the guard and/or the use of an.additional barrier, unless the verticall
fo be deflected outward, that is, away from'the guard.

area of an opening in a substantially vertical face of a guard is no more than
(2100 mm?) if the size and/or shape of the opening permits the entrance from a
bn of a vertical rod 1/16 inch in.diameter and 2-3/4 in long.

comply with t
is no more th

ne provisions in 26.2%a)’if the temperature of the exposed edges (outer perimet
n 280°C (536°F)under conditions of continuous operation.

26.4 For a heater of other'than the panel type in which the temperature of the heating €
higher than 2B0°C (536¢F) under conditions of intended operation, and for a fan-type heater

fan is alway

the following

icircular cone
evented from

fa bar 1/2in
ss and in the
in (140 mm)
mentioned in
ning with the
ented by the
applied bar

3-1/4 square
ny horizontal

s of a metal-clad element are considered to be element-guarding members, and need not

er) of the fins

lement is no
in which the

in operation when the heating element is "on" (energized) and the air curt

clothing and the like*from entering the guard, openings in the guard are acceptable if they co
panel-type heater in which the heating-element temperature is no higher than [280°C under

26.2 (a). For

ent prevents
ply only with

conditions of continuous operation, 26.7 applies.

26.5
be contained

in the same carton as shipped from the factory. See also 59.32.

If a heater is required to have a guard, and if the guard is removable, the heater and the guard shall

26.6 A heater in which the heating element is designed for intended operation only in an air current, shall
be so wired or controlled that the element can be operated only when under the cooling effect of the air
stream. A heater in which the cooling effect of the motion of a part is necessary to prevent excessive
temperatures shall be so wired or controlled that the element cannot be operated without such motion.

26.7 Except as noted in 26.8, a panel-type heater shall be provided with a guard that will prevent a test
surface, in the form of a 6-inch square (a square 150 mm on a side) parallel to the element panel, from
being brought closer than 1/2 in (13 mm) to the plane of the front of the heater, excluding the guard.
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26.8 The requirement in 26.7 does not apply to a heater having an element panel operating at a
temperature higher than 280°C (536°F) and required by 26.1 and 26.2 to have more effective guarding.

26.9 A slot opening in the outer enclosure of a heater that is more than 6 inches (150 mm) in length shall
be provided with wire guards or the equivalent at intervals such that no section of the slot is uninterrupted
for a distance of more than 6 inches (150 mm).

Exception: The guarding is not required when the heater complies with the Shredded Paper Test, Section
42.

26.10 An opening resultlng from mtentlonal manufacturlng toIerances needed to permit assembly of
enclosure pa ot-co 9

26.11 If parts of the heating element assembly have sharp corners, edges, or projections, such parts
shall be guarnded in accordance with the provisions of 26.2 (a), irrespective of the tempeératures of the fins.
See 59.35.

Exception: Parts of the heating element assembly which are so guarded that they cannot Qe touched by
the probe illustrated in Fiqure 5.1 are considered to be protected against contact.

27 Floor Heaters

27.1 Afloof-insert heater shall be so constructed to permit ¢leaning and to minimize the possibility of the
accumulation of flammable dirt and litter where it might becorrie ignited.

27.2 A heater intended to be installed flush with or beneath a floor shall be provided with|an automatic
temperature [control other than a thermal-link. The’Control shall comply with the requirements in 23.1.2 —
23.1.10.

27.3 There|shall be no openings in wiring'compartments through which objects such as nails or pins may
penetrate anfl contact uninsulated live parts.

PERFORMANCE
28 Genera
28.1 If a pgrtable heater is intended to be shipped with the legs detached or arranged in ¢ther than the
intended opgrating-position, the tests are to be conducted with the legs in place as well as detached or in

the shipping|position. See 32.1.13 and note (e) to Table 32.1. Assembly instructions shall be furnished.
See 61.4.

Exception: The tests with the legs detached or in the shipping position need not be conducted if the heater
is marked in accordance with 59.24.

29 Power Input Test
29.1 The power input to a heater shall not be more than 105 percent of its marked rating.

29.2 Power input is to be measured with the heater at the intended operating temperature under full-load
conditions and while connected to a supply circuit of rated voltage in accordance with 32.1.21. If a heater
employs a nonmetallic element (such as carbon), the power input is to be determined when the element is
new.
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30 Leakage Current Test

30.1 The leakage current of a cord-connected heater shall be not more than:
a) 0.5 milliampere for a heater having a nominal 120 volt rating, and

b) 0.75 milliampere for a heater having a nominal 208 or 240 volt rating.

Exception: For a heater having a metal sheathed heating element, during the period beginning 5 seconds
after energization (closure of S1), the leakage current may exceed the value specified in (a) or (b) for a

period not exceeding 5 minutes, but shall not exceed 2.5 milliamperes. The 5-minute period

is measured

during the warm-up period and again during the cool-down period from the first excursion above the value

of (a) or (b) until the value i1s less than and remains less than the value in (a) or (b).

30.2 Leakage current refers to all currents, including capacitively coupled currénts, w
conveyed befween exposed conductive surfaces of a heater and ground or othér expose|
surfaces of a heater.

30.3 All exgosed conductive surfaces are to be tested for leakage currents” The leakage

the surfaces are to be measured to the ground supply conductor individually as well as colle
simultaneous]y accessible and from one surface to another where/simultaneously accessib
considered tq be exposed surfaces unless guarded by an enclosure ‘considered acceptable

against risk df electric shock as defined in 4.13 and Accessibility of Uninsulated Live Parts,
Wire, and Mqving Parts, Section 5. Surfaces are considered-to' be simultaneously accessibl
can be contagted by one or both hands of a person at the same time. These measurements
to terminals operating at low-voltages as defined by 12.4:11.

30.4 If a cgnductive surface other than metal-i§used for the enclosure or part of the e
leakage currgnt is to be measured using a metalfoil with an area of 10 by 20 cm (4 by 8 in) ir
the surface. Where the surface is less thari 10 by 20 cm the metal foil is to be the same

hich may be
d conductive

urrents from
ctively where
le. Parts are
or protection
Film-Coated
b where they
do not apply

hclosure, the
contact with
size as the

surface. The metal foil is not to remain in place long enough to affect the temperature of the heater.

30.5 The measurement circuit for leakage current is to be as shown in Figure 30.1. The 1
instrument is [defined in (a) — (d)&Fhe meter which is actually used for a measurement need
the same numerical value for-a-particular measurement as would the defined instrument. Th
need not havg all the attributes’of the defined instrument.

a) The meter s fo have an input impedance of 1500 ohms resistive shunted by a cg
0.15 mpicrofarad-.

neasurement
only indicate
e meter used

pacitance of

waveform of

b) Thg meter is to indicate 1.11 times the average of the full-wave rectified composite,

voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 to 100 kilohertz, the measurement circuitry is to have a frequency
response (ratio of indicated to actual value of current) equal to the ratio of the impedance of a 1500
ohm resistor shunted by 0.15 microfarad capacitor to 1500 ohms. At an indication of 0.5 or 0.75

milliampere, the measurement is to have error of not more than 5 percent at 60 hertz.

d) Unless the meter is being used to measure leakage from one part of a heater to

another, the

meter is to be connected between the accessible parts and the grounded supply conductor.

30.6 A sample of a heater is to be tested for leakage current starting with the as-received condition with
all switches and thermostats closed, but with the grounding conductor, if any, opened at the attachment

plug. The as-received condition is without prior energization, except as may occur as
production-line testing. However, a cord-connected heater that complies with the Humidity

part of the
Conditioning

Test, Section 51, need not be tested in the as-received condition, but instead may be tested after the
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conditioning specified in Section 51. The supply voltage is to be 120 or 240 volts, depending upon the
voltage rating of the heater. The test sequence, with reference to the measuring circuit, Figure 30.1, is to
be as follows:

a) With switch S1 opened, the heater is to be connected to the measuring circuit. Leakage current
is to be measured using both positions of switch S2.

b) Switch S1 is then to be closed, energizing the heater, and within a period of 5 seconds, the
leakage current is to be measured using both positions of switch S2 and with the heater operated
at maximum heat setting of controls.

c) Leakage current i is to be monitored unt|I thermal stablhzatlon under the maX|mum heat condition.
g s-considered to
be at alned as in the Contmuous Operatlon Test 32 3 1 and 32 3.2. If any adjustatle thermostat
does |not cycle at the maximum heat setting, it is to be adjusted until it does cycle’before the final
measurements at thermal stabilization are taken. Measurements are to be made with the
thermostat, if any, open and closed.

d) If the heater employs a single pole switch or a control thermostat for adjusting {emperatures,
then monitoring of leakage current is to continue until the leakage ‘current stabilizes|or decreases
after fhe heater is turned off.

Figure 30.1

Leakage-current measurement circuits
52 PRODUCT METER

gﬁ.w . & 4=

0
GR

S q INSULATIN
—— TABLE

GROUNDED _SUPPLY CONDUCTOR B

P B
f20v

IN

T

1C100

Product intendefl for connection to'a 120 volt power supply.
7
T1 20¢
240V <= ED:
L1 20v
=7
St

% INSULATING
- TABLE

PRODUCT METER

GROUNDED SUPPLY CONDUCTOR B
LC200

Product intended for connection to a 240 or 208 volt power supply.

a) Probe with shielded lead — under some circumstances where higher frequency components are present, shielding of measuring
instrument and its leads may be necessary.

b) Separated and used as clip when measuring currents from one part of product to another.
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31 Continuity of Grounding Connection Test

31.1 The resistance of the grounding path between all exposed dead metal parts and all dead metal
parts exposed during any servicing operation (including maintenance and repair) that are liable to be
energized, and the equipment-grounding terminal or lead or the point of attachment of the wiring system or
the grounding blade of an attachment plug, shall be no more than 0.1 ohm.

31.2 The resistance may be determined by any convenient method except that when referee
measurements are necessary, either a direct or alternating current at a potential of no more than 12 volts,
and equal to the maximum current rating of the branch-circuit overcurrent protection device that may be
employed with the heater is to be passed from the equipment grounding terminal or the point of

attachment o

the wiring system or the grounded blade of the attachment plug to the dead m

otal part, and

the resulting
to be calculat

irop in potential in volts divided by the current in amperes passing between the
bd to obtain the resistance.

32 Temperature Test

32.1 Gener,

3211 An

Continuous
the external
shunted out g

32.1.2 The
Operation T¢g
blanketing us
average temg

32.1.3 Fork
fixed heaters|
sections are
accordance W

32.1.4 The
and one or

thermostat, of

inside corner

Al

automatic temperature-regulating control is to be shunted out of the circy
peration and Abnormal Operation Tests. If its operation’ is so affected by the te

gmbient air that a hazardous condition may result, axtemperature-limiting contro

f the circuit unless the heater is subjected to the tests specified in 32.1.2.

temperature-limiting control need not be shunted out of the circuit if all of t
st (overvoltage, tip over, drape, stalled fan, cheesecloth drape, padded
ually performed on the heater) are repeated while the heater is located in a rog
erature of 0°C (32°F).

oth Continuous Operation and-Abnormal Operation Tests, a portable heater an
are to be mounted in thevintended manner in a wall angle as described in
0 be installed as close to-the floor as their construction will permit unless they 4
ith 59.30.

est installation'aof’a baseboard-type heater system is to employ at least three he
ore accessory section, unit, or fitting intended for use with the system, such a
corner sections. An accessory section is to be connected between two heater g
section.is’supplied, it is to connect two heater sections as intended.

two points is

it during all
mperature of
is also to be

he Abnormal
surface and
m having an

d sections of
32.1.9. The
re marked in

ater sections
S receptacle,
ections. If an

32.1.5 The

all-cattle-hair,

punched felt with center relnforcement conS|st|ng of burlap havmg a mass of 5 ounces per square yard
(170 g/m?). Felt 1 in (25 mm) thick has a mass of 105 +15 ounces per square yard (3.56 +0.51 kg/m?). Felt
3/4 in (19 mm) thick has a mass of 79 +9 ounces per square yard (2.68+0.31 kg/m?).

Exception: SAE J314, Grade F-11, minimum 1 inch (25 mm) thick wool felt may be used as a substitute for
the all-cattle-hair mat.

32.1.6 Wherever cheesecloth is mentioned in connection with either a Normal- or an Abnormal-
Temperature Test, the cloth is to be bleached cheesecloth 36 in (910 mm) wide, running 14 — 15 yards per
pound (approximately 28 — 30 m/kg), and having what is known to the trade as a "count of 32 x 28," that is,
for any square inch, 32 threads in one direction and 28 threads in the other direction (for any square
centimeter, 13 threads in one direction and 11 threads in the other direction).
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32.1.7 The blanket material mentioned in 40.3 is 100 percent unbleached cotton flannelette sheet
blanket, and is generally available in the 80-by-108-in (2-by-2.7-m) size.

32.1.8 The white duck material mentioned in 41.2 is to have a mass of 8 ounces per square yard (0.27
kg/m?).

32.1.9 A heater is to be mounted or placed in the intended manner on or against the black-painted
surface of a wall consisting of 3/8 in (9.5 mm) thick plywood fastened to both shorter sides of trade size "2
x 4" (38 x 89 mm) vertical wooden studs on 16-in (405-mm) centers. Two or more such walls are to be
fastened together to form a 90-degree angle, and the height and length of the walls are to be such that

they extend not less than 2 ft (610 mm) beyond the physical limits of the heater, see 41.2. The heater is to

be located

af close fo the sides of the wall angle as its construction will permit, and it is o
relative to thg walls that maximum heating will occur on the latter.

32.1.10 In
mm) plywoo
heater shell
having a flat
assembly of
mentioned in
box-like strug

32.1.11 Un
prior to and g

ddition, an individual wall-insert heater is to be mounted in a box-like structure
or the equivalent with the internal dimensions such that the walls make a clo
bn the four sides and rear (but the walls of the box are to be perpendicular to

the heater and the plywood box is to be mounted in an-appropriate openir]
32.1.9. The depth of the wall is to be increased if necessary to accommodate t
ture.

ess it has been determined that it will remain in position during the handling
uring installation and after the heater has been.installed, external thermal insul

mats of wov

the surfaces |of the test enclosure.

32.1.12 Rubber or other material similarly subject to deterioration is to be removed from

supports of
attained on t

32113 If
Continuous

repeated with the parts replaced,ift the intended manner, there is no operation of the protectiy

32.1.14 To
specified in 3

32115 A
following:

n glass fiber or mineral wool, is to be remaved from the heater before it is ins

portable heater if the removal_of\the material is liable to result in higher tempsg
e heater.

he removal of feet or other supports results in operation of protective devic

be so placed

of 3/8-in (9.5-
se fit with the
its back) and

front surface simulating the wall surface in which the heater is designed to be mounted. The

g in the wall
he heater and

of the heater
htion, such as
alled in or on

feet or other
ratures being

s during the

Dperation Test, such. operation is not considered to be unacceptable if, whe¢n the test is

simulate carpeting, 3/4-in (19-mm) thick felt pads are to be used and are to
2.1.15.

neater shall be tested under the applicable conditions in accordance with 32

e devices.

be located as

1.1

and the

a) If carpeting or equivalent material can be laid flat on the floor within its lower opening, the heater
shall be tested with such materials so placed and pushed as far back as the construction will

permi

t.

b) If guards or other design features prevent carpeting or equivalent material from being laid flat on
the floor within the lower opening of the heater, the test shall be made with such material as close

to the

heater as the heater construction will permit.

c) If marked in accordance with 59.30, a fixed heater shall be mounted with its lower edge of the
specified distance above the floor, and the test shall be made with carpeting or equivalent material
placed close to the wall below the heater.

32.1.16 Temperatures are to be measured by thermocouples consisting of wires no larger than 24 AWG
(0.21 mm?) and no smaller than 30 AWG (0.05 mm?) except that a coil temperature may be determined by
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the change-of-resistance method if the coil is inaccessible for mounting thermocouples (see 32.1.18).
When thermocouples are used in determining temperatures in electrical equipment, it is standard practice
to employ thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan wire and a potentiometer-
type instrument; and such equipment is to be used whenever referee temperature measurements by
thermocouples are necessary.

32.1.17 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 no less than 5-minute intervals), indicate
no change. The thermocouple wire is to conform with the requirements specified 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.

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

32.1.18 A thermocouple junction and adjacent thermocouple lead wire are to be held in th}rmal contact

32.1.19 A thermocouple is to be used for determining temperature of a coil or winding when it can be
mounted, without removal of encapsulating compound or the like:

a) On the integrally applied insulation of a coil without a wrapyor

b) On the outer surface of a wrap that is no more than 1/32 in (0.8 mm) thick and consists of cotton,
paper, or rayon (but not thermal insulation).

The change-of-resistance method is to be used when the thermocouple measurement cannot be
conducted in pccordance with the foregoing considerations. For a thermocouple-measured tgmperature of
a motor coil, the thermocouple is to be mounted oncthe integrally applied insulation on the conductor.

32.1.20 At & point on the surface of a coil‘where the temperature is affected by an external source of
heat, the temperature rise measured by. means of a thermocouple may be higher by the following amount
than the maxjmum indicated in Table/32.1, if the temperature rise of the coil measured by the resistance
method is no greater than specified in Table 32.1.

Item in Table-32.1 Additional thermocouple rise, degree C (F)
Ala 5(9)
A.2)@'and B.1.a 15 (27)
A3.a 10 (18)
Ad.a 20 (36)

32.1.21 To determine if a heater complies with these requirements, it is to be operated continuously until
constant temperatures have been reached. The test voltage is to be as indicated in Table 32.2, except that
if the application of the indicated test voltage does not result in the measured wattage input to the heater
being equal to or more than the marked rating, the test voltage is to be increased until the measured
wattage input equals the marked rating.
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Table 32.1
Maximum temperature rises

Degrees
Materials and components Cc F
A.  Motor?
1. Class A insulation systems on coil windings of alternating-current motors 7 in
(178 mm) or less in diameter (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
2 Class A insulation systems on coil windings of alternating-current motors more
thian 7 in (178 mm) in diameter and of direct-current and universal motors:
alln open motors;
Thermocouple method 65 117
Resistance method 75 135
b}In totally enclosed motors;
Thermocouple method 70 126
Resistance method 80 144
3 Class B insulation systems on coil windings of alternating-current motors 7 in
(178 mm) or less in diameter (not including universal motors):
alln open motors;
Thermocouple or resistance method 95 171
b/ In totally enclosed motors;
Thermocouple or resistance method 100 180
4. Class B insulation systems on coil windings of alternating-current motors more
thian 7 in (178 mm) in diameter and, of-direct-current and universal motors:
aJIn open motors;
Thermocouple 85 153
Resistance method 95 171
blIn totally enclosedimétors;
Thermocouple 90 162
Resistance*'method 100 180
B. Components
1. Relay| solenoid, transformer, and other coils with:
a. Class 105 insulation system;
Thermocouple method 65 117
Resistance method 85 153
b. Class 130 insulation system;
Thermocouple method 85 153
Resistance method 105 189
c. Class 155 insulation system:
Class 2 transformers;
Thermocouple method 95 171
Resistance method 115 207

Table 32.1 Continued on Next Page
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Table 32.1 Continued
Degrees
Materials and components c F
Power transformer;
Thermocouple method 110 198
Resistance method 115 207
d. Class 180 insulation system:
Class 2 transformer;
Thermocouple method 115 207
—Resistence-method +35 243
Power transformer;
Thermocouple method 125 225
Resistance method 135 243
2. Other components and materials:
a. Fiber used as electrical insulation or required bushings 65 117
b. Marnished cloth insulation 60 108
c. [Thermoplastic material 25°C (77°F) leps than its
temperaturg rating
d. Phenolic composition used as electrical insulation or as parts whereAfailure 125 225
will result in non-compliance with the other requirements in this standard®
e. Wood or other combustibles 65 17
f. $ealing compounds 40°C (77°F) less than the melting
poin
g. Fuses 65 117
C. CONDUCTORS
1. Flgxible cord and wire 25°C (77°F) leps than its
temperaturg rating®
2. Cdpper conductor, bare or insulated'without tinning, nickel coating, or silver 175 315
plgting, except as noted in item,3
3. Tefmination of copper condugcter in a pressure terminal connector, unless both 125 225
ar¢ tinned, nickel-coated, or silver-plated
D. GENERAL
1. Anly point on a surface adjacent to a permanently connected product or to a 65 117
cofd-connectediheater (including the surface on which it is mounted), specified
pojnts on test.surfaces and enclosures at designated clearances from the
prduct, asmetal surface of the product at the point of contact with the test
sufface,‘and the exterior surface of a recessed product that may come into
o . ; o re
2. Any point within a terminal box or wiring compartment of a permanently 35 63
connected appliance in which field-installed conductors are to be connected,
including such conductors themselves, unless the appliance is marked in
accordance with 59.25
3. Register temperatures floor insert heater:
a. Metallic grille 44 80
b. Nonmetallic grille 50 90
4. Knobs and handles, or buttons likely to be contacted by the user during normal
operation, and the surfaces likely to be contacted by hands or fingers in
grasping handles or buttons®®
a. Metal 35 63

Table 32.1 Continued on Next Page
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Table 32.1 Continued

Degrees
Materials and components Cc F
b. Nonmetallic’ 60 108
5. All exposed exterior surfaces of heaters which are not defined by (3) and (4)9 60 108

boxes, and the

fitting tubing)
4 Points likely

considered 4 i
5/8 in (15.9 mn
less than 1-1/2

¢ For portable
heater is operg

f A knob, hand
mm) or less is

9 Exposed extq
diameter and 1
of the heater. T
intended mour]
Exception: On
measured ove
opening is con
measured in a

like, used solely for motor cooling, mounting, assembly, or connection.

hich is entirely suitable for the temperature and type of insulation involved.
be contacted by a hand or fingers include those points on the gripping surface and adjacent-surfac

(102 mm). Points on a surface are not to be considered likely to be contacted if protected by"a barri
h) wide on which the temperature rise does not exceed the value indicated in (D4) or ifla.thfough air
in (38 mm) at the index finger is provided from the gripping surface to the hot part,

eaters which are shipped with the legs detached, these temperature limitations are applicable only
ted with the legs in place. See 28.1.

e, or button made of nonmetallic material which is plated or clad with metakhaving a thickness of 0.0
Considered to be and is judged as a nonmetallic part.

rior surfaces of heaters are to be defined as the surfaces making€ontact with a circular disc gage 8
/16 in (1.6 mm) thick when the gage is rolled around the contourof the heater, perpendicular to the h
his determination is to be made with the heater unmounted, ‘but is to exclude those surfaces in contd
ting surfaces of the heater.
heaters which are marked as indicated in 59.2, this temperature limit does not apply within 1 in (25.4
surface from the outermost edge of any opening thfetugh which heated air passes. The outermost €
Kidered to be the location closest to the opening cantacted by the disc gage, and the 1 in (25.4 mm)
direction away from the opening. See Figure 32:1:

@ The motor diameter is to be measured in the plane of the laminations of the circle circumscribing the stator frame, excluding lugs,

® The limitations on phenolic composition do not apply to compounds which have been investigated and found to have special
heat-resistant properties.

Es close

enough to be tpuched while supporting the heater in the normal intended manner. The length of a normal gripping qurface is to be

er not less than
pacing of not

ivhen the
05in (0.13

n (203 mm)in
orizontal axis
ct with the

mm) as
dge of such an
Is to be

Table 32.2
Voltage for temperature test®

Marked voltage rating Test potential in volts

Value within o

Value not withi

e of the specified ranges Highest value of corresponding specified rangeg

h one of the specifiedranges Rated Voltage

@ "Specified ra

ge" refers to-any'of the ranges of voltage mentioned in 59.1.
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Figure 32.1

Typical outlet air openings — "outermost edges" indicated by "E"
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32.1.22 If a heater employs a motor in addition to a heating element, the voltage applied to an integrally
connected motor is to be the marked voltage rating of the heater, in accordance with 59.1. A motor
supplied from a separate circuit is to be operated at a voltage (depending upon the motor rating) as
specified for an integrally connected motor.

32.1.23 In conducting a test to determine if a heater complies with the temperature requirements, it is to
be mounted or supported as in service and tested under conditions approximating those of normal
operation, except as otherwise noted. Temperatures are to be taken on nearby surfaces, on the supporting
surface, at points of support, on attachment plugs, and at other points as may be necessary, including

building wiring that may be located adjacent to or behind a permanently installed heater.

32.1.24 Temperatures on the register of floor insert heaters are to be obtained after equilib

rium outlet air

temperatures
contacted by
determine th
at this point

See (D.3) of |

32.2 Conti

3221 The
the Continuo
is assumed.
not operate (

32.3 Conti

32.3.1 Bas
fire or to da
greater than

32.3.2 All
but a test ma

are attained. Surfaces of the register, in an essentially horizontal plane, an
a person walking or falling upon the grille are then to be explored with a sutface
b single point attaining the highest temperature rise. The thermocouple is|then t
bnd this temperature is to be recorded until an equilibrium temperature conditiq
Table 32.1 for the application temperature rise limit.

huity of operation test

limit control of a heater shall not function when the heater is operated under thg
us Operation Test, at room ambient temperature. Afoom ambient temperature g
The test may be conducted at a higher ambient.temperature provided the limi
bpen circuit).

huous operation test

bboard heating equipment shall not'attain a temperature at any point as to cons
mage any material employed in"the heater, nor show temperature rises at s
those indicated in Table 32.1:

alues in Table 32.1 are based on an assumed ambient (room) temperature of
y be conducted at any. ambient temperature within the range of 10 —40°C (50 —

33 Abnormal Operation Test

33.1 Thea
all Abnormal
order to mak

bplied veoltage and method of mounting shall be in accordance with 32.1.21 — 3

d likely to be
pyrometer to
b be attached
n is attained.

conditions of
f 25°C (77°F)
control does

titute a risk of
pecific points

25°C (77°F),
104°F).

P.1.23, during

Operation Tests. In most cases, continuous operation for 7 to 8 hours will be
b sUre that the ultimate results have been observed.

necessary in

33.2 When operated under such abnormal conditions, a heater is considered to involve a risk of fire if
any of the temperatures measured on the flammable material exceed the maximum limits indicated in
33.3, if there is any emission of flame or molten metal, or if there is glowing or flaming of the flammable
material upon which the heater is placed or, in the case of a permanently installed heater, of flammable
material that is in proximity to the device as installed.

33.3 During the abnormal tests covered by Sections 37, 38, 40, and 41, the temperatures of the
cheesecloth or blanket material shall not exceed 175°C (347°F), except that during the initial 5 cycles of
operation of the limit control or 2 hours, whichever comes first, a temperature of 200° C (392°F) is
permitted. The temperature of the cheesecloth is to be measured by thermocouples located between the
layers of the cheesecloth, and the temperature of the blanket is to be measured by thermocouples located
between the two layers of blanket closest to the heater.
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33.4 After having been subjected to an abnormal test, a cord-connected heater is considered to involve a
risk of electric shock if:

a) It appears to be useable, and

b) The insulation resistance is less than 50,000 ohms.

33.5

If a motor is connected across a portion of a resistance element, the heater shall not create a risk of

fire and shall emit neither flame nor molten metal as the result of an open circuit in that portion of the

element that i

s in parallel with the motor.

34 Overvoltage Test

34.1 A heat
a supply circy
the heater.

er shall be capable of operating for 2 hours without creating a risk of fire, while
it of the intended capacity and having a potential 12 percent more than'the rat

connected to
ed voltage of

34.2 The heater is to be operated at a voltage in accordance with 32.1.21 until constant {emperatures

are attained,

ollowing which it is to be operated for 2 hours at a 12 percent higher voltage.

35 Motor Switch Overload

35.1 A swit
the locked-ro
50 cycles of g

35.2 A swit
and of voltag
dead metal p
rupturing dev,

h or other device that controls a motor, unless so interlocked that it will never h
or motor current, shall perform acceptably when'subjected to an overload test
peration, making and breaking the locked-rater current of the motor.

h or other control device is to be connected to a grounded supply circuit of rat
e in accordance with 32.1.21, withthe rotor of the motor locked. During the t
arts of the heater are to be connected to ground through a 3-ampere fuse, andg
ce, if single-pole, is to be located in an ungrounded conductor of the supply

heater is intepded for use on direct current; or on direct current as well as alternating current,

be conducted
with respect t
per minute, §
performance

35.3 The sy

with direct current and lexposed dead metal parts are to be so connected as t
b a single-pole, current-rupturing device. The device is to be operated at the ratg
xcept that a faster'rate of operation may be employed if agreeable to all cor
s unacceptableif.the fuse in the grounding connection is blown during the test.

itch or deVice shall be mechanically and electrically operable at the conclusion

which time the device) shall be capable of performing its intended function and shall sh

loosening of |

arts, or defects of any other description which will diminish the reliability of the d

ave to break
consisting of

ed frequency
est, exposed
the current-
circuit. If the
the test is to
0 be positive
of 10 cycles
cerned. The

of the test, at
DW NO wear,
evice.

36 Stability Test

36.1

to the following separate conditions:

a) Tipped in any direction to an angle of 10 degrees from horizontal, and

A portable heater shall return to its intended at-rest position on a level surface after being subjected

b) Subjected to a force of 4 Ibs (17.8 N) or 25 percent of the weight of the heater, whichever is less,
externally applied in a horizontal direction to the point on the heater providing the greatest
tendency to overturn it.

36.2 The tests are to be conducted on the units when placed under the most unfavorable conditions. The
heater shall be arranged with all doors and other appurtenances in the position tending to decrease
stability. The legs or other points of support may be blocked to prevent the unit from sliding during the
application of the externally applied force.
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37 Tip Over Test

37.1 A cord-connected heater overturned in any position on a softwood surface covered with a double
layer of cheesecloth, shall not cause the cloth or wood to glow or flame.

37.2 A heater is to be operated under the most severe conditions that would result when it comes to rest,
without further guiding or propping, after having been pushed over. The heater is to be operated as in the
Continuous Operation Test until the temperatures stabilize before being tipped over. See also 33.4.

38 Cheesecloth Drape Test

38.1 A heate vor flame.

38.2 The eptire length of the heater is to be initially covered and the lower end of the.cheesgcloth is to be
arranged to gonform as closely as possible with the contour of the heater, see Figure 38.1 and Figure 38.2.
The heater shall be at approximately room ambient temperature at the start of-this"test. The test is to be
repeated by|operating the heater until constant temperatures are attainedoefore covering it with the
double layer|of cheesecloth. The temperature limitations specified in 33.3.are not applicaljle during this
repeated portion of the test.

38.3 In a t¢st to determine whether or not a combination heater.and motor-drive fan complies with the
requirement |n 38.1 the fan is to be operated when the heater isCovered with cheesecloth.

Figure 381

Cheesecloth drape
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Figure 38.2
Cheesecloth drape
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39 Stalled fFan Test
39.1 A combination heater and motaer<driven fan shall not create a risk of fire and shalll emit neither
molten metal|(excepting melted solder)nor flame with the fan motor stalled and without any cheesecloth

covering the appliance.

40 Padded

40.1  When
blanket mate
temperature
33.4.

Surface and Blanketing Test

tested in\accordance with 40.2 and 40.3, a heater shall not cause the chee
rial, or~wood to glow or flame. The heater shall be at approximately rd
bt the 'start of the Padded Surface Tests and at the start of the Blanketing Te

secloth, felt,
om ambient
5ts. See also
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Figure 40.1
Test of baseboard — type heater

BLANKET
MATERIAL

/

40.2 A wog
double layer
of the latter
heating of th
surface of th
away from its
temperature
in the new pq
is to be of su

40.3 With

FELT. PAD

S2738

d surface covered with a 1 in (25 'mm) thick felt pad, and with the pad, in turn,|covered by a
of cheesecloth, is to be suppoarted in a vertical position as near the heater as th¢ construction
vill permit. The heater sections are to be covered to such an extent as to prodiyice maximum
e cheesecloth, and the padded surface is to extend at least 3 in (76 mm) gbove the top
b heater. During thextest, the covered wood surface is to be moved horizontally 4/2 in (13 mm)
initial position and/operation continued until temperatures stabilize. If it is detefmined that its
increases when-the surface is moved horizontally, the test is to be repeated with the surface
sition starting' with the heater at approximately room ambient temperature. The wood surface
ficientlyTigid construction so that it will not change shape (bow or warp) during the test.

he\padded vertical surface in its |n|t|al posmon in front of the heater, four thicknesses of

loosely folded

vertical padded

surface and the vertlcal wall on WhICh the heater is mounted in such a manner that the upper slot of the
heater is blocked. The folded blanket material is to be located at any points along the length of the heater
installation in such a manner that any sensing device provided is so exposed as to produce the most
adverse operating conditions. A length of folded material up to a maximum of 80 in (2 m) is to be used, but
a shorter length of the material may be introduced into the space at any one time (see Figure 40.1) to

obtain the m

ost adverse operating conditions possible. Operation in any one blocked condition is to be

continued until constant temperatures are obtained, or until glowing or flaming of the cotton blanket

material resu
41 Curtain

41.1

Its.

Drape Test

A heater shall not cause a curtain draped in front of it to glow or flame. See also 33.4.
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41.2 The upper edge of a simulated curtain at least 3 ft (0.9 m) high, but long enough to be supported at
least 1 ft (300 mm) above the heater in any case, is to be continuously attached to the wall at the base of
which the heater is installed. The curtain is to consist of white duck as specified in 32.1.8 and an overlay of
a double layer of cheesecloth on the side facing the heater, and is to be hung so that the lower edge just
touches the floor. During the test, the entire length of the heater is to be initially covered and the curtain is
to be arranged to conform as closely as possible with the contour of the heater. See Figure 41.1 and
Figure 41.2. Those sections judged to be least likely to affect the operation of the limit control are to be
covered. This test shall then be repeated with first:

a) 3/4 of the heater covered, then with

b) 1/2 of the heater covered, and then with

c) 1/4 pf the heater covered.

Each test shqll be conducted with the heater at room ambient at the start of the test.

Figure 41.1
Curtain drape
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Figure 41.2
Curtain drape

CURTAIN
N N
N N
HEATER
N N

1N VAV VA VA U A VA S WA WA WA WY

S2744
42 Shreddgd Paper Test

421  When the guard described in _26.9 is not provided, there shall be no glowing or flaming of dry,
shredded newspaper while a heater is_in operation under otherwise intended conditions. The|newspaper is
to be introddiced in any quantity.and position in the open slots to attain the most advefse operating
conditions.

42.2 A floof insert heateris to be operated as described in 32.1.1, 32.1.2, 32.1.9, 32.1.10{ and 32.1.24.
Two sheets of newspaper having face dimensions equal to the grille of the heater are to be shredded into
strips and th¢ strips‘are then to be slowly (over a period of 5 minutes) inserted through the heater's grille.
There shall He no glowing or flaming of the dry, shredded paper while the heater is operated ffor 7 hours or
until the ultinmjate)results have been observed.

43 Hydro-Static Pressure Test

43.1 Except as noted in 43.2, a part that is subject to air or vapor pressure (including the vapor pressure
in a vessel containing only a superheated fluid) during intended or abnormal operation shall withstand
without failure a pressure equal to the highest of the following that is applicable:

a) Five times the pressure corresponding to the maximum setting of a pressure-reducing valve
provided as part of the assembly, but no more than five times the marked maximum supply
pressure from an external source and no more than five times the pressure setting of a pressure-
relief device provided as part of the assembly.

b) Five times the marked maximum supply pressure from an external source, except as provided in

().


https://ulnorm.com/api/?name=UL 1042 2021.pdf

66

UL 1042

FEBRUARY 2, 2021

c) Five times the pressure setting of a pressure relief device provided as part of the assembly.

d) Five times the working pressure marked on the part, if so marked.

e) Five times the maximum pressure developed within the part during any of the applicable
operation tests covered by this standard.

43.2 A test need not be performed to determine whether or not a part complies with the requirement in
43.1, if study and analysis indicate that the strength of the part is adequate for the purpose as a result of its
material and dimensions, for example, copper or steel pipe of standard size provided with standard fittings.

43.3

the part are tp be subjected to a hydrostatic-pressure test. Each sample is to be so filled wit
exclude air and is to be connected to a hydraulic pump. The pressure is to be raised gra
specified test| value, and is to be held at that value for 1 minute. The results are not-accep
sample burst$ or leaks, except as indicated in 43.4.

43.4 Leakape at a gasket during the hydrostatic-pressure test is not considered to con
unless it occurs at a pressure 40 percent or less of the required test value.

44 Static L

441 There
surface area
without distor]

45 Water S

451 There
insulation res

45.2 A cottd
immediately
initially ener
measuremen
46 Impact

46.1 A pane
breaking, the

If a test is necessary to determine if a part complies with the requirement in 43.1, two samples of

ad Test

pister of a floor-insert heater shall withstand a staticiload of 300 pounds (660 kg
bf 1 square foot (0.093 m?) at the center of the register without any permanent d
ion of the register support.

blash Test

shall be no dielectric failure in a floor insert heater as a result of splashing with V
stance shall be at least 50,000 ohms.

n mop, which has been eompletely immersed in a pail of water for at least 5 min
ipon removal from the-pail swabbed across the heater's grille five times wi
gized. Immediately~“following a last swabbing operation, the insulatio
and Dielectric(Vaoltage Withstand Tests are to be performed.

[est

| of\glass or similarly brittle material employed in a heater shall withstand, witho
impact resulting from the test described in Figure 46.1.

:Lh

h water as to
dually to the
able if either

stitute failure

applied to a

eflection and

vater and the

utes, is to be
the heater
resistance

Tt cracking or

46.2 A panel of glass or similarly brittle material employed in a heater shall withstand, without cracking or
breaking, while in a fully heated condition, the application of:

a) A wet cloth, fully saturated with water at room temperature, wiped across the surface of the

panel;

and

b) After the panel has returned to normal operating temperature, a fine spray of water played
across the surface of the panel.
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Figure 46.1
Impact test
suspension point
| suspending wire or cord of
| /  any convenient length
I steel sphere
' /
| =
| /
/
| h a
| ol
Lo 47
< 7/
\ panel
(edgewise view)
IP100
47 Strain Relief Test
47.1 When tested in accordance with.'47.2, the strain-relief means provided on the flexiple cord shall
withstand forl 1 minute, without displacement, a direct pull of 35 pounds force (156 N) appligd to the cord,
with the conrjections within the heater disconnected.
47.2 The foprce specified in 47.1 is to be applied to the cord and supported by the heater so that the
strain-relief means will be\stressed from any angle that the construction of the heater perm|ts. The strain
relief is not gcceptable if;at the point of disconnection of the conductors, there is sufficientimovement of
the cord to indicate-the’stress on the connections would have resulted.
48 Push-BpckRelief Test

48.1 To determine compliance with 10.2.2, a product shall be tested in accordance with 48.2 without
occurrence of any of the conditions specified in 10.2.2 (a) — (d).

48.2 The supply cord or lead is to be held 1 in (25.4 mm) from the point where the cord or lead emerges
from the product and is then to be pushed back into the product. The cord or lead is to be pushed back into
the product in 1 in (25.4 mm) increments until the cord buckles or the force to push the cord into the
product exceeds 6 pounds-force (26.7 N). The supply cord or lead within the product is to be manipulated
to determine compliance with 10.2.2.

49 Burnout Test (Solid-State Components)

49.1 If a heater employs one or more rectifiers, transistors, or similar solid-state components, no
hazardous condition shall develop when the circuit between any two terminals of any such component is
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open-circuited or short-circuited. If the heater employs a capacitor in combination with one or more of the
above-mentioned components, no hazardous condition shall develop when the capacitor is short-circuited.
Only one of the simulated fault conditions described above is to be imposed at one time. See 49.2 — 49.6.

49.2 If an electron-tube rectifier is employed, all of its plate and cathode terminals are to be connected
together. The test is to be repeated with only the cathode and heater terminals connected together if this
condition was not represented by the first test.

49.3 If a semiconductor rectifier is employed, three samples are to be tested with the rectifier terminals
connected together. Three additional samples are to be tested with the terminals of the electrolytic

capacitor con

nected together.

494 Three

complete tests are to be made under each of the conditions described in 49.2 ‘an

new compongnts in each test.

49.5 Anung
equipment or

49.6 Thete

a) The
125 of

b) The

cceptable condition is considered to exist if flame is emitted from the overall enc
if a permanently conductive path is established between live parts.and exposed

5t described in 49.1 — 49.3 may be omitted if one or both of the-following conditio

re is 10,000 ohms or more additional series impedange in a circuit in which t
less.

re is 20,000 ohms or more additional seriesimpedance in a circuit in which t

more than 125 but is no more than 250.

50 Dielectr

50.1 A heat

c Voltage Withstand Test

br or electrical accessory shall withstand for 1 minute without breakdown the ap

60 hertz essgntially sinusoidal potential between live parts and dead metal parts, with the

maximum no

mal operating temperature{The test potential shall be 1000 volts for a heater

volts or less, and 1000 volts plus twice rated voltage for a heater rated at more than 250 volts.

50.2 A trang
the specified
determine co
the required t

51 Humidit

former, the output-voltage of which is essentially sinusoidal, can be varied and
high potential(valtage at the equipment during the duration of the test, is td
mpliance with\the foregoing. The applied potential is to be increased gradually fi
pst value iSreached, and is to be held at that value for 1 minute.

y Conditioning Test

d 49.3, using

losure of the
dead metal.

ns exist:

he voltage is

he voltage is

plication of a
heater at its
rated at 250

can maintain
be used to
lom zero until

51.1

The requirements in Section 51 pertain to a heater employing:

a) Thermal insulation such as mineral wool in contact with an uninsulated live part, or

b) Insulating material, such as magnesium oxide, that may be adversely affected by moisture under
conditions of intended use.

51.2

Following the conditioning specified in 51.3, a heater:

a) Having a nominal voltage rating of 240 volts or less, shall comply with the requirements for
leakage current in 30.1 when tested as described in 51.4.

b) Having a nominal voltage rating above 240 volts, shall have an insulation resistance, determined
as specified in 51.5, of not less than 50,000 ohms between live parts and interconnected dead

metal

parts.
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51.3 A sample of a heater is to be heated to a temperature just above 34°C (93°F) to reduce the
likelihood of condensation of moisture during conditioning. The heated sample is to be placed for 48 hours
in a humidity chamber having air with a relative humidity of 88 +2 percent at a temperature of 32 +2°C (90
14°F).

51.4 Leakage current is to be determined as described in 30.6 (a), (b), and (c), except that a heater
intended for permanent connection to a 120-volt power supply is to be tested with switch S2 of Figure 30.1
only in the position that corresponds to the intended field supply connection. The test is to be discontinued
when the leakage current stabilizes or decreases.

51.5 Insulation resistance is to be determined as follows (see Figure 51.1) or by another method that is
equally accu i i i i i een live parts
and interconpected dead metal parts. Two voltmeters are to be used; one voltmeter is te_pe connected
across the slipply line and the other connected in series with one of the leads to the heater[being tested.
With the supply voltage adjusted so that the difference in the voltage readings of ,the fwo meters is
approximately 250 volts, the insulation resistance is to be calculated using the equation:

- )R,

Insulation Resistance = %
2

in which:
V, is the measured supply line voltage, in volts.

V., is the voltage measured by a voltmeter in serie§’with one of the leads of the heater being tested,
in volts.

R, is the resistance of the voltmeter measuring V,, in ohms.

Figure 51.1

Schematic-for determining insulation resistance

CONNECTIQN MADE
TO DEAD METAL
PARTS

\

250 V. V. | 0—-300V. : ’
D.C. 1 ) VOLTMETER
POWER SUPPLY
TERMINALS
o) 0]

\ HEATER

0-300V. VOLTMETER UNDER TEST
S2913 HAVING R2 INTERNAL
RESISTANCE

()
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52 Marking Plate Adhesion Tests
52.1 General

52.1.1 To determine if a marking plate secured by cement or adhesive complies with 59.37,
representative samples are to be subjected to the following tests. In each test, three samples of the
marking plates are to be applied to the same test surfaces as employed in the intended application. The
marking plate is to be applied to the test surface no less than 24 hours prior to testing.

52.1.2 The markmg plate is conS|dered to comply with the requirements if |mmed|ately foIIowmg removal
a¥s . ping-removal from

each test meglium:
a) Eagh sample demonstrates complete adhesion and the edges are not curled,

b) Thg marking plate resists defacement or removal as demonstrated by scraping agross the test
panel with a flat metal blade 1/16 in (1.6 mm) thick, held at a right angle to the test pangl, and

c) The printing is legible and is not defaced by rubbing with thumh,orfinger pressure.
52.2 Oven aging

52.2.1 Threp samples of the marking plates under test are_{0.be placed in an air oven mairjtained at the
temperature indicated below for 240 hours.

Maximum nformal operating temperature of surface of

applied label, Air oven test temperature,
degrees C (F) degrees C (F)

60 (140) or less 87 (189)

80 (176) or less 105 (221)

100 (212) or less 121 (250)

125 (257) or less 150 (302)

150 (302) or less 180 (356)

52.3.1 Thre samples of the markmg plates under test are to be immersed in water at a temperature of
23 +2°C (73.

hours-

52.4 As-received
52.4.1 Three samples of the marking plates under test are to be tested as-received.
53 Supply Cord Abrasion

53.1 Five cord specimens shall be subjected to an abrasion motion as described in 53.2 — 53.4 for 5,000
cycles. Upon completion of the test, there shall not be:

a) Exposure of the copper conductors, or

b) Exposure of the internal shield of a Leakage Current Detection-Interrupter.
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53.2 Cord specimens shall be tested without any conditioning. The apparatus and the specimens shall
be in thermal equilibrium with the surrounding air at a temperature of 25.0 £ 5.0°C (77.0 £ 9.0°F)
throughout the test.

53.3 One end of each specimen shall be attached to a horizontal, reciprocating table while the table is at
one end of its travel. The other end of each specimen shall be attached to a weight that exerts a force of
12.0 £ 0.5 0zf (3.3 £ 0.1 N or 340 + 13 df). Each specimen shall be laid over a quarter cylinder to whose
outer surface an unused sheet of Medium (Grade 1/2) emery cloth is attached. The radius of the surface of
the emery cloth shall be 3.5 in (90 mm). The longitudinal axis of the cylinder shall be horizontal and
perpendicular to each of the vertical planes that contain the specimens as they move on and are abraded
by the emery cloth.

53.4 The tgble shall be started in its horizontal reciprocating motion (simple harmonic motiopn) at the rate
of approximgtely 28 cycles per minute, each cycle consisting of one complete back-and-forth motion, with
a stroke of approximately 6-1/4 in (160 mm). The table shall be stopped every 800 ¢ycles gnd the emery
cloth shall bg shifted slightly to one side or replaced, so that in subsequent cycles each specimen is
abraded by g fresh surface of the cloth.

53.5 The samples shall withstand 5,000 cycles of abrasion testing without'failure.
54 Supply|Cord Pinching — Mandrel

54.1 Five cord specimens shall be subjected to a pinching ferce as described in paragraphs 54.2 — 54.6
until ultimate|conditions are observed. Ultimate conditions are’defined as contact between:

a) Onk or more circuit conductors and the flat horizontal surface;
b) One or more circuit conductors and the.mandrel;
¢) Ong or more circuit conductors and.the grounding conductor; or

d) The two circuit conductors.

54.2 Cord gpecimens shall be tésted without any conditioning. The apparatus and the specimens shall
be in thermal equilibrium with the surrounding air at a temperature of 25.0 + 5.0°C (47.0 £ 9.0°F)
throughout the test.

54.3 The dord is to~be pinched between a flat horizontal steel surface and the corner of a rigid steel
mandrel. Thg mandréel’shall have a right-angle corner with a corner radius of 3/64 in (1.19 mnp). See Figure
54.1 and Figure.84.2.

54.4 A sample length of the cord is to be laid flat with the length of the cord at a right angle to the
longitudinal axis of the mandrel.

54.5 The circuit conductors, steel surface, and mandrel are to be connected to low-voltage indicators
(buzzers or the like) and to power supplies. The steel surface, mandrel, and any grounding conductor are
to be connected together. The indicators are to provide a signal whenever contact is established between
one or more of the circuit conductors and the steel surface, mandrel, or grounding conductor. An additional
low-voltage indicator shall be connected in order to sense contact between the circuit conductors.

54.6 The head of a compression testing machine is to be started moving toward the bed at a rate of 0.20
+ 0.05 in/min (5.1 £ 1.27 mm/min). The travel is to be continued until the mandrel pushes through the
insulating materials of the cable and the indicator signals.

54.7 The samples shall withstand a pinching force of 500 pounds (2,000 N) without failure.
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Figure 54.1

Rigid steel mandrel

Al lA

2 in. minimum

Section AA

Corner Detail

Y 3/64 in. radius

\ =

The Y dimension should be between 1 and 2 inches. This
dimension must be identical for both sides of the mandrel.
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