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INTRODUCTION
1 Scope

1.1 These requirements cover fixed and location-dedicated electric room heating equipment rated 600
volts or less to be employed in ordinary locations in accordance with the National Electrical Code,
ANSI/NFPA 70.

1.2 These requirements do not cover movable heaters, wall- or ceiling-hung heaters, baseboard heaters,
duct heaters, central-heating furnaces, fan-coil units, panel- or cable-type radiant-heating equipment,
electric boilers, or any other electric heating equipment or appliances that are covered in or as a part of
Separate’ individual Fo lirements-

2 Glossary
2.1 For the|purpose of this Standard, the following definitions apply.

2.2 APPLIANCE COUPLER - A single-outlet, female contact device for-attachment to a fléxible cord as
part of a detgchable power-supply cord to be connected to an appliancesintet (motor attachmént plug).

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

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

2.5 CEILING SURFACE-MOUNTED HEATER*'— A heater that is permanently attached @nd mounted
directly to a geiling surface in such a manner‘that tools are necessary for its removal.

2.6 COMMERCIAL/INDUSTRIAL HEATER — Any heater that is either:

a) Rated 2 kilowatts or greater and marked as a commercial/industrial heater in ac¢ordance with
59.16,

b) Rated greater than 250 volts,
c) A golyphase heater, or

d) Rajed greater than 6 kilowatts.

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

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

2.9 CONTROL CIRCUIT — A circuit that carries the electric signals directing the performance of a
controller which, in turn, governs power delivered to a motor or other load. A control circuit does not carry
the main power current.
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210 FIXED HEATER — A heater that is fastened or otherwise assigned to a specific location, and is
permanently wired to the branch circuit.

2.11 LINE-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts, and having
circuit characteristics in excess of those of a low-voltage or an isolated-limited-secondary circuit.

2.12 LOCATION-DEDICATED HEATER — A cord-connected heater that is normally placed in one
location for usage such as cord-connected wall- or ceiling-mounted heater, or freestanding cord-
connected heater that exceeds the weight or dimension limitations, or both of a movable heater.

213 LOW-VOLTAGE CIRCUIT - A circuit involving a potential of not more than 30 volts alternating-
Current, (42 volt pngl{ ordirect r\llr'rarﬂ')7 and cllpplinH h\J/ 2 primgr\]/ haHnry or l’\y a-standard Class 2

transformer, ¢
performance
as a line volt3
and current, i

2.14 TEMP
devices) may

r by a combination of transformer and fixed impedance that, as a unit, complig
requirements for a Class 2 transformer. (A circuit derived from a source of\sup)
ge circuit, using resistance in series with the supply circuit as a means of|limitin
5 not considered to be a low voltage nor an isolated limited secondarycircuit.)

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

s with all the
ply classified
g the voltage

thermostatic

a) Regulating — Functions only to regulate the temperature of the heater under intendéd conditions
of use} and whose malfunction would not result in a risk of fire.
b) Limiting — Functions only under conditions ,that produce abnormal tempefatures. The

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

c) Auxiliary — Thermostatic device other than of the regulating or limiting type.

d) Op
An ex
or Typ

brating Control — A control intended 10 start or regulate the heater during norm
bmple would be a temperature-regulating control. An operating control could pr
e 2 action. (See definitions 2:15 = 2.18).

al operation.
pvide Type 1

e) Prgtective Control — A control intended to reduce the risk of electric shock, fire, or injury to
persoms during abnormal gperation of the heater. An example would be a temperature limiting
contrgl. A protective contrelfalways provides Type 2 action. (See definitions 2.15 - 2.18).

215 TYPE
operating vallie, operating'time, or operating sequence have not been declared and tested to
for Automatic|Electrical)Controls — Part 1: General Requirements, UL 60730-1.

1 ACTION._* Automatic action for which the manufacturing deviation and the drift of its
the Standard

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

2.17 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.

2.18 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.

2.19 MOVABLE HEATER - A freestanding cord-connected heater that does not exceed 65 pounds (29.4
kg) and has no dimension greater than 8 feet (2.4 m).
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2.20 WALL (OR CEILING) HUNG HEATER - A cord-connected heater weighing 50 pounds (22.6 kg) or
less that is attached to the wall (or ceiling) in such a manner that it can be removed without the use of

tools.

2.21

ceiling) in such a manner that tools are necessary for its removal.

3 Components

3.1

3.11

3.1.2

General

Aco

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

b) Be

c) Be

4 £ <l 'y ol o o 4 <l al I
TPUTICTILUT d PTUUULL COUVETTTU Uy uno sudriuaru oridair.

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

used within its established use limitations or conditions of acceptability;

WALL (OR CEILING) MOUNTED HEATER - A heater that is permanently attached to the wall (or

d) Adgditionally comply with the applicable requirements of this end product standard; and

Exception No. 1: A component of a product covered by this standard is not required
a spegific component requirement that:

Excef
speci

product;
b) Is superseded by a requirement in_this standard, or

c) Is separately investigated when forming part of another component,
component is used within its éstablished ratings and limitations.

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

a) The componentalso complies with the applicable component standard spé
3.10; or

b) The component standard:

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

o comply with

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

provided the

er than those

cified in 3.2 —

bments in the

2) Considers long-term thermal properties of polymeric insulating

materials in

accordance with the Standard for Polymeric Materials — Long Term Property

Evaluations, UL 746B; and

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

appropriately accommodated in the end use application. For example,

a component

used in a household application, but intended for industrial use and complying with

the relevant component standard may assume user expertise no
household applications.

t common in

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.
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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
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,

all be additionally investigated in accordance with the applicable Ul standa

d, and shall

comply with 3
3.1.5 With

performance
normal and a

3.2 Attachn

3.2.1 Attach

1.1 (b) - (e).

regard to a component being additionally investigated, reference ta,cons
bnormal use conditions consistent with the application of this end product standg
hent plugs, receptacles, connectors, and terminals

ment plugs, receptacles, appliance couplers, applianceinlets (motor attachmer

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

See 3.2.6.

Exception: A
investigated
required to cg

3.22 Fema
that may be U
the specific t
coupler that g
when tested |

3.2.3 Multi-
utilization eq
Insulated Mul

3.2.4 Equip|

fachment plugs and appliance couplers integral to cord sets or power supply G
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 thé-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 current of a motor load shall have a suitable horse
vith its mating plug.

bole splicing, wiré connectors that are intended to facilitate the connection ¢
lipment to_ ¢he "branch-circuit conductors of buildings shall comply with the
li-Pole Splicing Wire Connectors, UL 2459.

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

conductors, s

truction and

requirements 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
hterruption of
an appliance
power rating

f hard-wired
Standard for

ad aluminum

all'comply with the Standard for Equipment Wiring Terminals for Use with Alur

hinum and/or

Copper Cond

uctors, UL 486E.

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

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 Presspure controls

3.3.5.1 A pressure controkshall comply with one of the following:

a) Thg Standard for Temperature-Indicating and -Regulating Equipment, UL 873;

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

¢) 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 Insulatjon systems

3.6.1 Mateér[als used.in a Class 105 (A) insulation system shall comply with 19.2.

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

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

3.7 Printed wiring boards

3.7.1 Printed wiring boards, including the coatings, shall comply with the Standard for Printed 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.
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3.7.2 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.

3.7.3 Unless otherwise specified, the flammability class and temperature rating shall be that as specified
in Electrical Insulation, Section 17 of this end product standard.

3.8 Semiconductors and small electronic components

3.8.1 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 s Test, Section
46, of this end

hall he conducted Qpplying the Vel wrements of the Diglactric \/nlfngn Withstand

product standard.

3.82 Anop
between othe
Isolators, UL
applying the

3.8.3 Exce
components

and capacitors not directly connected to the supply source.

3.8.4 Wher
Operation Teg

a) The

as applicable, the Standard for Software inf\Programmable Components, UL 1998 for

rely uf

b) The

3.8.5 A crif
related functi
persons, in th

3.8.6 A criti
analysis (FM
Standard for ]

ical isolator that is relied upon to provide isolation between primary and second
r circuits as required by this end product standard shall comply with‘the Standa
1577. The Dielectric Voltage Withstand Tests required by Uln4577 shall b
equirements in Dielectric Voltage Withstand Test, Section 46 of this end product

bt as specified in 3.8.4, component requirements are (hot specified for sm
bn printed wiring boards, including diodes, transistors,.resistors, inductors, integ

b an electronic component is determined to *be”a critical component during t
ts, Section 32, one of the following standards’shall be applied:

Standard for Tests for Safety-Related-Controls Employing Solid-State Devices,
on software as a protective component; or

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

cal component, as specified in 3.8.4, is a component that performs one or
bns whose failure-results in a condition, such as the risk of fire, electric shoch
e end product application.

cal component as specified in 3.8.4, may also be identified using a failure-mo

[ests for Safety-Related Controls Employing Solid-State Devices, UL 991.

EA) in.accordance with the Failure-Mode and Effect Analysis (FMEA) require

hry circuits or
rd for Optical
e conducted
standard.

bll electronic
ated circuits,

he Abnormal

UL 991, and
controls that

60730-1.

more safety-
, or injury to

le and effect
ments in the

3.8.7 Portions of a circuit comprised of a microcontroller or other programmable device that performs a
back-up, limiting, or other safety function intended to reduce the risk of fire, electric shock, or injury to
persons shall comply with the Standard for Automatic Electrical Controls — Part 1: General Requirements,
UL 60730-1, Annex H.

3.9 Supplemental insulation, insulating bushings, and assembly aids

3.9.1 The requirements for supplemental insulation (e.g. tape, sleeving or tubing) are not specified
unless the insulation or device is required to comply with 15.3 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
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c¢) Tubing shall comply with the Standard for Extruded Insulating Tubing, UL 224.

3.9.2 Wire positioning devices shall comply with the requirements in Electrical Insulation, Section 17. A
device that complies with the Standard for Positioning Devices, UL 1565, is considered to comply with this
requirement.

3.9.3 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 13.3) 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.

3.10 Switches
3.10.1 Swifches shall comply with one of the following:

a) Defeted

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

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

d) The Standard for Nonindustrial Photoelectric Switches for’Lighting Control, UL 773A.
Exception: Switching devices that comply with the applicable’UL standards for specialty applications (e.g.
transfer switth equipment), industrial use (e.g. contaetérs, relays, auxiliary devices), or gre integral to
another component (e.g. switched lampholder) need not comply with this requirement.
3.10.2 A clpck-operated switch, in which the switching contacts are actuated by a clock-wark, by a gear-
train, by elegtrically-wound spring motors, by-electric clock-type motors, or by equivalent arrangements
shall comply jwith one of the following:

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

b) The Standard for Automatic Electrical Controls — Part 1: General Requirements,| UL 60730-1,

and fhe Standard for,"Automatic Electrical Controls for Household and Similar |Use; Part 2:

Partiqular Requirements for Timers and Time Switches, UL 60730-2-7.

3.10.3 A timer or time switch, incorporating electronic timing circuits or switching circuits, v
separable contacts; shall comply with the requirements for an operating control with Type 1 a
cycles of opgration, or as a manual control for 5000 cycles of operation, in accordance w

ith or without
ction for 6000
th 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.

3.10.4 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.


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

16 UL 2021 FEBRUARY 2, 2021

3.11 Transformers

3.11.1  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.

Exception No. 2: A transformer that complies with the Standard for Transformers and Motor Transformers
for Use in Augio=—Radio=;
an audio or video component complies with the intent of this requirement.

and Television 73/’0& Apphnnnaoy LI 1444’ and-that-is-used-in-a-circuit Involv/”g

4 Units of Measurement

4.1 Values
approximate

stated without parentheses are the requirement. Values in parentheses are e
nformation.

planatory or

4.2 Unless indicated otherwise, all voltage and current values mentjonied in this Standard arg rms.

5 References

5.1  Any ung dard shall be

interpreted as

ated reference to a code or standard appearing in the requirements of this stan
referring to the latest edition of that code orstandard.

6 General

6.1 A locatipn-dedicated heater that is considered likely to be operated as a movable heater shall also

comply with the requirements for movablg heaters.
eam or other

6.2 If the operation of a heater involves the generation and confining under pressure of st

gas, conside
applies in the
the accumula

ation is to be giyen:to the possibility of risk of explosion incident to such op
case of an appliance having immersed electrodes, if the electrolysis of water
tion of oxygen.and hydrogen. The appliance is not acceptable unless its strengt

eration. This
may result in
h is such that

it will withstand any risk‘of'€xplosion that may be involved.

CONSTRUCTION

7 Enclosure

7.1 The enclosure of a heater shall be so formed and assembled that it will have the strength and rigidity
necessary to resist the abuses likely to be encountered during its intended service. The degree of
resistance inherent in the appliance shall preclude total or partial collapse with the attendant reduction of
spacings, loosening or displacement of parts, and other serious defects which alone or in combination
constitute a risk of fire, electric shock, explosion, or injury to persons.

7.2 Among the factors taken into consideration if an enclosure is being judged for acceptability are its:
a) Mechanical strength,
b) Resistance to impact,

¢) Moisture-absorption properties,
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d) Flammability,
e) Resistance to corrosion, and

f) Resistance to distortion at temperatures to which the enclosure may be subjected under
conditions of intended or abnormal use.

For the requirements for a polymeric enclosure or part of an enclosure of a polymeric material, see
Polymeric Materials, Section 9.

7.3 The enclosure of a heater intended for permanent installation shall be provided with means for
mounting in the intended manner. Any fittings — such as brackets, hangers, or the like — necessary for
mounting shall be furnished with the heater.

74 Theen
from falling 0

7.5 Thered

a)Un

b) Un
equiv

Closure of a heater shall prevent molten metal, burning insulation, flaming)partic
h combustible materials, including the surface upon which the heater.iS\supports

uirement in 7.4 necessitates use of a barrier of noncombustible material:
Hder a motor unless:
1) The structural parts of the motor or of the heater provide the equivalent of st

2) The protection provided with the motor isisuch that no burning insulat
material falls to the surface that supports thé heater if the motor is energized
the following fault conditions:

i) Open main winding,
ii) Open starting winding, and
i) Starting switch short-circuited, or

3) The motor is provided'with a thermal motor protector (a protective device th
to both temperature and current) that will prevent the temperature of the m
from becomingmore than 125°C (257°F) under the maximum load under wh
will run without causing the protector to cycle, and from becoming more than 1
with the rator.of the motor locked.

der wirfing, unless the wire insulation is of the flame-retardant type, VW-1
blent.

es, or the like
d. See7.7.

ch a barrier.

on or molten
inder each of

at is sensitive
ptor windings
ich the motor
50°C (302°F)

FR-1) or the

It will also necessitate that a switch, transformer, relay, solenoid, or the Tike be individually and completely
enclosed except at terminals, unless it can be shown that malfunction of the component would 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 not acceptable if it is located directly below field- or factory-made splices or overload or
overcurrent protective devices.

7.6 A heater intended for installation in a dropped ceiling shall be provided with adequate means for
being mounted on and secured to adjacent T-bars. See also 59.31.

7.7 A heater intended for ceiling or high-wall mounting may be exempted from the requirements in 7.4.
The acceptability of the enclosure of such a heater will be judged on the basis of its design and
construction.
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7.8 Except as indicated in 7.9, if openings for ventilation 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 false-ceiling

space, into hollow spaces in the wall, or the like when the appliance is installed as intended.

7.9 The requirementin 7.8 does not apply to an opening for a mounting screw or nail if:

a) No such opening has a dimension more than 17/64 inch (6.75 mm) or an area more than 0.055
square inch (35.5 mm?), and

b) There are no more than four holes in the rear of the enclosure and no more than two holes in
each of the other four sides of the enclosure.

7.10 Other

openings for a manufacturing operation, such as for paint drainage, for(locg

ting the part

during a stanpping or similar production operation, may be provided, but they shall alse’comply with 7.9.

Lanced open
substantially

ngs, tabs, or the like, if the displaced metal is retained, are acceptable if the
baffled by the displaced metal or closed up by positively retained mounting brag

used to suppgrt grilles, and the like.

7.11  Except
heater and a
with one or m
from the heat

712 Inac
baffles mentiq

a) No
air fro
width,

b) Th
invest

7.13 Cast-
unless the en
in7.2and 7.1

7.14 In addi
metal is to be|

as noted in 7.12, an opening for ventilation in the enclosure; other than in the
N opening associated with the dissipation of heated air fram the element shal
pre baffles that will prevent the emission of flame, melten metal, burning insulati

el

ned in 7.11 may be omitted if:

ventilating opening in a vertical wall, ether than one associated with the dissipat
M the elements during intended operation of the heater, is more than 3/8 inch
or

a)

e heater is constructed <to-’be acceptable for the purpose, as shown by
gation.

and sheet-metal partions of the enclosure shall not be thinner than indicated
closure is found to be acceptable when judged under considerations such as a
4.

tion to'being considered with reference to the factors mentioned in 7.2, an enclo|
judged with respect to its size and shape, the thickness of metal, and its accepf

particular app

bpenings are
kets, springs

bottom, of a
be provided
bn, or the like

bmpartment other than one that houses an_overload or overcurrent protectivg¢ device, the

on of heated
(9.5 mm) in

appropriate

in Table 7.1
'e mentioned

sure of sheet
ability for the

lication, considering the intended use of the heater.

7.15 Sheet metal to which a wiring system is to be connected in the field shall have an average thickness
not less than 0.032 inch (0.81 mm) if uncoated steel, not less than 0.034 inch (0.86 mm) if galvanized
steel, and no less than 0.045 inch (1.14 mm) if nonferrous.

7.16 At points where the face of an attachment-plug receptacle projects through it, the enclosure of a
heater shall have a thickness not less than:

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

c) 0.10 inch (2.5 mm) if of insulating material, except that an enclosure of insulating material may
be of lesser thickness if formed or reinforced to provide physical strength. The insulating material
shall be noncombustible.
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7.17 An electrical part of a heater shall be so located or enclosed that protection against unintentional
contact with uninsulated live parts will be provided, except that this requirement does not apply to the
radiating portion of an open-wire element and the connections immediately adjacent to the radiating
element. See 7.18, 28.6, 28.15, and 59.25. Insulated motor brush caps do not require additional
enclosures.

7.18 The requirementin 7.17 does not apply to the radiating sheath of an isolated metal-clad element in
a heater having provision for grounding the enclosure, although such sheath is considered to be a bare
live part when spacings are being measured.

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

a) The proximity of uninsulated live parts (as determined by applying 7.17, 7.18,,7.R0, 7.26, and
7.33)fand

b) Thie possibility of the emission of burning insulation, molten metal, and the lik¢ through the
opening (as determined by applying 7.4 — 7.12).

Table 7.1
Minimum acceptable thicknesses of enclosure material

At small, flat, unreinforced surfaces
and at surfaces that are reinforced by
curving, ribbing and the like\(or are
otherwise of a shape andlor size) to At relatively large unr¢inforced flat
provide mechanical strength surfaces
Metal inches millimeters inches millimeters

Die-cast 3/64 1.2 5.64 2.0
Cast malleablq iron 1/16 1.6 3/32 2.4
Other cast mefal 3/32 2.4 1/8 3.2
Uncoated shegt steel 0.0262 0.662 - -
Galvanized sheet steel 0.029°2 0.742 - -
Nonferrous sh¢et metal 0.036° 0.912 - -

@ Thinner sheel metal may be employedhiffound to be acceptable when the enclosure is judged under consideratiofs such as
those mentiong¢d in 7.2 and 7.14.

7.20 To reduce the likelihood of unintentional contact that may involve a risk of electric ghock from an
uninsulated Ifve part'or'film-coated wire, an opening in an enclosure shall comply with either (g) or (b).

a) Fof anyopening that has a minor dimension (see 7.24) less than 1 inch (25.4 mm), such a part or

wire shiaft ot be contacted by the probe ittustrated i Figure 7-3:

b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be spaced
from the opening as specified in Table 7.2.

Exception: An integral enclosure of a motor need not comply with these requirements if it complies with the
requirements in 7.21.

7.21  With respect to a part or wire as mentioned in 7.20, in an integral enclosure of a motor as
mentioned in the Exception to 7.20:

a) An opening that has a minor dimension (see 7.24) less than 3/4 inch (19.1 mm) is acceptable if:

1) Film-coated wire cannot be contacted by the probe illustrated in Figure 7.2;
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2) In a directly accessible motor (see 7.25), an uninsulated live part cannot be contacted by

the probe illustrated in Figure 7.4; or

3) In an indirectly accessible motor (see 7.25), an uninsulated live part cannot be contacted

by the probe illustrated in Figure 7.1.

b) An opening that has a minor dimension of 3/4 inch (19.1 mm) or more is acceptable if a part or
wire is spaced from the opening as specified in Table 7.2.

Table 7.2

Minimum acceptable distance from an opening to a part that may involve a risk of electric shock

specified in the
¢ Any dimensio
4 More than 2-1

table.
less than 1 inch (25.4 mm) applies to a motor only.
8 (54.0 mm) inches, but not more than 6 inches{152.0 mm).

Minor dimension® of opening Minimum distance from opening'to part

inches® (mm)® inches® (mm)®

3/4° (19.1) 4-1/2 (114.0)

1 (25.4) 6-1/2 (16%.0)

1-1/4 (31.8) 7-1/2 (190.0)

1-1/2 (38.1) 12-1/2 (318.0)

1-1/8 (47.6) 15-1/2 (394.0)

2-1/8 (54.0) 174112 (444.0)

g 30 (762.0)

@See 7.24.

b Between 3/4 ifich (19.1 mm) and 2-1/8 inches (54.0 mm), interpolatiomsis to be used to determine a value between|values

7.22 The pfobes mentioned in 7.20 and\Z.21 and illustrated in Figure 7.1, Figure 7.2, Fig
bll be applied to any depthithat the opening will permit; and shall be rotated or a
ter insertion through the*epening to any position that is necessary to examine the enclosure.
ustrated in Figure 7'8 and Figure 7.4 shall be applied in any possible configu

Figure 7.4 sh
during, and a

The probes il
necessary, th

ure 7.3, and

b configuration shall'be changed after insertion through the opening.

Figure 7.1

Probe for uninsulated live parts
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Figure 7.2

Probe for film-coated wire
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A
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7.23 The probes mentioned in 7.22 and 7.24 shall be used as’ measuring instruments| to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a matetfial; they shall
be applied wlth the minimum force necessary to determine accéssibility.

7.24 With feference to the requirements in 7.20 and Z.21, the minor dimension of an dpening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.

7.25 With reference to the requirements in 7.21, an indirectly accessible motor is a motor:

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

b) Thhat is located at such‘a height or is otherwise guarded or enclosed so that it is junlikely to be
contapted.

A motor in a|ceiling inserttheater or in a heater marked in accordance with 59.23 is considered to be an
indirectly acdessible moior. A directly accessible motor is a motor:

c) That can be contacted without opening or removing any part or

d) ThatisTocaied so as 1o be accessible 1o contact.
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Figure 7.3

Articulate probe with web stop
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Figure 7.4
Articulate probe
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7.26 During the examination of a heater in“connection with the requirements in 7.17 — 7.25,

outer enclospre that may be removed.without the use of tools by the user of the heater
attachment ¢of accessories, to allow access to means for making operating adjustments
reasons) is tp be disregarded- that is; it will not be assumed that the part in question affo
against the njsk of electric shock.\A warning marking such as that specified in 59.7 is not
adequately protect against this.risk of electric shock.

7.27 With neference tothe requirements in 7.20 and 7.21, insulated brush caps are not 1
additionally gnclosed.

7.28 During the examlnatlon of a heater in connection with the reqwrements in717-7.2

a part of the
to permit the

or for other
ds protection
considered to

equired to be

, a part of the

outer enclostire

. settmg of the

manual reset temperature I|m|t|ng control is to be d|sregarded - that is, it will not be assumed that the part
in question affords protection against the risk of electric shock. A warning marking such as that specified in

59.7 is not considered to adequately protect against this risk of electric shock.

Exception: A heater marked in accordance with 59.7 and that complies with 7.29 need not comply with this

requirement.

7.29 A product may employ a resettable limit control when the reset means is inaccessible

if designed in

a manner that the product cannot be disassembled with readily available tools, such as screw drivers,

wrenches, and the like, and the product is marked in accordance with 59.7. Such fasteners

as rivets, one

way screws, fasteners not readily accessible after assembly, and the like would be considered as causing

the product to be not readily disassembled.
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7.30 The rotor of a motor, pulley, belt, gear, or the like shall be enclosed or guarded to acceptably reduce
the risk of injury to persons.

7.31 Any manual adjustable controls shall be resettable or adjustable so that moving or electrical parts
will not cause a risk of fire, electric shock, or injury to persons to occur during the resetting or adjustment
procedure. See 7.26 and 7.28 and Figure 7.5.

7.32 With reference to the requirement in 7.30, the degree of protection required of the enclosure
depends upon the general design and intended use of the heater. Among the factors to be taken into
consideration in judging the acceptability of the moving part are:

a) The degree of exposure,

b) Thg sharpness of the moving part,
c) The likelihood of unintentional contact with the moving part,
d) Thg speed of movement of the part, and

e) The likelihood of fingers, arms, or clothing being drawn into the moving part (such as at points
where|gears mesh, where a belt travels onto a pulley, or where moving parts close in g pinching or
sheariphg action).

7.33 An unipsulated live part shall not be located behind an.opening that may be used to[make a user
service function such as adjusting or resetting a manual limit control if a 1/8-inch (3.2-mim) diameter
straight rod cén be made to touch the live part when the rod is inserted through the opening and moved to
all positions possible without producing an angle of more than 30 degrees between the rod and the line
drawn betwegn the center of the opening and the center of the face of the part to be adjusted. The length
of the rod beyyond the opening is not to exceed:the distance between the opening and the¢ face of the
adjustable mechanism by more than 3 inches (£6 mm). See Figure 7.5.
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gives access to-any fuse, circuit breaker, or manually resettable thermal cutoff,

or«cover shall also be provided with a latch or the equivalent and a captive sc

por or cover of an enclosure shall be provided with means for holding it securgly in place in

hnd

setting of the

few to secure

7.36 A door or cover giving access to any overload-protective device in other than a low-voltage circuit
shall be tight fitting and shall suitably overlap the surface of the enclosure around the opening.

7.37 A spring latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold the
door in place and would require some effort on the user's part to open it is considered to be an acceptable
means for holding the door in place as required in 7.35.

7.38 A component of a heater that is likely to need inspection, replacement, cleaning, or other servicing
shall be as accessible as practicable, and shall be accessible without the use of special tools if it is
intended to be manually operated or adjusted or if it will definitely require periodic servicing.
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8 Parts Subject to Pressure

8.1 Except as noted in 8.3 a pressure vessel having an inside diameter, width, height, or cross section
diagonal of more than 6 inches (152 mm) with no limitations on length of vessel, and subject to a pressure
of more than 15 pounds force per square inch gauge (psig) (103 kilonewtons per square meter or 10.5
grams force per square millimeter) shall be certified by the National Board of Boiler and Pressure-Vessel
Inspectors and marked in accordance with the appropriate boiler and pressure vessel code symbol of the
American Society of Mechanical Engineers (ASME) — "H", "M", "S", or "U" — for a working pressure no less

than the pressure determined by applying 8.3.

8.2 If a pressure vessel, because of its application, is not covered under the inspection procedures of the
ASME code, it shall be so designed and constructed that it will comply with the requirements in 8.3.
8.3 Except &s noted in 8.5, a component of a heater (piping, fittings, air vents, and thedike) that is subject
to air or vapol pressure (including the vapor pressure of a superheated fluid) during intended or abnormal
operation shall be capable of withstanding without failure a pressure equal tofive times| the working
pressure.
8.4 Asusedin 8.3, working pressure may be defined as the highest of the following:

a) Thg highest pressure achieved during normal or abnormaloperation of the heater,

b) Thg maximum pressure setting of a pressure relief device provided as part of the asisembly,

c) Theg working pressure marked on the part.
8.5 A test ng¢ed not be performed to determine whether or not a part complies with the requifement in 8.3

if the streng
example, co

of the part is acceptable for the purpose as a result of its material and dimg
er or steel pipe of standard sizes and provided with standard fittings might be ¢

:%
have the necgssary strength.

8.6 If atest
part are to be|
and is to be

value, and is
leaks, except

is necessary to determine,if a part complies with the requirement in 8.3, two s§
subjected to a hydrostatic-pressure test. Each sample is to be filled with water 1
connected to a hydraulic pump. The pressure is to be raised gradually to the
o be held at that'value for 1 minute. The results are not acceptable if either san
as indicated in'8.7.

bnsions — for
onsidered to

mples of the
0 exclude air
specified test
ple bursts or

8.7 Leakage at a gasket during the hydrostatic-pressure test is not considered to constitute failure unless
it occurs at a pressure 40 percent or less of the required test value.
88 A mearo fUI OGfU:y IG“UV;IIH pICODuIU oha” bU pluv;dcd fUI a” pai’to ;II vvh;uh pICODJre might be

generated in the event of fire.

8.9 Pressure-relief devices (see 8.14), fusible plugs, soldered joints, nonmetallic tubing, or other
equivalent pressure-relief means may be employed to comply with the requirement in 8.8.

8.10 There shall be no shut-off valve between the pressure relief means and the parts that it is intended

to protect.

8.11

A vessel having an inside diameter, width, height or cross-section diagonal of more than 3 inches

(76.2 mm) and subject to air or steam pressure generated or stored within the appliance shall be protected
by a pressure-relief device.
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8.12 The start-to-discharge pressure setting of the pressure-relief device shall not be higher than the
marked maximum working pressure of the vessel. The discharge rate of the device shall be great enough

to relieve the

pressure.

8.13 A pressure-relief device shall;

a) Be connected as close as possible to the pressure vessel or parts of the system that it is
intended to protect,

b) Be so installed that it is accessible for inspection and repair and cannot be readily rendered

en reduced to

ill not deposit

inoperative,
C) Ha C ItO d;auhalgc U}JUII;I Y SYU :uuatcd GIIGI d;IUbtUd that thc I;OIT\ Uf Dba:dillu hao bc
an acgeptable degree, and
d) Haye its discharge opening so located and directed that operation of the device w
moisture on uninsulated live parts, or on insulation or components affected defrimentally by
moistpre.
8.14 A pressure-relief device having an adjustable setting is to be judged on the basis of

setting unles

8.15 A pres
to relieve exq

8.16
the vessel s
prevent the
intended op€

9 Polymer

9.1 Determ

Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

10 Assembly

10.1  Unins
attachment-]
and, except

If a pressure-relief device is required, the electrical control responsible for limiting th

5 the adjusting means is sealed at a lower setting.

sure-relief device is considered to be a pressure-acfuated valve or rupture men;
essive pressures automatically.

pressure from exceeding 90 percentiof the relief-device setting under any
ration.

c Materials

ination of the acceptability of a polymeric material shall be made based on thg

ulated (ive parts, a heating element, a switch, a lampholder, a temperatur
lug receptacle, a motor-attachment plug, or similar component shall be mou
asoted in 10.2, 10.3 and 10.9, shall be prevented from turning. See 10.4 an

its maximum

ber designed

e pressure in

hall be capable of performing under rated load for 100,000 cycles of operation and shall

condition of

Standard for

e control, an
hted securely
d Strength of

Adjustment S

fnp Tnei', Section 54

10.2 The requirement that a switch or a control be prevented from turning may be waived if all five of the
following conditions are met:

a) The switch or the control is of a plunger or other type that does not tend to rotate when operated.
A toggle switch is considered to be subject to forces that tend to turn the switch or the control
during operation of the switch,

b) The means for mounting the switch or the control is not subject to loosening as the result of its

opera

tion,

¢) The spacings are not reduced below the minimum acceptable values if the switch or the control
rotates,
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d) The operation of the switch or the control is by mechanical means rather than direct contact by
persons, and

e) The shifting of the switch or the control in position does not result in false indication of its setpoint
with respect to the setpoint markings.

10.3 A lampholder of a type in which the lamp cannot be replaced (such as a neon pilot or indicator light
in which the lamp is sealed in nonremovable jewel) need not be prevented from turning if rotation cannot
reduce spacings below the minimum acceptable values.

10.4 The means for preventing the turning mentioned in 10.1 is to consist of more than friction between
surfaces — for example, a toothed lock washer which provides both spring take-up and an interference lock

is acceptablelas means to prevent turning of a small stem-mounted switch or other device ha

L

hole mountin

10.5 Uninsy
from turning ¢
acceptable v3

10.6 Frictio
but a toothed

10.7 Any hg
be positively
they cannot b

10.8 A hea
10.9, when th

the heater is feadily accomplished without causing a risk of fire, electric shock, or injury to per

10.9 A hea
assembly dun

a) The
packe
strapp

b) Th
eleme
plugs

ling element that is not mouhted securely in its intended position shall be a

means.

lated live parts shall be secured to the base or mounting surface that they will
r shifting in position if such motion may result in a reduction of spacings below
lues indicated in 30.1 — 30.6.

h between surfaces is not acceptable as a means to prevent shifting or turning
lock washer which provides both spring take-up and an’interference lock is acce

ater projections such as guards or grilles that are.intended to guard hot heater s
secured to the heater such as by screws, rivets or welding or being engaged in
e removed without the use of tools, breaking-er permanent bending or distortion

er shall be completely assembled whén it is shipped from the factory, excep
e heater is partially disassembled to-facilitate packaging or installation, and the

ng installation of a fixed'heater (see 2.4) when all the following are met:

heating element is packed in the same overall carton of the heater, or the heati
d in a separate earton that is secured together to the heater carton (such
ing or strongtape) so that the two cartons do not become separated during ship

s

b interconnecting leads and wiring intended for the electrical connection of
ht are-housed entirely within the heater, and the electrical connections are made
and receptacles arranged so that no uninsulated live part capable of causing ele

ing a single-

be prevented
the minimum

of live parts,
ptable.

urfaces shall
slots so that

as noted in
assembly of
50NS.

cceptable for

g element is
as by steel
ment,

the heating
with integral
ctric shock is

acces

Sible to unintentional contact when the. hnni‘ing element is notin plqr‘n, and

c¢) Information concerning assembly of the heating element to the heater shall be provided in the
installation instructions. See 60.2.3.

1"

11.1

Protection Against Corrosion

Except as noted in 11.2, iron and steel parts shall be protected against corrosion by enameling,

galvanizing, plating, or other equivalent means if the deterioration of such unprotected parts would be
likely to result in risk of fire, electric shock, explosion, or personal injury.

11.2 In certain equipment where the oxidation of steel is not likely to be accelerated due to the exposure
of metal to air and moisture or other oxidizing influence — thickness of metal and temperature also being
factors — surfaces of sheet steel within an enclosure may not be required to be protected against
corrosion. Cast-iron parts are not required to be protected against corrosion. A sheath employed on a
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heating element operating in air and terminal parts attached directly to the heating element need not be
protected against corrosion.

11.3 The aging characteristics of plating or other finish used in a heater shall be such that deterioration of

the finish will

not result in unacceptable performance of the heater.

11.4 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.

12 Adjustment Stop

12.1
erroneous in
shock, or inj
54.

13 Supply
13.1

13.1.1  Exc
supply shall
National Eleq

13.1.2 Pro
having a 50
box that is nd

a)Th

An adj

dications of the control setpoint, or other conditions that may result in a risk g
ry to persons when tested in accordance with the Strength of Adjustment Stop

Connections

Permanently connected appliances

bpt as noted in 13.1.2 — 13.1.6, a heater intended/for permanent connection
have provision for the connection of one of the wiring systems that, in accord
trical Code, ANSI/NFPA 70 would be acceptable-for the heater.

ision for the connection of a wiring system (see 13.1.1) is not required for
bound mass (22.7 kg mass) or less and, intended to be supported entirely by a
t furnished with the heater, provided that:

b heater is marked (where the marking will be visible during the examination of t

conngctions) "This heater to be mounted to a standard outlet box," and

b) Th
60°C
13.1.3 Ay
accepted un

greater than

13.1.4 Lea

e temperature in the outlet box to which the heater will be mounted will not b
140°F) under conditions of intended operation.

all-mounted heater intended to be supported entirely by a wall outlet box
Her the conditions mentioned in 13.1.2 if, in addition, it does not exert a ben
P00 pound-ferce-inches (22.6 N-m) on the outlet box to which it is mounted.

s (including a grounding conductor as specified by the National Electrical Code

oy of spacings,

f fire, electric
Test, Section

to the power
ance with the

an air heater
ceiling outlet

he field-wiring

e higher than

may also be
ding moment

, ANSI/NFPA

70) provided

for the power supply connection of a ceiling-panel or T-bar heater, may b¢ brought out

through factory-attached flexible conduit not less than 3 feet (0.91 m) long and not more than 11 feet (3.4
m) long. The leads shall extend at least 6 inches (152 mm) beyond the end of the flexible conduit. An
outlet box need not be provided at the free end of the conduit.

Exception: A grounding conductor is not required if:
a) The conduit is not longer than 6 feet (1.8 m),

b) No circuit conductor protected by an overcurrent protective device rated at more than 20
amperes is included and,

c) The conduit is no larger than 3/4 inch trade size, unless the fittings are identified as providing
grounding.
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13.1.5 The location of a terminal box or compartment in which power-supply connections to a
permanently connected heater are to be made shall be such that these connections may be inspected
after the heater is installed as intended.

13.1.6 A terminal compartment intended for the connection of a supply raceway shall be so attached to

the heater as

to be prevented from turning with respect thereto.

13.1.7 Equipment intended for permanent connection to the power supply shall be provided with field-
wiring terminals or leads (pigtail leads) for connection of the power-supply conductors.

13.1.8 Each such field erlng terminal or p|gta|l lead shaII be acceptable for connection of a field

wire or a 8
conductors.

13.1.9 A pid
supply condu
smaller than

13.1.10 AN
(copper) pow
appropriate fq

13.1.11 In g
multiple powe
raceway, the
applied.

13.1.12 For|
to which pow
heater is insta

at 80 ampergs or less and thaty75° C (167° F) wire will be used with a heater rated at n

amperes.

13.1.13 A fleld-wiring<{terminal or lead for connection of an equipment-grounding condu

provided. Seeg

13.1.14 Afi

¢ss, the terminal or pigtail lead shall be rated for connection of a 10 AWG (573

DA

AWG (8.4 mm?) aluminum wire if the equipment is to be field-connécted w

tail lead shall be no more than two standard wire sizes smaller than the branch
ctor (copper) to which it will be connected, and except as, indicated in 13.1.10
4 AWG (2.1 mm?) copper.

eater rated 16 amperes or less, that is not intended.for connection of 10 AW
er-supply conductors, shall be for connectionito*a 15- or 20-ampere brang
r the rating of the equipment, and shall be matked in accordance with 59.36.

etermining the size of the power-supply ‘conductors in a heater intended for g

ampacity derating factor given in\thie National Electrical Code, ANSI/NFPA

the purpose of these requirements, field-wiring terminals are considered to be
er-supply, control, or equipment-grounding connections will be made in the fi
lled. It is to be assumed that 60°C (140°F) wire will be used for connections to g

13.1.2%

pld-wiring terminal intended solely for connection of an equipment-grounding co

70, not less

¢ rating is 24

mm?) copper
th aluminum

circuit power
shall not be

G (5.3 mm?)
h circuit, as

onnection to

r supplies and in which it is likely that-more than three such conductors will occiipy the same

70, shall be

the terminals
pld when the
heater rated
nore than 80

ctor shall be

nductor shall

be capable of securing a conductor having a size determined by the rating of the branch circuit overcurrent

device to which the equipment will be connected,

in accordance with Table 250-95 of

Electrical Code, ANSI/NFPA 70, except as indicated in 13.1.15.

the National

13.1.15 A conductor smaller than that indicated in 13.1.14 may be used if the bonding connection does
not open when carrying for 2 minutes twice the current equal to the rating of the branch circuit overcurrent
device.

13.1.16 A field-wiring terminal shall be provided with a solder lug or with a pressure wire connector
securely fastened in place (for example, firmly bolted or held by a screw), except that 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.
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13.1.17 A field-wiring terminal shall be prevented from turning or shifting in position by means other than
friction between surfaces. This may be accomplished by two screws or rivets, by square shoulders or
mortices, by a dowel pin, lug, or offset, by a connecting strap or clip fitted into an adjacent part, or by some
other equivalent method.

Exception: A solder lug is not acceptable for use as a grounding terminal.

13.1.18 A wire-binding screw at a field-wiring terminal shall not be smaller than No. 10 (4.8 mm), except
that a No. 8 (4.2 mm) screw may be used at a terminal intended only for the connection of a 14 AWG (2.1
mm?) conductor, and a No. 6 (3.5 mm) screw may be used for the connection of a 16 AWG (1.3 mm?) or 18
AWG (0.82 mm?) control-circuit conductor.

13.1.19 It dhould be noted that according to the National Electrical Code, ANSI/NFPA_70,
mm?) is the |smallest conductor which may be used for branch-circuit wiring, and thus’is

14 AWG (2.1
the smallest

conductor th

13.1.20 Af
mm) thick, e
have the req

extruded if ngcessary to provide the threads.

13.1.21  Ug
mentioned €
applicable, u

13.1.22 A\

13.1.23 A
grounded pd

conductor if pecessary because of the requirement in 28.1, 28.4, 28.5, or 29.2.

13.1.24 A
plated with g
proper identi
wiring diagrg
white or gray

13.1.25 Th

t may be anticipated at a terminal for the connection of a power-supply wire.

erminal plate tapped for a wire-binding screw shall be of metal not\ess than 0.(
cept that a plate not less than 0.030 inch (0.76 mm) thick is acceptable if the tg
bired mechanical strength. There shall be two or more full threads in the metal,

turned lugs or a cupped washer shall be capable/of retaining a conductg
ither in 13.1.11 [but not smaller than 14 AWG (2.1 mm?)] or in 13.1.14,
hder the head of the screw or the washer.

ire-binding screw shall thread into metal.

heater 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

ield-wiring terminal intended for the connection of a grounded conductor sha
metal substantially Wwhite in color and shall be distinguishable from the other
ication of that terfminal shall be clearly shown in some other manner, such as o
m. A lead intendéed for the connection of a grounded conductor shall be finish
color and shall be distinguishable from the other leads.

e surface’of an insulated lead intended solely for the connection of an equipm

50 inch (1.27
pped threads
which may be

r of the size
whichever is

nnected to a
ection of that

| be of or be
terminals, or
n an attached
ed to show a

ent-grounding

conductor s
identified.

tllall be' green with or without one or more yellow stripes, and no other Iea<|i shall be so

13.1.26 The requirements in 13.1.24 and 13.1.25 relating to color coding of a lead for identification do
not apply to internal wiring that is not visible in a wiring compartment in which field connections are to be
made.

13.1.27 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 plainly identified, such as by being marked G, GR, GND,

Ground, Grounding, by the symbol @ or the like, or by a marking on a wiring diagram provided on the
heater. The wire-binding screw or pressure wire connector shall be so located that it is unlikely to be
removed during servicing of the heater and shall have upturned lugs or the equivalent to retain the
conductor.
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13.1.28 Except as noted in 13.1.29, the free length of a lead inside an outlet box or wiring compartment
shall be 6 inches (152 mm) or more if the lead is intended for field connection to an external circuit.

13.1.29 The lead may be less than 6 inches (152 mm) in length if it is evident that the use of a longer
lead may result in damage to the lead insulation.

13.1.30 A heater that is not strictly portable, but is not obviously intended to be permanently connected,
may be acceptable if provided with a short length of flexible cord and an attachment plug for supply
connection. The investigation of such a feature will include consideration of the utility of the heater and the
necessity of having it readily detachable from its source of supply by means of the attachment plug.

13.1.31 A wall-mounted-heater \Alnighing lass-than 50 pr\llnrle shall not be prn\/ir’lnd with-a flexible cord
and plug.

13.2 Cord-¢onnected heaters

13.2.1 Whep tested in accordance with 13.2.2, a cord connected wall-mounted heater is acdeptable if:
a) Thq security of the attachment of the heater to the wall is not impaired,
b) Thgre is no evidence of risk of fire or electric shock,

c) The insulation resistance between live parts and dead\metal parts is not less than 0,000 ohms,
and

d) The heater withstands for 1 minute without breakdown the application of 60-hertz potential of
1000 volts between live parts and dead metal parts.

13.2.2 The heater is to be mounted in the intended manner and subjected to a static force of 300 pounds
(1.33 kN) as indicated in Figure 13.1 and Figure 13.2. The force is to be applied through a npminal 2 by 4
inch (38 by 8% mm) wood member with the'neminal 4-inch (89-mm) side horizontal.
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Figure 13.1
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Figure 13.2

Wall surface-mounted type
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13.2.3 Mounting brackets and any necessary fasteners required for mounting the heater shall be
provided as part of the product. Optional mounting kits may be available if marked in accordance with
59.17.

13.2.4 Means shall be provided to prevent a cord-connected, wall mounted heater from being dislodged
from the wall. If the construction of the heater, mounting means, or both, is such that the bottom of the
heater may swing or move, means shall be provided to secure the bottom edge of the heater to the wall if
such movement could cause the heater to be dislodged.

13.2.5 A cord-connected, freestanding, floor-supported heater as described in 13.1.30, shall not have
dimensions greater than 8 feet long, 6 feet high, and 2-1/2 feet deep (2.4 m long, 1.8 m high, and 0.76 m
deep).

13.2.6 If a heater is provided with a directly attached flexible cord, an attachment plug,shall be provided
on the cord fpr attachment to the supply circuit. If an attached flexible cord is not provided, the heater shall
have termingdls employing male pins, blades, or the equivalent that will accommadate an acg¢eptable plug.
The length of the detachable power-supply cord or attached power-supply cord (including fittings) shall not
be less than p feet (1.8 m) and not more than 8 feet (2.4 m).

Exception: The length of cord for Types SRDT and SPT-3 is specified in-note b of Table 13.1.

Table 13.1
Acceptable types of.cord
Temperature of more than 121°C (250°F) | Temperature of 121°C (25pD°F) or less on
on any heater surface likely to be any heater surface likely to be
Tyge of heater contacted:by cord®¢ contacted by cofd®°*

Household hegters not intended for HDP, HPN, HSJO, HSJ SP-2, SPT-2, SVO, SV, SVTO, SVT, SJO,
outdoor use SJ, SJTO, SJT, SRDT®, SPT-3°
Commercial hgaters not intended for HSJO, HSJ, HSO, HS SJO, SJ, SJTO, SJT, SO, §} STO, ST,
outdoor use SRDT?, SPT-3°

@ Cords of the fypes indicated in the adjacent celumn may also be used.

b Restricted to a wall supported or a freestanding heater having a minimum cord length of 3 feet (0.9 m) and a maximum cord
length of 6 fee{ (1.8 m).

© On a portablg heater it is considered that any external surface that can be contacted by the cord is likely to be contacted by the
cord.

9 The maximurh temperatufe’en a heater are to be determined in accordance with the Continuous Operation Test, $ection 38.

13.2.7 Thelsize of the flexible cord, based on the current rating of the heater, shall be in ac¢ordance with
Table 13.2.

13.2.8 The current rating of the attachment plug shall not be less than 125 percent of the current rating of
the heater except that a 15-ampere attachment plug is acceptable for a heater rated at not more than 1500
watts at 120 volts, or 3000 watts at 240 volts, and a 20-ampere attachment plug is acceptable for a heater
rated at not more than 4000 watts at 240 volts.

13.2.9 The flexible cord shall be as indicated in Table 13.1 or shall be of a type having such properties
that it will be at least equally serviceable for the particular application.
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Table 13.2
Cord wire size based on heater current rating®

Maximum current rating of heater, Amperes

Attachment plug connection soldered, brazed, or welded?

Cord types S, SJ, SJO, SJT
SJTO, SO, SP, SPT, SRDT,

Attachment plug ST, STO, SV, SVO, SVT,

Cord types HPD, HPN, HS,

Cord wire size AWGP connection crimped only® SVTO HSJ, HSJO, HSO
18 8 10 10
16 10.4 13 15
14 14.4 18 20

@ This table limi
and blades of tH

® The maximun{
National Electri
is not to exceed

¢ Applies to any

4 A soldered co
soldered is con
mechanically sé

s the heater current on the basis of a cord wire size, type of cord, and type of connection between.th
e attachment plug. For current limitation based on the attachment plug rating, see 13.2.8.

current rating for other cord sizes can be determined from Table 400-5, Ampacity of Flexible Cords
Cal Code, ANSI/NFPA 70. When the attachment plug is connected by crimping only, the eurrent ratin
80 percent of the rating of the corresponding wire sizes of Type S Cord, regardless of the type of co

acceptable cord type.

hnection shall be mechanically secured before being soldered. A soldered conhegtion that is crimpe:
bidered to be mechanically secured before soldering. A brazed or welded gohnection may additional
cured before brazing or welding.

e cord wires

hnd Cables,
h of the heater
rd used.

before being
ly be

13.2.10 The
heater) shall

13.2.11
intended use|

The

flexible cord provided with a heater intended for éseout of door (such as a dr|
be marked with the suffix letters "WA".

Some of the more common plug configurations are shown in Figure 13.3.

ve-in-theater

attachment plug (of a permanently attached-cord or of a cord set) shall be acc¢ptable for its
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Figure 13.3

Attachment plug configurations

2—POLE, 3—WIRE, NONGROUNDING:

D

15 ampgres,
125 volts

2—POLE, 53—WIRE, GROUNDING:

15 amperes,
250 volts

20 amperes,
250 volts

15 ampgres,
125 voltfs

30 pmperes,
250| volts

¥c

wI l

15 ampéres;

20 amperes;
125 volts

20 amperes,

30 amperes,
125 volts

&

30 amperes,

50 pmperes,
125 volts

¥c

50 pmperes,

oY il

250 volts

15 amperes,
277 volts

AA130

fa ¥ mial e
LIU VOIS

20 amperes,
277 volts

fa Y mifa o
£LIU VOILS

30 amperes,
277 volts

250" volts

50 amperes,
277 volts
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13.2.12 Supplementary insulation on a flexible cord shall not extend more than 1/2 inch (12.7 mm)
outside the heater (unless provided with additional mechanical protection), shall be prevented from fraying
or unraveling, and shall not affect adversely the means for providing strain relief.

13.3 Strain

13.3.1

relief

transmitted to terminals, splices, or interior wiring.

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

13.3.2 Means shall be provided to prevent the flexible cord from being pushed into the enclosure of a
heater through the cord-entry hole if such displacement is likely to subject the cord to mechanical damage

or to expose
spacings (sud

13.3.3 Ifak
come in cont
abrasion of th

13.3.4 Whe
withstand for
cord, with the

13.3.5 A35
the strain-reli
strain relief is
cord that indiq

13.4 Pin tegminals

13.41 Ifah

be exposed t¢ unintentional contact when-the intended plug is in place on the pins.

1342 Agu
are live.

13.4.3 A pi
position by m

he cord-to-a fnmparghlrn highnr than that for which it is Qr\ﬁnpfahln’ orifitis lik

h as to a metal strain-relief clamp) below the minimum acceptable values.

not serves as strain relief in an attached flexible cord, any surface with which
bct shall be free from projections, sharp edges, burrs, fins, and thé)like, whicl
e insulation on the conductors.

h tested in accordance with 13.3.5, the strain-relief means provided on the flexi
1 minute, without displacement, a direct pull of 35 poundsforce (155 N force) 4
connections within the heater disconnected.

pound (15.9 kg) weight is to be suspended on the cord and so supported by th
ef means will be stressed from any angle which’the construction of the heater
not acceptable if, at the point of disconngection of the conductors, there is moy
ates stress on the connections would have'resulted.

eater is provided with pin terminals, the heater shall be constructed so that no

h terminal-shall be securely and rigidly mounted and shall be prevented frg
pans otherthan friction between surfaces.

ly to reduce

he knot may
N may cause

ble cord shall
pplied to the

e heater that
permits. The
ement of the

ive parts will

ard or the equivalent\shall be provided to prevent unintentional contact with pims when they

m shifting in

13.4.4 The|requifement in 13.4.3 is intended primarily to provide for the maintenance of spacings in
accordance with—36-4% 30 —Table-362—and fot opauillyo between p;n t_ypc termirals—as indicated in
Table 13.3. Under this requirement, consideration is also to be given to the means for locking terminals in

position to maintain tightness.

L
v dall

mnrrJu. 1 JU.

13.4.5 If a heater employs three or more pin terminals intended for use with a plug that covers all the
pins, the terminals shall be so spaced that they will not accommodate a flatiron or appliance plug or a cord
connector; and the plug that these pins will accommodate shall be acceptable for the particular
application.

13.4.6 The dimensions of pins and their center-to-center spacings (including the corresponding spacings
of the female contacts of general-use plugs which will accommodate these arrangements of pins) are as
indicated in Table 13.3.
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Table 13.3
Pins
Configuration of pins Diameter of pins Length of pins
Type and rating of plug Spacing between
which accommodates arrange- centers
the pins number ment inches (mm) inches (mm) inches (mm)

Appliance plug rated for 5 2 Inline 1/2 (12.7) 5/32 — (3.84— 9/16 —5/8 (14.3 -
Amperes at 250 Volts and 0.005 4.09) 15.9)
for 10 Amperes at 125

Volts

Flatiron plug rated for 5 2 In line 11/16 (17.5) 3/16 — (4.65 - 3/4-17/8 (19.0 -
Amperes at 25 afret 5-065 4-56% 22.2)
for 10 Ampered at 125

Volts

Jumbo appliange plug 2 Inline 1-1/16 (27.0) 3/16 — (4.65— 314 -1718 (19.0-
rated for 10 Arrjperes at 0.005 4.90) 22.2)
250 Volts and 15

Amperes at 12} volts®

Reversible plug (for two- 3 In line 718 (22.2) 3/16— (4.65 — 3/4-718 (19.0-
heat control) rafed for 10 0.005 4.90) 22.2)
Amperes at 25( Volts and

or 15 Amperesfat 125

volts®

Reversible plud (for two- 3 One pin at 7/8 (22.2) 3/16— (4.65 - 3/4-718 (19.0-
or three-heat cgntrol) apex of an 0.005 4.90) 22.2)
rated for 10 Anfperes at equilateral

250 Volts and for 15 triangle

Amperes at 12% Volts?

@ Usually this p

ug is made without a contact in one of the holes,

13.5 Bushings

1351 At(

oint where a flexible cord\passes through an opening in a wall, barrier, or ernclosing case,

there shall beé a bushing or the equivalent that shall be secured in place, and shall have a smpoth, rounded

surface agai
employed, if
strain or mot

bushing matgrial shall be.acc¢eptable for the particular application.

13.5.2 If th
smooth, rour

ded.surface is considered to be equivalent to a bushing.

st which the cord_may bear. If Type SP-2, SPT-2, or other cord lighter than| Type HSJ is
the wall or barrier’is)of metal, and if the construction is such that the cord may b¢ subjected to
on, an insulating bushing shall be provided. The heat and moisture-resistant prgperties of the

e cordvhole is in wood, porcelain, phenolic composition, or other nonconducting material, a

13.5.3 Ceramic materials and some molded compositions are acceptable generally for insulating
bushings; but a separate bushing of wood, hot-molded shellac-and-tar composition, or rubber material
(other than in a motor) is not acceptable. Vulcanized fiber may be employed if the bushing is not less than
3/64 inch (1.2 mm) thick and if it is so formed and secured in place that it will not be affected adversely by

conditions of

ordinary moisture.

13.5.4 A separate soft-rubber, neoprene, or polyvinyl chloride bushing of good quality may be employed
in the frame of a motor or in the enclosure of a capacitor attached to a motor (but not elsewhere in a
heater, except as indicated in 13.5.5) provided that:

a) The thickness of the bushing is not less than 3/64 inch (1.2 mm) thick, and

b) The bushing is so located that it will not be exposed to oil, grease, oily vapor, or other
substances having a deleterious effect on the compound employed.


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

40 UL 2021 FEBRUARY 2, 2021

13.5.5 A bushing of any of the materials mentioned in 13.5.4 may be employed at any point in a heater if
used with cord of a type for which an insulating bushing is not required, and if the edges of the hole in
which the bushing is mounted are smooth and free from burrs, fins, and the like.

13.5.6 An insulated metal grommet may be accepted in place of an insulating bushing if the insulating
material used is not less than 1/32 inch (0.8 mm) thick and fills completely the space between the grommet

and the metal

in which it is mounted.

13.6 Pilot lights
13.6.1 A cord-connected heater shall be provided with a pilot light having a non-user-replacable lamp (e.
g. LED) or lens-thatglows-red-oramber—Thelight shalk

a) Be |ocated on the front or top surface of the heater;

b) Profrude from the top surface of the heater if so located; and

c) Comply with 13.6.2. The pilot light shall be connected to the heater circuit so that if is energized

whene
detern

Exception No
considered tg
as an indicatd

a) The
b) The

¢) The
that it

d) The
Exception Noj

Exception Ng

ver the on-off switch (see 28.11) is in the on position. Compliance of the pilot
nined in all operating modes when the on-off switch is in the.on’position.

1: A pilot light is not required if a visibly glowing heating element of a radiant }
serve as an indicator that the heater is energized: A heating element is consid
rif:

heating element for the heater consists of dsingle element,
element is not cycled by an automatic-control,

element cannot be operated by either a manual or automatic control, at a redu
Can no longer be considered a visibly glowing element in accordance with 59.25

heater complies with the visibility requirement of 13.6.2.
2: A pilot light is_riet\required on a commercial/industrial heater.

. 3: A pilot light' is not required on a hearth type heater having a flame effect|

flame effect f

comply with the visibility requirement of 13.6.2. The flame effect feature shall be connected
circuit so that|it is energized whenever the on-off switch (see 28.11) is in the on position. Com
flame effect f¢ature’shall be determined in all operating modes when the on-off switch is in the

ature shall.have a majority red or amber color, be illuminated by at least two lan

light shall be

eater can be
bred to serve

ced rating so
and

feature. The
nps and shall
to the heater
bliance of the
on position.

13.6.2 The lens of a pilot light mentioned in 13.6.1 shall be visible from a point 10 feet (3 m) in front of the
center of the heater and 5 feet (1.5 m) above the floor. Compliance with this requirement shall be

determined w

hile the heater is:

a) Standing on the floor if the heater is intended for placement on the floor while in operation, or

b) Elevated from the floor by 3 feet (0.91 m) if the heater is intended for use at an elevated location.

For a heater intended to be used either on the floor or at an elevated location, the lens shall be visible
while the heater is mounted on the floor and also when it is elevated by 3 feet.
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14 Current-Carrying Parts

14.1 Plated ferrous materials may be used for current-carrying parts whose temperature during normal
operation is more than 100°C (212°F), but plain (unplated) iron or steel shall not be used regardless of
temperatures. A copper conductor, unless tinned, nickel-coated, silver-plated, or otherwise protected, shall
not be subjected to a temperature rise of more than 125°C (225°F) at a pressure terminal connector or to a
temperature rise of more than 175°C (315°F) elsewhere. Stainless steel and other corrosion-resistant
alloys may be used for current-carrying parts regardless of temperature.

14.2 Ordinary ferrous materials, if provided with a corrosion-resistant coating, may be used for a current-
carrying part as follows:

a) Within a motor or associated governor, and

bart has been

)-

b) On
evalu

control-devices (such as combination tip-over and thermostat controls)f.the |
hted as acceptable for use in an ambient temperature in excess of 100°C (212°H

15

Internal Wiring

15.1 General
15.1.1 The

for the partic

internal wiring of a heater shall consist of wires of a.size'and type or types that are acceptable

Ilar application, when considered with respect to:

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

b) Its pxposure to oil or grease, and

c) Other conditions of service to which it.islikely to be subjected.
15.1.2 For the purpose of these requirements, the internal wiring of an appliance is considered to be all
the interconrjecting wiring beyond the.‘peint where the power-supply cord of a cord-connected appliance
enters the ¢nclosure, or beyond, the wiring terminals or leads for power-supply connection of a

permanently|connected applianceieven though some of such wiring:

a) May not be complétely enclosed, and

b) May be in the’form of flexible cord.

15.1.3 Thefe is RO temperature limit applicable to a conductor (except as noted in 14.1) jprovided with

beads of noncarbonizable material or the equivalent.

15.2 Protection of wiring

15.2.1 The wiring and connections between parts of a heater 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.

15.2.2 The internal wiring of a heater in the vicinity of a lampholder that accepts either an infrared lamp
or an ordinary lamp:

a) Shall be a jacketed type at least equivalent to Type SP-2 flexible cord. Appliance wiring material
is not acceptable unless provided with sleeving or tubing.

b) Shall be routed along the metal surface of the heater enclosure and shall be so secured as to
minimize the likelihood of its being hooked or grasped.
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15.2.3 A conductor utilizing beads for insulation shall not be used outside an enclosure.

15.2.4 Internal wiring that is exposed through an opening in the enclosure of a heater is considered to be
protected as required in 15.2.1 — 15.2.3 if, when judged as though it were film-coated wire, the wiring
would be acceptable according to 7.17— 7.20. Internal wiring within an enclosure is acceptable if, even
though it can be touched with the probe, it is so protected or guarded that it cannot be grasped or hooked
in such a manner that it could be subjected to stress.

15.2.5 If the wiring of a heater is located where it may be in proximity to combustible material or may be
subjected to physical damage, it shall be in armored cable, rigid metal conduit, electrical metallic tubing,
metal raceway, or shall otherwise be protected.

15.2.6  Wiring shall be protected from sharp edges (including male screw threads), burfs,|fins, moving
parts, and other agencies that might abrade the insulation on conductors.

15.2.7 A hgle by means of which insulated wires pass through a sheet-metal) wall within the overall
enclosure of p heater shall be provided with a smooth, rounded bushing or shall have smopth, rounded
surfaces upoh which the wires may bear, to prevent abrasion of the insulation. A flexible gord used for
external intefconnection as mentioned in 15.2.1 shall be provided with_bushings and s(lrain relief in
accordance with 13.3.1 — 13.3.5 and 13.5.1 — 13.5.6 unless the construction is such that thg¢ cord will be
protected frorh stress or motion.

15.2.8 Insulated wires may be bunched and passed through.a‘single opening in a metal wall within the
enclosure of heater.

15.3 Splicep

15.3.1 All electrical connections, such as wirelnuts, splicing wire connectors, quick-conngct terminals,
terminal conpectors, multi-pin and other forms of wire connectors, shall comply with the following
standards:

a) UL B10, the Standard for Electrical Quick-Connect Terminals;
b) UL #86A-486B, the Standard for Wire Connectors;
c) UL #86C, the Standard for Splicing Wire Connectors;

d) UL|486E, the‘Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper
Condudctors;.or

e) UL|1977, the Standard for Component Connectors for Use in Data, Signal, Contr¢l and Power
Applications.

Exception No. 1: This requirement is not applicable to current-carrying connections that are located in a
low-voltage circuit (see 2.13).

Exception No. 2: This requirement is not applicable to the following types of connections:
a) brazed or welded connections,
b) soldered connections on printed circuit boards located in a low-voltage circuit (see 2.13), or

c¢) connections on small components that are mounted on printed circuit boards located in a low-
voltage circuit (see 2.13).
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15.3.2 A splice shall be provided with insulation equivalent to that of the wires involved if permanence of
spacing between the splice and other metal parts is not provided.

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

acceptable.

15.3.4 The means of connecting stranded internal wiring to a wire-binding screw shall be such that loose

strands of wj
wire and fro
pressure ter
equivalent m

15.4 Separation of circuits

15.4.1 Con

a) Prq

b) Se

15.4.2 Low
reference to

15.4.3 Seg
means that p

1544 Exc
be field-insta

a) Co
b) Co
c)Un

d) Liv

contacting noncurrent-carrying conductive parts. This may be accomplish
inal connectors, soldering lugs, crimped eyelets, soldering all strands of.the
Pans.

vided with insulation rated for the highest voltage involved or

parated by a barrier or spacing from an uninsulated live part connected to a diffe

-voltage and high-voltage circuits, for example, are considered to be differen
he requirement in 15.4.1.

[egation of insulated conductors may be accomplished by clamping, routing, or
rovide permanent separation from insulated or uninsulated live parts of a differe

bpt as noted in 15.4.5 ahd) 15.4.6, barriers shall be provided to separate cond(
led from:

hductors of any.ether circuit that will be field-installed,
hductors of‘any other circuit that are factory-installed,
nsulated-live parts of any other circuit, and

p\parts of the same circuit if unacceptable operation can result from short-circui

olarity as the
ed by use of
wire, or other

[ductors of different circuits used in internal wiring, including insulated wires used in a terminal
box or compartment, shall either be:

rent circuit.

t circuits with
an equivalent
ht circuit.

ctors that will

ing of the live

parts.

15.4.5 The barriers mentioned in 15.4.4 (a) and (b) are not required if the conductors involved are, or will

be, insulated

for the maximum voltage of either circuit.

15.4.6 The barriers mentioned in 15.4.4 (c) and (d) are not required if the field-installed conductors will
be acceptable for general wiring or fixture wires suitable for 600 volts.

15.4.7

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

15.4.6, the barrier mentioned in 15.4.4(d) is not required if the circuit is low-voltage and if short-circuiting of

the live parts

will not result in unacceptable operation.

15.4.8 With respect to 15.4.4 (a) and (b), a removable barrier or one having openings for the passage of
conductors may be employed, provided instructions for the use of the barrier are a permanent part of the
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appliance. If complete instructions, in conjunction with a wiring diagram, will provide for acceptable
separation of the line-voltage and low-voltage circuits, the barrier may, upon investigation, be omitted.

15.4.9 Segregation of field-installation conductors from other field-installation conductors and from
uninsulated live parts of the heater connected to different circuits may be accomplished by so arranging
the location of the openings in the enclosure for the various conductors (with respect to the terminals or
other uninsulated live parts) that there is no likelihood of the intermingling of the conductors or parts of
different circuits. If the number of openings in the enclosure does not exceed the minimum required for the
intended wiring of the heater and if each opening is located opposite a set of terminals, it is to be assumed,
for the purpose of determining compliance with 15.4.4, that the conductors entering each opening will be
connected to the terminals opposite the opening. If more than the minimum number of openings are
provided, the possibility of conductors entering at points other than opposite the terminals to which they
are intended [to be connected and contacting insulated conductors or uninsulated current-darrying parts
connected to Ja different circuit is to be investigated. To determine if a heater complies with|thg requirement
in 15.4.4, it is[to be wired as it would be in service; and in doing so, a reasonable amount of slack is to be
left in each conductor within the enclosure, and not more than average care is to.be exercisg¢d in stowing
this slack in the wiring compartment.

15.5 Barriefs

15.5.1 A bafrier used to provide separation between the wiring of different circuits shall be pf metal or of
insulating material, of acceptable physical strength if exposed )or otherwise likely to pubjected to
mechanical damage, and secured in place. Unclosed openings it a barrier for the passage of conductors
shall not be Igrger in diameter than 1/4 inch (6.4 mm) and shall not exceed in number, on thel basis of one
opening per g¢onductor, the number of wires that will need-to*pass through the barrier. The clpsure for any
other opening shall present a smooth surface whereveran insulated wire may be in contact wfith it; and the
area of any such opening, with the closure removed,\shall not be larger than required for the passage of
the necessary wires.

15.5.2 A matal barrier shall have a thicknessat least as great as the required thickness of the enclosure
metal. A barnjer of insulating material shall* not be less than 0.028 inch (0.71 mm) thick and shall be of
greater thickness if its deformation may be readily accomplished to defeat its purpose.

16 Heating|Elements
16.1 A heating element_ shall be securely supported.

16.1.1 A sheath type heating element shall comply with the requirements in:

a) Thg 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).

16.2 In determining if a heating element complies with the requirement in 16.1, consideration is to be
given to sagging, loosening, and other adverse conditions of the element resulting from:

a) Continuous heating or

b) Flexing of the element supports or related wiring due to alternate heating and cooling of the
element.
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17 Electrical Insulation

17.1 Insulating washers, bushings, and the like that are integral parts of a heater, and bases or supports
for the mounting of live parts shall be of a moisture-resistant material that will not be damaged by the
temperatures to which they will be subjected under conditions of actual use. Molded parts shall be
constructed so that they will have the mechanical strength and rigidity necessary to withstand the stresses
of actual service.

17.2 Insulating material employed in a heating appliance is to be judged with respect to its particular
application. Materials such as mica, some molded compounds, and certain refractory materials are usually
acceptable for use as the sole support of live parts; and some other materials that are not for general use,
such as magpesi i i i j i i pic insulating
materials or [f located and protected so that they are not subject to mechanical damage and are resistant
to the absorption of moisture. When it is necessary to investigate a material to determine whether or not it
is acceptabl¢, consideration is to be given to its mechanical strength, dielectric properties, insulation
resistance (4ee 47.1), heat-resistant qualities, the degree to which it is enclosed“or protected and any
other features having a bearing on the likelihood that a risk of fire, electric shock;or injury to[ persons may
occur, under|conditions of actual service. All of these factors are considered with'respect to thermal aging.

17.3 In thelmounting or supporting of small, fragile, insulating parts,-screw or other fastenings shall not
be tight enodigh to cause cracking or breaking of these parts with&xpansion and contractipn. Generally,
such parts should be slightly loose.

18 Thermadl Insulation

18.1 Thermal insulation shall be of such nature and*located and mounted or supported so|that it will not
be adversely|affected by any intended operation of the heater. See also 38.11.

18.2 Thermal insulation that is not rigid shallybe mounted or supported so that it will not §ag. Adhesive
material emgloyed for mounting thermal ingulation shall be acceptable for use at the temperature to which
it may be subjjected.

18.3 Deterfmination of the acceptability of an adhesive may be omitted if the thermal insulation is
mechanicallyf supported by at [east one rivet or the equivalent per square foot of material (at |east 11 rivets
or the equivalent per square meter of material).

18.4 Flammable thermal insulation of other flammable material is not acceptable if it is located so that it
may be in a qurrentof-air within the heater.

18.5 Flammable or electrically conductive thermal insulation shall not make contact with uninsulated live
parts of a heater.

18.6 Some types of mineral-wool thermal insulation contain conductive impurities in the form of slag that
make its use unacceptable if in contact with uninsulated live parts. See 47.1.

19 Motors
19.1 General

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

19.1.2 A motor winding shall be such as to resist the absorption of moisture.
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19.1.3 With reference to the requirement in 19.1.2, film-coated wire is not required to be additionally
treated to resist absorption of moisture, but fiber slot liners, cloth coil wrap, and similar moisture-absorptive
materials shall be provided with impregnation or be otherwise treated to resist moisture absorption.

19.1.4 A rubber or neoprene boot over the terminal of a motor capacitor that is accessible during user-
servicing shall not be less than 1/32 inch (0.79 mm) thick, shall resist thermal degradation, and shall
incorporate means to secure the boot in place, such as a molded lip that fits over the flange of the
capacitor case.

19.2

19.2.1
insulation ma
materials sps
evaluation.

19.2.2 For
indicated in T
(treated cloth

19.2.3 A pd
from dead

terephthalate
index for elec|

19.2.4 Matd

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

19.2.5 All ipsulation systems employing integral ground insulation shall comply with the

specified in th

Class

Insulation systems

erials evaluated and found to operate as intended in its end use. Thermosetr
cified in Table 19.1 at the thicknesses specified are permitted to be used’w

Class A insulation systems employing other materials or thinner materials
able 19.1 or a combination of materials, the materials, whether, polymeric or r
for example), shall comply with the requirements in 19.2.3,

lymeric material employed in a Class 105 (A) insulation system that isolates
metal parts shall be unfilled or glass-reinforeed./ nylon, polycarbonate,
polyethylene terephthalate, phenolic or acetal,~and shall have a relative or ge
rical properties of 105°C minimum. Leads shalhbe rated 90°C minimum.

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

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

jgr component

haterials and
thout further

than those
ot polymeric

the windings
polybutylene
heric thermal

ratures shall

requirements

Table 19.1
Primary Class’A insulating materials and minimum thicknesses
Minimum thickness
Materijal -

mm (inches
Vulcanized fibe| 0.71 (0.028
Polyethylene teyephthalate film 0.18 (0.007
Cambric 074 {6-028
Treated cloth 0.71 (0.028)
Electrical grade paper 0.71 (0.028)
Mica 0.15 (0.006)
Aramid paper 0.25 (0.010)

20 Overcur

20.1

rent Protection, General

A heater employing resistance type heating elements and 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. The current rating of an overcurrent device for a subdivided circuit
shall not be less than 125 percent of that circuit current rating.
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20.2 Heating equipment employing infrared heating means shall have overcurrent protection not
exceeding 50 amperes.

20.3 No overcurrent-protective device is required as a part of the appliance if equivalent protection will
be obtained from the branch-circuit protective device through which the appliance will be supplied.

20.4 The overcurrent protection mentioned in 20.1 — 20.3 and 21.5 shall be of a type acceptable for
branch circuit protection in accordance with the National Electrical Code, ANSI/NFPA 70. The overcurrent
protective devices shall be factory installed as an integral part of the heater or shall be provided by the
heater manufacturer as a separate assembly, for independent mounting, for use with the heater. See

59.38.

20.5 A fuse
not be acces
handle of a g
uninsulated

replacing fus

20.6 Overg
a type acce
receptacle ci
unless the hg

20.7 Overg
a type acce
equipment is

20.8 Theo

20.9 Overq
omitted from

Figure 13.3,
or less, prov

enclosure an
a) Arg

b) If §
motof

holder or circuit breaker shall be of a type acceptable for the particular applical
sible from outside the enclosure without opening a door or cover, exceptthat
ircuit breaker may project outside the enclosure. A plug fuseholder shall be so
ive parts other than the screw shell will not be exposed to contact by persong
ES.

urrent protection at not more than 20 amperes shall be proyided by a circuit breg
btable for branch-circuit protection, as a part of the heater, for each geners
rcuit, and for each lampholder circuit independent of aheating element included
ater is intended for connection to a branch circuit rated at 20 amperes or less.

urrent protection at not more than 15 amperesishall be provided by a fuse or cirg
ptable for branch-circuit protection for each general use single receptaclg
intended for connection to a branch circuitrated at 15 amperes.

ercurrent protection may be omitted ffom the primary of a Class 2 transformer.

urrent protection for a tappéed high-voltage control circuit and for a transfo
a cord-connected heater;employing one of the attachment plug configurati
br from a permanently connected heater that is supplied by a branch circuit rate
ided the heater conductors, other than the supply cord, do not extend beyo
d either:

not smaller than 18 AWG (0.82 mm?), or

maller than 18 AWG, are not more than 18 inches (457 mm) long and are an int
| transformer, printed wiring assembily, or the like.

tion and shall
the operating
installed that
5 removing or

ker or fuse of
| use duplex
in the heater,

uit breaker of
, unless the

ee 23.2.2.

rmer may be
bns shown in
H 15 amperes
nd the heater

pgral part of a

20.10 Fuse

S Sttt comply withthe-Stamdard-for tow-=Vottage Fuses = Part t—GenerarRequirements, 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.

20.11 Fuse

holders shall comply with one of the following:

a) Deleted

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

20.12 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches and Circuit-Breaker Enclosures, UL 489.
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Exception: Circuit breakers used in telecommunications circuitry that comply with the Standard for Circuit
Breakers For Use in Communications Equipment, UL 489A, need not comply with UL 489.

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

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

21 Overcurrent Protection, Motors and Motor Circuits

21 1 1 + ' <l H H Y l H Y rs laall 1 N £ Ll £oll + .
. F'MTULCUUHUTT UTVILT O T Ilculal WILT UIC TTTOUtUT or'idil bUIIIPIy WILTT UTTC UT UTC TUTTUWITTY .

Therm

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

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

c) The
and th
Requi
Therm

21.2
a) The

b) The

21.3 Electr
Protected Mo

214 Excep

following. Seg 3.3.4 for basic control.requirements:

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devi

When
compl
1998.

b) The
softws

Impedance protection shall comply with one of the following:

Standard for Automatic Electrical Controls — Part 1: General Requirements,
e Standard for Automatic Electrical Controls for Household and\Similar Use; Pa
ements for Thermal Motor Protectors, UL 60730-2-2; in eonjunction with the
ally Protected Motors, UL 1004-3 (to evaluate the motor-protector combination),

Standard for Overheating Protection for Motors;"UL 2111; or

Standard for Impedance Protected Motors; UL 1004-2.

bnic protection integral to the motfor shall comply with the Standard for
fors, UL 1004-7.

I as indicated in 21.3, efectronically protected motor circuits shall comply wit

the protective electronic circuit is relying upon software as a protective compg
y with the requirements in the Standard for Software in Programmable Com
If softwarés relied upon to perform a safety function, it shall be considered softy

UL 60730-1;
it 2 Particular
Standard for

Electronically

h one of the

ces, UL 991.
nent, it shall
ponents, UL
vare Class 1;

Standard for Automatic Electrical Controls — Part 1: General Requirements, U
re is'felied upon to perform a safety function, it shall be considered software Claj

L 60730-1. If
ss 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.

21.5 For a multispeed motor that employs a separate overload protective device to provide running
protection, the protection is to be effective at all speeds at which the motor is intended to operate.

21.6 A fuse may be used to provide the necessary overload protection if the construction complies with
the requirements with the largest-ampere-rated fuse that can be mounted in the fuseholder or with the
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intended noninterchangeable fuse. The fuse used to provide this protection need not be of a type required
for branch-circuit protection, provided the heater is marked in accordance with 59.12.

21.7 A motor and motor circuit, except as indicated in 21.8, in a heater rated at more than 16 amperes
shall be protected by an overcurrent device acceptable for branch circuit protection and having a
maximum ampere rating in accordance with the National Electrical Code, ANSI/NFPA 70. Such short
circuit and ground fault overcurrent protection shall be provided as part of the heater unless it can be
determined (in accordance with 20.3) that equivalent short circuit and ground fault overcurrent protection
will be incorporated as a protective device in the branch circuit to which the heater will be connected.

21.8 The requirement in 21.7 does not apply to a motor rated at 1/8 horsepower (93 W output) or less

connected t

a circuit having overcurrent protection at 50 amperes or less

21.9 A mof]
is acceptablg
branch-circu
that with whi

22 Overcu

22.1 Direct

2211 For
is supplied fr
It is not tapp
within the he

22.2 Tapp€q

2221 For
tapped withir

pr having an inherent thermal protector that complies with the requirements ffor

with respect to the requirement in 21.7 if, in the heater, it will be connected in
t overcurrent-protective device of the same type and having a current rating 1
th the motor-protector combination was tested during the investigation of the prg

rrent Protection, High-Voltage Control Circuit Conductors
-connected high-voltage control circuit

the purpose of these requirements, a direct-connected high-voltage control circ
pm a branch circuit separate from a branch circuit that supplies other loads with
ed from the load side of the overcurrent device or devices of the controlled cir
hter. See 59.43.

d high-voltage control circuits

the purpose of these requirements, a tapped high-voltage control circuit is a
the heater from the load-sidé of the overcurrent device or devices for the contro

such devices
series with a
ot more than
tector.

uit is one that
in the heater.
Cuit or circuits

circuit that is
lled load.

22.2.2 A control circuit that isstapped from the main power-supply circuit at a point outsige the control

equipment e

hclosure shall bée_protected as specified in Column A of Table 430-72 (b) of

the National

Electrical Cofe, ANSI/NFPA-Z0.
22.2.3 A tapped high-voltage control circuit conductor shall be provided with overcurrent pfotection. The
rating of the|overeurrent-protective device or devices shall not exceed the applicable valug specified in

Table 22.1.

Exception No. 1: Devices that are noted in 20.9, need not comply with this requirement.

Exception No. 2: A 18, 16, or 14 AWG (0.82, 1.3, or 2.1 mm2) conductor within the heater enclosure that
does not exceed 4 feet (1.2 m) in length between points of opposite polarity may be protected by an
overcurrent-protective device rated 60 amperes or less.

Exception No. 3: An overcurrent-protective device of a higher rating than specified in Table 22.1 may be
used provided the conductor complies with the requirements specified in the Short-Circuit Tests, Section
43.

Exception No. 4: A lead within the heater enclosure and 12 inches (305 mm) or less in length need not be
provided with overcurrent protection.
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Exception No. 5: A control circuit conductor supplied from the secondary of a single phase transformer
that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent-protective device or devices located on the primary side of the transformer provided this
protection:

a) Complies with the requirements for Overcurrent Protection, Transformers, Section 23, and

b) Does not exceed the applicable value specified in Table 22.1 multiplied by the ratio of secondary
to primary rated transformer voltage.

22.2.4 Overcurrent protection for a tapped high-voltage control circuit conductor shall be provided as
part of the heater.

Exception: TJ?e overcurrent-protective device or devices need not be provided as partof the heater if
based on the|marked rating or ratings of the heater, the rating of the branch circuit overcurrent-protective
device does rnot exceed the applicable value specified in Table 22.1.

Overcurrent-protective devi(:.ref1 Ea:(teigé.gor control circuit'conductors
Maximum rating of overcurrent-protective device, Amperes
Control circuit Conductors cont:inncelgsi:;ontrol equipment Conduct:;iﬁ)x;zr::izgctl)gzs 1ed control
conductor sigze AWG
(mm? Copper Aluminum? Copper Aliminum?
18 (0.8R) 25 = 7 -
16 (1.3) 40 - 10 -
14 (2.1) 100 - 45 -
12(3.3) 120 100 60 45
10(5.3) 160 140 90 75
Larger thgn 10 b b c c
@ Includes coppkr-clad aluminum.
b 400 percent of value specified for 602Cconductors in Table 310-17 of the National Electrical Code, ANSI/NFPA 70
¢ 300 percent of value specified for'60°C conductors in Table 310-16 of the National Electrical Code, ANSI/NFPA 70

22.2.5 A cantrol cireuit overcurrent-protective device or devices shall be provided for allf ungrounded
conductors and shall.have a voltage rating not less than that of the circuit in which it is used. The device
shall be:

a) A circuit breaker acceptable for branch circuit protection;

b) A fuse acceptable for branch circuit protection such as a Class CC, G, H, J, K, L, R, or T
cartridge fuse or a Type S plug fuse; or

c) A supplementary type fuse [a type of fuse other than indicated in (b)] provided the fuse has a
short-circuit rating acceptable for the circuit in which it is used. See Short-Circuit Tests, Section 43.

The heater shall be marked in accordance with 59.39 — 59.41.
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23 Overcurrent Protection, Transformers

23.1
23.1.1 Gen

23.1.11

High-voltage transformers

eral

considered to be a high-voltage transformer and shall:

a) Be

b) Be

provided with thermal overload protection in accordance with 23.1.2.1,

protected by an overcurrent device in accordance with 23.1.2.1 —23.1.3.6, or

A transformer (including an autotransformer), other than one as described in 20.9 or 23.2.1, is

c) Co
23.1.2 The

231.21 |If
shall be arra
one of the fo

mply with the Burnout Test — High-Voltage Transformers, Section 45.
rmal overload protection

b high-voltage transformer is provided with a thermal overload pretective devic
hged to interrupt the primary circuit. The device and the transformer are to be
lowing tests:

e, the device
subjected to

a) If the device is other than a nonrenewable thermal cutofftype, the Overload Test |{High-Voltage
Transformers, Section 44; or

b) If|the device is a nonrenewable thermal cutoff type, the Burnout Test — [High-Voltage
Trangformers, Section 45.

23122 A
requirementg

in the Standard for Thermal-Links*— Requirements and Application Guide,

manual or aftomatic reset thermal protector. shall have an endurance rating of not less tha

when tested
requirements
and -Regula
Household 4
standard fror

in accordance with Endurance Test, Section 42, in this Standard and shall co
for the calibration of température-limiting controls in the Standard for Temperat
ing Equipment, UL 873 ~Compliance with the Standard for Automatic Electricg
nd Similar Use, Part\1: General Requirements, UL 60730-1, and/or the app
n the UL 60730 series fulfills the UL 873 requirements.

23.1.3 Ovefcurrent protection

23.1.3.1
with the requ

If @ high-voltage transformer is protected by an overcurrent device, such protectior

rements specified in 23.1.3.2 — 23.1.3.6.

thermal cutoff that is used to provide thermal overload protection shall comply with the

UL 60691. A
n 6000 cycles
mply with the
ure-Indicating
| Controls for
icable Part 2

shall comply

23.1.3.2 Except as noted in 23.1.3.3, 23.1.3.4, and 23.1.3.5, a high-voltage transformer shall be
protected by an overcurrent device or devices, located in the primary circuit and rated not more than 15
amperes or 125 percent of the rated transformer primary current, whichever is greater.

23.1.3.3 Overcurrent protection located in the primary circuit of a transformer need not be provided as
part of the heater if based on the marked rating of the heater, the rating of the branch circuit overcurrent-
protective device does not exceed the applicable value specified in 23.1.3.2. See 59.42.

23.1.3.4 For other than an autotransformer, additional overcurrent protection is not required in the
primary circuit if the circuit supplying the transformer is provided with overcurrent protection rated or set at
not more than 250 percent of the rated primary current of the transformer and the secondary circuit is
protected by a protective device that is provided as part of the heater and is rated, or set, at not more than
15 amperes or 125 percent of the rated transformer secondary current, whichever is greater, except as
noted in 23.1.3.5. See 59.39 — 59.42.
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23.1.3.5 If 125 percent of the current does not correspond to a standard rating of fuse or circuit breaker,
the next higher standard rating may be used. Standard ratings are 15, 20, 25, 30, 35, 40, 45, 50, and 60
amperes.

23.1.3.6 A required transformer overcurrent-protective device that is provided as part of a heater shall be
provided for all ungrounded conductors and shall have a voltage rating not less than that of the circuit in
which it is used. The device shall be:

a) A circuit breaker acceptable for branch circuit protection;

b) A fuse acceptable for branch circuit protection, such as a Class CC, G, H, J, K, L, R, or T
cartridge fuse or a Type S plug fuse; or

c) A supplementary type fuse [a type of fuse other than indicated in (b)] provided'thie fuse has a
short ¢ircuit rating acceptable for the circuit in which it is used. See Short-Circujt Tests [ Section 43.

The heater shall be marked in accordance with 59.39 — 59.41.
23.2 Low-vpltage transformers

23.2.1 Excdgpt as indicated in 23.2.2, a transformer having a rated-output of not more than|30 volts and
1000 volt-amperes (National Electrical Code, ANSI/NFPA 70, Class 1, power-limited cirquit) shall be
protected by an overcurrent device located in the primary circuit/The overcurrent device shdll be rated or
set at not moLe than 15 amperes or 167 percent of the primary.current rating of the transformer, whichever
is greater, andl shall comply with the requirements in 23.1.3.3.and 23.1.3.6.

23.2.2 A trgnsformer that directly supplies a Class\2circuit shall, in accordance with the [Standard for
Low Voltage Transformers — Part 1: General Requirements, UL 5085-1, and the Standard forjLow Voltage
Transformers| — Part 3: Class 2 and Class 3 Transformers, UL 5085-3, either limit the olitput current
(inherently limited transformer) or be equipped with an overcurrent device (not inherently limited
transformer), jand need not comply with the'requirements in 23.2.1.

24 Temperature Limiting Means

241 With respect to the cenditions for Operation Tests, Section 37, and Abnormal Opgration Tests,
Section 41, ifloperation of the-heater in accordance with 37.1 could result in a risk of fire or glectric shock
due to overhgating of the heater, a thermal cutoff or a manual reset type temperature limit control shall be
provided. If ajmanualTeset type limiting control is provided, it shall be of a type that will not gperate as an
automatic reset control when the reset means is held in the reset position.

Excepﬁon: Anatitormatic-reset t_y,Jc tcmlucl attre I’l‘llll‘tl'ny control-er-amantatreset t_y,uc Hmmitrg control that
operates as an automatic reset type when the reset means or actuating member is held in the reset
position may be used as a control to limit temperatures for the heaters specified in (a) — (e) below.

a) For a fixed heater that is ceiling mounted or is marked as stated in 59.23.

b) For a heater in which the manual reset temperature limiting control reset means or actuating
member is arranged such that it:

1) Is recessed within the overall appliance enclosure,

2) Cannot be forced to remain in the reset position by likely methods, such as taping down a
pushbutton or wedging a pushbutton in an opening through which it protrudes, and

3) Is not jammed in the reset position during the Element Support Impact Tests, Section 51,
or
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¢) For a commercial/industrial heater.

d) For a heater that complies with the following additional requirements:

1) The cycling frequency for the temperature limiting control shall be monitored and
recorded for each abnormal test in which the temperature limiting control operates. The
average cycle rate after each test shall be determined and shall not exceed 12 cycles per
hour (at least 5 minutes per cycle).

2) During each abnormal test where combustibles are placed in contact with or very near
the heater (Vertical Wall, Terry Cloth Drape, and Padded Surface), the temperature of the
test material shall be measured and recorded in locations believed to represent the areas

e)Fo

24.2 A theimal cutoff shall be secured in place. A thermal cut-off that is fieldreplaceable

only in a con
use in a resid

24.3 A the
located that
See 59.9.

24.4 A thern
live parts an
connected tdq
abnormal he

24.5 To defermine if a thermal cutoff Complies with the requirement in 24.4, the heater is t

with separat
circuited. Ea
through a 3-2

24.6 A ther
of a heater ¢

Links — Reqliirements/and Application Guide, UL 60691, in addition to the requirements sp

Standard.

receiving the most heat from the heater sitich as at the Hler\hcrgn grlll_ The maximum

temperatures shall not exceed 200°C (392°F) except during the first five cyc
maximum shall not exceed 225°C (437°F).

floor-insert heaters (see 32.3).

hmercial/industrial heater, such as a unit heater. It shall not\bg ‘lsed in a heate
ence.

rmal cutoff that is field-replaceable and for use oma heater identified in 24.]
t will be accessible for replacement without damaging other connections or in

mal cutoff shall open the circuit in the inténded manner without causing the sho
d without causing live parts to become grounded to the enclosure when
a circuit of voltage in accordance with 36.8 and operated in a normal posi
hting.

b cutoffs five times with.any other thermally operated control devices in the
ch cutoff is required to perform acceptably. During the test, the enclosure is to
mpere fuse to ground.

mal cutoff that\s depended upon to reduce the risk of fire or electric shock due t
uring abfermal operation shall comply with the requirements in the Standard

es where the

shall be used
I intended for

P shall be so
ternal wiring.

rt-circuiting of
the heater is
tion to cause

b be operated
heater short-
be connected

O overheating
for Thermal-
ecified in this

247 With respect to 24.6, for heaters employing open-type heating elements or series-connected metal-
sheathed heating elements, thermal cutoffs shall be used in all ungrounded supply conductors if the
thermal cutoff in one side of the supply circuit could be rendered ineffective by faults such as shorting of
the heating element or its connection wire to metal parts that are or may become grounded. In determining
the likelihood of occurrence of such a fault, conditions such as sagging or breakage of an open-type
heating element and breakage or loosening of the connection to a heating element are to be considered.
For a 120-volt cord-connected heater with an unpolarized plug, both sides of the supply circuit are to be

considered a

s being ungrounded.

24.8 Replacement of a field-replaceable thermal cutoff shall necessitate neither:

a) Disturbance of factory wiring other than that connected to the replaceable thermal cutoff at its
terminals, nor
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b) Stretching or similar displacement of the heater element wire such as to cause permanent
displacement or distortion that could adversely affect the performance of the heater.

24.9 A temperature-limiting thermostat that is depended upon to reduce a risk of fire or electric shock

shall be a cali

brated control that is either:

a) A limit control complying with the Standard for Limit Controls, UL 353, or

b) A temperature-limiting control complying with the Standard for Temperature-Indicating and
Regulating Equipment, UL 873. Compliance with the Standard for Automatic Electrical Controls —
Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 standard from the UL

60730

series fulfills these requirements.

See the Endy
25 Alarms

251
include an au
alarm shall bg
automatically
electric powe
de-energized
reset type wh
control is resq

Exception: H¢

a) Ma
when

b) The

25.2 Anau
generates a d
of 700 to 34(
directions (eX
the Alarm De

25.3 Avisu

A heater intended for residential use that is provided with an over-temperature limit

rance Test, Section 42, also.

dible or visual alarm to indicate that the limit control has operated. See 25.2 a
come energized when the limit control functions to de-energize the heating elen
resetting temperature limiting control, when the temperature limiting contrg

manually. For a manual-reset temperature limiting control that operates as
en the reset means is held, the alarm shall remain energized until the temper|
t.

paters that use the following types of teriperature limit controls:

nual reset type temperature limit control that will not operate as automatic rese
the reset means is held in the reset position. See 24.1; or

rmal cutoff.

Jible alarm shall censist of a sounding device such as a buzzer, horn, beepe
ontinuous distinct signal while it is energized. The signal shall have a frequency
0 Hz. The alarm must have a sound level of at least 80 dBA at a distance o
cluding thesmounting or support surface- floor, wall, or ceiling). The alarm shal
ice Endurance Test, Section 40.

bl alarm shall consist of a light that is red and of a different color than the lam
otVight (see 13.6.1) or of a flashing indicator light that has an "on" time not less t

control shall

hd 25.3. The

hents. For an
| reconnects

[ to the heating element (s), the alarm may be de-enérgized or it may remain energized until

Bn automatic
ature limiting

f type control

r, or bell that
in the range
f 2 feet in all
comply with

b used in the
an one third

"power on" pi

of the "off" time and that cycles on and off at least 15 times a minute. The indicator light shall be
constructed and located as specified in 13.6.1 and it shall comply with the visibility requirements in 13.6.2.
The lamp used in the indicator light shall have a minimum rated life of 20,000 continuous hours at rated
voltage, or it shall withstand the test specified in the Alarm Device Endurance Test, Section 40.

25.4 The "Important Instructions" furnished with a heater that includes an alarm shall include instructions
in accordance with item 16 of 60.3.1.

26 Receptacles and Transfer Switches

26.1 Except as noted in 26.2, an attachment-plug receptacle for general use provided on a heater
intended 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.
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26.2 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
simultaneously to the same branch circuit.

26.3 With reference to 26.2, the transfer-switch accessory shall be sized for connection to the proper
size branch circuit to which the receptacle-switch combination is intended to be connected. The unit shall

be marked to indicate the maximum current rating of the branch circuit to which it is to be connected.

27 Lampholders

271

If a heater intended for permanent connection to the power supply or a heater equipped with a

polarized att
supply circui
connected to

27.2 Excep
screw shell,

, @ lampholder supplied as a part of the heater shall be wired so that the scte
the identified conductor.

t as noted in 27.3, a lampholder shall be installed so that uninsulated liye parts,
vill not be exposed to contact by persons removing or replacing lamps.

27.3 The requirement in 27.2 does not apply if, in order to remove or replace a lamp, it is

dismantle thq

274 A me
element rate
be used with

275 Afem
shall be plate

heater by means of tools. See 59.9.

lium-base lampholder or screw-shell receptacle shalt'not be used as a holder
H at more than 6 amperes or 660 watts, except that a screw shell with a left-han
a heating element rated at not more than 10 amperes.

ble screw shell used as a holder for a heating element shall be of copper or cof
d with nickel or equivalent oxidation-resistant metal.

28 Switches

28.1 A swit

ch or other control device shall be rated for the particular application and shall h

and voltage fating not less than that of the circuit (load) which it controls.

28.2 A swit

28.3 A swit
off", "high-loy
shall be visib

Ch shall be so located or protected that it will not be subjected to physical damag

ch or mantal mode control shall be of the indicating type or the switch function
V", and thelike, shall be otherwise indicated. The switch or manual control positi
e whenrthe heater is located and positioned in the intended use position.

chment plllg is-intended to be connected-to-the-identified (grnllndnr’l) conductor of a power-

v shell will be

bther than the

necessary to

for a heating
d thread may

per alloy and

ave a current

e in use.

such as "on-
bn indications

Exception: F

rd Cei/ing-mounrea treater-and fora wall-rmournted -fieater rmarked i accoraan

e with §9.23,

the position markings of manual controls need not be visible when the heater is installed or located as
intended.

28.4 A switch (or device which serves the same purpose, such as a combination switch-thermostat, or
thermostat with a positive "off" position) which is wired in the heater to interrupt the main power-supply
circuit to a heater shall be on the supply side of any fuses in the heater and shall be such that, when open,
it 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. See 28.5 and 28.6.

Exception No. 1: Compliance with 28.4 is not necessary for a switching device which interrupts only part
of the supply circuit and this is clearly indicated by a marking on the heater such as "Fan Off". However,
the marking "Heat Off" or equivalent is considered to mean that the supply circuit has been fully
interrupted.
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Exception No. 2: Compliance with 28.4 is not required for a pilot or indicator light that is wired across the
power supply circuit to indicate that the heater is still connected even though the switching device is off.

28.5 With respect to 28.4, 28.6, and 28.15, for a 120-volt rated cord-connected heater having a two-
prong unpolarized attachment plug, both sides of the supply circuit are to be considered as being
ungrounded.

28.6 A switching device as described in 28.4, including one that does not have a marked on or off

position, shall comply with the requirement in 28.4 unless;

a) There is no uninsulated live part exposed to unintentional contact when the switching device is

open, or
b) The fact that such part is live is definitely apparent, such as a visibly-glowing opelL coil heating
element.

28.7 With rpspect to 28.3 and 28.4, a removable knob, button, or pointer an\a’ switching device that

includes an in
intended posi

28.8 A rem
friction and n
the intended
minute as a s

28.9 A switd
one time sha
provide for th

28.10 A sw
rated for use

28.11 A cor
to manually in
an off positio
used shall co
an operation

28.12 With
operation sel

fion and it shall be secured in accordance with 28.8.

bvable knob, button, or pointer mentioned in 28.7 that is-attached to its operd
pt additionally secured by mechanical means, such<as a set screw, shall not s
position on its operating shaft by application of a“force of 3 pounds (13.34 N)
raight pull in line with the shaft.

h or other means of control intended to provide for the use of a limited number o
[l be so located or of such a type that\the user cannot readily change the cq
b use of more elements than intended:

tch that controls a medium-base lampholder or other than a pilot or indicating
vith tungsten-filament lamps:

H-connected heater shall be provided with means other than the cord and plug
terrupt all heating-elements. This means may be either a manual on-off switch g
N on a temperature’ regulating control or an operation selector switch. The swif
mply with 28.4.—=28.10. If included as an off position on a temperature regulating
belector switch, the construction shall also comply with 28.12. See also 13.6.1.

espectto 28.11, if the off position is included as part of a temperature operating
betor'switch, the off position shall be mechanically defined, such as by a detent

dicated off position shall be keyed to its operating shaft so that it can be installed only in the

ting shaft by
eparate from
applied for 1

f elements at
nnections to

light shall be

arrangement
rincluded as
ch or control
control or on

control or an
feature or as

an extreme p

sitiom agaimsta mechanical stop.

28.13 A manually operable motor-control switch shall be provided in a heater intended for connection to
the power-supply circuit by flexible cord and an attachment plug and employing a motor rated at more than
1/3 horsepower (249 W output).

28.14 A manually operable switch on a heater intended for permanent connection to the power supply
shall be of such type or shall be so located or guarded that unintentional operation is unlikely, unless the
heater is so controlled thermostatically that it will not involve a risk of fire under any operating condition.

28.15 A switch on a cord-connected heater that controls an open (uncovered) heating element or an
isolated metal-clad element is a grounded heater shall be such that, in the off position, it will disconnect
the element from all conductors of the supply circuit, unless the guard is such that it complies with one of
the following:
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a) No opening in the guard will permit passage of a rod having a diameter of 3/8 inch (9.5 mm).

b) No opening in the guard will permit passage of a rod having a diameter of 3/4 inch (19.1 mm)
and no uninsulated live part or isolated metal-clad element is less than 4 inches (102 mm) from the
nearest point on the guard at any opening which will permit the entrance of a rod having a diameter

of 3/8

inch (9.5 mm).

28.16 The requirement in 28.15 applies to a through-cord switch and to a plug with switch comprising a
part of a cord set provided with the heater or of a power-supply cord.

28.17 A through-cord switch used on the power supply cord of a cord-connected floor-supported heater
shall not be located where there is a likelihood of the switch resting upon the floor and being stepped on.

28.18 A th
shall be loca
as intended.

28.19 A sy
tipped over ¢
if compliancq
of critical bal
solely to the

28.20 The
125 percent
motor contro

29 Automdtic Controls and Control Circuits

29.1 Gene

29.1.1 Acd

29.1.2 |If an
heater has

ungrounded
See 29.1.3 3

rough-cord switch used on a cord-connected heater intended for wall- ot [cei

itch employed in a heater to de-energize the heating elementsVin the event
hall function before the heater has tipped in any direction beyond the angle of ¢
with the requirements in 41.5.1 — 41.5.3 is dependent on-pperation of the swit
ance is the minimum angle through which a heater must be tipped to cause it t
orce of gravity.

jisconnecting means of a fixed electric room heater shall have an ampere rating
bf the total load of the motors and the heaters and shall simultaneously disconné
ler(s), and supplementary overcurrent pretective devices from all ungrounded c

al

auxiliary control(device (thermostat or combination thermostat and control swi
b marked off ‘position, it shall disconnect the element or elements it con
conductors ©fithe power-supply circuit when placed in that position (that is, whe
nd 29.1.4.

2913 An

auXiliary control device as described in 29.1.2, except that it does not have
| comply with the requirement in 29.1.2 unless:

ntrol circuit shall comply'with the requirements for separation of circuits, 15.4.1 +

ing-mounting

ed on the power-supply cord so that it does not contact the floor when the heater is installed

the heater is
ritical balance
ch. The angle
b tip over due

not less than
ct the heater,
bnductors.

15.5.2.

tch) in a fixed
trols from all
h not cycling).

a marked off

position, sha

a) There is no uninsulated live part exposed to unintentional contact when the control device has
opened the circuit, or

b) The fact that such part is live is definitely apparent, such as a visibly-glowing open coil heating
element if the heating element meets the criteria of Exception No. 1 to 13.6.1.

29.1.4 An auxiliary control device (thermostat or combination thermostat and control switch) in a cord-
connected heater that controls an open (uncovered) heating element or an isolated metal-clad element in
a grounded heater shall be such that, in the off position, it will disconnect the element from all conductors
of the supply circuit, unless the guard is such that it complies with one of the following:

a) No opening in the guard will permit passage of a rod having a diameter of 3/8 inch (9.5 mm).
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b) No opening in the guard will permit passage of a rod having a diameter of 3/4 inch (19.1 mm)
and no uninsulated live part or isolated metal-clad element is less than 4 inches (102 mm) from the
nearest point on the guard at any opening that will permit the entrance of a rod having a diameter of
3/8 inch (9.5 mm).

29.1.5 An auxiliary control is considered to be one that is intended primarily for time, temperature,
pressure regulation, and the like under conditions of intended operation, and not for protection against
overload or excess temperature conditions resulting from abnormal operation.

29.1.6 A safety control or a temperature-limiting control — one designed to prevent unintended operation
of a heater — shall be operative whenever the heater is connected to its power supply and shall interrupt
power to all heating elements. See 29.1.7. |If there are any exposed live parts in a permanently connected
heater, the operation of such a control shall disconnect the element or elements that it controls from all
ungrounded ¢onductors of the supply circuit. In a cord-connected heater, the operation.aof stich a control
shall comply with the requirement in 29.1.2. If the power to all elements is not interrupted, the power shall
be interrupted to the number of the heating elements necessary so that the temperature rises specified in
Table 36.1 ar¢ not exceeded during abnormal tests.

29.1.7 With
sheathed hes
conductors if

rendered ineffective by faults such as shorting of the heating element or its connecting wire t

that are or m
such as sag
connection of
with an unpol
than one tem
with this requ

2918 Aco
part of the lim

29.1.9
in 29.1.10, it
while the acty

29.1.10 The

that is marked:

a) Wit

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

respect to 29.1.6, for heaters employing open-type heating ‘elements or seri¢s-connected

ting elements, a temperature limiting control shall interrupt.power to all ungroy
the thermal cutoff or the limiting control contacts in afie Side of the supply cir|

hy become grounded. In determining the likelihood<of occurrence of such a fau
ging or breakage of an open-type heating.element and breakage or loos
a lead wire to a heating element, are to be censidered. For a 120-volt cord-conr]
arized plug, both sides of the supply circuif are to be considered as being ungrg
perature-limiting control or thermal cutaff or combinations thereof may be us
rement.

ntactor actuated by a limit control'shall comply with the requirement for a limit ¢
it-control circuit.

nded supply
cuit could be
b metal parts
t, conditions,
ening of the
ected heater
unded. More
ed to comply

bntrol if it is a

as described

shall not function-as*a thermostat — that is, it shall not respond to temperatue changes —

ating member is' in-that position.

requirementin 29.1.9 applies to a thermostat (or combination thermostat and ¢

n.an off position, or

bntrol switch)

b) With another wording (such as no heat, cold, or the like) that conveys the same meaning as the
word off.

29.1.11
(minus 31°F)

is acceptable with respect to the requirement in 29.1.9.

29.2 Terminals and actuating members of safety devices

29.21
enclosed that

they will be protected against unintentional short-circuiting or damage.

A thermostat that does not reclose (remains open) when cooled to a temperature of minus 35°C

The terminals of a safety device within the enclosure of a heater shall be so located or further
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29.2.2 The bulb, capillary tubing, or other sensing element of a thermostat or limit switch that is
depended upon to prevent the risk of fire or electric shock during operation of the heater shall be so
located or guarded as to be protected from physical damage during installation and use of the heater.

29.2.3 In connection with the requirement in 29.2.2, particular attention is to be paid to a heater that,
when being installed, requires partial disassembly or permits rearrangement of internal parts.

30 Spacings

30.1 Except as noted in 30.2 and 30.3, the spacings in a heater shall be in accordance with Table 30.1
and Table 30.2.

30.2 The gpacings specified in Table 30.1 and Table 30.2 do not apply to the inherent.$pacings of a
component part such as a snap switch or motor, of a heater. Such spacings are judged under the
requirementg for the component in question.

Table 30.1
Minimum acceptable spacings at field-wiring terminals *°
Through air Over thg surface
Potential
Parts involved involved Inch (mm) Inch (mm)

Between live parts of opposite polarity; 0 - 250 volts 1/4 (6/4) 3/8 (9.5)
and between glive part and a
noncurrent carfying metal part, other
than the enclosure, which may be
grounded

251 -600 3/8 (9.5) 1/2¢ (12.7°)
Between a livelpart and the enclosure 0-600 1/2 (12.7) 1/2 (12.7)

@ The spacingq do not apply to connecting straps or busses extending away from wiring terminals. Such spacings are to be judged
under Table 3(.2.

® Applies to thg sum of the spacings involved Whére an isolated noncurrent carrying part is interposed.

¢ A spacing of pot less than 3/8 inch (9.5,mm), through air and over the surface, is acceptable at wiring terminals in g wring
compartment qr terminal box if the compartment or box is integral with a motor.

Table 30.2
Minimum|acceptable spacings through air or over the surface at points other than field-wiring

terminals or inside motors?

Parts involved Potential involved, Inch Millimeters
Volts
A. Between uninsulated live parts of opposite polarity; 0-250 116 (1.6)

and between a rigidly mounted uninsulated live part

b,c b,c
other than an open-type heating element (see below) 251-600 14 (6:47%)
and a noncurrent-carrying metal part that either is
exposed for persons to contact or may be grounded.
B. Between an open-type heating element and a 0-600 1/2 (12.7)

noncurrent-carrying metal part that either is exposed
for persons to contact or may be grounded, except for
a limit control sensing element and its supports
located above the heating elements®®f

2 If an uninsulated live part is not rigidly supported, or if a movable noncurrent-carrying metal part is in proximity to an uninsulated
live part, the construction shall be such that at least the minimum acceptable spacing of 1/16 inch (1.6 mm) is maintained under all

Table 30.2 Continued on Next Page
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Table 30.2 Continued

Parts involved Potential involved, Inch

Volts

Millimeters

in a heater with

operating conditions and under all normal conditions of handling. In applying this table, a sheath of an isolated metal-clad element

provisions for grounding is considered to be an uninsulated live part.

b Film-coated insulated wire is considered to be an uninsulated live part. However, a spacing of not less than 3/32 inch (2.4 mm)
over the surface and through air is acceptable between a noncurrent-carrying metal part and film-coated insulated wire rigidly
supported and held in place on a motor coil.

¢ A spacing of 1/16 inch (1.6 mm) is permissible at the heating element support and terminals only (see note d) in a heater rated
for 300 volts or less.
4 These spacing requirements apply to an open-type heating element such as a ribbon type or a coiled type at locations other than
the element supports and its terminal connections. At each element support and within 1/2 inch (12.7 mm) of the support,

measured from
specified in iten|
tension will not

€ For the limit ¢
apply. A limit cg
element due to
its supports.

fLess thana 1/
spacing specifig
the heating elef

the outer edge of the support point along the heater element, and at the terminal connections, the sy
A apply provided the element supports are constructed such that sagging of the heating element d
Fesult in reduction of the minimum spacings as specified in item A.

ntrol sensing element and its supports located above the heating element, the spacing requirement
Introl sensing element and its supports are considered to be above the heating element)if any sag in

gravity would result in an increased spacing between the heating element and the limit control sensing element or

P-inch spacing between the open-type heating element and a noncurrent carrying'metal part, but not
d in item A, is acceptable if the design of the heating element and its supportsis such that sagging g
nent, to reduce the spacing to less than specified in item A, is not likely to @ccur.

acings
e to loss of its

5 in item A
he heating

less than the
r movement of

30.3 At clo
mounted in

e
Within a thegl‘nostat, except at contacts, the spacing between uninsulated live parts on opp

the contacts i
of insulating 1

30.4 The s
reactor or an

30.5 Except
spacings wou
and shall be s
not less than
percent of the

30.6 Insula
investigation,

sed-in points only, such as the screw-and-washer construction of an insula
tal, a spacing of 3/64 inch (1.2 mm) is acceptable in a heater rated at 250

5 not to be less than 1/32 inch (0.8 mm) threugh air and 3/64 inch (1.2 mm) ove
haterial, and the construction is to be such that the spacings will be maintained p

acings within a motor connected.across a portion of a resistance element or in
hutotransformer shall be acceptable for the full rated voltage of the heater.

as indicated in 30.6, an(insulating lining or barrier of fiber or similar material em
Id otherwise be less than the required values shall not be less than 1/32 inch ((
o located or of such-material that it will not be affected adversely by arcing; exd
1/64 inch (0.4 mmy) thick may be used in conjunction with an air spacing of not
spacing required for air alone.

ing mdterial having a thickness less than that specified in 30.5 may be U
it is faund to be acceptable for the application.

ted terminal
volts or less.
bsite sides of
r the surface
ermanently.

series with a
bloyed where
.8 mm) thick

ept that fiber
less than 50

sed if, upon

30.7 Unlessprotected from physical abuse during assembly and operation of the heate

mica shall be
31 Groundi

311

atleast 0.01 inch (0.25 mm) thick.

ng

, a barrier of

In a heater intended for permanent connection to the power-supply circuit, all exposed dead metal

parts and all dead metal parts inside the enclosure that are exposed to contact during any servicing
operation (including maintenance and repair) and that are likely to become energized shall be electrically
connected to the equipment-grounding terminal or lead and be conductively connected to the point of
attachment of the wiring system.

31.2

enclosed wiring system (such as nonmetallic-sheathed cable):

In a heater intended for permanent connection to the power supply by means other than a metal-
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a) An equipment-grounding terminal or lead shall be provided (see 13.1.25 and 13.1.28), and

b) All exposed noncurrent-carrying metal parts and all noncurrent-carrying metal parts inside the
enclosure that are exposed to contact during any servicing operation (including maintenance and
repair) and that are likely to become energized shall be conductively connected to such terminal or
lead.

31.3 The resistance of the grounding path between a dead metal part and the equipment-grounding
terminal and point of attachment of the wiring system shall not be more than 0.1 ohm.

31.4 With reference to 31.3, 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 not more

than 12 voltg, and equal to the current rating of the maximum-current-rated branch-circui
protective dgvice that may be employed with the heater is to be passed from the equipmé
terminal or the point of attachment of the wiring system or the grounded blade of the attac
the dead melal part, and the resulting drop in potential in volts divided by the curréent in amperes passing
between the two points is to be calculated to obtain the resistance.

overcurrent-
ent grounding
nment plug to

31.5 A cord-connected heater intended for operation on a circuit involving“a potential of more than 150

volts to grou
all exposed
servicing op§

316 Ona
cord set shal

d shall have provision for grounding, in accordance with 3%.6 (except as indicat
noncurrent-carrying parts, and all noncurrent-carrying “metal parts expose
ration (including maintenance and repair), that are liKely to be energized.

cord-connected heater where grounding is required or provided, the power-s
include a grounding conductor which shall be:

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

b) Co
c) Ca

hnected to the grounding blade of an‘attachment plug of a grounding type, and

nnected to the enclosure of.the appliance by means of a screw not likely tg

during ordinary servicing, or by-other equivalent means. Solder alone is not acceptalj

this c

31.7 If a cq
less to grou
means of a ¢
shall comply

31.8 With
soldered is tq

bnnection. See 31.8.

rd-connected heater intended for operation on a circuit involving a potential g
nd has provision)(although not required) for grounding noncurrent-carrying n
onductor of.the cord, a directly attached flexible cord or a cord set provided W
with the requirement in 31.6.

reference to 31.6 (c), a grounding connection that is mechanically crimped

ed in 31.9), of
1 during any

upply cord or

be removed
le for making

f 150 volts or
etal parts by
ith the heater

before being

be’tested for acceptability as a connection without the solder in place.

31.9 With reference to the requirements in 31.1 and 31.2, the sheath of an isolated metal-clad element in
a heater having provision for grounding is not considered to be a noncurrent-carrying metal part (see note
a to Table 32.2) and, therefore, is not to be grounded.

31.10 A cord-connected, 2-wire heater, having a voltage rating within the range of 220 to 250 volts is
considered as requiring provision for grounding in accordance with 31.5, unless the marked rating on the
heater is 120/240 volts or unless the heater is otherwise marked to indicate that it is to be connected only
to a 120/240-volt circuit with circuit with grounded neutral.
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32 Guarding of Heating Elements

321 General

32.1.1 Except as noted in 28.15 and 32.1.2, the heating element and any part of the element assembly
(such as an element support, sheath, and the like) shall be so guarded that flammable material as well as
persons will be protected against contacting it.

32.1.2 The requirement in 32.1.1 does not apply to a heater intended for mounting in a location (in a
ceiling, for example) such that there is no likelihood that furniture, draperies, and the like will contact it; the
need for and the acceptability of the guard on such a heater is judged on the basis of the design and

construction ¢fi-the-heater-See-59.23.

321.3 The
the shape an
heating elem
opening in a ¢
following con

a) The
having

prevemted from touching the heating element and the other) high-temperature parts

32.1.1

b) The
inch w

bcceptability of a guard is judged with respect to its general serviceability, @and'w
d size or both of the openings in it, in conjunction with the distance,of the gy
bnt and the other high-temperature parts mentioned in 32.1.1. Except as noted
uard is considered to be acceptable if, with the heater in any intended operating
litions are met:

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 inches (69.9 mm) and an altitude of 5-1/2 inches (

when the gauge is inserted, apex first, in any manner. See 32.1.4.

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

th respect to
ard from the
in 32.1.5, an
position, the

icircular cone
39.7 mm) is
mentioned in

of a bar 1/2

ide (12.7 mm) and 1/16 inch thick (1.6 mm)-are such that a test gauge 1/16 inch (1.6 mm)

thick

nd in the form of an isosceles triangle having a base of 2-3/4 inches (69.9

mm) and an

altitude of 5-1/2 inches (139.7 mm) is prevented from touching the heating element and the other

high-t¢mperature parts mentioned in 32.1431 when the gauge is inserted, apex first, in

The t
inserti

sting of an opening with the‘triangle gauge applies also where the vertical
bn of the bar is prevented by-the construction of the guard, the use of an additio

any manner.
y downward
hal barrier, or

both, dinless the vertically applied\bar tends to be deflected outward — that is, away from the guard.

c) The
inches
directi

3214 The
comply with t
fins is not mo

area of an opening ‘in a substantially vertical face of a guard is not more than
(2100 mm?) if thesize and/or shape of the opening permits the entrance from 4

fins of a-metal-clad element are considered to be element-guarding members,
he provisions in 32.1.3(a) if the temperature of the exposed edges (outer peri
e than 280°C (536°F).

bn of a vertical tod 1/16 inch (1.6 mm) in diameter and 2-3/4 inch (69.9 mm) longd.

3-1/4 square
ny horizontal

And need not
meter) of the

32.1.5 Openings in the guard complying only with 32.1.3(a) are acceptable for the following:

a) Except for a panel-type heater (see 32.2.1), an air heater in which the temperature of the heating

eleme

nt is not higher than 280°C (536°F) under conditions of intended operation, or

b) A fan-type heater in which the fan is always in operation when the heating element is on
(energized) and the air current prevents clothing and the like from entering the guard.

32.1.6

guard shall be contained in the same carton as shipped from the factory. See also 59.30.

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

32.1.7 A heater in which the heating element is designed for 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.
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A heater in which the cooling effect of the motion of a part is necessary to prevent excessive temperatures

shall be sow

ired or controlled that the element cannot be operated without such motion.

32.2 Panel-type heaters

32.2.1

Except as noted in 32.2.2, 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 152 mm on a side) parallel to the element panel, from
being brought closer than 1/2 inch (12.7 mm) to the plane of the front of the heater, excluding the guard.

32.22 The

a)Ah

requirement in 32.2.1 does not apply to:

eater as described in 32.1.2

b) A

heater having an element panel operating at a temperature higher than 2802 C

requied by 32.1.1 and 32.1.3 to have more effective guarding.

c) Ah
blank

rigidly
surfa
32.3 Floor
32.3.1 Afld

of the accum

32.3.2 Ahg
temperature
29.2.1,421

eater that will not cause glowing or flaming of the cheesecloth or the felt when 5
bting test in which one or more 1-inch-thick (25 mm) felt pads, covered with che
supported on a wood surface in intimate contact, as far as pdssible, with all ex
es while the heater is operated until ultimate results are observed.

heaters

or-insert heater shall be so constructed as to fagilitate cleaning and to minimize
ulation of combustible dirt and litter where it might become ignited.

(536°F) and

subjected to a

besecloth, are

ternal heated

the possibility

an automatic

ater intended to be installed flush with or beneath a floor shall be provided with
control other than a thermal cutoff. Thé control shall comply with the requirements in 29.1.2 —
hnd 42.2.

32.3.3 Whg¢n a floor insert heater register that is nonmetallic or has a nonmetallic coating

acceptability
factors are tg

a)Re
b) Re
c) Mo

d) Co

in accordance with 7.1( 49.1, and item 18 of Table 36.1, and thermal aging,
be taken into consideration:

sistance to wear.
sistance to impact.
sture-absorptive properties.

mbustibility.

is judged for
the following

e) Resistance to corrosion.

f) Resistance to distortion at temperatures to which the register may be subjected under conditions
of intended or abnormal use.

32.3.4 There shall be no openings in wiring compartments through which objects such as nails, pin, and
the like may penetrate and contact uninsulated live parts.
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PERFORMANCE
33 General

33.1 If a heater is intended to be shipped with the legs or base detached, the tests are to be conducted
with the legs or base in place, as well as detached.

Exception No. 1: The requirement for tests with the legs or base detached is not applicable to a heater
that will not stand upright without the base or legs installed and is obviously intended for operation in the
upright position, or to a heater that cannot be operated with the legs or base detached.

Exception No: sppiicabte to a heater

that is marked in accordance with 59.37.

34 Power Input Test
34.1 The pgwer input to a heater shall not be more than 105 percent of its marked rating.

34.2 To determine if a heater complies with the requirement in 34.1, the power input is to be measured
with the heater at the temperature developed under intended operating conditions and under full-load
conditions and while connected to a supply circuit of rated voltage“in accordance with 36.8. If a heater
employs a nonmetallic element (such as carbon), the power inptit'is'to be determined when the element is
new.

35 Leakagg Current Test

35.1 The lepkage current of a cord-connected heater rated for a nominal 120-, 208-, or 240-volt supply
when tested in accordance with 35.3 — 35.6 shall'not be more than:

a) 0.5|milliampere for a portable heater, and

b) 0.7% milliampere for other than a portable heater employing a standard attachment plug rated 20
ampeles or less.

Exception: FQr a heater having a metal sheathed heating element, during the period beginnifig 5 seconds
after energizgtion (closure of S,), the leakage current may exceed the value specified in (4) or (b) for a
period not expeeding-5ninutes, but shall not exceed 2.5 milliamperes. The 5 minute period|is measured
during the wgrm-up‘period and again during the cool-down period from the first excursion abgve the value
of (a) or (b) uptil.the value is less than and remains less than the value in (a) or (b).

35.2 Leakage current refers to all currents, including capacitively coupled currents, which may be
conveyed between exposed conductive surfaces of a heater and ground or other exposed conductive
surfaces of a heater.

35.3 All exposed conductive surfaces are to be tested for leakage currents. The leakage currents from
the surfaces are to be measured to the grounded supply conductor individually as well as collectively
where simultaneously accessible and from one surface to another where simultaneously accessible. Parts
are considered to be exposed surfaces unless guarded by an enclosure considered acceptable for
protection against the risk of electric shock as defined in 7.1 — 7.26. Surfaces are considered to be
simultaneously accessible where they can be contacted by one or both hands of a person at the same
time. These measurements do not apply to terminals operating at voltages which are considered to be
nonhazardous.
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35.4 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 10 by 20 centimeters in contact with
the surface. Where the surface is less than 10 by 20 centimeters, the metal foil is to be the same size as
the surface. The metal foil is not to remain in place long enough to effect the temperature of the heater.

35.5 The measurement circuit for leakage current is to be as shown in Figure 35.1. The measurement is
defined in (a) — (d) below. The meter which is actually used for a measurement need only indicate the
same numerical value for a particular measurement as would the defined instrument. The meter used

need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 microfarad.

b) Th
voltag

c) Ov
respo
ohm

e across the resistor or current through the resistor.

er a frequency range of 0 to 100 kilohertz the measurement circuitfy js to hav
nse (ratio of indicated to actual value of current) equal to the ratio-ofthe impeda
esistor shunted by 0.15 microfarad capacitor to 1500 ohms,-At an indication

milliapere, the measurement is to have error of not more than 5 percent.

d) Un
meter

is to be connected between the accessible parts and the grounded supply cond

35.6 A sample of the heater is to be tested for leakageccurrent starting with the as-recei

with all swit
attachment
the productid
rating of the
follows:

a) Wi
isto 4

b) Sw
leaka
at the

ches and thermostats closed, but with its, grounding conductor, if any, o
lug. The as-received condition is without prior energization, except as may oc

h switch S1 opened, the heater is to be connected to the measuring circuit. Le
e measured using both positions of switch S2.

itch S1 is then to.be.closed, energizing the heater, and within a period of 5

maximum heat.setting of controls.

c)Le

Both positions.of switch S2 are to be used. The equivalent of thermal stabilization is
be obfained\as in any normal temperature test. If any temperature regulating control g
at thesmaximum heating setting, it is to be adjusted until it does cycle bef

b meter is to indicate 1.11 times the average of the full-wave rectified composits

less the meter is being used to measure leakage from onhe part of a heater {¢

n line testing. The supply voltage is to.be 120, 208, or 240 volts, depending upd
heater. The test sequence, with reference to the measuring circuit (Figure 35.

he current is to be measured using both positions of switch S2 and with the he

kage curfent is to be monitored until thermal stabilization under the maximum h

waveform of

b a frequency
nce of a 1500
pf 0.5 or 0.75

another, the
uctor.

ved condition
bened at the
cur as part of
n the voltage
1), is to be as

bkage current

seconds, the
ater operated

eat condition.
considered to
oes not cycle
pre the final

measurements at thermal stabilization are taken. Measurements are to be made with the
temperature-regulating control, if any, open and closed.

d) If the heater employs a single pole switch or a control thermostat for adjusting temperatures,
monitoring of leakage current is to continue until the leakage current stabilizes or decreases after
the heater is turned off.
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Figure 35.1

Leakage-current measurement circuit

PRODUCT

o

INSULATING
TABLE

A. Product intend
B. 240 or 208 vo

C. Probe with sh
instrument and it

D. Separated an

T
METET

PRODUCT

— INSULATIN
TABLE

| c201 GROUNDED SUPPLY CONDUCTOR 0
ed for connection to a 120 or 280 volt power supply.
t product intended for connection to a 3-wire, grounded neutral{power supply, as illustrated above.

elded lead — Under some circumstances where higher frequéncy components are present, shieldi
5 lead may be necessary.

i used as clip when measuring currents from one part-ofia product to another.

hg of measuring
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36 Normal Temperature Tests

36.1 A heater, when tested under the conditions described in 36.2 — 36.13 shall not attain a temperature
at any point high enough to constitute a risk of fire or damage any material employed in the heater, nor
show temperature rises at specific points greater than those indicated in Table 36.1.

36.2 All values in Table 36.1 are based on an assumed ambient (room) temperature of 25°C (77°F), but
a test may be conducted at any ambient temperature within the range of 10 — 40°C (50 — 104°F). However,
if the operation of a thermal control or thermal cutoff during the test limits the temperatures under
observation, no observed temperature higher than 25° C (77° F) plus the specified maximum rise is
acceptable.

Table 36.1
Maximum acceptable temperature rises
De¢grees
Materials and component parts C F
1. Any pdint within a terminal box or wiring compartment of a permanently connectedvheating 35 63
appliafpce in which field-installed conductors are to be connected (including such‘conductors
themsglves) unless the appliance is marked in accordance with 59.13
2. Any pqdint on a surface adjacent to a fixed heater (including the surface o which the heater 65 117
is moupted) specified points on test surfaces and enclosures at designated clearances from
the hegter, a metal surface of a heater at the point of contact with the\test surface, and the
exterigr surface of a recessed heater that may come into contactwith combustible material
within fhe test enclosure
3. Fuses 65 117
4. Fiber Used as electrical insulation or as cord bushings 65 117
5. Wood pr other combustible material which is part of'the heater 65 117
6. Cotton|or rayon braid of a flexible cord 65° 117°
7. Class 105 insulated relay or solenoid winding 65°¢ 117°
8. Class f\ insulation system on coil windings of an a-c motor having a frame diameter (see
note d] of more than 7 inches (178 mm) and of a d-c or universal motor:
a. InJan open motor:
THermocouple methad 65 117
Ré¢sistance methed 75 135
b. In|a totally enclosed motor:
ThHermoeouple method 70 126
Résistance method 80 144
9. Class Ansutation systems on coit Windings or a-c motor (not Nciuding a universat motor)
having a frame diameter (see note d) of 7 inches (178 mm) or less and on a vibrator coil —
thermocouple or resistance method®:
a. In open motor and on a vibrator coil 75 135
b. In a totally enclosed motor 80 144
10. Class 130 insulation systems except as indicated in items 11 and 12
Thermocouple method® 85 153
Resistance method 105 189
11. Class B insulation system on coil windings of an a-c motor having a frame diameter (see
note d) of more than 7 inches (178 mm) and of a d-c or universal motor®
a. In an open motor:

Table 36.1 Continued on Next Page
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Table 36.1 Continued

Degrees
Materials and component parts Cc F
Thermocouple method® 85 153
Resistance method 95 171
b. In totally enclosed motor:
Thermocouple method 90 162
Resistance method 100 180
12. Class B insulation system on coil windings of an a-c motor (not including a universal motor)
having a frame diameter (see note d) of 7 inches or less and on vibrator coils —
thermogouple or resistance method®:
a. In ppen motors and on vibrator coils 95 171
b. In fotally enclosed motors 100 180
13. Phenolic composition used as electrical insulation or where degradation would result in a 125 225
risk of flre or electric shock condition’
14. Insulatgd wire or cord 25°C (45°H) less than its
temperature rating®
15 Sealing compound”
16. Copperjconductor, bare or insulated, without tinning, nickel coating, or silverpglating, except 175 315
as notef in item 17
17. Termination of copper conductor in a pressure terminal connector:
a. Tefminal and/or conductor unplated 125 225
b. Tefminal and conductor tinned, nickel-coated, or silver-plated 175 315
18. Registdr temperatures floor insert heater:
a. Mdtal grill’ 44 80
b. Ndnmetallic grill’ 50 90
19. Points ¢n handles, switches, and control knebs and 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, switches, and control knobs and buttons":

a. Magtal 35 63
b. Ndnmetallic’ 60 108
20. Power 1iiode case (body) k k

2 Includes both [casing and ferrule> However, a temperature not more than 20°C (36°F) higher than the values indicated in the
Table is acceptgble on the éasing (not the ferrule) of a Class G, J, or T fuse.

b Inside a heatd}, the braid-of a heater cord may be subjected to a greater rise if the inorganic fiber insulation is held fin place by
other acceptable means.

¢ A maximum risé\of)85°C (153°F) is acceptable by the resistance method.

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

¢ See 36.6 and 36.7.

fThe limitation on phenolic composition does not apply to a compound which has been investigated and found to have heat-
resistant properties.

9 Inside a heater, the temperature rise on a wire or cord may be greater than the specified maximum rise provided that the
insulation on each individual conductor is protected by supplementary insulation (such as a braid, wrap, tape or close-fitting
tubing) which is acceptable for the temperature and type of insulation involved.

M Unless a thermosetting material, the maximum sealing-compound temperature, when corrected to a 25°C (77°F) ambient
temperature is 15°C (27°F) less than the softening point of the compound as determined by the Standard Test Method for
Softening Point by Ring-and-Ball Apparatus, ASTM E28-96.

Table 36.1 Continued on Next Page
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Table 36.1 Continued

Degrees

Materials and component parts Cc

F

" Surfaces likely to be contacted are considered to be those within 1-1/2 inches (38 mm) of the gripping surface of a knob or button,
measured in the same plane as the surface on which the knob or button is mounted, except that the surface behind the knob or
button is not considered likely to be contacted if:

1) The knob or button is at least 1 inch (25.4 mm) long, including the shaft extension, or

2) If a knob or a button less than 1 inch long is provided with a skirt or flange at the base of its gripping surface that is at
least 1/4 inch (6.4 mm) wide.

The gripping surface for a carrying handle is considered to be 4 inches (102 mm) wide, and surfaces likely to be contacted are

considered to
barrier that is 4
does not exceq

I A knob, hand
mm) or less an
judged as ang

K This temperal
specified for th
acceptable ten

e those within 1-1/2 inch, in any direction of the gripping surface of the handle. Points and surfaces
t least 5/8 inch (15.9 mm) wide are not considered likely to be contacted provided the temperature Ti
d the required values.

e, or button made of nonmetallic material that is plated or clad with metal having a thickness!of 0.004
d a metal knob, handle, or button having a plastic or vinyl covering of not less than 0.005 inch thickn
hmetallic part.

ure rise on a power diode shall not exceed the difference between the ambient andthe temperature|
e diode by the diode manufacturer. If no temperature rating is specified for the\xpeWwer diode, the max|
perature rise shall not exceed 65°C (117°F).

juarded by a
e of the barrier

inch (0.13
pss is to be

rating
mum

36.3 Temp
(0.21 mm?) g
the change-
thermocoupl
employ therr
type instrum
thermocoupl

36.4 A tem
10 percent o
change. The
good labora
Tolerances

Temperature

E230/E230M,.

36.5 A the
thermal cont

bratures are to be measured by thermocouples consisting of wires not larger
nd not smaller than 30 AWG (0.05 mm) except thatia coil temperature may be g
pf-resistance method if the coil is inaccessibleyfor mounting thermocouples
bs are used in determining temperatures in electrical equipment, it is standa
hocouples consisting of 30 AWG (0.05 mr?) iron and constantan wire and a f
ent; and such equipment is to be used whenever referee temperature mea
b are necessary.

perature is considered to be_constant when three successive readings, taken
f the previously elapsed duration of the test (but not less than 5-minute intervals
thermocouples and related instruments are to be accurate and calibrated in ac
ory practice. The theérmocouple wire is to conform with the requirements
bn Initial Values .0f-EMF versus Temperature tables in the Standard Spe
LElectromotive ~Force (emf) Tables for Standardized Thermocouples,

rmocouplé “junction and adjacent thermocouple lead wire are to be securely
act with* the surface of the material whose temperature is being measured. I

acceptable t

metal surfacets

38.16.

han 24 AWG
etermined by
see 36.6). If
rd practice to
otentiometer-
surements by

At intervals of
), indicate no
cordance with
listed in the
cification and

ANSI/ASTM

held in good
most cases,
place but, if a

lermal contact will result from securely taping or cementing the thermocouple in

ary. See also

36.6 Ordinarily a thermocouple is to be used for determining temperature of a coil or winding if it can be

mounted, wit

hout removal of encapsulating compound or the like on:

a) The integrally applied insulation of a coil without a wrap, or

b) The outer surface of a wrap that is not more than 1/32 inch (0.8 mm) thick and consists of cotton,
paper, rayon, or the like.

The change-of-resistance method is to be used if the thermocouple measurement cannot be conducted in
accordance with the foregoing considerations. For a thermocouple-measured temperature of a motor coil
the thermocouple is to be mounted on the integrally applied insulation of the conductor.
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36.7 At a point on the surface of a coil where the temperature is affected by an external source of heat,
the temperature rise measured by means of a thermocouple may be higher by the following amount than
the maximum indicated in Table 36.1 if the temperature rise of the coil measured by the resistance method
is not greater than specified in Table 36.1:

Items in Table 36.1 Additional thermocouple rise
Iltem 7 and part of item 8 15°C (27°F)
part of item 9 5°C (9°F)
part of item 11 20°C (36°F)
part of item 12 10°C (18°F)

36.8 To determine whether a heater complies with the requirement in 36.1, it is fo
continuously until constant temperatures have been reached. The test voltage is to be ag

be operated
indicated in

Table 36.2, except that, if the application of the indicated test voltage does not-result in the measured
wattage inpuf to the heater being equal to or more than the marked wattage rating; the test vdltage is to be
increased unfil the measured wattage input equals the marked wattage rating.
Table 36.2
Voltage for temperature test?
Marked voltage rating Test potential in volts
Value within one if the specified ranges Highest value of corresponding specified[ranges
Valug not within one of the specified ranges Rated voltage
@ Specified range refers to any of the ranges of voltage mentioned'in 58.1.
36.9 With reference to 36.8, a heater shall-be operated at the maximum rated input. However, for a

heater that e
shall also be
enclosure.

36.10 Ifah
connected m

mploys adjustable controls for-heater or fan settings, tests at lower heater ang
conducted if the lower settings may produce higher temperatures on heater pa

eater employs a 'motor in addition to a heating element, the voltage applied to
ptor is to be, the’ marked voltage rating of the heater, in accordance with 5

fan settings
ts or the test

an integrally
B8.1. A motor

supplied from a separate:circuit is to be operated at a voltage (depending upon the mot
specified for an integrally connected motor.

or rating) as

36.11 In ¢ temperature
requirements proximating
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.

bndueting a test determine whether or not a heater complies with the

s to he mounted-or sunnorted-as-in-service—and-tested under-conditions-2
H—Hs—to—beoditea-orstHpporeaasthi—sehriceahRatesteathRaes—coRaiHohRs<a

36.12 Temperatures on the register of floor insert heaters are to be obtained after equilibrium outlet air
temperatures are attained. Surfaces of the register, in an essentially horizontal plane, and likely to be
contacted by a person walking or falling upon the grill are then to be explored with a surface pyrometer to
determine the single point attaining the highest temperature rise. The thermocouple is then to be attached
at this point and this temperature is to be recorded until an equilibrium temperature condition is attained.
See item 18 of Table 36.1 for the applicable temperature rise limit.

36.13 Whenever cheesecloth is mentioned in connection with either a normal- or an abnormal-
temperature test, the cloth is to be bleached cheesecloth 36 inches wide (914 mm), running 14 — 15 yards
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per pound mass (approximately 28 — 30 m/kg mass), 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).

36.14 The blanket material mentioned in this Standard is 100 percent unbleached cotton flannelette
sheet blanket, and is generally available in the 80 by 108 inch (2 by 2.7 m) size.

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

36.16 The felt mentioned in thls Standard to be 100 percent standard- Welght all-cattle-hair, punched felt
with center r 47 kg/m?). Felt

1 inch (25 mm
ounces per s

Exception: S
the all-cattle-

36.17 See
37 Conditi

371 The d
Operation Tq
Exception to
out of the cir

a)At
b) A g

C)At
surro
room

d) An
24.1.

e)Ar
the reg
24 1.

B9.1 for description of terry cloth material mentioned in this Standard.

) thlck has a mass of 105 t0.51 kg/m ). Felt 3/4 |nch (19 mm) thlck has a
quare yard (2.68 +0.31 kg/m?).

AE J314, Grade F-11, minimum 1 inch (25 mm) thick wool felt may be,used as 4
hair mat.

bns for Operation Tests

ontacts of the following controls shall be shunted out of the circuit during th
st, Section 38, and the Abnormal Operation“Tests, Section 41, except as sp
41.7.3. The tests are conducted while the.edntrols are in the circuit and while th
uit.

emperature regulating control.
ombination temperature regulating and limiting control.

bmperature limiting contfolywhose operation is affected by the temperature of th
inding the heater such that risk of fire may result, unless the heater is subject
tests specified in 37%:2.

hanuahreset type temperature limiting control that operates as an automatic res
setimeans is held in the "reset" position, unless the heater complies with the

ass of 79 +9

substitute for

e Continuous
ecified in the
e controls are

e ambient air
bd to the cold

automatic resettemperature limiting control unless the heater complies with th¢ exception to

set type when
exception to

f) Any thermally actuated control which operates during the Continuous Operation Test, Section 38.

Exception: Any thermally actuated control that operates when testing up against the wall in accordance
with 38.14 need not be shunted out of the circuit if the test of 38.15 is conducted.

37.2 With respect to 37.1(c), a temperature-limiting control need not be shunted out of the circuit if all of
the abnormal operation tests (drape, band drape, tip over, vertical wall, blanketing, padded surface, and
the like, usually performed on the heater) are repeated while the heater is located in a room having an
average temperature of 0°C (32°F).

37.3 The temperature limiting control of a heater shall not function when the heater is operated under the
Normal Temperature Test, at room ambient temperature. A room ambient temperature of 25°C (77°F) is
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assumed, but the test may be conducted at a higher ambient temperature provided the temperature
limiting control does not operate (open circuit).

37.4 With respect to 24.1, a tip-over switch that actuates the contacts of a temperature-regulating
control, or the contacts of a combination temperature-regulating and -limiting control, shall be rendered
inoperative during abnormal tests, including the tip-over test, 41.5.1 — 41.5.3 and during the Element
Support Impact Tests, Section 51.

37.5 Unless marked in accordance with 59.23 or 59.29, a permanently connected wall-mounted air
heater or a portable cord-connected wall-mounted air heater is to be located as close to the floor as

possible during all tests.

38 ContinuL)us Operation Test

38.1
box in a wall

of 3/8-inch-th
vertical wood
form a 90-de
than 2 feet (6
3/8-inch (9.5
construction

latter; except
temperature 1

38.2 Heater
close to the s

38.3 A cord
38.1 exceptn

38.4 In add
mm) plywood
heater shell ¢

A permanently connected wall-mounted air heater and a heater intended to be mounte

are to be supported in the intended manner on the black-painted sufface of a w

bn studs on 16-inch (406 mm) centers. Two or more such walls are'to be fasteng
jree angle, and the height and length of the walls are to be such that they ex
10 mm) beyond the physical limits of the heater. A ceiling surface is to be added
mm) plywood. The heater is to be located as close<io the sides of the wall
vill permit, and it is to be placed relative to the walls\that maximum heating will
that it may be spaced away from the sides of.the wall angle to prevent the

ises of more than 65°C (117°F) thereon if the heater is marked as described in 5

S intended to be mounted on the wall at ornear ceiling height shall be tested in
de walls and ceiling as construction willlpermit unless it is marked in accordance

-connected wall mounted air heater is to be installed in the same manner as
o consideration is to be given.to the clearance marking described in 59.22.

tion, an individual wall-insert heater is to be mounted in a box-like structure of
or the equivalent with the internal dimensions such that the walls make a clos
n the four sides @nd rear (but the walls of the box are to be perpendicular to

having a flat {front surface simulating the wall surface in which the heater is designed to be n

assembly of
mentioned in

the heater and' the plywood box is to be mounted in an appropriate openin
38.1.

38.5 A ceili

g-mouinted air heater and a heater intended to be supported by an outlet box |

d to an outlet
all consisting

ck (9.5 mm) plywood fastened to both shorter sides of nominal 25'by 4-inch (38- by 89-mm)

d together to
end not less
consisting of
angle as its
occur on the
bttainment of
0.22.

he corner as
with 59.22.

described in

3/8-inch (9.5
e fit with the
ts back) and
hounted. The
j in the wall

bcated in the
piling surface

ceiling are to pe.tested in an alcove consisting of the walls described in 38.1, with an added ¢

of 3/8-inch (9.5-mm) plywood blanketed on top with 4 inches (100 mm) of conventional glass-fiber or
mineral-wool insulation having a minimum R factor of 12 or insulation of lesser thickness having a
minimum R factor of 12. The heater is to be mounted on or in the ceiling surface as close to the alcove
corner as its physical dimensions will permit unless it is marked in accordance with 59.22.

38.6 If the ceiling-mounted heater mentioned in 38.5 is of the insert type, its mounting is to include a
boxlike structure similar to that described in 38.4, together with the insulation mentioned in 38.5. The
insulation is to be placed adjacent to all outer surfaces of the boxlike structure.

38.7 Ceiling panel-type heaters that are intended to be mounted in multiples in such manner that large
areas of the ceiling surface are covered by the heating units are to be applied to the ceiling surface as
described in 38.5. No fewer than four heaters are to be used and they are to be mounted as close to the
corner and to each other as their physical dimensions will permit, unless the manufacturer's instructions
that accompany each heating unit specify otherwise and the heaters are marked in accordance with 59.22.
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38.8 The ceiling panel-type heaters mentioned in 38.7 are to be connected to the source of supply and
interconnected to each other in the manner prescribed in the manufacturer's instructions, making use of
any special fittings supplied with each panel unit.

38.9 A ceiling panel-type heater intended to be mounted individually or in multiple in a dropped ceiling
installation (supported by T-bars) is to be supported in the intended manner as described in the
manufacturer's instructions while positioned in an alcove in the manner described in 38.5.

38.10 The continuous-operation test on an industrial ceiling- or wall-mounted quartz-lamp or similar
heater is to be conducted as follows. In the absence of a marking as described in 59.35, the test is to be
conducted first with three samples of the heater mounted end-to-end, and is to be repeated with the three

samples mo

nted side-by-side. In each case the samples are to be mounted as close tog

ther as their

configuration
described in

adjacent hegters, the test is to be conducted as described above, but with adjacent samples

accordance
separated by
sample, with

38.11 Unle
to and during
of woven glg

surfaces of the test enclosure.

38.12 Rub
supports of g

attained on tihe heater.

38.13 If th
Continuous

test is reped
devices.

38.14 A flg
surface and

walls of the alcove as its_configuration will permit. If a safety control operates when the hed

position, it is
operation.

38.15 If the

permits, and temperatures are to be measured on the center sample.\lfl
59.35 indicates that the heater is to be separated by no more than 3feet

with the marked mounting instructions. If the marking indicates that the hg
more than 3 feet (0.91 m) from adjacent heaters, the test is to(be”’conducte
put other samples in proximity thereto.

5s it has been determined that it will remain in position during the handling of th
installation and after the heater has been installed, external thermal insulation
ss fiber or mineral wool) is to be removed from the.heater before it is installe

ber or other material similarly subject to deterioration is to be removed from
portable heater if the removal of the material is likely to result in higher tempe

a)

e removal of feet or other supports results in operation of protective devics
Dperation Test, Section 38, such-operation is not considered to be unacceptabl
ted with the parts replaced(in the intended manner, there is no operation of

or-supported heater’is to be supported on two layers of white tissue paper o
placed in a corneralcove as described in 38.1. The heater is to be placed as clo

to be moyed away from the side walls by the minimum distance necessary to

Exeeption to 37.1(f) is to be applied, the test in 38.14 is to be conducted while

the marking
0.91 m) from
separated in
ater is to be
d on a single

e heater prior
such as mats
i in or on the

feet or other
ratures being

s during the
e if, when the
he protective

n a softwood
se to the side
ter is in such
prevent such

the product is

tested up against the wall and operating under its thermally actuated control.

38.16  With reference to the requirements in 36.1 — 36.6, temperatures are to be measured by
thermocouples attached to the metal of the heater enclosure.

39 Terry Cloth Test Fabric

39.1

The terry cloth material used in the tests described in 41.6.1, 41.7.1, 41.7.3 — 41.7.6, and 41.8.2

shall be white, basically cotton terry cloth untreated fabric with a polyester content not more than 20
percent, and having a pile weave and a nominal weight of 8 ounces per square yard (270 g/m?).
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40 Alarm Device Endurance Test

40.1 With regard to 25.1 and 25.2, an audible alarm device shall withstand without malfunction or
breakdown, an endurance test consisting of 6000 cycles of operation at the rate of 1 minute on and 30
seconds off. The test is to be conducted at rated voltage and at the maximum ambient temperature
determined during the Normal Temperature Tests, Section 36.

40.2 With regard to 25.1 and 25.3, a visual alarm device shall withstand without burning out or failing to
light, an endurance test consisting of 6000 cycles of operation at the rate of 1 minute on and 30 seconds
off. The test is to be conducted at the rated voltage and at the maximum ambient temperature determined
during the Normal Temperature Tests, Section 36.

41 AbnormLaI Operation Test

411 Generpl
41.1.1 If the conditions of normal operation are not representative also of abnermal condifions likely to
be obtained in actual service, a heater shall not become a risk of fire, electric shock or pearsonal injury

when operat ] method of

mounting sha

bd continuously under such abnormal conditions. The (applied voltage an
[l be in accordance with 36.8 — 36.12.

41.1.2 To dg¢termine whether risk or fire actually exists, a separate’burnout or abnormal-hegting test is to

be conducted with the heater operating continuously until the ultimate result has been determ

ined. In most

cases, continplous operation for 7 to 8 hours will be necessary’in order to prove that the ultimate result has

been observed. A cord-connected heater is to be placed.onvwhite tissue paper on a softwood

41.1.3 For [the abnormal operation tests, a heater is to be operated at the maximum
However, for p heater that employs adjustable centrols for heater or fan settings, tests at lowg

surface.

rated input.
er heater and

fan settings shall also be conducted if the.gettings influence operation of a limit control that operates

during any abnormal operation test.

41.1.4 Wheh operated under such. abhormal conditions, a heater is considered to involve 3
there is any gmission of flame or.molten metal or if there is glowing or flaming of the combus
upon which the heater is placed or, in the case of a permanently installed heater, of combus

risk of fire if
tible material
tible material

that is in prox|mity to the device as installed.

41.1.5 Afterlhaving been subjected to an abnormal test, a cord-connected heater is considefed to involve

a risk of electfic shock-if:

a) It appears to be usable, and

b) The insulation resistance is less than 50,000 ohms.
41.2 Abnormal motor temperature test

41.2.1 If a motor is connected across a portion of a resistance element, an open circuit in that portion of
the element that is in parallel with the motor shall not result in a risk of fire and there shall be no emission
of flame or molten metal. See 41.2.2 —41.2.5.

41.2.2 Compliance with 41.2.1 is to be determined by testing three samples of the heater. The samples
are to be tested in accordance with the conditions specified in Conditions for Operation Tests, Section 37,
and Continuous Operation Test, Section 38, or as described in 41.2.5. The heating element connected in
parallel with the motor is to be open-circuited (see 41.2.4) and two layers of cheesecloth are to be draped
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to cover all air inlet and outlet openings of the heater. The heater is to be energized at the rated voltage
and operated continuously until either motor burnout or stabilized motor temperature occurs.

41.2.3 With respect to 41.2.2, any of the results listed in (a) — (c) are considered to comply with 41.2.1:

a) Motor burnout within 1 hour without emission of flaming particles, molten metal, or ignition or
glowing of the cheesecloth.

b) If the thermal protector of a thermally protected motor operates, the operation is to be continued
for 15 days in accordance with the Standard for Overheating Protection for Motors, UL 2111. The
temperature limits for locked rotor conditions specified in UL 2111 shall not be exceeded. It is
acceptable for the protector to permanently open-circuit during the test.

c) If n
the te
Speci

Exception: If]
be continued

exceed the témperature limits for locked rotor conditions specified in UL 2111, as applicable.

41.2.4 For
described in
does not ma
limits specifi
opened.

41.2.5 At the manufacturer's option, certain .meotor or motor and thermal protector cor

described in
The test volt
opens. Durin
ignition of thq

0 burnout or no operation of a thermal protector occurs, the operation is to be'g
mperatures stabilize. The temperature rise of the motor winding shall _not"ex
ied in Table 36.1 for the motor coil.

the temperature rise of the motor exceeds the rise specified in Table 36.1, the d
for 15 days and temperatures are to be monitored. The measured temperat

a heater that includes more than one heating element in parallel with the m
11.2.1 is to be conducted by first opening one of the elements. If the opening o
ifest itself in the heater operation, the temperature of the motor windings shall n
d in Table 36.1 and the test shall be repeated with other elements in parallel v

a) and (b) can be tested as specified in 41.2.2 and 41.2.3 except independent
age is to be that to which they(will be subjected if the parallel-connected he
g the test, two layers of cheesecloth are to be draped over the motor and the
cheesecloth when the moter'open-circuits and no emission of molten or flaming

ontinued until
ceed the rise

peration is to
Lires shall not

otor, the test
[ one element
ot exceed the
vith the motor

nbinations as
of the heater.
pting element
e shall be no
particles.

a) A motor and the thermal.protector combination if the thermal protector operates at the increased
voltage and it is not ambient compensated.
b) Anlimpedance-protected motor that is expected to burn open within 1 hour.

41.3 Stalled fan

41.3.1 A hgatep that employs a motor-driven air circulating fan shall not:

a) Emit sparks, flames, or molten metal,

b) Become damaged to the extent that it becomes a risk of fire or electric shock (see 41.3.2), or

c) Open a nontime-delay 1/2-ampere fuse, when subjected to the test in accordance with 41.3.3 —
41.3.5.

41.3.2 With respect to 41.3.1(b), a risk of electric shock is considered to be present if after this test the
heater does not comply with the requirements in Enclosure, Section 7.

41.3.3 A heater is to be installed or located in accordance with the Continuous Operation Test, Section
38. A 1/2-ampere fuse of other than the time-delay type is to be connected between the accessible dead
metal parts (see 51.10) of the heater and the earth ground. The grounded conductor and a grounding
conductor, if provided, are to be treated as described in 51.3.
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41.3.4 The fan motor is to be stalled and the heater is to be operated at rated voltage and maximum
rated input for 7 hours unless a manual reset type limit control or a thermal cut-off operates to de-energize
either all or a sufficient number of heating elements so that there is no longer a risk of fire or development
of an electric shock — see 41.3.2.

41.3.5 For a heater that employs adjustable heat setting controls, this test shall also be conducted at

other than maximum rated input if the other settings influence operation of a limit control.

41.4 Overvoltage test

A heater shall be capable of operating for 2 hours without presenting a fire risk while connected to

41.41
a supply circ
41.4.2 Indsg

voltage in ag
operated for 2

41.5 Tipov

4151 Unle
softwood surf
flame.

4152 Tod
most severe

41.5.3 With
reflector face
tested.

Exception: If
the cloth or
standard, the

it ha\ling 2 pnfnnfinl 12 pnrr\nnf more-than the rated \lr\lfngn of the-heater.

termining whether a heater complies with the requirement in 41.4.1, it is_fo\be
cordance with 36.8 until constant temperatures are attained, following” whig
hours at a 12 percent higher voltage.

Pr

5s it is fastened to the wall or ceiling, a cord-connected heater overturned in any
ace covered with a single layer of terry cloth shall aot cause the cloth or wog

btermine if a heater complies with the requirement in 41.5.1, it is to be operat

bperated at a
h it is to be

position on a
d to glow or

ed under the

conditions that would result when it comes @' rest, without further guiding or propping, after
having been pushed over.

reference to 41.5.2, the most severe condition is the one where the heating
downward. However, other orientations, such as the heater resting on its side, 2

b given orientation or position of the heater presents less likelihood of glowing
wood than when the- heater is evaluated in accordance with other require
orientation or position need not be reevaluated under 41.5.2.

41.6 Vertical wall

41.6.1 A he

ater shall not cause ignition (see 41.6.3) of the terry cloth material or the plywq

heater is ope
See41.6.2—-

atedvat a distance from the wall that results in the highest temperatures on the

element and
re also to be

or flaming of

ments in the

od when the
blywood wall.

10 7

.U.T.

Exception: A wall-mounted heater that is marked as described in 59.23, and ceiling surface-mounted or
recessed ceiling heaters are exempted from this test.

41.6.2 With respect to 41.6.1, the highest temperatures are usually encountered at the closest distance a
heater can be placed to the wall, except that:

a) A limit control may operate and not permit operation of the heater for sufficient length of time to
produce the highest temperatures. In this case additional tests are to be conducted at increased
distances between the heater and the wall. The test time at each distance is to be sufficient to
observe the ultimate results. See 41.6.4.

b) If a radiant type heater is provided with a reflector, the reflector may have a focusing effect that
causes higher temperatures at a greater distance than the minimum distance between the heater
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and the wall. In this case additional tests are to be conducted at increased distances. The test time
at each distance is to be sufficient to observe the ultimate results. See 41.6.4.

41.6.3 With respect to 41.6.1, manifestation of ignition of terry cloth or plywood is glowing, emission of
embers, or flaming. Charring without glowing or without emission of embers is not ignition.

41.6.4 With respect to 41.6.2, to observe the ultimate results, the test is to be continued for 7 hours.
However, the test may be discontinued after 2 hours if this duration of testing produces no discoloration of
the terry cloth material.

41.6.5 A cord- connected heater not marked as described in 59 23 is to be supported on a horizontal

surface that abu

The wall is tq
cloth materig
inches aboveé
not require tq

416.6 For
surfaces in f
space" shall
heater feet 0
material is tg
opening. Wh

Exception: F
a) Ing

b) Is
space

41.6.7 For
front of the N
placed flush

Exception: A

) conS|st of 3/4- |nch (19 1- mm) th|ck fir pIywood and is to be covered W|th ohe
I. The wall is to extend at least 12 inches (305 mm) beyond the heater on~both
the heater. Any heater projections such as guards or grilles in the front of the

ols for their removal (see 10.7) are to be removed.

a floor-supported heater that includes a stand or feet that project beyond
Font of the heater, the wall is to include a recessed "toe ,space" next to the fl

I stand, determines the closest distance the heater cafrbe placed to the wall. T
bn the heater is inserted, the terry cloth will contour the stand or feet of the heats

br a heater that may be used at an elevated location and that:

udes a stand or feet that project beyongd other heater surfaces in front of the hed

be applied to the vertical wall such that it extends-to,the floor, draping over the

o face the wall.
layer of terry
sides and 12
neater that do

other heater
oor. The "toe

be 3-1/4 inches (82.6 mm) deep, 4-1/4 inches (107.9 mm) high which, with fespect to the

he terry cloth
"toe space”
r.

ter and

brovided with air outlet openings lower than 4-1/4 inches from the floor, the height of the "toe

" js to be adjusted to a minimurm.height permitted by the stand or feet.

B heater that is not provided with a stand or feet that project beyond other heat
eater, the wall is to extend straight to the floor without a "toe space" and the h
hgainst the wall.

heater that may be used at an elevated location that includes a stand or feg

er surfaces in
eater is to be

bt that extend

beyond the front of the) heater shall be tested using a wall that includes a "toe space" ag described in
41.6.6 and also using a wall without a "toe space”.

41.7 Terry ploth’drape

41.7.1 A heater, loosely covered with a single layer of terry cloth, shall not cause the cloth to glow or

flame.

Exception: A wall-mounted heater that is marked as described in 59.23, and ceiling surface-mounted or
recessed ceiling heaters are exempted from this test.

41.7.2 A heater provided with a temperature limiting control that does not operate due to partial draping
of the heater shall also be subject to the terry cloth drape test, Section 41.7, under such partial draping
conditions.

41.7.3 To determine if an air heater complies with the requirement in 41.7.1, it is to be operated until
constant temperatures are attained and then covered with a single layer of terry cloth. The test is to be
repeated (if acceptable results are obtained for the initial condition) beginning with the heater at room
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temperature 25 £3°C (77 £5°F). The tests under the two conditions may be combined by initially draping
the heater, and after equilibrium conditions are obtained, replacing the terry cloth with a new single layer.

Exception: The temperature-regulating control may be returned to the circuit during the test starting from
room temperature if the heater does not employ an automatic reset type temperature-limiting control.

41.7.4 A wall-insert heater is to be mounted in accordance with 38.4 with the terry cloth supported from
points on the front wall surface approximately 1 foot (305 mm) above the top edge of the heater. See 37.4.

41.7.5 A heater designed to be supported by and mounted away from a wall or ceiling in a horizontal
position is to be tested in the intended position with a single layer of terry cloth draped over the full length
of the heater

nd-hanaina down annroximatelvy 1 foot (305 mm)oneach side
J J Ladl o J \ 7 *

4176 1In a
requirement i

test to determine whether a combination heater and motor-driven fan{complies with the

N 41.7.1, the fan is to be operating when the heater is covered with terry cleth.

41.7.7 The
the heated g
uppermost pd

ower edge, or edges, of the terry cloth shall hang freely without any-added cons
r discharge may cause the terry cloth to billow away from\the heater. If nq
rtion of the terry cloth is to be taped or otherwise secured to'the top of the heat

above the hedter to prevent the terry cloth from being blown off the heater:

41.8 Litter

41.8.1 Anhe
flat top surfa
material that
upper surface

41.8.2 Aflo
angle as des
position that

become stab
with a terrycl
stretched tau

the register.

41.9 Motor

ater of the radiant type designed for permanent; horizontal, outdoor mounting

Ce or comparable cover is to be tested te.determine the heating effect upon
might accumulate on it. For this purpose;-dry, shredded newspaper is to be p
or cover in such quantity as would bestepresentative of litter, birds' nests, and th

traint so that
cessary, the
er or the wall

and having a

combustible
laced on the
e like.

br-insert heater is to be horizontally mounted in the intended manner and operated in a wall

cribed in 38.1. An adjustable shutter, if provided as a part of the heater, is to
vill result in maximum temperatures being attained during the test. When temps
lized, the register is to. be’covered for 25, 50, 75, and 100 percent of its area,
bth-covered wooden'\frame. The frame is to consist of three layers of terryclo

be set at the
ratures have
respectively,
h (see 39.1)

t over one face_0Of frame of 1- by 2-inch (25- by 51-mm) wood, having a shape and size
somewhat gr¢ater than the register. The frame is to be so placed that the terrycloth is in direc

overload and stalled motor

41.9.1 Motc

41.9.1.1

contact with

' e dovi

A motor protected by a remote protective device in accordance with 21.1(b) shall not burn out

nor shall there be other evidence of risk of fire when tested in accordance with 41.9.1.2 - 41.9.1.6.

41.9.1.2 The motor and its protective device are to be connected in the intended manner to a supply
circuit having a voltage in accordance with 36.10. Temperatures are to be measured by thermocouples
secured to the surface of the motor coils.

41.9.1.3 The motor and its protective device are to be tested in the ambient encountered in the operation
of the heater in which the motor and its protective device are employed as determined during the
applicable normal temperature test.
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Exception No. 1: A motor that encounters an ambient higher than normal room ambient, 25 — 26°C (77 —
79°F), during the applicable normal temperature test may be tested in a lower ambient. However, the
maximum allowable temperatures specified in 41.9.1.4 and 41.9.1.5 are to be reduced by the difference
between the ambient encountered in intended operation and the test ambient.

Exception No. 2: An ambient compensated protective device may be tested in any ambient from 25 —
50°C (77 — 122°F).

41.9.1.4 When a motor is operating under the maximum load that it can carry without causing the
protective device to function, the winding temperature shall not exceed 140° C (284°F) for a Class A

insulated motor or 165°C (329°F) for a Class B insulated motor.

Exception: A
not comply w

41915 W
not exceed 2
hour of opera

a)Th

b) Th

For a Class H
hour, 200°C

41.9.1.6 TH
protective de
reset device
controls — su

motor moving air only by means of a fan or blower directly attached to the.mo
ith this requirement.

00°C (392°F) during the first hour of operation and 175°C (347%F) thereafter.
tion, the average temperature [that is, the average of:

b arithmetic mean of the maximum temperatures and

B insulated motor, the corresponding temperatures'shall not exceed 225°C (4371
pfter the first hour, and 175°C for the average,temperature.

e locked rotor test on a manually reset\device is to be continued for four ope
vice, with the device being reset as quickly as possible after it is opened. For an
the locked rotor test is to be continued for 72 hours unless the equipment i
Ch as a timer— that will demonstrably limit the duration of the operation to a short

b arithmetic mean of the minimum temperatures] shall hot exceed 150°C (302°F).

or shaft need

nen the rotor of a motor is locked, the winding temperature for a Class A insulat¢d motor shall

After the first

F) for the first

rations of the
automatically
ncludes other
er interval.

41.9.2 Impgedance-protected motors

the Standard
xposed in the
ordance with
e operated in
rd-connected

41.9.21 An impedance-protected motor shall comply with the applicable requirements in
for Overheat|ng Protection for,Motors, UL 2111, under the conditions to which the motor is €
heater, with fhe rotor locked. Compliance with this requirement is to be determined in acq
41.9.2.2 for permanently-installed heaters and cord-connected heaters that are intended to G
a specific fixed position, such as cord-connected wall-mounted heater, and 41.9.2.3 for cg
portable heaters. See 41.9.2.4.

Exception: If a temperature limiting control or a thermal cutoff in the heater operates when the rotor is
locked, the applicable temperature limits in the Standard for Overheating Protection for Motors, UL 2111
may be applied. Such temperature limiting controls and thermal cutoffs shall comply with the requirements
in UL 2111 concerning the number of samples to be tested and the test time.

41.9.2.2 A permanently connected heater or a cord-connected heater intended to be operated in a
specific fixed position is to be installed and operated in accordance with Sections 36 — 38, with the rotor of
the motor locked.

41.9.2.3 A cord-connected, floor-supported heater is to be arranged as specified in Condition for
Operation Tests, Section 37. The heater and the motor are to be energized in accordance with 36.8 and
36.10. The heater is to be operated with the rotor of the motor locked with the heater located in a test
alcove described in 38.1 under the conditions described in 38.14.
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If a motor has been previously tested in accordance with the Standard for Overheating

Protection for Motors, UL 2111, this testing can be discontinued if the winding temperature is no higher

than the previ

ous test results.

41.10 Wall-mounted heaters

41.10.1

41.10.1.1

Padded surface

the cheesecloth, felt, blanket material, or wood to glow or flame.

A wall-mounted heater, when tested in accordance with 41.10.1.2 — 41.10.2.1, shall not cause

Exception: A

41.10.1.2 A
covered by a
construction ¢
heating of the
surface of thg
mm) away fr
determined t
repeated with
temperature.
(bow or warp

41.10.1.3 W

LL taal o s tloot o L ol ol H P QO 29 . ool £ Ll
vaimrrmourncu ricatr iriat 1o 1TidrnCU do UTOUTNTUTU ITT JJI. £9 10 TATITIDICU TTUITT TIC O

wood surface covered with a 1-inch (25.4-mm) thick felt pad, and with the
double layer of cheesecloth, is to be supported in a vertical position as.near the
f the latter will permit. The heater is to be covered to such an extent'as to produ
cheesecloth, and the padded surface is to extend at least 3 inches (76 mm) 4
heater. During the test, the covered wood surface is to be moved horizontally
bm its initial position and operation is to be continued until-temperatures stg
nat its temperature increases when the surface is moved horizontally, the

the surface in the new position starting with the heater at approximately r
The wood surface is to be rigid of sufficiently construction so that it will not c
during the test.

ith the padded vertical surface in its initial position in front of the heater, four th

loosely folded cotton blanket material are to be introduced into the space between the ve

surface and t
heater is blog
installation in|
adverse opef
used, but a s
41.1) to obtai
to be continu
material resu

he vertical wall on which the heater iss-mounted in such a manner that the upp
ked. The folded blanket material is {0 be located at any points along the length

ating conditions. A length of.folded material up to a maximum of 80 inches (}
horter length of the material-may be introduced into the space at any one timg
h the most adverse operating conditions possible. Operation in any one blocke
bd until constant temperatures are obtained, or until glowing or flaming of the ¢
ts.

tests.

pad, in turn,
heater as the
ce maximum
bove the top
1/2 inch (13
bilize. If it is
est is to be
bom ambient
hange shape

icknesses of
tical padded
er slot of the
of the heater

such a manner that any sensing device provided is so exposed as to prodyce the most

P m) is to be
 (see Figure
j condition is
ptton blanket
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Figure 41.1

Test of wall-mounted heater

BLANKET
MATERIAL

/

41.10.2 Curtain drape

41.10.21 A
41.10.2.2
supported at
at the base

f
and an overIIy of a doublé.layer of cheesecloth on the side facing the heater, and is to be hu

lower edge j
and the curtd
sections judg
then be repe

FELT_PAD

S2738

heater shall not cause a cuftain draped in front of it to glow or flame.

'he upper edge of a.simulated curtain at least 3 feet (0.9 m) high, but long
least 1 foot (300 mm) above the heater in any case, is to be continuously attach
which the heater’is installed. The curtain is to consist of white duck as spec

st toucheS.the floor. During the test, the entire length of the heater is to be in
in is to(be arranged to conform as closely as possible with the contour of the
ed to'be least likely to affect the operation of the limit control are to be covered.
hted with first:

enough to be
ed to the wall
fied in 41.7.4
ng so that the
tially covered
neater. Those
This test shall

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

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

c)1/4

of the heater covered.

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

41.11

41111

41.11.1.1

Floor insert heaters

Newspaper test

A floor insert heater is to be operated as described in 36.8, 37.1, 38.1, and 38.4. Two sheets of

newspaper having face dimensions equal to the grill of the heater are to be shredded into strips and the
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strips are then to be slowly (over a period of 5 minutes) inserted through the heater's grill. There shall be
no glowing or flaming of the dry, shredded paper while the heater is operated for 7 hours or until the
ultimate results have been observed.

41.11.2 Water splash test

41.11.2.1 A cotton mop, which was completely immersed in a pail of water for at least 5 minutes, is to be
immediately upon removal from the pail swabbed across the floor insert heater's grill five times with the
heater initially energized. Immediately following a last swabbing operation, the insulation resistance
measurement and dielectric voltage-withstand tests and to be performed. There shall be no dielectric
breakdown as a result of this test and the insulation resistance shall be at least 50,000 ohms.

41.12 Ceilirlg-panel heaters

41.12.1 A ceiling-panel heater shall not become a risk of fire when subjected to:

a) Physical abuse, as might occur from improper handling during installation; or

b) Wafer leakage after installation.

41.12.2 The details of a test procedure to simulate the effects of physical abuse cannot|be specified

completely b

may exist dui

examples of

cause of the various types of implements that may‘be used and the various cq
ng the installation of a ceiling-panel system. However, the following may be ¢
bppropriate test procedures, although these may-be modified and supplements

nditions that
bnsidered as
bd if deemed

necessary. Sample panels are to be placed on a floor surface with the upper surface of the panel (the side

that would b

successive impacts from a 10-inch (254-mm) screwdtiver dropped at random from a height o

m). Another s
dropped in th

b hidden after the panel is installed) exposed. One sample is to be subjeq

ample is to be subjected to the impact of a hammer having a mass of 3 poun
e same manner. If the panel is so_constructed that it might sustain hidden dama

while being i
impacts and

then energizgd. Line fuses of the currentrating that would be employed with the panel are to k
the power-supply leads, and any metal parts of the panel enclosure or adjacent metal associ
mounting aref to be solidly grounded. While energized, the samples are to be observed fo

adverse dam

41.12.3 To
installation, s
intended. Fus
power-supply

nstalled, a sample is to be dropped to the floor from a height of 6 feet (1.8
rops, the tested samples are;to be mounted in a ceiling section in the intended

ge such as hot.spots, arcing, glowing, or other unacceptable conditions.

simulate the“effect of condensation or of water leaking through a ceiling onto a
bveral samples of the panels are to be supported in a horizontal position and
es of-the current rating that would be employed with the panels are to be in
leads. Metal parts of the panel enclosure and adjacent metal supporting surfac

ted to three
f 6 feet (1.83
is (1.361 kg)
pe if dropped
m). After the
manner and
e installed in
ated with the
evidence of

panel-heater
energized as
stalled in the
bs that would

be grounded

re’to be connected inirﬂy to grnllnrl A qllanfii‘y of water necessary tothorou

hly saturate

the test samples is then to be poured over the exposed upper surfaces of the samples. The samples are to
be energized, and to be observed for arcing, glowing, or other adverse conditions. Blowing of the line fuse
is not considered to be unacceptable unless accompanied by arcing, glowing, or other manifestation of a
risk of fire in the panel itself.

41.13 Abnormal ambient test

41.13.1 General

41.13.1.1 A heater that employs a temperature limit control in accordance with Exception (a) to 24.1
shall be subjected to an abnormal ambient test in accordance with either Condition 1 or Condition 2 as
specified in 13.2.1 and 13.3.1, respectively. The test is to be continued for 7 hours with the heater
operated at the maximum rated input. There shall be no manifestation of fire during the test or occurrence
of damage to the heater to the extent that after the test the heater does not comply with the requirements
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for Enclosure, Section 7. Subsequent to this test, the heater shall comply with the Normal Temperature
Test, Section 36.

Exception No. 1: The abnormal ambient test need not be conducted for a heater in which the average "on"
time per cycle over four cycles of operation on the limit control during each abnormal operation
temperature test does not exceed 5 percent and the average "on" time does not exceed 1 minute. The limit
control used shall withstand an endurance test consisting of 100,000 cycles of operation making and
breaking its rated load (see Endurance Test, Section 42).

Exception No. 2: The abnormal ambient test need not be conducted if:

a) The heater completes the full 7 hour terry cloth band drape test,

b) During the full terry cloth band drape test temperatures are measured as noted'|{n the Normal

rature Test, Section 36, and

pater than the
g on the limit

¢) The temperatures measured during the normal temperature test are equal to or gr
temperatures obtained during the terry cloth band drape test with the product operati
contrgl.

Exception N¢. 3: The abnormal ambient test need not be conducted if the heater:

a) Camplies with the stalled fan test (see 41.3.1 — 41:3:5) and temperatures are |measured as

noteq|in the Normal Temperature Test, Section 36, and

b) If the steady state temperatures measured during the normal temperature test a
greater than the temperatures obtained during.the locked rotor test with the product
the limit control. The overshoot temperatures.are not to be considered if they last fc

re equal to or
operating on
br less than 5

minufes.

41.13.2 Condition 1

41.13.21 he heater is to be placed.in an enclosure where the ambient can be elevated a
maintained while the heater is operating. The ambient is to be raised slowly until the limit corn
The limit control is then to be shunted out of the circuit and the heater is to be operated at t
which the limlit control operated; plus or minus 5.6°C (10°F) for 7 hours.

nd accurately
trol operates.
he ambient at

41.13.3 Copndition 2

41.13.3.1 ir heated by a controlled temperature source is to be directed to the air intake openings of the
heater using|air.ducts or other similar means. The temperature of the air is to be gradually i:Kcreased until
the limit control operates. The limit control is then to be shunted out of the circuit and the heater is to be
operated for 7 hours with the intake air maintained at the temperature at which the limit control operated,
plus or minus 5.6°C (10°F).

42 Endurance Test

42.1 An automatic control and an automatic-control assembly (that is, a thermostat and related
contactor) shall withstand an endurance test consisting of the number of cycles indicated in Table 42.1.
Unless it is specified that the test be made without load, the current-rupturing device shall make and break
the rated current of the heater while connected to a circuit of voltage specified in 36.8. There shall be no
electrical or mechanical malfunction of the automatic control or associated contactor or undue burning,
pitting, or welding of contacts.

42.2 With reference to 42.1 and Table 42.1, thermostats are classified as follows:
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a) A temperature-regulating thermostat is one that functions only to regulate the temperature of the
heater under intended conditions of use, and whose malfunction would not result in risk of fire,

b) A temperature-limiting thermostat is one that functions only under conditions that produce
excessive temperatures. The malfunction of such a thermostat might or might not result in risk of
fire, and

¢) A combination temperature-regulating and limiting thermostat is one that functions to regulate
the temperature of the heater under intended conditions of use, and also serves to prevent risk of
fire that might result from conditions of abnormal operation of the heater.

Table 42.1

Number of cycles of operation for endurance test

Type of The

mostat

Automatically Reset Thermostat

Manually Reset Thermeostat

Temperature

Combing
temperature-r,

Temperature-fegulating

Himiting

tion
bgulating

and -limifing

A number of cycles equivalent to 1000 hours of
intended operation of the heater, or 30,000 if a
commercial heater. However, the test may be
omitted if, with the thermostat short-circuited, no
temperatures higher than the rises given in Table
36.1 are attained during the normal-temperature
test of the heater.

A number of cycles equivalent to 100 hours of
operation of the heater under any condition
which causes thermostat to function, or 100,000
cycles, whichever is greater. However, the test
may be omitted if, with the thermostat short-
circuited, there is no evidence of a risk«ire’as
described in 41.1.1 — 41.2.1 during the
continuous abnormal operation. of the heater?.

100,000 if, with the thermostat short-circuited,
there is evidence of a risk*of-fire as described in
41.1.1 - 41.2.1. If theré.is.no evidence of a risk
of fire under this condition, the thermostat is to
be tested as a temperature-regulating thermostat
(see above)?.

To be made the subject of special gonsideration.
No value is spegified because of uplikely
occurrence.

1000 cycles under load 5000 cyclgs without load.
However, the test may be omitted |f, with the
thermostat short-circuited, there is|no evidence
of a risk of fire as described in 41.1.1 —41.2.1
during continuous abnormal operation of the
heater.

To be made the subject of special gonsideration.
No value is specified because of uplikely
occurrence.

@ Complete test

is required — no part oniitted.

43 Short-Circuit Tests

43.1 Devic{
conditions wh

ps and.'eonductors referenced in 23.1.3.6 shall withstand short circuit and
en protected by:

ground fault

a) A device that is acceptable for branch circuit protection and is located in the heater, or

b) A branch circuit overcurrent protective device of the type and maximum rating specified on the
heater nameplate. There shall be no damage to the conductor or its termination, no ignition of the
cheesecloth surrounding the enclosure housing the components under test, and no arc-over
between line- and low-voltage circuits.

43.2

For the purpose of these tests:

a) Circuit breakers and fuses are not considered to be interchangeable,

b) Fuses of the same rating are considered to be interchangeable,

¢) HACR type circuit breakers of the same rating are considered to be interchangeable, and
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d) Circuit breakers of other than the HACR type are not considered to be interchangeable with
each other or with HACR type circuit breakers.

43.3 Each device and each conductor is to be connected in a circuit having a minimum capacity based
on the maximum rated current and voltage of the heater in accordance with Table 43.1. Each concurrent
load condition is to be considered separately, and the maximum resulting current employed as the basis of
selection of the capacity of the test circuit. The voltage source for the test circuit is to be an alternating
voltage and the circuit capacity is to be measured without the devices or the conductors in the circuit.

Table 43.1
Short-circuit test currents
Product ratings, amperes
Single phase Circpit capacity
110-12pV 200 -208 V 220-240V 254 -277V gmperes
9.8 or less 5.4 orless 4.9orless - 200
9.9-14.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1-34.0 8.9-18.6 8.1-17.0 - 2000
34.1-80.0 18.7-44.0 17.1-40.0 - 3500
Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000
3 Phase Circpit capacity
200 - 20B V 220-240V 440-480V 550 — 600 V gmperes
212 orlgss 2.0 or less - - 200
213-37 21-35 1.8 orleSs 1.4 or less 1000
3.8-9J5 3.6-9.0 = - 2000
9.6-233 9.1-22.0 - - 3500
Over 23.3 Over 22.0 Over 1.8 Over 1.4 5000

43.4 Thred samples of each conductor’ are to be subjected to each test condition. A new protective
device is to e used for each test condition. Consideration is to be given to both short-circuit and ground-
fault conditiops.

44 Overlodd Test — High-Voltage Transformers

441 This test applies to a high-voltage transformer provided with thermal protection of qther than the
nonrenewable thermal cutoff type. See 23.1.2.1.

442 Temperatures measured on the surface of the windings of a thermally protected high-voltage
transformer shall not exceed the temperature indicated in 44.4 when the transformer is tested as indicated
in44.3 and 44.4.

44.3 A variable resistance load is to be connected to the output terminals and the transformer is to be
operated continuously at the normal test voltage indicated in 36.8. If the protective device controls a
switching device that, in turn, interrupts primary current to the transformer, the switching device is to be
included in the circuit. The test ambient temperature is to be approximately 25°C (77°F). The resistance
load is to be adjusted so that the transformer winding is brought to a stabilized temperature of
approximately 10°C (18°F) below its insulation rating. The load is then to be gradually increased until
operation of the protector occurs.

444 Three samples of the transformer-protective device combination are to be tested. Average
temperatures of the three samples shall not exceed the winding insulation rating and the temperature of
any one sample shall not exceed the insulation rating by more than 5°C (9°F).
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445 Upon completion of this test, each sample shall comply with the Dielectric Voltage-Withstand Test,
Section 46.

45 Burnout Test — High-Voltage Transformers

45.1 There shall be no emission of flame or molten metal from the heater enclosure when a high-voltage
transformer is operated under the conditions described in 45.2 and 45.3.

Exception: This test does not apply to a high-voltage transformer that is provided with thermal overload
protection of other than the nonrenewable thermal cutoff type (see 23.1.2.1) or that is protected by an
overcurrent device or devices complying with the requirements in 23.1.3.1 — 23.1.3.6.

45.2 Three|samples of the transformer are to be operated continuously at the normall test voltage
indicated in 36.8 and at rated frequency with the enclosure grounded. The test ambient'temperature is to
be approximdtely 25°C (77°F) and operation is to be continued until constant temperature is indicated by a
thermocouplg on the enclosure or until burnout occurs. The circuit on which the transformer |s tested is to
be protected by fuses rated not less than that required for the heater.

453 The Igad connected to the output terminals is to be the highest.of the following and is to be
readjusted to| the specified value after 2 minutes of operation if necessary, with no further readjustment
during the te

a) A resistance load to provide a current equal to three times the full rated transformer secondary
currert, or

b) If the transformer supplies a motor with or without additional loads, a resistance load to provide a
current equal to the motor locked rotor currentplus any additional loads, or

c) If the transformer supplies an inductive load (other than a motor), such as the cgils of relays,
solengids, and the like, a resistance load to provide a current equal to the sum of su¢h loads with
the armature of the largest blocked-agpen.

Exception: The test may be conducted with the output terminals short circuited if this results in less than
three times rgted secondary current:

46 Dielectric Voltage-Withstand Test

46.1 A healer shall withstand for 1 minute without breakdown the application of a 60-herjz essentially
sinusoidal pojentiakbetween live parts and noncurrent-carrying metal parts, with the heater at|its maximum
normal operafing\temperature. The test potential (rms) shall be 1000 volts for a heater rated at 250 volts or
less and 1000~y ptas-twicerated-ve or-a+ atedat-more-th

46.2 To determine whether or not a heater complies with the requirement in 46.1, it is to be tested by
means of a 500-volt-ampere or larger capacity transformer, the output voltage of which can be regulated
and is essentially sinusoidal. The increase in the applied potential is to be at a uniform rate and as rapidly
as consistent with its value being correctly indicated by a voltmeter.

47 Insulation Resistance Test

47.1 A heater employing thermal insulation such as mineral wool in contact with uninsulated live parts or
electrical insulating material that is likely to be affected adversely by moisture under the conditions of
intended use shall have an insulation resistance of not less than 50,000 ohms after exposure for 24 hours
to moist air having a relative humidity of 85 £5 percent at a temperature of 32.0 £2.0°C (89.6 +3.6°F). See
17.2.


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

FEBRUARY 2, 2021

UL 2021

87

47.2 Ordinarily, insulation resistance is to be measured by a voltmeter having an internal resistance of at

least 30,000

ohms and using a 250-volt direct-current circuit.

48 Rain Test

48.1 When

tested as described in 48.2 — 48.5, an air heater intended for outdoor use shall:

a) Have an insulation resistance of not less than 50,000 ohms between live parts and

interc

onnected noncurrent-carrying metal parts;

b) Withstand without breakdown for 1 minute the application of a 60-hertz essentially sinusoidal
potential between live parts and interconnected noncurrent-carrying metal parts. The test potential

(rms)
rated

c) A
condy

conngction to the branch-circuit wiring is located.

48.2 During
in-theater he
reflector-typq

48.3 Theh
of 45 degree

conducted impmediately upon conclusion of exposure tothe water spray.

48.4 At thg
outside and {

48.5 Thew
rack as illus
illustrated in
greatest qua
per square in

shall be 1000 volts it the heater is rated 250 volts or less, and shall be 1000, vd
voltage if it is rated more than 250 volts; and

eater intended for permanent connection to the supply circuit by means of wirin
it shall have no evidence of water in the portion of the heater enclosure in wh

the test, the heater is to be mounted or supported as it would’be in actual serv|
hter provided with a shelter, shield, or the like (see 59.34)i.is to be mounted the
heater is to be suspended in any intended operating-position.

pater is to be subjected for 4 hours to a water spray as described in 48.5 applig
s from the vertical. The insulation-resistance and dielectric voltage-withstand t

conclusion of the tests, a heater as’mentioned in 48.1(c) is to be dried thor

ater-spray-test apparatus isto consist of three spray heads mounted in a watd
frated in Figure 48.1. Spray heads are to be constructed in accordance wi
Figure 48.2. The heater’is to be positioned in focal area of the spray head
htity of water is likely'to enter the heater. The water pressure is to be maintaine
ch (34.5 kPa) at.each spray head.

Its plus twice

g enclosed in
ich the splice

ce. If a drive-
ein. A radiant

d at an angle
bsts are to be

bughly on the

hen disassembled and examined for the presence of water in the splice compariment.

r supply pipe
h the details
s so that the
H at 5 pounds
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Figure 48.1
Rain-test spray-head piping

PLAN VIEW

]
I

i ]

\

o

/TN /1~— SEE DETAIL OF SPRAY HEADS S
V2N RN 7N VA B
VA SN /N RABNER!
1 \ N // | \\ y: 1 \
/ \ / 1 \ ! \
] \ | 1 \
SEE DETAIL |A’ WATER PRESSURE GAGE
[/ FOREACH SPRAY HER |\ PIEZOMETER ASSEMBLY
_L DETAIL ‘A’
c ! g)
1B " 'y
I
\— CONTROL VALVE FOR \Q\ ! '
EACH SPRAY HEAD \\
~
\t
SIDE VIEW \
FOCAL POINT — o
RT101B
Item inch mm
A 28 710
B 55 1400
C 2-1/4 55
D 9 230
E 3 75
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Figure 48.2
Spray head

ASSEMBLY?®

ANSI/ASME B1.20.1

°. B8 C —= 1/2" TAPERED PIPE
\I‘ = I-_ THREAD -

o]

(MAE\x.) le— & __I

H (DRILL THRU)

INSERT
o N (MAX.)
v e 3 HOLES.> T (ORILL THRU)
SPACE 120
AN _ 4
‘ N\
e’ CE (T) R (ORILL TO DEPTH
\ : REQUIRED FOR THROAT)
NN =
o V (HEX. OR ROUND
Ml BAR STOCK)
U (DRILL THRU) =L
— K |—
J

3, - SQUARE SECTION SLOTS - W WIDE x G DEEP - SPACE 120° -
60° HELIX - LEADING EDGES TANGENT TO RADIAL HOLES

RT100C
Item inch mm Iltem inch mm
A 1-7/32 31.0 M 3/32 2.38
B 7116 11.0 N 1/32 0.80
Cc 9/16 14.0 P .575 14.61
D 578 14.68 576 14.63
.580 14.73 Q 453 11.51
E 1/64 0.40 454 11.53
F c c R 1/4 6.35
G .06 1.52 S 1/32 0.80
H (No. 9)° 5.0 T (No. 35)° 2.80
J 23/32 18.3 U (No. 40)° 2.50
K 5/32 3.97 \Y 5/8 16.0
L 1/4 6.35 w 0.06 1.52

@ Nylon Rain-Test Spray Heads are available from Underwriters Laboratories Inc.

® ANSI B94.11M Drill Size

¢ Optional — To serve as wrench grip.
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49 Static Load Test

49.1

The register of a floor-insert heater shall withstand a static load of 300 pounds force applied to a

surface area of 1 square foot (14.4 kPa) at the center of the register without any permanent deflection and
without distortion of the register support.

50 Stability of Cord-Connected, Floor-Supported Heaters

50.1
after being tip

ped in any direction to an angle of 10 degrees from horizontal.

A freestanding, floor-supported heater shall return to its intended at-rest position on a level surface

50.2 The't
heater is to
stability. The

51 Element

511 Acord

the terry cloth to ignite, nor open a 1/2 ampere fuse of other than.the time-delay type

accordance W

Exception: A
elements end
to involve a i

51.2 The 1/
heater and th
the circuit to t

51.3 One s
51.5 and 51.6
grounded (ng
conductors rg
be operated 3

- 4+ I <l ool +lo HY I 1 <l <l Ll 4 £ lal

U110 U DT CUTTUUULTU UIT UTC UTIit WIiITCTIT plaucu Uuriucth UIc Truot uliriavuravic LU
be arranged with all doors and other appurtenances in the position tending
egs or other points of support may be blocked to prevent the unit from sliding*

Support Impact Tests

ith 51.2, when tested as described in 51.5 - 51.7.

heater need not be tested if it employs either tigid heating elements, such
ased in rigid dead metal tubing, or heating elements that can be determined wi
5k of fire or electric shock when broken, such as*heating lamps.

P-ampere fuse is to be connected betweenthe accessible dead metal parts (see
e earth ground through a manual switch arranged to permit remote opening a
he fuse.

ample of a freestanding, cord-connected heater is to be subjected to the test
| and another sample subjeeted to the test described in 51.7 — 51.9. For a heateq
utral) conductor, an additional sample for each of the tests is to be tested wi
versed. A grounding.conductor, if provided, is to be open during the tests. Each
t rated voltage and maximum rated input for 15 minutes immediately prior to bei

514 Theh

tongue-and-groove oakflooring nailed onto a layer of nominal 3/4-inch plywood or nomina
tongue-and-groove-pine board subflooring. The complete surface is to rest on a concrete of
nonresilient sprface during the tests.

rdwood surface mentioned in 51.5 and 51.7 is to consist of a layer of noming

ditions. The
to decrease

connected, freestanding heater shall neither emit sparks, flames; or molten mefal, nor cause

installed in

as resistive
thout test not

51.10) of the
nd closing of

described in
employing a
h the supply
sample is to
g tested.

| 1-inch thick
1-inch thick
equivalently

51.5 While the heater is energized and the switch to the fuse circuit is in the open position, the heater is
to be lifted by its intended carrying means to a height of 2 feet (0.6 m) as measured from the hardwood
test surface to the lowest point of the lowest point of the heater.

Exception: If the overall height of the heater is 2 feet or more (including its extended carrying handle, if
any), the lowest point of the sample may be less than 2 feet but not less than 6 inches (75 mm) from the
test surface, provided the top of such heater or the intended carrying means, whichever is the higher, is at
least 4 feet (1.2 m) from the test surface.

51.6 The heater is to be held in the intended transporting (carrying) position and is then to be dropped
onto the hardwood test surface that is covered with one layer of terry cloth. The switch to the fuse circuit is
then to be closed and the fuse is to be observed for opening prior to and while being uprighted. This
procedure is to be repeated two times, for a total of three drops.
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51.7 The sample in the as-received condition is to rest on the hardwood surface covered with two layers
of terry cloth. While energized at the rated voltage, the sample is to be tipped over five times in the manner
specified in 51.8. The first tipover is to be onto the front face of the heater and then subsequent tipovers
are to proceed in the clockwise or counterclockwise direction, one tipover onto face or side, with the last
tipover again onto its front face. If the angel of critical balance (see 28.19) exceeds 60 degrees, the heater
is not to be tipped over in this direction, but a total of five tipovers are to be made with each sample tested.

51.8 Each tipover is to be accomplished by tilting the sample quickly (in not more than 1 second), in one
steady motion, to an angle greater than the angle or critical balance. The sample is then to be immediately
released and allowed to fall freely by the force of gravity. While being tipped over, the switch to the fuse
circuit is to be in the open position. After the heater comes to rest, the switch is to be closed and the fuse is
to be observed for open circuiting prior to and while the sample is being uprighted.

51.9 |If a part of the sample is structurally or functionally damaged by a tipover, described in 51.7 and

51.8, onto a
sample is to
the first test.

51.10 With
the accessib
can become

52 Test fon

52.1 Gene

5211
tests describ

a)Th
b) Th

c) Th
rendg

face or side other than the front, but the damage has not caused the fuse.to of
be subjected to five tipover tests with the first tipover in the direction that caus

reference to 51.2, a dead metal part is to be considered aceessible if it does ng
lity requirements for uninsulated live metal parts in 7.20 and 7.26, and if the dg
energized by direct or indirect contact with a broken heating element.

Permanence of Cord Tag

al

To getermine compliance with 59.26, representative samples that have been suf

ed in 52.2.2 — 52.3.1 shall comply with the following requirements:
b tag shall resist tearing for longer than 1/16 inch (1.6 mm) at any point;
b tag shall not separate ffom the power supply cord;

bre shall be no permanent shrinkage, deformation, cracking, or any other con
r the marking on the tag illegible; and

en, a second
ed damage in

t comply with
ad metal part

jected to the

dition that will

d) Overlamination-shall remain in place and not be torn or otherwise damaged. The| printing shall
remain legible.

52.2 Test gonditions

52.2.1 For each type of conditioning mentioned in 52.2.2 — 52.2.4, three samples of the tag applied to the

power supply cord in the intended manner are to be used. If tags are applied by an adhesive, tests are to
be conducted no sooner than 24 hours after application of the tag.

52.2.2 Three samples are to be tested as received.

52.2.3 Three samples are to be tested at the end of 30 minutes of conditioning at a room temperature of
23 +2°C (73.4 £3.6°F) and 50 15 percent relative humidity, following conditioning in an air-circulating oven
at 60 +1°C (140 +1.8°F) for 240 hours.

52.2.4 Three samples are to be tested within 1 minute after exposure for 72 hours to a relative humidity
of 85 5 percent at 32 +2°C (89.6 £3.6°F).
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52.3 Test method

52.3.1 Each sample is to consist of a length of power supply cord to which the tag has been applied. The
power supply cord, with the attachment plug pointing up, is to be held tautly in a vertical plane. A force of 3
pounds (13.3 N) is to be applied for 1 minute to the upper most corner of the tag farthest from the power
supply cord, within 1/4 inch (6.4 mm) of the vertical edge of the tag. The force is to be applied vertically
downward in a direction parallel to the major axis of the cord. In determining compliance with 52.1 (d),
manipulation is permissible, such as straightening of the tag by hand. To determine compliance with 52.1
(e), each sample is to be scraped ten times across printed areas and edges, with a force of approximately
2 pounds (8.9 N), using the edge of a 5/64 inch (2.0 mm) thick steel blade held at a right angle to the test
surface.

53 Protectipn Against Personal Injury Test

53.1 Unlesgitis intended for mounting in a location (such as a ceiling) where it is not likely t¢ be exposed
to physical aljuse, a panel of glass or similarly brittle material employed in a heatershall withgtand, without
cracking or bieaking, the impact resulting from the test described in Figure 53.1-

Figure 53.1

Impact test

suspension point

/

suspending wire or cord of
any convenient length

steel sphere

\ panel

(edgewise view)

IP100

NOTES —

The point of suspension is one inch (25.4 mm) in front of the panel, h is 16.25 inches (412.8 mm), the diameter of the steel sphere is
2 inches (50.8 mm), and the mass of the steel sphere is 1.18 Ibs (0.535 kg mass) and it is to be released from rest.

53.2 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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