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INTRODUCTION

1 Scope

1.1 These requirements cover radiant heating panels and heating panel sets, for use on ac supply system
voltages not exceeding 600 V, designed for installation indoors in nonhazardous locations in household,
commercial, and industrial applications, in accordance with Article 424, Part IX , of the National Electrical
Code, ANSI/NFPA 70.

1.1 revised October 14, 2011

1.2 These requirements cover products designed to be permanently connected to a supply circuit, and
that are intended to form an integral part of the building construction after on-site assembly, installation,

and connecti

DN.

1.3 These rgquirements do not cover electric heating equipment or appliances that are
individual requirements that are separate from this Standard. Other related standards’inclug

a) E

ectrical Resistance Heat Tracing for Commercial and Industrial Applications, U

b) Fixed and Location-Dedicated Electric Room Heaters, UL 202%]

c) M
d O

e) O

pvable and Wall- or Ceiling-Hung Electric Room Heatérs, UL 1278;
Ltline of Investigation for Mobile Home Pipe Heating Cables, Subject 1462;

utline of Investigation for Roof and Gutter De-Icing Cable Units, Subject 1588;

f) Electric Space Heating Cables, UL 1673;

g) O

h) E

Litline of Investigation for Residential Pipe Heating Cables, Subject 2049; and

ectric Heating Appliances;,"UL 499.
1.3 revised October 14, 2011

1.4 These rgquirements do ngt'cover the following:

a) H
b) H

c) H

pating equipment connected to the supply by use of a flexible cord with attach

Pating-eguipment that is movable after installation;

e covered by
e:

L 515;

ment plug;

pating equipment with integral means of producing air flow;

d) Heating equipment manufactured and sold as an integral part of a floor or ceiling covering

mate

rials such as heated floor tiles, heated carpet, and heated laminate floor;

e) Heating equipment exceeding 355 W/m?(33 W/ft2) when installed in concrete or poured
masonry;

f) Electric Space-Heating Cables of Article 424 Part V of the National Electrical Code, ANSI/
NFPA 70;
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g) Heating panels and panel sets for mounted directly underfloor coverings in accordance with
424.99 of the National Electrical Code, ANSI/NFPA 70; and

h) Radiant heating panels intended to be installed in a dropped or suspended ceiling.
1.4 added October 14, 2011

1.5 These requirements do not cover switches, transformers, power supplies, controls (e.g. temperature)
or protective devices (e.g. ground fault protection) that are typically installed separate from the heating
panels but may be installed at the same time as part of the space heating system. Those devices are

covered by individual requirements that are separate from this Standard.

1.5 added October 14, 2011

2 Componer]

3 Units of M

3.1 Values {
approximate

4 Reference

Section 2 deleted October 14, 2011
Pasurement

tated without parentheses are the requirement. Values in parentheses are €
nformation.

b

4.1 Any undated reference to a code or standard appearing in‘the requirements of this star

interpreted a
5 Glossary
5.1 For the

5.2 ACTIVE
the heating e

5.3 ASSOC
installation, o

5.3.1 COMH
standard ded
field installed
that compose
components.

b referring to the latest edition of that code or standard.

urpose of this standard, the followingdefinitions apply.

AREA — That part of a heating product forming a plane area bounded by the
ement and its non-heating components.

ATE PART — A nonintegral part of a heating product essential for the correct
I both, of the product:

ONENT — A devijce or fabricated part of the appliance covered by the scope
cated to the purpose. When incorporated in an appliance, equipment otherwis
(e.g. outfet-box) is considered to be a component. Unless otherwise specified
a deviee’ or fabricated part, such as thermoplastic or copper, are not conside

Xplanatory or

dard shall be

perimeter of

bperation,

f a safety
e typically

materials
ed

5.3.1 added October 14, 2011

5.4 FLEXIBLE HEATING PRODUCT — A heating product of nonrigid construction, composed of thin
flexible sheets of electrical insulating material enclosing a heating element, which is intended for

installation in

contact with normal building construction materials.

5.5 HEATING ELEMENT — That portion of a heating panel or heating panel set that is the actual
electrical conducting medium, including a continuously applied or patterned conductive film, intended to
be heated by an electric current.

5.6 HEATING PANEL — A complete assembly provided with a junction box or a length of flexible
conduit for connection to a branch circuit.
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6A

5.7 HEATING PANEL SET — An assembly provided with nonheating leads or a terminal junction
assembly identified as being suitable for connection to a wiring system. It may be of fixed dimension, or
of continuous form where the final product dimension is determined during installation.

5.8 HEATING PRODUCT — A collective term used to refer to heating panels and heating panel sets.

5.9 NONHEATING COMPONENT — A component of a heating product that carries current or is
conductively coupled to a supply circuit, and that is not primarily intended to produce heat.

5.10 NONHEATING LEADS - Lead wires provided to facilitate connection of a heating product directly
to branch circuit conductors. Also known as “cold leads.”

5.11 RIGID
on or above

5.11.1 SEN
proximity to
the space he

5.12 TERM
conductors a

CONSTRUC]
6 General
6.1 A heatin

such as brag
product.

HEATING PRODUCT — A heating product of fixed construction designed 1o, b4
h ceiling, forming all or part of a ceiling, or mounted below a subfloor.

SOR WIRE — Factory provided wiring intended for installation in ceilingsor flo
eating product and for connection to a control and/or protective device installg

pting system.
5.11.1 added October 14, 2011

NAL BOX — A box or enclosure, inside which connections between branch cir
Nd cold leads or terminals are made.

[ION

j product shall be provided with means for mounting in the intended manner.

6.2 A heatin
such as furri
during install

6.3 A heatin
provided with

6.4 A compg

a) C

tion.

j product shall be”installed in accordance with the manufacturer’s installatio
the heating _product. See Details, Section 36.

nent of\aproduct covered by this standard shall:

brply with the requirements for that component as indicated in 6A — 6D;

b mounted
DI'S in

d as part of

Cuit

Any fittings —

kets, hangers, or the like — necessary for mounting shall be furnished with the heating

product intended to be installed in contact with combustible building construcon materials,
Eg, nailing strips or joists_shall be provided with an integral means to facilitat

P securement

n instructions

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

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

d) Additionally comply with the applicable requirements of this end product standard; and
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e) Not contain mercury.
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.

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

specific component requirement that:

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

b) I

c) Is
is us

Exception N(
is acceptable

a) T

b) T

6.5 A compq
ground-fault

superseded by a requirement in this standard, or

separately investigated when forming part of another component, provided th
d within its established ratings and limitations.

. 2: A component complying with a component standard other than those cite
”

-~

e component also complies with the applicable componént standard of 6A —
e component standard:

1) Is compatible with the ampacity and ovércurrent protection requirements
National Electrical Code (NEC), ANSI/NEPA 70, where appropriate;

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

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

household application, but intended for industrial use and complying with th
component standard may assume user expertise not common in household
applications;

6.4 added October 14, 2011

nent that is also intended to perform other functions, such as over curre
circuitzinterruption, surge suppression, any other similar functions, or any

P component

d in 6A — 6D

bD; or

b in the

in
Y

-

propriately

accommodated in the_énd use application. For example, a component used in a

e relevant
/

Nt protection,
combination
over devices

thereof, shall

comply additionally with the requirements of the applicable standard(s) that

that provide

Exception:

ose Tunctions.

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.

6.5 added October 14, 2011
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6.6 A component not anticipated by the requirements of this standard, not specifically covered by the
component standards of 6A — 6D, and that involves a potential risk of electric shock, fire, or personal
injury, shall be additionally investigated in accordance with the applicable standard, and shall comply with
6.4(b) — (e).

6.6 added October 14, 2011

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

6.7 added October 14, 2011

6A Insulated Wire, Cable and Nonheating Leads

6A.1 Unless|specified elsewhere, insulated conductors, nonheating leads, and sensor_Wirel shall comply
with one of the following:

a) The Standard for Appliance Wiring Material, UL 758;
b) The Standard for Thermoset-Insulated Wires and Cables, UL 44,
c) The Standard for Thermoplastic-Insulated Wires and Cables, UL 83; or

d) other types specified in Chapter 3 of the National Electrical Code (NEC), ANSI/INFPA 70
complying with the appropriate standard.
6A.1 added October 14y2011

6B Connectqrs

6B.1 Multi-pple connectors shall comply with\the Standard for Insulated Multi-Pole $plicing Wire
Connectors, UL 2459.
6B.T added October 14, 2011

6B.2 Splices|complying with one of the following are considered to fulfill the requirement of 10.1 — 10.5:

a) the Standard for Wire*Connectors, UL 486A-486B, provided with supplemental insulation
complying with 6C.2.and 11.1 — 11.3;

b) the Standard for Splicing Wire Connectors, UL 486C;

c) thep Standard for Sealed Wire Connector Systems, UL 486D; or

d) the Standard for Equipment Wiring Terminals for Use With Aluminum and/or Copper
Conductors, UL 486E, provided with supplemental insulation complying with 11.1 — 11.3
provided with supplemental insulation complying with 6C.1 and 11.1 — 11.3.

6B.2 added October 14, 2011
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6C Supplemental Insulation, Insulating Bushings and Assembly Aids

6C.1 The requirements for supplemental insulation (e.g. tape, sleeving or tubing) are not specified unless

the insulation

or device is required to fulfill 10.2. In such cases:

a) Insulating tape shall comply with the Standard for Polyvinyl Chloride, Polyethylene, and
Rubber Insulating Tape, UL 510 and be used within use limitations (e.g. adherence to itself).

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

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

6C.1 added October 14, 2011

6D Boxes ar

6D.1 Electrig
ANSI/NFPA ]
fulfill the requ

7 Enclosure

7.1 The encl
and rigidity n¢
of resistance
reduction of
combination

Exception:
building cong

7.2 Among t
mechanical 3
corrosion, an
subjected un

7.3 Cast- an
the enclosurg

7.4 An enclo

d Raceways

al boxes and raceways of the types specified in Chapter 3 of National'Electrical
0 and that comply with the relevant standard and Section 7, Englosure, are
irements of this Standard.

6D.1 added October 14, 2011

psure of a heating product shall be so formed and assembled that it will have
pcessary to resist the abuses likely to be encountered during its intended servicq
inherent in the heating product shall preclude’total or partial collapse with
Spacings, loosening or displacement of parts, and other serious defects whig
constitute a risk of fire, electric shock, explosion, or injury to persons.

\ heating product need not be rigidf, when installed per the manufacturer’s ins
truction materials completely enclose the product except for the nonheating le

he factors taken into consideration if an enclosure is being judged for accep
trength, resistance to impact, moisture-absorption properties, flammability,
[l resistance to distoftion and or delamination at temperatures to which the encl
ler conditions of intended or abnormal use.

| sheet-metal\portions of the enclosure shall not be thinner than indicated in Ta
is found<te-be acceptable when judged under considerations such as are mer

sure of sheet metal is to be judged with respect to its size and shape, the thickn

Code (NEC),
considered to

the strength
p. The degree
the attendant
h alone or in

structions, the
ads.
ability are its

resistance to
bsure may be

ble 7.1 unless
tioned in 7.4.

ess of metal,

and its acceq

tability for the particular application, considering the intended use of the heatir||g product.

7.5 Sheet metal to which a wiring system is to be connected in the field shall have an average thickness
not less than 0.81 mm (0.032 inch) if uncoated steel, not less than 0.86 mm (0.034 inch) if galvanized
steel, and not less than 1.14 mm (0.045 inch) if nonferrous.
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7.6 An electrical part of a heating product, installed in accordance with the manufacturer’s installation
instructions, shall be so located or enclosed to provide protection against unintentional contact with
uninsulated live parts.

7.7 Determination of the acceptability of a polymeric material used as an enclosure of a rigid heating
product shall be made based on the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.
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7.8 The flexible enclosure material of a flexible heating product shall have a relative thermal index and
adhesive bond strength suitable for the temperatures to which it is exposed during the Normal and
Abnormal Temperature Tests and shall comply with the requirements in Flammability, Section 13.
Determination of the acceptability of a polymeric material used as an enclosure of a flexible heating
product with respect to its relative thermal index and adhesive bond strength shall be made based on the
requirements of UL 746C.

Table 7.1
Minimum acceptable thickness of enclosure metal

At small, flat, unreinforced surfaces and at At relatively-large unreinforced flat surfaces
surfaces that are reinforced by curving,
rnbbing and the like (or are otherwise of a
shape and/or size) to provide mechanical
strength
Metal Millimeters (Inches) Millimeters (Inches)

Die-cast 1.2 (3/64) 2.0 (5/64)
Cast malleable 1.6 (1/16) 2.4 (3/32)
Other cast metdl 2.4 (3/32) 3.2 (2/8)
Uncoated sheef steel 0.662 (0.026)2 - -
Galvanized shdet steel 0.742 (0.029)2 - -
Nonferrous sheet metal 0.912 (0.036)2 - -

a Thinner shee{ metal may be employed if found to be acceptable when the enclosure is judged under considerafions such as
those mentiondgd in 7.4.

7.9 See Wir¢ Connectors, Section 10, for requirements’for insulating covers for wire copnectors and
pre-insulated|wire connectors.

7.10 To redyce the likelihood of unintentional ‘€ontact that may involve a risk of electric shock from an
uninsulated live part, an opening in an enclesure shall comply with one of the following:

a) For an opening that has a-mifior dimension (see 7.12) less than 25.4 mm (1 inch), such a
part ¢r wire shall not be contacted by the probe illustrated in Figure 7.1.

b) Fr an opening thdt has a minor dimension of 25.4 mm (1 inch) or more, such g part or wire
shall|be spaced from_the opening as specified in Table 7.2.
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Table 7.2
Minimum acceptable distance from an opening to a part that may involve a risk of electric shock
Minor dimension of opening 2 Minimum distance from opening to part
Millimeters P (Inches) P Millimeters ° (Inches) P
19.1 (3/4) 114.0 (4-1/2)
25.4 1) 165.0 (6-1/2)
31.8 (1-1/4) 190.0 (7-1/2)
38.1 (1-1/2) 318.0 (12-1/2)
47.6 (1-7/8) 394.0 (15-1/2)
54.0 (2-1/8) 444.0 (17-1/2)
< 762.0 (3P)
a See 7.12.
b Between 19.1] mm (3/4 inch) and 54 mm (2-1/8 inches), interpolation is to be used to determine a valig bétwegdn values
specified in the|table.
¢ More than 54|mm (2-1/8 inches), but not more than 152 mm (6 inches).

7.11 The prdbe illustrated in Figure 7.1 shall be used as a measuring instriiment to judge th¢ accessibility
opening, and not as an instrument to judge the strength ‘of a material; it shpll be applied

provided by I?
with the mini

um force necessary to determine accessibility.

7.12 With reference to the requirements in 7.10, the minor dimension of an opening is the dlameter of the

largest cylindrical probe having a hemispherical tip that can fie inserted through the opening.
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Figure 7.1
Articulate probe with web stop
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8 Protection Against Corrosion

8.1 Except as noted in 8.2, 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.

8.2 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
heating element operating in air and terminal parts attached directly to the heating element need not be
protected against corrosion.

8.3 The aging characteristics of plating or other finish used in a heating product shall*|be such that
deterioration jof the finish will not result in unacceptable performance of the heating product
9 Supply Copnections

9.1 Each heating product shall have provision for permanent connection {0 a supply circuit

9.2 For a hegating product with supply connections concealed by, bGilding construction npaterials after
installation, the means of supply circuit connection shall be one of.the following:
a) Integral nonheating leads complying with the requirements of 9.4;

b) Fi
meal

eld assembled nonheating leads complyingawith the requirements of 9.4, inclufing the
s of connection to the heating product complying with the requirements of Wile

Connectors, Section 10; or

c) Terminal fittings complying with theyrequirements of Wire Connectors, Section 1p.
9.3 For a sufface mounted heating product, and a heating product intended for installatior] in which the
supply condyctors are not intended to_be concealed by building construction materials aftgr installation,

the means ofl supply circuit connection shall be one of the following:

a) Terminals suitablé for connection of branch circuit conductors, marked to indicafe the

inten

b) P
termi

ed supply circuit connection, and located inside a terminal box; or

gtail leads, marked to indicate the intended supply circuit connection, and locg
hal boX or as part of a length of flexible conduit.

ted inside a

9.4 Nonheat

Ny feads of Teatingproducts—shattbe—suitabte—for the—apptied—vottage, tem

erature, and

conditions of service to which they are subjected under normal and abnormal operating conditions, and
shall be one of the following:

a) Nonmetallic sheathed cable (Types NM-B and NMC-B) or the equivalent complying with the
Standard for Nonmetallic-Sheathed Cables, UL 719, if:

1) Not enclosed in a terminal box or enclosure; or

2) Intended to be installed in direct contact with combustible building materials;
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b) Appliance wiring material complying with 6A.1 if the wiring is internal to the product such as

conductors used for making supply connections inside a terminal box;

¢) Underground feeder and branch circuit cable (Type UF) or mineral insulated, metal sheathed
cable (Type MI) complying with the Standard for Thermoplastic-Insulated Underground Feeder

and Branch-Circuit Cables, UL 493 when used in applications as specified in (a);

d) Mineral insulated, metal sheathed cable (Type MI) complying with the Standard

for Electrical

Wires, Cables, and Flexible Cords, UL 1581, for single conductor applications as specified in

(a); or

e) Other type equivalent to the above and acceptable for the application with respect to use,

expofure, and physical properiies In accordance with the Nafional Elecirical Code (NEC), ANSI/

NFPA 70.
9.4 revised October 14, 2011

9.5 Factory-assembled nonheating leads shall be one of the following:

a) Npt less than 1 m (3 ft) long, for heating products designed toshave supply circui

conngctions located remote from the product;

b) Npt less than 152 mm (6 inches) long, for heating panels where supply circuit ¢
are made in an integral terminal box.

9.6 The location of a terminal box or compartment, if provided, in which power-supply conn
be made shall be such that these connections may be insSpected after the heating product
intended, befpre the surface finishing material (floor or-ceiling) is applied.

9.7 A termingl box or compartment shall not be\pérmitted to rotate such that wiring and co
subjected to ptress or mechanical abuse.

9.8 The surface of an insulated lead_intended for the connection of an equipment-ground
shall be greep with or without one or\more yellow stripes, and no other lead shall be so id¢

10 Wire Conpnectors

10.1 Wire connectors, recommended by a heating product manufacturer for the attachment

=

bnnections

pctions are to
s installed as

nnections are

ng conductor
ntified.

bf nonheating

leads to a hepting produet, shall be of a nonreusable type, and shall comply with the requir¢ments of 6B.

10.1 revised October 14, 2011

10.2 Wire cdnnectors not intended to be enclosed in a terminal box shall be provided with

an insulating

cover to reduce the Tikellhood of contact with uninsulated live parts after correct assembly.

10.3 Insulating covers as described in 10.2 shall comply with the Standard for Polymeric Materials — Use

in Electrical Equipment Evaluations, UL 746C.

Exception: Small parts, measuring a maximum of 60 mm long, 25 mm wide and 15 mm thick need not
comply with the flammability requirements of UL 746C provided that the insulating material has a minimum
flame class rating of V-0 in accordance with the requirements of the Standard for Tests for Flammability

of Plastic Materials for Parts in Devices and Appliances, UL 94.
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10.4 Insulating covers shall be free of sharp edges at all points of contact with an element.

10.5 When a special tool is required for the installation of wire connectors to connect nonheating leads to
a heating product, the tool shall be identified by manufacturer name or trade name, part number and any
limitations (number of wires to be connected, AWG size, and the like) in the heating product installation
instructions. See 36.2(i).

11 Electrical Insulation
11.1 Insulating washers, bushings, and the like, that are integral parts of a heating product, 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 d
of actual ser

11.2 Insulati
application. ¢
if used in cof
they are not
necessary to
given to its n
degree to wh
a risk of fire,

factors are considered with respect to thermal aging.

11.3 In the mounting or supporting of small, fragile, insulating parts, screws or other fasten

be tight enou
such parts sh

12 Thermal

12.1 Thermg
be adversely

12.2 Thermg
material emp
it may be suf

12.3 Determ
mechanically

ice.

hg material employed in a heating product is to be judged with respéct to
ther materials that are not for general use, such as magnesium @xide, may |

bubjected to mechanical damage and are resistant to the abserption of moistu
investigate a material to determine whether or not it is aceeptable, consider
nechanical strength, dielectric properties, insulation resistance, heat-resistant

ch it is enclosed or protected and any other features-hWaving a bearing on the
blectric shock, or injury to persons may occur, under eonditions of actual servic

11.2 revised October 14,~2011
gh to cause cracking or breaking of these parts with expansion and contractid
ould be slightly loose.
nsulation

| insulation shall be of such nature and located and mounted or supported so
affected by any intended operation of the heating product.

| insulation that is™not rigid shall be mounted or supported so that it will not s
jected.

nation of the acceptability of an adhesive may be omitted if the thermal

0 that they will have the mechanical strength and rigidity necessary to withstandl the stresses

its particular
e acceptable

junction with other less hygroscopic insulating materials or if located and profected so that

re. When it is
ation is to be
qualities, the
ikelihood that
p. All of these

ngs shall not
n. Generally,

that it will not

ag. Adhesive

oyed for mounting thermal insulation shall be acceptable for use at the temperature to which

insulation is

supported by at least 11 rivets or the equivalent per square meter of material

(at least one

rivet or the e

uivalent per square Toot of material).

12.4 Flammable or electrically conductive thermal insulation shall not contact uninsulated live parts of a
heating product.
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12.5 Some types of mineral-wool thermal insulation contain conductive impurities in the form of slag that

make its use

13 Flammabi

13.1 General

unacceptable if in contact with uninsulated live parts.

lity

13.1.1 These requirements apply to:

a) Al

b) Al

| flexible heating products; and

| rigid heating products having polymeric enclosures.

13.2 Flexible

13.2.1 A fle
construction
flame rating
Plastic Mater

13.3 Rigid h
13.3.1 A poly
the requirem

Appliances, |

14 Spacings

14.1 The spacings in a heating product shall be T accordance with Tables 14.1 and 14.2.

heating products

ible heating product intended to be installed in direct contact with.combus
materials and forming an integral part of the building constructien/shall hav
pf HB in accordance with the requirements of the Standard for Tests for Fl
als for Parts in Devices and Appliances, UL 94.

pating products with polymeric enclosures
meric enclosure of a rigid heating product shall have a flame rating of 5V in ac

bnts of the Standard for Tests for Flammability «0f, Plastic Materials for Parts in
JL 94.

tible building
e a minimum
ammability of

rordance with
Devices and

Table 14.1
Minimum acceptéable spacings at field-wiring terminals ab
Parts Potential Through air Over surfacg
involved involved mm (Inch) mm (Inch)

Between live pgrts 0 — 250 \olts 6.4 (1/4) 9.5 (3/8)
of opposite polarity;
and between allive
part and a
noncurrent carrying
metal part, whi¢h
may be groundpd

251 — 600 9.5 (3/8) 12.7 (1/2)

judged under 1

@ The spacings do not apply to connecting straps or busses extending away from wiring terminals. Such spacings are to be

4.2.

b Applies to the sum of the spacings involved where an isolated noncurrent carrying part is interposed.
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Table 14.2
Minimum acceptable spacings through air or over surface at points other than field-wiring
terminals 2
Parts involved Potential involved, volts Millimeters (Inch)
Between uninsulated live parts 0 - 250 1.6 (1/16)
of opposite polarity; and
between a rigidly mounted
uninsulated live part and a
noncurrent-carrying metal part
that either is exposed for
persons to contact or may be
grounded.
251 — 600 6.4P (1/p)°
a If an uninsulafed live part is not rigidly supported, or if a movable noncurrent-carrying metal part is in proximity fo an
uninsulated livg part, the construction shall be such that at least the minimum acceptable spacing of 1.6~mm (1/46 inch) is
maintained under all operating conditions and under all normal conditions of handling.
b A spacing of .6 mm (1/16 inch) is permissible at the heating element support and terminals only(ih & heating groduct rated
for 300 volts or|less.

14.2 Except
spacings woy
and shall be
not less than
percent of th

14.3 Insulati
investigation,

14.4 Unless
barrier of mig

15 Groundin

15.1 In a heg
are exposed
likely to beco
be conductivi

15.2 In a he
supply by me

b spacing required for air alone.

it is found to be acceptable for the application.

a shall be at least 0.25 mm (0.01 ‘inch) thick.

D

bly connected to-the point of attachment of the wiring system.

a) A

D equipment-grounding terminal or lead shall be provided (see 9.8). and

ps indicated in 14.3, an insulating lining or barrier of fiber or.similar material employed where
Id otherwise be less than the required values shall not be-fess than 0.8 mm (1/32 inch) thick
50 located or of such material that it will not be affected adversely by arcing; extept that fiber
0.4 mm (1/64 inch) thick may be used in conjunctioh With an air spacing of no less than 50

ng material having a thickness less than-that specified in 14.2 may be ysed if, upon

protected from physical abuse during assembly and operation of the heatipg product, a

iting product, all exposeddead metal parts and all dead metal parts inside the eénclosure that

to contact during any- servicing operation (including maintenance and repair)| and that are
Ime energized shall)be electrically connected to the equipment-grounding termipal or lead or

hting preduct required to be grounded and intended for permanent connection|to the power
ans other than a metal-enclosed wiring system (such as nonmetallic-sheathed cable):

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

termi

nal or lead.
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15.2.1 The nonheating lead(s) serving as an equipment-grounding conductor shall be:
a) ldentified per 9.8, and

b) Of a size acceptable for the application in accordance with Table 250.122 of National
Electrical Code (NEC), ANSI/NFPA 70, but shall not be required to be larger than the circuit
conductors or leads supplying the equipment.

15.2.1 added October 14, 2011

15.3 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.

15.4 With reference to 15.3, the resistance may be determined by any convenient method |except that if
unacceptablg results are recorded, either a direct or alternating current equal to the curreni rating of the
maximum-cufrent-rated branch-circuit overcurrent-protective device that may be~employed with the
heating prodr:llct is to be passed from the equipment grounding terminal or the point of attaghment of the
wiring systenj to the dead metal part, and the resulting drop in potential is measured betwgen these two
points. The r¢sistance in ohms is to be determined by dividing the drop in potential in volts by the current
in amperes passing between the two points.

PERFORMANCE
GENERAL
16 Details
16.1 See Taple 16.1 for a list of tests applicable to flexible and rigid heating products.

Table 16.1
Rerformance tests

Section no.
Performance test Flexible heating products Rigid heating proglucts
Power Input 17 17
Normal Tempefature 19 19
Abnormal Temperature 20 20
Contact Loss 21 21
Dielectric Voltafe-Withstand{(Dry) 22 29
Dielectric Voltafje-Withstand (In-Water) 23 30
Cold Bend 24
Mechanical Abjise.Test 25
Scratch 26
Concrete Slab Cracking 27
Nonheating Conductor Overload 28
Impact - 31
Drop - 32

16.2 Each representative heating product is to be subjected to the sequence of heat cycling described in
16.3 until the change in resistance, between consecutive heating cycles as noted, is determined to be less
than 0.5% as determined in accordance with 16.4.
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16.3 Each representative flexible heating product, cut to size in accordance with the requirements for the
Normal Temperature Test, 19.1.1, is to be placed in an air-circulating oven which is initially maintained at
a temperature of 20 +2°C. The total element resistance of each heating product is to be measured after
an initial temperature stabilization period. The temperature in the oven is then to be raised for
approximately 20 minutes to 85°C and maintained within +5°C for 10 minutes. The heating product is then
to be allowed to cool down for 20 minutes, forced cooling is permitted, to a temperature of 30 +2°C and
maintained within £2°C for 10 minutes.
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16.4 The resistance of each heating product is to be measured after the 25th cycle. If the change in
resistance between the initial measurement and after the 25th cycle is not less than 0.5%, the resistance
measurement is to be repeated after the 400th cycle, and again after every additional 100 cycles until the
resistance measured after the current cycle interval differs from the previous cycle interval by less than
0.5%.

16.5 Whenever cheesecloth is mentioned, the cloth is to be bleached, 914 mm (36 inches) wide, running
20 — 30 m/Kg (14 — 15 yards per pound 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).

ALL HEATING PRODUCTS

17 Power Input Test

17.1 When g heating product is tested as described in 17.2, the measured powes.input orfcurrent input
(or both) shall not vary from the marked rating of the product by more than +5%-and -10%.

17.2 The prqduct under investigation, a flexible heating product previously conditioned ag described in
16.2 or a pregviously untested rigid heating product, is to be installed in aecordance with the instructions
specified for fhe Normal Temperature Test, based on the type of installation, 19.3 — 19.5. Tlhe product is
to be operatgd in accordance with the test procedure of the NormalITemperature Test, desdribed in 19.7,
except for theé supply voltage, which is to be adjusted to the rated’voltage of the product. (Vhen thermal
equilibrium igf reached, the input power or current (or both) ofithe product is to be measured according to
the parametdrs used to rate the product.

18 General Test Conditions

18.1 The supply voltage feeding the representative heating products during the Normal gnd Abnormal
Temperature|Tests is to be adjusted to prodyuce a power input in accordance with the following formula:

V 2
W, C1.05M,, (ﬁ)
v

in which:

1.05 |="wpper limit tolerance of rated power: see 17.1

W, = test power (in watts)

W,, = marked power rating of product (at rated voltage); replace with calculated wattage (rated
voltage multiplied by rated current) if heating product is rated in amperes

V,, max = upper limit of voltage range for the nominal supply system on which the product is
intended to be used; see 34.3

V, = rated voltage marked on the product under investigation
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18.2 Power adjustment is to be made, if necessary, after the addition of a load to simulate full heating
product length as described in 18.3.

18.3 When the length of a representative parallel heating product is less than the maximum length
specified by the manufacturer, an additional load is to be connected to the heating product to simulate the
maximum specified product length. The additional load is to be connected so that the total load current
(product plus added load) flows through the internal nonheating conductors of the product. When a
temperature test involves more than one heating product, each product used for the test is to be loaded
to simulate maximum length.

18.4 The supply voltage for the Contact Loss Test, Section 21, and the Mechanical Abuse Tests, Section
25, is to be the rated voltage or the upper limit of the voltage range of the nominal supply system on which
the product i intended to be used, whichever Is greafer. See 34.3.

19 Normal Temperature Test

19.1 General

19.1.1 Each |heating product is to be provided in the maximum length or<branch circuit siz¢ specified by
the manufactprer.

Exception: A combination of heating product and supplementalléad in accordance with|18.2 may be
provided.

19.1.2 Unless otherwise specified by the manufacturer, the heating product is to be connedted to a 20 A
branch circuif using 12 AWG (3.3 mm?), two conductor nghmetallic sheathed cable, Type NN, nonheating
leads. See 36.2(f).

19.1.3 Each heating product is to be installed as\close to the corner of the test alcove as corjstruction and

product insta

Exception:
be installed i

19.1.4 Each
installation in
shall be instd

lation instructions permit.

Heating products intended.to’be installed in concrete or poured masonry are n
1 a test alcove.

heating product is-tae be installed with a vapor barrier in accordance with the n
structions. If the position of a vapor barrier is not specified in the instructiong
lled with a yaper barrier in the most adverse position with respect to temperat

ot required to

anufacturer’s
, the product
re.



https://ulnorm.com/api/?name=UL 1693 2011.pdf

SEPTEMBER 13, 2010  ELECTRIC RADIANT HEATING PANELS AND HEATING PANEL SETS - UL 1693 19

19.2 Test alcove construction

19.2.1 For heating products intended to be installed in the ceiling, a test alcove is to be constructed as
follows:

a) The ceiling is to be constructed from nominal 2- by 6-inch trade size (38- by 140-mm)
softwood lumber, arranged horizontally, with nominal 16 inches (406 mm) on center spacing
unless otherwise specified by the heating product manufacturer. See Figure 19.1. If the
manufacturer’s instructions permit installation of heating products in sloped ceilings, an
additional test ceiling with a pitch of 1/2 shall be constructed in accordance with the
manufacturer’s instructions; and

Excdption: An additional test with a sloped ceiling IS not required If, during the Normal
Temperature Test of a horizontal ceiling installation, the maximum temperaturesrof able 19.1 are
not gxceeded and the maximum temperature of wood (item 4 of Table 19-1))dogs not exceed
85°C| (185°F)

b) The wall sections are to be a minimum of 1.5 m (4.9 ft) high, of weod frame corjstruction,
consisting of nominal 2- by 4-inch trade size (38- by 89-mm) softwood lumber located on
nomipal 16 inch (406 mm) centers suitable to support the test ceiling, and covered |with 3/8 inch
(9.5 mm) thick plywood painted flat black.
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Figure 19.1
Test alcove ceiling construction

2 X 6 in (38 X 140 mm) Joists

60 (min) Insulation ::'

—

Notes: aterial
"a” - Ceiling Heating ,Product Samples

Not to Scple
SM955E
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19.2.2 For heating products intended to be installed in the floor, a test alcove is to be constructed as

follows:

a) The floor is to be constructed from nominal 2- by 8-inch trade size (38- by 184-mm)
softwood lumber, with nominal 16 inches (406 mm) on center spacing unless otherwise
specified by the manufacturer. A subfloor of 1/2 inch (13 mm) thick plywood is to be provided
on the upper surface of the floor construction. The underside of the floor construction shall be
covered by 1/2 inch (13 mm) thick gypsum board. Both the floor joists and the subfloor are to
be pdinted flat black. See Figure 19.Z; and

b) The wall sections are to be constructed as described in 19.2.1(b).
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Figure 19.2

Test alcove floor construction test

172 in (13 mm) Softwood Plywood |

RS Tnsuiation ;1 [+ 1-_R-19 Insulation ;v [—1-1=_R=19 Tnewlation
b S SOOI AN I OOOOOOOOOOOOD A oo OOEDOOnDOLD
!
17 in (13 mm) gypsum board 2 X 8 in (38 X 184 mm) Joists

Not to Scale
SMp61E

S0 mim 2 in))|

NoteX*a” - Floor Heating Product Samples

minimum air gap


https://ulnorm.com/api/?name=UL 1693 2011.pdf

SEPTEMBER 13, 2010  ELECTRIC RADIANT HEATING PANELS AND HEATING PANEL SETS - UL 1693 23

19.2.3 For heating products intended to be installed in a common ceiling/floor section, the test alcove is
to be constructed as described for the floor construction in 19.2.2, except that the underside is to be
covered with a material as specified by the manufacturer. The upper wall section in the test alcove is to
be positioned directly above the lower wall section and all wall surfaces facing the inside of the test alcove
are to be painted flat black. See Figure 19.3.
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Figure 19.3
Test alcove common ceiling/floor construction
R-11 Insulation

172 in (13 mm) thick plywood subfloor

X\ -
X
QRRIETIRRY : 50 mm (2 indChint i
)’:.:.:’:’:’;v.‘:’:’:“ : mm iN) (MiNimuf air gap
909090909.9:9.9:9.9.%
126502022020 % %% 8
9a9.9.9.9
Ceiling Facing
| Material
2 X 8 in (38 X 184 mm) Joists
Notes:
“a” - Floor Heating Product Samples
“b* - Ceiling Heating Product Samples
Not to Scale

SM962D
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19.2.4 For products intended to be installed on furring or nailing strips, the 2- by 6-inch (38- by 140-mm)
joist spacing is to be a nominal 16 inches (406 mm) on center. Joists are to be of suitable length to
accommodate representative heating products.

19.3 Ceiling installation

19.3.1 When evaluating heating panels, three representative heating panels are to be installed in the
ceiling of the test alcove, separated by the minimum distance specified by the product manufacturer,
without alteration of the product dimensions. If no separation distance is specified by the product

manufacturer, the heating panel sets are to be positioned adjacent to each other.

19.3.2 When evaluating heating panel sets, three lengths of representative heating panel sets are to be

installed in th
manufacturer
1.5 m (4.9 ft)
to be position

19.3.3 The h
by the manu
recommende|

19.3.4 The i
maximum thq
Additional ing

e celling of the test alcove, separated by the minimum distance specitied

ed adjacent to each other.

eating products are to be covered from below with ceiling facing'niaterials as r
[, the material having the maximum overall thermal resistanee is to be used.
hstalled heating products are to be covered from-above with thermal insu

rmal resistance rating recommended by the proddct/manufacturer, but not le
ulation shall be provided between furring or nailing strips as recommended b

product manyifacturer. Unless otherwise specified by the manufacturer, fiberglass batt insu

used.

19.3.5 For slirface mounted ceiling installations, thesheating products are to be mounted to

of the ceiling
of the total f
provided by {

19.4 Floor in

19.4.1 The n
the test alco\

19.4.2 Thern
not less than
thermal resis

of the test alcove. Thermal insulationhaving not less than R-60 rating is to be
nished ceiling area in order tocgover the total alcove area, according to th
he manufacturer.

stallation

umber and relatiye,positioning of the representative heating products installed
e is to be the sameé as described for ceiling installations described in 19.3.1 a

pal insulation of the maximum thermal resistance value specified by the man
R-19 is.to be installed below the heating products. Floor finishing materials of
anceWalue specified by the product manufacturer, but in no case less than R-

the subfloor),

the product

b
, and are to have an area of at least 4 m? (43.1 ft?) with no lengthwise dimen{on less than
. If no separation distance is specified by the product manufacturer, the ‘heatifg

panels are

pcommended

acturer of the product under test. Where more than one type,of ceiling facipg material is

lation at the
5s than R-60.
y the heating
ation is to be

he underside
blaced on top
P instructions

in the floor of
nd 19.3.2.

ufacturer, but
he maximum
11 (excluding

are 1o be installed above the subfloor for a portion of the test procedure. The

floor finishing

material shal

provide Compiete TOVErage of the joist tavities Comntaiming eatinmg panets witt

of a maximum 406 mm (16 inch) border permitted along the alcove walls. See 19.7.4.

he exception

19.4.3 The air gap between the subfloor and the heating products is to be adjusted as specified by the

manufacturer

, but shall not be less than 50 mm (2 inches).
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19.5 Common ceiling/floor section installation

19.5.1 Three representative ceiling heating products and three floor heating products are to be installed
to concurrently heat the common ceiling/floor section of the test alcove. The heating products are to be
separated horizontally by the minimum distance and vertically by the minimum distance using insulating
materials specified by the product manufacturer, without altering the product dimensions. If no separation
distances or materials are specified by the product manufacturer, the heating products are to be installed
in a common joist space.

19.5.2 Heating products intended for use with other products in the same joist space are to be tested with
products of equal power density ratings (watts per unit area) in the floor and ceiling heating positions,
unless complimentary products of different power density rating (greater or lower) are specified in the

installation i
manufacturer
of the highes

19.5.3 Thern
products acc
than a R-8 r3

19.5.4 The
recommende
material is re

19.55 The f
air gap betwe
50 mm (2 ing

19.6 Concrefe or poured masonry installations

19.6.1 A representative heating product_shall be installed in or beneath a concrete

accordance
1220-mm (2-

19.6.2 If the
vapor barrier

19.6.3 If the
a concrete b3
instructions d

hstructions provided by the heafing product manufacturer. When a heg
provides specifications for complimentary heating products, representativerhes
| power density are to be used.

pal insulation is to be placed in between the ceiling heating produets and the
prding to the installation instructions specified by the manufacturer’but shall n
ting.

eiling heating products are to be covered from below)with ceiling facing
d by the manufacturer for the product under test,-\Where more than one t
commended, the material type having the maximurm overall thermal resistance

oor heating products are to be installed according to the manufacturer’s instrd
en the heating product and the underside ofithe subfloor, but the gap shall no
hes).

vith the manufacturer’s idstructions. The slab shall have nominal dimension
by 4-ft) by 89 mm (3-1/2_inches) thick.

installation is beneath the slab, the heating product shall be placed on a sg
as specified by the manufacturer.

nstallatiofis in the slab, a double-pour installation, the heating product shall b
se withla nominal 51 mm (2 inches) of concrete poured over the product. The m
onceriing concrete reinforcement shall be followed. A control joint of nomin

ting product
iting products

floor heating
bt have more

materials as
pe of facing
s to be used.

ctions for the
be less than

floor slab in

s of 610- by

nd base and

e installed on
anufacturer’s
al 3 mm (1/8

inch) depth s
The manufac

hall\bé formed across the width of the slab, equally spaced between the two enjis of the slab.
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19.7 Test procedure

19.7.1 The maximum ambient-adjusted temperature at each sensing location shall not exceed the limits
specified in Table 19.1. Temperatures measured in the active area of the heating product shall not vary
from each other by more than 5°C (9°F).

Table 19.1
Maximum temperatures of heating products

Item

Location

Maximum temperature

°C

°F

Any point within a terminal
box or wiring compartment of
a heating product in which
field-installed conductors are
to be connected(including
such conductors themselves)
On a heating product surface,
intended to be installed in
contact with combustible
building materials

On internal product
components not intended to
be in contact with combustible
building materials

On wood

On gypsum board used as a
facing material when specified
by the manufacturer

On the subfloor top surface
with floor finishing material
removed

60

90

or the temperaturerrating of the product, whichepver is lower
The limiting temperature for the materials used

90
60

40

140

19.7.2 At ledst three adjacent joist spaces are to be heated simultaneously during the tests.[The products
under test arg to be operated cantinuously, in accordance with the General Test Conditiong described in
Section 18, in a test ambient ©f)20 - 2°/+6°C (68 - 3.6°/+10.8°F), until thermal equilibrium |s reached. A
temperature is to be considered constant when three successive readings, taken at intervals|of 10 percent
of the previoysly elapsed.duration of the test (but at intervals of not less than 5 min), indicate no change.

19.7.2 revised October 14, 2011

19.7.3 Maximum.temperatures on the representative heating products and construction m
construct the| test alcove ceiling, walls, and floor are to be determined. Ambient temper

a;ll[erials used to
ure variation

below 20°C (68°F) is to be added to the measured temperature, and the resultant adjusted temperature
used to determine compliance.

19.7.4 For a floor installation, including a common ceiling/floor section installation, the test is to be
conducted both with and without the minimum R-11 floor finishing materials.
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19.7.5 Temperatures of ceiling facing materials, thermal insulating material in direct contact with the
representative heating products, and heating surfaces of the heating products are to be measured by
means of fine wire thermocouples brazed to 0.3 mm (1/64 inch) thick circular or square copper plates
having a nominal area of 177 mm?2(0.3 inch?), as illustrated in Figure 19.4. Thermocouple leads are to be
routed through small holes in the ceiling facing material to the interior of the test alcove. Each copper plate
is to be secured in position so that it is flush and in full contact with both the heating product and the
ceiling facing material.

19.7.6 Temperature measurements at locations other than those for determining product element and
building material surface temperatures are to be made by means of fine wire thermocouples.
Temperatures are to be measured by thermocouples consisting of wires not larger than 24 AWG (0.205
mm?) and not smaller than 30 AWG (0.0507 mm?). The thermocouples and related instruments are to be
accurate andlcahbrated In accordance with good laboraiory practice. The thermocouple wire]is to conform

with the requjrements for Special Tolerances thermocouples as listed in the Tolerances.on|lInitial Values
of EMF versiis Temperature tables in the Standard Specification and Temperature-Electrdgmotive Force
(emf) Tables|for Standardized Thermocouples, ANSI/ASTM E230/E230M.

19.7.6 revised October 14, 2011

Figure 19.4
Temperature sensor
0.3 mm (1/64 A

A

Fine Wirg
Thermocouple

L

Copper Plate

Notes:

i¥ This figure illustrates the construction of a temperature sensor used for
measurement of all product heating surfoace and facing materiol surface
temperatures.

i’ Temperatures of internal product components shall be made with fine wire
thermocouple

Not to Scale
SM953C
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20 Abnormal Temperature Test
20.1 Ceiling installation

20.1.1 A representative ceiling heating product installation is to be tested as described in 20.1.2, during
which the maximum temperature shall not exceed 90°C (194°F). Upon completion of this test, there shall
not be any evidence of cracking, deformation or delamination based on visual inspection.

20.1.2 Following the Normal Temperature Test, Section 19, one additional layer of 19.1 mm (3/4 inch)
thick fir plywood is to be secured to the underside of the ceiling of the test alcove. The heating products
are to be then operated in accordance with the test procedure of the Normal Temperature Test, described
in 19.7, until thermal equilibrium is reached.



https://ulnorm.com/api/?name=UL 1693 2011.pdf

28B ELECTRIC RADIANT HEATING PANELS AND HEATING PANEL SETS - UL 1693 OCTOBER 14, 2011

No Text on This Page



https://ulnorm.com/api/?name=UL 1693 2011.pdf

SEPTEMBER 13, 2010  ELECTRIC RADIANT HEATING PANELS AND HEATING PANEL SETS - UL 1693 29

21 Contact Loss Test
21.1 Parallel type heating products

21.1.1 Upon completion of this test, there shall not be any evidence of arcing or fire such as that indicated
by severe discoloration, burning or charring of the cheesecloth.

21.1.2 A representative parallel type heating product is to be modified by the manufacturer to include an
insulating shim between an internal nonheating bus conductor and the element so as to produce a loss
of contact between the nonheating conductor and the heating material.

21.1.3 The insulating shim is to be one half the length of the nonheating conductor supplying one section

of active elen
of the internd

21.1.4 The ipsulating shim is to be as thin as practical while effectively breaking the contac

nonheating c

21.1.5 Theh
with the test
cheesecloth

FLEXIBLE H
22 Dielectric

22.1 Arepre
conditioning

a) C
obse

b) C
hour;

c) C

nent area, up to a maximum of 200 mm (8 Inches). The insulator 1S inserted_u
| bus conductors.

bnductor and the active heating area.

eating product shall be compensated for maximum panel length,and operated i
procedure of the Normal Temperature Test, described in’ 19.7, with a si
placed over and under the representative heating product.

EATING PRODUCTS

Voltage-Withstand Test (Dry)

Sentative flexible heating product is to be*subjected to three complete cycles of
beguence:

bnditioned for 7 hours in an air_cisculating oven maintained at the maximum te
ved during the Normal Temperature Test, Section 19;

pboled to room temperature, then energized at marked rated voltage (see 34.1
and

bnditioned for 24 hours at 20 +2°C (68 +3.6°F) and a minimum of 96% relativg

hder only one

between the

n accordance
ngle layer of

the following

mperature

c)) for 1

humidity.

22.2 Following three eomplete conditioning cycles, there shall not be any evidence of delafination.

22.3 Immedi
for 1 minute

htely following the conditioning described in 22.1, the flexible heating product s
vithoGt breakdown the application of a 40 — 70 Hz essentially sinusoidal pote

hall withstand
ntial between

live parts andTor-current=carrying metatparts. T e test vottage 15 to be 1000~V piustwice

rated voltage

of the heating product.

he maximum

22.4 The test voltage is to be applied between two metal foil electrodes connected together, and the
supply terminals or leads of the product under test connected together. The foil electrodes are to be a
maximum of 100- by 200-mm (4- by 8-inch) in overall dimension and are to be positioned on opposite
sides of the heating product, in direct alignment with each other. The test electrodes are to be pressed
against the heating product surface by means of a block of insulating material having a uniform thickness
and a mass of 5 kg (11 Ibs). Two 25 mm (1 inch) thick sponge rubber pads are to be interposed between
the blocks and the foil electrodes.
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22.5 The dielectric voltage is to be applied at locations chosen at random over the heating product
surface, including bus bar locations and the ends of heating panel sets. When the test voltage is applied
to the ends of a heating panel set, dielectric tape or other insulating material specified and/or provided by
the manufacturer is to be used. The applied voltage is to be increased gradually at a uniform rate until the

required test

23 Dielectric

value is reached.

Voltage-Withstand Test (In Water)

23.1 A representative flexible heating product having a nominal length of 2 — 3 m (6-1/2 — 10 ft), is to be
subjected to the conditioning described in 22.1.

23.2 Immediately following the conditioning described in 22.1, the flexible heating product is to be

immersed at

resistivity of j

in 22.3 is to
minute. Ther
length of the

E00 mm (20 Inches) maximum length InCrements, In a saline test solufion havin
0 ohm-cm, with both ends of the heating product out of the water. The testwol
e applied between current-carrying parts of the heating product and the.test
b shall be no dielectric breakdown. The test is to be repeated in increménts o
heating product excluding the ends.

b a maximum
age specified
solution for 1
ver the entire

24 Cold Benf Test
24.1 Upon cpmpletion of the test described in 24.2, the heating préduct is to be examined for visual
evidence of cracking, deformation or delamination and shall net<break down when subjected to the

Dielectric Vol

24.2 The tes

a) A
mate

many

b) T
or th
whic
unwr

withip 30 minutes; and

c) Af

remo

}ever is lower. At the end bf the conditioning period, the heating product is the

t procedure is to be performed as follows:
previously untested heating product is to\be wrapped on a cylinder of cardbog
fial with a diameter of 55 mm (2 inches) or of the minimum diameter used by
facturer for shipping the product, whichever is less;

e wrapped heating product-and’cylinder is to be stored for 4 hours at -15 +2°
minimum handling tempeérature specified by the manufacturer’s instructions [

hpped and rewrapped in the reverse direction. This procedure is to be repeatg

the end of the-forward and reverse wrapping procedure, the heating product
ved fromdhe*cold chamber and allowed to return to 25 +1°C (77 +1.8°F).

tage-Withstand Test procedure, excluding conditighing, described in 22.3 — 22,

5.

rd or similar
he

C (5 +3.6°F)
see 36.2(m)],
n to be

d six times

s to be
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25 Mechanical Abuse Tests
25.1 General

25.1.1 Upon completion of the conditioning described in 25.2, the heating product is to be examined for
visual evidence of cracking, deformation or delamination and shall not break down when subjected to the
Dielectric Voltage-Withstand Test procedure, excluding conditioning, described in 22.3 — 22.5.

25.1.2 The heating product is to then be installed in accordance with the instructions specified for the
Normal Temperature Test, 19.3 — 19.5, with a single layer of cheesecloth placed above and below the
heating product, and operated under the General Test Conditions, Section 18. Temperatures are to be
measured using the temperature sensors constructed as shown in Figure 19.4, positioned along the

location of element crease or flexing, and shall not exceed 90°C (194°F) on the heafing prd
The cheesec|oth shall neither glow nor flame during the test.

25.2 Conditigning

25.2.1 The 1
further condi
the manufactprer’s instructions [see 36.2(m)] whichever is lower, and is¢to~be subjected to th
abuse conditions described in 25.2.2 and 25.2.3.

ppresentative flexible heating product used for the Cold Bend“Test, Section

25.2.2 Following the conditioning specified in 25.2.1, the repreSentative flexible heating pr
creased by ppsitioning the heating product on a smooth flatssurface, folding the heating pr
longitudinal gxis, and applying a force of 900 N (202 Ibf). “The force is to be applied by me
test block pogitioned to contact the heating product over’an area not less than a 100 mm
inches x 4 in¢hes) adjacent to the line of the fold. The'force is to be applied so that the bloch
fold and contacts the heating product over the prescribed area. The heating product is to

two locationsj the first along the midpoint of the_product parallel to the longitudinal axis of s
the second, garallel to the same longitudinal axis, but within 15 mm (1/2 inch) of the edge of
conductor.

25.2.3 Following the cold crease canditioning described in 25.2.2, the representative flg
product is to|be clamped between two 1 mm (3/64 inch) thick rectangular steel plates h
rounded edgé¢s. The two test plates are to be aligned, and are to be rigidly clamped within 3
of the plate ¢dges. The heating product is to be positioned so that the longer edges of t
perpendiculaf to the longitudinal axis of the heating product. The heating product clamped
plates is to he conditigned for 4 hours, at a temperature of -15 +2°C (+5 +3.6°F) or minin

duct surface.

24, is to be

oned for 4 hours at -15° £2°C (+5 +3.6°F) or the minimum handling temperatiire marked in

e mechanical

bduct is to be
bduct along a
ans of a rigid
x 100 mm (4
overlaps the
be creased in
mmetry; and
a nonheating

xible heating
hving smooth
mm (1/8 inch)
he plates are
between the
hum handling

temperature marked(in)the manufacturer’s instructions [see 36.2(m)], whichever is lower. At the end of the

conditioning periodi.the free end of the heating product is to be bent back over the plates, in
motion, as fa[ asythe construction of the clamps and plates permit, using an applied force of

AN alternating
50 N (11 Ibf).

The heating productistobe ftexedforthree complete Tycles:
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