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ELECTRICAL RESISTANCE TRACE HEATING SYSTEMS
FOR INDUSTRIAL AND COMMERCIAL APPLICATIONS -

Part 1: General and testing requirements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
al| national electrotechnical committees (IEC National Committees). The object of IEC is to promote interndtional
cd-operation on all questions concerning standardization in the electrical and electronic fields. To thisend*and in
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical‘Reports,
Pdiblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC document(s)"). |Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
mApy participate in this preparatory work. International, governmental and non-governmental organizations lifising
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees pf the
IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards through a consgnsus
dgvelopment process, approved by the American National Standards Institute, which, brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers, are not necessarily members
of|IEEE and serve without compensation. While IEEE administers the processs/and establishes rules to promote
fajrness in the consensus development process, IEEE does not independently evaluate, test, or verify the
adcuracy of any of the information contained in its standards. Use of \EEE Standards documents is Wwholly
vdluntary. IEEE documents are made available for use subject to impoftant notices and legal disclaimerg (see
ht{ps://standards.ieee.org/ipr/disclaimers.html for more information).

IECC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
orpanizations. This Dual Logo International Standard was jointly’developed by the IEC and IEEE under the fterms
of|that agreement.

The formal decisions of IEC on technical matters expressyas nearly as possible, an international consengus of
oginion on the relevant subjects since each technical‘eommittee has representation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Sodieties
arld Standards Coordinating Committees has beé&n“‘reached, is determined by a balanced ballot of matgrially
inferested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE stanjdards
dqcument is given by the IEEE Standards Association (IEEE SA) Standards Board.

IE|C/IEEE Publications have the form of reeammendations for international use and are accepted by IEC National
Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the technical
cqdntent of IEC/IEEE Publications is_accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation'by any end user.

In| order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
(ifcluding IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
pyblications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
pyblication shall be clearly indicated in the latter.

IE[C and IEEE do nat provide any attestation of conformity. Independent certification bodies provide confermity
agsessment seryices and, in some areas, access to IEC marks of conformity. IEC and IEEE are not respopsible
fof any services carried out by independent certification bodies.

Al} users should ensure that they have the latest edition of this publication.

N¢ liability. shall attach to IEC or IEEE or their directors, employees, servants or agents including indiyidual
ejpertstand members of technical committees and IEC National Committees, or volunteers of IEEE Societigs and
thp ‘Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, fgr any
personal Injury, property damage or other damage of any nature whatsoever, whether direct or ndirect, or for
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.
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IEC/IEEE 62395-1 has been prepared by IEC technical committee 27: Industrial electroheating
and electromagnetic processing, in cooperation with Petroleum & Chemical Industry Committee
of the IEEE Industrial Applications Society, under the IEC/IEEE Dual Logo Agreement between
IEC and IEEE. It is an International Standard.

This document is published as an IEC/IEEE Dual Logo standard.

This first edition cancels and replaces the second edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical changes, apart from general revisions

of IGE62395=+=andarmonizatiomwithHEEE515 T =andEEE 515+ {2}, withrrespecttop the

prev|ous edition:

dded control and monitoring requirements for fire sprinkler systems and safety showars.

rovided constructional and type test requirements for glands used to’terminate heating

A
b) Hrovided a supplemental ice bath method for verification of rated output.
F
devices to an exposed enclosure.

The fext of this International Standard is based on the following IEC{documents:

Draft Report on voting

27/1182A/FDIS 27/1186/RVD

Full Information on the voting for its approval can be found in the report on voting indicatgd in
the gbove table.

The Janguage used for the development of thi§’international Standard is English.

This[document was drafted in accordancewith the rules given in the ISO/IEC Directives, Part 2,
availlable at www.iec.ch/members_expgrts/refdocs. The main document types developed by IEC
are described in greater detail at www.iec.ch/publications/.

A list of all parts in the IEC 62395 series, published under the general title Electrical resistance
tracg heating systems for industrial and commercial applications, can be found on the| IEC
webgite.

The |JEC Technical Committee and IEEE Technical Committee have decided that the contents
of thlis document.will remain unchanged until the stability date indicated on the IEC wepsite
undgr webstore.iec.ch in the data related to the specific document. At this date, the document
will he

e recoOnfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside™ logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.

T Numbers in square brackets refer to the Bibliography.
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INTRODUCTION

IEC/IEEE 62395-1 provides the essential requirements and testing appropriate to electrical
resistance trace heating equipment used in industrial and commercial applications. While some
of this work already exists in national or international standards, this document has collated

much of this existing work and added considerably to it.

IEC/IEEE 62395-2 provides detailed recommendations for the system design, installation and
maintenance of electric trace heating systems in industrial and commercial applications.
hting
ed in

IEC/IEEE 62395-1. The construction includes a metallic sheath, braid, screen or equivalent

lectrically conductive covering;

b) dperating at safe temperatures when designed, installed, and maintain€d in accordance
FC/IEEE 62395-2.

with

c) having at least the minimum levels of overcurrent and earth-fadlt protection requirgd in

EC/IEEE 62395-1 and IEC/IEEE 62395-2.
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ELECTRICAL RESISTANCE TRACE HEATING SYSTEMS
FOR INDUSTRIAL AND COMMERCIAL APPLICATIONS -

Part 1: General and testing requirements

1 Scope

This

syst¢ms and includes general test requirements.

This
field
heat
acco

This
with

This

resigtance trace heating equipment used in industrial ‘and commercial applications.

prod
train
work]
carri
train

This
atmga

This

Trac
cond
Trac

type

NOTE
[3] an

part of IEC/IEEE 62395 specifies requirements for electrical resistance trace.-he

assembled (work-site) units, and which can be series and parallel trace heaters or su
brs (heater pads and heater panels) that have been assembled and/or terminatg
rdance with the manufacturer's instructions.

document also includes requirements for termination assembli€s and control methods
trace heating systems.

document provides the essential requirements and. testing appropriate to elec

ucts complying with this document are intended tobe installed by persons who are sui
bd in the techniques required and that only trained personnel carry out especially cr|
, such as the installation of connections anderminations. Installations are intended f{
ed out under the supervision of a qualified“person who has undergone suppleme
ng in electric trace heating systems.

document does not include or. provide for any applications in potentially explq
spheres.

document does not cover induction, impedance or skin effect heating.
itions found during~and after installation necessitate different requirements for tes

e heating systems.are usually for a specific type of installation or application. The prg
grouping, applieations and product attributes are indicated in Table 1.

Trace heating systems intended for use in explosive atmospheres are the subject of IEC/IEEE 60079
d IEC/IEEE“60079-30-2 [4].

ating

document pertains to trace heating systems that can comprise either factory-fabricated or

face
d in

Used

rical
The
ably
tical
o be
ntary

sive

e heating systems are grouped into different types of applications and the different

ting.
duct

-30-1

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60519-1, Safety in installations for electroheating and electromagnetic processing — Part 1:
General requirements

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60695-11-3:2012, Fire hazard testing — Part 11-3: Test flames — 500 W flames — Apparatus
and confirmational test methods
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IEC/IEEE 62395-2:2024, Electrical resistance trace heating systems for industrial and
commercial applications — Part 2: Application guide for system design, installation and
maintenance

ISO 7240-2:2017, Fire detection and alarm systems — Part 2: Fire detection control and
indicating equipment

ANSI/UL 864, Standard for Control Units and Accessories for Fire Alarm Systems — Control and
Indicating Equipment

AST
Tests on Plastic Materials

N L O 2N Q4 ol ol Q H FiH £, L N £ n L] ol £, Q 1 Q I n H
DU JUZ0=2ZU, oiarruaru-opTumuatiurmrTUr Laburatur y " DUTITecT " USTU TUT  OlTiair=-oudrcbu nlng

ES

ASTM G155-21, Standard practice for operating xenon arc light apparatus for expostre of|non-
metgllic materials

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO,|IEC and IEEE maintain terminology databases for use .jfistandardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |50 Online browsing platform: available at https:#/www.iso.org/obp

e |EEE Standards Dictionary Online: available<at http://dictionary.ieee.org

NOTH 1 General definitions are given in the International Electrotechnical Vocabulary, IEC 60050 (all part$) [5].
Terms$ relating to industrial electroheat are defined.in [IEC 60050-841 [6].

NOTH 2 The terms defined in this Clause 3 arerused both in IEC/IEEE 62395-1 and IEC/IEEE 62395-2.

3.1
ambjent temperature
tempgerature surrounding thé gbject under consideration

Note [l to entry: Where trace heaters or surface heaters are enclosed in thermal insulation, the ambient tempefature
is the|temperature exteriokto such thermal insulation.

3.1.1
maxjmum ambient temperature
highest specified ambient temperature

3.1.2
minimummambienttemperature
lowest specified ambient temperature

Note 1 to entry: Heat-loss calculations in IEC 62395-2 are based on the minimum ambient temperature.

3.2

branch circuit

portion of the wiring installation between the overcurrent device protecting the circuit and the
trace heater(s) or surface heater(s)

3.3

cold lead

electrically insulated conductor or conductors used to connect a trace heater or surface heater
to the branch circuit and designed so that it does not produce significant heat


https://www.electropedia.org/
https://www.iso.org/obp
https://eur03.safelinks.protection.outlook.com/?url=http%3A%2F%2Fdictionary.ieee.org%2F&data=05%7C02%7Cig%40iec.ch%7Cc04360cffc604b27fa2708dc8c821b73%7Ca7637f093d864148997bedcd40bee856%7C0%7C0%7C638539737655554542%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=WrO%2Bouao0HVQnFFYTpClb8amlOy15DLVhu6jqFGtJoQ%3D&reserved=0
https://iecnorm.com/api/?name=c8525db63c96e7a78442c5cee5707291
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connection
termination or splice used to attach trace heaters or surface heaters to power wiring or to
connect sections of these devices

3.5

dead-leg
segment of process piping segregated from the normal flow pattern for the purpose of providing
a heat loss reference

3.6

desi’En loading
minimum power that meets the design requirements, in the specified adverse gondi

(min
appr

[SOU

3.7

elec
met3
bona

3.8
end
term
whel

3.9

mum ambient and maximum wind velocity), after voltage and resistance tolerances
bpriate safety factors have been considered

JRCE: IEC/IEEE 60079-30-1:2015, 3.6]

rically conductive covering
llic braid, metallic sheath, or alternative covering with sufficient’conductivity so that, v
ed to ground, it will allow a ground fault protective deviceto-eperate under a fault cong

termination
nation, which can be heat producing, applied t¢)atrace heater at the end opposite to
e the power is supplied

fact

ry-fabricated unit

tracg heater unit or set or surface heater unit or set, including the necessary terminations
connlections, assembled by the manufacturer

3.10

fieldrassembled unit
tracqg heaters or surface heaters supplied unterminated with terminating components t

ass

3.1
heat|
ener

3.12
heat

mbled at the work site

loss
gy flow from~a workpiece, pipe, vessel or equipment to its surroundings

ions
and

vhen

ition

that

and

D be

sink

part

Note 1 to entry:

hat conducts and dissipates heal away Irom a workplece

or pump bodies.

3.13
heat

transfer aids

Typical heat sinks are pipe shoes, pipe supports and items of large mass such as valve actuators

thermally conductive materials, such as metallic foils or heat transfer compounds used to
increase the heat-transfer efficiency from trace heaters or surface heaters to the workpiece

3.14
heat

er pad

surface heater, comprising series or parallel connected elements having sufficient flexibility to
conform to the shape of the surface to be heated
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3.15

heater panel
non-flexible surface heater, comprising series or parallel connected elements fabricated to
conform to the general shape of the surface to be heated

3.16
heat

ing device

trace heater or surface heater

3.17
hea

ing device set

heat

elecfrical supply

3.18

integral component

component such as a heat shrink termination, a cold lead connection, a meulded end seal
splice, which conforms to the general shape of the trace heater or surfaceheater and is exp
to thp same environment as the trace heater or surface heater, which,€an be factory-fabrig
or fipld-assembled, and which is not intended to be re-used inthe event of a repa
modf{fication

3.19

low frisk of mechanical damage

instdllations and applications where only lower levels df’fimpact and deformation are expe
to oqcur

3.20

max
high

declgred by the manufacturer

3.21
max
high
by th

3.22
max
speg
by th

3.23
max

ng device assembled with the associated parts necessary to connect it to a sourd

mum continuous exposure temperature (trace heater de-energized)
bst allowable continuous temperature to.which the trace heating system can be exposg

mum intermittent exposure temperature
bst allowable intermittentitemperature to which a trace heater can be exposed, as decl
e manufacturer

mum maintain temperature
iflied maximum.workpiece or process temperature the trace heater can maintain as dec
e manufacCture

mum continuous operating temperature

e of

ora
bsed
ated
ir or

cted

d as

ared

ared

spe

ifiad mavimitm wwnrlkniaoca tamnaratiira tha traca ha
HEC— AR WoHP Apeatatres— e —+tace—™e

/hen

energized as declared by the manufacturer

3.24

maintain temperature
specified temperature of a workpiece or process that the trace heaters shall be able to maintain

3.25

maximum sheath temperature
maximum temperature of the outermost continuous covering of the trace heater or surface
heater
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maximum withstand temperature
maximum continuous exposure temperature or the maximum intermittent exposure temperature
(energized or de-energized) whichever is higher, as declared by the manufacturer

3.27
mini

mum installation temperature

minimum temperature at which the trace heating system can be handled and installed

3.28

MI trace heater

min
con

3.29
oper
actu

3.30
outd
expo

3.31
over
cont
mec

3.32

ral insulated metal sheathed trace heater typically containing one or more he
uctors

ating voltage
h| voltage applied to the trace heater or surface heater when in service

oor exposure
sure to outdoor conditions of ultraviolet light and moisture

jacket
nuous layer of material applied over the trace heatéer or surface heater to provide
nanical or environmental protection

parallel trace heater

heat
that
the @

3.33

ng elements that are electrically connected in parallel, either continuously or in zone
the power output per lineal length is_maintained, irrespective of any change in lengt
ontinuous type or for any number. of,discrete zones

rated output

total
surfg

3.34

power or the power per unit length or power per unit surface area of the trace heat
ce heater at rated voltage, temperature, and length or area

rated voltage

volta
trace

3.35
rout

ating

50

—
(7]

So

er or

test

ge assigned:-by the manufacturer to which operating and performance characteristi¢s of
heaters-of surface heaters are referred

netest

hat 1s carried out by the manutacturer of the trace heater or surface heater on all trace

heaters or surface heaters during or after the production process

3.36

series trace heater
heating elements electrically connected in series with a single current path and with a specific
resistance at a given temperature for a given length
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3.37

sheath

uniform and continuous metallic or non-metallic covering enclosing components of the trace
heater or surface heater to provide protection against influence from the surroundings (e.g.,
corrosion, moisture, abrasion, etc.)

Note 1 to entry: See overjacket (3.31).

3.38

sheath temperature
temperature of the outermost continuous covering (braid, sheath, or overjacket) that can be
expgsedtothe surrounding environmmerTt

3.39
stabjilized design
design method where the temperature of the trace heater or surface heater will~by design and
use,|stabilize below the limiting temperature, under the most unfavourable conditions, without
the need for a protective system to limit the temperature

3.40
star{-up current
currgnt of a trace heater or surface heater following energization

3.41
surface heater
heater pad or heater panel

3.42
surface heater unit
surfgce heater suitably terminated in conformity with the manufacturer's instructions

3.43
system documentation
information provided by the tracevheater manufacturer to allow satisfactory understanding,
instgllation and safe use of thedrace heating system

3.44
tee

elecfrical connection of trace heaters, in series or in parallel, to accommodate a branch|or a
brangh circuit

3.45
temperature controller
devite/or“combination of devices incorporating a means of sensing temperature and of
contfolling the energy supplied to the trace heater or surface heater

3.46

temperature sensor

device designed to respond to temperature providing an electrical signal or mechanical
operation

3.47

thermal insulation

material having air- or gas-filled pockets, voids, or heat reflecting surfaces that, when properly
applied, retards the transfer of heat
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trace heater
device of linear geometry designed for the purpose of producing heat on the principle of
electrical resistance

3.49

trace heater unit
trace heater suitably terminated in conformity with the manufacturer's instructions

3.50
trac

o heating

utiliz
purp
para

3.51

type
conf

[SOL

3.52
weat
mate

ation of trace heaters or surface heaters as well as support components, designed ifo

bse of producing heat through heating elements electrically connected in series
lel, used to maintain or raise temperatures of piping, tanks and other surfaces

test

brmity test made on one or more items representative of the production

JRCE: IEC 60050-151:2001, 151-16-16]

her barrier

rial that, when installed on the outer surface of thermal insulation, protects the theg

insulation from water or other liquids, from physical-damage caused by ice pellets, win

mec
cont

3.53
work
obje

4

4.1

Elec
and
perfd

Trac
are 9
the d

hanical abuse and from deterioration causeéd” by solar radiation or atmosp
bmination

(piece

Ct to which a trace heater or surfacg heater is applied

Seneral requirements

General

rical resistance trace heating systems within the scope of this document shall be desi
constructed soas-to help ensure electrical, thermal and mechanical durability and rel
rmance such.that, in normal use, they pose no danger to the user or the surrounding

e heatefs which are identified for use only in areas with a low risk of mechanical dan
ubjected to a reduced load in the impact tests in 5.2.4 and 5.2.5 and a reduced for
eformation test in 5.2.6 and shall be clearly marked as specified in Clause 7.

r the
Dr in

rmal
d or
heric

jned
able

nage
Ce in

Trace heaters and surface heaters can be supplied with additional mechanical protection to
meet the requirements of this document if they are supplied as an integral assembly
(prefabricated) and shall be marked as required by Clause 7, item g).

Trace heating equipment intended for use in contact with potable water shall be constructed of
materials that meet relevant toxicity requirements.

Trace heaters and surface heaters temperature ratings that are required to conduct the type
test in this document, shall be stated and controlled by the trace heater manufacturer in their
documentation and published in their literature. The trace heater manufacturer shall provide
documentation of the specification of non-metallic materials on which the mechanical strength
and the electrical insulation depend (between the heater and other conductive parts) which shall

inclu

de identification of the material type.
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4.2

Electrically conductive covering

Trace heaters and surface heaters shall be provided with an evenly distributed electrically
conductive covering which shall cover at least 70 % of the surface. Surface heating units shall
be constructed such that the electrically conductive covering shall be opposite the surface to
be heated.

4.3

Electrical circuit protection requirements for branch circuits

The minimum requirements for trace heating systems are:

a)
b) o
c) 4
The
inter

cont
30 m

£ | P 1l <l 4 £ 4lo 1
mecdaris Ul IDUIdLIIIu dlil ve CUTNnMUuUGCiLurs muililt tie aupply,
ver-current protection provided for each branch circuit;

means of protecting against earth-faults by disconnecting all live conductors.

trace heater or surface heater branch circuit electrical protection shall"be capab
rupting earth faults, as well as short-circuit faults. An earth-fault protective device
oller with earth-fault interruption capability shall be used. The preferreditrip level is nor
A or 30 mA above any inherent capacitive leakage characteristic of.the heater as sped

by thle trace heater or surface heater supplier. These devices are inteded for use in conjun

with

circuit overcurrent protection. Where conditions of mainteftance and supervision

ensure that only qualified persons will service the installed §ystems and continued c

oper
dete
resp

4.4
4.4.1

A trg
foreq
max
achi
temq
used

4.4.2

Stab
or sl

appr

4.4.3
The

ption is necessary for the safe operation of the equipment or processes, earth{
ction without interruption is acceptable if alarmed in amanner assuring an acknowle
bnse.

Temperature requirements
General

ce heating system shall be designed, so that under all conditions that can reasonab
een, the surface temperature of theivtrace heater or surface heater does not excee

ved by a stabilized design arccontrolled design. In the design process of a system

eratures that occur have to-be considered. All components, for example terminals or gl
with the trace heaters, hale to resist the adjacent temperatures.

Stabilized design

rface heatervis determined without thermostatic control, shall employ either the sys
bach specified in 5.2.13.2 or the product approach specified in 5.2.13.3.

Controlled design

surface temperature obtained through controlled design is based on energy limitatio

e of
or a
ninal
ified
ction
help
rcuit
fault
iged

y be
d its

mum withstand temperature or any maximum system temperature ratings. This shall be

the
ands

lized design applications, in which the maximum surface temperature of the trace he¢ater

ems

n by

temperature controllers or high temperature limiters. There are no additional requirements for
temperature controllers and high temperature limiters beyond those of the general industrial
standards.

NOTE Typical general industrial requirements for temperature controllers and high temperature limiters can be
found in the following documents. It is not a requirement of this document that conformity to those standards be
verified.

a) IEC 61010-1, Electrical Equipment for Measurement, Control, and Laboratory Use — Part 1: General requirements
[71;

b) IEC 60730-2-9, Automatic electrical controls — Part 2-9: Particular requirements for temperature sensing
control [8];

c) UL 508, Industrial Controls [9];
d) CSA C22.2 No. 14, Industrial control equipment [10];
e) CSA C22.2 No. 24, Temperature Indicating and Regulating Equipment [11].
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4.4.4 Controls and monitoring for fire sprinkler systems and safety showers
4.4.41 General

Temperature controllers and high temperature limiters for fire sprinkler systems and safety
showers shall comply with 4.4.4.2 and 4.4.4.3.

Testing requirements for trace heaters and control systems for use with fire sprinkler systems
are given in 5.6.

4.44.2 Control systems requirements

Temperature controllers and high temperature limiters for fire sprinkler systems and 'safety
showers shall comply with the relevant parts of standards such as:

a) Additional design requirements as specified in I1SO 7240-2, Fire Detection" and Alarm
Jystems — Control and Indicating Equipment;

b) ANSI/UL 864, Standard for Control Units and Accessories for Fire Alarm, Systems — Cdntrol
dnd Indicating Equipment, which includes additional design regquirements for softivare
dontrol and indicating equipment

4.44.3 Monitoring requirements

For |safety showers, alarms are required to provide indication when ground fault circuit
protgction interrupts the circuit.

For fire sprinkler lines, the following are required:

Provjsions for annunciating a local audible and visual alarm and providing a supervisory s|gnal
to a fire alarm system shall be provided for the“following conditions depending upon the system
design:

Y

arth/Ground fault;

(=}

lpw sprinkler system temperatuce;

o O

)
)
) high sprinkler system tempegrature;
) témperature sensor failure;

)

D

rimary controller failure;

—

) loss of continuity;
g) less on incoming supply voltage;
h) any engagement of a secondary high temperature limiter, if provided.

5 esting

5.1 Type tests — General

All trace heaters and surface heaters shall meet the requirements of the type tests given in 5.2.
Trace heaters and surface heaters intended for applications described in Table 1 shall also
meet the requirements specified in Table 2. The test samples needed for the type tests are
summarized in Annex A.

Samples of trace heaters selected for testing shall be at least 3 m in length, unless otherwise
specified.

Integral components shall be subjected to the same type test as the trace heater or surface
heater unless otherwise noted.
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System components, other than those identified as integral, shall be evaluated in accordance

- 17 -

with standards relevant to their construction and use.

Tests shall be conducted at a room temperature between 10 °C and 40 °C unless otherwise

specified.

Separate samples shall be used for each test unless otherwise specified. These shall be

prepared in accordance with the manufacturer's recommendations.

Table 1 — Trace heater and surface heater types and related attributes

Tracg heater type| Intended installations Examples of installations Required attributes
A Insulated surfaces Hot water lines Dielectric, thermal, mechanical,
(including pipe) Freeze protection moisture exclusion, and
Grease lines performance characteristics
Fuel oil lines verification
Pre-insulated pipe . e g .
Below grade trace heating Sprln.kller system verification (if
Sprinkler systems specified foruse)
B Outdoor exposed areas Roof deicing Dielectri¢; thermal, mechanical,
Gutter and downspouts moisture exclusion, and
deicing performance characteristics
Catch basins and drains verification
Rail heating systems . .
Increased moisture resistance
UV and condensation resistancg
Resistance to cutting
Abrasion resistance
Tension test
Rail system tests (if specified fgr
use)
C Installations with Embedded snow melting Dielectric, thermal, mechanical,
embedded trace heating Embedded frost heave moisture exclusion, and
protection performance characteristics
Embedded floor warming verification
Embedded energy storage ) .
systems Resistance to cutting
Embedded door frames Deformation test
D Installations with trace Embedded snow melting Dielectric, thermal, mechanical,
heater inside conduit or Embedded frost heave moisture exclusion, and
piping protection performance characteristics
Embedded floor warming verification
Embedded energy storage . .
systems Increased moisture resistance
Embedded door frames (pressurized or non-pressurized))
Internal trace heating for Pull-strength evaluation
freeze protection
of potable water lines
culverts
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Table 2 — Applicable tests for trace heaters, surface heaters, and integral components,
by trace heater and surface heater type

Trace heater and surface heater type
Required test procedure Subclause
Type A Type B Type C Type D
Dielectric test 5.2.1 X X X X
Electrical insulation resistance test 5.2.2 X X X X
Flammability test 5.2.3 X X X X
Room temperature impact test 5.2.4 X X X X
Minirhum temperature impact test 5.2.5 X X X b
Defofmation test 5.2.6 X X X )
Cold|bend test 5.2.7 X X X X
Watdr resistance test 5.2.8 X X X )
Integral components resistance to water test 5.2.9 X X X X
Verif|cation of rated output 5.2.10 X X X )
Theral stability of electrical insulating material 5.2.11 X X X
Thermal performance test 5.2.12 X X X )
Maximum sheath temperature 5.2.13 X X X
Verif|cation of start-up current 5.2.14 X X X
Verlf_gatlon of the e.lectrlcal remstance of the 5.2 15 X X X
electfically conductive covering
Test [for heating device / heating device set glands - 5916 X % X A
Gengral
Conrjection integrity (integral components) 5.2.17 X X X
Verif|cation of rated output — for outdoor exposed 53 1 X
systgms e
Detefmination of maximum sheath temperature — for
5.3.2 X
outdgor exposed systems
Increfpsed moisture resistance test 5.3.3 X
UV apd condensation test 5.3.4 X
Resigtance to cutting test 5.3.5 X
Abragion test 5.3.6 X
Tensjon test 5.3.7 X
Rail $ystemweltage spike test (if specified for rail
) 5.3.8 X
heatipg)
Rail $ystem over-voltage test (if specified for rail o0 v
heating) i N
Verification of rated output — for embedded systems 5.4.1 X
Determination of maximum sheath temperature — for
54.2 X
embedded systems
Resistance to cutting test 5.4.3
Flammability test (exemption, if applicable) 5.4.4
Verification of rated output — for systems internal to
) - 5.5.1 X
conduit and piping
Determination of maximum sheath temperature — for
. . . 5.5.2 X
systems internal to conduit and piping
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Trace heater and surface heater type

Required test procedure Subclause
Type A Type B Type C Type D
Increased moisture resistance test (for pressurized
, 5.5.3 X
and non-pressurized systems)
Pull-strength test 5.5.4 X
Normal and abnormal operation test — for sprinkler
. . 5.6.1 X
systems (if applicable)
Normal operation test — for sprinkler systems (if
. 5.6.2 X
applicable)
Abndrmarl operation test — for sprinkier systems (it
: 5.6.3 X
applifable)
Abnc_nrmal operation test without controller (if 564 X
applipable)
5.2 | Type tests — All applications
5.2.1 Dielectric test
The dielectric test shall be performed on trace heaters or surface\heaters in accordance|with
Tablg 3.
Table 3 — Test voltages for the dielectric test
Rated voltage Test voltage
U VAC. (RMS.)
< 30 VAC(RMS.) 500
<60 VDC 500
> 30 VAC (RMS.) 2U + 1 000"
260 VDC N2U + 1 000"
" For MI trace heaters;~the required test voltage shall be reduced to 2U + 500 for
products rated at'er’over 30 VAC., or to V2U + 500 for products rated at or over
60 VDC.
For gingle conductor)series trace heaters or surface heaters the voltage shall be applied
between the canductor and the metallic sheath, braid, screen or equivalent electrically
conductive covering.
For multicconductor series trace heaters or surface heaters the voltage shall be applied between
the ponductors connected together and the metallic sheath, braid, screen or equivalent
electricaly—eonductivecovering—and-also-betweeneach-econdustorinturawith-theremaining
conductor(s) connected together.

For parallel trace heaters or surface heaters the voltage shall be applied between the
conductors connected together and the metallic sheath, braid, screen or equivalent electrically

cond

uctive covering.

Alternatively, the dielectric test can be conducted by submerging the trace heaters or surface
heaters in tap water at room temperature (resistivity typically 500 Q-m). The test voltage shall
be applied between the heating conductors and the water.

The rate of rise shall be neither less than 100 V/s nor more than 200 V/s and maintained for
1 min at the specified test voltage without dielectric breakdown. The test voltage waveform shall
be essentially sinusoidal, with a frequency of 45 Hz to 65 Hz.
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When determining U, the correct use of phase-to-phase or phase-to-neutral voltage levels shall
be considered.

5.2.2 Electrical insulation resistance test

The electrical insulation resistance shall be measured on the test sample(s) prepared in
accordance with 5.1 after the dielectric test specified in 5.2.1.

For single conductor series trace heaters or surface heaters the resistance of the electrical
insulation shall be measured between the conductor and the metallic sheath, braid, screen or
equivalent electrically conductive covering.

For [multi-conductor series trace heaters or surface heaters where the conductors| are
elecfrically insulated from each other, the resistance of the electrical insulation shall be
measured between the conductors connected together and the metallic sheath, braid, sgreen
or equivalent electrically conductive covering, and also between each conducter.n turn with the
remgining conductor(s) connected together.

For parallel trace heaters or surface heaters the resistance of the elgéGtrical insulation shgll be
measured between the conductors connected together and the metallic sheath, braid, sgreen
or equivalent electrically conductive covering.

The jnsulation resistance shall be measured by means of a DC voltage of at least 500 V.| The
measured value shall be not less than 50 MQ.

5.2.3 Flammability test

A flammability test shall be performed on trace*fi€aters and surface heaters and also on {race
heaters and surface heaters with integral components. The full range of sizes shall be cagable
of cgmplying with the test. The test shall béumade in a room free from draughts and in a flame
chamber or fume hood with a minimum-ivolume of 0,5 cubic meters. For trace heaters| the
sample shall be at least 450 mm in length, and shall be supported in a vertical position| For
surfgce heaters the sample shall be-as above with a width of 80 mm.

A gummed unbleached papef~indicator shall be wrapped once around the sample so that it
projgcts 20 mm from the sample. The paper indicator shall be positioned 250 mm aboveg the
poin{ at which the inner blue cone of the flame contacts the sample. A layer of dry, pure surgical
cottgn not more than 6-mm in depth shall be placed underneath the sample so that the distance
from|the cotton to the point of the flame application is approximately 250 mm.

A laboratory burner as described in IEC 60695-11-3 or in ASTM D 5025-20 shall be usef for
the test. The)fuel shall be methane, natural gas, propane, or butane with the following
propgrties:

a) Methane or natural gas — For methane: technical grade, 98 % minimum purity; for methane
or natural gas: a heating value of (37 + 1) MJ/m3 at 25 °C

b) Propane — Technical grade, 98 % minimum purity, a heating value of (94 + 2) MJ/m3 at 25 °C
c) Butane — CP grade, 99 % minimum purity, a heating value of (120 + 3) MJ/m3 at 25 °C

As shown in Figure 1, the flame shall be adjusted to a 130 mm height with a 40 mm inner blue
cone. The burner shall be tilted to an angle of 20° from the vertical and the flame applied to the
test sample so that the tip of inner blue cone of the flame touches the specimen at a point
250 mm below the unbleached paper indicator and approximately 150 mm from the bottom of
the sample.
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For integral components, the flame shall be set such that it contacts the component at the mid-
point. Clamps used to support the sample shall be above the paper indicator and at least 80 mm
below the point of flame application. If additional stability is needed for the testing of some
integral components, then a steel wire and weight can be utilized to secure the component
provided that the flame does not contact the steel wire or weight. Details of the test fixture
required to achieve minimum influence on the test may vary based on heater and component
properties and shall be agreed between manufacturer and test agency.

For surface heater samples, the flame is applied at the horizontal mid-point of the sample, with
the unbleached paper indicator vertically above the flame using dimensions as shown in
Figure 1.

The Jaboratory burner shall be moved towards the sample until the inner blue cone touches$ the
sample; see Figure 1. The flame shall be applied for 15 s and then removed for 15$,-unti| five
such| applications have been made.

The test results shall be considered satisfactory if the sample does not support combustion for
morg than 1 min after the fifth application of the flame, does not burn maré than 25 % of the
extepded unbleached paper indicator, and does not ignite the cotten from burning f3lling
particles.

NOTH This specification is equivalent to the ignition sources specified in/the/IEC 60695-11-3 and ASTM D| 5207
standprds.
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Dimensions in millimetres
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1 Burner

2 Support

3 Unbleached paper flag
4 Test sample

5 Dry pure surgical cotton

Figure 1 — Flammability test
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5.2.4 Room temperature impact test

NOTE Electric trace heaters and surface heaters are, in the majority of applications, covered by thermal insulation
and therefore afforded some mechanical protection. In some situations, however, trace heaters and surface heaters
are not mechanically protected by thermal insulation. For example, during installation before the thermal insulation
is applied or where the trace heater exits from the thermal insulation into a junction box or outdoor exposed area
installations.

A sample approximately 450 mm in length is placed on a rigid flat steel plate (with a mass equal
to or greater than 20 kg, approximately 195 mm x 195 mm x 70 mm). The plate is positioned
on a rigid substrate such that the impact energy absorbed by the substrate is negligible. The
sample is then positioned underneath an intermediate piece of hardened steel in the shape of

a ho

with
heat
heat
the n

Othe
mec

the h

For
mec

heat
verif
redu

Imm
with

smoothly rounded edges to a radius of approximately 5 mm when used to test.su
brs (see Figure 2). For the test, the cylinder is laid horizontally on the sample: A {
br having a non-circular cross-section shall be so positioned that the impact is applied 4
ninor axis (i.e. the sample is positioned flat on the steel plate).

r than in tests on electrical trace heaters intended for use in applications with low ri
hanical damage, a hammer with a mass of 1,0 60*01 kg shall be allowed to fall once
orizontal cylinder from a height of 0,7 30‘01 m.

trace heaters and surface heaters intended for use.in,applications with low ris
hanical damage in accordance with 4.1, the height can be reduced to 0,4 80'01 m. T
brs or surface heaters submitted to such a test shall be examined by the testing bo

ced mechanical capability [see Clause 7 item.i)].

bdiately after impact, conformity is verified’by testing the electrical insulation in accord
5.2.1 and 5.2.2 while the steel cylinder‘and hammer are still in place on the sample.

face
race
long

5k of
onto

k of
race
jy to

y that the manufacturer's installation instructions”adequately caution the user as fo its
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Dimensions in millimetres

8 —1|

IEQ

Key

1 hammer with mass of 1 kg 5 half-cylinder with 25 mm overall length with
5 mm radius rounding on edges

2 sufficient clearance from guide tube to allow for free-fall 6 trace heater sample

3 height of fall of hammer: 0,7 m or 0,4 m 7 base with minimum 20 kg mass

4 impact plate (loosely inserted in guide tube) 8 set screw for guide tube — so guide tube

does not rest on impact plate

Figure 2 — Example of room temperature impact test apparatus
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5.2.5 Minimum temperature impact test

A sample approximately 450 mm in length is placed on a hardened steel plate (with a mass
equal to or greater than 20 kg, 195 mm x 195 mm x 70 mm). The plate is positioned on a rigid
substrate such that the impact energy absorbed by the substrate is negligible. The assembly is
then conditioned for a minimum of 4 h at the manufacturer's minimum installation temperature.
The apparatus used for this test is shown in Figure 3.

After conditioning, and other than in tests on trace heaters intended for use in applications with
low risk of mechanical damage, a sample, while still at the minimum installation temperature,
shall be subjected to a 50,8 mm diameter cylindrical steel plunger, with smoothly rounded edges

to a fadius of approximately 5 mm, having a mass of 1,8 30'02 kg and allowed to free fallifrpm a

height of 0,76 80'01 m.

For frace heaters intended for use in applications with a low risk of mechanical damage in
accordance with 4.1, the height shall be reduced to 0,42 6’0’01 m. Trace_heaters submitted to

suchl a test shall have information in the installation instructions thairadequately caution the
user|regarding the use of a trace heater with reduced mechanical_ capability. See Cladse 7
itemli).

The jmpacted portion of the sample shall then be immersediin/tap water at room temperature
for gt least 5 min, and the dielectric test 5.2.1 and insuldtion resistance test 5.2.2 shall be
conducted. For surface heaters, both the heating region’and cold leads shall be impacted|



https://iecnorm.com/api/?name=c8525db63c96e7a78442c5cee5707291

— 26 — IEC/IEEE 62395-1:2024 © IEC/IEEE 2024

Dimensions in millimetres

A
6
Y
IEC
Key
1 50,8 diameter hammer\with mass of 1,8 kg 5 trace heater sample
2 smopthly rounded)edges (~5 mm rounding) 6 height of fall of hammer: 0,76 m or 0,42 m
3 guide tube 7 base with minimum 20 kg mass
4 sufficient(clearance to allow for free-fall
Figure 3 — Example of minimum temperature impact test apparatus

5.2.6 Deformation test

A sample approximately 450 mm in length is placed on a rigid flat steel plate. A crushing force
of at least 1 500 N is then applied for 30 s, without shock, by means of a 6 mm diameter steel
rod with hemispherical ends and a total length of 25 mm. For the test, the rod is laid flat on the
sample and in the case of a trace heater it is placed across a specimen at a right angle. In the
case of a surface heater, it is necessary that the cylinder rests across an active element.

For trace heaters and surface heaters intended for use in applications with low risk of
mechanical damage, the crushing force can be reduced to at least 800 N. Trace heaters or
surface heaters submitted to such a test shall be examined by the testing body to verify that the
manufacturer's installation instructions adequately caution the user regarding the use of a trace
heater or surface heater with reduced mechanical capability. See Clause 7 item i).
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After the deformation load is applied for at least 30 s, conformity is verified by testing the
electrical insulation in accordance with 5.2.1 and 5.2.2 while the horizontal steel rod is still in
place on the sample and the load applied.

5.2.7 Cold bend test

This test applies only to trace heaters or surface heaters that have a stated minimum bending
radius less than 300 mm.

The system documentation shall state the minimum installation temperature and the minimum

bend

ing radius.

The
man
leng
app3
and
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installation temperature, the sample shall be bent through at least90° around one o

man
and
the d
shall

Conflormity is verified by testing the electrical insulation{in accordance with 5.2.1 and 5.2.2

the

apparatus used for the cold bend test is shown in Figure 4, with the radius ofcthe 1
jrel equal to the manufacturer's stated minimum bend radius. A sample at least 450 nj
h of trace heater or surface heater, without integral components, shall be“fixed in
ratus as shown. The apparatus and sample shall be placed in a refrigeratéd compart
maintained at the manufacturer's specified minimum installation température for a p
ess than 4 h. At the end of this period, while still at the manufacturersispecified mini

rels, then bent through at least 180° in the opposite direction\over the second ma
hen straightened to its original position. All the bending operations shall be carried o
ame plane. This cycle of operations shall be performed three times, and the rate of
be approximately 5 s per cycle.

ample shall have no visible cracks when examined with normal vision.
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| IEC
Key
1 trace heater or surface heater sample 4 manufacturer's stated minimum bend radius
2 steel base d trace heater diameter or primary bending plane

3 metal mandrel

Figure 4 — Cold bend test
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5.2.8 Water resistance test

A sample of trace heater at least 3 m in length without integral components, or a sample of
surface heater, shall be immersed under at least 50 mm of tap water for a period of 336 h + 48/
- 0 h (14 days). Trace heater ends are not immersed.

After this period, and while still immersed in the water, the sample shall be subjected to the
dielectric test outlined in 5.2.1 and the electrical insulation resistance test outlined in 5.2.2.

5.2.9 Integral components resistance to water test

A sample of trace heater with all integral components, or a sample of surface heater with
lead$ and integral terminations, shall be placed in a tap water flow and drain appdratu
shown in Figure 5. Water flow shall be initiated and the sample shall be completelyimme
At thlat point, the water flow is stopped and the trace heater or surface heater is energized
appdratus is then drained. The total time from the initiation of water flow to the/completi
draining shall be no greater than 4,5 min and no less than 2,5 min. The sample shall con
to be energized for at least 30 s after the water has been drained. The sample is ther
energized and water flow is initiated for the next cycle. The test shall be ¢ontinued for a p¢
of at|least 24 h.

After
insullation resistance test outlined in 5.2.2. All immersed connections and terminations shd
inspécted to verify that no water ingress has occurred.

To heaters

Surface mounted power
connection assembly

60
I‘ Two conductor power
N7

connection assembly

Single conductor pd

. connection assemb
Cam switch

Cold lead (typid

cold
s as
sed.
The
bn of
inue
de-
eriod

completion, the sample shall be subjected to the dielectriC test outlined in 5.2.1 and the

Il be

wer

Q

)

Drain
Electric
supply
Trace heater
Solenoid

Water valve

inlet
Key
A integral power connection C integral in-line tee
B integral splice connection D integral end termination

Figure 5 — Integral components resistance to water test
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5.2.10 Verification of rated output
5.2.10.1 Verification methods

The rated output of the trace heater or surface heater shall be verified by one of the following
methods, and the resulting values shall be within the manufacturer's declared tolerance. If a
particular application is not covered here, then the procedure shall be agreed between the
manufacturer and the testing body.

Table 4 — Applicable test subclauses for the verification of rated output

Verification of rated outpuft test Applicable examples of installafions
subclause
5.2.10.2 All applications
5.2.10.3
5.2.10.4.2 Tubing bundles
5.2.10.4.3 Roof deicing?

Gutter and downspouts deicing®
Catch basins and drains™
Rail heating systems

5.2.10.4.4 Embedded snow melting

(without conduit)?

Embedded frost\heave protection
Embedded floor, warming
Embedded energy storage systems
Embedded.door frames

5.2.10.4.5 Embedded snow melting (with conduit)
Embedded frost heave protection
Embedded floor warming

Embedded energy storage systems
Embedded door frames

Internal trace heating for freeze
protection of potable water lines?
Enclosed drains and culverts?

5.2.10.4.6 Supplementary for:

Roof deicing

Gutter and downspouts deicing

Catch basins and drains

Embedded snow melting (without conduit)

Internal trace heating for freeze
protection of potable water lines
Enclosed drains and culverts

a { Alternatively, the test methods 5.2.10.3 or 5.2.10.4.6 can be conducted. When
using one of these alternative test methods, the manufacturer shall have
demonstrated the ability to predict the rated output using the test methods in
5.2.10.4.3, 5.2.10.4.4 and 5.2.10.4.5 as applicable.

5.2.10.2 Method 1 — Resistance approach

The measured DC resistance per unit length at a specified temperature shall be within the
manufacturer's declared tolerance.

5.2.10.3 Method 2 — Thermal approach for insulated surfaces

For trace heaters, the power output shall be measured by installation of a 3 m to 6 m sample of
trace heater on a metal pipe of 50 mm diameter or greater, as shown in Figure 6. The trace
heater shall be installed in accordance with the manufacturer's instructions. The test apparatus
shall be completely covered by appropriate insulation of at least 25 mm thickness. (for example
with fibreglass or mineral wool).
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A suitable heat transfer liquid in the liquid phase shall be circulated through the pipe at a
sufficient rate to establish a negligible temperature difference between the fluid and the pipe.
The heat transfer fluid shall be maintained at a constant temperature for each test temperature.
These parameters are verified by thermocouples placed at the entry and exit ends of the pipe.
The pipe temperatures shall not differ by more than 2 K from end to end.

For surface heaters, the test shall be conducted on a flat metal plate fixture with rapid heating
and cooling capability, or on a fixture representative of the intended installation. An appropriate
thermal insulation (for example with fibreglass or mineral wool) at least 25 mm thick shall be
installed over the surface heaters. The surface heaters shall be installed in accordance with the
manufacturer's instructions.

A sditable heat transfer fluid in the liquid phase shall be circulated through the metal plate
fixture at a sufficient rate to establish a negligible temperature difference between thefluiq and
the plate temperature. Sufficient means should be utilized to maintain constant temperatug of

the Heat transfer fluid. These parameters shall be verified by thermocouples placed at the ¢ntry
and exit ends of the pipe or plate. Flow velocity shall be sufficient that the-fluid temperature
doeq not differ more than 2 °C from end to end.

The [power output of the trace heater or surface heater is measuréd at three pipe or plate
temgeratures. For freeze-protection products, the pipe temperatures/shall be 10 °C, 25 °C| and
40 °C with a tolerance of +/- 2 K. For process-maintenance ptoducts, the pipe temperafures
shallf be 10 °C and 40 °C, Additionally, a pipe temperature of<{Z/0 °C or the maximum maiptain
tempgerature minus 20 K whichever is higher shall be used with a tolerance of +/- 2 K. The {race
heatger or surface heater shall be powered at its rated vaeltage and allowed to attain equilibtium.
The |voltage, current, pipe or plate temperatures, and )sample length or size are record¢d at
each test temperature. Three separate determinations are made on separate samples.

5.2.10.4 Method 3 — Thermal approach for,other applications
5.2.10.4.1 General

Alternatively to Method 2, for applicatians other than pipe or vessel heating, the trace heater or
surfgce heater shall be installed in_the appropriate test fixture as described in 5.2.13.2.The
thermal output of the trace heater or surface heater shall be measured at the rated| use
temperature for the trace heater’or surface heater. The trace heater or surface heater shgll be
powered at its rated voltage.or current and allowed to reach equilibrium. The voltage, current,
test femperature and sample dimension(s) shall be recorded. A single sample shall be tegted.
The fesulting power output shall be within the manufacturer's declared tolerance.

5.2.10.4.2 Thermal approach for tubing bundles

For tubing bundles, the test apparatus shall consist of 4,5 m of traced tubing bundle.| The
quarntity ef\tubes and their diameters in the bundles shall be agreed by the manufacturen and
the testing' body. Thermocouples shall be used to monitor the temperatures of the tubes [hear
the gnds of the test sample. The thermocouples and the connection cables shall be selgcted
and so arranged so they do not significantly affect the thermal behaviour of the temperature
measurements, such as 0,2 mm?2 or smaller size Type K or Type J thermocouples.

The tubing within the bundle shall contain flowing water (or a glycol/water solution) at such a
flow rate that the variation of temperature from end to end is reduced. The tubing bundle sample
shall be tested three times at different target tube temperatures. These shall be 10 °C, 40 °C,
and 70 °C with a tolerance of +/- 2 °C. Alternatively, the target tube temperatures can be agreed
between the testing body and the manufacturer.

The trace heater sample shall be powered at rated voltage. System temperatures shall be
allowed to stabilize. The voltage, current, tube temperatures, and sample length are recorded
at each test temperature.
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5.2.10.4.3 Outdoor exposed surface heating applications without thermal insulation

For trace heaters or surface heaters intended for outdoor exposed surface heating applications
without thermal insulation, the test apparatus described in 5.2.13.2.4 shall be utilized but with
the trace heater installation not including any cross-over point. The resulting power output
values over the range of ambient temperatures shall be within the manufacturer's declared
tolerance.

For roof and gutter heating, the trace heater sample shall be immersed in ice water at 0 °C
(recirculated as necessary to maintain the temperature), and the power level shall be verified.

For heating in surface heating applications such as the deicing of rails and metal structures, the
test gpparatus shall consist of a steel plate or rail having a thickness of at least 6 mm_The {race
heatgr or surface heater shall be installed on the plate or rail, with expansion loops where
applicable, along with any accessories, in accordance with the manufacturer’s_-installation
instrictions. Thermocouples shall be used to monitor the heated plate _%or rail surface.
Thermocouples shall also be located at any anticipated hot spots.

For fated output, the test apparatus shall be placed in an environmental.chamber ambient puch
that the plate or rail temperature is held at 0 °C, and the power level of the trace heatger or
surfgce heater shall be verified.

5.2.10.4.4 Embedded heating applications

For frace heaters and surface heaters intended for émbedded heating, the test appatatus
desdribed in 5.2.13.2.5 shall be utilized, but with the frace heater installation not includind any
contfol/expansion joint or cross-over point. The “ambient temperature shall be varigd to
reprIsent the range of ambient temperatures, specified by the manufacturer. The resylting
valugs over the range of ambient temperatures shall be within the manufacturer's declared
tolerpnce.

For frace heaters intended for indoor €mbedded installations in sub-floors, the test appatatus
and method described in 5.2.13.2.6_shall be utilized. The resulting values shall be within the
manyfacturer's declared tolerance:

5.2.10.4.5 Applications ofjtrace heating internal to conduit and piping

NOTH This procedure applies\to both pressurized and non-pressurized systems. See 5.2.13.2.7 for the mayimum
sheath temperature procedure.

For frace heatersiintended for installation internal to conduit and piping, the test apparatus
desdribed in 542.493.2.7 shall be utilized, but with the trace heater installation not includind any
crosg-over point. In addition, it is not necessary to include the vertical section of pipe or conduit.

The test apparatus shall be placed in an environmental chamber ambient such that the copduit

or pipe-is held at the rated temperature, and the power output of the trace heater shall be

measured. The resulting values shall be within the manufacturer's declared tolerance.

5.2.10.4.6 Supplementary ice bath method

The trace heater shall be tested in an ice bath to determine thermal output in ice conditions.
The trace heater or surface heater shall be immersed in ice water at 0 °C (recirculated as
necessary to maintain the temperature, or placed in an environmental chamber ambient such
that the ice bath is held at 0 °C), and the power output shall be measured. The resulting values
shall be within the manufacturer's declared tolerance at 0 °C.

When using this test method, the manufacturer shall have demonstrated the ability to predict
the rated output using the test methods in 5.2.10.4.3, 5.2.10.4.4 and 5.2.10.4.5 as applicable.
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I
|

13

12

5 6 DetailA
IEC
Key
1 Controlled voltage source 8 Temperature controller
2 Trace heater or surface heater 9 Temperature sensor
3 Test pipe, outside diameter > 50 mm 10 In-line heater
4 Temperature display unit 11 Heat exchanger—
5 Thermocouple 12 Chiller
6 Fibre glass insulation, min 25 mm thickness,
approximate density of 3,25 kg/m? 13 Flow meter
7 Electrical terminals 14 Pump

Figure 6 — Verification of rated output
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5.2.11 Thermal stability of electrical insulating material

A sample of trace heater or surface heater shall be placed in a forced air circulation oven. The
oven shall be heated to a temperature of 20 K above the maximum withstand temperature
declared by the manufacturer and maintained at that temperature for four weeks.

The sample shall be removed from the air oven and cooled to room temperature. Trace heater
samples shall be wound six close turns around a mandrel having a radius equal to six times the
diameter or six times the thickness of the trace heater. Integral components and non-flexible
trace heaters and surface heaters shall not be wound around the mandrel but shall be
conditioned as indicated above. Surface heaters shall be wrapped on a mandrel with a radius
equiyalent To the manufacturer's minimum recommended bending radius. While siill o the
mangrel the sample, except at terminations or ends where the conductor is exposed, shdll be
submerged in tap water for at least 5 min. While still in the tap water, the dielectrig\test $.2.1
and |the insulation resistance test 5.2.2 shall be conducted. Upon completion” of these
procgdures, the sample shall be removed from the water and the outermost sheath shall have
no visible cracks when examined with normal vision.

Terminations that insure the vapour tightness of Ml trace heaters with electrical insulation| that
is a hygroscopic material (for example the cold end seals) are subjéctéd to a temperatufe of
(80 % 2) °C for 4 weeks at not less than 90 % R.H. Compliance of the,sample or prototype ghall
be verified by testing the electrical insulation in accordance with-5,2.1 and 5.2.2.

5.2.12 Thermal performance test

This|test demonstrates the thermal safety by verifying the power output stability for all parallel
tracqg heater products with respect to time.

The test apparatus shall consist of a heated metal platen maintained at the specified higH test
temperature and a cooled metal platen maijntained at the specified low test temperature|with
the test samples being alternated betweenithe platens, or the test shall consist of a metal platen
with puilt in heating and cooling capability,to change the temperature within the specified leyels.
The ppparatus is intended to be located'in a room temperature environment. The platen(s) ghall
be sjzed to expose all parts of thé_trace heater or surface heater samples, which would be
expgsed under normal installation conditions, to the temperature levels required by]| this
procedure. The test apparatus:shall ensure that the trace heater or surface heater samples are
in infimate contact with the platen. The test apparatus can be supplied with a sample mounting
fixtufe. Offsets can be built into the fixture or platen(s) to accommodate end termination/ppwer
trangition fittings/bootsyif provided, where their size profile exceeds the trace heater or sufface
heater profile. The(apparatus shall allow energizing of the trace heater or surface heater
samples as requifed during the test procedure.

The samples._shall be thermally insulated on the side not facing the platen so as to enhance
effeqtive/heat transfer from the platen to the trace heater or surface heater samples.

Th 4 £ 41 Lot La) la TN +£ 1 4 Haoal $ : ol £ 5 K
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for platen temperatures less than 100 °C or + 10 K for platen temperatures above 100 °C.

The platen described above can be a flat metal plate, a metal pipe, or a metal surface typical
of the majority of applications for the trace heater or surface heater being tested.

The trace heater samples shall be within the manufacturer's declared power output tolerance,
as validated by 5.2.10. Where the sample is irregular in shape, such as a surface heater, the
sample shall consist of at least one heating unit.
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If the trace heaters or surface heaters are part of a product range, with common materials (with
materials having the same performance ratings) and construction, which have different levels
of rated voltages and power outputs, then three samples each shall be selected:

1) the lowest rated voltage level and the maximum rated power output;
2) the highest rated voltage and the minimum rated power output.

If the trace heaters are rated for 300 VAC or higher, an additional three samples of the highest
power output and highest voltage shall be selected and tested.

The trace heater or surface heater samples can be conditioned, at the maximum rated voltage
for up to 150 h at the manufacturer's declared maximum continuous operating temperature [prior
to starting the test.

The frace heater samples, having a minimum length of at least 0,3 m, or surface heater samples,
shallf be installed on the sample mounting fixture or directly applied to the platen. The sanjples
shalll be powered at the maximum rated voltage. The temperature of the-platen shall be
23 £[5 °C. The initial power output of the samples shall be determined bylmeasuring voltage
and turrent after the device has reached equilibrium.

Samples of continuous parallel construction, while still installed on\tHe sample mounting fixture
or platen and energized at the maximum rated voltage, shall be temperature cyclef by
alterhately exposing the samples to platen(s) temperatures, cerresponding to 23 + 5 °C and the
maximum continuous operating temperature. The samplesjare permitted to be de-energized
during the cool down period.

Samples of zone type parallel construction shallihe'temperature cycled in the same manner
with the exception that the samples shall be de“energized when not being held at the maximum
continuous operating temperature.

If the¢ cycle temperature range exceeds;350 °C, the lower temperature can be set at 350 °C
beloyw the maximum continuous operating temperature.

The pnergized samples shall be‘exposed to each of these temperature extremes for a minimum
of 18 min and a transition time:between extremes shall not exceed 15 min with a cycle Reing
one fomplete exposure at beth temperature extremes.

The pamples shall be(subjected to a pre-conditioning period of 5 continuous temperature cygles.
For heater samples. of continuous parallel construction, a cycle reference value of the ppwer
outplt of the samples shall be determined by measuring voltage and current during the|[final
300 geconds_of‘the cold phase of the last pre-conditioning cycle. A minimum of 1 500 cycles
shall| then be performed. The trace heater samples' power output shall be monitored |with
meagurements recorded during the final 300 seconds of the cold cycle, at intervalg not

exceleding’50 thermal cycles. In the case of samples having a zone type parallel construdtion,
the power output shall he measured dllring the final 300 seconds of the haot r‘yr‘lp

Following the temperature cycling, the temperature of the platen(s) shall be raised to the
maximum continuous exposure temperature or the maximum intermittent temperature if higher,
declared by the manufacturer, and held for a period of no less than 250 h.

Where the maximum intermittent exposure temperature relates to a temperature while
energized, the samples shall be energized at the maximum rated voltage. Where the maximum
intermittent exposure temperature relates to a temperature while de-energized, the samples
shall not be energized.
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completion of the maximum exposure testing, the samples' power output shall be

measured, using the same method and platen temperature as used during the initial power
output determination. All samples shall have a final power output within plus 25 % or minus
25 % of the initial power output. All trace heater samples shall also maintain a power measured
during the cycles within plus 25 % or minus 25 % of the initial power output, or in the case of
trace heater samples of continuous parallel construction, of the cycle reference value.

5.2.1

5.2.1

Maxi i help
ensu]re the safe use of the heater(s). These sheath temperatures shall not exceed the maximum
declared withstand temperature of the trace heater or surface heater. The maximumYsHeath

temq
trang
facta
temq

The
shall

. A

3 Maximum sheath temperature

3.1 General

erature is dependent on the trace heater or surface heater power output, ovérall |heat
fer coefficient, and the maximum possible temperature of the surface to bg heated. These
rs are used to verify the manufacturer's ability to predict the maximum sheath
eratures.

maximum allowable power output and sheath temperatures declared by the manufacfurer
be tested by at least one of the following methods.

systems approach (see 5.2.13.2), used to validate a mahufacturer's design methodglogy

testing body and the manufacturer.

5.2.1
5.2.1

The
are i

nd calculations, in which the trace heater or surface heater is subjected to a test condition
here the manufacturer demonstrates ability to design(and predict sheath temperaturgs by

nducting specific tests with or without control. Tésting for the systems approach can be
mitted if test results from the product approach-are used exclusively.

nce a particular application (with and/or withaut control) has been proven by relating ppwer
utput and sheath temperature for a particilar product, then additional testing for|that
pplication or other applications can be.limited by analysis and by agreement between the

product approach (see 5.2.13.8) in which the maximum sheath temperatures| are
etermined in an artificial environment without control.

3.2 Systems approach, design verification method
3.21 Procedures according to installation type

following procedurestare applied according to the installation type defined in the scopg and
htended to validate the manufacturer's design methodology and calculations of maximum

shedth temperatures with or without control.

The measured) sheath temperatures shall not exceed the manufacturer's calculated valugs by
morg than™10 K.

Alternativesimulatedoperatingconditions—canbhe agreed bebweenthe testingbody—and the
manufacturer.

5.2.13.2.2 Maximum sheath temperature — insulated surfaces with trace heaters

5.2.1

3.2.21 General

These tests shall be conducted three times with varied parameters such as insulation type,

thick

ness, power output or multiple samples.
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5.2.13.2.2.2 Test utilizing pipe sculpture fixture

For trace heaters, the test apparatus (see Figure 7) shall consist of a 3 m horizontal run and a
minimum 1,5 m vertical run of piping having a pipe size of 100 mm diameter (larger or smaller
pipes can be used depending on the application). The pipe shall be empty. A flanged gate valve
or equivalent (butterfly valve, globe valve, etc.) shall be located in the centre of the horizontal
run. The vertical run shall be so arranged that the flanged pipe ends are in the centre. The trace
heater shall be secured in a manner consistent with the manufacturer's installation instructions
(including crossing over itself if specified) and typically on the upper portion of the pipe. The
sample(s) shall be supplied to cover the complete length of the test apparatus as in Figure 7
and shall be within the upper half of the trace heater or surface heater's power output tolerance
or teptreconditions—shat-be—consideredtoachieve—simitarresttts—hermocotuptes—shat-bepsed
to monitor the outside ambient temperature and the pipe, valve and flange surface temperafures
and forresponding heater sheath temperatures at each of these locations (see Figure 7). The
thermocouples and the connection cables shall be selected and so arranged so-they d¢ not
significantly affect the thermal behaviour of the temperature measurements, such*as 0,2 mm?2
or smaller size Type J or K thermocouples. Thermocouples for metallic sheaths and hdated
metgllic surfaces shall be suitably attached to reduce measurement error;, Eor metallic braid,
polymeric sheaths, or non-metallic heated surfaces the thermocouples should be attached|with
a syitable adhesive/tape system. Additional thermocouples can heslocated at anticigated
hotspots at the discretion of the testing body. The piping system shall be insulated wjth a
minimum of 25 mm of uniform thickness and type of thermal insulation, for example calcium
silicate or expanded perlite, oversized to accommodate the'\trace heater, and installgd in
accogrdance with the manufacturer's installation procedures: Ripe ends shall be plugged| and
thermally insulated. An additional trace heater length can be\added to the test section on gither
end to reduce end effects.

The frace heater shall be powered at 110 % of its:rated voltage. System temperatures sh3gll be
allowed to stabilize and thermocouple readings«wecorded. The manufacturer shall demonsirate
the ability to predict the runaway pipe (workpiece) temperature (Tpr) and the maximum sheath

tempgerature.

Wheh using the controlled design approach, the control sensor shall be installed according to
the {anufacturer's instructions at.6r near the midpoint of the pipe. The predicted maximum
t

shedth temperatures based on the set point of the temperature controller or high temperature
limiter shall be compared to the.measured maximum trace heater sheath temperatures.

For Jerifying the contro] design method with a temperature controller or high temperature limiter
senslor shall be installed~according to the manufacturer's instructions. The predicted maximum
she%h temperature, for a specific set point of the temperature controller or high temperature
limitgr shall be compared to the measured sheath temperatures.

The measured/trace heater sheath temperatures shall not exceed the manufacturer's calculated
valug¢ bymmore than 10 K and shall not exceed the manufacturer's declared maximum withgtand
tempgerature.
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Key
Pipe and heater sheath thermocouples
Flenge and heater sheath thermocouples
blated support (typical of 2)

Valve body and heater sheath thermocouples

m m O O W >
»

T:Ece heater power connection

Trlace heater end termination

Figure 7 — Verification of sheath temperatures utilizing pipe sculpture fixture

5.2.13.2.2.3 Supplementary test utilizing-plate fixture

For fhe insulated surface trace heating.-application, the maximum pipe temperature accotding
to the test apparatus and procedures from 5.2.13.2.2.2 shall be used to determine the workpiece
temgerature that will be used as one of the plate temperatures. When using this test method,
the manufacturer shall have demonstrated the ability to predict a runaway pipe (workplece)
temgerature (Tpr) using the test.method in 5.2.13.2.2.2.

Wheh using this test method for all the other application types, the manufacturer shall have
dempnstrated the applicable test indicated in 5.2.13.2.3, 5.2.13.2.4, 5.2.13.2.5, 5.2.13.2.6,
5.2.13.2.7 and 5.2.13:2.8 as applicable.

The [test apparatus, as shown in Figures 8 through 11, shall consist of an aluminium fglate,
600 mm x 600" mm x 50 mm with cartridge heaters, temperature controller and channels for
cooling, dnythe centre of the plate is a trough (approximately 300 mm x 50 mm x 5 mm) |over
which.thie trace heater sample is to be placed. The plate is thermally insulated with a minimum
of 75%+m ctm—sth Oof—the—- om—ana O-mr—wide—ealetom—sih Of—tnA tdes of
the plate. The top of the apparatus is insulated with two layers, each consisting of three sections
of approximately 900 mm x 300 mm x 25 mm calcium silicate sheets, or other suitable
insulation as agreed upon with the testing agency. Rigid insulation should be annealed at
300 °C for 4 hours to reduce the possibility of cracking during usage. The rigid insulation shall
lie directly on the sample and be supported by two unpowered trace heaters of equal size to the
sample as shown in Figure 8. The ends and side gaps shall be filled with mineral wool or rigid
insulation. A 900 mm x 900 mm x 13 mm wood board (approximately 10 kg) shall be placed on
the top to reduce possible gaps.



https://iecnorm.com/api/?name=c8525db63c96e7a78442c5cee5707291

— 38 — IEC/IEEE 62395-1:2024 © IEC/IEEE 2024

The trace heater sample shall be within the upper half of its power output tolerance or, for series
trace heaters or for parallel zoned trace heaters, test conditions shall be such as to achieve
similar results. The sample shall have a length of at least 600 mm, so the entire heated section
of the sample is in contact with the plate as shown in Figure 9. Alternatively, it can be
appropriate for the sample to be serpentined on the plate to help ensure the entire heated
section of the sample is in contact with the plate as shown in Figure 10. In this case the two
unpowered trace heaters supporting the insulation are not necessary. The trace heater sample
shall be fixed in place with allowance for trace heater thermal expansion. A thermocouple shall
be located within the 300 mm x 300 mm test area which is used to control plate temperature,
and three additional thermocouples shall be located on the plate as shown in Figures 8 and 9.
A single thermocouple shall be located on the top side of the trace heater sheath in the middle
of th{ trougtrared, a temperature sensor strattbetocatedwittim the SO0 =360 mmrtestiarea

to cqntrol plate temperature and three additional thermocouples shall be located on the<plate
as shown in Figure 8 or Figure 9. The thermocouples and the connection cables ‘shall be
sele¢ted and so arranged so they do not significantly affect the thermal behaviour of the
temperature measurements, such as 0,2 mmZ2 or smaller size Type K or Type J.thetrmocouples.
Thermocouples for metallic sheaths and heated metallic surfaces shall be suitably attach¢d to
redupe measurement error. For other electrically conductive coverings, polymeric sheaths| and
non-metallic heated surfaces the thermocouples should be attached with suitable adhesivejtape
system.

For frace heaters that are allowed to be crossed over, two trace heaters shall be instplled
perpgndicular to each other at a 45° angle to the centre line of¢he-trough as shown in Figure 10.
Alternatively, it can be appropriate for a single sample to be crossed over itself at a 45° gngle
to thie centre line of the trough to help ensure the entire heated section is in contact with the
platd as shown in Figure 11. In this case, the three thermocouples are installed on the {race
heater sheath, at the centre point, and at 75 mm)and 150 mm from the centre. The [rigid
insulation shall lie directly on the top sample and additional supports to keep the insulation
parallel to the plate.

The [plate temperature shall be set at the designated workpiece temperature. The plate
temgerature shall be considered stableswhen the plate temperature controller and the three
platd thermocouples are within 2 K ofeach other. The trace heater shall then be powergd at
110 Po of rated voltage. After stahijlization, when the sheath temperatures rate of changg has
becgme less than 2 K in 30 min, the sheath temperatures, the power output(s), and the plate
tempgeratures shall be recorded! . The power output(s) recorded shall be adjusted to comper|sate
for gny voltage drops associated with the cold lead and/or associated supply power wiring.
Verification of sheath temperature measurements shall be made at three plate temperafures
and gt three power outputs (i.e. 9 sets of measurements), if applicable to the satisfaction df the
testing body.

The measured/sheath temperature(s) shall not exceed the manufacturer's calculated valye by
morg than (0K and shall not exceed the manufacturer's declared maximum withgtand
temperature:
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IEC
Key
1 300 mm x 300 mm test area A Wood board
2 THermocouple on bottom surface of trough B Two/ayers of rigid insulation
3 Plgate temperature control point 75 mm from centreline of trough €~ Test sample
4 Thermocouple 75 mm from centre of plate D 600 mm x 600 mm plate
5 Thermocouple 150 mm from centre of plate E 75 mm insulation below plate
6 Thermocouple on test sample F 150 mm mineral wool sides of plate
G Two unpowered support samples

Figure 8 — Verification of sheath temperatures utilizing plate fixture
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Key
1 3Q0 mm x 300 mm test area Wood board
Thermocouple on bottom surface of trough TwoMayers of rigid insulation
Plate temperature control point 75 mm from centreline of trough Test sample
Thermocouple 75 mm from centre of plate 600 mm x 600 mm plate

Thermocouple 150 mm from centre of plate 75 mm insulation below plate

o o~ W N
m m g0 W >

THermocouple on test sample 150 mm mineral wool sides of plate

Figure 9 — Verification of sheath temperatures utilizing
plate fixture with'serpentined sample



https://iecnorm.com/api/?name=c8525db63c96e7a78442c5cee5707291

IEC/

Key

TH
Pl
TH
TH

o 0 b~ W N

TH

IEEE 62395-1:2024 © IEC/IEEE 2024 - 41 -

LN

S )
\
4
& AN
> 6 7
2
Y
(1272 7
R-R Detail Y e
0 mm x 300 mm test area A Wood board
ermocouple on bottom surface of trough B Two layers of rigid insulation
ate temperature control point 75 mm from centreline of trough  G4% Test sample — lower sample
ermocouple 75 mm from centre of plate C2 Test sample — upper sample
ermocouple 150 mm from centre of plate D 600 mm x 600 mm plate
ermocouple on test sample E 75 mm insulation below plate

F 150 mm mineral wool sides of plat

Figure 10 — Plate fixture with two samples crossed over
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IEC

Key

Wood ‘beard

1 300 mm x 300 mm test area

Thermocouple on bottom surface of trough Two'layers of rigid insulation
Plate temperature control point 75 mm from centreline of trough Test sample crossed over itself
Thermocouple 75 mm from centre of plate 600 mm x 600 mm plate

Thermocouple 150 mm from centre of plate 75 mm insulation below plate

o o b~ W N
m m g0 W >

THermocouple on test sample 150 mm mineral wool sides of plate

Figure 11 — Plate fixture with>a'single sample crossed over

5.2.13.2.3 Maximum sheath temperafure — insulated surfaces with surface heaters|

This|test shall be conducted three times with varied parameters such as insulation {ype,
thickiness, power output or multiplessamples.

For |surface heaters, a representative section shall be applied to a 6 mm steel plate in
accordance with the manufacturer's instructions. The steel plate shall not extend more [than
50 mm from any edge-6f-the surface heater. Thermocouples shall be used to monitor the plate
temgeratures and the-corresponding surface heater sheath temperature at locations irj the
centfemost region_or’ hottest spot of the surface heater. The surface heater sample shall be
within the uppershalf of its power output tolerance or test conditions shall be considergd to
achi¢ve simijlariresults. The thermocouples and the connection cables shall be selected| and
arramged so-"they do not significantly affect the thermal behaviour of the temperature
measurements, such as 0,2 mm2 or smaller size Type K or Type J thermocouples.
Therfmocouples for metallic sheaths and heated metallic surfaces shall be suitably attache¢d to
reduce measurement error. For other electrically conductive coverings, polymeric sheaths, and
non-metallic heated surfaces the thermocouples should be attached with suitable adhesive/tape
system. Additional thermocouples can be located at other anticipated hot spots at the discretion
of the testing body. The heated side of the plate shall be insulated with a uniform thickness of
thermal insulation in accordance with the manufacturer's installation procedures. The plate shall
be mounted in a vertical position and located in a stable room temperature and no wind
environment.

The surface heater shall be powered at 110 % of rated voltage. After stabilization, the
thermocouple readings shall be recorded, including the local ambient temperature. The
measured heater sheath temperatures shall not exceed the manufacturer's calculated value by
more than 10 K and shall not exceed the manufacturer's declared maximum withstand
temperature.
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When using the controlled design approach, the control sensor shall be installed according to
the manufacturer's instructions at a minimum distance of 25 mm from the trace heater pad or
panel. The predicted maximum sheath temperatures for a specific set point of the temperature
controller or high temperature limiter shall be compared to the measured maximum trace heater
or surface heater sheath temperatures.

The measured sheath temperatures shall not exceed manufacturer's calculated value and shall
not exceed the manufacturer's declared maximum withstand temperature.

5.2.13.2.4 Maximum sheath temperature - outdoor exposed surface heating

For frace heaters or surface heaters intended for roof and gutter heating, the test apparatus
shallf consist of a simulated roof consisting of a fir plywood panel 1,2 m x 1,8 m mounted at an
angle of 45° to the horizontal. In addition, the fixture shall include a 1,8 m horizontal ryn of
guttdr and a 2 m vertical rise of downspout. The trace heater or surface heater and attachnent
deviges shall be installed to the roof, gutter, and downspout according to thesmanufactdrer's
instrlictions. The trace heater or surface heater shall cross over itself on the naoPif not prohibited
by tHe manufacturer's instructions. The sheath of the trace heater or surface heater shall have
thermocouples installed at the midpoints of both the vertical and horizontal runs, as well gs in
the midpoint of the roof run (and the crossover if applicable). The trace heéater or surface he¢ater
shalll be energized in no wind conditions at the maximum ambieAt témperature. The highest
shegth temperature shall be recorded after the system reachesmormal operating conditiorn}s.

For trace heaters or surface heaters intended for applications on outdoor metal structures, puch
as the deicing of rails, the test apparatus shall consist, of a rail, steel plate, or other fixture
représentative of the intended application. The trace kieater or surface heater shall be instplled
on the mounting surface with expansion loops (if ‘@pplicable) along with any accessori¢s in
accordance with the manufacturer's installation instructions. Thermocouples shall be used to
mon{tor the metal surface, the trace heater or sturface heater sheath, and anticipated hot gpots
to the discretion of the testing body. For maximum temperature testing, the apparatus shgll be
plac¢d in an environmental chamber at the maximum ambient temperature. The highest sheath
temperature shall be recorded after the system reaches normal operating conditions.

The measured sheath temperatures-shall not exceed the manufacturer's calculated valued and
shallf not exceed the manufacturer's declared maximum withstand temperature.

5.2.13.2.5 Maximum sheath temperature - embedded heating

For trace heaters or surface heaters intended for embedded applications, such as snow meglting
of doncrete slabs, ya test fixture consisting of formed concrete with dimensiong of
1mk 1 mx 90 mm'shall be constructed. The fixture shall include one control joint across$ the
width and shali.centain no reinforcing steel. If the intended applications do not include concfete,

then|a similar_fixture shall be constructed using representative materials.

The [traCe heater or surface heater shall be installed according to the product installation
instrtrett —trst i ; i - er or
surface heater shall be made to cross over itself if not prohibited by the instructions.
Thermocouples shall be installed in the embedding media between two successive trace heater
or surface heater passes, on the trace heater or surface heater sheath in the centre of the
fixture, at the cross-over point if applicable, and on the sheath of the trace heater or surface
heater where it exits the substrate. Thermocouples shall also be located at any other anticipated
hot spots at the discretion of the testing body. If specified for the application, a covering of
specified insulating material shall be placed over the substrate.

The ambient temperature shall be varied to represent the range of ambient temperatures
specified by the manufacturer. The resulting values over the range of ambient temperatures
shall be within the manufacturer's declared tolerance.
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The fixture shall be placed in an environmental chamber on 50 mm of rigid thermal insulation.
The environmental chamber ambient shall be varied to represent the range of ambient
temperatures specified by the manufacturer, including the maximum specified ambient
temperature. The sheath temperatures over the range of ambients including the highest sheath
temperature shall be recorded after the system reaches equilibrium.

The measured sheath temperatures shall not exceed manufacturer's calculated values and shall
not exceed the manufacturer's declared maximum withstand temperature.

5.2.13.2.6 Maximum sheath temperature - embedded heating installations in indoor
sub-floors

This|test is intended for trace heater or surface heater applications intended to be embegded
in th|n-set mortar, or other material specified by the manufacturer, on a wood or cancrete |sub-
floor] The test apparatus shall consist of a minimum 1 m x 1 m x 188 mm floor’consisting of
38 nim plywood and nominal 50 mm x 150 mm floor joists, with R20 or similar insulation
instjlled between joists to meet typical building code requirements. Alternately, use insulation

with |the manufacturer's specified maximum R-value for the trace heatér, or surface hg¢ater
installation, provided the specified R-value is included in the product gualification and marking
requjrements.

The ftrace heater or surface heater sample shall be embedded(in‘the minimum recommended
amount of mortar on the floor. The sample shall be installed in accordance with| the
mangyfacturer's installation instructions at the maximum power output and minimum spaging.
The |apparatus shall have thermocouples installed in the-floor between two trace heatér or
surfgce heater passes and on the trace heater or surface heater sheath in the centre most|area
and gt other locations in other anticipated hot spots:

For fated output, the test apparatus shall be, placed in an environmental chamber and the
amblent temperature controlled such that thestemperature midway between heating passgs is
held|at the manufacturer's declared temperature differential (between surface of floor and foom
amblent). The power level and surface(temperatures of the sample shall be verified, and the
measgured output values shall be within the manufacturer's tolerances.

For maximum temperature testing, the test room shall be at an ambient temperature of 28 °C,
and the sample operated inrarcontinuous mode at the maximum power output. The maximum
temperatures, once stabilized, shall be recorded.

The measured sheathitemperatures shall not exceed manufacturer's calculated value and shall
not gxceed the manufacturer's declared maximum withstand temperature.

5.2.13.2.7 _( Maximum sheath temperature - trace heating internal to conduit and piping

NOTH This procedure applies to both pressurized and non-pressurized systems. See 5.2.10.4.5 for the verifigation
of rate¢d qutput procedure.

For trace heaters or surface heaters intended for installation internal to conduit and piping, the
test fixture shall consist of a 3 m horizontal run and a 1,5 m vertical run of conduit or pipe of a
size representative for the application. The trace heater or surface heater shall be made to
cross over itself if not prohibited by the instructions. Thermocouples shall be used to monitor
the trace heater or surface heater sheath temperature, the cross-over point if applicable, the
temperature of the connections, and the conduit or pipe temperature. Thermocouples shall also
be located at any other anticipated hot spots at the discretion of the testing body.

The fixture shall be placed in an environmental chamber, and the chamber ambient shall be
raised to the maximum ambient temperature. The highest sheath temperature shall be recorded
after the system reaches normal operating conditions.

The measured sheath temperatures shall not exceed manufacturer's calculated values and shall
not exceed the manufacturer's declared maximum withstand temperature.
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5.2.13.2.8 Maximum sheath temperature — insulated externally heated surfaces —

tubing bundles

For tubing bundles, the test apparatus shall consist of 4,5 m of traced tubing bundle. The
quantity of tubes and their diameters in the bundles shall be agreed by the manufacturer and
the testing body. Thermocouples shall be used to monitor the tubes and corresponding heater
sheath temperatures at locations in the midpoint region of the bundle. The thermocouples and
the connection cables shall be selected and so arranged so they do not significantly affect the
thermal behaviour of the temperature measurements, such as 0,2 mmZ2 or smaller size Type K
or Type J thermocouples. Thermocouples for metallic sheath and heated metallic surfaces shall
be suitably attached to reduce measurement error. Thermocouples shall be attached with

suitfmmwmmmmwmmm—m
polymeric sheaths and non-metallic heated surfaces. Additional thermocouples can be-log
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3.3 Maximum sheath temperature.= product approach
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difference point and extended to 0 K. The temperature read at this intercept shall be taken as
the maximum sheath temperature, as shown in Figure 12.
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Figure 12 — Maximum sheath temperature*using the product approach

4 \Verification of start-up current

icient of resistance greater than that-of copper.

tart-up temperature as designated by the manufacturer. A sample of trace heater, at
n length, shall be installedin’accordance with the manufacturer's instructions on a mini
m diameter liquid-filled-metal pipe or solid steel rod, or for surface heaters a mini
m thick flat metal h&at'sink. The testing apparatus can be covered with thermal insul
shall be conditioned at the designated temperature until equilibrium is achieved. The
be initiated onlyafter the pipe, rod, or flat metal heat sink has stabilized to the design
erature.

The apparatus described in 5.2.10 can be used for this test.

thevconditioning period, rated voltage shall be applied, and the time and RMS. cu

test is applicable to trace heaters and-surface heaters that have a positive temperature

start-up current of the trace heater or surface heater shall be measured as a function of

east
mum
mum
ation

test
ated

rrent

char

acieristic shall be recorded from time 0 to 300 s in intervals of no greater than 1 s.

The

start-up current recorded shall be correlated to the maximum output tolerance. The data shall
be adjusted to reflect the upper limit of the power output tolerance by multiplying the test values
by the ratio of the maximum output tolerance level for the sample divided by the actual power
output for the sample. This time-current characteristic shall not be more than the value declared
by the manufacturer.

5.2.15 Verification of the electrical resistance of the electrically conductive covering

The electrical resistance of the metallic braid, sheath or other electrically conductive covering
shall be measured at 10 °C to 40 °C, of at least a 3 m length of trace heater or a representative
sample of a surface heater. The resistance shall be equal to, or less than, the manufacturer's
declared value. Additional consideration shall be applied by the testing body for evaluation of
equivalent materials other than metallic braid or sheath.
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5.2.16 Test for heating device / heating device set glands - General
5.2.16.1 General

The requirements of this clause apply to cable entries for trace heating and/or surface heating
systems designed to insert the exposed power supply cables, cold ends and/or trace heaters
directly to exposed enclosures, by a clamping and/or sealing system containing elastomeric
material.

NOTE These requirements would not apply to the following:

e glands for power cables and cold leads that are part of the power supply branch circuits within the temperature
agefectric rating-

e njetallic gland fittings without elastomeric seal for metallic sheathed cables such as M| heating devices.

5.2.16.2 Strain relief

One|sample of each connection that provides strain relief shall be subjectedyto the test.| The
spedimens will consist of at least 300 mm of trace heater attached tp, the subject fitting
according to the manufacturer's instructions. A steady load as showf~in Table 5 shall be
gradually applied between the trace heater or surface heater and thed4itting. The load shdll be
maintained for a period of 1 min. As a result of this test, the powerdeads of the trace heater or
surfgce heater shall not loosen or separate by more than 2 mm fromvthe fitting when measlured
afterfremoval of the load, and there shall be no visual damage to the conductors, insulation, or
fitting.

Table 5 — Pulling forces for strain relief test

Installation type Pulling force F, depending on shape of trace heater, cold lead or mandfel
N, Newton
Circular Non-circular
Nonlfixed installations S 158 N Fy= 158 N
Fixed installation F, [N].=0,25 x 20 x OD [mm] F, [N] =0,25 x 6 x OP [mm]

For Fonnections to fixed installed cold\leads or trace heaters, the cold lead or trace heater should be arranggd to
permit installation into and removal formaintenance from the termination enclosure without affecting the fixed|part
of the installation. This means thatythe cold lead or trace heater cannot be affixed for a reasonable length. [That
non |affixed length cannot exceed the fixing distance of the applicable national installation standards (typi¢ally
300 [mm).

oD Outer Diameter-innmm

OP Outer Perimeter in mm

5.2.16.3~ Temperature

The temperature rating of the materials used to construct the trace heating connection system,
shall be selected such that they can withstand the temperatures that are occurring in the vicinity
of the trace heater.

The thermocouples and their connection cables shall be selected and so arranged so they do
not significantly affect the thermal behaviour of the temperature measurements, such as
0,2 mm?2 or smaller size Type K or Type J thermocouples. The thermocouples shall be placed
as shown in Figure 13 and logged. After stabilization, when the rate of change of the
temperatures has become less than 2 K in 30 min, the temperatures shall be recorded. The
measured temperatures shall not exceed the maximum continuous operation temperature of the
gland body, grommet or any other component of the assembly such as sealing washers, O-ring,
or gaskets each. The temperatures shall be logged in at least 5-minute intervals in order to be
able to determine stabilisation of the temperatures and provide evidence.
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Thermocouples shall be placed at the following locations:

Key Ipcations of thermocouples

1 ambient

2 bdtween trace heater grommet and trace heater

3 bgtween trace heater grommet and gland body

4 at|sealing to enclosure

5 hqttest anticipated surface temperature inside thé”jenclosure with which filed wired power cables 4

cdnductors may get contact (to be listed in the instructions)

5.2.16.4 Degree of ingress protection (IP)

The

accordance with IEC 60529~The following IP ratings are required.

e dry applications:IP5X;

o W
5.2.1
5.2.1

Insu

Thermocouple 4

Sealing washer

oro-ing  gorey, cap  Thermocouple 3

/ (optional) /

i

Enclosure wall

Thermocouple 2
In case of trace
heater: active length

inside enclosure

Trace heater
or cold lead

Gland body

~_

Thermocouple 1
IEC

Figure 13 — Gland temperature measurement — location of thermocouples

degree of protection for'the connections to the trace heating system shall be verifig

et applicationss-Minimum 1P54.
7 Connection Integrity (integral components)

7.1~ General

ated integral connections, other than those brazed or welded or those at an attach

nd/or

ed in

ment

plug, shall be capable of withstanding all applicable tests without the breakage of the
conductors, the shearing of parts, or other damage to the connections.

Three samples of the insulated connection, assembled in accordance with 5.2.17.2, shall have
the maximum current rating declared by the manufacturer for the trace heater when operated
at room temperature passed through all connections. Uninsulated connections and conductor
can be used for the connection integrity tests. The average stabilized temperature rise above
ambient for each connection, as measured by a thermocouple (or equivalent) directly attached
to each connection, shall be recorded in a draft-free, temperature-controlled room or enclosure
for each connection. This average stabilized temperature rise value shall be referred to as the
heating reference temperature rise above ambient for each such connection.
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NOTE

1) Integral connections are considered a complete connection assembly: complete heating to non-heating assembly
or complete end splice or seal assembly when covered by a common insulating cover. A splice assembly can
consist of two or more current-carrying leads, bonding conductor or braid, and splice connectors. An end seal
can consist of two or more current-carrying leads connected together with the splice connector.

2) Temperatures are considered stable when three temperature readings taken at not less than 10 min intervals
show no more than a 2 °C variation between the three consecutive readings. The ambient temperature during
this time period is used for determining the temperature rise.

5.2.17.2 Firm Attachment

The samples from 5.2.17.1 shall be suspended in a vertical position from the frame of the testing
macii i : not
less than 350 mm long and to a length of non-heating lead not less than 50 mm long. A he|free
end ghall be passed through a bushing having a diameter to the nearest 1.6 mm equal t¢ the
diameter of the finished connection plus 3.2 mm. The bushing shall be attached to an arm dfiven
by a|motor at a rate of approximately 9 revolutions per min and in such a manner that the centre
of the bushing is made to describe a circle in a horizontal plane. The circle shalbhave a diameter
of 7% mm, and its centre shall be vertically below the point of mounting of\the connector.,| The
distgnce, within 13 mm, between the upper side of the bushing and the centre of the conngctor
shalll be 275 mm, and the distance between the point of suspension’,and the centre of the
connector shall be 50 mm. A weight with a mass of 0,9 kg for conductors less than or eqyal to
1,5 mm2shall be suspended from the free end of the trace heater. Aweight with a mass of 2|3 kg
for cpnductors greater than 1,5 mm? shall be suspended from/the free end of the trace hefater.
The Huration of the test shall be at least 30 min.

NOTH Connectors of an end termination that employ a single cripmp<connector crimping two or more conductofs are
exempt from being subjected to this 5.2.17.2.

== . Frame of
~ testing
machine

Suspension
distance

Splice
connector
under test

Dis_tance betwe_en
splice and-bushing Trace heater length

350 mm

Y9}
~
N Bushing @D

BUShINg center
of rotation

75

Weight

with mass of 0,9 kg for conductor size less than or equal to 1,5 mm?
and a mass of 2,3 kg for conductor size greater than 1,5mm?

IEC

Figure 14 — Typical splice firm attachment apparatus
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5.2.17.3 Current cycling

After the firm attachment testing, the maximum declared current rating of the trace heater shall
be passed through each connection for a minimum of 42 cycles. Each cycle shall consist of a
current ON period of 3.5 h followed by a current OFF period of 0.5 h. The temperatures at each
connection shall be recorded throughout the cycle. The average temperature rise above ambient
shall be calculated during the last 2 h of each ON cycle. The average temperature rise above
ambient shall not increase by more than 10 K when compared from the first to any of the
subsequent cycles.

5.2.17.4 Heating

Afteq the current cycling, each connection shall be capable of carrying continugusly the
maximum declared current rating of the trace heater, and the average stabilized temperature
rise fabove ambient at any connection shall not increase by more than 20 K oyerthe ipitial
heat|ng reference temperature rise above ambient determined in 5.2.17.1 for that connect|on.

5.2.17.5 Pullout

Aftel| the heating test, the connections shall not become separated from the conductors when
testqd as follows:

a) Hach connection shall be subjected for 1 min to a direct pull_of a weight of 7.0 kg for solid
conductors or a weight of 3.5 kg for conductors other thanvsolid conductors. The pull shall
je exerted by means of a tension-testing machine or therequivalent, so that there will e no
udden application or jerking during the test.

b) The test shall be made with the insulation remayed from the connection. In the case|of a
jpirally wound conductor, the pull shall be applied to the assembly of the core and the
pirally wound heating conductor.

c) When the connection assembly is such that no single conductor or lead is able or likgly to
be pulled individually, the complete_connection assembly with the common insulgtion
removed shall be subjected to the pull*force.

NOTH Connectors of an end termination thiat employ a single crimp connector crimping two or more conductofs are
exempt from being subjected to this 5.2.17'5.

5.3 | Type tests — Additional tests for outdoor exposed surface heating installations
without thermal insulation

5.3.1 Verification of rated output

The rated output of the trace heater or surface heater shall be verified by 5.2.10.4.3 or 5.2)10.2
as applicableSubsequent verification can be done by one of the procedures describgd in
5.2.10.2, 5.2.10.3, and 5.2.10.4.6.

5.3.2 Determination of maximum sheath temperature

The maximum sheath temperatures of the trace heater or surface heater shall be verified by the
procedures described in 5.2.13.2.4 or 5.2.13.3 as applicable. Subsequent verification can be
done by one of the procedures described in 5.2.13.2.2.3 and 5.2.13.3.

5.3.3 Increased moisture resistance test

A minimum 3 m sample of trace heater or a representative surface heater, complete with any
integral connections and end terminations, shall be immersed in water at 10 C to 25 C for a
period of 2 000 h (12 weeks).

After conditioning as above, the sample shall be tested to the dielectric test in 5.2.1, and the
electrical insulation resistance test in 5.2.2.
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5.34 UV and condensation test

Trace heaters, surface heaters and integral components having a continuous metal sheath with
no outer jacket shall be exempt from this test. Integral components shall be subjected to the
same evaluation as trace heaters and surface heaters, except as noted in the referenced
procedures. System components other than those identified as integral shall be evaluated in
accordance with national and international standards relevant to their construction and use.

Three samples of the trace heater or surface heater approximately 450 mm in length or a
representative sample of a surface heater, including integral components shall be placed in a
xenon-arc light-exposure apparatus as described in ASTM G155 or ISO 4892-2.

The procedure shall be as described in ASTM G155 cycle 1 or ISO 4892-2 cycle 1 of ¢cydle 4.
The harrowband irradiance can be:

a) df 0,35 W/(m2 nm) at 340 nm for a total period of 1 000 h, or
b) df 0,51 W/(m2 nm) at 340 nm for a total period of 690 h

At the end of this time, the samples shall be removed from the chambet and independently |(one
test per sample) subjected to the mechanical tests in 5.2.4, 5.2.5, and’ 5.2.7 (room temperature
impgct, cold impact, and cold bend). After the mechanical tests the.outermost sheath shgll be
subjected to a dielectric voltage of 500 VAC, applied betweef the conductive layer and tap
watglr (resistivity typically 500 Q-m) for 1 min without dielectricdoreakdown. The sample shall be
expdsed to the water for a minimum of 5 minutes prior to the application of the dielectric tgst.

Alternatively, materials that have been independently qualified for outdoor exposure accofding
to thjs test procedure are acceptable.

5.3.5 Resistance to cutting test

A sample of trace heater or surface heater, at least 200 mm in length, shall be tested.| The
sample shall be placed on top of a rigid4lat steel support. A trace heater sample having a[nhon-
circylar cross-section shall be positioned such that the proof load is applied along the minor
axis [(i.e. positioned flat on the steél’plate). A metal cutting edge with a 0,25 mm radius shall be
moupted above the sample such that the cutting edge is at a right angle to the samplg. An
ohmmeter shall be attachedto'the trace heater or surface heater conductors shorted together
and fo the metal cutting edge’ Alternatively, a signalling device circuit can be utilized in series
with [the blade, specimen\conductor, and a 120 V ac supply such that the signal will opg¢rate
when the cutting blade ‘contacts the specimen conductor (note that the fixture components are
enerpized if utilizing_this method).

A proof load of445 N shall be gradually applied to the cutting edge as it impinges on the sample.
The phmmeter or signalling device circuit shall be used to verify that the cutting edge has not
cut through“the insulation and make contact with the conductors of the trace heater or surface
heater.

5.3.6 Abrasion test

Six samples of trace heater, approximately 1 m in length, shall be tested. The electrical
resistance of the metallic sheath, braid, screen or equivalent electrically conductive covering of
each of the samples shall be measured with an ohmmeter having an accuracy of £+ 1 %. The
average initial resistance shall be calculated.

The samples shall be placed in the abrasion test apparatus shown in Figure 15. One end of
each of the samples shall be attached to a horizontal reciprocating table and the other end of
each sample shall be attached to a mass of 340 g. Each sample shall be laid over a 90 mm
radius cylinder positioned at the end of the table and covered with an unused layer of grade 1/2
(medium) emery cloth, or 120 grit silicon carbide/resin bond abrasive paper. The longitudinal
axis of the cylinder shall be horizontal and perpendicular to each of the samples.
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The table shall commence reciprocating at a rate of approximately 30 cycles per minute. Each
cycle shall consist of one complete back-and-forth motion with a stroke of approximately
160 mm. The table shall be stopped every 50 cycles and the abrasive material shall be
repositioned or replaced so that all the samples shall be subject to abrasion by a fresh surface
of the abrasive material in subsequent cycles. After 2 500 cycles, the test shall be stopped and
the resistance of the conductive braid or sheath of each of the samples shall be measured
again. The average resistance shall be calculated and compared to the initial average value.
The final average resistance value shall not exceed 125 % of the initial average value. Also, if
the samples are overjacketed, the underlying conductive braid or sheath shall not have become
exposed.

Reciprocating table
with 160 mm stroke

Grade 2 (medium)
abrasive cloth

340 g mass

Quarter cylinder with
radius of 90 mm
Sample

under test
IEC

Figure 15 — Abrasion test

5.3.7 Tension test

A 30| kg mass, or a mass sufficient to impose the manufacturer's stated maximum tensile value,
whichever is greater;’shall be suspended from the free end of the heating section of a 1 m{long
sample for 1 h-with the other end of the sample secured tightly. There shall be no breakage of
the ¢onducterstor braid and there shall be no visual damage to the insulation (except in the
areap wheresthe sample was secured).

5.3.8 Rail system voltage spike test

Rail heating systems are routinely subjected to voltage spikes stemming from the voltage
supply. For trace heaters or surface heaters intended for applications on outdoor metal
structures, such as the deicing of rails, a sample of trace heater at least 2 m in length, or a
representative surface heater, shall be subjected to 1 000 cycles of 5 000 V impulses. Each
impulse should have a 1,2 «s rise time and a 50 «s fall time. The sample shall then pass the
requirements of 5.2.1 and 5.2.2.
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