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ELECTRICAL RESISTANCE TRACE HEATING SYSTEMS
FOR INDUSTRIAL AND COMMERCIAL APPLICATIONS -

Part 2: Application guide for system design, installation and maintenance
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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end 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-deal|t with
mpy participate in this preparatory work. International, governmental and non-governmental organizations ligising
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 arefnot'necessarily members
of|IEEE and serve without compensation. While IEEE administers the process and establishes rules to pr¢mote
falrness in the consensus development process, IEEE does not independentlyl evaluate, test, or verily the
adcuracy of any of the information contained in its standards. Use of IEEE, Standards documents is wholly
vdluntary. IEEE documents are made available for use subject to important figtiCes and legal disclaimerg (see
htjps://standards.ieee.org/ipr/disclaimers.html for more information).

IECC collaborates closely with IEEE in accordance with conditions detérmined by agreement between the two
orpganizations. 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 express, as nearly as possible, an international consengus of
opinion on the relevant subjects since each technical committee has representation from all intereste¢ IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Sodieties
arld Standards Coordinating Committees has been reached, is determined by a balanced ballot of matgrially
inferested parties who indicate interest in reviewing theproposed standard. Final approval of the IEEE standards
dqcument is given by the IEEE Standards Associatiow,(IEEE SA) Standards Board.

IE|IC/IEEE Publications have the form of recommendations 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//JEC 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) fransparently 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.

IEIC and IEEE do not provide any attestation of conformity. Independent certification bodies provide confgrmity
agsessment services 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.

All 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
ejperts andrmembers 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
pgrsonatl injury, property damage or other damage of any nature whatsoever, whether direct or indirect, for for
cdsts’(including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC{IEEE
Pdblication 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.

IEC/IEEE 62395-2 was prepared by IEC technical committee 27: Industrial electroheating and
electromagnetic, in cooperation with the 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.


https://standards.ieee.org/ipr/disclaimers.html
https://iecnorm.com/api/?name=c6878f78cb75653a25d22d02d4c4eb55

- 8- IEC/IEEE 62395-2:2024 © IEC/IEEE 2024

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

This standard cancels and replaces IEC 62395-2:2013. This edition constitutes a technical
revision.

This standard includes the following significant technical changes with respect to
IEC 62395-2:2013:

a) Design considerations for trace heating on sprinkler systems have been expanded and a
figure has been added to illustrate how to avoid undue shadowing of spray patterns from
insulated sprigs close to sprinkler heads;

b) $Ypecific details of design considerations for trace heating for emergency eyewash unitg§ and
sfafety showers have been added.

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

Draft Report on voting

27/1183/FDIS 27/1185/RVD

Full Information on the voting for its approval can be found in the\report on voting indicaté¢d in
the gbove table.

The Janguage used for the development of this International Standard is English.

This[document was drafted in accordance with the.rules given in the ISO/IEC Directives, Part 2,
availlable at www.iec.ch/members_experts/refdocsThe main document types developed by IEC
are described in greater detail at www.iec.ch/publications/.

This[standard is intended to be used in cahjunction with IEC/IEEE 62395-1.

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

The |[EC 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 be

e reconfirmed;

°
<

ithdrawn,/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.
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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,
maintenance and repair of electrical resistance trace heating systems in industrial and
commercial applications which can include piping, vessels, roofs and concrete slab heating

applieations-

It is the objective of the IEC/IEEE 62395 series that, when in normal use, electrical trace hegating
syst¢éms operate safely under their defined conditions of use, by

a) gmploying heaters of the appropriate construction so as to meet thectest criterial and
pquirements detailed in IEC/IEEE 62395-1. The construction includes @ metallic sheath,
raid, screen or equivalent electrically conductive covering;

o

b) dperating at safe temperatures when designed, installed, and maintained in accordance with

EC/IEEE 62395-2;

c) having at least the minimum levels of overcurrent and earth-fault protection requirgd in
IEC/IEEE 62395-1 and IEC/IEEE 62395-2.

—_ 0
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ELECTRICAL RESISTANCE TRACE HEATING SYSTEMS
FOR INDUSTRIAL AND COMMERCIAL APPLICATIONS -

Part 2: Application guide for system design, installation and maintenance

1 Scope

This

installation, maintenance and repair of electrical resistance trace heating systems in‘indu
commercial applications. This document does not include or provide for any applicatiohs in

and
pote

This
field

heat
acco

The

train
work]
carri
train

This

Trac

installations. These are characterized by different requirements for testing and are us

certi
type

htially explosive atmospheres.

rdance with the manufacturer's instructions.

part of IEC/IEEE 62395 provides detailed recommendations for the system_.degign,
strial

document pertains to trace heating systems that can comprise either(factory fabricated or
assembled (work-site) units, and which can be series or parallel trace ‘heaters, or surface
brs (heater pads or heater panels) that have been assembléd,and/or terminatgd in

products covered by this document are intended to be installed by persons who are suitably

2d in the techniques required and that only trained persoehnel carry out especially crjt

ng in electric trace heating systems.

document does not cover induction, impedance or skin effect heating.

ied for a specific type of installation or application. Typical applications for the diff
5 of installation are shown in Table 1.

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

e heating systems and surface heating systems can be grouped into different typ}s of

ical

, such as the installation of connections and terminations. Installations are intended fo be
ed out under the supervision of a qualified persofi who has undergone supplementary

ally

rent

Trac

Pre-insulated pipe
Below grade trace heating

Sprinkler systems (if specified for use)

b heater type| Intended installations Examples of installations Required attributes
A Insutated surfaces Hot water lines Dielectric, thermal,
(including pipe) Freeze protection mechanical, moisture
Grease lines exclusion, and performance
Fuel oil lines characteristics verificatign

Sprinkler system verificafion

Increased moisture
resistance

UV and condensation
resistance

Resistance to cutting
Abrasion resistance

Tension test

for use)

B Outdoor exposed areas Roof deicing Dielectric, thermal,
Gutter and downspouts deicing mechanical, moisture
Catch basins and drains exclusion, and performance
Rail heating systems characteristics verification

Rail system tests (if specified
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Trace heater type

Intended installations

Examples of installations

Required attributes

C Installations with
embedded trace heating

Embedded snow melting
Embedded frost heave protection
Embedded floor warming
Embedded energy storage
systems

Embedded door frames

Dielectric, thermal,
mechanical, moisture
exclusion, and performance
characteristics verification

Resistance to cutting

Resistance to crushing

D Installations with trace
heater inside conduit or

piping

Embedded snow melting
Embedded frost heave protection
Embedded floor warming
Embedded energy storage

Dielectric, thermal,
mechanical, moisture
exclusion, and performance
characteristics verification

systems

Embedded door frames

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

Increased moisture
resistance (pressurized
non-pressurized)

=

Pull-strength 'eyaluation

NOT
and |

-EC/IEEE 60079-30-2.

Trace heating systems intended for use in explosive atmospheres are the subject of JEC/IEEE 60079130-1

2

The

Normative references

following documents are referred to in the text in such agway that some or all of their coptent

congdtitutes requirements of this document. For dated references, only the edition cited applies.

For
ame

IEC/
com

3

hdments) applies.

Terms and definitions

undated references, the latest edition of the-teferenced document (including

EEE 62395-1:2024, Electrical resistance\trace heating systems for industrial
mercial applications — Part 1: General apnd-testing requirements

any

and

For the purposes of this document, the terms and definitions given in IEC/IEEE 62395-1 apply.

ISO,
addr]

NOTH

£SSes.

EC Electropedia:j available at https://www.electropedia.org/
50 Online brewsing platform: available at https://www.iso.org/obp

FEE Standards Dictionary Online: available at http://dictionary.ieee.org

General definitions are given in the International Electrotechnical Vocabulary, IEC 60050 (all parts).

IEC and IEEE maintain-terminology databases for use in standardization at the following

4 Surface heating of vessels and piping systems

4.1

411

Application description

General

Piping and vessels often utilise surface-mounted trace heating systems to maintain water above
freezing-point and to maintain process fluids and gases at given temperature levels. The trace
heaters compensate for heat losses to the environment that are reduced but not eliminated by
thermal insulation.
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Equipment subject to ultraviolet exposure can degrade due to surface oxidation, which can
possibly lead to surface embrittlement and cracking. Corrosive atmospheres can affect the
same exposed surfaces and can accelerate degradation of surfaces that are also susceptible
to ultraviolet exposure. Chemical exposure can affect all equipment, whether covered by
thermal insulation or not.

The trace heating equipment for piping and vessels is often protected from corrosion and
ultraviolet exposure to some degree by the thermal insulation. However, these systems can
have components that are exposed to the environment such as electrical connection
components and weather barrier around the thermal insulation. The selection of trace heating
equipment should include a review of the suitability of equipment to the expected environmental
conditions.

4.1.3 Trace heating systems considerations

Tracge heating systems can range from simple pipe freeze protection in commefeial buildings to
process temperature maintenance and heat-up applications in large complex piping/vessel
systéms in industrial facilities. The details required for design can vary basedon the complexity
of the application. Control systems and requirements for monitoring can-also vary depending
on the control and design requirements.

Tracg heating equipment should be chosen that is suitable fof the application. For example,
plasiic piping has a much lower maximum exposure temperatice than metallic piping. The {frace
heat|ng and control system should keep the piping temperature within the allowed range.

Higher temperature processes should utilize trace heating and thermal insulation equipment
that pre suitable for the maximum exposure temperatures.

4.2 | Design information — General
4.2.1 General

The [requirements for system design include the development of basic heat loss (load)
requjrements, installation instructions for electrical, control and monitoring requirements,| and
tracq heating system layouts for large, detailed, complex installations such as industrial
facilities. While each design-component requires individual treatment, the final system should
be eyaluated as an integration of these component parts.

Tracge heating system_design should conform to all IEC requirements for the use of elecfrical
equipment and to thé requirements of this document. Consideration should be given tq the
maintenance of the trace heating systems to maintain energy efficiency and to routine tepting
of the installedSystems for safe and proper operation.

Perspnslinvolved in the design and planning of electric trace heating systems should be suitably
trainpdin all techniques required.

4.2.2 Electrical system design

The evaluation of electrical resistance heating systems includes an initial assessment of energy
requirements and the associated electrical distribution equipment. The selection of the type of
trace heating equipment and the control equipment affects the requirements of the electrical
system design. Additional information is given in 4.4.
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4.2.3 Control and monitoring

4.2.3.1 General

Controls for trace heating systems are often specified to reduce total energy usage and/or to
maintain particular processes within a narrow band. Monitoring systems are used to verify
correct system operation and in many cases to provide an indication of electrical problems or
temperatures that are out of range. Subclause 4.2.3.2 describes the basic types of controls and
monitoring and 4.2.3.3 defines critical applications relative to the control systems. Specific
design of control systems is given in 4.5.

4.2.32 Recommendations for control

The recommendations for control and monitoring are defined by the type of application.

a)

b)

c)

ype |
Type | control is for applications where the temperature is maintained.above a mini

ype Il

Type Il control is for applications where the temperatiuce”’should be maintained wit
oderate band. Control by pipe-sensing mechanical thermostats is typical.

> 0 C OO0 I

=

Tlype Il

A Type Ill control is for applications where the ‘temperature should be controlled wit

temperature detector (RTD) units facilitate field (work site) calibration and provide maxi

mum

oint. Large blocks of power can be controlled by means of a single contrel device, sugh as
mbient sensing, and an electrical distribution panel board. Heat input can be proyided
nnecessarily at times and wide temperature excursions should be tolerable. Energy
fficiency can be improved through the use of dead-leg controldechniques (see 4.5.10).

nin a

in a

arrow band. Electronic pipe-sensing cantrollers using thermocouple or resistgnce-

um

flexibility in the selection of temperature alarm and monitoring functions. Advdnced
temperature-sensing systems such as fiber optic distributed temperature sensing can be used for
temperature-sensitive fluid applicationsz,Heat input capability can be provided to prehegt an

mpty pipe or raise the fluid tempetature, or both, within a specified range and time intgrval.

Tlype lll systems require strict adherence to flow patterns and thermal insulation systems.
4.2.3.3 Control and monitoring for critical applications
If faijure of any part of the trace heating system can result in a safety or operability proQlem,
then| the trace heating:system can be considered to be critical to the application.|The
temgerature control-'and circuit monitoring requirements of an application can be defined
according to the temperature control types described in 4.2.3.2, together with the control Jevel
as described inyFable 2.
Table 2 — Application types
Ik _trace heating a Desired accuracy of temperature control
critical conTpor.uenifor Above a minimum point Within a moderate band Within a narrow band
the application? Type | Type II Type Ill
Yes = Critical (C-) c-1 c-1ll c-1i
No = Non-Critical (NC-) NC -1 NC - II NC - Il

When trace heating is critical to the application, circuit monitoring for correct operation,
malfunction alarms, and back-up (redundant) trace heaters should be considered. Redundant
trace heaters can allow maintenance or repairs to be performed without a process shutdown
and can be used to enhance reliability. Redundant controllers can be specified to be
automatically activated in the event of a fault being indicated by the monitoring/alarm system.
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4.2.4 Trace heating system design

Trace heaters should be selected to provide sufficient power for

a) compensation of heat loss when maintaining a specified temperature of an application, see
the calculation method in 4.3.4; and/or

b) raising the temperature of a workpiece and its contents when specified, within a specified

time period, see the calculation method in 4.3.6.

The evaluation should provide an electrical system with sufficient capacity to deliver the
required power at the specified minimum ambient temperature. The system heat requirements
shoufdbe multiptied by a safety factor as determined on the basis of 4-375. Additiomatspgcific
design recommendations are described in 4.5.11.

4.2.5 Design information documentation

Design information can be compiled and provided in the form of specifications, layouts,| and
othef system documentation and drawings. Any or all of the following can be-applicable:
— thermal design parameters;

system flow diagram;

gquipment layout drawings (plans, sections, etc.);

— pipe drawings (plans, isometrics, line lists, etc.);

piping specifications;

thermal insulation specifications;

— ¢dquipment detail drawings (pumps, valves, strainers, etc.);

— ¢lectrical drawings (one lines, elementaries, etc.);

— bill of materials;

— ¢lectrical equipment specifications;

— ¢quipment installation and instruction manuals;

— ¢quipment details;

— thermal insulation schedules;

— process procedures ¢hat would cause elevated pipe temperatures, that is, steam out or
gxothermic reactions:

4.3 | Thermal system design

4.3. General

the thermal |nsulat|on The trace heatmg suppher should also prowde recommendatlons for
these applications, including product performance and installation guidelines.

The trace heater sheath temperature and/or the maximum workpiece temperature can be
reduced by, for example, the use of multiple tracers to reduce the power produced per unit
length or by the selection of the temperature control system.

Subclause 4.3 reviews design parameters, thermal insulation considerations, system heat loss,
safety factors, heat-up considerations, selection of trace heater, design calculations, sheath
temperature calculations, design documentation, start-up at low ambient temperatures, long
trace heater circuits, and chimney effect.
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4.3.2 Design conditions

The following general design conditions and application inputs are typically needed prior to
commencing with the system design. Additional information that can be required for particular

appli

cations is detailed in 4.5.11.

a) System parameters:

1
2
3

) pipe and vessel maintain temperature;
) minimum ambient temperature;
) insulation thickness and type;

4

b)

W N = MmO

4.3.3

4.3.3.

The
com

systém is normally designed to prevent the majority of heat loss with the trace heating sy

com

impdct on the overall 'system performance.

The

5) pipe type:

g) components such as pumps, strainers, flanges, valves, and supports;

7)) maximum process temperature (due to process, steam cleaning, etc.);

) pipe diameters, lengths, and routing (vertical, horizontal, oblique) or vessel dimens

i) non-metallic;
i) metallic;

) flow characteristics:
i) pressurized;
i) gravity;
) design wind velocity.
lectrical considerations:
) voltage supply;
) circuit locations;
) power distribution system.

Thermal insulation
1 General

selection, installation and.‘maintenance of thermal insulation should be considered 4
ponent in the performance of an electrical trace heating system. The thermal insul

bensating for the-remainder. Therefore, problems with thermal insulation have a d

principal areas for consideration are as follows:

lection~of an insulating material;
lection of a weather barrier (cladding);

ons;

key
Ation
5tem
irect

S

election of the economic Insulation thickness;

the double insulation method.

4.3.3.2 Selection of insulating material

The following are important aspects to be considered when selecting an insulation material.
These factors should be considered and the selection optimized according to the following
design criteria:

— temperature rating;

— thermal conductivity of the insulation;

— mechanical properties;

- C

hemical compatibility and corrosion resistance;
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— moisture resistance;

- h
— i

ealth risks during installation;

re resistance;

— toxicological properties when exposed to fire;

- C

osts.

Insulating materials commonly available include:

For
man
from

expanded silica;

: £l
merar 1nmurc,
llular glass;

rethane;

fibreglass;

Icium silicate;
olyisocyanurate;
erlite silicate.
erogel

cases by banding the insulation tightly. Care should be taken to prevent the trace h

5oft insulants (mineral fibre, fibreglass, etc.), actual pipe_size insulation can be usId in

ater

being buried within the insulation, which can cause damage to the trace heater on can

posslibly restrict proper heat transfer. As an alternative,\the next larger pipe size insulation that

can
silica
long

Insu

typig
segn

Insu
total
appl
barri

pasily enclose pipe and electric trace heater issalso acceptable. Rigid insulation (cal
te, expanded silica, cellular glass, etc.), can-be pipe-size insulation if customized to f
tudinal joint. In all cases, the insulation type,\Size and thickness should be clearly spec

ation for valves, flanges, pumps, insttuments, and other irregularly shaped equipmen
ally custom fit for the particular configuration. This can be fabricated from block, insul
hents or flexible removable covers:

ating cements or fibrous materials should be used to fill cracks and joints. Where use

er over the trace heater to prevent the insulating cement from isolating the trace h

cable from the workpiece (creating excessive heater temperatures).

Emb

4.3.3

Prop

edding the-frace heater in insulation cements should generally be avoided.

3 Selection of weather barrier (cladding)

er.operation of an electrically trace heated system depends upon the insulation being

cium
t the
fied.

t are
ation

d for

insulation of an irregular surface, a proportionally thicker layer of insulating cement cgn be
ed to achieve the desired insulating capability. When using insulating cement, inslall a

ater

dry.

Elec

ric tracing normally has insufficient heat output to dry out wet thermal insulation. Some

insulation materials, even though removed from the piping and force dried, never regain their
full insulating capability once they have been wet.

Straight piping should be weather-protected with metal or polymeric jacketing or a mastic
system. When metal jacketing is used, it should be smooth with formed, modified "S"
longitudinal joints. The circumferential end joints should be sealed with closure bands and
supplied with sealant on the outer edge or where they overlap (see Figure 1).

Jacketing that is overlapped or otherwise closed without sealant is not effective as a barrier to
moisture. A single, unsealed joint can allow a considerable amount of water to leak into the

insul

ation during a rainstorm.
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The type of weather barrier should be determined based on the following:

— effectiveness in excluding moisture;
— corrosive nature of chemicals in the area;
— fire protection requirements;

— durability to mechanical abuse;

— cost.
B
f
5 6
A
4 | ,\
77777 ) AR
J//' // ///!\ _\'. |
: | |
S AIIENNNNNN
< ! \\\ T\;
; | 2 ’ |
7 A IEC
Key
1 Mgegtal jacket 5 Closure band
2 Inpulation 6 Insulated strap
3 Metal jackét'insulated pipe 7 Movement
4 Mhpstic sealer 8 Pipe

Figure 1 — Thermal insulation — Weather-barrier installation

4.3.3.4 Sealing of weather barrier penetrations

Quality caulking of weather barrier penetrations is required to prevent water ingress and
contamination of thermal insulation systems. Structural supports and trace heater connection
kits are examples of such penetrations. Low quality caulking materials dry out and crack,
allowing gaps for water ingress.
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4.3.3.5 Selection of economical thickness

At a minimum, an economic evaluation of the insulation considers the initial costs of the
materials and installation against the energy saved over the life of the system. It should be
noted that the actual insulation thicknesses do not always correspond exactly to the nominal
insulation thickness. When choosing the insulation size, considerations should be made as to
whether or not the actual pipe-size insulation is suitable for accommodating both pipe and trace
heater.

4.3.3.6 Double insulation method

The

freezing of condensate in high-temperature steam lines when these lines are not in use.| The
tracg heater is located between two layers of insulation surrounding the pipe. The essen¢e of
the double-insulation technique is to determine the correct combination of innet and Quter
insulation type and thickness that results in an acceptable interface temperature for the {race
heatger. The inner layer of thermal insulation circumferential end joints should be installed|with
gasklets to prevent opening of gaps as piping heats up. Gaps can{pdssibly cause |high
tempgeratures to reach and damage the trace heater. The installation isdllustrated and a typical
temgerature profile is indicated graphically in Figure 2. It should beinoted that the maximum
amblent temperature conditions should be considered in this determination.
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Temperature
(o))

L
ra

o ~
o

7

Radius
IEC

Key

1 Pipe 5] Pipe temperature

2 Inher insulation layer 7 Interface temperature

3 Heat tracer 8 Outer insulation surface temperature
4 Outer insulation layer 9 Ambient temperature

5 Mgetal foil (aluminjunr)

Figure 2 — Typical temperature profile

4.3.4 Heat loss determination

The heat loss of a workpiece can be calculated from the following formula incorporating both
conduction and convection parameters:

q:
in[P2] |23 (1)
1 Dy Dy 1 1
+ + + +

1TD1 hl 2T|'k1 2'|Tk2 T|'D3 hCO '|TD3 hO
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where

q is the heat loss per unit length of pipe in watts per metre (W/m);

Ty is the desired maintenance temperature in degrees Celsius (°C);

a is the minimum design ambient temperature in degrees Celsius (°C);

D, is the inside diameter of the inner insulation layer in metres (m);

D, is the outside diameter of the inner insulation layer in metres (m) (inside diameter of the
outer insulation layer when present);

D3 ib “IU uutaidu didllthUl Uf tiIU UUtUI illbuidtiull iaycl Wilcll pIUbGIIt ill lIIUtICb (Ill),

ky is the thermal conductivity of the inner layer of insulation evaluated at its, mean
temperature (W/mK);

ko is the thermal conductivity of the outer layer of insulation, when presentevaluated at its
mean temperature (W/mK);

h; is the inside air contact convection coefficient from the pipe to the innef insulation sufface
when present (W/mZ2K);

heo | is the inside air contact convection coefficient from the out€l insulation surface tg the
weather barrier when present (W/mZ2K);

hy is the outside air film convection coefficient from the weather barrier to ambient (W/mZ2K)
(typical values for this term range from 3 W/m2K ‘to 284 W/m2K for low-temperature
applications below 50 °C);

In is the natural log to base e.

The [degree of accuracy of the calculation depenhds on the degree of definition of the sygtem

parameters.

The pasic formula given in Formula (1):¢dn be reduced to the following form for pipes and tpbes

when only the conduction parameters are taken into account and when only one thgrmal

insullation layer is present:

21k (T, - Ty )
g=—— -2/
2
In Dy @)
Dy
Vesgel heat losses often require a more complex analysis to determine total heat loss.| The
tracqg hieating supplier should be consulted.

For ease of product selection, trace heating suppliers often furnish simple charts and graphs
and/or computer programs to determine heat losses for variously maintained temperatures and

insul

ations, which usually include a safety factor.

The preceding relationships assume that the thermal insulation system densities, volumes,
conductivities and heat losses are constant over the temperature range of interest. Although
the model is representative of a straight pipeline, it does not have provisions for equipment
such as pumps and valves. Non-insulated or partially insulated pipe supports or equipment

requ

ire additional heat input to compensate for the higher heat loss.
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4.3.5 Design safety factor

Since heat-loss calculations based on theoretical values do not account for imperfections
associated with actual work site installations, a safety factor should be applied to the calculated
values. The safety factor should be based upon the user's requirement: this typically increases
the heat loss by 10 % to 25 %. A more detailed evaluation should include the following:

a) thermal insulation degradation;

b) supply voltage variations;

c) branch wiring voltage drop;

d) trace heatervoitage drop;
e) ipcreased radiation and convection on higher temperature applications;
f) quality of installation of thermal insulation.

4.3.6 Heat-up considerations

In c;artain plant operations, it can be necessary to specify that the trace heating systelm is
capdble of raising the temperature of a static product within a certain time period. The heat-up
time|(in seconds) of a trace heated system on piping can be calculated"by use of the following
Fornpula (3).

_ dc _U(Ti_Ta) Pk
t—HIn{ — }+qc_U(Tsc_Ta) (3)

wheile
U i$ the heat loss per unit length of pipewper degree of temperature difference:
U= 1D
n[ 22| in|Ds (4)
1 Dy Dy 1 1
+ + + +

1TD1 hl 21K 1 21K 2 1TD3 hCO 1TD3 hO

H i$ the thermaltime constant, which is the total energy stored in the mass of pipe, fluid{ and
imsulation_per degree of temperature divided by the heat loss per unit length per delgree
temperature differential, as follows:

1 AGoVer + PoCoaloa +0.5Cp3les (5)
U
where

P, is the density of the product in the pipe (kg/m3);
Cp4 is the specific heat of the product (J/kgK);

Ve, is the internal volume of the pipe (m3/m);

P, is the density of the pipe (kg/m3);

p2 is the specific heat of the pipe (J/kgK);


https://iecnorm.com/api/?name=c6878f78cb75653a25d22d02d4c4eb55

— 22 — |EC/IEEE 62395-2:2024 © IEC/IEEE 2024

Veo is the pipe wall volume (m3/m);

P, is the density of insulation (kg/m3);

Cp3 is the specific heat of the insulation (J/kgK);

Vs3 s the insulation wall volume (m3/m);

T; is the initial temperature of the pipe (°C);

T; is the final temperature of the fluid and the pipe (°C);

T, is the ambient temperature (°C);

Ty is the desired maintenance temperature (°C);

t is the desired heat-up time in seconds (s);

U is the heat loss per unit length of pipe per degree of temperature (W/mK);
H is the thermal time constant in seconds (s);

Tsc | is the temperature at which the phase change occurs (°C);

h is the latent heat of fusion for the product (J/kg);

g is the output of the trace heater(s) (W/m).

It cap be necessary to evaluate the heat requirement separately for a phase change in heat-up
applications.

4.3.7 Selection of trace heater

4.3.1.1 General

Basit selection criteria for trace heaters should include the following.

The maximum withstand temperaturesof trace heaters should be greater than the maximum
possible workpiece temperature~(which can be greater than the normal operating
temperature).

Tlrace heaters should be suitable for operation in the environmental conditions specified, for
gxample, a corrosive atmosphere or a low ambient temperature.

Tlrace heaters shouldumeet the requirements of IEC/IEEE 62395-1 for use in the partigular
dpplication.

Site{fabricated trace heaters are permissible provided that:

nstallatighypersonnel are competent in the special techniques required;

—

acesheaters pass the field (site work) tests specified;

—

acé/heaters are marked in accordance with the requirements of IEC/IEEE 62395-1.

It is necessary to determine the maximum allowable power density for each circuit design, such
that temperature limits are not exceeded. This is typically determined by theoretical formulae
and then adjusted as necessary based on the trace heating supplier's empirical data. The
limiting value of maximum allowable power density for each trace heater is either the value
chosen from the supplier's data or that specified for the system, whichever is the lower. The
power density can be reduced if needed by the use of multiple tracing.

The actual installed load should be not less than the design loading and the actual power density
not greater than that obtained above. Multiple tracing or spiralling of a single trace heater can
be required. The type of trace heater and the values of installed load and power density should
be recorded in the system documentation.
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43.

7.2 Specific types of trace heaters

Trace heaters are generally defined by their electrical characteristics.

Series trace heaters typically use the electrical conductor as the heating element, in such a way
that the voltage supply and circuit length become critical parameters in the design of each
circuit. Series trace heaters with polymeric insulation are particularly suited for installations with
long circuit lengths. Series trace heaters with mineral insulation (MI) and metallic sheaths are
particularly suited for very high process temperature and high watt-density applications.

Parallel trace heaters typically consist of two parallel conductors with a separate polymeric or

met
use
con

for freeze protection and for temperature maintenance of complex piping installations
ant wattage type typically has a spirally wound metallic heating element. Thg PTC

ilic heating element that draws voltage from the conductors. These are characteristically

The
type

(posltive temperature coefficient, see 4.3.7.4) typically consists of a polymeric heating element

extryded between the conductors. The power-limiting type typically falls between the pre

ious

types$, with higher output at higher operating temperatures than the PTC type) and with Ipwer

maximum sheath temperatures than the constant wattage type.

4.3.

1.3 Selecting the trace heater

Wheh selecting trace heaters the objective should be to minimizeé the overall installed cost Wwhile

ens
cha

4.3.1.4 Trace heater performance and equilibrium conditions

racteristics of different applications.

Gomplex piping systems consist of relatively shortruns of pipe with frequent tees as we
imline valves and pumps that also require trace<heating. While variations occur deper
gn the control requirements, the average circuitlength is typically less than 30 m.

dnd are generally much longer than complex piping. The lengths can be up to 1 500 m
have little inline equipment or branch flow paths.

Aroduct transfer lines are found in applications like barge-unloading lines and in tank fg

uring the overall reliability and maintainability of the system/ It is important to first defing the

Il as
ding

nterconnecting piping systems are those connecting different areas of an industrial faility

and

rms.

Figufe 3 shows examples of-power output curves for a constant wattage trace heater angd for

two

The [figure also indicates, the heat loss through the thermal insulation for a given am
temperature (in this @xample —20 °C), and how the heat loss increases as the workg
temperature increasSes. In this case the heat loss at the desired maintenance temperatu
10 °C is 15 W/m_The figure indicates that the trace heater should supply a minimum of 15
regafdless of the-type of trace heater selected.

PTC (positive temperature coefficient) trace heaters with different slope characterig

tics.
bient
iece
re of
W/m
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Figure 3 — Equilibrium conditions for workpiece maintenance

‘e 4 shows the same example but from the perspective of evaluating the upper limits,
loss line is now plotted for the highest ambient temperature (in this case 40 °C). Also
heater output levels have been increased to illustratesmaximum output tolerance.
section points (where heat loss is equal to heat input) indicate the highest pos

max

loss jand potential maximum trace heater output level are at equilibrium at 17 W/m. Both P
and PTC-2 indicate somewhat lower maximum workpiece temperatures due to the decred
slop¢ of the output curves. PTC-2 indicates a potential maximum workpiece temperatu

56 °
8W
stab

piece temperature and the power outputs at these/conditions. For example, the pote
mum workpiece temperature for the constant wattage trace heater is 73 °C, and the

, and the heat loss and potential maximum trace heater output level are at equilibriu
. This approach can be used when gvaluating the upper limit operating conditions fog
lized design approach.
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Figure 4 — Equilibrium conditions for upper limit evaluation

The power output levels of different trace heaters are typically provided by the trace heater
supplier in the product literature and/or in a design program. In most cases, the output curves
for the PTC trace heater types are defined based on empirical data from test fixtures similar to
the test in 5.2.10 of IEC/IEEE 62395-1:2024.
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4.3.8 Design calculations
4.3.8.1 General

The following characteristics of a trace heating system design should exist for the trace heating
system to meet the specified requirements.

a) The output of trace heaters should be greater than the system heat loss including a suitable
safety factor. This can be achieved by installing a single trace heater with suitable output,
by using multiple passes, or by spiralling if needed to keep the output level as low as
possible.

ined

nd compensated for by a safety factor.

he upper limit characteristics of the system (for example, amperage, heater and)workpiece
temperatures) should be evaluated for applications where process temperatufe accuragcy is
ritical, that have a wide range of ambient temperatures, that have g temperature
ntroller, or that utilize ambient sensing control.

4.3.8.2 Stabilized design

Stabjlized design is based on the principle of determining the maximUm workpiece and frace
heater surface temperatures under a worst-case set of conditions»This is a calculation of the
equilibrium conditions that occur when the heat input equals the/system heat loss. The wprst-
casel set of conditions includes:

a) mpaximum ambient temperature, typically assumed to’be 40 °C unless otherwise specifjed;
b)
c) use of a conservative or minimum value for the'thermal conductivity of the thermal insulgtion;

-}

o wind (still air);

0 temperature control as per the design ar;to simulate a failed temperature controller
ne trace heater is operated at its stated operating voltage plus 10 %;

n
t

f) the trace heater is assumed to be operating at the upper limit of the manufacturing tolergnce,
gr at the minimum specific resistance for series trace heaters.

This|set of circumstances is illustrated graphically in Figure 4. Testing for stabilized design is
defirled in 5.2.13 of IEC/IEEE62395-1:2024. Typically, the maximum surface temperature of
the tface heater is calculated-from formulae derived from the evaluation of empirical data, ¢r by
the theoretical approach'described below. Many trace heating suppliers have design progfams
that falculate the maximum surface temperature on the basis of these worst-case paramelers.

4.3.9 Theoretical sheath temperature calculations — Metallic pipe applications

The maximum-/possible pipe temperature (runaway pipe temperature) is calculated at maximum
amblent temperature with the trace heater continuously energized. The formula for calculgating
the maximum potential pipe temperature is a rearrangement of the terms of the heat|loss
formuia-

In(Dy | D, In(D3 /D
pr:% L (D2 1)+n(3 o) 1 1
L D1 hi 2k1 2k2 D2 hCO D2 hO

+1, (6)

where

Ty

is the maximum calculated runaway pipe temperature (°C);
NOTE The maximum process pipe temperature can sometimes exceed the calculated value.
Og is the upper tolerance trace heater output (W/m);

k is the thermal conductivity of the insulation at its mean temperature (W/mK);
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Other terms are defined in earlier formulae. lterative techniques can need to be applied to the
calculation of Formula (6) in order to arrive at Ty, since the thermal conductivity of the insulation
and the trace heater output can be a function of pipe temperature.

The sheath temperature of a trace heater can be calculated as follows:

Ty _Sf

ue e (7)

whelle

Tgh i the trace heater sheath temperature (°C);

C
U

$ the trace heater circumference (m);

$ the overall heat transfer coefficient (W/m2K).

The pverall heat transfer coefficient is different for each trace heater, type, installation mgthod
and [system configuration. It is a combination of conductive, cofivective and radiation |heat
trangfer modes. The value of U can vary from 12 W/m2K for a ¢ylindrical trace heater ih air
(pri:lyarily convective) to 170 W/m2K or more for a trace heatgr’applied using heat transfer|aids

(primarily conductive). Upon request, the trace heating supplier should provide the U-factgr for
given applications, or furnish calculated or experimentally ‘determined sheath temperaturesp.

The actual power output of the trace heater should not exceed the stated upper tolerance output,
and [the operating sheath temperature should .not exceed the calculated maximum sHeath
tempgerature.

4.3.10 Theoretical sheath temperatureicalculations — Non-metallic pipe application

For non-metallic pipe applications, the pipe wall thermal resistance should be considered, as
the pon-metallic pipe is a poor heat transfer medium. These materials can have a thgrmal
conductivity (k-factor) 1/200 of'that of steel, and a substantial temperature difference| can
devdlop across the pipe or tank wall depending on the trace heater power density. This higher
than{normal temperature (when compared to tracing metallic pipes and vessels) can have two
advdrse effects:

a) the non-metalli¢ pipe maximum allowable temperature can be exceeded,;
b) the trace heater maximum allowable sheath temperature can be exceeded.
The [sheath\lemperature of the trace heater under normal operating conditions is in pringiple

obta|nedfream Formula (7). However, in obtaining U, the effect of the thermal resistance of the
pipe|wal should be included. The overall heat transfer coefficient for plastic pipe is

AT, L
=t (8)

where

U, is the overall heat transfer coefficient for a non-metallic pipe (W/m2K);
U,, Iisthe overall heat transfer coefficient for a metallic pipe (W/m2K);

L is the pipe wall thickness in metres (m);

k is the thermal conductivity of the pipe wall material (W/mK).
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Because of the additional thermal resistance of the non-metallic pipe wall, a temperature
difference exists across the pipe wall; that is, the outside pipe wall and fluid temperature are
not the same as in the case of metallic pipe. Therefore, the fluid temperature should be
considered.

For non-metallic pipe,

Tsh = + Tt (9)

whelle

O | is the upper tolerance trace heater output (W/m);

T; is the fluid temperature (°C).

Formula (9) is a conservative simplification of a complex problem thaf\involves criteria beyond
the scope of this document. The individual trace heating supplier’ should provide sheath
tempgerature design information for specific applications.

The gctual power output of the trace heater should not exceéd the stated upper tolerance output,
and |the operating sheath temperature should not execeed the calculated maximum sHheath
tempgerature.

4.3.11 Design documentation

Trace heater circuits shown on a drawing should depict their physical location, configurgtion,
and felevant data, along with the associated piping systems. The drawing and/or design [data
shodld include the following information:

a) piping and vessel system designation;

b) pipe size, vessel dimensionsy-and material type;

c) piping or vessel location(and/or line (identifying) number;

d) trace heater designation or circuit number;

e) lpcation of power (connection, end seal, and temperature sensors as applicable;
trace heater number;

design datassuch as:

1) maintain temperature

2

) /maximum process temperature;

—mintmar-ambienttemperature:

4) maximum exposure temperature (when applicable);

5) maximum sheath temperature;

6) heat-up parameters (when required);

7) length of piping;

8) trace ratio of trace heater per length of pipe;

9) extra length of trace heater applied to valves, pipe supports, and other heat sinks;
10)length of trace heater;

11) operating voltage;

12) watts per unit length of trace heater at desired maintenance temperature;
13)heat loss at desired maintenance temperature per unit length of pipe;
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watts, total;

14)

15) circuit current, start-up and steady state;

16) thermal insulation type, nominal size, thickness, and k-factor;
17)

bill of material.

The drawing should also indicate the power distribution panel number or designation, the alarm
and control equipment designation, and set points.

4.3.12 Start-up at low ambient temperatures

Whep trace heating systems are started at very low ambient temperatures, there can be_ipitial
currgnt surges that could cause nuisance tripping of current protective devices. The rating and
characteristics of current protective devices should be appropriate for the trace heating-sysfems
whelle low ambient start-up conditions can occur. Reference should be madeto”the {race
heat|ng supplier's instructions for additional details and recommendations in these cases.

4.3.13 Long trace heater circuits

Parallel trace heaters exhibit a variation in power output, which reducésihcrementally along the
length of the circuit.

The [power density at the end of the circuit is less than thesnominal value due to the voltage
drop|in the conductors. The length of the circuit should therefore be evaluated such thaf the
perfgrmance of the heating circuit is not compromised.

Conyersely, at the start of the circuit, the tracer produces a power density that is greater [than
the nominal value. This is because the heating effect of the resistor is supplemented by |heat
produced in the conductors. Again, the length "of the circuit should be evaluated such]that
limiting temperatures are not exceeded.

This|variation in power output along théfength of the tracer should be considered in determ|ning
the location of temperature sensors. Refer to manufacture's recommendations on maximum
length of trace heating circuits.

4.3.14 Chimney effect

Long, vertical piping runs,"where close temperature control is needed, can require two or more
contfol circuits. Due-to_convection, a substantial temperature difference from the bottom t¢ the
top of the vertical run can occur. The chimney effect can be reduced by utilizing tight fltting
insu;[ition or by-installing air stops of soft insulation between the pipe and insulation at one to
two metre intervals of the vertical rise.

The |maxithum control circuit length for a long, vertical run depends on the maintenance
tempgerature tolerance and the fluid characteristics inside the pipe. The trace heating sugplier
typically provides specific design information for these situations.

4.4 Electrical design

The electrical system should conform to applicable international, national, and local codes in
addition to the requirements given in this document. In addition to the proper sizing of the
electrical power requirements and distribution equipment, attention should be paid to branch
circuit protection. Heater start-up currents and their duration at the minimum start-up
temperature should be considered.

Each trace heater branch circuit or each trace heater should have circuit protection capable of
interrupting high-impedance earth faults as well as short-circuit faults. This may be accomplished
by an earth-fault protective device with a nominal 30 mA trip rating or a controller with earth-
fault interruption capability for use in conjunction with suitable circuit overcurrent protection.
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For higher leakage current circuits, the trip level for adjustable devices is typically set at 30 mA
above any inherent capacitive leakage characteristic of the trace heater, or as specified by the
trace heating supplier. Where conditions of maintenance and supervision help ensure that only
qualified persons service the installed systems, and continued circuit operation is necessary for
the safe operation of the equipment or processes, earth-fault detection without interruption is
acceptable if alarmed in a manner to establish an acknowledged response.

The preferred earthing systems up to 600 VAC for trace heating circuits are TN-S or TN-C-S.

Where conduit is used for power connection, a low point drain in the conduit leading to the
power connection box is recommended

Permanent tagging and identification should be defined and later installed as specified in‘4.7.10.

4.5 | Control and monitoring system design
4.5.1 General

Confrol and monitoring systems should meet the minimum requirements for the applicdtion,
according to the process level and process temperature accuracy defined in 4.2.3.

The pontrol and monitoring equipment should help ensure that’any high-limit temperature i not
exceleded. It can also provide necessary isolation, and monitoring of fault conditions, ¢ver-
currgnt protection, and residual current protection if required. It is essential that integratipn of
the tface heating system with plant operational and safety requirements, as defined by the {race
heat|ng system designer, is fully implemented.

The pontrol system should open the circuit if a‘malfunction occurs in the sensor or the cgntrol
devige. Control can be provided in certain casés by sensing parameters other than temperaure,
suchl as electrical current. Specific requiréements for controlled designs are found in 4[4 of
IEC/|EEE 62395-1:2024.

4.5.2 Mechanical temperature controllers

Mechanical controllers, such:.as' thermostats, utilize two alternative principles: a bimetallic
element or the expansion of afluid confined within a bulb or a bulb and capillary. Changes in
temperature cause positional displacement which actuates electrical contacts to open or ¢lose
the dircuit.

Mechanical contrallers are rugged; however, the short sensing element prevents remote ganel
moufpting, and¢field calibration is cumbersome.

Seleftion of the mechanical controller should take into account the maximum and minimum
tempgerature rating of the sensor and its component parts, any corrosive conditions and its

p03|unnq| anmh\/li‘y towhich it can be Q||hjnr~fnrl

4.5.3 Electronic temperature controllers

The sensors of electronic controllers typically comprise resistance temperature detectors
(RTDs), platinum resistance thermometers (PRTs), thermistors, thermocouples (T/Cs), or other
temperature sensing devices. The controllers can be located several hundred metres away from
the sensor and are often located in the control and distribution panel for ease of operator and
maintenance access.

These controllers electronically process the sensor signal in order to switch an electro-
mechanical relay or solid-state device for on-off or phase control.
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4.5.4 Application suitability

Freeze protection systems having control Type | can only require an on/off switch with indicator
light or an ambient sensing mechanical thermostat controlling a number of trace heater circuits.
For improved energy efficiency and accuracy for control Types Il or Ill, a temperature control
system sensing the workpiece temperature can be considered.

Most process temperature applications are considered controls of Type Il or Il that require
sensing of pipe temperature; these are typically provided with at least a mechanical thermostat.

For critical applications and/or where temperatures are to be controlled within a narrow band

(Typ
heat
be u
and
distri
on th
oper

Typs
with
temq
and

See

ng circuit failure can be required. When specifications require it, electronic controls sh
sed. Systems are often provided with continuity, earth fault, and system diagnostic al
high-limit temperature switching. Advanced temperature-sensing systems such)as fiber
buted temperature sensing can be used for temperature-sensitive fluid applications. Deper]
e system requirements, high-limit signals can be configured to operateran’alarm and
ate the circuit protection device.

[l control approaches are recommended for fire sprinkler systéms and safety shoy
alarm annunciation when earth-fault circuit protection «interrupts the circuit.

erature alarms are required for fire sprinkler lines. For further requirements, refer to
hational regulations (for example, high limit alarm for safefy showers).

Table 3 for Type Il and Ill control and monitoring reeommendations.

e [11), alarm functions such as annunciation of high and low process temperature and_{race

ould
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vers,
Low
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Table 3 - Recommendations for monitoring and control — Type Il and Ill control

Control Monitoring

Manual | Ambient Line sensing Low High Earth | Trace | High/low

Type On/Off temperature | temperature | fault | heater | current

Mechanical | Electronic supply
voltage

Type Il

Potable
water

<

150 m

Potabl
water

>

150 mn

()

Drains] M R — — — — — — —

Hot water M — — — — — — R —

Greasg — M — — — — — —

M — Mma R@ R2 MmP M M

= Minimum required R = Recommended

a8 The| controller should be of a type that monitors its“operation and alarms upon failure of system functions. Alarm
output should be a type that changes state upon alarm or loss of controller supply voltage. Alarm output should be

conpected to a fire detection alarm system as @pplicable.

b The| earth-fault monitor should alarm.

4.5.5 Location of controllers

Electronic controllersare often grouped in a common cabinet. Where possible, temperature
contfrollers should pe-sited to allow free and easy access for convenient maintenance| and

calibration.

4.5.64 Location of sensors

The following points should be considered in determining the location of sensors.

a)

b)

d)

he number and location of sensors is determined by the requirements of the design criteria.
Temperature control sensors should be positioned at locations where the lowest
temperature of the pipe or equipment are expected to occur with the trace heating energized
and the process fluids not flowing.

Where two or more trace heaters meet or join, sensors should be mounted 1 m to 1,5 m
from the junction.

If a trace heating circuit includes both piping and in-line heat sinks or heat sources, the
sensor should be located on a section of pipe in the system approximately 1 m to 1,5 m from
the in-line heat sinks or heat sources.

Where a pipeline heating circuit runs through areas with different ambient temperatures
(such as inside and outside a heated building), two sensors and associated controls can be
required to control pipeline temperatures properly.
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e) In complex piping systems, the material flow patterns should be evaluated for all possible
circumstances before selecting the sensor location. Detailed information on this evaluation
is given in 4.5.9 and 4.5.10.

f) The temperature sensor for control should be located to avoid direct temperature effects
from the trace heater. The sensor should be securely mounted to establish good thermal
contact with the workpiece.

g) The temperature sensitivity of certain process materials and certain types of piping materials
can warrant both a control and high-limit temperature device. The control sensor should be
located at least 90° around the circumference from the trace heater. The high-limit sensor
is also typically located at 90° from the trace heater but not adjacent to the other sensor.

“““ Oo1e O S—SEeHRSO STHOuUTG—Trave—a—S€ PO a Ae—atetria O Sy Stetin—a mum

dllowable temperature, minus a safety margin.

4.5. Alarm considerations

4.5.1.1 General

The [primary function of an alarm circuit is to alert operating personnel that'the trace hegting
systém can be operating outside the design limits and should therefore/be-checked for posgible
corrgctive action. The type and function of the various alarm (systems depend on| the
requjrements of the system (see 4.2.3). Any, or all, of the alarms.€an’be incorporated in data-
logging equipment. Characteristics of the most common devices-are listed in 4.5.7.2 t0 4.5.7 .4.

4.5.1.2 Trace heating circuit alarm

A trace heating circuit alarm is used to detect loss of current, voltage, or continuity of the {race
heat|ng circuit, and includes (but is not limited to) the following devices:

a) durrent-sensing device which monitors the trace heater current and signals an alarm if the
durrent drops below a pre-set minimum while the temperature switch is closed,;

b) violtage-sensitive device, which monitors’ voltage at the end of the trace heater (usugdlly a
parallel-type heating cable) or monitors voltage on a return wire;

c) resistance-sensing or continuity=sensing devices which monitor the trace heating cfrcuit
hen the system is de-energized. Usually, a low-voltage signal or pulse is transmitted into
the trace heater and monitored.

4.5.1.3 Temperature alarms

Low jand high temperdtyre alarms are often incorporated with a temperature controller, or fitted
as se¢parate devices$, and have the following functions.

a) Low-tempefature alarm: this indicates that the piping or vessel trace heating sygtem
temperature has fallen below a pre-set minimum and that subsequent cooling can be beyond
dcceptable operating design criteria.

dicates that the piping or vessel trace heating sy

4.5.7.4 Other alarms
Other available alarms include (but are not limited to) the following devices.

a) Auxiliary contact alarm: the alarm is used to indicate when an auxiliary switch is closed and
power is being supplied to the trace heating circuit. It provides information to the operator
to confirm proper operation of the contactor but does not provide proper operation of the
trace heating circuit if a secondary contactor is open or if the trace heater has lost continuity.
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b)

c)
d)

e)

4.5

K: Integrated control

Residual current protective devices: devices with a nominal 120/240 VAC. operating
voltage, and a single, selected current trip level that are also available with alarm contacts.
These devices monitor the electrical circuit earth-leakage current. If the total exceeds the
selected device's trip current, the device will trip, indicating a failure and interruption of the
power to the circuit. Additionally, these monitoring devices are available with an alarm-only
function.

Switch-actuated alarm: the alarm is usually initiated by an auxiliary alarm switch on the
temperature controller.

Current-sensing apparatus: the apparatus consists of a temperature control bypass switch
and an ammeter or current-sensitive relays and alarms.

iagnostic alarm: this alarm is initiated by a diagnostic circuit within the electronic controller,
ignalling failure of an internal control or data processing logic circuit.

Trace heating system control and alarm circuitry can need to be integrated-with a cgntral
(madter) control and monitoring system. Careful consideration should be given in the seleftion
of equipment that is compatible in both the control and supervisory functions to help ersure

successful and reliable data transfer.

4.5

.9 Flow pattern analysis

Where critical temperature control is required, all possible flow*Conditions in the piping network
shodld be considered in determining the trace heating circpit segments. This is illustratgd by

the

contfols are necessary to maintain the piping systemtat its desired maintenance tempera

heated tank example shown in Figure 5. All three trace heating circuits with septrate
ure.

Wheh the heated product flows from the tank through pipe A, circuit No. 1 and circuit No. 2 are
de-ephergized, and circuit No. 3, which is heating.thre non-flowing line, remains energized.|If all
thre¢ circuits are combined into one, using enly one control, the non-flowing line A or(B is

de-epergized and drops below the desired maintenance temperature.

A bypass around a control valve is anether common occurrence where additional circuitg are

needed, as shown in Figure 6.

Thede are two examples of piping systems for which the circuit design needs close attertion.
Dead legs and manifold systems also require careful arrangements of the trace heating deyices

and their associated controls.
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Key
A Pipe A B Pipe B
1 Circuit No. 1 5 Temperature sensor
2 Circuit No. 2 6 Pump
3 Circuit No. 3 7 Heated tank
4 Co¢ld end termination 8 Hot end tefmination
Figure 5 — Heated tank example
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Key
1 Circuit No. 1 4 Hot end termination
2 Circuit No. 2 5 Cold end termination
3 Circuit No. 3 6 Temperature sensor

Figure 6 — Bypass example
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4.5.

10 Dead-leg control technique

This is a technique that is sometimes used for the temperature control of very complex piping
networks and manifold systems. It can also be used where the total number of temperature
controllers is to be kept to a minimum at the expense of some energy savings and control
accuracy. The technique consists of locating or fabricating a section of pipe that

a)
b)

Car

4.5

a)

b)

4.6
4.6

hot

has a static flow condition at all times;

has the same heat loss as the other piping to be controlled. Then, regardless of flow
conditions, all sections will be heated. All sections that have static flow conditions at the
same time will have the proper amount of heat required as the ambient temperature varies.

ipe secfions that have flow can be healed unnecessarily. The merits of the deadl-leg
pproach lie mainly in the trade-off in energy savings against savings on initial "Cpsts.
aution should be exercised when using this technique with temperature sensitive\prodjicts.
should be taken that, first, the dead-leg section for control is long enpugh so that its
temgerature is not affected by flow in the adjoining piping, and, second, that)the temperature
senslor is located on the portion that is thermally independent of flow conditions.
.11 Monitoring requirements for fire sprinkler systems
edicated terminals, leads, or connectors that provide for the connection of installation
iring must be provided on each initiating device for the express purpose of connecting to
fire alarm system.
ault indication from the initiating device for any individual fault or combination of the faults
hown below in item 1)-8), should be through a camfimon output and must be distinguished
ffom a fault on the wiring between the initiating device and the connected fire alarm system
(pormally open contacts would be in compliance with this requirement).
1) Earth fault
) Low sprinkler system temperature
3) High sprinkler system temperature
4y Temperature sensor failure
5) Primary controller failure
) Loss of continuity
7)) Loss on incoming supply voltage
g) Any engagement.of a secondary high temperature limiter, if provided.
Special design considerations
1 General
Spegial design conditions can exist for some applications. Subclauses 4.6.2 to 4.6.5 desgribe
thesg possible conditions for freeze protection systems, sprinkler systems for fire suppression,
vater cyctnmc and Qpnr‘ialty lines

4.6

.2 Freeze protection systems

The following considerations can apply to freeze protection systems.

a)

In applications where the trace heater is located in a channel, the limiting channel
temperature should be specified, and the designer should account for potential higher
sheath temperatures. PTC trace heaters typically exhibit a lower output under these
conditions.

If energy conservation is a concern, ambient proportional or line sensing controllers are
recommended for relatively large pipe sizes (~150 mm and larger) and for locations that are
at, or near, freezing for weeks at a time.
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4.6.3 Sprinkler systems, fire suppression

There are both wet and dry type fire suppression sprinkler systems. The wet type utilizes water-
filled piping, while the dry type has a control valve that floods the branch piping when a
sprinklers or other sensor is activated.

Trace heating systems can be used to protect wet systems in areas with occasional freezing
temperatures, and in areas where dry systems are typically used. The systems typically include
a monitoring function for trace heater operation, a failsafe temperature control, and means to
prevent overheating of the trace heater and piping system.

Multiple pipe segments can be controlled by a single controller since the system is non-flowing.

The |following lists some of the design considerations for trace heating systems| for these

applications.

a)
b)
c)

d)

k)

1)

m)

n

ystem will normally be non-flowing.

=

lultiple pipe segments may be controlled by a single controller using@mbient control.

o

ystem installation details should specify trace heating installation on branch lines|with
prinklers.

ystem installation details should specify thermal insulation_thickness to balance the |heat
Ipss of the system and power output of the trace heating:

prigs are typically 25 mm diameter with 20 mm thick thermal insulation. The insulatior can
e oversized to accommodate the trace heater installation, resulting in no greater [than
5 mm installed outer diameter (e.g. 25 mm diameter sprig, insulated with 34 mm inside
iameter, 20 mm thick insulation, OD = 74 mm),

Jystem installation details of upright sprinkler systems should specify sprig height apd/or
grm-over distance to overcome spray pattern obstruction.

Hor upright sprinklers only, the sprinkiers should be insulated up to the top of the reducing
bushing with a taper of 45° to avoid'spray pattern obstruction, as detailed in Figure 7.

Aroducts should be certified for fire suppression system supply piping only or for branch and
slupply lines.
Tlhe product ratings shouldiinclude the minimum sprinkler temperature rating that is suifable
for use with the trace heating system.

A low-temperature_alarm, with contacts for a remote alarm, should be provided for each fire
sprinkler line trace_heating circuit. The recommended set-point is 2 °C.

High temperature alarm with contacts for a remote alarm should be provided for each fire
prinkler line-trace heating circuit. The recommended set point is between 38 °C and 48 °C.

race heating systems for fire sprinkler systems should be permanently connected to the
ower supply.

orfife sprinkler systems, the thermal insulation should be non-combustible and protgcted
with a sealed exterior non-combustible cover that will maintain its integrity when exposed to
water discharge.

If a separate high temperature limiter is required to de-energize the trace heating, it should
have automatic reset and annunciation.

For trace heating systems intended for use with plastic piping in fire sprinkler systems, the
manufacturer should specify plastic piping materials that are intended to be used with the
system.
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8° taper recommended when insulation diameter is greater than 75 mm

IEC

sulation is flush with top of reducing fitting

Figure 7 — Fire sprinkler sprig: tapered(thermal insulation
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4.6.4 Hot water services/tempered water
System design temperatures for hot water systems are indicated in Table 4. The trace he
supglier should verify the operating temperatdfe and the maximum system temperature. If the
piping system operates at temperatures iniexcess of 65 °C or experiences temperatur
excelss of 85 °C at start-up, the trace heating supplier should specify the proper trace h
selegtion.
The trace heater should be selected and the system designed such that the maximum withs
temgeratures of all piping materials in contact with the heating system are not exceeded.
Line|sensing temperature control is recommended for areas where the ambient temperature
varidtion is greater than 3 °C, where vertical risers extend more than 3 m, and to mai
temgeratures of 80(°G or higher.
Taple 4 - Recommendations for hot water services and tempered water temperatur
Temperature 2
Application
°C
Safety showers and eyewashes 16 to 38
Hot water service without mixing valves 40
Nursing homes and hospitals 40 and 46
General purpose 49 to 60
Laundry service 71
Kitchen sanitization 82
? Consult local codes for specific application temperature requirements.

For disinfecting, a minimum of 55 °C is typically required for hot water services with mixing
valves. It is recommended that the control system be evaluated for reliability, ease of calibration,
narrow differential temperature band, and alarm indication.
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4.6.5 Safety shower design requirements

The application of heating devices to safety showers and eyewash stations involves unique
concerns in addition to the general practices associated with industrial pipe heating applications
described in 4.2 through 4.5. Because these are applied as part of overall safety systems for
personnel, attention to water temperature and reliability of operation is important. In addition,
these applications require more precise temperature control to maintain a narrow range of water
temperatures, unlike most pipe heating systems.

Trace heating for emergency eyewash units, safety showers, and associated supply piping
should be correctly designed to prevent freezing or to maintain a tempered water system. For
safef{y of personnel, the wafer should nof exceed a maximum temperature as determined by
locallcodes or standards (see Table 4). Specific maintenance temperatures can be required for
emefgency eye wash units and safety showers in some applications. Items to be considered
include the following:

a) Hrevention of scalding during use requires attention to design factors)beyond ndrmal
consideration.

b) Tlhese same design considerations should be applied to the supplypiping for the statigns.

c) l{is recommended to minimize or eliminate the safety factor appliedto heat loss calculations
tp limit the possible maximum run-away pipe temperature.

d) Tlempered water systems should be capable of supplying,+1351 to 1 700 | of water| and
75 I/min to 114 I/min of water for 15 minutes.

e) Tlype lll pipe temperature controllers are required for, tempered water system designs|(see
Tlable 3).

f) Type Il high-limit temperature control with high-limit alarm are also required (per Tablé¢ 3).

g) Recommended monitoring functions includetlew-temperature alarm, loss-of-voltage alarm,

dnd year-around periodic energisation of the heater to verify circuit integrity.

h) Consider control sensor location to reduce the effects of hot spots in supply piping resylting
ffom long vertical runs and from solar gain in outdoor overhead piping.

i) Uong vertical runs or stretches of\piping with high solar gain can require the use of separate
dircuits to prevent wide ranges-in water temperature over the entire length of the sypply
slystem.

j) Where possible, terminations and controls should be located outside the spray pattefn of
the shower head.

k) Tlempered water designs should have some method to deal with algae and bacterial grqwth,
typically through.periodic flushing or recirculation.

I) Ih extremety~cold climates, consideration has to be given to hypothermia of waghed
personnel(possible use of an enclosed wash station) and to the prevention of discharged
water freezing and creating a hazard in the discharge area.

4.6.6 Specialty lines

NOTE Systems intended for use in explosive atmospheres are covered by IEC/IEEE 60079-30-1 and
IEC/IEEE 60079-30-2.

The following considerations can be applicable to specialty lines.

a) When necessary, the outermost trace heater jacket or sheath should be resistant to potential
exposure to the materials in the piping system.

b) When double containment piping is provided, the trace heater should be applied to the outer
surface of the containment pipe under the thermal insulation.

c) When double containment piping is prefabricated/pre-insulated, a channel should be
provided on the outer surface of the containment pipe. See Figure 8. The trace heating
supplier should specify thermal output and maximum sheath temperature. Splicing should
be avoided. If required, it is recommended that splices be made in suitable enclosures and
sealed.
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d) Line sensing temperature control with the sensor 90° from the trace heater is recommended.

e) For underground pre-insulated pipe, the heat loss is based on the temperature difference
between the minimum soil temperature and the maintain temperature.

f) The trace heater should be mounted on the bottom of the piping or culvert for systems that
rely on gravity flow. Refer to Figure 9 a). Line sensing temperature control with the sensor
located 50 mm from the trace heater is recommended.

g) For a similar system with plastic piping, the trace heater watt density should be considered.
Two lower wattage trace heaters are often used at four and eight o'clock instead of one
trace heater at six o'clock. Refer to Figure 9 b). The temperature sensor should be located
at the six o'clock position between the trace heaters.

IEC

Key

Rigidifoam insulation

1 Ceontainment (dead air space)

Weather barrier Second trace heater (optional)

Channel

5
6
T¢mperature sensor 7
8

A W0 N

Containment piping Trace heater

Figure 8 — Double containment system
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a) One trace heater b) Two trace heaters

gid foam insulation 5 Trace heater at 6 o'clock

iter jacket 6 Second trace heater at 8 o"clock
annel 7 Temperature sensor

mperature sensor 8 First trace heater/at 4 o'clock

Figure 9 — Gravity flow piping systems

Installation
General

electric trace heating system’is designed to meet the requirements of the parti
cation. Because the system\eomprises a number of components integrated at the site
ssary to establish that the-original design parameters are still valid. Correct installg

ific instructions for\the trace heaters and the various types of system components.

pll of the following procedures are applicable for every installation; consult with the {
ng supplier-for specific recommendations. Each aspect of the installation shoul
ked after.completion.

cular
itis
tion,

bpriate testing, and maintenance according to the installation procedures are essential for
satisffactory performancé.and safety. The supplier of the trace heating system should prg

vide

race
1 be

Personnel aspects

Persons involved in the installation and testing of electric trace heating systems should be
suitably trained in all the special techniques required. Installation should be carried out under
the supervision of a qualified person who has undergone supplementary training in electric trace
heating systems. Only specially trained personnel should carry out especially critical work, such
as the installation of connections and terminations.
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4.7.3 Preparatory work

Installation of the trace heating system should not begin until all piping runs and pieces of
equipment have been pressure-tested and all related instrumentation has been installed. The
workpiece surface on which the trace heater is to be installed should be free from rust, grease,
oil, etc. Any sharp protrusions such as weld splatter, cement splash, etc., should be removed.
All coatings or finishes applied to the heated surfaces should be suitable for the intended duty.
The installation of the trace heating system should be coordinated with the workpiece, thermal
insulation and instrumentation work in order to attain a scheduled completion date. Scheduling
for the installation of thermal insulation should not occur until the electrical trace heating has
been completely installed and tested.

The pquipment to be traced should be verified such that the length of piping and the numbjer of
vessgls, valves, flanges and components agree with the design drawings. If a change)is made
to the equipment to be traced, the schedule of trace heating materials should befreviewed and
reviged if necessary.

Upon receipt of trace heating components, the correct type and quantities lof materials sHould
be checked and documented. In addition, receipt of installation instructions and the certif|cate
of cdnformity or declaration of conformity from a notified body, as required, should be verified.

Serigs resistance trace heaters should be checked to help erisure that the installed ler{gths
corrgspond to the design length and loading.

For parallel circuit trace heaters, the total circuit length should not exceed the supplier's
recommendations.

Matgrials should be stored in protected, dry areas. Materials are to be released only as required
on the jobsite, so as to avoid any unnecessary’handling and inadvertent damage.

4.7.4 Preliminary installation of trace heating circuits

A pre-installation checklist similar 4o that of Annex A is recommended; the table as shown
indidates specific guidelines for “the preliminary installation. The following list inclides
supplementary considerations.

a) Tlrace heaters and preassembled connections should be visually checked for damage.
Continuity and insulation checks should be made as a final check. Insulation resistance
should be measured in accordance with 4.7.5.

b)

ndividual controls should be tested to help ensure correct calibration, and correct operation
regarding set\points, operating temperature range, and temperature span.

c) Mendor fabricated and assembled control panels should include documentation certifying
that all wiring, layout and functions are correct and that they have been tested. Upon regeipt

f theControl panels at the work site, a general inspection should be made to confirm| that
ﬂn r‘lamngn has accurred in transit

4.7.5 Pre-installation insulation resistance test

Insulation resistance should be measured from trace heater conductors to the metallic covering
with a minimum 500 VDC test voltage and should be equal to or greater than the minimum
values in Table 5. Mineral insulated trace heaters should be tested at (but not exceeding)
1 000 VDC, and polymeric insulated trace heaters should be tested at 2 500 VDC.
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Table 5 — Minimum values of Insulation resistance

Stage of testing Minimum insulation resistance value
Prior to installation > 20 MQ
After installation =20 MQ
Prior to commissioning =5 MQ
Periodic inspection =25 MQ
After maintenance or repairs =25 MQ

Insu
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4.7.6
4.7.6
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4.7.6

ation Resistance values shown in table 5 are the minimum required under this dotun
hovaer on new installations, values exceeding 100 MQ should be expected and if\alues are
urther investigation into the cause of a low reading can be required.

e heaters should be attached in accordance with the supplier's/instructions, in a mann

b piping and other equipment, noting that equipment with greater surface area or heat §

hsonably possible to the surface to be heated. Where such contact is not possible, sug
blves, a suitable heat-conductive covering of temperature rated metal foil or other heat-
conducting materials may be used.

Installation of trace heater systems

A General

damage due to impact, abrasion or vibration. Special care 'should be taken at flan
s and other fittings to orient trace heaters to avoid damage-from sharp or jagged surfg

IEC/IEEE 62395-2:2024 © IEC/IEEE 2024

hent,

er to
ges,
ces.

nstallation should include sufficient material to accommeodate movement and vibratipn of

iping and equipment.

nstaller should understand the importance of thetracing system to provide uniform heating

inks

re additional tracing. Trace heaters should*be installed to provide as intimate a contatt as

race heater should not be folded, twisted, or allowed to overlap, cross or touch itself ur

h as

less

s specifically permitted in\the instructions. Attention should be given to the minimum

ing radius as stated in theimanufacturer's instructions.
e installation of traceheating systems, only certified components may be used. Otheryise,
ystem certificatignywill not apply.
.2 Installation of trace heaters
ically trace’heaters are installed on a one to one basis, (e.g. with one meter of trace heater
e meter of pipe). When the design calls for multiple passes of trace heaters the frace

hangers, anchors, etc.

While straight runs are preferred for ease of installation and maintenance, spiral tracing can be
specified in certain situations. Spiral pitch marking should be made on the pipe and equipment
before applying the trace heater in a uniform spiral, starting at the power supply point and
maintaining slight tension in the trace heater as it is applied. In no circumstances should the
spacing be less than the minimum declared by the supplier.

Spiral tracing runs should be applied in such a way that valves, etc., can be easily removed or
replaced. If excess or insufficient trace heater exists at the end of the section to be heated, the
spiral pitch should be shortened or lengthened to retain a uniform spiral generally in accordance
with the design.


https://iecnorm.com/api/?name=c6878f78cb75653a25d22d02d4c4eb55

IEC/IEEE 62395-2:2024 © |IEC/IEEE 2024 -43 —

Additional lengths of trace heater should be allowed in the design to compensate for the
additional heat losses at valves, flanges, strainers, pumps, etc. These lengths should be applied
in accordance with the supplier's instructions including any necessary allowances, such as
those for spiral or multiple pass tracing.

Trace heating should be installed in such a way that it can be removed to allow replacement of
seals and servicing of the inline equipment without damage. Where trace heaters cross possible
sources of leaks, for example, flanges, they should be positioned to reduce their contact with
such sources.

Fixing _materials should be suitable for the maximum exposure temperature and the
envi%onmental conditions. For straight tracing runs, they should be located at intervalg not

exceeding 300 mm, and for spiral tracing runs, not exceeding 2 000 mm. Additional/fixings
should be applied at bends, flanges and other obstructions. Metal bands should onhly“be lised
to fix solid metal sheath trace heaters to piping and equipment, and tightened to maiptain
contact with the surface to be heated. Over-tightening can damage the trace heater.

For non-metallic pipes, the trace heater can be covered continuously with{aldminium tape glong
the gntire trace heater length to enhance thermal coupling to the pipe:

The fest procedure from 4.7.5 should be conducted on all trace heaters after installation.

4.7.4.3 Installation of connections and terminations

Jungtion boxes should have suitable ingress protection. and should be located as closely as
posaible to the trace heater exit point while allowing)fer any pipe expansion. Junction box lids
shodld not be left open at any time. The boxes should be mounted in such a way that the {race
heatgr cannot suffer damage between the pointéabwhich it emerges from the insulation and the
poin{ of entry into the junction box. Unused entries on junction boxes should be blanked offlwith
suitgble plugs.

The [connection kits and end terminations should be securely fitted in accordance with the
supplier's instructions, protected to“prevent physical damage, and positioned to prevent the
ingrgss of water or other contaminants that could adversely affect their use or suitability. Fa¢tory
termjnated equipment should.besinspected to help ensure that such terminations are complete,
properly tagged and/or marked in conformity to Clause 6 in IEC/IEEE 62395-1:2024. |It is
impdrtant for the installer to.verify that temperature ratings of the connections and terminations
are quitable for the operating conditions.

Wheph mineral insulated trace heaters are terminated at the job site, the cut ends should be
seal¢d immediately to prevent any moisture ingress. Installation should be made in accordance
with [the tracé heater supplier's documentation.

If provided, seals and/or cable glands should be certified. Glands should be installed accofding
to the_instructions required hy the certification

Trace heaters that have been installed and not terminated should be sealed to prevent ingress
of moisture and protected from damage pending completion of the termination.

The test procedure from 4.7.5 should be conducted on completed trace heating circuits prior to
making the final connection to the incoming power conductors.

4.7.6.4 Jointing, splicing and modifications

Jointing, splicing and modifications to the trace heater should be carried out on site only when
specified by the trace heater supplier and then only in strict accordance with the supplier's
instructions. This applies particularly to any modifications to trace heaters where any change in
unit length would alter the power density of the trace heater and affect the sheath temperature.
Modifications should be recorded in the system documentation.
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4.7.6.5 Earthing requirements

Any conductive covering should be connected to the earthing/grounding system. If intended to
provide a ground path, the connections should be suitable to carry the required fault current.
The chemical resistance of the conductive covering should be considered if exposure to
corrosive vapours or liquids might occur.

High electrical resistance materials, such as stainless steel braids and sheaths, cannot provide
effective ground paths. Consideration should be given to alternative grounding means or
supplemental grounding protection.

4.7.6.6 Conductor terminations

Ternpinals should be of sufficient size and rating to accept the conductors, which ¢an’be polid
or stranded wires or foils. Care should be taken in stripping back insulation to avoid"damdging
the qonductors.

Comjpression-type connectors or ferrules should be of the correct size and. of an approved|type
for the conductor concerned. Compression tools should be suitable for the specific typgs of
fittings and be in good condition.

4.7.4.7 Preparation of documentation

The type, length and electrical data of each trace heater circuit should be recorded in thelfinal
docymentation. The connection points should be recordedin the documentation.

4.7.7 Installation of control and monitoring equipment
4.7.11 General

The [installer is usually responsible for installing the control and monitoring and distriblition
pangls. These provide, as a minimum, over-current and earth-leakage protection as well|as a
meaps of isolation. Some form of temperature control or limitation is usually provided to|help
ensure safe temperatures or for energy efficiency purposes. It is important that the controller is
set ipn such a way that the heater. sheath temperature does not exceed the high temperature
limitgr if applicable.

The | selected controllets, * thermostats, sensors, and related devices should meet| the
requjrements of the gverall system with regard to the service temperature, the IP rating,| and
locall and national ¢odes. The certification of trace heating systems can prescribe the uge of
spedific components. In these cases, it is mandatory to use only parts specified by the {race
heat|ng supplier:

The [sensors of temperature controllers measure the surface of the workpiece or the nedia
temgerature directly. Where sensors are mounted on surfaces, effective thermal coupling is

ess It T Aot ar oA oAt ALt anmanra Ao Sffand thn fa A Aot e Mnnnunﬁnmnvt
oa e O et annu eTiguT O e STTioUTS var anocororctorpratarc TcasurorioTiL.

Water and corrosive vapour intrusion can cause failure of temperature controllers. The
controller housing should always be closed, except when required for access.

4.7.7.2 Sensor considerations

The sensor should be installed and positioned in accordance with the supplier's instructions, in
a location that provides a temperature representative of the overall circuit. The location should
be away from obvious heat sinks such as pipe supports and hangers. The control sensor should
be positioned so as not to be influenced by the temperature of the trace heater, and not situated
in areas of external radiant heat, solar gain, process heat discharge or close to a heated
building. Ambient temperature-sensing controllers should be sited in the most exposed position
for the installation.


https://iecnorm.com/api/?name=c6878f78cb75653a25d22d02d4c4eb55

IEC/IEEE 62395-2:2024 © |IEC/IEEE 2024 - 45 —

The sensor should be strapped with a good thermal contact with the pipe or equipment and
protected so that thermal insulation cannot be trapped between the sensor and the heated
surface. Care should be taken not to damage the capillary tube, thermocouple or RTD leads, or
to distort the sensor and thereby cause calibration error. The leads are typically run under the
thermal insulation, but care should be taken to help ensure that they emerge from the insulation
in a manner that does not allow the ingress of moisture.

Where direct media temperature sensing is required, the sensor should be located in
thermowells at suitable positions, for example, above potential sludge levels in vessels.

For line sensing control on non-metallic pipes, the sensor should be placed 25 mm to 5Q mm
away from the trace heater and fastened to the pipe with aluminium tape. The aluminium [tape
shodld not create a thermal path from the trace heater to the sensor.

4.7.1.3 Controller operation, calibration, and access

The [settings of the temperature controllers and high temperature limiters_should be revigwed
during commissioning. Depending on the setting possibilities offered bycthe high temperature
limiters, it is recommended that the limiters be sealed against tampering,

The temperature controller and sensor loop should be calibratedat' commissioning if thefre is
indidation of a problem (e.g. damage or unusual readings). The.controller should be set tp the
requjred temperature and re-calibrated from the factory setting”’if necessary. A function check
shodld be made by adjusting the temperature setting until the controller is seen to energiz¢ the
trace heater. All measured data should be documenteds

4.7.8 Necessary modifications

It can be advisable to verify the surface temperatures of the workpiece to the prescribed
designs. If the temperatures measured deviate from the admissible surface temperaturgs or
from| the design figures, corrective measures should be taken and the system modified if
necegssary.

4.7.9 Installation of the thermal insulation system
4.7.91 General

Instdllation of thermal insulation should conform to all applicable national standards and |ocal
regulations. It is impé€rative that the thermal insulation is applied as soon as possible after the
installation and testing of trace heaters. The following checks and procedures should be
confirmed.

a) Verification should be made that the type, inside diameter and thickness agree with the
vialues ‘used in selection of the trace heaters. If the insulation thickness differs from the
sEecification, it cannot be possible to maintain either the design, operating or sufface
temperature

b) Temporary weather protection should be provided during storage, handling and installation
to avoid the risk of moisture being trapped in the thermal insulation beneath its final weather-
protective coating or jacket.

4.7.9.2 Installation of the thermal insulation materials

Thermal insulation should be applied to all sections of the pipe and equipment, including
flanges, valves, pipe supports, bends, T-junctions, etc. If expansion joints or bellows are
installed in the system, provision should be made for their thermal insulation in such a manner
that it does not impair the thermal efficiency of the trace heating system.
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Oversized thermal insulation can be required so that the trace heater and equipment are
adequately covered. Other considerations include the following:

a) It is necessary to maintain adequate distances between the pipes and between pipes and

b)

g)

4.7.9.3 Cladding

Whefe metal cladding is specified, particular, care should be taken so that bare edgg
metglwork do not come into direct contact with the trace heater or its components.

Areds of greatest risk are as follows:

a)
b)

c)

Bends with rolled edge interlocking sections are preferred. A non-hardening sealer shou
used between the overlapped sections of metallic weather barriers of jackets. Where rivetts or
self-fapping screws are used, care should be taken so that any drill or screw selected fo
is nptdong enough to penetrate the thickness of the thermal insulation and damagse

unddrlying trace heater.

parts of the structure in order to permit installation of the thermal insulation.

It is essential to verify that the insulation thickness equals the specified nominal thickness
at all points. Care should be taken not to embed the trace heater in the insulation, because
this could cause an increase in sheath temperature. If the specified insulation size does not
fit correctly, the next greater insulation thickness can be used in order to accommodate the

trace heater.

Al pensetrationsshould be sealedto prevent the ingress of moisture—\Wherever pos

ible,

ut-outs should be prepared in advance and should be in the lower 180° segment|e
thermal insulation. The thermal insulation should be applied in such a way that pe
bsolutely tight entry of the trace heaters and thermal sensors or capillary tubes.

he thermal insulation should be cut and tightly fitted to avoid air gaps.cSegment j
hould be staggered on the horizontal plane to reduce convective heat 10§s)

uring application of the insulation, care should be taken not to damage the electric {
eaters. The positions of trace heaters, temperature sensors and gther devices shoul
e altered.

f the
mits

bints

race
i not

he use of metal foil should be considered for covering the trace‘heater on valves and ¢ther

ifregularly shaped equipment to prevent the thermal insulation from surrounding the {
eater.

CGare should be taken to avoid high halide content théermal insulation materials over {
heaters with an exposed stainless-steel sheath orbraid.

langes: metalwork should be\cut back and the exposed face of the thermal insul
nished with a suitable nonsabsorbent compound.

alves: a preformed insulating jacket should be cut over-length and carried on to adjg
ipework cladding.

I T < =

ipe bends, elbows)or tees: care should be taken not to force the adjacent straight
slection of cladding into the bend and thereby risk damage to the trace heater.

race

race

s of

Ation

cent

pipe

d be

use
the

Warning labels should be affixed to the cladding at intervals not to exceed 6 m to advise that
an electric trace heating system is installed beneath the thermal insulation. These labels should
also be placed on the cladding over each valve or other piece of equipment that can require
periodic maintenance.

4.7.9.4 Field (site work) circuit insulation resistance test

The test procedure from 4.7.5 should be conducted on all trace heater circuits after installation,
and the results should be recorded.
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9.5 Visual inspection

The visual inspection should help ensure that

a) no moisture can penetrate the insulation as a result of weathering (correct position of

b)

4.7.

The thermal insulation and cladding material, size, and thickness should’be documented.

4.7.

Sys

madg¢ by qualified persons in accordance with the material Supplier's instructions and applig
local and national codes.

Per

compliance with the marking requirements of IECAEEE 62395-1:

a)
b)
c)
d)

MarHKing should be carried ‘out in accordance with IEC/IEEE 62395-1 for each trace he

circ

4.7.11 Commissioning
4.7.11.1 General

The |trace<heating system should be commissioned after the thermal insulation has

inst

overlaps or lock beading);

sliding connections (or the like) on weather cladding are sufficiently flexible to absorb any

expansion movement;

the screws selected for fastening the weather cladding are short enough to exclude
possibility of damage to trace heaters or to temperature sensors;

imensioned so as to render contact impossible. Especially in the case of branches
dadding should be cut sufficiently wide;

the cladding joints and thermal insulation entries are properly sealed with an)elastic,
hardening sealant that is resistant to chemical attack and decay, and is dimensionally st

9.6 Documentation

10 Installation of electrical power

tem electrical connections and connection to electrical distribution equipment shoul

manent tagging and identification should be completed as follows and verifieg

branch circuit breaker;

monitor and alarm apparatus;

tface heater power connection;

dircuit number and set point«for each temperature controller.

uit on the respective junction box.

any

, are
the

non-
able.

d be
able

for

ating

been
and

lled\and the electrical distribution is completed. This should include functional checks

updgting” of documentation as described in 4.7.11.2 and 4.7.11.3. The trace heFater
commissioning record given in Annex B should be completed and retained.

4.7.11.2 Functional check

The following procedure should be adopted:

a)
b)

c)

Close all branch circuits and verify proper current. A temporary bypass can be require
the temperature control device.

Verify that monitor or alarm circuits operate as intended. A bypass can be required at
contacts.

d for

field

Fill out the trace heater commissioning record (Annex B) for each circuit. This should clearly

document all testing and commissioning data.
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d) Record the electrical insulation resistance values for each measurement taken according to
the procedure given in 4.7.9.4.

e) Record the applied voltage and current as specified by the manufacturer.

f) Verify that the calibration check at the temperature controller set-point has been performed
and the controller has been set at the correct value.

4.7.11.3 Final documentation

Adequate and uniform documentation of the electric trace heating circuits is an essential
precondition for economical maintenance of this equipment. This is especially important to
facilitate rapid troubleshoaoting in the event of circuit problems It also provides the basis for
simpller, faster and less costly handling of any desired modifications and expansions. by a
spedialist for the electric trace heating systems.

The gocumentation of each heating circuit of a trace heating system should include tthe following
elements.

e [Design and testing documentation for the installed system:
-{ table of contents;

- piping diagram showing the trace heating circuits and the focation of power pqints,
connections, splices, tees, end terminations, and température sensors for controll and
limitation;

- for vessels: layout of the trace heating;

- pipe and insulation list;

- individual circuit length of trace heaters;

- calculation and dimensioning data;

- material list;

- trace heater installation instructions;

- description of and installation instructions for temperature sensors;
- heater commissioning record-(Annex B);

- temperature profile measurement;

- installation certificate:

[ )
Q

ircuit diagrams:

wiring and circuit diagram;

terminal_eaonnection diagrams;

switchgear with parts list;
installation instructions.
o (Other:

technical descriptions and instruction manuals for the individual pieces of equipment;

functional diagram as agreed to with the design engineer;

certificates or declarations of conformity from a certification agency, as required.
4.8 Maintenance
4.8.1 General

It is necessary to provide for a routine maintenance program for inspection, recording of the
condition, and the repair as required. Significant aspects of an adequate maintenance program
include establishing a suitable frequency of inspection, documenting all maintenance
operations, and conducting visual inspections, periodic operational checks, and reviews of the
electrical protection system.
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Not all of the following procedures are applicable for every installation, depending on the
complexity of the application.

4.8.2 Training of maintenance personnel

Individuals involved in the inspection and maintenance of trace heating systems should be
provided with sufficient training to enable familiarity with the specific types of trace heating
installations that they attend. This training should include any associated apparatus and
operational and environment conditions that relate to the system installation. When any
alterations or changes to the maintenance methods are affected, the necessary information
should be provided to the skilled personnel in a manner that supports their function.

Whe
refre]

Train

4.8.3

The

fe necessary, training in the maintenance concepts should be provided together
sher or reinforcement seminars.

ing records should be kept with plant operation documentation.

Frequency of inspection

frequency of the inspections is a function of the specific location{ the type of trace he

syst

protgction, the inspection should occur prior to the winter season. Type Il systems shou

m, and the criticality of the application. When electrical tracevheating is used for fr

with

bting
beze
d be

inspgected at least annually, and Type Ill systems semi-annually/or more frequently as requiired.

4.8.

Mainftenance program documentation should providessufficient information to

a)

b) Vv

Recq

4.8.5
The

com
a) G
b) J
C) €
d)

7))

Maintenance program documentation

rovide a history of maintenance activities with the reason for each system modificg
nd

erify the effectiveness of the frequency of inspection.

rds should be maintained on log sheets, such as the form provided in Annex C.

Visual evaluation

system should be visually examined for possible damage, by inspecting the exp
ponents of the traceheating system. Specific areas to be reviewed include:

able entries;

unction boxes;

xposed'\trace heating and electrical cables;

eal fitiings at each affected power connection, tee, splice, and end termination;

tion,

bsed

e) ¢

ropér tightness (torque) of electrical connections;

f) absence of moisture and proper sealing of thermostats and control cabinets;

g) thermal insulation and weather barrier;

h) indications of overheating;

i) presence of leaks, corrosion, and foreign matter.

Junction boxes should be checked to verify that they are free of moisture and water. The thermal

insul

ation and weather barrier should be replaced or repaired as needed.
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4.8.6 Electrical evaluation

All circuits and controls should be checked for proper operation during inspections. Each circuit
should be checked for normal current and properly applied voltage. Earth-fault equipment
protective devices should be tested at least once per year with the trace heating system
energized. When the trace heating is used for critical process control, operational checks should
be carried out on a more frequent basis.

The electrical insulation resistance and trace heater continuity should be checked after any
mechanical maintenance has been performed on pipelines, vessels, or equipment that has been
heat traced. After the trace heater or total system is completely isolated from the electrical
supdly, insulation resistance should be conducted in accordance with 4.7.5 and the repults
shodld be recorded.

For Type Il applications, the trace heater performance should be verified by measuring the
currgnt draw for each circuit at approximately 5 min after energization. This Value should be
recofded along with the local pipe temperature. If possible, the measured;Vvalue should be
compared to the trace heating supplier's output rating at the measured pjpe temperature.

Discfepancies in measured values to prescribed values should be resolved.

4.8.7 Review of the electrical protection system

The |nspections should include all connections to earthing/grounding systems, to verify that the
connections are tight and have not corroded. During the periodic operational checks| the
intedrity of the earthing/grounding should be checkedby measurement of resistance.

All gontrols (thermostats, indicating lights, meters, controllers, etc.) should be checked for
propger operation and indication. It is necessary to check that protective devices are s¢t as
origipally specified. All control devices (thermostats, indicating lights, meters, controllers, ¢tc.),
contfoller set points, system alarm limitsy and proper operation of the controller should be
chedked according to the specification.@f the trace heating supplier.

4.9 | Repair
4.9.1 General

Afte] the cause of a circuit fault has been determined, the defects should be rectified by site
repajr or replacement.)Site repair should be carried out only if the following conditiony are
satisffied.

a) Design and/eonstruction characteristics of the trace heater are maintained, for example,
mechanical strength and water resistance.

b) A method of repair is recommended in the trace heating system documentation recognjzing
a‘ny Special materials and tools.

c) No local hazards are created in carrying out the repair.

d) It does not invalidate the certificate for certified apparatus. Any repairs to certified apparatus
should be strictly in accordance with specific instructions incorporated in the certificate
schedule.

4.9.2 Fault location

Specialized methods of fault location are necessary for electric trace heating systems covered
by thermal insulation and metallic cladding, and advice should be sought from the electric trace
heating system supplier. Faults can be characterized by mechanical damage, corrosion,
overheating, or ingress of moisture.
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Possible steps include the following.

a)

b)

4.9.3 Practicability of repair to electric trace heaters

If a

The exact layout of the trace heating circuit can be determined from the system
documentation. In addition, an "induction" instrument operating at approximately 1 000 Hz
can be used to inject a signal into the electric trace heating device and the route of the
device should be followed by the audible signal obtained from the instrument.

The type of fault should be determined, for instance, open-circuit or leakage-to-earth.

If there is an open circuit or low resistance to earth of less than approximately 500 Q, a
pulse echo or reflection instrument can be used with a considerable degree of success.
Other faults can be located using a resistance bridge-type instrument.

race heater has not previously been energized and mechanical damage has(resulted in

breakdown in electrical insulation, severed conductors or ingress of moisture, (repair sHould

normally be possible.

If thg fault is found only after electrical connection and the damage is confined to a small grea,
visual inspection of the trace heater for 1 m on either side of the fault&hould be undertak¢n to
show whether the electrical insulation is affected other than at the point'of mechanical damage.

If a fault is caused by corrosive action and the damage is limited\to a small area, a repair should
normally be possible. However, if the electrical trace heater\has been damaged at more [than

one

If a

boint or the damaged area is extensive, the entire cirgujt should be replaced.

fault is caused by localized overheating, then“repairs should be carried out only when

damagge is limited to a small area. Prolonged high eurrent faults can require that the entire c|rcuit
should be replaced. If a system design fault iscsuspected, an evaluation of the trace he¢ater

system should be conducted.

4.9.4 Repair techniques for electrical'trace heaters

Repairs can generally be made by the use of in-line splices or junction box connections gs an
alterpative to complete circuit reptacement. General procedures for repair are given in| this
subdlause (4.9.4), but only the Gpecific methods, materials, and tools specified by the sugplier

shoyld be used.

The femoval of a damaged section of trace heater should not significantly alter the performance
of the trace heater from' its original design characteristics. Care should be taken to help erlsure
that [an in-line splice is not subjected to stresses in operation. This can be achieved, for
example, by providing an expansion loop on either side of the joint. The section 150 mm on
eithdr side of the joint should not be bent when re-applied to the workpiece and good coptact
should bewestablished. The trace heater and repair joints should be firmly reaffixed tg the

worklpiece to establish good contact.

If a junction box connection is used, then the fitting of cold leads and connections into the
junction box should be in accordance with the manufacturer's instructions.

Where trace heaters are earthed by means of a conductive covering, the integrity and continuity
of the earth should not be impaired by the repair.

The repaired trace heater(s) should be subjected to the test described in 4.7.5 before
re-installation, and the repair information should be recorded with the documentation for the
circuit.
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5 Roof and gutter deicing

5.1 Application description

Roof and gutter deicing systems maintain flow paths in gutters, downspouts and drains and
prevent ice build-up (see Figure 10).

Trace heaters intended for these applications should meet the additional requirements of 5.3 of
IEC/IEEE 62395-1:2024.

|2
1|
[ -
37 — |
IEC
Key
1 Show 3 Layered ice dam
2 Wpter build-up 4 Soffit

Figure 10 — Ice dam formation

5.2 | Design information —Gehneral
Consideration should be.given to the following points when designing a system.

a) Tlrace heaters and.their components should be UV-resistant.
b) Yplices should\be avoided where possible.

A design typically has 1 m of trace heater per 1 m length of gutter. For gutters greater|than
150 mmrwide, multiple runs of trace heater are recommended.
I_

d) Heating to downspouts is provided by loops, i.e., double-traced, extending beyond the [frost

inelif incorporated into the drainage system (see Figure 11).

e) End terminations should be positioned so as to reduce exposure to moisture.
f) The manufacturer's maximum circuit lengths should not be exceeded.

g) The manufacturer's attachment devices for trace heater support should be used (see
Figure 12, Figure 13 and Figure 14).

h) Trace heaters are typically rated at 15 W/m for plastic gutters/drains and up to 65 W/m for
metallic systems. Self-regulating tracers are recommended where multiple tracing runs are
to be installed.

i) Appropriate quantities of trace heater should be provided for eaves, valleys, and overhangs.
j) Schematic drawings should be created for each heating circuit.
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for aldjustable devices should typically be set at 30 mA above the inherent capacitive lea
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Whe
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5.5

iding 5 Trace heater loop

IEC

wnspout 4 Gravel

nd 6 Earth

Figure 11 — Downspout to underground drain

Thermal design

heating load required to prevent ice build-uptis’influenced by a combination of the geom
Himensional characteristics of the roof and’/gutter system and the local weather condit

Electrical design

trace heater or trace heater.branch circuit should be provided with earth-fault prote
ble of interrupting high-impéedance earth faults. This may be by an earth-fault prote
te having a nominal 30 mAtfip rating or by a controller having both earth-fault and ove
it protection capability. Eor trace heater circuits having higher leakage current, the trip

hcteristic of the trace heater as specified by its manufacturer.

re uninterrupted circuit operation is necessary for the safe operation of the buil
bment or precesses, earth-fault detection without interruption is acceptable if alarmed
ner that'has an acknowledged response.

Control and monitoring system design

etric
ons.

ction
ctive
load
evel
kage

ding,
ina

It is recommended that the minimum level of control for a roof and gutter deicing system should
include an ambient temperature switch (typically set to energize the system when the air
temperature falls below 5 °C) or a moisture sensing switch.

Both ambient and moisture sensing systems are recommended. This more sophisticated control
approach is also recommended for the larger, more complex applications.

Whe

re system integrity is important, a loss of voltage alarm is recommended.
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Special design considerations

The following special design considerations can apply when designing a roof and gutter deicing
system.

a)

b)

c)

d)

5.7
5.7.1 General

The trace heater should be selected and the system designed in such a way that the
maximum withstand temperature of all roof and gutter materials in contact with the heating
system is not exceeded.

The designer should specify the heating requirements for applying heat to a soffit to provide
overhang deicing.

here roof drains lead into a heated area_a loap of frace heater should be installed to a
pical depth of 1 m. If the drain passes through an unheated area, the loop should extend
hrough the unheated area. (See Figure 15.)

t
t
Hor catch basins, additional trace heating should be specified to help ensure/adequate
drainage.

A roof or gutter application that is not specifically mentioned in this document should be
referred to a trace heating designer.

Installation

Prion to installation, it should be verified that the trace heater'supplied is in accordance with the
design. The layout of the trace heaters on roofs is similar regardless of the roofing material|(tile,

slatg, etc.). The following general procedures are recommended:

a)
b)
c)

d)

5.7.2 Trace heaters and component mounting

he workpiece should be cleared of debris.

weatherproof power connection should bekused.

T
A

Tlhe trace heater installation should begin.at the power connection and be routed as shown
gn the designer's drawings.

A

n insulation resistance test shouldbe conducted in accordance with 4.7.5 and the repults
should be recorded.

Fixing methods can vary accerding to the particular application. The designer or system sugplier
should specify the clip or bracket mounting techniques appropriate for particular types of| roof

and gutter applications:

In ggneral:

a)
b)

c)

d)

terminate_and install all trace heaters according to the manufacturer's instructions;

when possible, all power connections should be made in a protected location (such as under
aves). Entries should be at the bottom of a connection box and a drip loop should be
rovided—seeFigure—t2);

D

an ice/snow fence can be required above the trace heating system to prevent ice or snow
slides;

circuit details as installed should be recorded, and as-built drawings and data should be
supplied to the user;

all penetrations of the surface of the roof should be moisture proofed with a suitable sealant
or sealing method. The trace heating installation should not affect the integrity of the roof or
gutter;

mounting hardware should be corrosion-resistant and should not have sharp edges or burrs
that could damage the trace heater.
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Key
1 Stnow guard

2 Trace heater

3
4

Junction box

Low point drain or drip loop

Figure 12 — Roof and gutter trace heater arrangement

2
IEC
Key
1 Gutter 3 Soffit
2 Aluminium tape or clip 4 Trace heater

Figure 13 — Gutter detail
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c) Tile roof d) Flat roof
Key
1 Clip 6 Trace heater in bottom of gutter
2 Segalant 7 Strapping
3 Thace heater 8 Peg under tile
4 Ropof 9 Clip adhered to flat roof surface and attached to any grid covering gutter
5 Gptter
Figure 14 — Typical roof mounting methods
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Key
1 P¢wer connection and end seal terminate in junction‘box 3 Trace heater
2 Diyain 4 Uninsulated attic space

Figure 15>~ Drain detail for flat roof

5.8 Maintenance

Refelr to 4.8. In addition, the_clearing of debris from gutters and downspouts is recommended
at six-monthly intervals.

5.9 | Repair

Damjage can aften be determined by a visual inspection of the trace heaters as they remain
expdsed during normal operation. Repairs should be carried out according to manufactdrer's
instructions; It is important that a repaired system should maintain its UV resistance, mechahpical
propertiesy and its weatherproof qualities. Where this cannot be established, then replacement
is reconmmended.

The requirements of 4.9 should be observed as appropriate.

6 Rail heating

6.1 Application description
6.1.1 General

Trace heating is often provided on rail systems to improve traction during adverse weather
conditions, to allow correct operation of mechanical systems during freezing conditions and to
allow electrical contact on applicable systems that can be disrupted by snow and ice
accumulations.
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6.1.2 Switch point heating

Junctions in trackwork where lines diverge or converge are referred to as turnouts, points, and
switches. Electric point trace heating at switch points help ensure that they and their associated
mechanisms operate satisfactorily during adverse weather conditions.

An effective electric point heating installation should provide that, during freezing precipitation
conditions:
a) the switch rail does not freeze or stick to the stock rail or its supports/slide plates;

b) the points and/or swing nose crossing operate correctly by preventing ice accumulation on
the rail support or between the switch and stock rails.

A pojint heating system includes several specific locations where heating is needed-fer cofrect
operption during freezing precipitation conditions. These are as follows.
e Stretcher bar (Gauge bar)

q

tretcher bars and the area immediately below should be heated to eliminate the build-up
gf any snow and/or ice that could restrict movement of the switch rail mechanism.

lamp lock

lamp lock trace heaters can be fitted inside the clamp lock, by,the clamp lock manufacturer,
D prevent operational faults due to freezing conditions.

N =0 0

wing nose crossing

On switches and turnouts, this is the point at which. two rails cross over each other.| The
rea on either side of the moving tongue of the €rossing is heated to prevent snow ang ice
accumulation and to prevent the moving rail from freezing to the fixed rail, of its
upports/slide plates.

6.1.3 Contact/live rail heating

Where traction power is supplied from.a’third rail, or live rail, contact between the live rail and
the pick-up on the rail vehicle can bé“adversely affected by the build-up of ice and snow. To
prevent this, an electric trace heater system may be fitted to the live rail. The trace heater is
often) powered by the direct current power supply used for traction power.

6.1.4 Track heating

Track surface heating.encompasses such applications as main rail (permanent way), tramways,
urbah transit systems), monorails and APMs (Automated People Movers). The heating prevents
ice and snow aceumulation on the entire system or on specific areas such as high speed cufves,
gradjents, aceeleration and deceleration areas, monorail guide rails, and train stops. For APMs
and pimilar'systems, no slip is allowed between the wheels and the rail, as this can affegt the
posifion (©f,the train at docking points. In these cases, heating can also be required on the
mechanical/hydraulic braking systems.

6.1.5 Catenary/pantograph shoe heating

Traction power can be supplied from overhead catenary transmission lines in main rail, urban
transit and tramway systems. Maintaining an ice-free contact between the transmission lines
and the pantograph shoe is sometimes achieved by placing a trace heater in the pantograph
shoe. This allows continued operation of the system, even under adverse weather conditions.
Heat from the pantograph shoe can also melt accumulated ice on the transmission line during
starting operations.
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6.2 Design information
6.2.1 General
The design conditions vary considerably depending on the application and the geographical

location. Consideration should be given to local weather conditions and the surface that is to
be heated. Generally, the data given in 6.2.2 to 6.2.4 is required as a minimum.

6.2.2 Weather data

The following information is needed:

a) meient temperature;

1) minimum (with consideration of duration, frequency, etc.)

[\

) minimum for freezing precipitation (typically in the range of -10 °C to 2 °C)
b) rate of snowfall;
) maximum rate

c)

r
1

) average rate
wind velocity;

1

) maximum rate

\]

) nominal rate during freezing precipitation

d) mpaximum wind-blown snow accumulation.
6.2.3 Rail system description
The types of materials and configurations need‘e’be known, such as:

a) rgil system type — third rail, switch rail, ttamway, APMs, freight systems, others;
b) rail construction;

1) material — steel, cast steel or iron, aluminium

2) profile — I-beam, H-beam, box beam, others

3) size — gauge and wejght

inning surface (steel,-concrete, etc.);

O
-~
=

gperational requirements for rail heating system.
1) low — typicalfor freight systems

2) nominal+operation under typical conditions

3) critical + required for APMs and similar systems

6.2.4 System design

Design information is required, such as:

a) heating requirements — type of system and locations where trace heating is specified for
use, e.g. turnout, crossing, stretcher bar, clamp lock, etc.;

b) number and size of each point system;

c) system layout drawings;

d) control and monitoring considerations.
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6.3 Thermal design
6.3.1 Heating load determination

The heating load requirements vary with application type and local weather conditions, and
method of heating. Unlike many other surface heating applications, rail system components are
often un-insulated and open to the elements. In such circumstances heat loss to the atmosphere
can be significant. The use of heat shields, thermal insulation (where applicable) and/or thermal
conducting compounds can improve heater efficiency and therefore reduce heating
requirements.

It cal :
extreme weather creates conditions that are beyond the capability of the installed trace,hé
it is likely that mechanical snow and ice clearing devices will be required to clear the railysygtem.
It is [therefore important that the operational level is clearly established at the design phase,
and [that the potential need for mechanical snow and ice clearing equipment is clearly
undgrstood. Liaison with the local rail operator should establish additional details if required.

6.3.2 Typical heating load

The [heating load applied to a given application can vary widely,/depending primarily on the
antigipated weather conditions. The safety and confidence levehprescribed for the system
gengrally defines what components and what sections of raihare heat-traced but can|also
influence the amount of heat provided. Rail and track systems”will generally be supplied|with
50 W/m of rail to 200 W/m of rail, with certain track systems requiring up to 500 W/m. These
vaIuLs also apply to point heating elements such ascturnouts and switch-nose cross|ngs.

Compponents such as stretcher bars and clamp locks will need 150 W to 300 W per [unit.

Pantograph shoes are typically designed in the range of 200 W to 300 W per shoe.

6.4 | Electrical design

It is|essential that rail trace heating systems be compatible with the primary rail elecjrical
systéms. It should be noted that, often;the metal parts of the system are bonded to earth|only
up tg the primary of the trackside transformers, while the trace heaters are often connectéd to
the ynearthed secondary transformer windings. In such installations, it can be a requiremgnt to
avoidl the use of residual current devices. Clearly, the design of protective equipment should be
undgrtaken in consultation with the rail engineers, so as not to compromise the effectivehess
of train detection and other operational and safety systems.

6.5 | Control and monitoring system design

The |trace heating circuit comprises track-mounted trace heating elements and assocjated
supply cables.Special care should be taken in the design of the trace heating circuit to|help
ensure that\the signalling equipment system remains unaffected by the operation of the {race
heat|ng, €ircuit both under normal and fault conditions.

Control options are defined by the operational level selected for the system. Low Tevel systems
can have little in the way of automated control systems, while more critical systems can be
provided with options for sensing any or all of the following: ambient temperature, hot rail
temperature, cold rail temperature, presence of moisture, and presence of snow. In addition,
automated monitoring of these options can be provided to help ensure that the rail or track
temperature is maintained throughout the adverse weather conditions.

Consideration can also be given to remote data access and control from a central control
station. This system can be used to control and/or determine the status of the electric trace
heating system.
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6.6

6.6.

Special design considerations

1 Electrical considerations

The following electrical information is required.

a)
b)

c)

6.6

. Finite element analysis

Supply voltage; this can vary considerably from country to country and from application to
application, up to 1 000 V.

Power distribution information such as single line electrical specifications including any
transformers and application voltages.

Track signalling considerations. The heat tracing system should be designed such that it
nnot interfere with the operation of track signalling circuits.

In vigw of the imprecise heating load determination above, it is recommended thatfinite element
analysis be conducted for the proposed trace heating load and for the proposed trace hegting

system.
6.7 Installation
6.7.1 General

Each electric trace heating system is designed to meet {he“requirements of the partigular
application. Because the system comprises a number of caniponents integrated at the site| it is
necgssary to establish that the original design parametéers are still valid. Correct installdtion,
apprppriate testing, and maintenance according to the.installation procedures are essential for
satisffactory performance and safety. The supplier.of the trace heating system should prqvide

spedffic instructions for the trace heaters and the various types of system components.

a)

b)

—

race heaters

Ip order to attain good heat transfer, relevant parts of the rail should be clean. Trace hegting
slystem design should include expansion and contraction considerations. Trace heater|cold
IrIads should be secured in such,a way as to prevent snagging on passing rail trafficl and
aintenance snow removal equipment.

Clips

Tlrace heater clips are often required to hold the trace heater in position on the rail. These
dips can vary in design and style depending on the type of trace heater employed andg the
pplication. Their{purpose is to help ensure that the trace heater remains in close contact
ith the rail to aid heat transfer, while at the same time allowing the trace heater to move
laterally underyexpansion and contraction. The clip should be capable of withstanding the

xcessive-vibration of heavy rail traffic and be sufficiently rugged to withstand the adJerse
nvironmental and operational conditions (see Figure 16).

hannels

\s with the clips_channels are often supplied to assist in nncnring that the trace heater
remains in close contact with the rail. These should be capable of withstanding the same
adverse conditions.

Illustrations

Subclauses 6.7.2 to 6.7.6 illustrate examples of some typical installations.
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6.7.2 Point heating

See Figure 16 below.

X=X

O

IEC

Key
1 Cold lead 3 Trace heater
2 Clip 4 X — X shows a typical cross-section

Figure 16 — Typical positioning of point trace heater on stock rail and switch rai

6.7.3 Swing nose crossing

See [Figure 17 below.

2 IEC

Key
1 Clip 2 T«ace heater

Figure 17 — Typical positioning of trace heater on swing nose crossing



https://iecnorm.com/api/?name=c6878f78cb75653a25d22d02d4c4eb55

IEC/IEEE 62395-2:2024 © |IEC/IEEE 2024 - 63 —

6.7.4 Clamp lock heating

See

Figure 18 below.

W
L]
N/

Key

IEC

1 Trace heater

6.7.5

See

Key

Figure 18 — Typical clamp lock trace heater

Contact/live rail heating and track heating

Figure 19 below.

1 Trace heater 2 Clip

Figu

re 19 ~ Typical positioning of trace heater on steel and aluminium clad contact

rails
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6.7.6 Catenary/pantograph shoe heating

See

Figure 20 below.
/ \\
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1 Trace heater

6.8

Refe
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Dam
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Figure 20 — Typical positioning of trace heater in pantograph shoe

Maintenance

r to 4.8.

re thermal conducting aids are part of the rail heating system, it is important to esta
he thermal efficiency of the system is maintained.

Repair

age often occurs due to mechanical causes and can usually be determined by v
bction of the trace heaters, which often remain*exposed during normal operation. Re
Id be carried out according to the manufacturer's instructions. It is important that a rep
m should maintain its UV resistance, mechanical properties, and its weatherproof qual
re thermal conducting aids are part of the rail heating system, it is important to esta

plish

sual
Dairs
nired
ties.
blish
nsfer

with
y to

that [the thermal efficiency of the system is maintained, by re-applying the thermal tra
system.

Whefe this cannot be established, then replacement is recommended.

Follqwing any repair, compliance with the recommendations of 6.7 should be followed,
particular reference towthe requirement for trace heaters to be able to move lateral
accgmmodate expansion and contraction.

The requirements of 4.9 should be observed as appropriate.

7 $now melting

7.1 Application description

Trace heating systems can be designed for the specific purpose of preventing accumulation of
snow and ice in applications such as driveways, sidewalks, entrances to commercial buildings
parking garage ramps and helicopter decks.

Trace heater circuits are typically directly embedded and should therefore meet the

requ

irements of 5.4 of IEC/IEEE 62395-1:2024.

In some cases, the trace heaters can be installed in conduit for these applications and therefore

shou

Id meet the requirements of 5.5 of IEC/IEEE 62395-1:2024.
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7.2

Design information

7.21 General

The design conditions and application inputs specified in 7.2.2 to 7.2.6 are needed prior to
commencing with the system design.

7.2.2 Weather data

The following information is needed:

a)
b)
c)
d)

mbient-temperature;
rate of snowfall;

wind velocity;
Rumidity.

7.2.3 Construction details of workpiece

The types of materials and configurations need to be known, such as;

a)
b)
c)

material, for example, pre-cast slabs, single or dual pour concreie, asphalt etc.;
fopundation construction and materials;

dimensions and layout, and additional items such as éexpansion joints, drains, hand
gtc., which should be available from the construction drawings.

7.2.4 Electrical considerations

The following electrical information is required.

a)
b)
c)

slupply voltage;
dvailable power;
gontrol and monitoring requirements.

7.2.5 System performance level

It is hecessary to determiné_the requirement for how the system would perform in worst-
conditions. However, economic considerations can result in specifying a heat load for
critigal applications where some snow accumulation can occur.

A thIrough designishould be based on statistical weather data. For critical applications, i

be r

quired to{specify a free area ratio (defined in 7.3) of 1 for perhaps 99 % of the sno

events.

rails,

case
non-

can
wfall

especially if there has been a considerable period of time with no precipitation, but with low
ambient temperatures.

Table 6 indicates typical ranges of heat density requirements for levels of weather severity and
application criticality.
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Table 6 — Typical snow melting heat loads

Application criticality
Minimum, for example, Moderate, for example, Maximum, fo.r example, toll
Weather . . . plazas, hospital emergency
. residential walkways and commercial walkways and .
severity . . entrances and helicopter
driveways driveways
decks
W/m?
Mild 150 to 250 250 to 350 300 to 400
Severe 200 to 300 300 to 450 350 to 500
Very| severe 250 to 350 400 to 550 450 to 750

NOTE Heating load requirements are a function of climatic conditions. The ranges of values in Table.6,refleg
varigtion of values used in different regions.

t the

7.2.6 Trace heater layout and component mounting

Trac

heat| If the trace heating is in a conduit, it is spaced as shown in Rigure 22.

b)

c)

pacing(s) between embedded trace heaters or conduits‘\usually range from 80 m
00 mm in order to obtain a relatively uniform temperature-distribution across the sur
he spacing is calculated using the required power autput in W/m2 and the lineal p
utput of the trace heater. For example, if the application required 360 W/m2 and the f
eater selected had a rating of 90 W/m in concretejthe resulting spacing would be 250
Ithough the same power density could be achieved with a trace heater with 180 W/m o
nd 500 mm spacing, uneven distribution oftheat might result, with areas directly abov
ace heating being well above 0 °C and areas between trace heating runs being below

QT TO 4 W

he recommended trace heater depth is typically 50 mm to 100 mm for concrete and 40
b 50 mm for asphalt. The trace heateris usually fastened to the re-bar, or wire mesh |
ylon cable ties. Heater panels arg~an additional option when the concrete can be pg
two stages, with these being attached to the clean surface of the initial pour. Pre-pun
rapping can sometimes be.a convenient attachment method in two-pour applications

- 5 =+ 4 —+

race heaters should be-located a minimum of 150 mm from the edge. When installg
ramps, they are usually, oriented laterally across the ramp to reduce the number of crosg
f crack control joints.” Crossing of expansion joints should be avoided, but wher

Xpansion joint transition is required, additional protection is necessary. See Figure 23.

ower connections should be located above grade where possible, with preference giv
ounting jufiction boxes inside buildings or on structure walls (see Figure 24.) The
ssembled\trace heater end termination should be located inside a junction box to faci
aintenance.

now-melting installation designs should be fully documented with drawings identifying

e heating is typically serpentined in a workpiece (as shown in Figures21) to provide uniform

m to
ace.
bwer
race
mm.
itput
b the
) °C.
mm
sing
ured
ched

ed in
ings
P an

bn to
field
itate

Y—trace-heatertype:

2) spacing;

3) depth;

4) layout;

5) location of power connection and expansion joints (if used);
6) identification of circuit;

7) location of additional items such as drains, sensors, etc.
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A

Y

Iy

IEC

Key
1 Cé¢ncrete slab

Trace heater
Reinforcing bar or mesh
T@ junction box

Zipzag return routing only necessary:for odd number of cable passes

o o~ W N

X{X shows typical cross section
1 Lgngth of slab
/2 Wjdth of slab

13 Spacing between trace heaters

Figure 21 — Snow melting trace heater embedded in concrete
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A

\i

2and 3

IEC

ncrete slab

nduit

einforcing bar or mesh

junction box

ngth of slab
dth of slab

acing between trace heaters

Figure'22 — Snow melting trace heater located in conduit
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5
IEC
Key
1 Concrete slab 4 Protective device
2 Expansion joint 5 Sand
3 Trace heater 6 Compacted fill

Figure 23 — Expansion joint«etail

» . Vq\ v a, ° P )
a4 A ﬁ b - < j
v ot 4 e .44. 2
/ v 40 a4
<@ . .
3 S IEC
Key
1 Conerete’slab 4 Trace heater or power connection leads
2  JUpeton-be 5—Trace-heater

3 Conduit filled with sealing compound

Figure 24 — Snow melting junction box location

7.3 Thermal design — Power output (heat load) determination

The heat needed to perform the snow melting function is based on a number of elements, which
are shown in Formula (10) below.

Or =4 (0, +0.+0,)+ 0, +0,, + 0O, (10)
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where

Ar is Afree/AtotaI;

Q. s the evaporation from top surface;

Q. s the convection from top surface;

O, s the radiation from top surface;

Qs is sensible heat (i.e., energy used to elevate snow and ice temperature, prior to melting
it);

O [ Ts the Tatent heat;

Qg is heat loss from sides and underside by conduction.

The term 4, is the free area ratio and is usually entered as 0, 0,5 or 1,0. The condition where
4, =1, meaning that the surface is free of snow, is used for critical applicatiéns: 4, = 0 mpans

that there should be no snow accumulation, but a thin layer of snow might‘'be’expected.

The |calculated values provide overall power densities and do,<not” address temperature
distr|bution across the surface of the workpiece, which depends on{the thermal conductivity of

the Workpiece and the trace heater's power output and spacing(in,the workpiece.

7.4

Electrical design

Each trace heater branch circuit or each trace heater{should have circuit protection capable of
interrupting high-impedance earth faults as well as short-circuit faults. This may be
accgmplished by an earth-fault protective device with a nominal 30 mA trip rating or a contfoller
with |learth-fault interruption capability for use in"eonjunction with suitable circuit protection| For
higher leakage current circuits, the trip level$or adjustable devices is typically set at 30 mA
aboVe any inherent capacitive leakage characteristic of the trace heater or as specified by the
trace heater supplier. Where conditions-0f maintenance and supervision help ensure thatonly
qualified persons service the installed.systems, and continued circuit operation is necessary for
the gafe operation of the installationy earth-fault detection without interruption is acceptable if

alarmed in a manner to providean acknowledged response.

7.5

Control and monitoring system design

The gnow melting system may be controlled by something as basic as an on/off switch and an
indidator light or by ~a more sophisticated control system including both moisture|and
temgerature sensors. The choice of sophistication can be influenced by the critical nature of
the dpplicationln large installations, more rigorous control systems may be justified for erfergy

efficiency.

7.6

Special design considerations

In certain applications, some of the following special design considerations can apply.

a)

b)

c)

d)

When trace heaters are located in conduit or pipe, the maximum sheath temperature and
thermal output should be specified or identified.

For applications where the trace heaters are to be embedded in asphalt, it is important that
the temperature exposure rating of the trace heater is above the pour temperature of the
asphalt.

Brick or paving stone constructions require special design consideration and the trace
heaters can need to have additional mechanical protection.

When bare metallic sheathed trace heaters are embedded in concrete, it should be verified
that the sheath material is not adversely affected by exposure to chemicals that might be in
the concrete or might subsequently leech into the concrete.
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e) Snow melting applications in the vicinity of aircraft hangar doors or fuel storage areas can
be in areas classified as explosive atmospheres at the point where the trace heater exits
the workpiece. Such applications are beyond the scope of this document.

NOTE Trace heating systems intended for use in explosive atmospheres are the subject of IEC/IEEE 60079-30-1
and IEC/IEEE 60079-30-2.

7.7 Installation

Each electric trace heating system is designed to meet the requirements of the particular
application. Because the system comprises a number of components integrated at the site, it is
necessary to establish that the original design parameters are still valid. Correct installation,
apprppriate testing, and maintenance according fo the installation procedures are essentiial for

satisffactory performance and safety. The supplier of the trace heating system shouldprgvide

spedific instructions for the trace heaters and the various types of system components)

a) Ynow melting installations usually result in the trace heater being embedded_.in“concrefe or
sphalt. It is therefore particularly important to verify that the correct factéry-fabricated unit
r bulk trace heater type is being installed.

b) Rrior to the installation of the trace heater, the adjacent area should be inspected and any
harp objects or burrs (on the wire mesh or re-bar) should be remov€d or smoothed.

c) The trace heater attachment, spacing and minimum bend radius should comply with the
anufacturer's specifications, and expansion joint transitions should be made following the
ethod indicated on installation drawings.

d) When the trace heater installation is complete and,pfior to the placement of concrefe or
sphalt, the drawings should be modified to show,thé exact location of the trace heatérs if

the as-built layout has deviated from the initial drawings.

e) Hrior to placement of the concrete or asphalt, an insulation resistance test shoulf be
nducted in accordance with 4.7.5. This test should be repeated during the installation gf the
ncrete or asphalt. If damage is detectedsit should be rectified before continuing with the

imstallation.

f) uring the placement of concretey attention should be paid to maintaining adequate
learance of the concrete delivery chute above the trace heater and maintaining a moderate
ncrete delivery speed to prevent the trace heater being displaced. Unnecessary foot tfaffic
nd excessive use of rakesshovels and vibrators might also dislodge or damage the {race
eaters.

a) hen installing asphalt, it is important to verify that the application temperature is as
nticipated and thafiit does not exceed the temperature rating of the trace heater.

h) Asphalt should beyspread manually at the trace heater level.

i) rades of asphalt with large aggregate are not recommended.

j) Tlhe insulation resistance reading should be recorded upon completion of the concrete [pour
r asphalt application.

k) Tlhedrace heaters should not be energized until either the concrete has cured or the asphalt

acronnlad ta amhiant tamnaratiira
raS—-60oe o ret—emped -

7.8 Maintenance

Refer to 4.8.

7.9 Repair

The repair of trace heating systems embedded in concrete requires the use of special equipment
to locate the fault. Consultation with the manufacturer or a contractor specifically trained in
performing this kind of repair is recommended. However, a visual inspection of the installation
often reveals the cause of a failed system, where the concrete has been saw cut or drilled to
take a core sample or install equipment.
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