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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Commit-
tees of the IEEE Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily mem-
bers of the Institute. The standards developed within IEEE represent
a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE which have expressed an in-
terest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an
IEEE Standard does not imply that there are no other ways to pro-
duce, test, measure, purchase, market, or provide other goods and ser-
vices related to the scope of the IEEE Standard. Furthermore, the view-
point expressed at the time a standard is approved and issued is subject
to change brought about through developments in the state of the art
and comments received from users of the standard. Every IEEE Stan-
dard is subjccted to revicw at least once every five years for revision
or reaffirmation. When a document is more than five years old, and has
not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of
the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEEE. Sug-
gestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the mean-
ing of portions of standards as they relate to specific applications. When
the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since
IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the con-
currence of a balance of interests. For this reason IEEE and the mem-
bers of its technical committees are not able to provide an instant re-
sponse to interpretation requests except in those cases where the matter
has previously received formal consideration.

Comments on standards and requests for interpretations should be ad-
dressed to: ’ o '

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

(This Foreword is not a part of IEEE 8td 515-1888, IEEE Recommended Practice for the Testing, Design, Installa-
tion, and Maintenance of Electrical Resistance Heat Tracing for Industrial Applications.)

The utilization of electrical resistance heat tracing by industry has steadily increased because of
the availability of more reliable products and efficient operation. The need for broad-based tech-
nical information about electrical resistance heat-tracing systems and uvniformity in the approval
process for these systems provides the necessity for this recommended practice.

ITEE Std 515-1983 provides the specific test requirements for qualifying electrical resistance
heating cables for industrial service, and provides the basis for electrical and thermal design. Type
and routine production tests are outlined in this recommended practice and address such topics as
mechanical durability, resistance to moisture, and electrical and thermal ratings. This recommended
practice outlines specific recommendations for the utilization of thermal insulation systems in
conjunction with electrical resistance heat tracing. Installation and maintenance requirements are
detailed and include electrical and mechanical requirements, along with those management func-
tions which should be considered.

Detailed technical information and equations with examples on the thermal relationships impor-
tant to electrical resistance heat tracing are presented in the Appendixes.

At the time this recommended practice was approved, the Petroleum and Chemical Industry
Committee of the IEEE Industry Applications Society had the {vllowing membership:

E. J. Fagan, Chairman R. M. Jackson, Vice Chairman

R. d. Fritz, Secretary

J. A. Adkison G. R. Griffith C. Pittman
S. P. Axe R. A. Hazlewood E. Saavedra
D. C. Azbill H. N. Hickok F. D. Shaw
J. D. Campbell F. P. Hogan J. D, 8himble
R. D. Chamlee D. A. Jamieson W. A, Short
B J. Comingore P. M. Kinney H. Sibley

E. T. Crimmins P. O. Klueber H. D. Slief
R. H. Cunningham J. C. Lacour A. W, 8mith
H. P. Dees W. H. Levers T. B. Smith
H. B. Dygert E. F. Merrill J. A. Stewart
B. E. Ewers R. W. Mills P. O. Teter
A. G. Forster W. Moser E. B. Turner
F. P. Gertson R. L. Nailen A. L. Verheil
B. E. Gilman M. R. Ogden W. E. Withers
T. J. Graham T. P. Pearson A. E. Wolter

At the time this recommended practic- was approved, the Electrical “Heat Tracing’ Working
Group of the Petroleum and Chemical Industry Committee had the following membership:
Ben C. Johnson, Chairman

F. Kennes W. Pfaffman
L. Laskowski T. Shaw

K. Carlisle
R. Hulett

When the IEEE Standards Board approved this standard on December 17, 1981, it had the follow-
ing membership:

Irvin N. Howell, Jr, Chairman Irving Kolodny, Vice Chairman

Sava I. Sherr, Secretary
G. Y. R. Allen Jay Forster Faust Rosa
J. J. Archambault Kurt Greene Robert W. Seelbach
James H. Beall Loering M. Johnson Jay A. Stewart
John T. Boettger Joseph L. Koepfinger William E. Vannsah
Edward Chelotti John E. May Virginius N. Vaughan, Jr
Edward J. Cohen Donald T. Michael* Art Wall
Len 8. Corey J. P. Riganati Robert E. Weiler

*Member emeritus

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 16:45:23 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 515-1983


http://www.avadocuments.com/doc/ieee-515-1983
http://www.avadocuments.com/doc/ieee-515-1983

Contents

SECTION PAGE
To BOOPE v v s 55 ciammnns s s o d.6.6% % s si5 6.5 6o (8 & 8w i s 030 s dEmEEa ¢ saa cww T
2. PUKPOBE . .ocviicnmmiimnvna e sini s doods sasaas i siaiondo s« oo iedn w e e eeie i .1
B: RELOTRNCEE . ... . ..o iv 5ot tiome s s 8 s 555 o% 00 bue 516658 646 W wobioe s s o5 5NESE e éhes 7
4, DefinitionS ..o v ittt it ettt ettt ettt e 7
5. General Product Testing ... ... ittt iitieieriennrenereneeronnoosnenns 9
L R A « T - 9
5.2 Routine Test . cvuuvsiicos inmnmsnnaionnseh siimess siaodsoeia R T PR ene 12
6 DESIEN .. ::: v iimummenvsonisissiisiaaahanoiiosdssdadaioksssimomaesdsossice 12
6.1 Process Considerations . ...... ... ... .iitiiintennennernnranennnnensenas 12
6.2 Environmental/Site Considerations ... .......... .. iiiitteereronnoconassens 12
6.3 Thermal Insulation and Heat-Loss Crasiderations ..................cciiienn.. 13
6.4 Sheath Temperature ....... P 16
8.0 DIaWINES . ... ... i it it e it it et et e e, 16
8.6 POWEr Syslem ... ittt it it i et e et S maes e nns 17
6.7 Special Considerations ... ......... ... iiitiiiiirrrerrrereeronnernennsnnnns 18
6.8 Controland Monitoring . ............ it riiirnrerennroennnnnnnas .21
. Installation .. ... .ottt i it i it e it e e teea e e 23
7.1 Receiving and Storageof Materials . ........... ... .. ... . i iiiiiiiann, 23
7.2 Schedulingof Installation . ............ ..t iiiieniiieinirennsnsnnosnnnnnas 23
73 CableInstallation ............. ... ittt ieitnisosoarnssnsacsanannas 23
74 Contolsand Sensors . ........coiiiiuiuietittnesnrronesasssncanescansanans 24
7.5 Cable Testing After Installation .......... ... .. it ittt ienannnnnns 24
7.6 Thermal Insulation—Recommendations . .............. ... .. .. . i ieunnnnn. . 24
7.7 Functional Check and Field Documentation—Recommendations. ................. 25
B. MaNtenancr « o .vove sionnnnmossssonsvses shiienansasseaessinidaissonsssss snss 25
8.1 General Maintenance Requirements . ............. .00t iitiinnneernecnnacnnns 25
8.2 VisualInspection . ... ... ... .. ittt iiititieeaenonnanoannnsnnnsas 25
8.3 PeriodicOperational Check ... ...... ... ... . . i ittt iiiiiiiiieinnnnnnnns 25
8.4 Record Keeping .. ... ... vuriiiiiiiiit it iteteteeeaereeesecannenennannns 25
LT 53 1 o) (e -3 o1 o) 11N 26
FIGURES
Figl Cold Bend Test Apparatus . . ... ... ... ... .0 tiiuennterennnnneeeennneanasseoeans 10
Fig 2 Heating Cable Termination Test Apparatus . .. ........... ... ... iiirnrreannnsnn 11
Fig 3 Thermal Insulation Weather-Barrier Installation .................. .. ... . 0 cionn. 14
Fig 4 Diagram of Typical Power Distribution System for Electrical Tracing . ............... 18
Figh Tank Example ... ... .. . ittt ittt ittt e eteenaaeaaaananas 19
Figh Bypass Example ......... ...ttt ittt ittinternnnrerenneneonnns 19
Fig 7 Typical Double-Insulation Application ........... ... .t iininriinrnrannnnns 21
APPENDIXES
Appendix A Heat-Loss Considerations ... .........c .ottt innnesnnnnas 27
Al. Heat-Loss Formula and Example Calculations ........... ... ... .. .. cieurieann. 27
A2, BibHOBraDRY . . . i i i i e et i i it it e e 30
Appendix B Heat-Up Considerations .............coiieiiniierernrencnrnsaensesen. 30
Appendix C Method to Determine Equivalent Thicknesses of Insulating Cements ........... 31
APPENDIX FIGURE
Fig A1 Assumed Temperature Gradients .......... G he S e SRR R W ¢ 29
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 16:45:23 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 515-1983


http://www.avadocuments.com/doc/ieee-515-1983
http://www.avadocuments.com/doc/ieee-515-1983

IEEE Recommended Practice for the
Testing, Design, Installation, and
Maintenance of Electrical Resistance
Heat Tracing for Industrial Applications

1. Scope

This recommended practice provides recom-
mendations for the testing, design, installation,
and maintenance of electrical resistance heat
tracing in general industries as applied to
mechanical piping and equipment. The elec-
trical resistance heat tracing is in the form of
series-heating cables and parallel-*.eating cables.
The recommendations also include test criteria
to determine the suitability of heating cables
which are utilized for these applications.

2. Purpose

The provisions of this recornmended practice
should ensure that process, fluid, or material
temperatures are maintained and provide
electrical, thermal, and mechanical durability
to the heat tracing system, such that in normal
use its performance is reliable and without
danger to the user or surroundings. This recom-
mended practice is a supplement to those
provisions outlined in ANSI/NFPA 70-1981
(3], Article 427.

3. References

[1] ANSI/JASTM C450-76, Recommended
Practice for Prefabrication and Field Fabrica-
tion of Thermal Insulating Fitting Covers for
NPS Piping, Vessel Lagging, and Dished Head
Segments.?

[2] ANSI/ASTIM C585-76, Recommended

1The numbers in brackets correspond to the refer-
ences listed in Section 3 of this recommended practice.

2ANSI documents are available from the Sales
Department, American National Standards Institute,
1430 Broadway, New York, NY 10018.

Practice for Inner and OQOuter Diameters of
Rigid Thermal Insulation for Nominal Sizes of
Pipe and Tubing (NPS Sytem).

(3] ANSI/NFPA 70-1981, National Electrical
Code.?

{4] FEDERAL ENERGY ADMINISTRATION.
Economic Thickness for Industrial Insulation.
Energy Conservation Paper no 46, Aug, 1976.

[6] NFPA 325M-1977, Fire Hazard Properties
of Flammable Liquids, Gases, and Volatile
Solids. .

[6] TURNER, WILLIAM C., and MALLOY,
JOHN F. Handbook of Thermal Insulation
Design Fconomics for Pipes and Equipment.
Robert E. Kruger Publishing Company,
McGraw-Hill Book Company: New York,
1980.

4. Definitions

The following definitions apply to the sub-
ject matter presented in this recommended
practice.

ambient temperature. The temperature sur-
rounding the object under consideration.
Where electrical heating cable is enclosed in
thermal insulation, the ambient temperature is
the temperature exterior to the thermal insula-
tion.

cold-end terminations (CET). The termination
applied to the end of a heating cable where the
power is supplied.

3The National Electrical Code is published by the
National Fire Protection Asociatinn, Batterymarch
Park, Quincy, MA 02268. Coples .ire also available
from the Sales Department, Araerican National
Standards Institute, 1430 Broadway, New York, NY
10018. .
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cold lead. An electrically insulated conductor
used to connect a heating conductor to the
branch-circuit conductors and designed so as
not to produce any appreciable heat.

conductor temperature. The temperature of
the heat-producing element.

dead leg. A segment of process piping that is
not in the normal flow pattern.

factory fabricated. A heating cable assembled
by the manufacturer, including hot- and cold-
end terminations and cold lead.

field assembled. Heating cable supplied in bulk
form with terminating components to be
asserabled (terminated) by field personnel.

heat loss. A quantitative value of energy flow
from a pipe, vessel, or equipment to the sur-
rounding ambient.

heat sink. A part that conducts and dissipates
heat away from the pipe or equipment. Heat
sinks, as related to pipe heating systems, can
be pipe supports, valve operators, etc.

heat tracing. The utilization of electric heating
cables, other electric healing devices, and
support components that are externally applied
and used to maintain or raise the temperature
of fluids in piping and associated equipment.

heat-transfer aids. Thermally conductive
materials, such as metallic foils or heat-transfer
cements, used to increase the heat-transfer
rates from the heating cables to the process
piping or equipment.

high-limit temperature. The maximum allow-
able heat-tracing system temperature.

hot-end termination (HET). The termination
applied to the end of a heating cable, opposite
where the power is supplied.

jacket. A thermoplastic or thermosetting
plastic covering, sometimes fabric reinforced,
applied over the insulation, core, metallic
sheath, or armor of a cable.

maintain temperature. Specified temperature
of the fluid or process material which the heat
tracing is designed to hold at equilibrium under
specified design conditions.

maximum exposure temperature. The highest
temperature to which a device in the heat-

IEEE RECOMMENDED PRACTICE FOR THE TESTING, DESIGN, AND MAINTENANCE

tracing system may be exposed for a given
period of time.

metallic outer covering. A metal sheath or
braid used to provide physical protection for
heating cable and, in some cases, to provide an
electrical ground path.

over-size insulation. A term applied to thermal
insulation when the inside diameter of the
thermal insulation must be larger than the
nominal outside diameter of a particular pipe
so as to accommodate the heating cable.

parallel heating cable. Heating elements that
are electricelly connected in paralle], either
continuously or in zones, so that watt density
per lineal length is maintained irrespective of
any change in length for the continuous type
or for any number of discrete zones.

rated output. Total wattage or watt/unit length
of heating cable, at rated voltage, temperature
and length.

rated voltage. The voltage to which operating
and performance characteristics of heating
cables are referred.

routine fest. A test which is carried out by the
manufacturer of the heating cable during the
production process.

runaway pipe temperature. The highest equilib-
rium pipe temperature that occurs when the
heating cable is continuously energized at the
maximum ambient.

series heater. Heating elements that are de-
signed to have a specific resistance at a given
temperature for a given length.

sheath. The cutermost continuous covering for
a cable.

sheath temperature. The temperature of the
outermost continuous covering that may be
exposed to the surrounding atmosphere.

temperature sensor (sensing element). A device
that responds to temperature and provides an
electrical signal or mechanical operation.

thermal insulation. Material having air- or gas-
filled pockets, void spaces, -or heat-reflective
surfaces which, when properly applied, will
retard the transfer of heat with reasonable
effectiveness under ordinary conditions.

type test. A test or series of tests carried out on
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OF ELECTRICAL RESISTANCE HEAT TRACING FOR INDUSTRIAL APPLICATIONS

equipment, representative of a type, to deter-
mine compliance of the design, construction,
and manufacturing methods within the require-
ments of this recommended practice.

watt density. Thermal output of heating cable
in watts per unit area.

weather bairier. Material that, when installed
on the outer surface of thermal insulation,
protects the insulation from weather, such as
rain, snow, sleet, wind, solar radiaticn, or
atmospheric contamination, and physical
damage.

5. General Product Testing

5.1 Type Test. The following tests are intended
to qualify a particular heating cable construc-
tion for the applications within the scope of
this recommended practice. A sample of
heating cable at least 3 m (10 ft) in length,
unless otherwise specified, should be selected
for testing.

5.1.1 Dielectric Test. The dielectric test
should be performed by the manufacturer on
heating cables in accordance with the following
table:

Voltz Test Voltage
Class (V rms)
<30 Vms 500
<60 Vdc 500
2 30 V rms <E + 1000
=60 Vdc V2 E + 1000

The test where E = rated voltage should be
applied at a rate of rise neither less than 100 V
nor more than 200 V/s and maintained for
1 min without dielectric breakdown. The test
voltage waveform should be essentially sinu-
soidal, with a frequency of 45 Hz to 65 Hz.

The test voltage should be applied between
each heating conductor and the metallic
covering, or a specially applied conductive
metal tape or braid.

5.1.2 Insulation Resistance Test. The insula-
tion resistance should be measured on the
sample immediately after the voltage test
specified in 5.1.1. The resistance of the insula-
tion should be measured between conductors
and the metallic outer covering, or a specially
applied conductive metal tape or braid, by

IEEE
8td §16-1983

means of dc voltage of 500 V. The measured
value should not be less than 60 MS2.

5.1.3 Water-Resistance Test. A sample should
be immersed (except at terminations, or ends
where the conductors are exposed) in water at
10°C-256°C (50°F-77°F) for a period of 14
days.

Within 1 h after conditioning as above, the
sample should be subjected to the dielectric
test outlined in 5.1.1.

5.1.4 Dielectric Test at Elevated Tempera-
tures. A sample should be placed in a forced-
circulation air oven. The oven should be heated
to, and maintained at, a temperature of 25°C
5°C (77°F % 9°F) higher than the maximum
exposure temperature declared by the manu-
facturer for a period of 14 days.

The sample should, after removal from the
air oven, and when cooled to room tempera-
ture, show no cracks when examined with
normal vision and when wound six close turns
around a metal mandrel having a radius equal
to six times the diameter, or primary bending
plane over the insulation. While still on the
mandrel, the sample, except at terminations or
ends where the conductor is exposed, should
be submerged in a 5% saltwater solution at
10°C-25°C (50°C-77°F) for 5 min. While
still in the salt water, the dielectric test out-
lined in 5.1.1 should be applied.

5.1.5 Deformation Test. A sample, 200 mm
(8 in) in length, should be used for testing. The
ends of the unterminated samples should be
stripped back to expose the conductors. The
sample should be placed on top and at right
angles to a 6 mm (0.25 in) diameter steel rod,
resting on a fl=t steel support. Proof loading
shall be gradually applied without shock at the
point of intersection of the specimen and the
steel rod by means of a rigid square pressure
plate having face dimensions of 100 mm
(3.937in) X 100 mm (3.937 in).

The proof load to be applied by means of the
pressure plate shall be either a gravitational
force load of 102 kg (225 1b) or a mechanical
force load of 1 kPa (225 Ibf/in?). After not less
than 30 s and with the proof loading continu-
ously applied, the dielectric test outlined in
5.1.1 should be conducted.

The test voltage should be applied between
each heating conductor and the metallic cover-
ing, or where metallic covering is not provided,
between each heating conductor and the steel
rod. ;
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SAMPLE HEATING CABLE

612

1t = CABLE DIAMETER
PRIMARY BENDING PLANE

61t

Caold Bend Test Apparatus

5.1.6 Enpact Test. This test should be con-
ducted on a sample which is positioned on a
hardened steel plate and cooditioned to the
manufacturers minimum recommended in-
stallation tempeczture.
After conditioning, a sample should be sub-
jected to the impact forces of a 5.08 cm (2 in}
diameter cylindocal steel phunger with
smoothly rounded edges, having a mass of
18 kg (4 Ib) and allowed to free fall from a
height of 762 cm (30 in). With the 1.8 kg
(4 1b) weight resting on the sample, the dielec-
tric test outlined in 5.1.1 should be conducted.
The voltage should be spplied between each
beating conductor and the test weight (and
steel plate) with no breakdown. After testing,
the shesth should not show aacks when
5.1.7 Cold Bend Test. The apparstus used for
the bend test should be as represented in Fig 1.

10

A sample of heating cable or cold lead should
be fixed in the apparatus as shown in Fig 1.
With the test sample in position, the apparatus
should be placed in a refrigerated compartment
and maintained at the lowest installation
temperature recommended by the manufac-
turer for a period of not less than 4 h. At the
end of this period, and with the sample main-
tained at the minimum installation tempera-
ture, the sample should be bent through 90°
around one of the bending mandrels, then bent
through 180° in the opposite direction over
the second bending mandrel and straightened
toihon‘ginalpodﬁon.Allﬂ:ebmdingopeu-
tions should be carried out in the same plane.
This cycle of operations should be performed
three times.

After completion of the above, the sample
should be submerged in a 5% saltwater solution
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