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recommended that users consult previous editions as appropriate. In all cases, only the
current base version of this publication is to be considered the official document.

This Redline is produced solely by Techstreet. IEEE has not
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Abstract: Provided in this guide are information and recommendations on the equipment, cable
specimens, test conditions, test control methodologies, measurements, data analysis, and
interpretation in performing accelerated aging tests for 5 kV to 46 kV rated cables using water-filled
tanks. The accelerated aging tests may be time-to-failure tests and/or tests in which the samples
are aged for fixed times followed by diagnostic testing.

Keywords: accelerated aging test, accelerated cable life test, ACLT, cross-linked polyethylene,
EPR, ethylene propylene rubber, IEEE 1407, measurement and profile, medium-voltage cable,
tank structure, temperature, test conditions, water-filled tanks, XLPE
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. IEEE standards documents are
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint 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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to
provide an instant response to comments, or questions except in those cases where the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
and Interests area of the [IEEE SA myProject system. An IEEE account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, 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.

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit [IEEE Xplore or contact IEEE. For more information
about The IEEE SA or IEEE’s standards development process, visit the IEEE SA website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE standards are developed in compliance with the IEEE SA Patent Policy.

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents 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.
Further information may be obtained from The IEEE Standards Association.
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IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with
all appropriate safety, security, environmental, health, and interference protection practices and all applicable
laws and regulations.
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Introduction

This introduction is not part of IEEE Std 1407-2021, IEEE Guide for Accelerated Aging Tests for 5 kV to 46 kV Extruded
Electric Power Cables Using Water-Filled Tanks.

This guide provides information and recommendations on the equipment, cable specimens, test conditions,
test control methodologies, measurements, data analysis, and interpretation in performing accelerated aging
tests for 5 kV to 46 kV rated electric power cables using water-filled tanks. The accelerated aging tests may be
time-to-failure tests and/or tests in which the samples are aged for fixed times followed by diagnostic testing.
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1. Overview
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1.1 Scope

This guide provides information and recommendations on the equipment, cable specimens, test

conditions, test control methodologies arrét measurements, data analysis and interpretation in

performing—te—perform accelerated aging tests for 5 kV to 46 kV rated electric power en—meditm-

wvoltage cables using water-filled tanks. The accelerated aging tests may whether—the-test be a time-

to-failure tests and/ test-or tests a—test in which the samples are aged for fixed times followed by &

diagnostic testing

1.2 Purpose

The purpose of this guide is to provide users of accelerated aging tests and the resultant data with

detailed insight into important test parameters and their influence, enumerate reporting

requirements, and recommend data analysis techniques to facilitate comparison of data within and

between laboratories.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to).1,2

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

1The use of the word must is deprecated and cannot be used when stating mandatory requirements, nustis used only to describe

unavoidable situations.

2The use ofwill is deprecated and canno tbe used when stating mandatory requirements, will is only used in statements of fact.
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The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

2. Normativereferences

The following referenced documents are indispensable for the application of this document (i.e,
they must be understood and used, so each referenced document is cited in the-text and its
relationship to this document is explained). For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments or

corrigenda) applies.
AEIC CS8-6%, Specification for Extruded Dielectric Shielded Power Cables Rated 5 through 46 kVv.3

ANSI/ICEA 5-94-649, Standard for Concentric Neutral Cables Rated 5 through 46 kV. 45

ANSI/ICEA 5-97-682, Standard for Utility Shielded Power Cables Rated 5 through 46 kV.

ANSI/ICEA T-24-380, StandardGiele for Partial-Discharge Test Procedure.®

3. Definitions, acronyms, and abbreviations

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 15:20:59 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1407-2021


http://www.techstreet.com/
http://www.ihsmarkit.com/
http://www.avadocuments.com/doc/ieee-1407-2021
http://www.avadocuments.com/doc/ieee-1407-2021

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Stindards

5

Dictionary Online should be consulted for terms not defined in this clause.

abnormality: Any deviation from the pre-establishedpreestablished test conditions, including the

tolerance limits, that may affect the outcome of the test.
air failure: A failurein the cable above the waterline but below the termination.

termination failure: A failure in the portion of the cable that does not have a metallic shield

covering.

water failure: A failure in the active, shielded cable length that is below the waterline and that did

not occur as a result of mechanical damage.

waterline failure: A failure at the interface between air and the tank water to include the distance of

the total waterline variation.

3.2 Acronyms Abbreviations and abbreviations acrenyms

ACBD ac breakdown

ACLT accelerated cable life test
RBS retained breakdown strength
TTE time-to-failure

AW —aeceeleratedwatertreeing test
DSC differential scanning calorimetry

SIEEE Stindands Dictionary Online is available at: http://dictionary .ieee.orz. An IEEE account is required for access to the dictionary

and one canbe created atno charge on the dictionary sign-in page.
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EPR

GMTF

mle

PD

PL

SS

tan O

ethylene propylene rubber

geometric mean time to failure

maximum likelihood estimators

partial discharge

polymer or polymer-lined

conductor resistance

stainless steel

loss tangent (dissipation factor) of insulation

FHe——thermoeouple

THD

TRXLPE

XLPE

IT

total harmonic distortion

tree retardant cross-linked polyethylene

line to ground voltage

very low frequency

2nf wheref is the frequency in Hz of applied voltage

cross-linked polyethylene

insulation thickness

HS

side spacing

SCT

surface covering thickness

IS

end spacing
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VS bottom spacing

SS1 specimen spacing 1

S52 specimen spacing 2

4. Cable materials and design considerations

An accelerated aging test in a water-filled tank, whether a time-to-failure test or a fixed aging time
test (followed by diagnostic testing such as a step ACBD test),; imposes a complex combination of
electrical, thermal, and mechanical stresses on a cable during the aging test program. Since these
stresses are applied to a manufactured cable that, at a minimum, must be a cable core composed of
an unfilled conductor (conductor without strand-filling material that blocks te-bleek the ingress of
moisture or water), conductor shield, insulation, insulation shield (and metallic shield), the test

inherently evaluates these individual materials and their combinations as-wel-as—the-everall-eable

strueture. The synergistic effects between the various materials are important. Insulation/shield
interface characteristics, differences in materials’ wariable thermal expansion characteristics, volatile

materials” diffusion rates, ionic contamination, manufacturing process_differences, and many other

factors provide fer-a complex, dynamic test sample system that is more than a simple sum of the

individual parts.

The initial intent of the test is resistance to moisture for the insulation system [B24]. It should be kept

in mind that thermal aging and other considerations could also limit the life of a cable. When

extending to testing a complete cable, splices, terminations, factory repairs and field repairs would

also factor into the design of the system to keep moisture out and should be tested. Thermal aging,

thermal cycling, cold temperature, cold flow, wear from movement, corrosion, installation,

chemicals in ground water, spills, etc. could all effect the ultimate performance of the system and

should be considered, especially when the jacket, adhesives, and other materials may have much

lower lifetimes in regard to keeping moisture out of a cable core. It should also be considered that

moisture can penetrate into the core osmotically and the system may be limited by the weakest link.
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An accelerated aging test in a water-filled tank, whether a time-to-failure test or a fixed aging time
test followed by diagnostic testing, can also be used to evaluate more than just the cable core. Since
utilities now commonly employ moisture-blocked conductors, overall jacket jaekets, and a variety of
different radial and longitudinal moisture barriers, it is sometimes useful to test complete cable
designs. Under these conditions the entire cable design structure is evaluated, including the cable
core materials, all moisture barriers, jacket jaekets, etc. Once again, the many synergistic interactions

between material and design al—the—eable components_of the cable ultimately dictate the

performance of the overall cable design.

In this respect, an accelerated aging test in a water-filled tank can be considered both a cable core
performance test and a cable design performance test. For purposes of this discussion, when a cable

core test is performed, the test cable sample design consists only of the minimum components

required to make up a shielded cable design. When a cable design test is performed, the test cable
sample design contains all of the components that the cable would have if placed in service on an

electric distribution w#ility system.

4.1 Cable core test

To date, the cable core test This is by far the most common use of the accelerated aging test in a

water-filled tank-+te-date. When conducting the cable core performance test, four different aspects of

thea cable design are addressed.

The frst-component considered to have the most important effect on cable performance evaluated is

the insulation. It is the component that has to withstand the applied voltage. Inand-fer this test, the

insulation # is not protected from moisture ingress_which provides a way to assess the effect of

moisture on extruded insulation materials. For extruded cables moisture can be; a key aspect of the

aging process, though thermal aging may also be a factor fer-many—extrudeddieleetrieinsulation
materials.
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The next seeend component considered to have an important effect on cable performance is the
conductor shield. The conductor shield primarily provides eertrels the smoothness of the conductor
shield/insulation interface, a high stress region of the_cable core design that is critical to achieving
acceptable cable performance. Conductor shield cleanliness is also very important. Some chemical

species, such as ionic and elemental contamination and formulation additives eentaminants—which

can migrate

into the insulation, providing stress enhancement erhaneing sites for water tree initiation and

growth._These chemical species may come from additives in the conductor shield, from the water

used to conduct the test, and from water used in the manufacture of th e conductor shield.

Thenext component considered to have an important effect on cable performance third-aspeet is the
insulation shield. Like the conductor shield, the insulation shield provides eentrels the smoothness

of the insulation/insulation shield interface. It also contains carbon black_and other additives. Like

the conductor shield, it is subject to all of the issues regarding cleanliness. However, because the

voltage stress is lower at the insulation/insulation shield interface istewer-than-that at the conductor
shield/insulation interface, the impact of the insulation shield on cable performance is considered to

be less significant compared to than the conductor shield.

The feurthfactor-in—a—cablecoreevaluationtestisthe manufacturing process used to make the cable

core is another factor which can have an effect on performance. This includes a multitude of factors

including the curing process_(for example dry cure versus steam cure versus moisture cure),

extruder configuration (e.g., 3-in-1 true-triple extrusion versus 1 + 2 tandem triple extrusion), tooling

ane-die design and its their condition, line speed, and-the cable cooling process, and overall cable

quality as quantified by standardized after extrusion factory production testing. Among other

things, these process variables can pre<cesses affect void size and density, insulation morphological

characteristics, residual cross-linking by-product levels, and residual mechanical stresses in the

insulation.
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In summary, a cable core material test is generally considered to be a test of the materials used to

make up the core. However, it is also a test of the process used to manufacture the cable, the cable
quality, and an evaluation of the synergistic interplay between all of these items. Items evaluated in

a cable core accelerated aging test in a water-filled tank are listed as follows:
a) Insulation

b) Conductor shield

C) Insulation shield
d) Manufacturing processes
e) Synergistic effects between all preceding items

The relative ranking of the listed items in significance or importance is arguable, but the cable core

performance test, by its very nature, evaluates all of these components simultaneously.

4.2 Cable design test

While the accelerated aging test in a water-filled tank is primarily used to evaluate cable cores, it is

occasionally used to evaluate complete cable designs. Since complete cable designs often employ

some type of moisture-blocking component(s)_(such as blocked conductors, water-swellable

powders or yarns at the insulation shield/jacket interface, and extruded-to-fill jacket), they generally

wet-age more slowly than cables in a cable core test. The accelerated aging test in a water-filled tank
is suitable ideally—suited for evaluating these cables because the test generally runs for extended

periods of time, often several years.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 15:20:59 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1407-2021


http://www.avadocuments.com/doc/ieee-1407-2021
http://www.avadocuments.com/doc/ieee-1407-2021

A complete cable design normally incorporates a cable core with phts a moisture-blocked conductor,

metallic shielding, and ajacket. It may also employ the use of additional moisture barriers including

water-swellable tapes, hydrophilic or hygroscopic powders, and/or metal laminate sheathing

laminates. How all of these design characteristics combine to influence performance is
extraordinarily complex. The cable core continues to be the most important portion of the cable
structure. However, once moisture ingress to the core structure is reduced or eliminated by one or
more of the components that make up the cable design, then the dynamics of the aging process can
change significantly. For example, if moisture is no longer present at the conductor, the role of the
conductor shield material may not be as pronounced as it would be if moisture were present. The

same is true for the insulation material. For cable designs that are utilized in previdefor a complete

hermetic sealed cable system (including splices and terminations), the seal: insulation characteristics

such as water-tree resistance may no longer be important.

Because it could take several years before specimens in a cable design test fail, it may be appropriate
to remove specimens from the aging test periodically and conduct diagnostic tests such as ACBD
and water tree counts. This is particularly useful for test programs conducted for the purpose of
comparing different cable designs. Once a comparative performance trend is established, the test can

be terminated without having to age the test specimens to failure.

Whether conducting a cable core test or a cable design test, it is important to know that the
accelerated aging test in a water-filled tank does much more than evaluate the performance of one
aspect of a cable construction. All of the cable components—from the conductor shield to the
jacket —are inexorably linked. This means that performance data may shewld not be associated with

one component, but rather with the entire cable construction.

This document does not make specific test protocol recommendations for a cable design test.
However, test specimens in a cable design test are likely to incorporate components such as jacket
jaekets and blocked conductors that impede the ingress of moisture into the cable structure. As a
result, specimens in a cable design test will likely age more slowly than designs in a cable core test.
For this reason, it may be desirable to use more severe test conditions in a cable design test than for a

cable core test.
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5. Test specimens

Table 1 lists a format for documenting the cable under test and provides example information. The

values listed in Table 1 are compatible with tanks shown in Figure 1, Figure 2, and Figure 3. The

cable under test should conform to the latest revision of applicable power cable standards AEIE

E58-07.
Table 1—Example of cable documentation
Voltage class 15KV 4.4 mm (175 nul) msulation thickness®
Conductor 535 mm?® (1/0 AWG) 1350-H19 stranded compressed aluminum?
New

AN

Z

Nge class

15kV,* 4.4 mm (175 mil)y insulation thickness b

/

Cnnd}&Qr

53.5 mm? (1/0 AWG) 1350-H19 stranded compressed allmu'nmy/

Cnmh\ctow

of manufacture

0.38 mum (0.015 in) state grade and manufacturer, blend ?é, and date

Insulation \

4.4 mm (0.175 in) state grade and manufacturer, bl number, and date
of manufacture

0.76 mum (0.030 in) state grade a.ndmmmf?té, blend mumber, and date

= 6 #14 bare copper wires *

of manufacture

Insulation shield \
Metallic shield \
Jacket

N

None or identifyy material, thickngfs *

Cable extrusion

Sre e 4

Cable extrusion date To beNpcluded /
Cure process Dy cure\ /
Extrusion run identification Job number, number

Cable manufacturer

Tobe ﬁy{ded \

Cable quality control tests

To }rést relevant ICEA

Number of specimens in population

/é[]a

Specimen total length

/

=5m(l6f)°

Specimen length under water /

=3Tm (12 ft)

Number of cable coils /

=1

Inner diameter cable 9{

610 wawn (24 in) *

Date water added 6 tanic To be included \
Date initial water added to conductor To be included \
Start vopfigeheat cycles date To be included \

ement specimen

necessary to maintain consistent water temperature

Same type and construction of cable as test specimen if cable henﬁ@ﬁ\

(Peleted)
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Table 1—Example of cable documentation (continued)

Conductor i biend musber, anddate of mammcnre

— £ 753 o e

Luslation shield bicnd mumber and dfe ot mamprcmne

Metallic shield = 6 #14 bare copper wires®

Jacket None or idenfify material, thickness®

Cable extrusion True triple

Cable extrusion date To be included

Cure process Dry cure

Degree of cure Hot set value

Extrusion run identification Job number, reel number

Cable manufacturer Tobe included

Cable quality control tests To latest relevant [CEA standard®

Number of specimens in population =10=

Specimen total length =5m(16 fty

Specimen length under water =3 T7m (12 1)

Number of cable coils =1

Inner diameter cable coil 610 mm (24 in)

Water type used Tobe included

Date water added to tank To be included

Date initial water added to conductor Tobe included

Start voltage heat cycles date To be included

Replacement specimen 151::]1_& type and coﬂs_m;ctio_ﬂ of cable as test specimen if cable
ating is necessary fo maintain consistent water temperature®

New
aValues or tests in common use according to a survey conducted by the original task force of A13W.

bInsulation thickness at point of failure is recommended for reporting in Clause 13, Clause 14, and

Clause 15.

CSpecimen total length needs to be increased to a minimum of 9.5 m (32 ft) if the residual breakdown

strength will be measured after cable aging.
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6. Prior electrical tests and thermal preconditioning-efspecimens

6.1 Prior electrical tests

Prior electrical tests are carried out to help ensure the quality of the cable on the reel from which

individual ACLT test specimens will be extracted. It is suggested that partial discharge and ac

voltage withstand tests be performed on the reel of cable per the applicable sections of the latest

revision of ANSI/ICEA S-94-649. After cutting and terminating the individual ACLT test specimens,

each specimen can once again be subjected to a PD test to make sure the terminations were properly

installed and are PD-free. The partial discharge test may be carried out according to ANSI/ICEA T-

24-380 and the applicable section of thelatest revision of ANSI/ICEA S-94-649.

If a fixed aging time accelerated aging test followed by diagnostic testing is the desired testing
protocol rather than a time-to-failure test protocol, then initial diagnostic testing on each individual

ACLT test specimen can be performed prior to the initiation of accelerated aging in the tanks.

Consideration should be given to the severity of prior diagnostic testing and the possibility that this

testing could influence future aging performance of individual specimens in the tanks. Examples of

initial non-destructive diagnostic tests which have been employed prior to fixed time aging in water
filled tanks include DF measurements (both at 60 Hz and at VLF),

isothermal relaxation current measurements, recovery voltage measurements, and dielectric

spectroscopy measurements [B15]. Be aware that the maximum voltage level used for these

diagnostic tests may impact the cable specimens. If the chosen diagnostic measurement is a
destructive test such as an ac breakdown test, then the initial diagnostic testing must be performed
on different individual specimens than those to be subjected to accelerated aging in the tanks. These

unaged ac breakdown values can then be compared to the ac breakdown values on aged samples

coming out of the tank following a fixed time aging period.
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6.2 Thermal preconditioning of specimens

Once the quality of the cable on a reel is established and prior to any initial diagnostic

measurements, thermal preconditioning is commonly ef-eable-speeimens—are carried out te-assess

seme—cross-linking by-products; which can occur in some cross-linking processes and whieh—are

known to affect the electrical properties of cables. Thermal preconditioning should not significantly

alter the morphology of the polymeric materials of the cable core X-PE.

It is well known that the most commonly used chemical cross-linking agent, dicumyl peroxide,

produces a number of cross-linking agent by-products that include methane, acetophenone, cumyl

alcohol, a-methyl styrene, and smaller quantities of other by-products_(Andrews et al., [B5]). Their
formation cannot be avoided, but they are migratory and can diffuse out of treeretically—elatilize

from the cable. Residual cross-linking agent by-products may influence the electrical properties of

polymeric insulating materials such as XLPE, TRXLPE, and EPR. The_type and level of residuals will

depend on the specific chemical reactions; which occur during manufacture, and the rate at which

the by-products subsequently diffuse through the extruded layers. Altheugh-thesame-erosstinking

S - D TR L on d EPR _tha wotn of 100 cino o]l diffny. Lo YT DL R C

and-EPR-and-may—varyfordifferent TRXEPE-and EPRformulations—There have been a number of

studies of the effects of the by-products on the short- and long-term electrical behavior of XLPE,

TRXLPE-nsulatien, and EPR insulations and these are summarized in Annex A. 1t is important to

note that other peroxides besides dicumyl peroxide may produce different cross-linking by-

products.
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Silane-cured XLPE does not use dicumyl peroxide as the curing agent and thus contains different
cross-linking by-products. Little Ne data are available at this time on the effects of the by-products

for silane-cured insulation (Ahlinder et al., [B3]), and the procedures in this clause may not be

applicable to silane-cured XLPE. Some Adse-re data are available in the published literature on the

effect of cross-linking by-products on EPR-insulated cables (Srinivas [B33]).

Although their effects on the performance of extruded cable insulation are not precisely known,
there is sufficient published data, at least for steam-cured XLPE, to show that an increased
concentration of by-products improves the resistance of the insulation system to water-treeing, see
Annex A. Furthermore,—ane-that the concentration of by-products in XLPE and TRXLPE gradually
decreases with timee-gtheconcentration-oferosstinking byproduetsin 151V XEPEcablemaybe
less—than—100-ppm—atter H0—pears—in—serviee and—as—a—+result may not contribute to the water-tree

retardancy. However, in accelerated aging tests lasting a year or even longer, if the accelerated

temperature does not drive off the cross-linking by-products, an apparent improved resistance of
the insulation to water-treeing could result. Thus, the long-term behavior, for the insulation with a
low concentration of by-products, may not be as good as that predicted by the results of the
accelerated aging test. To reduce this possibility, the cables are preconditioned in order to reduce the
amount of by-products in the insulation before being subjected to the aging test. The most common
form of preconditioning is to subject the cables to elevated temperatures, either by conductor

heating or oven heating, to increase the rate of diffusion of the by-products from the insulation.
In addition to removing the by-products, elevated-temperature preconditioning can:

— Cause chemical changes in the insulation depending on the temperature and time

employed.

— Cause morphological changes in the insulation due to partial melting and

recrystallization of the polymeric components of the insulation.

— Cause theinsulation system to dry out.
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