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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
ational electrotechnical committees (IEC National Committees). The object of IEC is to_promote intern
bperation on all questions concerning standardization in the electrical and electronic-fields. To this g
ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
licly Available Specifications (PAS) and Guides (hereafter referred to as AEQC Publication(s)”)
baration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-govetnmental organizations
the IEC also participate in this preparation. IEC collaborates closely with the International Organiza
hdardization (ISO) in accordance with conditions determined by agreemént between the two organiza

Thsg

conisensus of opinion on the relevant subjects since each technicalk committee has representation f
intdrested IEC National Committees.

IEQ Publications have the form of recommendations for interfational use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are<made to ensure that the technical content
Puljlications is accurate, IEC cannot be held responsible for the way in which they are used or
misjnterpretation by any end user.
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assessment services and, in some areas, ‘access to IEC marks of conformity. IEC is not responsible
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indispensable for, the correct application of this publication.

IEQ
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formal decisions or agreements of IEC on technical matters express$, as nearly as possible, an interr]

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
sparently to the maximum extent possible in theirnational and regional publications. Any divergence b|
IEC Publication and the corresponding national or regional publication shall be clearly indicated in thd

itself does not provide any attestation @f¢onformity. Independent certification bodies provide con

ices carried out by independent certification bodies.

Lisers should ensure that they have the latest edition of this publication.

liability shall attach to IEC ¢f its directors, employees, servants or agents including individual expe|
nbers of its technical committees and IEC National Committees for any personal injury, property dan
enses arising out of<the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to the Normative references cited in this publication. Use of the referenced publica

draws attention to the possibility that the implementation of this document may involve the us¢g
ent(s). lEC€ takes no position concerning the evidence, validity or applicability of any claimed patent r
ect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s
bérequired to implement this document. However, implementers are cautioned that this may not re

br damage of any natufe whatsoever, whether direct or indirect, or for costs (including legal feqs
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latest information, which may be obtained from the patent database available at https://patents.iec.

sha

Il not be held responsible for identifying any or all such patent rights.

This commented version (CMV) of the official standard IEC 61109:2025 edition 3.0 allows
the user to identify the changes made to the previous IEC 61109:2008 edition 2.0.
Furthermore, comments from IEC TC 36 experts are provided to explain the reasons of
the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.


Title is changed to cover AC and DC applications. At this stage the maintenance team (MT 18) was not able to define mandatory test procedures for DC applications, but Annex G give some informative proposals for DC special type and design tests. It is planned for the next revision to define DC specific test procedures and maybe design proposals.
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IEC 61109 has been prepared by subcommittee 36B: Insulators for overhead lines, of IEC
technical committee 36: Insulators. It is an International Standard.

This third edition cancels and replaces the second edition published in 2008. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) extension of this document to apply both to AC and DC systems;
b) modifications of Clause 3, Terms, definitions and abbreviations;

c) removal of Clause 7, Hybrid insulators, from this document;

d) modifications of tests procedures recently included in IEC 62217 (hydrophobjcity transfer
test, stress corrosion, water diffusion test on the core with housing);

e) mgdifications on environmental conditions;
f) meodifications on classification of tests and include the relevance of the,interfaces;

g) clarification and modification of the parameters determining the need to repeat design and
type tests;

h) reyision of Table 1;

i) reyision of electrical type tests;

j) reyision of re-testing procedure of sample test;

k) addition of a new Annex D on electric field controlfor AC;

[) addition of a new Annex E on typical sketch for.composite insulators assembly;

m) addition of a new Annex F on mechanicalcgvaluation of the adhesion between corg and
hdusing;

n) addition of a new Annex G on applicability of design- and type tests for DC applications.

The tgxt of this International Standard, is based on the following documents:

Draft Report on voting

36/609/FDIS 36/611/RVD

Full information on thewoting for its approval can be found in the report on voting indicated in
the above table.

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accorwwmwﬂﬂmmwﬂ_mmjilable

at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

This International Standard is to be used in conjunction with IEC 62217:2012.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.


https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
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INTRODUCTION

Composite suspension and tension |2 insulators (in the following the term "composite insulator"”
is used) consist of fibreglass insulating core, bearing the mechanical load protected by a
polymeric housing, the load being transmitted to the core by metallic end fittings. Despite these
common features, the materials used and the-censtruction design details and manufacturing
process used by different manufacturers may differ.

Some tests have been grouped together as "Design tests", to be performed only once on
insulators which satisfy the same design conditions. For all design tests of these composite
suspension-and-tension insulators, the appropriate common clauses defined in IEC 62217 are
appllgd As far as practical, the influence of time on the electrical and mechanical properties of

its cdmponents (core—material, housing, interfaces etc.) and of the complete éomposite
insulators has been considered in specifying the design tests to ensure a satisfactory lifetime
under| normally known stress conditions of transmission lines. Explanation of the principgles of
the dgmage limit, load coordination and testing are presented in Annex A.

It has| not been considered useful to specify a power arc test as a mandatory test. The test
paranpeters are manifold and can have very different values depending‘on the configuratipns of
the ngtwork and the supports and on the design of arc-protection devices. The heating effect of
powel arcs-should need to be considered in the design of metal fittings. Critical damage [to the
metal| fittings resulting from the magnitude and duration of.th'e short-circuit current can be
avoided by properly designed arc-protection devices. This document, however, dogs not
excludle the possibility of a power arc test by agreement between the user-and-manufacturer
and cpistomer. IEC 61467 gives details on AC power arctesting of complete insulator setsg, that
matcH their configuration with actual protective amd” string fittings, to recreate thg¢ real
electrpmagnetic field affecting the arc movement.

This qocument~govers both AC and DC composite insulators. Before the appropriate standard
for D@ applications is issued, the majority of tests listed in this document can also be appljcable
for D@ (Afnegx G). Due to the difference in AC and DC tracking performance, a specific tracking

and efesien test procedure for DC applications as a design test is planned to be developed.
The 1[Oﬁﬁ-hﬁmmmwr5&82ﬁmmwmm imum

requirement for the tracking and erosion resistance. This 1 000 h salt fog tracking and erosion
test is considered as a screening test intended to reject materials in combination with the design
which are inadequate. Tracking and erosion tests are not intended to evaluate long term
performance of insulators. Such tests, e.g. the 5 000 h multiple stress test and wheel test in
IEC TR 62730 [1]2, or other tests intended for research or sometimes used as a supplementary
design test, are not considered in this document.

Composite suspension and tension insulators are, in general, not intended for torsion or other
non-tensile loads. However, due to consideration to non-standard applications (interphase

2 Numbers in square brackets refer to the bibliography.



This standard defines composite suspension and tension insulators, and in edition 2.0 the definition “long rod” was used in some chapters. MT 18 decided to replace “long rod” by “composite insulators” in the whole standard, the definition “long rod” is used for porcelain insulators.

https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943
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spacers etc.) loads during handling and installation have to be considered in the design.
Guidance on non-standard loads is given in Annex C.

Wherever possible, IEC Guide 111 [2] has been followed for the drafting of this document.
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INSULATORS FOR OVERHEAD LINES
COMPOSITE SUSPENSION AND TENSION INSULATORS

FOR-A-C-SYSTEMS WITH-ANOMINAL AC VOLTAGE GREATER THAN

1 S

1 000 V AND DC VOLTAGE GREATER THAN 1500 V -
DEFINITIONS, TEST METHODS AND ACCEPTANCE CRITERIA

cope o oot

This |
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glass |-
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Comp

nternational Standard applies to composite-suspensienftension insulators for_ ‘overhead

consisting of a load-bearing cylindrical insulating solid core consisting of fibtes'— u

eric material and metal end fittings permanently attached to the insulating’core.

sually

in a resin-based matrix, a housing (eutside surrounding the insulating¢core) made of

osite insulators covered by this document are intended for use as suspension/tensiqn line

insulators, but-it should-be-neoted-that these insulators-ean could ocgasionally be subjected to

comp
such

ession or bending, for example when used as-phase interphase-spacers. Guidan|
oads is outlined in Annex C.

ce on

This d

operafing conditions or environments beyond normal environmental conditions defin

Table

2 Normative references

The fq

constitutes requirements of this document. For dated references, only the edition cited af

For U
amen

bject of this document is to

fine the terms used,
bscribe specify test methods,
bscribe specify acceptance criteriaf

ocument does not include requirements dealing with the choice of insulators for sy

1.

llowing documents are referred to in the text in such a way that some or all of their ¢

ndated \references, the latest edition of the referenced document (including
Himents) applies.

IEC 6

ecific
ed in

bntent
plies.
) any

IEC 60383-1,

avaVa¥aulr| N LL £ s L. H D Y A -
VUUUT T T L3 | J

I 4 4 .
myrrm-vurnayv 1ol IUUTNTITIyut o rdr CTrmimirvITTe drfu 1ot TOYUITTT

ents

Insulators for overhead lines with a nominal voltage above 1000 V — Part 1:

Ceramic or glass insulator units for AC systems — Definitions, test methods and acceptance
criteria

IEC 60383-2, Insulators for overhead lines with a nominal voltage above 1 000V — Part 2:
Insulator strings and insulator sets for AC systems — Definitions, test methods and acceptance
criteria

IEC 60437, Radio interference test on high-voltage insulators

IEC 61284, Overhead lines — Requirements and tests for fittings
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IEC 61466-1, Composite string insulator units for overhead lines with a nominal voltage greater
than 1 000 V — Part 1: Standard strength classes and end fittings

IEC 61467, Insulators for overhead lines — Insulator strings and sets for lines with a nominal
voltage greater than 1 000 V — AC power arc tests

IEC 62217:2005—3, Polymeric HV insulators for indoor and outdoor use-with-a-neminal-veltage
>1-000-V — General definitions, test methods and acceptance criteria

IEC 62231, Composite station post insulators for substations with AC voltages greater than
1 000V up to 245 kV — Definitions, test methods and acceptance criteria

ISO 3452 (all parts), Non-destructive testing — Penetrant testing

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

ISO gnd IEC maintain terminology databases for use in stapdardization at the following
addrepses:

e |E[C Electropedia: available at https://www.electropedia.©rg/
e ISP Online browsing platform: available at https://wWwy.iso.org/obp

Note 1|to entry: Certain terms from IEC 62217:2012 are xeproduced here for ease of reference. Adfitional
definitipns applicable to insulators can be found in IEC 60050:471 [3].

3.1 Terms and definitions

3.11
polymeric insulator
insulgtor whose insulating body congists of at least one organic based material

Note 1 [to entry: Polymeric insulators\are also known as non-ceramic insulators.

Note 2 [to entry: Coupling deviees-may be attached to the ends of the insulating body.

[SOURCE: IEC 60050-471:2007, 471-01-13]

3.1.2
composite insulator
insulator made of at least two insulating parts, namely a core and a housing equippe¢l with
metal|end\fittings

Note 1 to entry: Composite insulators can consist either of individual sheds mounted on the core, with or without
an intermediate sheath, or alternatively, of a housing directly moulded or cast in one or several pieces on to the core.

[SOURCE: IEC 60050-471:2007, 471-01-02]

3.1.3
core (of acompesite an insulator)

3 Under preparation. Stage at the time of publication: IEC/RFDIS 62217:2025.


https://www.electropedia.org/
https://www.iso.org/obp
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-13
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-02
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HEV.474-04-03. lified]

central insulating part of an insulator which provides the mechanical characteristics
Note 1 to entry: The housing and sheds are not part of the core.

[SOURCE: IEC 60050-471:2007, 471-01-03]

3.1.4
insulator trunk
central insulating part of an insulator from which the sheds project

Note 1 [to entry: Also known as shank on smaller insulators.

[SOURCE: IEC 60050-471:2007, 471-01-11]

3.1.5
housing
external insulating part of composite insulator providing the necessary Creepage distange and
protegting protects the core from the environment

Note 1[to entry: An intermediate sheath made of insulating material may bepact'of the housing.

[SOURCE: IEC 60050-471:2007, 471-01-09]

3.1.6
shed |(of an insulator)
insuldting part, projecting from the insulator trunk;intended to increase the creepage disfance

Note 1 fto entry: The shed can be with or without undérxribs.

[SOURCE: IEC 60050-471:2007, 471-01<45]

3.1.7
interface
contaft surface between the different materials

Note 1 [to entry: Various interfaces exist in composite insulators, e.g.:

— betyeen housing and#&ixirg-devices end fittings;

— betyeen various parts of the housing; e.g. between separately manufactured sheds, or between shegth and
sheds;

— betyween core.and housing;
— betyeen(sealant and core;

— betweshsealant and end fittings.

(Annex E: Typical sketches for composite insulator assemblies)

(Definition 3.10 of IEC 62217]

[SOURCE: IEC 62217:—, 3.11, modified — "contact" added in definition, Note 1 to entry
modified]

3.1.8

end fitting

integral component or formed part of an insulator intended to connect it to a supporting
structure, or to a conductor, or to an item of equipment, or to another insulator

Note 1 to entry: Where the end fitting is metallic, in general the term "metal fitting" is used.

Note 2 to entry: Standard end fittings are defined in IEC 61466-1.



https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-03
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-11
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-09
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-15
https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943
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[SOURCE: IEC 60050-471:2007, 471-01-06]

3.1.9

connection zone

zone where the mechanical load is transmitted between the-insulating-bedy core and the end
fitting

(Definition 3.12 of IEC 62217]

[SOURCE: IEC 62217:2012, 3.13, modified — "insulating body and the fixing device" replaced
by "core and the end fitting"]

3.1.1
coupling
part of the end fitting which transmits the load to the accessories external to the.insulatof

(Definition 3.13 of |EC 62217, ified)

[SOURCE: IEC 62217:2012, 3.14, modified — "fixing device" replaced by "end fifting",
"hardyare" replaced by "accessories"]

3.1.11
creeplage distance
shortgst distance or the sum of the shortest distances alofg the surface on an insulator befween
two cpnductive parts which normally have the operatingvoltage between them

[SOURCE: IEC 60050-471:2007, 471-01-04]

3.1.1%
arcing distance
shortgst distance in the air external toike insulator between the metallic parts which normally
have the operating voltage between them

Note 1|to entry: The term "dry arcing distance" is also used.

[SOURCE: IEC 60050-471:2007, 471-01-01]

3.1.13
specified mechanical load
SML
withstiand loads ‘specified by the manufacturer, which is used for mechanical tests ip this
document

3.11
routine test load

RTL

load applied to all assembled composite insulators during a routine mechanical test

3.1.15

mechanical failing load

maximum load that is reached when the insulator is tested under the—preseribed standard
conditions

[SOURCE: IEC 60050-471:2007, 471-01-12, modified — "prescribed" replaced by "standard",
Note 1 to entry removed]


https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-06
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-04
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-01
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-12
https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943
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3.1.16

insulator set
assembly of one or more insulator strings suitably connected together, complete with end
fittings and protective devices as required in service

Note 1

to entry: The terms "arcing and field grading devices" is also used for protective devices.

[SOURCE: IEC 60050-471:2007, 471-03-02]

3.1.17
string insulator unit

xible

cap ap

attach

Note 1

[SOU

3.1.1
seali
methd

Note 1

[SOU

3.1.14¢
seala
additi

Note 1
Note 2

3.1.2(
gradi
prote

intern
comp

3.2

dnin inculatar ar lana rad incnlatar ~f wwhich tha aond fittinac ara ocitahlg far fl
G—pH— S ot O — e R o Suat 68— e e— e e tehgS— ot ore—e—t

ment to other similar string insulator units or to connecting accessories

to entry: Cap and pin insulators are not composite insulators and are not part of this document.
RCE: IEC 60050-471:2007, 471-03-08]
9

d for providing the ability of a component to resist the ingress(of contaminants

to entry: Contaminants include pollution and moisture.

RCE: I[EC 60050-581:2008, 581-23-16]

nt
bnal material used for sealing

to entry: Typically RTV-silicones are used foficomposite insulators.

to entry: See sealant in Annex E: Typical principles sketch for composite insulators assembly.

ng/corona ring

tive devices made frem metal attached to the composite insulator end fitti
ediate string fittinghintended to keep the electric field anywhere along the surfa
hsite insulator betow'the specified maximum value

Abbreviated terms

The following'abbreviated terms are used in this document:

ng or
ce of

E1, ER Sample sets for sample tests

Mpy Average—minfatingtoad-ofthe—eore—assembled-with-fithrgs
RTL Routine test load

RTV Room-temperature-vulcanizing silicone

SML Specified mechanical load

4 Ildentification

In addition to the requirements of IEC 62217, each insulator shall be marked with the SML.

It is recommended that each insulator is marked or labelled by the manufacturer to show that it
has passed the routine mechanical test.



https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-03-02
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-03-08
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=581-23-16
https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943
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5 Environmental conditions 3

2025

The normal environmental conditions to which insulators are submitted in service are defined
in IEC 62217 and shown in Table 1. Terms are defined as follows:

Indoor environment: installation within a building or other construction where the insulators
are protected against wind, rain, snow, periodical fast-built pollution deposits, abnormal
condensation, ice and hoar frost.

Outdoor environment: installation in open air outside any building or shelter, where the
insulators are submitted to wind, rain, snow, periodical fast-built pollution deposits, high
condensation, ice and hoar frost.

ice conditions of polymeric insulators deviate significantly from the parameters i \‘Be

If sery ble 1,
the ingulator is to be designed or evaluated according to agreement between the mer and
manu for a

specific environment and specific insulator design (including material and pr

facturer. Alternatively, if positive service experience ("i.e. no failures“()@g)v lablg

7 the insulator

can bg used for this specific environment, deviating from normal environme'rll conditions.

>
Table 1 — Normal environmental conditior}i\

(02N
Indoor insulation ‘ (")U Outdoor insulation
— g

Maximium ambient air temperature? | Does not exceed 40 °C and its av value measured over a periofd of

24 h does not exceed 35 °C {z\

N4
Minimum ambient air temperature® -25°C /\Q ‘ —40 °C
Vibrafion Negligible vibration due fo/cduses external to the insulators or to earth
c

tremors®. \\\

Solar|radiation® Not app};&{e Up to a level of 1 120 W/mP
\ A

Site plollution severity® No significanty\k@‘ution by dust, Pollution by dust, smoke, corrogive

smoke, cor@ive and/or gases, vapours or salt occurs.

flammabl@ ses, vapours, or salt. | Pollution does not exceed SPS|class

A\ "heavy" as defined in
\'9 IEC TS 60815-1 [5].
Humi ityf ain, snow, abnormal humidity, | Rain, snow, abnormal humidity|
\’\60 densation, ice and hoar frost condensation, ice and hoar frodt
C)\ occur.

If ekceeded, follow the recommmendations of IEC TR 62039 [5] for the core and adhesive materials (like glue) in
"glpss transition temper, section.

In general, temperatt@{ elow —40 °C are non-critical for service. However, for handling and installatjon the
crystallization temfyerature of the polymeric housing is to be considered. For line installations with tempeyatures|
below —20 °C, ial steel grades with low ductile transition temperature can be specified.

Vibfation (@extemal causes can be dealt with in accordance to IEC 60721-1 [6].

defe on the insulator material. If service conditions of polymeric insulators deviate significantly frpm the
parameters in Table 1, the insulator is to be designed/evaluated taking into account relevant service experience.
In the absence of significant service experience, special tests simulating the solar radiation condition of the
installation area have to be carried out.

For ou;@ application, the influence of deviation from the assumed level of 1 120 W/m?2.

In general, pollution is not an issue for indoor insulators. In particular cases, such as DC.

indoor conditions, the insulators can accumulate some contamination due to DC electrical field. However, the
pollution flashover phenomena cannot develop when the humidity is controlled. For outdoor conditions the
requirements of IEC 62217 are specified for stresses arising in relatively harsh but not extreme environments
(see e.g. hydrophobicity verification and tracking and erosion tests for which criteria are provided in IEC 62039).

Insulator for indoor applications can also be used in presence of limited deviations from the above conditions if|
positive service experience "i.e. no failures" is available and condensation occurs only occasionally.

To limit condensation-related phenomena, the average value of the normal humidity condition, measured over a
period of 24 h does not exceed 95 % and when measured over a period of one month, does not exceed 90 %.
Exceeding these values is considered as abnormal humidity condition.



The environmental conditions are identical to IEC 62217, but MT 18 decided to add it here as well to make this standard easier to handle for the user.

https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943
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6 Transport, storage and installation

In addition to the requirements of IEC 62217, information on handling of composite insulators
can be found in CIGRE TB 184 [7] and TB 919 [9]. During installation, or when used in non-
standard configurations, composite-suspension insulators may be submitted to high torsion,
compression or bending loads for which they are not designed. Annex C gives guidance-en

catering for such loads.

Where required the assembly instruction of the grading/corona rings should be supplied to the
client, containing the correct positioning and installation of the grading/corona rings on the
insulators.

7 Tplerances

Unlesk otherwise agreed, a tolerance of

+

0,04 x d +1,5) mm when d <300 mm,
+ (0,025 x d + 6) mm when 4 > 300 mm with_asmaximum tolerance of £ 50 mm

shall be allowed on all dimensions for which 'specific tolerances are not requested or given on
the inpulator drawing (d being the dimensjon in millimeters).

The measurement of creepage distances shall be related to the design dimension$ and
tolerapces as determined from the-insulator drawing, even if this dimension is greater than the
value|originally specified. Whena minimum creepage is specified, the negative tolerance-is

also-Hmited-by-this-value for minimum creepage distance is zero [8.

In the|case of insulators with creepage distance exceeding 3 m, it is allowed to measure g short
sectign around 1 mionhg of the insulator and to extrapolate, provided that the unmegsured
lengthls have the same shed diameters, profiles and spacing as the measured section on|which
the eftrapolationis based.

8 Cllassification of tests

8.1 Design tests

These tests are intended to verify the suitability of the design, materials and method of
manufacture (technology). A composite-suspension insulator design is defined by the following
elements:

— Housing materials, including their formulation and manufacturing process.

— Core materials.



Hybrid insulators is removed, due to the availability of the new standard IEC 62896.

The redefining of tolerances for creepage distances was under discussion in MT 18. The question was whether we have to define a maximum tolerance as well. It was decided that having more creepage than required will not worsen the performance of the insulator, and it should be possible for manufacturers to meet customer requirements with higher creepage distances. This should avoid unnecessary tool investment and test costs. However, for test samples, the realized creepage distance should be documented in the test reports, especially for the 1000-hour salt fog test, as this information is important.

https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943
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— End fittings materials, their manufacturing process and method of attachment (excluding the

co

upling).

— Thickness of the housing surrounding the core (including a sheath where used).

— Diameter of the core.

— Interfaces

Core/housing interface design including type of coupling agent (primer) and assembly;

Housing/end fitting interface design;

Core end fitting interface;

Trunklichad intarfaora and triank/triinlk intarfaca (1f onnlinahla)
oS ea—tte e St oo e e e T

When
Table

When
an eq

TTo-orT o pPToTioTe 7

changes in the design occur, re-qualification shall be carried out in accordancs
2.

e with

a composite-suspension insulator is submitted to the design tests, it becomesaﬂfa%em
lid for

Livalent design insulator for a given design and the results shall beyconhsidered va

that d

insulgtors which have all the following characteristics:

a) same materials (including their formulations) for the c6re and housing and
manufacturing method (including an assembly process of th&/housing);

b) s
arn

c) same or greater minimum layer thickness of the” housing—ever surrounding the|

(in

d) same or smaller stress under mechanical loads;

NOTE
load by

f) e
8.2

The t
deper

e) szme or greater diameter of the core;

sign only. This tested-parent equivalent design insulator define§ a’particular des

me material of the fittings, the same-cennection—=zone) core/end fitting interface d
d the same housing-to-fitting interface geometry;

cluding a sheath where used);

As an example, the SML can serve as mechanical reference load. The stress is calculated by divid
the cross-sectional area of the core.

uivalent housing profile parameters; see Note (a) in Table 2.
Type tests

pe tests are intended to verify the main characteristics of a composite insulator,
d mainly on its shape and size. They also confirm the mechanical characteristics

ign of

same
Bsign,

core

ing the

which
of the

assembled core (seé_Clause A.4). They are made on insulators whose class has satisfi¢d the

desig

An ing
overh

[ tests—mere-details-are-givenin-Clause—.

ulatortype is electrically defined by the arcing distance, creepage distance, inclin
bng @nd spacing of the sheds of an insulator.

ation,

Furthermore, outlines the insulator design characteristics that, when changed, also require a
repeat of the electrical type tests.

An insulator type is mechanically defined by a maximum SML for the given core diameter,
method of attachment and coupling design. The typical coordination between SML and service

loads

can be found in Annex A.

The mechanical type tests shall be performed only once on insulators satisfying the criteria for
each type.

Furthermore, Table 2 indicates additional insulator design characteristics that, when changed,
require a repeat of the mechanical type tests.


https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943
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8.3 Sample tests

The sample tests are for the purpose of verifying other characteristics of composite insulators,
including those which depend on the quality of manufacture and on the materials used. They
are made on insulators taken at random from lots offered for acceptance.

8.4 Routine tests

The aim of these tests is to eliminate composite insulators with manufacturing defects. Routine

tests are carried out on every composite insulator-effered for-acceptance.

Design-tests TyHe-tests
62217 62217
62217 61109 Tests on-housing Tests-on the 41109
material core—material

winnthatinafiact

X | Accelerated

X | X | Fracking-ahdserosion
< .

1 Housing-materials Xel

2 Housing-profile® > 4

3 Core material X X X X

4 Core-diameter® X X X X

5 Core-and-end-liting-manutacturing X X X X X

6 Core-and-end-fitting-assembly x x x
Housing-manufacturing process X Xe} X [ X | X | X Xe)
Housing-assembly-process X Xe) X Xo)
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MullerGuy
Comment c) “Not necessary if it can be demonstrated that the change has no influence on the assembled core strength” is replaced by “Not necessary if the stress under mechanical loads is the same or smaller” and is applicable for core diameter changes only. Changes in the manufacturing processes, for example preheating-, injection- or curing temperatures might influence the assembled core load strength. Changes in the material or formulation might need adjustments in the manufacturing processes as well.

MullerGuy
Repetition of interface test after profile change is removed. The shed profile itself does not influence this test. In edition 2.0 the shed profile was defined among other parameters on the shed diameter, this includes overhang and trunk/core diameter. In this edition 3.0 it is replaced by the shed overhang. The influence of the core diameter on the interface test is covered by line 2b.

The repetition of the tracking and erosion test after core diameter is added to cover the redefinition of shed profile (diameter → overhang).

Interfaces is added to give the user a better understanding on the importance of interfaces for composite insulators.
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9 Design tests

9.1 General

These tests consist of the tests—preseribed specified in IEC 62217 and a specific assembled
core load-time test as listed in Table 3. The design tests are performed only once, and the
results are recorded in a test report. Each part can be performed independently on new test
specimens, where appropriate. The composite insulator of a particular design shall be qualified
only when all insulators or test specimens pass the design tests.

Fabte 3—=Designtests

Tests on interfaces and connections of end fittings

Reference disruptive-discharge dry power frequency test

Pre-stressing — Sudden load release pre-stressing
Thermal-mechanical pre-stressing
(see 9.3.1 and 9.3.2)

Water immersion pre-stressing

Verification tests

Visual examination

Steep-front impulse voltage test

Dry power-frequency voltage tests

Tests on-shed-and housing material

Hardness test

Accelerated weathering test

Tracking and erosion test — see 9.2.2 for'specimens

Flammability test

Hydrophobicity transfer test

Tests on core material <~ se€ 9.2.3 for specimens

Dye penetration test

Water diffusion test

Stress corrosigntest

Tests oncore with housing — see 9.2.4 for specimens

Waterdiffusion test on the core with housing

Assembled core load-time test — see 9.4 for specimens

Determination of the average failing load of the core of the assembled insulator
- ¢ ¢ . ¢ .
Verification of the 96 h withstand load

The applicability of design tests for direct current (DC) applications is shown in Annex G.

9.2 Test specimens-forlEC 62217

9.2.1 Tests on interfaces and connections of end fittings

Three production insulators-assembled-on-the productiontine shall be tested. The insulation

length (metal to metal spacing) shall not be less than 800 mm. Both end fittings shall be the
same as used on standard production insulators. The end fittings shall be assembled so that
the insulating part from the fitting to the closest shed shall be identical to that of the production
line insulator. If spacers, joining rings or other-features components creating interfaces are
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used in the insulator design (notably for longer insulators), the sample shall include any such
devices in a typical position.

NOTE 1 A fourth insulator might be necessary for calibration of the steep-front impulse voltage test circuit.

NOTE 2 If the manufacturer only has facilities to produce insulators shorter than 800 mm, the design tests-may can
be performed on insulators with available length, but the results are only valid for up to the lengths tested.

9.2.2 Tracking and erosion test

If spacers, joining rings or other—features components creating interfaces are used in the

insulator design (notably for longer insulators), the samples for this test shall include any such
devices-ir-a-typicatpositien

ooty proat poOoSTtroTT

Creepgage distance of the sample shall be between 500 mm and 800 mm as specifled in
IEC 6R217. If the inclusion of spacers or joints, as mentioned above, requires a longer cregpage
distar|jce, the design tests may be performed on insulators of lengths that provide lepkage
distarjces as close to 800 mm as possible. If the manufacturer only has facilities to prpduce
insulgtors with creepage shorter than 500 mm, the design tests may be performed on insulators
of avgilable lengths, but the results are only valid for up to the tested lgngths.

9.2.3 Tests on core material

The specimens, test method and acceptance criteria.shall be as specified in IEC 62217.

9.24 Tests on core with housing

The specimens, test method and acceptafiee criteria shall be as specified in IEC 62217.

NOTE | Annex F describes additional mechauaical methods applicable to verify the level of adhesion core/hpusing.
For degign tests, method A is preferablel_If both water diffusion test on core with housing and pull-off tepsts are
perfornfjed, the same specimens useg first in water diffusion test on core with housing can be used for the |pull-off
test as|described in Annex F.

9.3 [Product specific_pre-stressing for- lEC 62217 tests on interfaces and connectjons
of end fittings

9.3.1 General

The tests shallybe carried out on the three specimens in the sequence as indicated in this
subclause.

9.3.2[_~Sudden load release

The purpose of this test is the pre-stressing all interfaces and connections including the
interface of shed and trunk. It is not related to the connection of the end fittings only.

With the insulator at —20 °C to —25 °C at the start of the test, every test specimen is subjected
to five sudden load releases from a tensile load amounting to 30 % of the SML hold for at least
1 min.

NOTE-+—Annex B describes two examples of possible devices for sudden load release. If
another process/device is used, the time of sudden load release shall be < 50 ms.

NOTE-2 In certain cases, a lower temperature-may can be selected by agreement.
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9.3.3 Thermal-mechanical pre-stress

Before commencing the test, the specimens shall be loaded at the ambient temperature by at
least 5 % of the SML for 1 min, during which the length of the specimens shall be measured to
an accuracy of 0,5 mm. This length shall be the reference length.

The specimens are then submitted to temperature cycles under a continuous mechanical load
as described in Figure 1, the 24 h temperature cycle being performed four times. Each 24 h
cycle has two temperature levels with a duration of at least 8 h, one at (+50 £ 5) °C, the other
at (=35 £ 5) °C. The cold period shall be at a temperature at least 85 K below the value actually
applied in the hot period. The pre-stressing can be conducted in air or any other suitable
mediym

Load RTL (20,5 SML)

Time (R)

+50+5 4
o
]
©
3 4 8 12 1620242832364044485256606468 72 76 80 84 889296
g Time (1)
% —35%5 ——

Y Thermal cycles

EC
Figure 1 — Thermal-mechanical pre-stressing

The gpplied mechanical load shall be equal to the RTL (at least 50 % of the SML) pf the
specimen. The_specimen shall be loaded at ambient temperature before beginning the first
thermpl cycley

The cycles-may be interrupted for maintenance of the test equipment for a total duration ¢f 2 h.
The starting point after any interruption shall be the beginning of the interrupted cycle.

After the test, the length shall again be measured in a similar manner at the same load and at
the original specimen temperature (this is done in order to provide some additional information
about the relative movement of the metal fittings).

NOTE 1 The temperatures and loads in this pre-stressing are not intended to represent service conditions, they are
designed to produce specific reproducible stresses in the interfaces on the insulator.

NOTE 2 In certain cases, a lower temperature can be selected by agreement.
9.4 Assembled core load-time tests
9.4.1 Test specimens

Six insulators made on the production line shall be tested. The insulation length (metal to metal
spacing) shall be not less than 800 mm. Both end fittings shall be identical in all aspects to
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those used on production line insulators, except that they may be modified beyond the end of
the connection zone in order to avoid failure of the couplings.

The six insulators shall be examined visually and a check made that their dimensions conform
with the drawing.

NOTE

9.4.2
9.4.2.
This t

9.4.2.

Threg of the-speeimens composite insulators shall be subjected to a tensile load. The t

If the manufacturer only has facilities to produce insulators shorter than 800 mm, the design tests-may can
be performed on insulators of available lengths, but the results are only valid for up to the tested lengths.

Mechanical load test

1 General

bst is performed in two parts at ambient temperature.

7] Determination of the average failing load of the core of the assempbled
insulator (Myy)

ensile

load ghall be increased rapidly but smoothly from zero to approximately 75 % of the-exgected

mechanical-failingtoad SML and shall then be gradually increased(in a time between 30

90 st

core qr complete pull-out occurs. The average of the three failing loads M,,, shall be calcy

9.4.2.

The r
tensil

in 9.4
out).

new sjpecimen.

10 T

b the SML Once the SML is reached, the load is gradually,ificyeased until breakage

3 Verification of the 96 h withstand load

bmaining three-speeimens composite insulators‘shall be subjected to a tensile loag
e load shall be increased rapidly but smoothly,from zero up to 60 % of My, as calc

2.2 and then maintained at this value for@6 h without failure (breakage or complet
f for any reason the load application is interrupted, then the test shall be restarte

ype tests

General

s and
of the
lated.

. The
ilated
e pull-
on a

The a

pplicability of type tests for DC applications is given in Annex G.
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Electrical tests on string insulator units 10

General

2025

The electrical type tests shall be performed only once on composite insulators satisfying

condi

jons given in Table 2. If protective arcing and electric field control grading devic

S are

used
electr

Electrn
given
sets

neces
comp
Table

Interp
length
from

allow

Test |

are thierefore to be applied with respect to thg(@stomer's specification.

NOTE
require

10.2.3

Onei
exam

If a s:[ing insulator u @ fitted with electric field grading rings as integral parts and tho
i

speci

10.2.3

Table

The mo@p%arrangements for electrical tests on string insulator units shall be as speci

cal testing of string insulator units according to a manufacturer drawing and spggifi

O

n service and are an integral part of a given insulator design, they shall be use
p@@ q

in the
ation.

cal tests specified in this document are part of a product type testing are veJIid for

string insulator units. Such tests and their test results differ from fully bled in
Jjue to associated protective fittings and conductor configuratiop,,arid thereforg
sary to define if the specified electrical values are for the insul nit alone or f
ete insulator set. The application of string insulator units and 'yn\s lator sets are gi

4. C)
olation of electrical test results may be used for stringifisulator units of interm

, provided that the factor between the arcing distanggs of the insulators whose r
he end points of the interpolation range is less t or equal to 1,5. Extrapolation

d. \Q

ulator

it is
pr the
yen in

bdiate
psults
is not

alues and procedures generally depend orf\sbplication (indoor, outdoor, installation) and

N

The electrical type tests of string insulg nits can be performed under customer specific condi
H and agreed between manufacturer and tomer.

Test specimens \O

hsulator taken from the f‘bgfuction line shall be used for each test. The insulator sh
ned visually and checked to see that the dimensions conform with the drawing.

edin a ma& urer's product drawing, they shall be used in the testing.

Mou@% arrangements for electrical tests

tions if

all be

pe are

ied in

The testing shall be done according to IEC 60060-1.

10.2.4 Dry lightning impulse withstand voltage test

The test circuit, test voltage and test procedure shall be in accordance with the criteria stated
in IEC 60060-1.

The test is applicable to string insulator units to be used in indoor and outdoor applications.

10.2.5 Wet power-frequency voltage tests

Wet p

ower frequency withstand voltage test shall be preferably done.


This chapter is updated to clarify the differences between string insulator units and insulator sets. This standard define string insulator units only but we want to make sure that power arc tests and RIV corona tests are important but shall be done on complete insulator sets.
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Wet power frequency disruptive-discharge voltage test could be done additionally.

The test circuit, test voltage and test procedure shall be in accordance with the criteria stated
in IEC 60060-1.

The testing under wet condition is applicable to composite string insulator units to be used in

outdo

or applications only.

For insulators to be used in indoor applications, testing under dry condition according to

IEC 6

10.2.& Wet switching impulse withstand voltage test

Wet sjwitching impulse withstand voltage test are required for insulators intendecﬁ§sy
with U,, = 300 kV.

The test circuit, test voltage and test procedure shall be in accordance with*the criteria
in IEQ 60060-1. NO
N

The t¢sting under wet condition is applicable to composite strin@n ulator units to be u
outdopr applications only.

&
For insulators to be used in indoor applications, test'@é;deer dry condition accord
IEC 6

10.2.7

Cororf

completed on string insulator units also if t§ system voltage level or application requirg

use of

unit's [product drawings. The control of~&ectrical fields is described in Annex D.
xO
10.2.3 Power arc test . c\}*

The p

0060-1 is required.

\o
N4

D060-1 is required. QQ
Corona and radio interference voltagg\\g\;\V) tests
a/RIV tests are related mainly to fuIL§g§sembled insulator sets. These tests ¢

electric field grading rings as their integral parts and those are specified in string ins

N
pwer arc test is typicallg:ﬁot required to be completed on string insulator units.

OQ.

stems

stated

sed in

ng to

an be

bs the
ulator
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Table 4 — Application and mounting arrangements for electrical tests

Test Mounting arrangement
Drv i Lo . .Ste darg-mounting arrangement of 4 sulator string-o
regtired
y ‘ _Sta dard-mounting arrangement of a sulator string-o
required
Wet switching impulse withstand voltage test for Standard-mounting-arrangement of an-insulator stringor
f U= 300kV ; il .
Test String Insulator Unit Insulator Sef?
(single composite insulator) (informative)
Dry lightning impulse withstand according to IEC 60383-2 and according to IEC'60383-2,
voltagp test IEC 60060-1 IEC 61284(and IEC 60060-1
Wet ppwer-frequency withstand according to IEC 60383-2 and accordifg To IEC 60383-2,
voltagp test' IEC 60060-1 IEG61284 and IEC 60060-1
Wet ppwer-frequency disruptive- according to IEC 60383-2 and acgording to IEC 60383-2,
dischdrge (flashover) voltage test’ |IEC 60060-1 |[EC 61284 and IEC 60060-1
Wet syitching impulse withstand ) ,
voltagp test for insulators intended according to IEC 60383-2 and according to IEC 60383-2,
for syftems with U_ > 300 Ky IEC 60060-1 IEC 61284 and IEC 60060-1
Not mandatory and typieally, not according to IEC 61284 and

Coronp/RIV Tests applicable IEC 60437

Not mandatory anddypically, not

. according to IEC 61467
applicable

Power Arc Test

' Th test is applicable to string insulator unitstg“be used in outdoor applications.

2 If fequired, the Water drop induced corona (WDIC) test can be done on insulator sets (instead of or in adldition
to plectric field calculations) as a physiealtest to verify the electric field grading and to prevent negative ¢ffects
of water drop induced corona phenomena on polymeric housing material [9].

10.3 |Damage limit proof.test and test of the tightness of the interface between end
fittings and insulator housing

10.3.1 Test specimens

Four |nsulators)taken from the production line shall be tested. In the case of long insulators,
specimens.may be manufactured, assembled on the production line, with an insulation length
(metal to,\metal spacing) not less than 800 mm. Both end fittings shall be the same @s on
standgrdvproduction insulators. The fittings shall be assembled such that the insulating part
from the fitting to the closest shed is identical to that of the production line insulator. The
insulators shall be examined visually and checked to see that the dimensions conform with the
drawing; they shall then be subjected to the mechanical routine test according to 12.1.

NOTE If the manufacturer only has facilities to produce insulators shorter than 800 mm, the design tests-may can
be performed on insulators of those lengths available to them, but the results are only valid for up to the lengths
tested.

10.3.2 Performance of the test

a) The four specimens are subjected to a tensile load applied between the couplings at ambient
temperature. The tensile load shall be increased rapidly but smoothly from zero up to 70 %
of the SML and then maintained at this value for 96 h.

b) Both ends of one of the four specimens shall, at the end of the 96 h test, be subjected to
crack indication by dye penetration, in accordance with ISO 3452, on the housing in the
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SML, kN (%)

— 27 —

zone embracing the complete length of the interface between the housing and metal fitting
and including an additional area, sufficiently extended, beyond the end of the metal part.

The indication shall be performed in the following way:

Some hou

be

Af
hg

cra

t

T
the

o]
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the surface shall be properly pre-cleaned with the cleaner;

the penetrant shall be applied on the cleaned surface and left to act for 20 min;
the surface shall be cleaned of the excess penetrant and dried;

the developer shall be applied, if necessary;

the surface shall be inspected.

ing ma ma he pene
provided to validate the interpretation of the results.

er the penetration test the specimen shall be inspected. If any cracks are-Vvisibl
using and, if necessary, the metal fittings and the core shall be cut perpendieular
ck in the middle of the widest of the indicated cracks, into two halves. The-surface
0 halves shall then be investigated to measure the depth of the cracks,

e three remaining specimens are then again subjected to a tensilelload applied be

coupllngs at ambient temperature Jhe—tens#e—lead—shau—be—mepeased—mmd

) a¥~¥a s
o eHa-aua

hatweaan 0 a o-the \Vi N0 9% n he \ e h
b Ay S o O OV JU—/—0 v a

he remainderofithe 90
-T he’tensile load shall be incr
bidly but smoothly from zero to approximately 75 %) of the SML and then gra

reased in a time between 30 s to 90 s to the SMkXand then maintained at 100 %

ATANYVA
J—70

a) \Vi| ) a¥a
ootV a O S

SNIL for 60 s. Examples for load-time curves as stiown in Figure 2.
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Figure 2 — Examples for 1 min SML withstand test
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10.3.3 Evaluation of the test
The test is passed if:
— no failure (breakage, slip of end fitting, or complete pull-out of the core, or fracture of the

metal fitting) occurs either during the 96 h test at 70 % of the (SML 10.3.2 a)) and during
the 1 min 100 % withstand test at SML (10.3.2 ¢)),

— if cracks are indicated by the dve penetration method (10.3.2 b)), the investigation of the

hglves described in 10.3.2 b) shows clearly that the cracks do not reach the core.

NOTE | For non-overmoulded designs, the positions of the fittings can be marked on the housing beforesthe test.
11 Shample tests

11.1 |General rules

For the sample tests, two samples are used, E1 and E2. The sizes of these samplgs are
indicated in Table 5. If more than 10 000 insulators are concerned, they shall be divide(d into
an opfimum number of lots comprising between 2 000 and 10 Q@0 insulators. The results [of the
tests ghall be evaluated separately for each lot.

The ipsulators shall be selected from the lot at random, The purchaser has the right to|make
the sglection. The samples shall be subjected to the applicable sampling tests.

The spmple tests are as follows:

a) verification of dimensions ................ 8% i (E1 + E2)
b) verrification of the-leeking-system end-fittings .............cooo (E2)
c) verification of the tightness of
the interface between end fittings and insulator housing ............ (E2)
d) verification of the specifiegd mechanical load, SML ..................... (E1)
€) galvanizing test ... (E2)
f)  minimum sheath thickness.............c.o (E1)

In the|event of a failure of the sample to satisfy a test, the re-testing procedure shall be applied
as specified in.44+7.

newldtors{of's
T O > =4

Weak adhesion between core and housing can lead to moisture ingress and a failure of the
composite insulator in service. For an evaluation of the adhesion between core and housing
additional sample tests defined in Annex F as methods A (only pull-off test performed by tensile
machine or manual load cell), B and C can be performed by agreement between purchaser and
manufacturer.


https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943

IEC 61109:2025 CMV © IEC 2025 - 29 -

Table 5 — Sample sizes

Lot size Sample size
E1 E2
N destructive non-destructive
N <300 10 Subject of agreement
10 <N <30 2 1
30 < N 300 3 2
300 <N <2000 4 3
2000 <N <5000 8 4
5 000 <N <10 000 12 6
Insulajors of sample E2 only can be used in service and only if the galvanizing test is performed withthe magnetic
method. The dye penetration test shall rule out later use of these samples for visual reasons.

11.2 (Verification of dimensions (E1 + E2)

The dimensions given in the drawings shall be verified. The tolerances given in the drawings
are vilid. If no tolerances are given in the drawings the values{mentioned in Clause 7 shall be
used.

11.3 |Verification of the end fittings (E2)

The dimensions and gauges for end fittings are.given in IEC 61466-1. The apprdpriate
verifidation shall be made for the types of fitting used including, if applicable, verification [of the
lockinlg system in accordance with IEC 60383-1<

11.4 |Verification of tightness of the.interface between end fittings and insulator
housing (E2) and of the specified mechanical load, SML (E1)

a) One insulator, selected randomly.from the sample E2, shall be subjected to crack indigation
byl dye penetration, in accordance with ISO 3452, on the housing in the zone embracing the
camplete length of the interface between the housing and metal fitting and including an
additional area, sufficiently’extended, beyond the end of the metal part.

THe indication shall-be*performed in the following way:
— | the surface shall be properly pre-cleaned with the cleaner;
— | the penetgant, which shall act during 20 min, shall be applied on the cleaned surface;

— | within & min after the application of the penetrant, the insulator shall be subjected, at
the-ambient temperature, to a tensile load of 70 % of the SML, applied between the|metal
fittings; the tensile load shall be increased rapidly but smoothly from zero up to 7(1) % of
the SML, and then maintained at this value for 1 min;

— the surface shall be cleaned with the excess penetrant removed, and dried;
— the developer shall be applied, if necessary;
— the surface shall be inspected.

Some housing materials may be penetrated by the penetrant. In such cases, evidence shall
be provided to validate the interpretation of the results.

After the 1 min test at 70 % of the SML, if any cracks occur, the housing and, if necessary,
the metal fittings and the core shall be cut perpendicular to the crack in the middle of the
widest of the indicated cracks, into two halves. The surface of the two halves shall then be
investigated to measure the depth of the cracks.

b) The insulators of the sample E1 shall be subjected to a tensile load applied between the
couplings at ambient temperature. The tensile load shall be increased rapidly but smoothly
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from zero to approximately 75 % of the SML and then gradually increased in a time between

In order to obtain more information from the test, unless special reasons apply (for instance
the maximum tensile load of the test machine), the load may be increased until the failing
load is reached, and its value recorded. Examples for load-time curves are shown in
Figure 2.

The insulators have passed this test if:

NOTE
on the

11.5

This t

11.6

N
The l@yer thickness shall be measured on 4 pd@ons offset by 90°. A criterion is mir]

sheat

For th
three
meas

NOTE

occurs either during the 1 min 70 % withstand test (a) or during the 1@
withstand test (b), C)
no cracks are indicated after the dye penetration method described in 144 a),

the investigation of the halves described in 11.4 a) shows clearly tha‘i/%ue cracks
reach the core. (b

In case of agreement between the client and manufacturer the verification K%ghtness in a) could Y
E1 samples. The specified mechanical load test in b) can be done on the s%e sample.

Galvanizing test (E2) \Q/C)

st shall be performed on all galvanized parts in azo@ nce with [IEC 60383-1.

Minimum sheath thickness (E1) \QQ

h thickness of 3 mm in any of test positi&@.
S

e insulators with section length than 1 meter, it is recommended to use af
positions for measurement, cut@m the top, middle and bottom sections, (in to
irements) see example in Fig@ 3.

P
P

Top Middle | | Bottom

C)$|gure 3 — Location for minimum sheath thickness measurement

Nﬁ -destructive test methods like an ultra-sonic tester can also be used for measuring minimum

no failure (breakage or complete pull-out of the core, or fracture of the metal {itting)

00 %

lo not

e done

imum

least
tal 12

IEC

sheath

thickne

11.7

SS.

Re-testing procedure

If only one insulator or metal part fails to comply with the sample tests, a new sample equal to
twice the quantity originally submitted to that test shall be subjected to re-testing. The re-testing
shall comprise the test in which failure occurred, preceded by those tests which may be
considered as having influenced the results of the original test.
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If two or more insulators or metal parts fail to comply with any of the sample tests, or if any
failure occurs during the re-testing, the complete lot is considered as not complying with this
standard part of the testing and shall be withdrawn by the manufacturer.

Provided the cause of the failure in the increased sample size can be clearly identified to the
satisfaction of the purchaser and there is no risk that it can pass the repeated sample tests
undetected, the manufacturer may sort the lot to eliminate all the insulators with this defect. In
the case of a lot that has been divided into smaller lots and if one of the smaller lots does not
comply, the investigation may be extended to the other lots. The sorted lot(s) or part thereof
may then be re-submitted for testing. The number then selected shall be three times the first
quantity chosen for the tests. The re-testing shall comprise the test in which failure occurred
precegea—by—trese—te whieh—ay—be—sensidered—as—havrg—irftenrced—the—resy of the
originpl test. If any insulator fails during this re-testing, the complete lot is considered\ &
complying with this-standard part of the testing and shall be withdrawn by the manufacturer.

The flpw-chart of re-testing procedure is shown in Figure 4.
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Failure during sample
test

Number of
failed
insulators

Complete lot withdrawn
by manufacturer

Re-test twice the quantity originally
submitted to that test

Failure
occurs
during the
re-testing

Sample test passed; complete
lot released for delivery

Root cause analysis

Cause of
the failure
clearly
identified

Complete lot withdrawn
by manufacturer

Isolate defective insulators from lot and re-test
with 3 x the original test sample quantity

Failure
occurs
during the
re-testing

Sample test passed; sorted lot
released for delivery

Complete lot withdrawn
by manufacturer

IEC

Figure 4 — Method of re-testing at different stages

12 Routine tests

12.1 Mechanical routine test

Every insulator shall withstand, at ambient temperature, a tensile load at RTL corresponding to

+10%
0,5 x SML ( 0 ) for at least 10 s.
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12.2 Visual examination

Each insulator shall be examined. The mounting of the end fittings on the insulating parts shall
be in accordance with the drawings. The color of the insulator shall be approximately as
specified in the drawings. The markings shall be in conformance with the requirements of this
document (see Clause 4).

The following defects are not permitted:

a) superficial defects of an area greater than 25 mm? (the total defective area not to exceed
0,2 % of the total insulator surface) or of depth greater than 1 mm;

c) selparation or lack of bonding at the housing to metal fitting joint—(if—applicablg) for
overmoulded design;

d) selparation or bonding defects at the shed to sheath interface,
e) moulding flashes protruding more than 1 mm above the housing surfacé.
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Annex A
(informative)

Principles of the damage limit, load coordination and testing
for composite suspension and tension insulators

Introductory remark

This Annex A is intended to explain the long-term behaviour of composite suspension and

tensi

n _insulators under mechanical load to show tunical coordination hetween SiM
7 Pl

and
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e loads and to explain the mechanical testing philosophy.

Load-time behaviour and the damage limit

sential part of the mechanical behaviour of resin bonded fibre cores,typically us
bsite insulators, is their load-time behaviour, which deserves somé explanation.

ast experience gained with composite insulators loaded with‘tension loads, both

fraction of its original mechanical strength after a périod of 50 years, whatever the a

bw known that the time to failure of composite/insulators under static tensile loads f
e such as that presented in Figure A.1, T@ take into account the dispersion in the t
Cteristic of the insulator, the withstand ¢urve is positioned, as shown in Figure A.1,
the insulator will not fail no matterhow long the load is applied since there is no dg

to 70 % of the ultimate strength of the core when assembled with fittings. The d3

the core material.

amage limit depends on the kind of core material, on the type of end fitting and ¢

of the gnd* fitting) can have a significant influence to the mechanical ing

ed for

in the

tory and confirmed in service, has shown that the load-time-curve is indeed a curve, and
straight line as was presented in the first version of IEC.64.109. This straight line had often
misinterpreted, leading to the deduction that a composite insulator would only refain a

bplied

bllows
ensile
below
below
mage

core. This load level is known as the damage limit. Typically, the damage limit lays around

mage
mage

n the

n of the connegction zone. Despite the fact that the damage limit is primarily defined as
core property, the ¢ype of end fitting and the design of the connection zone (e.g. the i

ternal
ulator
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Average failing load curve

Withstand load curve

” % >

Damage limit of
the assembled core

-
|

Log (time)
IEC

Figure A.1 — Load-time strength and damage limit
of a core assembled with fittings

A.3 | Service load coordination

For both short- and long-term mechanical loading of the entire composite insulatof, the
mechanical properties of the individual end.fitting types also have to be considered. The
maximum admissible working load value forthe metal end fittings is limited by the elastig limit
of thelmetal material and the design (mechanically stressed cross-section) of the weakes$t end
fitting| part. The maximum admissible load for the entire insulator is therefore given either by
the elpstic limit of the end fittings ardy the damage limit of the assembled core (under normal
envirgnmental conditions as given in<tEC-62217 Table 1).

FigurTéA.Z shows a graphical.representation of the typical relationship of the damage lijmit to
the meechanical characteristics of an insulator with a 16 mm diameter core for typical sgrvice
loads
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Furthe¢r examples of tensile load coordination based on Figure A.2 used by utilities are s

in Fig
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~ Insulator Core <
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130 +--------------- 170
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80 — Damage limit
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6o - _ Typical EMLZ &0
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] Range of typical B
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g everyday loads g
0 0

a8 EML Extraordinary mechanical working load (1 week/50 years)
IEC

Figure A.2 — Graphical representation of the relationship of the damage limit
to the mechanical characteristics and service loads of an insulator with
a 16 mm diameter core and an SML rating of 133 kN

cases, the maximum working load (static and dynamic) shall be below the damage |

ire A.3 and Figure A.4:
S =
~ Insulator Core <
— . | =
E
» ? -
130N - —--— < - 170
] SML :
100 — | 133
80 — Damage limit
70— Elastic limit of fitings__ i
so | _ Tvpical EMLZ | | 50
] RTC
50 t———————- i
40 — s
] Range of typical B
20 —
g everyday loads g
0 0

a8 EML Extraordinary mechanical working load (1 week/50 years)
IEC

Figure A.3 — Applied specific force relationship, example 1

2025

mit of

sulator. It is normal practice to adopt a safety factor of at least 2 between the SML and
bximum working load; this generally ensures-that there is also a sufficient margin befween
hmage limit of the insulator and all seryvice loads. IEC 60826 [11] gives guidanfe for
calculiation of loads and application of proper‘safety factors.

hown
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All individual failing load values e. g. 1,15 or 1,2 x SML-value or a fixed value for identical
ultimate failing modes (e.g. end fitting slip-off). This approach takes care of the statistical
variation of the failing load values of an insulator batch manufactured with a defined family of
raw materials.

Exam

differ¢nce to the other test scenarios shown®io Figure A.2 and Figure A.3 is that the RTL

is 80
has a
limit g

A.4

Two t
limit:

th

S
~ Insulator Core
— . -
E
» — —
130 f--=---""=-=-=---
T00 ——— e [ i
-1 Elastic limit of fittings Damage limit B
80 : RTL i
70 ——=—=--—-=—~———---- B
Typical EML?
60 o — R — 5
50 — B
40 — -
] Range of typical g
20 —
g everyday loads 7
0

a8 EML Extraordinary mechanical working load (1week/50 years)
IEC

Figure A.4 — Applied specific force relationship, example 2

ble is taken from the test requiremeni§’of porcelain long rod insulator history.

% of the SML value. This higher loadiin comparison to the standard requirement of

The
value
50 %

h impact to the dimensioning of the~Core and the end fittings. In the example, the ¢lastic

f fittings raises from 70 % to 90.% and the damage limit of the core from 80 % to 9

Verification tests

bsts are-preseribedispecified in this document to check mechanical strength and dg

Hesign test."96 h withstand load test" (load/time pairs D1 and D2 in Figure A.5) to
b position.af the strength/time curve of the insulator (see 9.4.2);

— a

djmage limit after loading with a constant load of 0,7 SML for 96 h (see 10.3).

ype test "damage limit proof test" (load/time pairs T1 and T2 in Figure A.5) to che

D %.

mage

check

Ck the
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Load

Type test load
(SML withstand check) Average failing
load curve

o0/ 3 g na
OU~ 70 VIAY — —_ — = = - - — — OZ _ = = = = = = — — —_—

(RS il (o £ D R

Design test load
Damage limit of

| Type test load (96 h) the assembled coré

n >
I -

1 min 96 h Log (time)
IEQ

Figure A.5 — Test loads

The design test verifies the starting point of the actual initial load time curve by using My,

(average failing load of the assembled core) and the minimum position of the damage limit by
a withistand test for 96 h at 0,6 M,,,.

The ghoice of the SML with respect to M), is made by the manufacturer as a functjon of

statis{ical data, design and process. There is no simple rule governing this relation. In order to
checkl the coherence of the chosen SML with respect to the damage limit of the assembled
insuldtor, the type test requires the insulator to withstand 70 % of the SML during 96 h followed
by the SML for one minute. If thie: strength coordination is correct, then the insulator wfill not
sufferfany damage during the"96 h and will still be able to withstand the SML.

NOTE | In some cases, depending on the chosen SML level, it is possible for the 96 h load for the type tegt to be
higher than the 96 h load for the design test. This does not preclude the need for the design test.
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Annex B
(informative)

Example of two possible devices for sudden release of load

B.1 Device 1 (Figure B.1)

The device consists of a hook A, a release lever B and a mounting plate C. Hook A can rotate
on its pivot which is attached to the mounting plate. Tension is applied to the insulator by means
of a suitable bolt or shackle, D.

During the time the insulator is under load, the release lever is retained in the positioan $hown
by the unbroken lines. Due to the length of the release lever B, a small force ,is\sufficient to
movel|it to the position shown by a broken line, rotating it on its pivot and maqving the p(vot in
the difection X.

This gperation of the release lever causes the hook to rotate on its piyet,"hence releasing the
bolt of shackle, D.

IEC

Figure B.1 — Example of possible device 1 for sudden release of load

B.2 | Device 2 (Figure B.2)

The device consists of a breakage piece E screwed into two metallic extremities F and G which
link the insulator to the tensile machine.

The breakage piece E is in the form of a dumb bell whose diameter is calibrated as a function
of the steel used and of the desired breaking load.

The steel utilized for the piece E shall have a yield stress close to the ultimate tensile stress.
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Figure B.2 — Example of possible device 2 for sudden release of load
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Annex C
(informative)

Guidance on non-standard mechanical stresses and

dynamic mechanical loading of composite-tension/suspension insulators

CA

Introductory remark

This Annex C prowdes gwdance on serwce cond|t|ons where non-standard mechanical loads

are in
mech
made
comp

Comp
tensilg
loads

bnical Ioads are torslon compressmn (buckllng) and bendlng stress Ioads Refere
based on insulator field experience to date, on the expected mechanical perferma
bsite insulators subjected to in-service dynamic mechanical loads.

osite-suspensionftension insulators are primarily designed to operateyunder mech
loads/stresses. However, in certain operations/applications, addijtional non-sta

can be applied to the insulator. Avoidance of subjecting—tensicgh/suspension

andard
nce is
hce of

anical
ndard
these

insulators to non-standard loads should be made where possible. Guidance on minimizing the

introd
Guidd

c.2

In ling
corred
comp
single

uction of such load conditions is given in the CIGRE Composite Insulator Ha

[71.

Torsion loads

stringing operations, if twisting of the condugtor bundle occurs and it is attempted
ted by rotation of the composite insulator, ¢hen a torsion stress can be introduced

strain insulator is used to support a twin conductor bundle. In such cases, the use

bsite insulator. Furthermore, the probability ‘'of damage to the insulator is increased

ndling

to be
to the
if a
bf two

insulgtors, either with or without inter-connécting yoke plates, is preferred. The introduction of

torsio
the in
comp

SToL

MDTd

C.3

h stresses should be avoided as much as possible during conductor stringing. Subj
sulators to excess torsion loads_can lead to a reduction in the mechanical integrity
hsite insulator.

(Specified Torsion load) torsion load level which can be withstood b
insulator when tested under the specified cond
[IEC 62231]

L (maximum desigh Torsion load) torsion load level above which damage t

insulator begins to occur and that should n
exceeded in service. [IEC 62231]

Compressive (buckling) loads

['ednditions arise in the case of insulator V-string applications shown in Figure C.1

Speci

bcting
of the

y the
tions.

b the
ot be

here

the-suspension insulator may be subjected to compressive loads (if the wind load is greater
than the mass supported, then the leeward insulator carries no load, and the unit goes into
compression). As a result of critical buckling loads being introduced to the insulator, significant
damage may occur. The same can occur when composite insulators are used as interphase-
spacers shown in Figure C.2.

SColL

(Specified compression load) compression load which can be withstood by
the insulator when tested under the specified

conditions. [IEC 62231]

MDCoL (maximum design compression load) load level above which damage to the ins
begins to occur and that shall not be exceeded

in service. [IEC 62231]

ulator
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Transverse wind loading

on conductors /E®
O

Figure C.1 — Example of compression loads in V-string assergy&s

O

N
igure C.2 — Buckling G}:omposite insulator in a phase-to-phase configuratio

C.4 | Bending Ioé}

I:eng—#ed—Com@e insulators may be subjected to critical bending loads during str|nging
operations. @ troduction of such bending stresses should be avoided as much as pogsible.
Subjegtin }é insulator to critical bending stresses can cause large deflection of the insdlator,
which c\ébuse damage and loss of mechanical integrity of the insulator.

C.5 Dynamic mechanical loads

-l
=]

-

To increase the reliability of high-voltage lines, insulator sets with multiple parallel insulators
can be used. If one insulator string fails, the resulting load transposition can cause high dynamic
tensile and transversal forces. Especially in the case of double insulator suspension or tension
sets, bending stress might occur in the remaining intact string, which shall withstand the loads
(which includes the hardware as well). This situation has been systematically investigated for
porcelain long rod insulators [12]. Composite insulators are typically of longrod type but do not
show the brittleness of porcelain. Thus, the failure of an insulator string due to mechanical
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mishandling is less likely. However, the insulators shall be designed to withstand a load
transposition situation. The dynamic loads can exceed typical EML loads.

These dynamic loads can be determined by simulation or testing. If testing is performed,
insulators set completely assembled with all hardware components shall be evaluated.

C.6

Limits

It is difficult to give general limiting values for non-standard stresses due to the varied designs
and materials used for composite—suspension insulators. The intrinsic maximum stress for

comn
60 MH
play.
in the

For e
have
attent

5 H | S 1 H il 1 £ AON AAD : I} ol
Ul LUTT TTallidls, UTIUTT Udlliayt© ULLUTS, 1o Ul UIC UTUTT UT SUU VIT a 11T UTTTUITI

However, the often-large displacements caused by non-standard loads can induce

ample, at a stress of 400 MPa, a 2 m long insulator with a 16 mm diameter core
b deflection of 1,8 m. For this reason, it is recommended that the purchaser bring

displdcements to determine if they are critical for the product. In this way, w

loads
can th

displacements, the need for a test, the test procedure and-the’ test loads/displace
en be determined by agreement.

g and

Pa in torsion — where the strength of the end fitting assembly onto the rod also comegs into

5tress

housing materials and their interfaces with the core or fittings, leading to their danage.

would
to the

on of the manufacturer, whenever possible, any anticipated)hon-standard loads or

brking
ments



https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943

- 44 — IEC 61109:2025 CMV © IEC 2025

Annex D
(informative)

Electric field control for AC

Composite insulators were first used with success in polluted areas and thereafter also in
relatively clean environments mainly due to simplicity of handling, aesthetic, and compaction
advantages. The hydrophobicity and hydrophobicity transfer properties are the key parameters
for the application of composite insulators in polluted condition. However, the excellent
hydrophobic properties of composite insulators when new might be deteriorated in service.
Discoptinucus corona activity on the housing material itself (the so-called water drop corona)

or cornjtinuous corona from the metal end fittings can lead to the reduction of hydrophqmcity.

The dccurrence of corona discharges may be one of the specific ageing nisms for
compgpsite insulator, which should be considered already at the design stage (r]g electrit field
shoull be controlled in the discharge-prone areas or sensitive areas of Q}I ulator. Due to
relatiyely small dimensions of insulation end fittings for line composite insuldtors, this isgue is
of significant importance for these types of insulators, which is als’éﬁg nfirmed by sgrvice
experlence. Even insulators with good design and manufactured with *high quality shodild be
equipped by appropriately selected grading/corona ring(s), one or tv&bper insulator in the fegion
of the|highest electric field stresses depending on voltage cIasz(./C)
N\

For a|proper field grading, especially in the region of the | end fittings of the insulatgr, the
sealing concept shall also be considered. Two princi sealing configurations can be [found
(see Annex E). In Figure E.1, the sealant is formed e or more layers which are madje of a
differg¢nt, usually less tracking and erosion resis material as the remaining housipng. In

Figurg¢ E.2, the end fitting is embedded partially he housing material. Another term that is
referred to when it comes to electric field grading is the so-called triple point. It forms the
positipn where metallic end fitting, insulation&terial (sealant or housing) and the surroynding
atmogdphere do meet. In the case of hy@phobicity loss, the leakage surface currer|t and
surfadge discharge activity at the housi@@nay start and end at this point.

Due tp electro hydrodynamic ph S?noena, the inception field stress at water drops deper{ds on
the difection of the electric fiel Eﬁctric field investigations have shown that water drop gorona
occurf at lower electric field@ sses by a factor of 2 to 3 for tangential field stress comjpared
to the|normal field stress. JTherefore, to prevent the ignition of water drop corona at the insjulator
surfagde, including the @bg area, the calculation of the electric field distribution, separdted in
tangeptial and normt} Id stresses at the insulator surface, is a holistic approach.

Typicglly, the Qic field stress at the insulator surfaces is predominantly of tangential
charagter at tiieytrunk surface and of normal character on shed surfaces, while both compgnents
can ofcur in-different ratios at the sealing area, depending on the geometry, see Annex E. A
commg%ﬂmplified approach is the evaluation along the trunk area by considering tandential
electr d stress only. Nonetheless, the sensitive sealing area shall be evaluated sepgrately
in terms of tangential and normal field stress shown in Figure D.1.

To prevent the phenomenon of corona on string elements and water drop corona, different
thresholds were introduced and are recommended for electric field grading of composite line
insulators:

1) electric field on the grading/corona ring and end fitting, proven by test and simulation
[13][14][15]; a criterion for maximum allowable field stresses is recommended with
Enax < 18 kV/cm;

2) electric field along the housing trunk surface, proven by test and simulation [13][14][15] and,
including the sealing area for an overmoulded insulator design (see Figure E.2); a criterion
for maximum allowable tangential field stresses is recommended with
ptangential < 4,2 kV/cm averaged for 10 mm;
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3) electric field at the sealant, see Figure E.1. If the sealant is exposed to the environment, an
additional criterion for limitation of the normal electric field stress with E,,, at the surface
of the sealant needs to be considered to respect the usually less tracking and erosion
resistance of such materials. Currently, no criterion is specified yet but an indication from
investigations at water drops on model arrangements with Enormal <8 kV/cm can be

given.

These limitations are included in CIGRE TB 919 [9] prepared by B2.57 and are under
consideration of B2.80. Since the applied voltage level at the energized components is typically
taken as maximum system operating phase-to-earth-voltage and an RMS value, the calculated
electric field stress is considered as maximal electric field stress as an RMS value as well.

The 1lirst limitation can be verified by a standard RIV test described in IEC @;" and
IEC 6[1284. C)

A verification of a water drop corona free string design can be proven by the VVQg& Drop Influced
Cororja (WDIC) test [15][16][17][18]. A

NN O NN
AR N
N

N N
N N\

R Q

IEC

FigureOQﬁ Example for electrical field vectors on a composite insulator
N
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Annex E
(informative)

Typical sketches for composite insulator assemblies

Figure E.1 and Figure E.2 show two typical composite insulator assemblies, a modular design
with non-overmoulded end fitting and a moulded assembly with overmoulded end fitting.

Housing assembly interface
Sba

Pr

Core/housing
interface —

End fitting/housing c
interface

Pse

End fitting/core
interface

End fitting/core

QQQ interface
N
IEC

Key Key
Ps Polymer shed Po Polymer
Pse Polymer sheath \\ Pr Primer
Sba Shed bonding agent C) C Core
St Sealant @ E End fitting
C Core O
E End fitting®°
Pr PrimerOQ‘

Fig .1 — Interface description for Figure E.2 - Interface description|for

inr r with housing made by modular insulator with housing made by
\dssembly and external sealant injection molding and overmolded|end

fitting
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Annex F
(informative)

Mechanical evaluation of the adhesion between core and housing

F.1

General

Mechanical adhesion tests are frequently used to evaluate the adhesion between core and
housing of composite insulators but are not yet formally standardized. Therefore, this Annex is
ed to guide through the available mechanical adhesion tests. Several mechanical,

inten

destry
quant
such

tests,
housipg without any exposure of the core, adhesive with a complete rem!
al from the core or mixed type of separation all shown in Figure F@’

mater

ctive testing methods have been developed and are intended for a qualitatiy
tative evaluation of the adhesion between core and housing. As a commo’r‘wc§n i
p

b and
ple of

ests, the housing material is sectioned into specific areas by cuts at defined"pogitions

the separation of the housing from the core can occur either cohesive with/fracture

onto the core and a mechanical force is applied to remove the housing frorzéﬁvgore. In

these
of the

of the hqusing

In the¢ followin

prese

qu

IEC \J ' IEC

) Cohesive separation C)\\ b) Adhesive separation c) Mixed separation

Fi §F.1 — Example for type of housing separation

hted: O
1) Appl'@ of a defined tensile stress and force measurement with a qualitativ

ative evaluation of the adhesion (pull-off test and peel test).

IEC

@b different types of adhesion tests including acceptance criteripg are

e and

Acceptance criterion: average breaking stress for all 4 measurements (see F.2.3) per shed
> 1,5 N/mmZ2. The type of housing separation shall be documented and serves as additional,

qu

alitative information.

2) Application of a manual shear stress with a qualitative, visual evaluation of the adhesion
(shear test).

Acceptance criterion: Cohesive housing separation only.

If the adhesion test is to be conducted as a sample test, test samples from E1 according to

Table

5 shall be used before performing the minimum sheath thickness test.
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Method A: Pull-off test

General

With the pull-off test, the adhesion between the composite insulator housing and core can be
qualitatively and quantitatively evaluated at the section with a shed.

F.2.2

Specimens

Specimens with housing and one shed are cut perpendicular to the axis of the insulator with a
diamond-coated circular saw blade under running cold water At least three specimens with one

shed

speci
speci
pull-o

A spe

ens shall be the same as for the water diffusion test according to IEC 62217.
en is used first for the 100 h water diffusion test and then additionally pre fl

ff test.
\»

cimen for the pull-off test is prepared after completion of the water diﬁ:@on test frg

shed py two parallel cuts through the shed and sheath material onto thi @ along the 3§
the ingulator. The distance between the two parallel cuts shall be 8 m, projected

core gurface. Thereafter, two further parallel cuts, perpendicular @he insulator axis

distarjce of 15 + 5 mm, projected to the core surface, shall be m ove and below the
F.2.3 Procedure \\<</

The e’rtire test consists of the following steps: QQ

1) Pre-stressing by boiling for 100 h as per IEC 6@?7

2) W
3) P

Thep
of the

The s

hter diffusion test according to IEC 62217@‘\
Il-off test O

Lll-off test shall be performed at 4. I@@tlons per shed (separated radially by 90°), fo
3 specimens taken at top, mlddle\}nd bottom section of the insulator.

QO

becimen is then mounted.iq}?tensne test machine as shown in Figure F.2.
o
>
N
X
3
N

of the
same
or the

m the
xis of
to the
vith a
shed.

each
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To as

clamp

to fix

stresq
the tinsile

maxi
cross
e.g. b

sure

secti

NS

the movable terminal of t
he core in the static atta&l@ent of the tensile test machine. The application of the t
is shown in Figure F.

Figure F.2 — Example of specin\en mounted in a tensile test machine

a perpendicular force ap,?yatlon to the interface to be tested, it is recommen
tensile test machine to the cut shed segment first an

force is recorded. until the housing separation occurs. Typically, a load cell

um force load of is sufficient for the pull-off test. After the separation, the recta

onal area e specimen interface between the housing and the core is mea

y using a c%g

Pull direction of the shed segment Fixed clamping on front

and rear side at the core

led to
il then
ensile

fixed rate of terminal separation of 50 mm/min is appligd and

with a
hgular
sured,

Fixed clamping on front
and rear side at the core

IEC

Figure F.3 — Example of test object for pull-off test and application clamping and force
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IEC ‘(19
O
Figure F.4 — Relevant dimensions for the calculation of the areK he pull-off sedtion

The quantitative evaluation is conducted by calculating the u e breaklng stress whe¢n the
separption occurs. The ultimate breaking stress o is calcula s the maximum applied| force

Fax pivided by the measured cross-sectional area 4 of tI@ specimen interface betweg¢n the
housipg and the core: Q
\\Q
$

Wher¢ the area 4 is calculated consideri he length of the section along the axis of th¢ core
(7), the chord length (s) and the diamet@\ f the core (d) as shown in Figure F.4:

xO

C)\ A=lxarcsm(zjxd

The dqomplete adhesu@@st (both parts) is passed if the water diffusion test with hqusing
accorfling to IEC 6 and criterion 1 defined in Clause F.1 are fulfilled. Note that |water
diffusfon test with housing can be failed due to high current through the core, even|if the
adhedion is v od.

F.3 Mé—l’iod B: Peel test
N

F.3.1 General

With the peel test, the adhesion between the composite insulator housing and core can be
qualitatively and quantitatively evaluated at any place (trunk or under the shed if it is removed)
and can be applied in case an insulator has no sheds or is with sheds that cannot be tested
with the pull-off test.

F.3.2 Specimens

The peel test is performed at 4 locations per specimen. The locations are distributed around
the circumference. Making three parallel cuts with width of 52 mm, crossing the original cuts
at 90° so that lattice pattern is formed in four circumferential directions (see Figure F.5). In this
way, four grid specimen surface is created at the interface between rubber and core materials.
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F.3.3 Procedure

Figure F.5 — Example of test specimen for peel test

IEC A
N
(ﬁo
P

For thie peel test, the ultimate force required to pull off the rubber spe il@Qﬁ‘from the corg shall

be regorded using a tensile machine. Manual type with gauge is a

elonghtion shall be controlled within 50 mm/min to 55 mm/min. Ti@ force should be a

perpe

Tensile
machine

igure F.6 — Method of peel test anc

Manual type with
push-pull gauge

iding calliper.

Shape of plier tip

Thickness:
Approximately 1,5 mm

Width:

Approximately 3 mm
. < Separatipn

ested specimens atrter peel tes

Cohesive failure

icable as well. Rhte of

bplied

dicular to the insulator axis by clamping one grid l(ape rubber with plierd, see
Figur¢ F.6. After the separation, the actual cross-section 6@9
betwden the housing and the rod shall be measured using

of the specimen intg¢rface

IEC

The quantitative evaluation is conducted by calculating the ultimate breaking stress when the
separation occurs. The ultimate breaking stress o is calculated as the maximum applied force
Fax divided by the measured cross-sectional area. The cross-sectional area is obtained by

multiplying the lengths of the two sides of the pulled off rubber piece, which can be measured

by use of a caliper.

The adhesion test is passed if criterion 1 defined in Clause F.1 is fulfilled.
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F.4 Method C: Shear test 11

F.4.1 General

CMV © IEC 2025

This shear test is used for the qualitative evaluation of the adhesion between the housing and
the core of composite insulators over the entire length, including the adhesion between housing

and end fitting for overmoulded designs.

F.4.2 Specimens

The samples from E1 (destructive) shall be used for this test before performing the minimum

sheatptiickmess—test: Q

F.4.3 Procedure C)®

The hpusing is cut over the entire length with 2 cuts approximately 1 cm apart a’%?g the slirface
of the| core, see Figure F.7. In case of injection moulded insulators, the cu‘t% all be done at
least B0° offset to the mould parting line. The housing strip between th&\ cuts is scraped-
off/pushed off with a sharp-edged tool like a screwdriver, for example g\@ he sheds are pulled
apartmanually with hands. N

Cutlery /

Mold joint

a) Rip the sheath and sheds
along a straight line with knife

Core rod

¥

Sheath

IEC

(=2

) @heath and sheds

cutting line with hands

with cohesive bonding, sample passed the test

The adhesion test is passed if criterion 2 defined in Clause F.1 is fulfilled.

IEC


The method C is done without prestressing by boiling. This reduces the time to perform the adhesion tests, to make it applicable for standard FAT or sample tests. But the results are not comparable with Method A or B. The adhesion test after prestressing by boiling is the stronger test method providing a stress acceleration and gives more comprehensive information about the strength of the adhesion.
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Annex G
(informative)

Applicability of design and type tests for DC applications

This Annex G provides guidance on applicable design and type tests modified for DC
applications (see Table G.1).

Table G.1 - Design and type tests for DC applications

Applicapiiity Tor DC Insutators Commentp
Interfaces and connections of end fittings X ®
N
Assembled core load—time tests X P
\®)
Hardness test X r\\‘j/
Accelerated weathering test X “_1/
Tests on Q) N
shed and Tracking and erosion test . e
£ | housing (1000 h salt fog test) X with modification ,\'\Q
o material — N
: Flammability test X ~ (b
5 — )
@ Hydrophobicity transfer test X \\Qv/
e Dye penetration test X {i\\
Tests on the . . ~
core material Water diffusion test X /\Q
Stress corrosion test X Q\}
N
Tests on the Water Diffusion Test on Core Q\
core with . . Xs\
housing with Housing @
BN
A\ DC withstand
$ voltage test
" A’\Q) IEC according
» . . L 60060-1
Qo Electrical type tests O X with modification
® b POS & NEG
s N c\}‘ polarities
= N
C) DC Corona tes
Mechanical type tests‘\\ ‘ X
\‘
For a|proper sele@b’n of polymeric materials for outdoor use under HV stress, IEC TR $2039
[5] giyes guid€§eand defines different material properties. Next to already mentioned dg¢fined
test mpethod the table above, the tracking and erosion resistance according to IEC $0587
[19] gs W@ﬁs the retention of hydrophobicity are of relevance as well. None of thege two
prope @ ave internationally defined test methods for DC application yet but are junder
intendive—avaluation R B 6 0} for—the lng—and arocion rasisiance.

Currently, active CICRE Working Groups deal with the development of test methods and
acceptance criteria, i.e. WG D1.58 for evaluation of the retention of hydrophobicity and WG
D1.72 for the evaluation of tracking and erosion resistance under DC application.

At present there is no standardized tracking and erosion test for DC voltage. For many test
parameters it can be defined similar as to the standard tests available for AC, the most important
question, however, is the applied voltage. There is numerous data for tracking and erosion tests
showing that when a DC voltage stress corresponds to the RMS value of AC voltage stress the
level of deterioration will be higher at DC than at AC for the same test insulators. The corrosion
stress on couplings is higher than in AC tests. In order not to impact the results of the housing
test, the influence of the fittings can be removed by appropriate protective measures, for
example by painting.
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Annex D related to electrical field control is not applicable for DC grading rings. However, this
may be still useful in DC if there is the need to prevent corona from the fittings and protect the
triple point, but the electric field along the insulator is not controlled by capacitive distribution
as for AC. Arcing devices are also less important in DC to limit the effect of power arc (protective
function) due to the faster switch-off in case of short circuit and the reduced propensity of power
arcs in DC [21].
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10

11

List of comments

Title is changed to cover AC and DC applications. At this stage the maintenance team (MT 18)
was not able to define mandatory test procedures for DC applications, but Annex G give some
informative proposals for DC special type and design tests. It is planned for the next revision
to define DC specific test procedures and maybe design proposals.

This standard defines composite suspension and tension insulators, and in edition 2.0 the
definition “long rod” was used in some chapters. MT 18 decided to replace “long rod” by
“composite insulators” in the whole standard, the definition “long rod” is used for porcelain
insulators.
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r¢placed by the shed overhang. The influence of.thé core diameter on the interface

re¢definition of shed profile (diameter — overhang).

€ environmental conditions are identical to
well to make this standard easier to handle for the user

ybrid insulators is removed, due to the availability of the new standard IEC 62896.

e redefining of tolerances for creepage distances was under discussijon in MT 1§.

estion was whether we have to define a maximum tolerance as well.clt\was decide]
ving more creepage than required will not worsen the performance)of'the insulato

eepage distances. This should avoid unnecessary tool investment and test
owever, for test samples, the realized creepage distance should be documented
st reports, especially for the 1000-hour salt fog test, as this-information is importarn

epetition of interface test after profile change is removed. The shed profile itself do
e shed diameter, this includes overhang and trunik/core diameter. In this edition 3

bvered by line 2b.

omment c) “Not necessary if it can be demonstrated that the change has no influen
e assembled core strength” is replaced by “Not necessary if the stress under mech
ads is the same or smaller” and is applicable for core diameter changes only. Ch

ight influence the assembled core load strength. Changes in the material or formu
ight need adjustments in the manufacturing processes as well.

he repetition of the tracking and erosion test after core diameter is added to cov

terfaces is added to\give the user a better understanding on the importance of inte
r composite insulators.

bts. This standard define string insulator units only but we want to make sure that
rc tests @and RIV corona tests are important but shall be done on complete insulatof

he method C is done without prestressing by boiling. This reduces the time to perfor

The
d that
r, and
itf should be possible for manufacturers to meet customer requirements with higher

costs.
in the
t.

s not

fluence this test. In edition 2.0 the shed profile was,defined among other parametgrs on

Oitis
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ce on
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the manufacturing processes, for.&xample preheating-, injection- or curing temperatures
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er the

faces

his chapter issupdated to clarify the differences between string insulator units and insjulator

bower
sets.

jhesion tests, to make it applicable for standard FAT or sample tests But the resul
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stronger test method provrdlng a stress acceleratlon and grves more comprehensrve
information about the strength of the adhesion.
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INSULATORS FOR OVERHEAD LINES
COMPOSITE SUSPENSION AND TENSION INSULATORS
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DEFINITIONS, TEST METHODS AND ACCEPTANCE CRITERIA
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
ational electrotechnical committees (IEC National Committees). The object of IEC is to_promote intern
bperation on all questions concerning standardization in the electrical and electronic-fields. To this ¢
ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
licly Available Specifications (PAS) and Guides (hereafter referred to as AEC Publication(s)”)
baration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-govetnmental organizations

hdardization (ISO) in accordance with conditions determined by agreemeént between the two organiza

formal decisions or agreements of IEC on technical matters expres$, ‘as nearly as possible, an intern

rested IEC National Committees.

Publications have the form of recommendations for interpational use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are<made to ensure that the technical content
lications is accurate, IEC cannot be held responsible _for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
sparently to the maximum extent possible in theirnational and regional publications. Any divergence b
IEC Publication and the corresponding national or regional publication shall be clearly indicated in thd

itself does not provide any attestation (ef.¢onformity. Independent certification bodies provide con
essment services and, in some areas, “access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

isers should ensure that they havecthe latest edition of this publication.

liability shall attach to IEC ¢f its directors, employees, servants or agents including individual expe|
nbers of its technical committees and IEC National Committees for any personal injury, property dan
br damage of any natufe whatsoever, whether direct or indirect, or for costs (including legal feqg
enses arising out of-the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to the Normative references cited in this publication. Use of the referenced publica

draws attention to the possibility that the implementation of this document may involve the us¢g
ent(s). [ECtakes no position concerning the evidence, validity or applicability of any claimed patent r
ect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s
bé required to implement this document. However, implementers are cautioned that this may not re
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ational
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plt with
iaising

the IEC also participate in this preparation. IEC collaborates closely with'the International Organization for

ions.

ational
om all

ational
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etween
latter.
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latest information, which may be obtained from the patent database available at https://patents.iec.

sha

Il not be held responsible for identifying any or all such patent rights.

IEC 61109 has been prepared by subcommittee 36B: Insulators for overhead lines, of IEC
technical committee 36: Insulators. It is an International Standard.

This third edition cancels and replaces the second edition published in 2008. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) extension of this document to apply both to AC and DC systems;

b) modifications of Clause 3, Terms, definitions and abbreviations;

c) removal of Clause 7, Hybrid insulators, from this document;
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d) modifications of tests procedures recently included in IEC 62217 (hydrophobicity transfer
test, stress corrosion, water diffusion test on the core with housing);

e) modifications on environmental conditions;
f) modifications on classification of tests and include the relevance of the interfaces;

g) clarification and modification of the parameters determining the need to repeat design and
type tests;

h) revision of Table 1;
i) revision of electrical type tests;
j) revision of re-testing procedure of sample test;

k) addition of a new Annex D on electric field control for AC;

I) addition of a new Annex E on typical sketch for composite insulators assembly;

D

m) addition of a new Annex F on mechanical evaluation of the adhesion between corg and
hdusing;

n) addition of a new Annex G on applicability of design- and type tests for:DC applicatiops.

The t¢xt of this International Standard is based on the following documents:

Draft Report on voting

36/609/FDIS 36/611/RVD

Full irfformation on the voting for its approval can be found in the report on voting indicdted in
the aljove table.

The Ignguage used for the development of thisdnternational Standard is English.

This document was drafted in accordancetwith ISO/IEC Directives, Part 2, and developed in
accorflance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement, avgilable
at www.iec.ch/members_experts/refdocs. The main document types developed by IELC are
described in greater detail at www,.iec.ch/publications.

This Ipternational Standard is_to be used in conjunction with IEC 62217:2012.

The cpmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related {o the
specific document."At this date, the document will be
e regonfirméd)

e withdrawn, or

e reyised.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943

IEC 61109:2025 © |IEC 2025 -7-

INTRODUCTION

Composite suspension and tension insulators (in the following the term "composite insulator" is
used) consist of fibreglass insulating core, bearing the mechanical load protected by a
polymeric housing, the load being transmitted to the core by metallic end fittings. Despite these
common features, the materials used and the design details and manufacturing process used

by different manufacturers may differ.

Some tests have been grouped together as "Design tests", to be performed only once on
insulators which satisfy the same design conditions. For all design tests of these composite
insulators, the appropriate common clauses defined in IEC 62217 are applied. As far as
practigal, the influence of time on the electrical and mechanical properties of its compgnents

(core,| housing, interfaces etc.) and of the complete composite insulators has been consid

ered

in spgcifying the design tests to ensure a satisfactory lifetime under normally known stress

condifions of transmission lines. Explanation of the principles of the damage limit
coord|nation and testing are presented in Annex A.

It has| not been considered useful to specify a power arc test as a mandatory test. The

load

test

paranjeters are manifold and can have very different values depending‘en the configuratipns of
the ngtwork and the supports and on the design of arc-protection devices. The heating effect of
power arcs need to be considered in the design of metal fittings( Critical damage to the [metal
fittingp resulting from the magnitude and duration of the short-gircuit current can be avoided by

properly designed arc-protection devices. This documenthowever, does not exclude
possibility of a power arc test by agreement between‘“the manufacturer and custo
IEC 6[1467 gives details on AC power arc testing of complete insulator sets, that match
configuration with actual protective and string fittings{to’recreate the real electromagnetic
affect|ng the arc movement.

This document covers both AC and DC composite insulators. Before the appropriate stan

the
mer.
their
field

dard

for D@ applications is issued, the majority of tésts listed in this document can also be appljcable
for DG (Annex G). Due to the difference inr;AC and DC tracking performance, a specific tracking

and efosion test procedure for DC applications as a design test is planned to be develo

ped.

The 1|000 h AC tracking and erosiontest of IEC 62217 can be used only to establish a minfimum

requi
testi
which| are inadequate. Tracking and erosion tests are not intended to evaluate long
perforimance of insulators: Such tests, e.g. the 5 000 h multiple stress test and wheel le
IEC TR 62730 [1]", or other tests intended for research or sometimes used as a supplem

test, are not considered in this document.

ment for the tracking and erosion resistance. This 1 000 h salt fog tracking and efosion
considered as a screening.test intended to reject materials in combination with the design

term
st in

ntary

site suspension and tension insulators are, in general, not intended for torsion or| other

non-tgnsile loads. However, due to consideration to non-standard applications (interphase
spacegrs etcy) loads during handling and installation have to be considered in the dgsign.

Guidanee on non-standard loads is given in Annex C.

Wherever possible, IEC Guide 111 [2] has been followed for the drafting of this document.

T Numbers in square brackets refer to the bibliography.
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INSULATORS FOR OVERHEAD LINES
COMPOSITE SUSPENSION AND TENSION INSULATORS
WITH AC VOLTAGE GREATER THAN
1 000 VAND DC VOLTAGE GREATER THAN 1 500 V -
DEFINITIONS, TEST METHODS AND ACCEPTANCE CRITERIA

1 Scope

This Ipternational Standard applies to composite insulators for overhead lines consistin
load-hearing cylindrical insulating solid core consisting of fibres — usually glass & jn a
based matrix, a housing (surrounding the insulating core) made of polymeric matesial and
end fiftings permanently attached to the insulating core.

Complosite insulators covered by this document are intended for use as suspension/tensid
insulators, but these insulators could occasionally be subjected to compression or bendir
example when used as interphase-spacers. Guidance on such loadsyis outlined in Annex|

The opject of this document is to

— ddfine the terms used,

— specify test methods,

— specify acceptance criteria.
This document does not include requirements~deéaling with the choice of insulators for sy

operating conditions or environments beyond normal environmental conditions defin
Table1.

2 Normative references

The fgllowing documents are referred to in the text in such a way that some or all of their c
constitutes requirements of this document. For dated references, only the edition cited ap
For (Yndated references;® the latest edition of the referenced document (including
amen@iments) applies:

IEC 6PD060-1, High-voltage test techniques — Part 1. General definitions and test requiren

IEC 6D383-1} Insulators for overhead lines with a nominal voltage above 1000 V — H
Ceramitcor glass insulator units for AC systems — Definitions, test methods and acceg

gy of a
resin-
metal

nline
g, for
C.

ecific
ed in

bntent
plies.
) any

nents

art 1:
tance

criteri

IEC 60383-2, Insulators for overhead lines with a nominal voltage above 1 000V — Part 2:
Insulator strings and insulator sets for AC systems — Definitions, test methods and acceptance

criteria
IEC 60437, Radio interference test on high-voltage insulators

IEC 61284, Overhead lines — Requirements and tests for fittings

IEC 61466-1, Composite string insulator units for overhead lines with a nominal voltage greater

than 1 000 V — Part 1: Standard strength classes and end fittings
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IEC 61467, Insulators for overhead lines — Insulator strings and sets for lines with a nominal
voltage greater than 1 000 V — AC power arc tests

IEC 62217:—2, Polymeric HV insulators for indoor and outdoor use — General definitions, test
methods and acceptance criteria

IEC 62231, Composite station post insulators for substations with AC voltages greater than
1 000 V up to 245 kV — Definitions, test methods and acceptance criteria

ISO 3452 (all parts), Non-destructive testing — Penetrant testing

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

ISO and IEC maintain terminology databases for use in standardization” at the follpwing
addrepses:

e |ELC Electropedia: available at https://www.electropedia.org/
e ISP Online browsing platform: available at https://www.iso4rg7obp

Note 1|to entry: Certain terms from I|EC 62217:2012 are reproducedy\here for ease of reference. Adfitional
definitipns applicable to insulators can be found in IEC 60050-471 [3)

3.1 Terms and definitions

3.11
polymeric insulator
insulator whose insulating body consists of atlleast one organic based material

Note 1[to entry: Polymeric insulators are also.known as non-ceramic insulators.

Note 2[to entry: Coupling devices may be attached to the ends of the insulating body.

[SOURCE: IEC 60050-471:200%,471-01-13]

3.1.2
complosite insulator
insulgtor made of at least two insulating parts, namely a core and a housing equipped with end
fittingp

Note 1 |to entry:, Composite insulators can consist either of individual sheds mounted on the core, with or without
an intefmediate*sheath, or alternatively, of a housing directly moulded or cast in one or several pieces on to the core.

[SOU RCE: |[EC 60050 4712007 471-01 ﬂ')]

3.1.3
core (of an insulator)
central insulating part of an insulator which provides the mechanical characteristics

Note 1 to entry: The housing and sheds are not part of the core.

[SOURCE: IEC 60050-471:2007, 471-01-03]

2 Under preparation. Stage at the time of publication: IEC/RFDIS 62217:2025.
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3.1.4
insulator trunk
central insulating part of an insulator from which the sheds project

Note 1 to entry: Also known as shank on smaller insulators.

[SOURCE: IEC 60050-471:2007, 471-01-11]

3.1.5
housing
external insulating part of composite insulator providing the necessary creepage distance and

protegts-the-core—from-the-envirenment

Note 1[to entry: An intermediate sheath made of insulating material may be part of the housing.

[SOURCE: IEC 60050-471:2007, 471-01-09]

3.1.6
shed [(of an insulator)
insulating part, projecting from the insulator trunk, intended to increase the creepage disfance

Note 1[to entry: The shed can be with or without under-ribs.

[SOURCE: IEC 60050-471:2007, 471-01-15]

3.1.7
interface
conta¢t surface between the different materials

Note 1[to entry: Various interfaces exist in compositetinsulators, e.g.:
— betyween housing and end fittings;

— betyween various parts of the housing; e.g~between separately manufactured sheds, or between shegth and
sheds;

— betyween core and housing;
— betyeen sealant and core;

— betyween sealant and end fittings.
(Annex| E: Typical sketches(for composite insulator assemblies)

[SOURCE: IEC 62217:—, 3.11, modified — "contact" added in definition, Note 1 to|entry
modifled]

3.1.8
end fitting

integr ] component or formed part of an insulator intended to connect it to a supt rting
structure, or to a conductor, or to an item of equipment, or to another insulator

Note 1 to entry: Where the end fitting is metallic, in general the term "metal fitting" is used.

Note 2 to entry: Standard end fittings are defined in IEC 61466-1.

[SOURCE: IEC 60050-471:2007, 471-01-06]

3.1.9
connection zone
zone where the mechanical load is transmitted between the core and the end fitting

[SOURCE: IEC 62217:2012, 3.13, modified — "insulating body and the fixing device" replaced
by "core and the end fitting"]


https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-11
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-09
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-15
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-06
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3.1.10
coupling
part of the end fitting which transmits the load to the accessories external to the insulator

[SOURCE: IEC 62217:2012, 3.14, modified — "fixing device" replaced by "end fitting",
"hardware" replaced by "accessories"]

3.1.11

creepage distance

shortest distance or the sum of the shortest distances along the surface on an insulator between
two conductive parts which normally have the operating voltage between them

[SOURCE: IEC 60050-471:2007, 471-01-04]

3.1.12
arcing distance
shortgst distance in the air external to the insulator between the metallic parts which norpally
have the operating voltage between them

Note 1[to entry: The term "dry arcing distance" is also used.

[SOURCE: IEC 60050-471:2007, 471-01-01]

3.1.13
specified mechanical load
SML
withstiand load, specified by the manufacturer, which is used for mechanical tests in this
document

3.1.14
routine test load
RTL
load gpplied to all assembled compoSite insulators during a routine mechanical test

3.1.15
mectrlrnical failing load
maximum load that is reached when the insulator is tested under the standard conditions

[SOURCE: IEC 60050/471:2007, 471-01-12, modified — "prescribed" replaced by "stangdard",
Note { to entry removed]

3.1.16
insulator'set
assembly/of one or more insulator strings suitably connected together, complete with end
fittings and proteciive devices as required in Service

Note 1 to entry: The terms "arcing and field grading devices" is also used for protective devices.

[SOURCE: IEC 60050-471:2007, 471-03-02]

3.1.17

string insulator unit

cap and pin insulator or long rod insulator of which the end fittings are suitable for flexible
attachment to other similar string insulator units or to connecting accessories

Note 1 to entry: Cap and pin insulators are not composite insulators and are not part of this document.

[SOURCE: IEC 60050-471:2007, 471-03-08]


https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-04
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-01
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-12
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-03-02
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-03-08
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3.1.18
sealing
method for providing the ability of a component to resist the ingress of contaminants

Note 1

to entry: Contaminants include pollution and moisture.

[SOURCE: IEC 60050-581:2008, 581-23-16]

3.1.19

sealant

additional material used for sealing

Note 1[to entry: Typically RTV-silicones are used for composite insulators.

Note 2[to entry: See sealant in Annex E: Typical principles sketch for composite insulators assembly.
3.1.2(

gradiphg/corona ring

protegtive devices made from metal attached to the composite insulator end fitti
intermediate string fitting intended to keep the electric field anywhere-along the surfa
compégsite insulator below the specified maximum value

3.2 |Abbreviated terms

The fgllowing abbreviated terms are used in this document:

E1, ER Sample sets for sample tests

Mpy Average 1 min failing load of the core assembled with fittings

RTL Routine test load

RTV Room-temperature-vulcanizing.silicone

SML Specified mechanical load

4 Identification

In addition to the requirements’of IEC 62217, each insulator shall be marked with the SM
It is rgcommended that each insulator is marked or labelled by the manufacturer to show
has passed the routine mechanical test.

5 Epvironmental conditions

The normal environmental conditions to which insulators are submitted in service are d
in IEC62247and—stowmim Tabte—t—Fermsare defimedasfottows:

ng or
ce of

that it

efined

e Indoor environment: installation within a building or other construction where the insulators
are protected against wind, rain, snow, periodical fast-built pollution deposits, abnormal

co

ndensation, ice and hoar frost.

e Qutdoor environment: installation in open air outside any building or shelter, where the
insulators are submitted to wind, rain, snow, periodical fast-built pollution deposits, high

co

ndensation, ice and hoar frost.

If service conditions of polymeric insulators deviate significantly from the parameters in Table 1,
the insulator is to be designed or evaluated according to agreement between the customer and
manufacturer. Alternatively, if positive service experience ("i.e. no failures") is available for a
specific environment and specific insulator design (including material and profile), the insulator
can be used for this specific environment, deviating from normal environmental conditions.
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Table 1 — Normal environmental conditions

Indoor insulation | Outdoor insulation

Maximum ambient air temperature® | Does not exceed 40 °C and its average value measured over a perio

24 h does not exceed 35 °C

d of

Minimum ambient air temperature® —-25°C | —40 °C

Vibration

tremors®.

Negligible vibration due to causes external to the insulators or to earth

Solar

radiationd Not applicable Up to a level of 1 120 W/m

2

Site p

ollution severity® No significant pollution by dust, Pollution by dust, smoke, corrosive

SMOKE, COITOSIVE and/or gases, vapours or salt occurs.
flammable gases, vapours, or salt. | Pollution does not exceed SPS
"heavy" as defined in

IEC TS 60815-1 [5].

class

Humi

ityf No rain, snow, abnormal humidity, | Rain, snow, abnormalhumidity
condensation, ice and hoar frost condensation, icé*and hoar frog
occur.

2 Ife
"gl

cry
be

¢ Vib
For

deq
par
In {
ins

ind
pol
req
(se

Ins
To

per
Exd

deneral, pollution is not an issue for indoor insulators. In particular cases, such as DC.

kceeded, follow the recommendations of IEC TR 62039 [5] for the core and adhesive materials (like
pss transition temperature” section.

eneral, temperatures below —40 °C are non-critical for service. However,“for handling and installaf
stallization temperature of the polymeric housing is to be considered. Far line installations with tempe
ow —20 °C, special steel grades with low ductile transition temperature ecan be specified.

Fation due to external causes can be dealt with in accordance to IEC*'60721-1 [6].
outdoor application, the influence of deviation from the assuméd level of 1 120 W/m?2.

ends on the insulator material. If service conditions of polymeric insulators deviate significantly fr]
bmeters in Table 1, the insulator is to be designed/evaluated taking into account relevant service exp§g
he absence of significant service experience, special-tests simulating the solar radiation condition
allation area have to be carried out.

bor conditions, the insulators can accumulate some contamination due to DC electrical field. Howe
ution flashover phenomena cannot develop when the humidity is controlled. For outdoor conditid
irements of IEC 62217 are specifiedfor stresses arising in relatively harsh but not extreme enviro
e e.g. hydrophobicity verification and‘tracking and erosion tests for which criteria are provided in IEC {

hilator for indoor applications cantalso be used in presence of limited deviations from the above cond
Bitive service experience "i.e, no failures" is available and condensation occurs only occasionally.

imit condensation-related phenomena, the average value of the normal humidity condition, measured
od of 24 h does not,exceed 95 % and when measured over a period of one month, does not exceeq
eeding these valugs\is/considered as abnormal humidity condition.

jlue) in

on the
ratures

bm the
rience.
of the

er, the
ns the
hments
2039).

tions iff

over a
90 %.

6 T

In add
can b

ransport, storage and installation

itiom to the requirements of IEC 62217, information on handling of composite insulators
a_ﬁ_CTGR'I:_I'BTBZ‘m_d_FB‘BTE‘[Q]_D—l_H_I—ﬁ_L‘oun mn an - puring Installation, or when use

In non-

standard configurations, composite insulators may be submitted to high torsion, compression
or bending loads for which they are not designed. Annex C gives guidance for such loads.

Where required the assembly instruction of the grading/corona rings should be supplied to the
client, containing the correct positioning and installation of the grading/corona rings on the

insula

tors.

7 Tolerances

Unless otherwise agreed, a tolerance of

+ (0,04 x d + 1,5) mm when d < 300 mm,
+ (0,025 x d + 6) mm when d > 300 mm with a maximum tolerance of £ 50 mm
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shall be allowed on all dimensions for which specific tolerances are not requested or given on
the insulator drawing (d being the dimension in millimeters).

The measurement of creepage distances shall be related to the design dimensions and
tolerances as determined from the insulator drawing, even if this dimension is greater than the
value originally specified. When a minimum creepage is specified, the negative tolerance for
minimum creepage distance is zero.

In the case of insulators with creepage distance exceeding 3 m, it is allowed to measure a short
section around 1 m long of the insulator and to extrapolate, provided that the unmeasured
lengths have the same shed diameters, profiles and spacing as the measured section on which

the e

8 C

8.1

Thesq
manu

— Hd
— Caq

— En
co

When
Table

When

insulator for a_given design and the results shall be considered valid for that design onlyj

tested
follow|

ibmeter of the core.

trapolation Is based.

lassification of tests

Design tests

tests are intended to verify the suitability of the design, materials and meth

od of

acture (technology). A composite insulator design is defined by\the following eleménts:

using materials, including their formulation and manufacturing process.
re materials.

d fittings materials, their manufacturing process and. method of attachment (excludi
upling).
ickness of the housing surrounding the core (including a sheath where used).

erfaces

g the

Core/housing interface design including type of coupling agent (primer) and assembly;

Housing/end fitting interface design;
Core end fitting interface;

Trunk/shed interface and:runk/trunk interface (if applicable).

changes in the design occur, re-qualification shall be carried out in accordancg with

2.

a compositelinsulator is submitted to the design tests, it becomes an equivalent g

esign
. This

equivalent design insulator defines a particular design of insulators which have all the

ng characteristics:

a) s

manufacturing method (including an assembly process of the housing);

same

b) same material of the fittings, the same core/end fitting interface design, and the same
housing-to-fitting interface geometry;

c) same or greater minimum layer thickness of the housing surrounding the core (including a

sh
d) sa

eath where used);

me or smaller stress under mechanical loads;

NOTE As an example, the SML can serve as mechanical reference load. The stress is calculated by dividing the

load by
e) sa
f) eq

the cross-sectional area of the core.
me or greater diameter of the core;
uivalent housing profile parameters; see Note (a) in Table 2.
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Type tests

The type tests are intended to verify the main characteristics of a composite insulator, which
depend mainly on its shape and size. They also confirm the mechanical characteristics of the
assembled core (see Clause A.4). They are made on insulators whose class has satisfied the

desig

n tests.

An insulator type is electrically defined by the arcing distance, creepage distance, inclination,

overh

ang and spacing of the sheds of an insulator.

Furthermore, outlines the insulator design characteristics that, when changed, also require a

repea

An in

loads

The mechanical type tests shall be performed only once on insulators satisfying the crite

each

foftheetectricattypetests:

can be found in Annex A.

ype.

sulator type is mechanically defined by a maximum SML for the given core diameter,
methqd of attachment and coupling design. The typical coordination between SNMIL and s

Brvice

ria for

Furthermore, Table 2 indicates additional insulator design characteristics that, when changed,

require a repeat of the mechanical type tests.

8.3
The s

including those which depend on the quality of manufacture and on the materials used.

are m

8.4

The a
tests

Sample tests
bmple tests are for the purpose of verifying other characteristics of composite insul

pde on insulators taken at random from lots ‘offered for acceptance.

Routine tests

m of these tests is to eliminate composite insulators with manufacturing defects. R
bre carried out on every compasite insulator.

ators,
They

butine
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9 Design tests

9.1 General

These tests consist of the tests specified in IEC 62217 and a specific assembled core load-time
test as listed in Table 3. The design tests are performed only once, and the results are recorded
in a test report. Each part can be performed independently on new test specimens, where
appropriate. The composite insulator of a particular design shall be qualified only when all
insulators or test specimens pass the design tests.

L | :
Fabte3—=Designtests

Tests on interfaces and connections of end fittings

Reference disruptive-discharge dry power frequency test

Pre-stressing — Sudden load release pre-stressing
Thermal-mechanical pre-stressing
(see 9.3.1 and 9.3.2)

Water immersion pre-stressing

Verification tests

Visual examination

Steep-front impulse voltage test

Dry power-frequency voltage tests

Tests on housing material

Hardness test

Accelerated weathering test

Tracking and erosion test — see 9.2.2 for'specimens

Flammability test

Hydrophobicity transfer test

Tests on core material < se€ 9.2.3 for specimens

Dye penetration test

Water diffusion test

Stress corrosion-test

Tests oncore with housing — see 9.2.4 for specimens

Water diffusion test on the core with housing

Assembled core load-time test — see 9.4 for specimens

Determination of the average failing load of the core of the assembled insulator

Verification of the 96 h withstand load

The applicability of design tests for direct current (DC) applications is shown in Annex G.

9.2 Test specimens
9.2.1 Tests on interfaces and connections of end fittings

Three production insulators shall be tested. The insulation length (metal to metal spacing) shall
not be less than 800 mm. Both end fittings shall be the same as used on standard production
insulators. The end fittings shall be assembled so that the insulating part from the fitting to the
closest shed shall be identical to that of the production line insulator. If spacers, joining rings
or other components creating interfaces are used in the insulator design (notably for longer
insulators), the sample shall include any such devices in a typical position.
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NOTE 1 A fourth insulator might be necessary for calibration of the steep-front impulse voltage test circuit.

NOTE 2 If the manufacturer only has facilities to produce insulators shorter than 800 mm, the design tests can be
performed on insulators with available length, but the results are only valid for up to the lengths tested.

9.2.2 Tracking and erosion test

If spacers, joining rings or other components creating interfaces are used in the insulator design
(notably for longer insulators), the samples for this test shall include any such devices in a
typical position.

Creepage distance of the sample shall be between 500 mm and 800 mm as specified in
IEC 6 - he-relusion-ofspacers—erjoirts—asmentiored-abovereguiresatenge eepage
distance, the design tests may be performed on insulators of lengths that provide-leakage
distanjces as close to 800 mm as possible. If the manufacturer only has facilities.te\prpduce
insulators with creepage shorter than 500 mm, the design tests may be performed en'insulators
of avgilable lengths, but the results are only valid for up to the tested lengths.

9.2.3 Tests on core material

The specimens, test method and acceptance criteria shall be as specified in IEC 62217.

9.2.4 Tests on core with housing

The specimens, test method and acceptance criteria shall beyas specified in IEC 62217.

NOTE | Annex F describes additional mechanical methods applicable to verify the level of adhesion core/hpusing.
For degign tests, method A is preferable. If both water diffusionstest on core with housing and pull-off tepts are
perfornjed, the same specimens used first in water diffusion_test on core with housing can be used for the |pull-off
test as|described in Annex F.

9.3 |Product specific pre-stressing for tests on interfaces and connections of end
fittings

9.3.1 General

The tests shall be carried out, ontthe three specimens in the sequence as indicated in this
subclause.

9.3.2 Sudden load release

The pgurpose of this.test is the pre-stressing all interfaces and connections including the
interface of shedand trunk. It is not related to the connection of the end fittings only.

With the insulator at —20 °C to —25 °C at the start of the test, every test specimen is subjected
to fivg sudden load releases from a tensile load amounting to 30 % of the SML hold for af least
1 min

Annex B describes two examples of possible devices for sudden load release. If another
process/device is used, the time of sudden load release shall be < 50 ms.

NOTE In certain cases, a lower temperature can be selected by agreement.
9.3.3 Thermal-mechanical pre-stress

Before commencing the test, the specimens shall be loaded at the ambient temperature by at
least 5 % of the SML for 1 min, during which the length of the specimens shall be measured to
an accuracy of 0,5 mm. This length shall be the reference length.
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The specimens are then submitted to temperature cycles under a continuous mechanical load
as described in Figure 1, the 24 h temperature cycle being performed four times. Each 24 h
cycle has two temperature levels with a duration of at least 8 h, one at (+50 £ 5) °C, the other
at (=35 £ 5) °C. The cold period shall be at a temperature at least 85 K below the value actually
applied in the hot period. The pre-stressing can be conducted in air or any other suitable
medium.

Load RTL (20,5 SML)

Time (R)

RWAWAWAWE

T T T T T T\ T T T T T T\ T T T T T T\ T T T T T T
4 8 12 16 20 24 28 32 36 40 44 48 52( 56760 64 68 72 76 80 84 88 92 96
J N/ ]
-35+5

Y Thermal cycles

=

Air temperature (°C)

EC
Figure 1 — Thermal-mechanical pre-stressing

The gpplied mechanical load shall*be equal to the RTL (at least 50 % of the SML) of the
specimen. The specimen shall.be loaded at ambient temperature before beginning the first
thermpl cycle.

The cycles may be interrtupted for maintenance of the test equipment for a total duration ¢f 2 h.
The slarting point afterany interruption shall be the beginning of the interrupted cycle.

After the test, the-length shall again be measured in a similar manner at the same load and at
the orjginal specimen temperature (this is done in order to provide some additional information
about|the relative movement of the metal fittings).

NOTE The fnmpnrahnrnc andlocads-in-this-ore efrnceing are-not-intended-to rnprncnnf sSenice. r-r\nrlifir\ne‘ 1 hey are

designed to produce specific reproducible stresses in the interfaces on the insulator.

NOTE 2 In certain cases, a lower temperature can be selected by agreement.
9.4 Assembled core load-time tests
9.4.1 Test specimens

Six insulators made on the production line shall be tested. The insulation length (metal to metal
spacing) shall be not less than 800 mm. Both end fittings shall be identical in all aspects to
those used on production line insulators, except that they may be modified beyond the end of
the connection zone in order to avoid failure of the couplings.

The six insulators shall be examined visually and a check made that their dimensions conform
with the drawing.


https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943

IEC 61109:2025 © |IEC 2025 -21-

NOTE If the manufacturer only has facilities to produce insulators shorter than 800 mm, the design tests can be
performed on insulators of available lengths, but the results are only valid for up to the tested lengths.

9.4.2 Mechanical load test
9.4.2.1 General

This test is performed in two parts at ambient temperature.

9.4.2.2 Determination of the average failing load of the core of the assembled
insulator (Mpy)

Three[of 1t mp i rS shall t [ ] i - TT i ishall be
incregsed rapidly but smoothly from zero to approximately 75 % of the SML and shall then be
graduglly increased in a time between 30 s and 90 s to the SML Once the SML is reached, the

load i$ gradually increased until breakage of the core or complete pull-out occurs. The average
of the|three failing loads My, shall be calculated.

9.4.2.8 Verification of the 96 h withstand load

The rémaining three composite insulators shall be subjected to a tepsile load. The tensil¢ load
shall be increased rapidly but smoothly from zero up to 60 % ofM,y, as calculated in 9.4.2.2

and then maintained at this value for 96 h without failure (breakage or complete pull-out)} If for
any reason the load application is interrupted, then the test shall be restarted on a new
specimen.

10 Type tests

10.1 | General

The applicability of type tests for DC applications is given in Annex G.

10.2 |Electrical tests on string insulator units
10.2.1 General

The glectrical type testsyshall be performed only once on composite insulators satigfying
condifions given in Table:2. If protective arcing and electric field control grading devicgs are
used |n service and are-an integral part of a given insulator design, they shall be used fin the
electr|cal testing ofistring insulator units according to a manufacturer drawing and specifigation.

Electrical tests specified in this document are part of a product type testing and are valid for
givenistringtinsulator units. Such tests and their test results differ from fully assembled insfulator
sets (lue, 'to associated protective fittings and conductor configuration and thereforg it is
necessaty to define if the specified electrical values are for the insulator unit alone or fpr the
complete insulator set. The application of string insulator units and insulator sets are given in
Table 4.

Interpolation of electrical test results may be used for string insulator units of intermediate
length, provided that the factor between the arcing distances of the insulators whose results
from the end points of the interpolation range is less than or equal to 1,5. Extrapolation is not
allowed.

Test values and procedures generally depend on application (indoor, outdoor, installation) and
are therefore to be applied with respect to the customer's specification.

NOTE The electrical type tests of string insulator units can be performed under customer specific conditions if
required and agreed between manufacturer and customer.
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10.2.2 Test specimens

One insulator taken from the production line shall be used for each test. The insulator shall be
examined visually and checked to see that the dimensions conform with the drawing.

If a string insulator unit is fitted with electric field grading rings as integral parts and those are
specified in a manufacturer's product drawing, they shall be used in the testing.

10.2.3 Mounting arrangements for electrical tests

The mounting arrangements for electrical tests on string insulator units shall be as specified in
Tablep4-

The tgsting shall be done according to IEC 60060-1.

10.2.4 Dry lightning impulse withstand voltage test

The tgst circuit, test voltage and test procedure shall be in accordance with the criteria $tated
in IEQ 60060-1.

The tgst is applicable to string insulator units to be used in indoar and outdoor applicatiops.

10.2.5 Wet power-frequency voltage tests

Wet plower frequency withstand voltage test shall be preferably done.
Wet plower frequency disruptive-discharge voltage test could be done additionally.

The test circuit, test voltage and test procedure shall be in accordance with the criteria $tated
in IECQ 60060-1.

The tg¢sting under wet condition is applicable to composite string insulator units to be used in
outdopr applications only.

For insulators to be used  in“indoor applications, testing under dry condition accord|ng to
IEC 6P060-1 is required.

10.2.6 Wet switching impulse withstand voltage test

Wet sjwitching _impulse withstand voltage test are required for insulators intended for sygtems
with U, = 300.kV.

The te¢stircuit, test voltage and test procedure shall be in accordance with the criteria $tated
in IECT60060-T-

The testing under wet condition is applicable to composite string insulator units to be used in
outdoor applications only.

For insulators to be used in indoor applications, testing under dry condition according to
IEC 60060-1 is required.

10.2.7 Corona and radio interference voltage (RIV) tests

Corona/RIV tests are related mainly to fully assembled insulator sets. These tests can be
completed on string insulator units also if the system voltage level or application requires the
use of electric field grading rings as their integral parts and those are specified in string insulator
unit's product drawings. The control of electrical fields is described in Annex D.


https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943

IEC 61109:2025 © |IEC 2025 - 23 -

10.2.8 Power arc test

The power arc test is typically not required to be completed on string insulator units.

Table 4 — Application and mounting arrangements for electrical tests

Test String Insulator Unit

(single composite insulator)

Insulator Set?

(informative)

dischdrge (flashover) voltage test' |IEC 60060-1

Dry lightning impulse withstand according to IEC 60383-2 and according to IEC 60383-2,
voltage test IEC 60060-1 IEC 61284 and IEC 60060-1
Wet p wnr-frpn’lmnr‘\/ withstand ar‘r‘nrrﬁng to lEC 60383.2 and ar‘r‘nrriing to lEC 603813 ')‘
voltagp test' IEC 60060-1 IEC 61284 and IEC 60060-1
Wet ppwer-frequency disruptive- according to IEC 60383-2 and according to IEC 60383-2;

IEC 61284 and IEC,60060-1

Wet syvitching impulse withstand .
voltagp test for insulators intended | according to IEC 60383-2 and

for sygtems with U > 300 kV'

IEC 60060-1

according to |IEC'60383-2,
IEC 61284 and JEC 60060-1

Coronp/RIV Tests

Not mandatory and typically, not
applicable

according'to IEC 61284 and
IEC-60437

Power Arc Test

Not mandatory and typically, not
applicable

according to IEC 61467

1

2

Thie test is applicable to string insulator units to be used in outdoor applications.

If lequired, the Water drop induced corona (WDIC) test can be,dofie on insulator sets (instead of or in a
to electric field calculations) as a physical test to verify the electric field grading and to prevent negative
of water drop induced corona phenomena on polymeric housifig material [9].

dition
bffects

10.3

fittings and insulator housing

10.3.1 Test specimens

Four
speci
(meta
stand
from
insulators shall be examined visually and checked to see that the dimensions conform wi

drawing; they shallithen be subjected to the mechanical routine test according to 12.1.

NOTE
perforn

10.3.2 ““Performance of the test

nsulators taken from the production line shall be tested. In the case of long insul
ens may be manufactured; assembled on the production line, with an insulation
to metal spacing) not-ess than 800 mm. Both end fittings shall be the same
ard production insulators. The fittings shall be assembled such that the insulatin
he fitting to thesclosest shed is identical to that of the production line insulator
ith the

If the manufacturer only has facilities to produce insulators shorter than 800 mm, the design tests
ed op.insulators of those lengths available to them, but the results are only valid for up to the lengths

Damage limit proof test and test of the tightness of the interface between end

ators,
ength
as on
j part
. The

can be
tested.

a) The four specimens are subjected to a tensile load applied between the couplings at ambient
temperature. The tensile load shall be increased rapidly but smoothly from zero up to 70 %

b)

of the SML and then maintained at this value for 96 h.

Both ends of one of the four specimens shall, at the end of the 96 h test, be subjected to
crack indication by dye penetration, in accordance with ISO 3452, on the housing in the
zone embracing the complete length of the interface between the housing and metal fitting
and including an additional area, sufficiently extended, beyond the end of the metal part.
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The indication shall be performed in the following way:

the surface shall be properly pre-cleaned with the cleaner;

the penetrant shall be applied on the cleaned surface and left to act for 20 min;

the surface shall be cleaned of the excess penetrant and dried;

the developer shall be applied, if necessary;

the surface shall be inspected.

2025

Some housing materials may be penetrated by the penetrant. In such cases, evidence shall

be provided to validate the interpretation of the results.

Af
hdusing and, if necessary, the metal fittings and the core shall be cut perpendicular
crack in the middle of the widest of the indicated cracks, into two halves. The surface
twp halves shall then be investigated to measure the depth of the cracks.

THe three remaining specimens are then again subjected to a tensile load applied be

e between 30 s to 90 s to the SML and then maintained at 100 % of the SML for
amples for load-time curves as shown in Figure 2.

Inforder to obtain more information from the test, unless special reasons apply (for ins
the maximum tensile load of the test machine), the load,may be increased until the
load is reached and its value recorded.

——— 30 s to 100 % of SML

< 90's to 100 % of SML

e, the
to the
of the

ween
y but
d in a
60 s.

tance
Failing

1 min 1 min
withstand at. SML withstand at SML
100
75 )
/
/
50 £
/
/
’, £
25 /.
lé
IR
O N
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
Time, s
IEC
Figure 2 — Examples for 1 min SML withstand test
3.3 Evaluation of the test

The test is passed if:

no failure (breakage, slip of end fitting, or complete pull-out of the core, or fracture

of the

metal fitting) occurs either during the 96 h test at 70 % of the (SML 10.3.2 a)) and during

the 1 min 100 % withstand test at SML (10.3.2 c¢)),

if cracks are indicated by the dye penetration method (10.3.2 b)), the investigation of the

halves described in 10.3.2 b) shows clearly that the cracks do not reach the core.
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NOTE For non-overmoulded designs, the positions of the fittings can be marked on the housing before the test.

11 Sample tests

1.1

General rules

For the sample tests, two samples are used, E1 and E2. The sizes of these samples are
indicated in Table 5. If more than 10 000 insulators are concerned, they shall be divided into
an optimum number of lots comprising between 2 000 and 10 000 insulators. The results of the
tests shall be evaluated separately for each lot.

The ifpsulators shall be selected from the Tof at random. The purchaser has the right o

the sglection. The samples shall be subjected to the applicable sampling tests.

The spmple tests are as follows:

a) vefification of dimensions
b) verification of the end fittings

c) vefrification of the tightness of

th

interface between end fittings and insulator housing ...... ..

d) vefrification of the specified mechanical load, SML ...........5«.....

e) g
f) m

In the
as sp

Weak
comp
additi

Ivanizing test .. ... (O

beified in 11.7.

nimum sheath thickness.........coooiiiiiii i S

(EY + E2)
(E2)

(E2)
(E1)
(E2)
(E1)

event of a failure of the sample to satisfy a test, the re-testing procedure shall be a

adhesion between core and housing can lead to moisture ingress and a failure
psite insulator in service. For an evaluation of the adhesion between core and hd
bnal sample tests defined in Annex'F as methods A (only pull-off test performed by t

make

bplied

of the
using
ensile

machine or manual load cell), B and Cycan be performed by agreement between purchasér and

manu

acturer.

Table 5 — Sample sizes

Lot size Sample size
E1 E2
N destructive non-destructive

N 10 Subject of agreement
10 s*"N < 30 2 1
80 < N 300 3 2
300 <N <2000 4 3
2 000 <N <5000 8 4
5000 <N <10 000 12 6

Insulators of sample E2 only can be used in service and only if the galvanizing test is performed with the magnetic
method. The dye penetration test shall rule out later use of these samples for visual reasons.

11.2 Verification of dimensions (E1 + E2)

The dimensions given in the drawings shall be verified. The tolerances given in the drawings
are valid. If no tolerances are given in the drawings the values mentioned in Clause 7 shall be

used.
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Verification of the end fittings (E2)

2025

The dimensions and gauges for end fittings are given in IEC 61466-1. The appropriate
verification shall be made for the types of fitting used including, if applicable, verification of the
locking system in accordance with IEC 60383-1.

11.4

Verification of tightness of the interface between end fittings and insulator
housing (E2) and of the specified mechanical load, SML (E1)

a) One insulator, selected randomly from the sample E2, shall be subjected to crack indication
by dye penetration, in accordance with ISO 3452, on the housing in the zone embracing the
complete length of the interface between the housing and metal fitting and including an

a
TH

Sd
be

Af
th
Wi
in
b) TH
co

fra
30

In
th

load is reached,and its value recorded. Examples for load-time curves are sho

Fi
TH

ditional area, suiiiciently extended, beyond the end of the metal part.
e indication shall be performed in the following way:

the surface shall be properly pre-cleaned with the cleaner;

the penetrant, which shall act during 20 min, shall be applied on the cleaned surfa

the ambient temperature, to a tensile load of 70 % of the SML, applied between the
fittings; the tensile load shall be increased rapidly but smoothly from zero up to 7(
the SML, and then maintained at this value for 1 min;

the surface shall be cleaned with the excess penetrant removed, and dried;
the developer shall be applied, if necessary;
the surface shall be inspected.

me housing materials may be penetrated by the penetrant. In such cases, evidencs
provided to validate the interpretation of theXesults.

b metal fittings and the core shall be cut-perpendicular to the crack in the middle
Hest of the indicated cracks, into two halves. The surface of the two halves shall thi
estigated to measure the depth of¢he cracks.

uplings at ambient temperature. The tensile load shall be increased rapidly but sm
m zero to approximately 75 % of the SML and then gradually increased in a time be
s to 90 s to the SML and;then maintained at 100 % of the SML for 60 s.

order to obtain more.information from the test, unless special reasons apply (for ins
e maximum tensileload of the test machine), the load may be increased until the

jure 2.
e insulators-have passed this test if:

occurs either during the 1 min 70 % withstand test (a) or during the 1 min

ce;

within 5 min after the application of the penetrant, the insulator shall be subjected, at

metal
% of

shall

er the 1 min test at 70 % of the SML, if any‘cracks occur, the housing and, if necegsary,

of the
en be

e insulators of the sample E1 shall be subjected to a tensile load applied betwegn the

bothly
ween

tance
failing
wn in

no failufe (breakage or complete pull-out of the core, or fracture of the metal fjtting)

00 %

withstand test (b),

NOTE
on the

11.5

no cracks are indicated after the dye penetration method described in 11.4 a),

the investigation of the halves described in 11.4 a) shows clearly that the cracks do not

reach the core.

In case of agreement between the client and manufacturer the verification of tightness in a) could b
E1 samples. The specified mechanical load test in b) can be done on the same sample.

Galvanizing test (E2)

This test shall be performed on all galvanized parts in accordance with IEC 60383-1.

e done
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11.6

Minimum sheath thickness (E1)

The layer thickness shall be measured on 4 positions offset by 90°. A criterion is minimum
sheath thickness of 3 mm in any of test positions.

For the insulators with section length more than 1 meter, it is recommended to use at least
three positions for measurement, cut from the top, middle and bottom sections, (in total 12
measurements) see example in Figure 3.

Top Middle Bottom

NOTE
thickne]

11.7

If only
twice
shall

considlered as having influenced the results of the griginal test.

If two
failurg

Provig

satisfaction of the purchaser and\there is no risk that it can pass the repeated samplég

undet
the c3
comp
may t
quant
prece
origin
comp

The fl

—_—— e — —
—— ] — —
— . — ——
—_—— ] — —

Figure 3 — Location for minimum sheath thickness measurement

Non-destructive test methods like an ultra-sonic tester can also be used for measuring minimum
SS.

Re-testing procedure

the quantity originally submitted to that test shall be;subjected to re-testing. The re-t
comprise the test in which failure occurred, receded by those tests which m

or more insulators or metal parts fail te€¢omply with any of the sample tests, or

ed the cause of the failure incthe increased sample size can be clearly identified

bcted, the manufacturer-may sort the lot to eliminate all the insulators with this def¢
se of a lot that has beer’divided into smaller lots and if one of the smaller lots do

nhen be re-submitted for testing. The number then selected shall be three times th
ty chosen for the tests. The re-testing shall comprise the test in which failure ocq
ded by thosentests which may be considered as having influenced the results

ying with this part of the testing and shall be withdrawn by the manufacturer.

—_———— — —
— e ] —

IEC

sheath

one insulator or metal part fails to comply with the.sample tests, a new sample equal to

bsting
By be

if any

occurs during the re-testing, the complete lot is considered as not complying with this
part of the testing and shall be withdrawn;by the manufacturer.

to the
tests
pct. In
Bs not

y, the investigation‘may be extended to the other lots. The sorted lot(s) or part thereof

e first
urred
bf the

bl test. If @hy insulator fails during this re-testing, the complete lot is considered @s not

pbw-chart of re-testing procedure is shown in Figure 4.
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Failure during sample
test

Number of
failed
insulators

Complete lot withdrawn
by manufacturer

Re-test twice the quantity originally
submitted to that test

Failure
occurs
during the
re-testing

Sample test passed; complete
lot released for delivery

Root cause analysis

Cause of
the failure
clearly
identified

Complete lot withdrawn
by manufacturer

Isolate defective insulators from lot and re-test
with 3 x the original test sample quantity

Failure
occurs
during the
re-testing

Sample test passed; sorted lot
released for delivery

Complete lot withdrawn
by manufacturer

IEC

Figure 4 — Method of re-testing at different stages

12 Routine tests

12.1 Mechanical routine test

Every insulator shall withstand, at ambient temperature, a tensile load at RTL corresponding to
0,

10%
0,5 % SML ( . °) for at least 10 s.
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12.2 Visual examination

Each insulator shall be examined. The mounting of the end fittings on the insulating parts shall
be in accordance with the drawings. The color of the insulator shall be approximately as
specified in the drawings. The markings shall be in conformance with the requirements of this
document (see Clause 4).

The following defects are not permitted:

a) superficial defects of an area greater than 25 mm? (the total defective area not to exceed
0,2 % of the total insulator surface) or of depth greater than 1 mm;

b) cracksatthe root of the shed, notably next to the metar fittings;
c) separation or lack of bonding at the housing to metal fitting joint for overmoulded desjign;
d) se€lparation or bonding defects at the shed to sheath interface,

e) moulding flashes protruding more than 1 mm above the housing surface.
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Annex A
(informative)

Principles of the damage limit, load coordination and testing
for composite suspension and tension insulators

Introductory remark

This Annex A is intended to explain the long-term behaviour of composite suspension and

tensi

servide loads and to explain the mechanical testing philosophy.

A.2

An egsential part of the mechanical behaviour of resin bonded fibre cores,typically us

comp

The viast experience gained with composite insulators loaded with“tension loads, both
laboratory and confirmed in service, has shown that the load-time-curve is indeed a curvs

not a
been
small
load.

Itis n

a curye such as that presented in Figure A.1, T@ take into account the dispersion in the t

chara

the falilure curve. Being asymptotic, it shows that for a given insulator, there is a load

which
to the
60 %

limit nepresents the load value (Which causes inception of microscopic mechanical d3
within

The d

desig

core property, the type of end fitting and the design of the connection zone (e.g. the in
shapg of the end" fitting) can have a significant influence to the mechanical in
perfoimance.

ninsulators under mechanical load to shaow tunical coordination bhetween SM
T Pl

and

Load-time behaviour and the damage limit

bsite insulators, is their load-time behaviour, which deserves somé explanation.

btraight line as was presented in the first version of IEC61.409. This straight line had

fraction of its original mechanical strength after a périod of 50 years, whatever the a

bw known that the time to failure of composite’/insulators under static tensile loads f
Cteristic of the insulator, the withstand Gurve is positioned, as shown in Figure A.1,
the insulator will not fail no matterhow long the load is applied since there is no d3
core. This load level is known as the damage limit. Typically, the damage limit lays a

to 70 % of the ultimate strength of the core when assembled with fittings. The dg

the core material.

[amage limit depends on the kind of core material, on the type of end fitting and ¢

ed for

in the
e, and
often

misinterpreted, leading to the deduction that a composite insulator would only refain a

bplied

bllows
ensile
below
below
mage
round
mage
mage

n the

h of the connection zone. Despite the fact that the damage limit is primarily defi:i‘ed as

ernal
ulator
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Average failing load curve

Withstand load curve

” % >

Damage limit of
the assembled core

-
|

Log (time)
IEC

Figure A.1 — Load-time strength and damage limit
of a core assembled with fittings

A.3 | Service load coordination

For both short- and long-term mechanical loading of the entire composite insulatof, the
mechanical properties of the individual endfifting types also have to be considered. The
maxinhum admissible working load value forthe metal end fittings is limited by the elastig limit

of thelmetal material and the design (mechanically stressed cross-section) of the weake

5t end

fitting| part. The maximum admissible leoad for the entire insulator is therefore given either by
the elpstic limit of the end fittings ordy the damage limit of the assembled core (under normal

envirgnmental conditions as given in“Table 1).

Figurg¢ A.2 shows a graphical.representation of the typical relationship of the damage |

imit to

the mechanical characteristics of an insulator with a 16 mm diameter core for typical service

loads
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In all
the in
the m
the d

calculiation of loads and application of proper‘safety factors.

Further examples of tensile load coordination based on Figure A.2 used by utilities are s

in Fig

-32 - IEC 61109:2025 © IEC
S =
~ Insulator Core <
-l N | ~
E
%) — —
130 +----—-—-=-=-—===-"=---- 170
100 SML 133
80 — Damage limit r
70 | Etastic limit of fitings__ i
60 - _ Typical EML2 | 50
] RTL
40 — B
] Range of typical -
20 —
g everyday loads =
0 0

a8 EML Extraordinary mechanical working load (1 week/50 years)
IEC

Figure A.2 — Graphical representation of the relationship of the damage limit
to the mechanical characteristics and service loads, of an insulator with
a 16 mm diameter core and an SML rating of 133 kN

cases, the maximum working load (static and dynamic) shall be below the damage |
sulator. It is normal practice to adopt a safety factor of at least 2 between the SM
bximum working load; this generally ensures-that there is also a sufficient margin be
hmage limit of the insulator and all service loads. IEC 60826 [11] gives guidan

2025

mit of
L and
ween
ce for

hown

lire A.3 and Figure A.4:
S =
~ Insulator Core <
-l N | ~
E
%) ? -
13N - - - - - B~ . 170
] SML -
100 133
80 — Damage limit r
70 |- Etastic limit of fitings__ i
6o - _ Typical EMLZ | 50
] RTC
50 T———"———- |
40 — s
] Range of typical =
20 —
g everyday loads =
0 0

a8 EML Extraordinary mechanical working load (1 week/50 years)
IEC

Figure A.3 — Applied specific force relationship, example 1
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All individual failing load values e. g. 1,15 or 1,2 x SML-value or a fixed value for identical
ultimate failing modes (e.g. end fitting slip-off). This approach takes care of the statistical
variation of the failing load values of an insulator batch manufactured with a defined family of
raw materials.

Example is taken from the test requirements’of porcelain long rod insulator history].

differg
is 80

has ah impact to the dimensioning of the“core and the end fittings. In the example, the 4
limit gf fittings raises from 70 % to 90-% and the damage limit of the core from 80 % to 9

A.4

Two tests are specified-in-this document to check mechanical strength and damage limit

— a gesign test "96'h/withstand load test" (load/time pairs D1 and D2 in Figure A.5) to
the position ofithe strength/time curve of the insulator (see 9.4.2);

— a

dgmagestimit after loading with a constant load of 0,7 SML for 96 h (see 10.3).

9
~ Insulator Core
-
=
%)
130 f--=---""=-=-=---
T00 e — T
Elastic limit of fittings Damage limit
80 RTL
70 -=—-=----———------
Typical EML?
60 o — R — -
50 — |
40 — s
] Range of typical -
20 —
g everyday loads L7
0 o

@ EML Extraordinary mechanical working load (1-week/50 years)
IEC

Figure A.4 — Applied specific force relationship, example 2

nce to the other test scenarios shown’itr Figure A.2 and Figure A.3 is that the RTL
o of the SML value. This higher loadiin comparison to the standard requirement of]

Verification tests

ype test "damage limit proof test" (load/time pairs T1 and T2 in Figure A.5) to che

The
value
50 %
lastic
D %.

check

Ck the
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Load

Type test load
(SML withstand check) Average failing
load curve

o0/ 3 g na
OU~ 70 VIAY — —_ — = = - - — — OZ _ = = = = = = — — —_—

(RS il (ot I R

Design test load
Damage limit of

| Type test load (96 h) the assembled coré

n >
I -

1 min 96 h Log (time)
IEQ

Figure A.5 — Test loads

The design test verifies the starting point of the actual initial load time curve by using M,y

(average failing load of the assembled core) and the minimum position of the damage lipit by
a withistand test for 96 h at 0,6 Mpy,.

The ghoice of the SML with respect to M), is made by the manufacturer as a functjon of
statisﬂ:cal data, design and process. There is no simple rule governing this relation. In order to

check| the coherence of the chosen, SML with respect to the damage limit of the assembled
insulator, the type test requires the insulator to withstand 70 % of the SML during 96 h followed
by the SML for one minute. If thie: strength coordination is correct, then the insulator will not
sufferflany damage during the 96" h and will still be able to withstand the SML.

NOTE | In some cases, depefiding on the chosen SML level, it is possible for the 96 h load for the type tegt to be
higher fhan the 96 h load for the design test. This does not preclude the need for the design test.
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Annex B
(informative)

Example of two possible devices for sudden release of load

B.1 Device 1 (Figure B.1)

The device consists of a hook A, a release lever B and a mounting plate C. Hook A can rotate
on its pivot which is attached to the mounting plate. Tension is applied to the insulator by means
of a suitable bolt or shackle, D.

During the time the insulator is under load, the release lever is retained in the position shown
by the unbroken lines. Due to the length of the release lever B, a small force ,is\sufficient to
movel|it to the position shown by a broken line, rotating it on its pivot and maving the p{vot in
the difection X.

This qperation of the release lever causes the hook to rotate on its piyet; " hence releasing the
bolt of shackle, D.

IEC

Figure B.1 — Example of possible device 1 for sudden release of load

B.2 | Device 2 (Figure B.2)

The device consists of a breakage piece E screwed into two metallic extremities F and G which
link the insulator to the tensile machine.

The breakage piece E is in the form of a dumb bell whose diameter is calibrated as a function
of the steel used and of the desired breaking load.

The steel utilized for the piece E shall have a yield stress close to the ultimate tensile stress.
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E G

IEC

Figure B.2 — Example of possible device 2 for sudden release of load
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Annex C
(informative)

Guidance on non-standard mechanical stresses and
dynamic mechanical loading of composite insulators

Introductory remark

This Annex C provides guidance on service conditions where non-standard mechanical loads

are in
mech
made
comp

Comp
loads
be ap
shoul
condit

Cc.2

In ling
correq
comp
single

hnical loads are torsion, compression (buckling) and bending stress loads. Refere
based on insulator field experience to date, on the expected mechanical perferma
bsite insulators subjected to in-service dynamic mechanical loads.

osite insulators are primarily designed to operate under mechanical t
stresses. However, in certain operations/applications, additional nen-standard load
plied to the insulator. Avoidance of subjecting these insulators \to“non-standard
i be made where possible. Guidance on minimizing the introduction of such
ions is given in the CIGRE Composite Insulator Handling Guide [7].

Torsion loads

stringing operations, if twisting of the conductoerbundle occurs and it is attempted
ted by rotation of the composite insulator, then“a torsion stress can be introduced
psite insulator. Furthermore, the probability.0f damage to the insulator is increasgq
strain insulator is used to support a twin gonductor bundle. In such cases, the use

ndard
hce is
hce of

ensile
s can
loads

load

to be
to the
dif a
bf two

insulators, either with or without inter-connecting yoke plates, is preferred. The introducfion of

torsio
the in
comp

SToL

MDTqL (maximum design.Forsion load)

C3

Speci
the in

h stresses should be avoided as much, as possible during conductor stringing. Subj
sulators to excess torsion loads cafillead to a reduction in the mechanical integrity
bsite insulator.

torsion load level which can be withstood b
insulator when tested under the specified cond
[IEC 62231]

torsion load level above which damage t
insulator begins to occur and that should n
exceeded in service. [IEC 62231]

(Specified Torsion load)

Compressive (buckling) loads

bl Conditions arise in the case of insulator V-string applications shown in Figure C.1

ecting
of the

y the
tions.

b the
ot be

where

suUldtor may be subjected to compressive loads (if the wind load is greater than the

mass

supported, then the leeward insulator carries no load, and the unit goes into compression). As
a result of critical buckling loads being introduced to the insulator, significant damage may
occur. The same can occur when composite insulators are used as interphase-spacers shown

in Figure C.2.

SCol (Specified compression load)

MDCoL (maximum design compression load)

compression load which can be withstood by
the insulator when tested under the specified
conditions. [IEC 62231]

load level above which damage to the insulator
begins to occur and that shall not be exceeded
in service. [IEC 62231]
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C.4

Comp
The in
the in
cause

Transverse wind loading

on conductors /E®
@)

Figure C.1 — Example of compression loads in V-string assergl/%s

O

N
igure C.2 — Bucklinq @:omposite insulator in a phase-to-phase configuratio

Bending Ioé)

osite ins@s may be subjected to critical bending loads during stringing operd
trodu @ of such bending stresses should be avoided as much as possible. Subj
Sula critical bending stresses can cause large deflection of the insulator, whig

-

ge and loss of mechanical integrity of the insulator.

N

-

tions.
bcting
h can

C.5

Dynamic mechanical loads

To increase the reliability of high-voltage lines, insulator sets with multiple parallel insulators
can be used. If one insulator string fails, the resulting load transposition can cause high dynamic
tensile and transversal forces. Especially in the case of double insulator suspension or tension
sets, bending stress might occur in the remaining intact string, which shall withstand the loads
(which includes the hardware as well). This situation has been systematically investigated for
porcelain long rod insulators [12]. Composite insulators are typically of longrod type but do not
show the brittleness of porcelain. Thus, the failure of an insulator string due to mechanical
mishandling is less likely. However, the insulators shall be designed to withstand a load
transposition situation. The dynamic loads can exceed typical EML loads.
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These dynamic loads can be determined by simulation or testing. If testing is performed,
insulators set completely assembled with all hardware components shall be evaluated.

C.6 Limits

It is difficult to give general limiting values for non-standard stresses due to the varied designs
and materials used for composite insulators. The intrinsic maximum stress for common core
materials, before damage occurs, is of the order of 400 MPa in bending and 60 MPa in torsion
— where the strength of the end fitting assembly onto the rod also comes into play. However,

the often-large displacements caused by non-standard loads can induce stress in the housing
materials_and their interfaces with the core or fif’ringQ, Innrling to their dqmngp

For example, at a stress of 400 MPa, a 2 m long insulator with a 16 mm diameter-€ore would
have g deflection of 1,8 m. For this reason, it is recommended that the purchaser-bring ffo the
attentjon of the manufacturer, whenever possible, any anticipated non-standard loads or
displdcements to determine if they are critical for the product. In this” way, working
loads/displacements, the need for a test, the test procedure and the test-loads/displacenents
can then be determined by agreement.
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Annex D
(informative)

Electric field control for AC

2025

Composite insulators were first used with success in polluted areas and thereafter also in
relatively clean environments mainly due to simplicity of handling, aesthetic, and compaction
advantages. The hydrophobicity and hydrophobicity transfer properties are the key parameters

for the application of composite insulators in polluted condition. However, the exc

hydrophobic properties of composite insulators when new might be deteriorated in se
Discontinuous corona :mfi\/ify on the hmleing material itself (’rhn so-called water drnln c

ellent
rvice.
rona)

or corntinuous corona from the metal end fittings can lead to the reduction of hydrophabid

ity.

The qccurrence of corona discharges may be one of the specific ageing mechanisms for
composite insulator, which should be considered already at the design stage, e~ electri¢ field

should be controlled in the discharge-prone areas or sensitive areas of an\insulator. O

ue to

relatiyely small dimensions of insulation end fittings for line composite insulators, this ispue is
of significant importance for these types of insulators, which is also. confirmed by service

exper|lence. Even insulators with good design and manufactured with ‘high quality shoy
equipped by appropriately selected grading/corona ring(s), one or twQper insulator in the 1
of the|highest electric field stresses depending on voltage class.

For alproper field grading, especially in the region of the metal end fittings of the insulatd

Id be
egion

r, the

sealing concept shall also be considered. Two principlé{sealing configurations can be [found

differgnt, usually less tracking and erosion resistant material as the remaining housi
Figure E.2, the end fitting is embedded partially<byrthe housing material. Another term
referred to when it comes to electric field grading is the so-called triple point. It form
positipn where metallic end fitting, insulation<material (sealant or housing) and the surrou
atmogphere do meet. In the case of hydrophobicity loss, the leakage surface curren
surfage discharge activity at the housing‘may start and end at this point.

(see Annex E). In Figure E.1, the sealant is formed ofyone or more layers which are madF of a

Due tp electro hydrodynamic phenomena, the inception field stress at water drops depen

g. In
hat is

s the
nding
t and

ds on

the difection of the electric field. Electric field investigations have shown that water drop cjorona

occur$ at lower electric field stresses by a factor of 2 to 3 for tangential field stress com|
to the|normal field stress. Therefore, to prevent the ignition of water drop corona at the ins|
surfage, including the sealing area, the calculation of the electric field distribution, separg
tangeptial and normal field stresses at the insulator surface, is a holistic approach.

Typically, the electric field stress at the insulator surfaces is predominantly of tang
charagter at the\trunk surface and of normal character on shed surfaces, while both compd
can opcur in-different ratios at the sealing area, depending on the geometry, see Anne
commonly.simplified approach is the evaluation along the trunk area by considering tang

pared
ulator
ted in

ential
nents

E. A
ential

electr|c\field stress only. Nonetheless, the sensitive sealing area shall be evaluated sepgrately

in terms of tangential and normal field stress shown in Figure D.1.

To prevent the phenomenon of corona on string elements and water drop corona, different

thresholds were introduced and are recommended for electric field grading of composit
insulators:

e line

1) electric field on the grading/corona ring and end fitting, proven by test and simulation

2)

[13][14][15]; a criterion for maximum allowable field stresses is recommended with
E <18 kV/cm;

max

electric field along the housing trunk surface, proven by test and simulation [13][14][15] and,
including the sealing area for an overmoulded insulator design (see Figure E.2); a criterion
for maximum allowable tangential field stresses is recommended with
ptangential < 4.2 kV/cm averaged for 10 mm;
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3) electric field at the sealant, see Figure E.1. If the sealant is exposed to the environment, an
additional criterion for limitation of the normal electric field stress with E ,, at the surface
of the sealant needs to be considered to respect the usually less tracking and erosion
resistance of such materials. Currently, no criterion is specified yet but an indication from
investigations at water drops on model arrangements with gnormal < 8 kV/cm can be

given.

These limitations are included in CIGRE TB 919 [9] prepared by B2.57 and are under
consideration of B2.80. Since the applied voltage level at the energized components is typically
taken as maximum system operating phase-to-earth-voltage and an RMS value, the calculated
electric field stress is considered as maximal electric field stress as an RMS value as well.

The Ilrst limitation can be verified by a standard RIV test described in IEC 60437 and
IEC 6[1284.

A verification of a water drop corona free string design can be proven by the Water Drop Infuced
Cororja (WDIC) test [15][16][17][18].

IEC

Figure D.1 — Example for electrical field vectors on a composite insulator
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Annex E
(informative)

Typical sketches for composite insulator assemblies

Figure E.1 and Figure E.2 show two typical composite insulator assemblies, a modular design
with non-overmoulded end fitting and a moulded assembly with overmoulded end fitting.

Housing assembly interface
Sba

Pr

Core/housing

Ps interface —a

St |

End fitting/housing
interface

&
“.{

Pse

End fitting/core
interface

' @)l fitting/housing
\Z

interface -
/ B

End fitting/core

Q interface
Y

IEC

Key Key
xO
Ps Polymer shed \{~ Po Polymer
Pse Polymer sheath ’\\CJ Pr Primer
Sba Shed bonding agent | C) C Core
st Sealant @ ’ E End fitting
C Core O
E End fitting®~
Pr PrimerOQ‘
Fig .1 — Interface description for Figure E.2 — Interface description|for
inr r with housing made by modular insulator with housing made by
“\dssembly and external sealant injection molding and overmolded|end

fitting
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Annex F
(informative)

Mechanical evaluation of the adhesion between core and housing

F.1

General

Mechanical adhesion tests are frequently used to evaluate the adhesion between core and
housing of composite insulators but are not yet formally standardized. Therefore, this Annex is
intended to quide through the available mechanical adhesion tests. Several mechanical,

destryctive testing methods have been developed and are intended for a qualitat

e and

quant|tative evaluation of the adhesion between core and housing. As a common iple of

such fests, the housing material is sectioned into specific areas by cuts at defined" pos
onto the core and a mechanical force is applied to remove the housing from t ore. Infthese
tests, |the separation of the housing from the core can occur either cohesive with/fracture [of the

housin

materjal from the core or mixed type of separation all shown in Figure F@’

In the followin %o different types of adhesion tests including acceptance criteri
presented: O

1) Appl':@ of a defined tensile stress and force measurement with a qualitativ

qu

g without any exposure of the core, adhesive with a complete rem: of the hg

IEC \J B IEC
) Cohesive separation C;\\C) b) Adhesive separation c) Mixed separation

Fi ﬁj — Example for type of housing separation

itions

using

IEC

g are

b and

tive evaluation of the adhesion (pull-off test and peel test).

Acceptance criterion: average breaking stress for all 4 measurements (see F.2.3) per shed
> 1,5 N/mmZ2. The type of housing separation shall be documented and serves as additional,

qu

alitative information.

2) Application of a manual shear stress with a qualitative, visual evaluation of the adhesion
(shear test).

Acceptance criterion: Cohesive housing separation only.

If the adhesion test is to be conducted as a sample test, test samples from E1 according to

Table

5 shall be used before performing the minimum sheath thickness test.
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Method A: Pull-off test

General

2025

With the pull-off test, the adhesion between the composite insulator housing and core can be
qualitatively and quantitatively evaluated at the section with a shed.

F.2.2

Specimens

Specimens with housing and one shed are cut perpendicular to the axis of the insulator with a
diamond-coated circular saw blade under running cold water. At least three specimens with one

shed
speci
speci
pull-o

A spe
shed
the in
core 9
distan

F.2.3

The e

ens shall ,be the same as fé)r the water diffusion test according to IEC.62217. The
en is used first for the 100 h water diffusion test and then additionally prepared f
f test.

cimen for the pull-off test is prepared after completion of the water diffusion test frg
py two parallel cuts through the shed and sheath material onto the Core along the 3
sulator. The distance between the two parallel cuts shall be 8 + 3 mm, projected
urface. Thereafter, two further parallel cuts, perpendicular to“the insulator axis
ce of 15 £ 5 mm, projected to the core surface, shall be made‘above and below the

Procedure

htire test consists of the following steps:

1) Pre-stressing by boiling for 100 h as per IEC 62217

2) W
3) Pu

The p
of the

The s

hter diffusion test according to IEC 62217
[I-off test

LilI-off test shall be performed at 4.10cations per shed (separated radially by 90°), fo
3 specimens taken at top, middleland bottom section of the insulator.

becimen is then mounted.inmratensile test machine as shown in Figure F.2.

of the

m the
xis of
o the
with a
shed.

each
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Figure F.2 — Example of specimen mounted in a tensile test machine

To aspure a perpendicular force application to the interface to be tested, it is recommended to
clamp the movable terminal of the tensile test machine to the cut shed segment first and then
to fix the core in the static attachment of the tensile test machine. The application of the tensile
stresq is shown in Figure F.3. A fixed rate of terminal separation of 50 mm/min is applied and
the tepnsile force is recorded. until the housing separation occurs. Typically, a load cell with a
maxinmum force load of 55kN is sufficient for the pull-off test. After the separation, the rectanpgular
cross{sectional areaof\the specimen interface between the housing and the core is measured,
e.g. by using a calliper.

Pull direction of the shed segment Fixed clamping on front

and rear side at the core

Fixed clamping on front
and rear side at the core

IEC

Figure F.3 — Example of test object for pull-off test and application clamping and force
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Figure F.4 — Relevant dimensions for the calculation of the area of the pull-off sedtion

The quantitative evaluation is conducted by calculating the ultimate breaking stress whgn the
separption occurs. The ultimate breaking stress o is calculated\as the maximum applied|force
Fax pivided by the measured cross-sectional area 4 of the specimen interface betwegn the

housipg and the core:

Where¢ the area 4 is calculated consideringthe length of the section along the axis of th¢ core
(1), the chord length (s) and the diameterof the core (d) as shown in Figure F.4:

A=1x arcsin(ij xd
d

The domplete adhesian)test (both parts) is passed if the water diffusion test with hqusing
accorfling to IEC 62217 and criterion 1 defined in Clause F.1 are fulfilled. Note that |water
diffusjon test with. housing can be failed due to high current through the core, even |if the
adhegdion is very/good.

F.3 | Method B: Peel test

F.3.1 General

With the peel test, the adhesion between the composite insulator housing and core can be
qualitatively and quantitatively evaluated at any place (trunk or under the shed if it is removed)
and can be applied in case an insulator has no sheds or is with sheds that cannot be tested
with the pull-off test.

F.3.2 Specimens

The peel test is performed at 4 locations per specimen. The locations are distributed around
the circumference. Making three parallel cuts with width of 5£2 mm, crossing the original cuts
at 90° so that lattice pattern is formed in four circumferential directions (see Figure F.5). In this
way, four grid specimen surface is created at the interface between rubber and core materials.
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IEC A
X

\o
SV

F.3.3 Procedure q/

Figure F.5 — Example of test specimen for peel test

For thie peel test, the ultimate force required to pull off the rubber specn@% from the corg shall
be re¢orded using a tensile machine. Manual type with gauge is a able as well. Rpte of
elonggtion shall be controlled within 50 mm/min to 55 mm/min. Tﬁ'g orce should be applied
perpepdicular to the insulator axis by clamping one grid t@,pe rubber with pliery, see
Figurg F.6. After the separation, the actual cross-section ?69 of the specimen inte¢rface
betwegen the housing and the rod shall be measured using iding calliper.

Tensile
machine

Cohesive failure

Shape of plier tip

/ Thickness:
"h‘_l_ Approximately 1,5 mm
- / | e
W AN Width: '
— — Approximately 3 mm
~'\$ - . | > < Separatipn
O Manual type with
% push-pull gauge
Q/C) IEC
igure F.b — NMethod ot peel test and tested specimens afrter peel tes

The quantitative evaluation is conducted by calculating the ultimate breaking stress when the
separation occurs. The ultimate breaking stress o is calculated as the maximum applied force
Fpax divided by the measured cross-sectional area. The cross-sectional area is obtained by

multiplying the lengths of the two sides of the pulled off rubber piece, which can be measured
by use of a caliper.

The adhesion test is passed if criterion 1 defined in Clause F.1 is fulfilled.
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Method C: Shear test

General

2025

This shear test is used for the qualitative evaluation of the adhesion between the housing and
the core of composite insulators over the entire length, including the adhesion between housing
and end fitting for overmoulded designs.

F.4.2

Specimens

The samples from E1 (destructive) shall be used for this test before performing the minimum

sheat

F.4.3

The h
of the
least

off/pu
apart

ot n "
FUTICRTICSS (TS,

Procedure

core, see Figure F.7. In case of injection moulded insulators, the cuts-shall be d¢
30° offset to the mould parting line. The housing strip between the .2 cuts is scH
shed off with a sharp-edged tool like a screwdriver, for example and the sheds are
manually with hands.

Cutlery /

Mold joint

busing is cut over the entire length with 2 cuts approximately 1 cm apart along the slirface

ne at
aped-
bulled

a) Rip the sheath and sheds
along a straight line with knife

Core rod
Sheath

IEC

b) Tear sheath and sheds
along the cutting line with hands

Fig_u_;eF7_

with cohesive bonding, sample passed the test

The adhesion test is passed if criterion 2 defined in Clause F.1 is fulfilled.

IEC
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Annex G
(informative)

Applicability of design and type tests for DC applications

This Annex G provides guidance on applicable design and type tests modified for DC
applications (see Table G.1).

Table G.1 — Design and type tests for DC applications

Applicabiiity for DC Insulators | __comments
Interfaces and connections of end fittings X
Assembled core load—time tests X
Hardness test X
Accelerated weathering test X
Tests on
shed and Tracking and erosion test . e
-3 housing (1 000 h salt fog test) X with modification
Q8 material —
- Flammability test X
o
'g Hydrophobicity transfer test X
e Dye penetration test X
Tests on the Water diffusion test X
core material
Stress corrosion test X
Tests on the Water Diffusion Test on Core
core with ) . X
h . with Housing
ousing
DC withstand
voltage test
® IEC according
» . . T 60060-1
Qo Electrical type tests X with modification
° POS & NEG
s polarities
[
DC Corona tes
Mechanical type tests X
For a|proper selection of polymeric materials for outdoor use under HV stress, IEC TR 62039
[5] gies guidance and defines different material properties. Next to already mentioned défined

test methods.\in’ the table above, the tracking and erosion resistance according to IEC $0587
[19] gs wellras the retention of hydrophobicity are of relevance as well. None of these two
propefties, have internationally defined test methods for DC application yet but are junder
intengive—evaluation—such—as—ClIGR B—6 0l-fo he acking—and—erosion—resisiance.
Currently, active CIGRE Working Groups deal with the development of test methods and
acceptance criteria, i.e. WG D1.58 for evaluation of the retention of hydrophobicity and WG
D1.72 for the evaluation of tracking and erosion resistance under DC application.

At present there is no standardized tracking and erosion test for DC voltage. For many test
parameters it can be defined similar as to the standard tests available for AC, the most important
question, however, is the applied voltage. There is numerous data for tracking and erosion tests
showing that when a DC voltage stress corresponds to the RMS value of AC voltage stress the
level of deterioration will be higher at DC than at AC for the same test insulators. The corrosion
stress on couplings is higher than in AC tests. In order not to impact the results of the housing
test, the influence of the fittings can be removed by appropriate protective measures, for
example by painting.
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Annex D related to electrical field control is not applicable for DC grading rings. However, this
may be still useful in DC if there is the need to prevent corona from the fittings and protect the
triple point, but the electric field along the insulator is not controlled by capacitive distribution
as for AC. Arcing devices are also less important in DC to limit the effect of power arc (protective
function) due to the faster switch-off in case of short circuit and the reduced propensity of power
arcs in DC [21].
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ISOLATEURS POUR LIGNES AERIENNES -
ISOLATEURS COMPOSITES DE SUSPENSION ET D'ANCRAGE
DE TENSION SUPERIEURE A 1 000 V EN COURANT ALTERNATIF
ET A 1500 VEN COURANT CONTINU -

DEFINITIONS, METHODES D'ESSAI ET CRITERES D'ACCEPTATION

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normafisation con

de
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Guides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a-des comités d'étud
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'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC~a pour opjet de
riser la coopération internationale pour toutes les questions de normalisation dans’les domaines de
ctricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des Nofmes internatipnales,

Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS
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aux desquels tout Comité national intéressé par le sujet traité peut’“participer. Les organipations
rnationales, gouvernementales et non gouvernementales, en liaison avec\'lEC, participent égalemgnt aux
aux. L'IEC collabore étroitement avec I'Organisation Internationale (dey Normalisation (ISO), selpn des

ditions fixées par accord entre les deux organisations.

ible, un accord international sur les sujets étudiés, étant donné-que’les Comités nationaux de I'lEC intg
représentés dans chaque comité d'études.

Publications de I'lEC se présentent sous la forme de €e€commandations internationales et sont 4
me telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qu

u crédit quiylui est accordé.

entiontest attirée sur les références normatives citées dans cette publication. L'utilisation de publi
rencées est obligatoire pour une application correcte de la présente publication.

Chattire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisati
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oute la
onales
les ou

ndants
bes de
ication

n.

htaires,
b I'lEC,
uelque
penses
e I'lEC,

cations

pbn d'un

ou de plusieurs brevets. L'lEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de tout
droit de brevet revendiqué a cet égard. A la date de publication du présent document, I'lEC n'avait pas regu
notification qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a lieu
d'avertir les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.iec.ch.
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

L'IEC 61109 a été établie par le sous-comité 36B: Isolateurs pour lignes aériennes, du comité
d'études 36 de I'lEC: Isolateurs. Il s'agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2008. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:

a) élargissement du présent document pour inclure les systémes a courant alternatif et a
courant continu;

b) modifications de I'Article 3, Termes, définitions et abréviations;

c) suppression de l'Article 7, Isolateurs hybrides, dans le présent document;

d) modifications des procédures d'essai récemment incluses dans I'lEC 62217 (essai de
transfert d'hydrophobie, essai de corrosion sous contrainte, essai de pénétration d'eau sur
le noyau avec le revétement);

e) m¢difications des conditions d environnement,

f) modifications de la classification des essais et ajout de la pertinence des interfaces;

g) clarification et modification des parameétres qui déterminent la nécessité de-répéter les
eslsais de conception et de type;

h) réyision du Tableau 1;

i) réyision des essais électriques de type;

j) réyision de la procédure de contre-épreuve de l'essai sur prélévement;

k) ajoput d'une nouvelle Annexe D sur la maftrise des champs éléctriques pour les applications
en courant alternatif;

[) ajput d'une nouvelle Annexe E sur les croquis types(pour l'assemblage des isolateurs
cogmposites;

m) ajput d'une nouvelle Annexe F sur I'évaluation méganique de I'adhérence entre le noyau et
le revétement;

n) ajout d'une nouvelle Annexe G sur l'applicabilité des essais de conception et de type pour
le$ applications en courant continu.

Le teqte de cette Norme internationale estjissu des documents suivants:

Projet Rapport de vote
36/609/FDIS 36/611/RVD

Le rapport de vote indiqué.dans le tableau ci-dessus donne toute information sur le vote|ayant

about| a son approbation:

La larlgue employée pour I'élaboration de cette Norme internationale est I'anglais.

Ce ddcument\a’été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selpn les

Direcfives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles| sous

s par

www.lecich/members_experts/refdocs. Les principaux types de documents développé€

I'"EC

La présente Norme internationale doit étre utilisée conjointement avec I'lEC 62217:2012.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabilité
indiquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au document
recherché. A cette date, le document sera

reconduit,

Su

pprimé, ou

révise.
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INTRODUCTION

Les isolateurs composites de suspension et d'ancrage (ci-aprés désignés par le terme "isolateur
composite") consistent en un noyau isolant en fibres de verre, qui supporte les charges
mécaniques et qui est protégé par un revétement en polymere, les charges étant transmises
au noyau par les armatures d'extrémité métalliques. Malgré ces caractéristiques communes,
les matériaux, les détails de conception et le procédé de fabrication utilisés par les fabricants
peuvent différer.

Certains essais ont été regroupés dans la classe des "essais de conception" et ne doivent étre
effectués qu'une seule fois sur des isolateurs présentant les mémes conditions de conception.
Pour |tous les essais de conception de ces isolateurs composites, les articles conmmuns
appropriés définis dans I'lEC 62217 sont appliqués. Dans la mesure du possible, l'influerice du
tempq sur les propriétés électriques et mécaniques de ses composants (noyau,(frevétement,
interfaces, etc.) et des isolateurs composites complets a été prise en comptie lors |de la
spécification des essais de conception, afin de procurer une durée de vie, satisfaisante des
isolateurs dans les conditions de charge normalement connues pour les lignes de transport.
L'Annexe A explique les principes de la limite d'endommagement, la cootdination des chlarges
et les|essais associés.

Il n'a pas été jugé pertinent de spécifier un essai d'arc de puissance comme obligatoir¢. Les
paraneétres d'essai sont multiples et peuvent avoir des valeurs trés différentes selgn les
confiqurations du réseau et des supports et la conception des dispositifs de protection ¢ontre
les arfs. L'effet thermique des arcs de puissance doit étre ‘pris en compte dans la concgption
des afmatures métalliques. Des dommages majeurs sur\es armatures métalliques causegs par
I'amplitude et la durée du courant de court-circuit pedvent étre évités par I'emploi de disppsitifs
de praotection contre les arcs bien dimensionnés. Néanmoins, le présent document n'exclit pas
la pogsibilité d'un essai d'arc de puissance sous.réserve d'un accord entre le fabricant et le
client| L'IEC 61467 donne des détails sur les. essais d'arc de puissance en courant alternatif de
chaings équipées complétes, qui reproduisentfidelement leur configuration avec des disppsitifs
de proptection et de fixation réels, afin deirecréer les champs électromagnétiques réefls qui
agissent sur le mouvement des arcs.

Le présent document couvre les isblateurs composites a courant alternatif et a courant cgntinu.
En atfendant la publication delarnorme pertinente pour les applications en courant continu, la
major|té des essais définis dans le présent document peuvent également s'appliquer au courant
contiqu (Annexe G). En raison de la différence entre les performances de cheminemgnt en
courapt alternatif et eny\Courant continu, il est prévu d'élaborer une procédure d'esdai de
cheminement et d'érosion spécifique pour les applications en courant continu dans le [cadre
d'un gssai de conception. L'essai de cheminement et d'érosion en courant alternatif de 1000 h
de I'lEC 62217 (peut étre utilisé afin de définir une exigence minimale pour la résistance au
cheminement(et*a I'érosion. Cet essai de cheminement et d'érosion au brouillard salin de
1 000]|h estsconsidéré comme un essai de sélection destiné a rejeter les matériaux assogiés a
la conception qui ne sont pas appropriés. Les essais de cheminement et d'érosion ne sopt pas
destinés a évaluer les performances a long terme des isolateurs. Ces essais, par exemple
I'essai sous contraintes multiples de 5 000 h et I'essai a la roue de I''EC TR 62730 [1] ou
d'autres essais, destinés a la recherche ou parfois utilisés comme essai de conception
supplémentaire, ne sont pas pris en compte dans le présent document.

Les isolateurs composites de suspension et d'ancrage ne sont généralement pas prévus pour
supporter des charges de torsion ou d'autres charges autres que la traction. Toutefois, pour les
applications non normalisées (entretoises interphases, etc.), la conception doit prendre en
compte les charges induites par la manipulation et l'installation. L'Annexe C fournit des
recommandations pour les charges non normalisées.

1 Les chiffres entre crochets renvoient a la Bibliographie.
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Le Guide 111 de I'lEC [2] a été suivi autant que possible pour |'élaboration du présent
document.
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ISOLATEURS POUR LIGNES AERIENNES -
ISOLATEURS COMPOSITES DE SUSPENSION ET D'ANCRAGE
DE TENSION SUPERIEURE A 1 000 V EN COURANT ALTERNATIF
ET A 1500V EN COURANT CONTINU -
DEFINITIONS, METHODES D'ESSAI ET CRITERES D'ACCEPTATION

1 Domaine d'application

La pr¢sente Norme internationale s'applique aux isolateurs composites pour lignes.aeriennes
qui sg@nt constitués d'un noyau isolant plein cylindrique réalisé en fibres — généralemant de
verre |- qui supporte les charges. Ces isolateurs possédent une matrice.en résine, un
revétgment (recouvrant le noyau isolant) en matériau élastomere et des armatures d'extiémité
métalliques fixées au noyau isolant.

Les igolateurs composites couverts par le présent document sont destineés a étre utilisés pour
la sugpension ou l'ancrage de lignes, mais ces isolateurs peuveht)parfois étre sollicitgés en
compression ou en flexion, par exemple lorsqu'ils sont utilisés camme entretoises interphases.
L'Annexe C fournit des recommandations pour ces types de charges.

L'objet du présent document est de:

— définir les termes utilisés;

acifier les méthodes d'essai;
acifier les critéres d'acceptation.
Le pr¢sent document ne définit pas d'exigences concernant le choix des isolateurs dest|nés a

des cpnditions ou des environnements\d'exploitation spécifiques, qui différent des conditions
normdles d'environnement indiquéesdans le Tableau 1.

2 Reéférences normatives

Les dpcuments suivants.sont cités dans le texte de sorte qu'ils constituent, pour tout ou [partie
de leyur contenu, des  exigences du présent document. Pour les références datées, [seule
I'édition citée s'applique. Pour les références non datées, la derniére édition du document de
référeince s'appligue (y compris les éventuels amendements).

IEC 6D060-1, Techniques d'essai a haute tension — Partie 1: Définitions générales et exigences
d'essqi

IEC 60383-1, Isolateurs pour lignes aériennes de tension nominale supérieure a 1 000 V —
Partie 1: Eléments d'isolateurs en matiére céramique ou en verre pour systemes a courant
alternatif — Définitions, méthodes d'essai et critéres d'acceptation

IEC 60383-2, Isolateurs pour lignes aériennes de tension nominale supérieure a 1 000V —
Partie 2: Chaines d'isolateurs et chaines d'isolateurs équipées pour systéemes a courant
alternatif — Définitions, méthodes d'essai et critéres d'acceptation

IEC 60437, Essai de perturbations radioélectriques des isolateurs pour haute tension

IEC 61284, Lignes aériennes — Exigences et essais pour le matériel d'équipement
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IEC 61466-1, Eléments de chaine d'isolateurs composites pour lignes aériennes de tension
nominale supérieure a 1000V — Partie 1: Classes mécaniques et armatures d'extrémité
normalisées

IEC 61467, Isolateurs pour lignes aériennes — Chaines d'isolateurs et chaines d'isolateurs
équipées pour lignes de tension nominale supérieure a 1 000 V — Essais d'arc de puissance en
courant alternatif

IEC 62217:—2, Isolateurs polymériques & haute tension pour usage intérieur ou a I'extérieur —
Définitions générales, méthodes d'essai et criteres d'acceptation

IEC 6
altern
critere

ISO 3

3 T

Pour

L'1SO
en no

o |E
e |S

Note 1

D'autregls définitions relatives aux isolateurs peuvent«étre trouvées dans I'lEC 60050-471 [3].

3.1
3.1.1

isolateur polymérique

isolats

Note 1

Note 2

[SOU

P231, Isolateurs supports composites rigides a socle destinés aux postes a 'c(
atif de tensions supérieures a 1 000 V jusqu'a 245 kV — Définitions, méthodes_d'eq
s d'acceptation

152 (toutes les parties), Essais non destructifs — Examen par ressuageée

prmes, définitions et abréviations

es besoins du présent document, les termes et définitions ‘'suivants s'appliquent.

rmalisation, consultables aux adresses suivantes:

C Electropedia: disponible a I'adresse https://www.electropedia.org/

O Online browsing platform: disponible a I'adresse https://www.iso.org/obp

a l'article: Certains termes de I'lEC 62217:20492 sont reproduits ici pour faciliter I'utilisation de la

Termes et définitions

bur dont le corps isolant.se compose d'au moins un matériau organique

a I'article: Cette notene s'applique qu'au texte anglais.

a I'article: Deswdispositifs de couplage peuvent étre fixés aux extrémités du corps isolant.

RCE: IEC60050-471:2007, 471-01-13]

3.1.2

isolateur'composite

burant
sai et

et I'lEC tiennent a jour des bases de données termijnglogiques destinées a étre utilisées

norme.

isolateur constitué d'au moins deux parties isolantes, un noyau et un revétement, et equipé
d'armatures d'extrémité

Note 1

a l'article: Les isolateurs composites, par exemple, peuvent étre constitués soit d'ailettes individuelles
montées sur le noyau, avec ou sans gaine intermédiaire, ou alternativement, d'un revétement moulé ou coulé
directement sur le noyau en une ou plusieurs parties.

[SOURCE: IEC 60050-471:2007, 471-01-02]

2En pr

eparation. Stade au moment de la publication: IEC/RFDIS 62217:2025.


https://www.electropedia.org/
https://www.iso.org/obp
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-13
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-13
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-02
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-02
https://iecnorm.com/api/?name=adabda84dac8b22551a900add9130943

IEC 61109:2025 © |IEC 2025 - 63 -

3.1.3
noyau (d'un isolateur)
partie isolante interne d'un isolateur qui assure les caractéristiques mécaniques

Note 1 a l'article: Le revétement et les ailettes ne font pas partie du noyau.

[SOURCE: IEC 60050-471:2007, 471-01-03]

3.1.4
fat d'un isolateur
partie isolante centrale d'un isolateur situé entre les ailettes

Note 1

[SOU

3.1.5
revétement
partie
protéeg

Note 1

[SOU

3.1.6
ailette (d'un isolateur)
partie

Note 1

[SOU

3.1.7
interf|
surfad

Note 1

ent

ent
ailel

ent
ent

ent

a I'article: Cette note ne s'applique qu'au texte anglais.

RCE: IEC 60050-471:2007, 471-01-11]

isolante externe d'un isolateur composite, qui assure la ligne 'de” fuite nécessd
e le noyau de I'environnement

a I'article: Une gaine intermédiaire en matériau isolant peut faire partiesdu revétement.

RCE: IEC 60050-471:2007, 471-01-09]

isolante en saillie sur le fat d'un isolateur, destinée a augmenter la ligne de fuite

a I'article: Une ailette peut étre avec ou sans ondulations.

RCE: IEC 60050-471:2007, 471-01:45]

ace

e de contact entre les différents matériaux

a I'article: Les isolateurs composites comportent plusieurs interfaces, par exemple:
e le revétement et les armatures d'extrémité;

e les différentes ‘parties du revétement, par exemple entre les ailettes fabriquées séparément ou e
ttes et la gaine,

e le noyau.et le revétement;
e le produit d'étanchéité et le noyau;

e\le,produit d'étanchéité et les armatures d'extrémité

(Annexe E: Croquis types pour I'assemblage des isolateurs composites

ire et

tre les

[SOURCE: IEC 62217:—, 3.11, modifiée — La modification apportée a la définition ne s'applique
qu'au texte anglais, et la Note 1 a I'article a été modifiée]
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3.1.8

armature de fixation,

armature d'extrémité

dispositif, faisant partie d'un isolateur, qui sert a fixer celui-ci a une structure de support, a un
conducteur, a une partie d'un équipement ou a un autre isolateur

Note 1 a l'article: Lorsque le dispositif de fixation est métallique, I'appellation "armature métallique" est
généralement utilisée.

Note 2 a I'article: Les armatures d'extrémité normalisées sont définies dans I'lEC 61466-1.

[SOURCE: IEC 60050-471:2007, 471-01-06]

3.1.9
zone de connexion
zone flans laquelle la charge mécanique est transmise entre le noyau et I'armature d'extfémité

[SOURCE: IEC 62217:2012, 3.13, modifiée — "entre le corps isolant et I'armature de fixafion" a
été regmplacé par "entre le noyau et I'armature d'extrémité"]

3.1.1¢
couplage
partie|de I'armature d'extrémité qui transmet la charge aux accessoires externes a l'isolateur

[SOURCE: IEC 62217:2012, 3.14, modifiée — "armature de fixation" a été remplacg par
"armalture d'extrémité”, et "matériel externe" a été remplacé par "accessoires externes"]

3.1.11
ligne [de fuite
distanjce la plus courte ou somme des distances les plus courtes le long de la surfacg¢ d'un
isolat¢ur entre deux parties conductricesiqui supportent normalement la tension de service
entre elles

[SOURCE: IEC 60050-471:2007,471-01-04]

3.1.12
distance d'arc

plus qourte distance dans:I'air a I'extérieur de l'isolateur entre les parties métalliques sur|
lesquelles on appligéeynormalement la tension de service

Note 1[a 'article: [Ke'terme "distance d'arc a sec" est également utilisé.

[SOURCE: IEC'60050-471:2007, 471-01-01]

3.1.13
charge mécanique spécifiée

CcMSs

tenue en charge, spécifiée par le fabricant, qui est utilisée pour les essais mécaniques du
présent document

3.1.14

charge mécanique individuelle

(o1 ]

charge appliquée a l'ensemble des isolateurs composites assemblés au cours d'un essai
mécanique de série
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3.1.15

charge de rupture mécanique

charge maximale qui est atteinte lorsque l'isolateur est soumis a l'essai dans les conditions
prescrites

[SOURCE: IEC 60050-471:2007, 471-01-12, modifié - modifiée — La modification apportée a la
définition ne s'applique qu'au texte anglais, et la Note 1 a l'article a été supprimée]

3.1.16

chaine équipée
assemblage d'une ou plusieurs chaines d'isolateurs convenablement reliées et munies de tous
les di§positiis d€ fixation et de protection prevus en service

Note 1|a I'article: Les termes "dispositifs d'extinction et de protection contre les champs" sont également |utilisés
pour dg¢signer ces dispositifs de protection.

[SOURCE: IEC 60050-471:2007, 471-03-02]

3.1.17
élément de chaine d'isolateurs
isolateur a capot et tige ou isolateur a long fat dont les dispositifs.de’fixation sont congus pour
assurer une liaison flexible avec les autres éléments de chaine similaires ou avedc les
accesjsoires de connexion

Note 1|a I'article: Les isolateurs a capot et tige ne sont pas des-isOlateurs composites et ne font pas pgrtie du
présent document.

[SOURCE: IEC 60050-471:2007, 471-03-08]
3.1.18
étanchéiteé
methqde assurant ['aptitude d'un c@mposant a résister a la pénétration d'dgents
atmogphériques polluants

Note 1[a 'article: Les agents atmosphériques polluants comprennent la pollution et I'humidité.

[SOURCE: IEC 60050-581:2008, 581-23-16]

3.1.1¢
produit d'étanchéité-(agent d'étanchéité)
matérjau supplémentaire utilisé pour I'étanchéité

Note 1[a 'artielesnGénéralement, des silicones RTV sont utilisés pour les isolateurs composites.

Note 2|a<larticle: Voir le produit d'étanchéité a I'Annexe E: Schéma de principe type pour I'assemblage des
isolatelirs:'composites

3.1.20

anneau de garde/anneau anti-effluves

dispositif de protection métallique fixé a I'armature d'extrémité de l'isolateur composite ou
dispositif de fixation intermédiaire de la chaine dont la fonction est de maintenir le champ
électrique, en tout point le long de la surface de l'isolateur composite, au-dessous de la valeur
maximale spécifiée


https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=471-01-12
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3.2 Abréviations

Les abréviations suivantes sont utilisées dans le présent document:

E1, E2 ensembles d'échantillons destinés aux essais
sur prélevements

Mpy charge de rupture moyenne sur 1 min du noyau
de l'isolateur assemblé avec ses armatures

CMI charge mécanique individuelle

RTV (Room-Temperature-Vulcanizing silicone vulcanisé a température ambiante

Silicone)

CMS charge mécanique spécifiée

4 Identification

Outre| les exigences de I'lEC 62217, la CMS doit étre apposée par marquage sur chaque
isolatgur.

Il est recommandé au fabricant de marquer ou d'étiqueter chaque isolateur pour indiquer que
ce defnier a satisfait a I'essai mécanique de série.

5 Clonditions d'environnement

Les conditions normales d'environnement auxqueles sont soumis les isolateurs en service sont
définies dans I'lEC 62217 et indiquées dans le~Fableau 1. Les termes sont définis comme suit:

e Environnement intérieur: installation & ¥intérieur d'un batiment ou d'une autre constrliction
dans laquelle les isolateurs sont protégés contre le vent, la pluie, la neige, les dépobts
pdriodiques de pollution rapide, laycondensation anormale, la glace et le givre.

e Environnement extérieur: instaltation a I'air libre, en dehors de tout batiment ou abri) dans
laquelle les isolateurs sopt'soumis au vent, a la pluie, a la neige, aux dépdbts périodiques
dg pollution rapide, a une‘condensation importante, a la glace et au givre.

Si les conditions de(service des isolateurs polymériques s'écartent sensiblemenf des
parameétres du Tableau 1, l'isolateur doit étre congu ou évalué dans le cadre d'un accord|entre
le cliegnt et le fabricant. Par ailleurs, si une expérience en service positive ("aucune défaillgnce")
a été [acquise pour un environnement et une conception d'isolateur spécifiques (y compris le
matérjau et le _profil), I'isolateur peut étre utilisé pour cet environnement spécifique, méme en
cas dlécartpar rapport aux conditions normales d'environnement.
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Tableau 1 — Conditions normales d'environnement

leg
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C¢
m4
da
de
62

fosj

I'igolateur doit étre congu/évalué en tenant compte de I'expérience acquise en service. Si I'expérience 4

Isolation intérieure Isolation extérieure
Température de I'air ambiant Ne dépasse pas 40 °C, et sa valeur moyenne mesurée sur une période de
maximale 2 24 h ne dépasse pas 35 °C
Température de I'air ambiant -25°C —40 °C
minimale ©
Vibrations Vibrations mineures dues a des causes externes aux isolateurs ou a des
secousses sismiques ©
Rayonnement solaire ¢ Non applicable Jusqu'a un niveau de 1 120 W/m?
Sévélfite de pollution du site Absence de pollution significative Presence d'une pollution par
(SPsS) ¢ par poussiere, fumée, gaz poussiére, fumée, gaz corrosifsg,
corrosifs et/ou inflammables, vapeurs ou sel. La pollution, ne
vapeurs, ou sel dépasse pas le niveau(dejla
classe SPS "heavy"{élevée) ddfinie
dans I'lEC TS 60845-1 [5].
Humidlite f Absence de pluie, de neige, Présence de pluie, de neige,
d'humidité anormale, de d'humidité_anormale, de
condensation, de glace et de condensatioh, de glace et de givre
givre
a8 Enfcas de dépassement de la température, suivre les recommandations de+'|EC TR 62039 [5] pour le npyau ef

matériaux adhésifs (comme la colle) fournies dans le paragraphe "glass-transition temperature".

mpte. Pour les installations de lignes exposées a des tempérafufes inférieures a —20 °C, des nuances
Bciales présentant une faible température de transition ductile jpeuvent étre spécifiées.

5 vibrations dues a des causes externes peuvent étre traitées conformément & I'lEC 60721-1 [6].

tériau de l'isolateur.

service n'est pas suffisante, des essais_spéciaux simulant les conditions de rayonnement solaire de
hstallation doivent étre effectués.

général, la pollution n'est pas problématique pour les isolateurs pour usage intérieur. Dans certa
[ticuliers, comme les conditions(intérieures en courant continu, les isolateurs peuvent étre plus ou
htaminés par les champs éleCtriques générés par le courant continu.

pendant, le phénoméneyde .contournement da a la pollution ne peut pas se produire lorsque I'humi
itrisée. Pour les conditiens extérieures, I'lEC 62217 spécifie des exigences pour les contraintes renc

I'hydrophobie et Ies essais de cheminement et d'érosion pour lesquels des critéres sont fournis dans I'
D39).

es écarts sontlimités par rapport aux conditions susmentionnées, les isolateurs pour usage intérieur g

ég
et

Pourdlimiter les phénomeénes liés a la condensation, la valeur moyenne de la condition d'humidité an
mgsurée ne dépasse pas 95 % lorsqu'elle est mesurée sur une période de 24 h ou 90 % lorsqu'elle est m

hlement étre/utilisés sous réserve qu'une expérience en service positive ("aucune défaillance") ait été 3
i la condensation est occasionnelle.

sur une période d'un mois. Le dépassement de ces valeurs est considéré comme une condition d'humidité
anormale.

général, les températures inférieures a —40 °C ne sont pas essentielles pour le service. Cependant, jpour la
nipulation et l'installation, la température de cristallisation du revétement en polymére doit étre prise en

ur les applications extérieures, I'influence d'un écart par rapport au niveau indiqué de 1 120 W/m?2 dépend du

es conditions de service des isolateurs polymériques s'écartent sensiblement des paramétres du Tablleau 1,

hs des environnements) relativement difficiles, mais pas extrémes (voir, par exemple, les essais de contrble

d'acier

cquise
a zone

ns cas
moins

ité est
ntrées
EC TR

euvent
cquise

ormale
esurée

6 T

ransport, stockage et installation

Outre les exigences de I'lEC 62217, des informations relatives a la manipulation des isolateurs
composites peuvent étre trouvées dans les documents TB 184 [7] et TB 919 [9] du CIGRE.
Pendant l'installation ou lorsqu'ils sont utilisés dans des configurations non normalisées, les
isolateurs composites peuvent étre soumis a de fortes contraintes de torsion, de compression
ou de flexion pour lesquelles ils n'ont pas été congus. L'Annexe C fournit des recommandations
pour ces types de charges.
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Lorsque cela est exigé, il convient de fournir au client les instructions d'assemblage des
anneaux de garde/anneaux anti-effluves, qui expliqueront notamment comment positionner et
installer correctement les anneaux de garde/anneaux anti-effluves sur les isolateurs.

7

Tolérances

Sauf spécification contraire, une tolérance de

doit é
pas d

Les lignes de fuite mesurées doivent étre cohérentes avec les dimensions et |estolérand
ption déterminées a partir du plan de l'isolateur, méme si cette dimension est supé
bleur initialement spécifiée. Lorsqu'une ligne de fuite minimale est spécifiée, la tolé

conce
alav

1+ (0,04 x d + 1,5) mm lorsque d < 300 mm,
1 (0,025 x 4 + 6) mm lorsque d > 300 mm avec une tolérance maximale d £ 50 mm

négat|ve sur la ligne de fuite minimale est de zéro.

Pour |
courte

extrapolation, a condition que les longueurs non mesurées aient les mémes diamétres,

et es(

8

8.1

L'objgt des essais de conception est de vérifier 'adéquation de la conception, des matéri

de la |méthode (technologie) de fabrication. Une conception d'isolateur composite est d

Classification des essais

Essais de conception

par lep éléments suivants:

matériaux de revétement, y.compris leur formulation et le procédé de fabrication utilis

matériaux de noyau,

matériaux, procédé de fabrication et méthode de fixation (a I'exclusion du couplage

armatures d'extréniité;
épaisseur du revétement recouvrant le noyau (y compris la gaine le cas échéant);
di]amétre dudpeyau;

inferfaces:

¢ | coneeption de l'interface noyau/revétement, y compris le type d'agent de cod

(primaire) et ['assemblage;

re autorisée sur toutes les dimensions pour lesquelles des tolérances spécifiques.n
emandées ou indiquées sur le plan de l'isolateur (dimension d exprimée en millimeé{res).

acements des ailettes que la section mesurée sur laquelle est effectuée I'extrapolz

b sont

es de
rieure
rance

es isolateurs présentant une ligne de fuite supérieure a 3 my; il est permis de mesurg¢r une
section de l'isolateur sur une longueur de 1 m environ~et d'effectuer le calc

il par
profils
tion.

hux et
éfinie

e;

) des

plage

e conception de l'interface revétement/armature d'extrémité;
e interface noyau/armature d'extrémité;

e interfaces fOt/ailette et fat/fat (le cas échéant).

Si des modifications sont apportées a la conception d'un isolateur, une requalification doit alors
étre effectuée conformément au Tableau 2.
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Lorsqu'un isolateur composite est soumis aux essais de conception, il devient un isolateur de
conception équivalente pour une conception donnée et les résultats doivent étre considérés
comme valables pour cette conception seulement. L'isolateur de conception équivalente, qui a
ainsi été soumis aux essais, définit une conception particuliere d'isolateurs partageant
I'ensemble des caractéristiques suivantes:

a) matériaux identiques (y compris leurs formulations) du noyau et du revétement et méthode
de fabrication identique (y compris le procédé d'assemblage du revétement);

b) matériau identique des armatures, conception identique de l'interface noyau/armature
d'extrémité et géométrie identique de l'interface revétement/armature;

c) épaisseur de couche minimale du revétement recouvrant le noyau (y compris la gaine le cas
édheant) identique ou supeérieure;

d) contrainte sous charges mécaniques identique ou inférieure;

NOTE | Par exemple, la CMS peut servir de charge de référence mécanique. La contrainte est caleulée en divisant
la charge par la section du noyau.

e) diametre du noyau identique ou supérieur;
f) paramétres de profil de revétement équivalents, voir la Note (a) dans)le Tableau 2.

8.2 |Essais de type

L'objdt des essais de type est de vérifier les caractéristigdes principales d'un isolateur
comp@site, qui dépendent essentiellement de la forme et de Ja.taille de l'isolateur. lIs permlettent
égaleent de confirmer les caractéristiques mécaniques.du noyau assemblé (voir I'Articlg A.4).
lIs sont effectués sur des isolateurs dont la classe a satisfait aux essais de conception.

Un type d'isolateur est défini électriquement par la distance d'arc, la ligne de fuite, l'inclingison,
la projection et I'espacement des ailettes d'un isolateur.

En olitre, le Tableau 2 répertorie les caractéristiques de conception des isolateurs qui,
lorsqy'elles sont modifiées, exigent également la répétition des essais électriques de type.

Un type d'isolateur est défini mécaniquement par une CMS maximale pour un diameéfre de
noyay, une méthode de fixation.eb'une conception des couplages donnés. L'Annexe A trgite de
la cogrdination type entre la CMS et les charges de service.

Les gssais mécaniques~de type doivent étre effectués une seule fois sur les isolateurs
rempllssant les critéresCi-dessus pour chaque type.

En outre, le Tableau 2 répertorie les autres caractéristiques de conception des isolateurs qui,
lorsqy'elles sont modifiées, exigent également la répétition des essais mécaniques de type.

8.3 |Essais sur prélévements

L'objet des essais sur prélévements est de vérifier les autres caractéristiques des isolateurs
composites, notamment celles qui dépendent de la qualité de fabrication et des matériaux
utilisés. lls sont effectués sur des isolateurs prélevés de maniére aléatoire dans les lots
présentés pour acceptation.

8.4 Essais individuels de série

L'objet des essais individuels de série est d'éliminer les isolateurs composites qui présentent
des défauts de fabrication. Des essais individuels de série sont effectués sur chaque isolateur
composite.
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9 Essais de conception

9.1 Généralités

Ces essais comprennent les essais spécifiés dans I'lEC 62217 ainsi qu'un essai spécifique de
charge-temps du noyau assemblé, indiqué dans le Tableau 3. Les essais de conception sont
effectués une seule fois, et leurs résultats sont consignés dans un rapport d'essai. Chaque
partie peut étre effectuée indépendamment sur des éprouvettes neuves, le cas échéant.
L'isolateur composite d'une conception particuliére ne doit étre qualifié que lorsque les
isolateurs ou éprouvettes ont tous satisfait aux essais de conception.

Tableau 3 — Essais de conception

Essais sur les interfaces et les connexions des armatures d'extrémité

Essai de décharge disruptive a fréquence industrielle a sec de référence

Précontraintes — Précontrainte par suppression brutale de la charge
Précontrainte thermomécanique
(voir le 9.3.1 et le 9.3.2)

Précontrainte par immersion dans |'eau

Essais de vérification

Examen visuel

Essai sous onde de choc a front raide

Essais de tension a fréquence industrielle,a_sec

Essais sur le matériau du revétement

Essai de dureté

Essai climatique accéléré

Essai de cheminement et d'érosion.=\woir le 9.2.2 pour les spécimens

Essai d'inflammabilité

Essai de transfert d'hydrophobie

Essais sur le matériau'du noyau — voir le 9.2.3 pour les spécimens

Essai de pénétrationde colorant

Essai de pénétration d'eau

Essai de corresion sous contrainte

Essais_sur le noyau avec le revétement — voir le 9.2.4 pour les spécimens

Essai de pénétration d'eau sur le noyau avec le revétement

Essai de charge-temps du noyau assemblé — voir le 9.4 pour les spécimens

Détermination de la charge de rupture moyenne du noyau de l'isolateur assemblé

verirication de Ia tenue en cnarge sur 9o n

L'Annexe G traite de l'applicabilité des essais de conception pour les applications en courant
continu.
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9.2 Eprouvettes
9.2.1 Essais sur les interfaces et les connexions des armatures d'extrémité

Trois isolateurs prélevés sur la chaine de production doivent étre soumis a I'essai. La longueur
d'isolement (espacement des parties métalliques) ne doit pas étre inférieure a 800 mm. Les
deux armatures d'extrémité doivent étre identiques a celles qui équipent les isolateurs de
production normale. Les armatures d'extrémité doivent étre assemblées de telle sorte que la
partie isolante entre I'armature et l'ailette la plus proche soit identique a celle de l'isolateur
prélevé sur la chaine de production. Si des entretoises, des bagues de fixation ou d'autres
composants créant des interfaces sont utilisés dans la conception de l'isolateur (en particulier
les isolateurs plus longs), le prélévement doit inclure ces dispositifs dans leur position normale.

NOTE Un quatriéme isolateur peut étre nécessaire pour I'étalonnage du circuit d'essai sous onde dg choc|a front
raide.

NOTE 2 Si le fabricant ne peut produire que des isolateurs de moins de 800 mm, les essais dergonception geuvent
étre effectués sur des isolateurs de la longueur disponible, mais les résultats ne seront valables que jugqu'aux
longuetlirs soumises a l'essai.

9.2.2 Essai de cheminement et d'érosion

Sila donception de l'isolateur (en particulier les isolateurs plus longs)-incorpore des entretpises,
des bagues de fixation ou d'autres composants qui créent des interfaces, les prélévements pour
cet edsai doivent inclure ces dispositifs dans leur position normale.

La lighe de fuite de I'échantillon doit étre comprise entre<500 mm et 800 mm, comme cqgla est
spécifié dans I'lEC 62217. Si la présence d'entretois€s ou de joints (voir ci-dessus) exigle une
ligne fde fuite plus élevée, les essais de conception.peuvent étre effectués sur des isolateurs
qui prgsentent des distances de fuite d'une longtieur la plus proche possible de 800 mm| Si le
fabrichnt ne peut produire que des isolateurs avec une ligne de fuite inférieure a 500 mm, les
essai$ de conception peuvent étre effectués*sur des isolateurs de la longueur disponible| mais
les répultats ne seront valables que jusqu‘aux longueurs soumises a l'essai.

9.2.3 Essais sur le matériau dumoyau

Les spécimens, la méthode d!eSsai et les critéeres d'acceptation doivent étre conformes aux
spécifications de I'lEC 62217

9.2.4 Essais sur le-noyau avec le revétement

Les spécimens, lanméthode d'essai et les critéres d'acceptation doivent étre conformes aux
spécifications de)I'""lEC 62217.

NOTE | L'Annéxe F décrit les méthodes mécaniques supplémentaires applicables pour vérifier le niveau d'adhérence
a l'intefface\nbyau/revétement. Pour les essais de conception, la méthode A est préférentielle. Si un e$sai de
pénétrgtion d'eau sur le noyau avec le revétement et des essais d'arrachement sont effectués, les mémes spécimens

i ptilicAc nrdalablamant laorc dao l'accal do ndndtration d'aa cur 1o noval avaoe 1o raovatamant naoind A
que ce B P y B nt étre

utilisés pour I'essai d'arrachement, comme cela est décrit a I'Annexe F.

9.3 Précontrainte spécifique au produit pour les essais sur les interfaces et les
connexions des armatures d'extrémité

9.3.1 Généralités

Les essais doivent étre effectués sur les trois spécimens, selon la séquence décrite dans le
présent paragraphe.

9.3.2 Suppression brutale de la charge

L'objet de cet essai est d'appliquer une précontrainte sur l'ensemble des interfaces et
connexions, y compris l'interface ailette/fat. Il ne porte pas sur la connexion des armatures
d'extrémité uniquement.
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Lorsque la température de l'isolateur est comprise entre -20 °C et -25 °C au début du test,
chaque éprouvette est soumise pendant au moins 1 min a cinq suppressions brutales d'une
charge de traction correspondant a 30 % de la CMS.

L'Annexe B décrit deux exemples de dispositifs possibles pour la suppression brutale de la
charge. Si un autre procédé/dispositif est utilisé, la durée de suppression brutale de la charge
doit étre < 50 ms.

NOTE Dans certains cas, une température plus basse peut étre fixée par accord.

9.3.3 Précontrainte thermomécanique

Avant| de commencer l'essai, les spécimens doivent étre soumis a température ambignte a
au mgins 5 % de la CMS pendant 1 min. La longueur des spécimens doit étre mesuréq avec
une gxactitude de 0,5 mm pendant cette période. Cette longueur doit étre prise)comme la
longueur de référence.

Les spécimens sont ensuite soumis a des cycles de température sous upe charge mécgnique
continque (voir la Figure 1), en exécutant quatre fois le cycle de température de 24 h. Chaque
cycle [de 24 h consiste en I'application de deux niveaux de température pendant au moips 8 h
chacun, I'un a (+50 £ 5) °C et l'autre a (—-35 £ 5) °C. La période froide doit correspondre ja une
tempdrature d'au moins 85 K au-dessous de la valeur réellement.appliquée pendant la pé¢riode
chaude. La précontrainte peut étre appliquée dans I'air ou tout autre milieu adapté.

A
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Figure 1 — Précontrainte thermomécanique

La charge mécanique appliquée doit étre égale a la CMI (au moins 50 % de la CMS) du
spécimen. Le spécimen doit étre soumis, a température ambiante, a une charge avant de
commencer le premier cycle thermique.

Les cycles peuvent étre interrompus pour effectuer I'entretien du matériel d'essai pour une
durée totale de 2 h. Le point de départ aprés toute interruption doit étre le début du cycle
interrompu.
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Aprés I'essai, la longueur doit de nouveau étre mesurée de maniére similaire, sous la méme
charge et a la température initiale du spécimen (afin d'obtenir des informations supplémentaires
concernant le déplacement relatif des armatures métalliques).

NOTE 1 Les températures et les charges dans cette précontrainte ne sont pas destinées a représenter les
conditions de service, mais ont pour objet de produire des contraintes reproductibles spécifiques au niveau des
interfaces de l'isolateur.

NOTE 2 Dans certains cas, une température plus basse peut étre fixée par accord.

9.4 Essais de charge-temps du noyau assemblé

z

9.4.1 __Eprouvettes

Six isplateurs prélevés sur la chaine de production doivent étre soumis a I'essai. La\longueur
d'isol¢gment (espacement des parties métalliques) ne doit pas étre inférieure a 800 mm. Les
deux [armatures d'extrémité doivent étre identiques en tout point a celles quinéquipent les
isolat¢urs prélevés sur la chaine de production, excepté qu'elles peuvent étrecmodifiées ep aval
de l'extrémité de la zone de connexion afin d'éviter une défaillance des couplages.

Les s|x isolateurs doivent étre soumis a un examen visuel, en vérifiant notamment quel leurs
dimerjsions sont conformes aux plans.

NOTE | Si le fabricant ne peut produire que des isolateurs de moins de 800,mm, les essais de conception geuvent
étre effectués sur des isolateurs de la longueur disponible, mais les résultats ne seront valables que jugqu'aux
longuelirs soumises a l'essai.

9.4.2 Essai de charge mécanique
9.4.2.4 Généralités

Cet egsai est effectué en deux parties, a température ambiante.

9.4.2.p Détermination de la charge.de rupture moyenne du noyau de l'isolateur
assemblé (Myy)

Trois des isolateurs composites doivent étre soumis a une charge de traction. Cette change de
tractign doit étre augmentée/ rapidement, mais sans a-coups, de zéro a environ 75 %|de la
CMS.|Elle doit ensuite étre augmentée progressivement dans un délai de 30 s a 90 s jusqu'a la
CMS.|Lorsque celle-ci estatteinte, la charge est augmentée progressivement jusqu'a la rdpture
ou l'afrachement complet du noyau. La moyenne des trois charges de rupture M,y do|t étre

calculge.

9.4.28 Vérification de la tenue en charge sur 96 h

Les trois isolateurs composites restants doivent étre soumis a une charge de traction.|Cette
chargp“de  traction doit étre augmentée rapidement, mais sans a-coups, de zéro a 60 %| de la
My, calculée au 9.4.2.2. Elle doit étre maintenue a cette valeur pendant 96 h sans défaillance

(rupture ou arrachement complet). Si 'application de la charge est interrompue pour une
quelconque raison, alors I'essai doit étre redémarré sur un spécimen neuf.

10 Essais de type

10.1 Généralités

L'Annexe G traite de l'applicabilité des essais de type pour les applications en courant continu.
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10.2 Essais électriques sur les éléments de chaine d'isolateurs
10.2.1 Généralités

Les essais électriques de type doivent étre effectués une seule fois sur les isolateurs
composites remplissant les conditions indiquées dans le Tableau 2. Si des dispositifs de
protection contre les arcs et de maitrise des champs électriques sont utilisés en service et qu'ils
sont incorporés a une conception d'isolateur donnée, ces dispositifs doivent étre utilisés pour
les essais électriques des éléments de chaine d'isolateurs conformément aux plans et aux
spécifications du fabricant.

Les e
produjt et sont valables pour des éléments de chaine d'isolateurs spécifiques. Ces essais et
leurs fésultats different de ceux applicables aux chaines équipées entierement assemblégs, en
raisor|] de la configuration des pieces de garde et des conducteurs associés. C'est pourguoi il
est ngcessaire de déterminer si les valeurs électriques spécifiées s'appliquent awn élémént de
la chgine d'isolateurs en particulier ou a la chaine équipée compléte. Le Tableau 4 irldique
I'application des éléments de chaine d'isolateurs et des chaines équipées.

Les rdsultats des essais électriques peuvent étre déterminés par interpolation pour les éléments
de chgine d'isolateurs de longueur intermédiaire, a condition que ledfacteur entre les distances
d'arc des isolateurs observées aux bornes de la plage d'interpolation, soit inférieur oy égal
a 1,5.|ll n'est pas autorisé de procéder par extrapolation.

Les vjaleurs et les procédures d'essai dépendent généralement de I'application (usage en
intérigur ou en extérieur) et doivent donc étre appliquées conformément aux spécificatigns du
client

NOTE | Les essais électriques de type des éléments de chaine d'isolateurs peuvent étre effectués daps des
conditipns spécifiques au client, si cela est exigé et fixé\par accord entre le fabricant et le client.

10.2.2 Eprouvettes

Un isglateur prélevé sur la chaine de production doit étre soumis a I'essai. L'isolateur dojt étre
soumis a un examen visuel, en vérifiant notamment que ses dimensions sont conformgs aux
plans

Si un|élément de chaine Wlisolateurs incorpore des anneaux de protection contre les cfamps
électrlques (anneaux de“garde) et que ceux-ci sont spécifiés dans le plan du produif d'un
fabrichnt, ces annealx doivent étre utilisés lors de I'essai.

10.2.3 Configdrations de montage pour les essais électriques

Les donfigurations de montage pour les essais électriques sur les éléments de dhaine
d'isolarteurs doivent étre conformes aux spécifications du Tableau 4.

Les essais doivent étre effectués conformément a I'EC 60060-1.

10.2.4 Essai de tension de tenue aux chocs de foudre a sec

Le circuit d'essai, la tension d'essai et la procédure d'essai doivent étre conformes aux critéres
définis dans I'lEC 60060-1.

Cet essai s'applique aux éléments de chaine d'isolateurs destinés a étre utilisés en intérieur et
en extérieur.
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