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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SELECTION AND DIMENSIONING OF HIGH-VOLTAGE
INSULATORS INTENDED FOR USE IN POLLUTED CONDITIONS -

Part 4: Insulators for d.c. systems

FOREWORD

2016

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of IEC ris\to p
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romote
Ids. To
ations,

Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter,réferred to ag “IEC

rnmental organizations liaising with the IEC also participate in this preparation) IEC collaborates
the International Organization for Standardization (ISO) in accordance, with conditions determi

nterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC Natienhal Committees undertake to apply IEC Publi
tranisparently to the maximum extent possible in their national and regional publications. Any dive
betyveen any IEC Publication and the corresponding{national or regional publication shall be clearly indidg
the|latter.

5) IEQ itself does not provide any attestation ‘of/conformity. Independent certification bodies provide cor
asspssment services and, in some areas, -access to |IEC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

6) Al

7) No [iability shall attach to IEC or its directors, employees, servants or agents including individual expe
meinbers of its technical committees and IEC National Committees for any personal injury, property dan
othér damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq
expenses arising out of the" publication, use of, or reliance upon, this IEC Publication or any oth
Puflications.

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

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable forthe correct application of this publication.

9) Attgntion is drawn to the possibility that some of the elements of this IEC Publication may be the su
patent right$\ MEC shall not be held responsible for identifying any or all such patent rights.
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The madin,~task of IEC technical committees is to prepare International Standarg
excewmmwww j i i icati

specification when

hnical

e the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

e the subject is still under technical development or where, for any other reason, there
future but no immediate possibility of an agreement on an International Standard.

is the

Technical specifications are subject to review within three years of publication to decide

whether they can be transformed into International Standards.

IEC 60815-4, which is a technical specification, has been prepared by technical committee 36:

Insulators.
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The text of this technical specification is based on the following documents:

DTS Report on voting
36/382/DTS 36/390/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list[of all parts in the TEC 60815 series, published under the general title Selecfioh and
dimersioning of high-voltage insulators intended for use in polluted conditions, cannbe’|/found
on thg IEC website.

The cpmmittee has decided that the contents of this document will remain unehanged urtil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in-the data reldted to
the sgecific document. At this date, the document will be
e regonfirmed,

e withdrawn,

e replaced by a revised edition, or

e anmhended.

A bilirfgual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on\the cover page of this publication indigates
that| it contains colours which are: considered to be useful for the cofrect
undérstanding of its contents. Users’ should therefore print this document usipg a
colour printer.
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INTRODUCTION

Work has been going on in CIGRE C4.303 and the IEC to produce d.c. pollution design guides
that represent the current state of the art. The CIGRE work has resulted in an HV d.c.
Pollution Application Guidelines brochure [1] and the IEC work in this final part of IEC 60815
— Selection and dimensioning of high-voltage insulators intended for use in polluted conditions
— Part 4: Insulators for d.c. systems.

The work represents a huge accumulation of pollution performance knowledge from various
sources (both published and unpublished) never before collated into a single opus.

Contrary to the parts of IEC 60815 dealing with a.c., this technical specification covers both
polymleric and glass and porcelain insulators for d.c. systems in a single publication. It also
cover$ hybrid insulators (the ceramic core is fully covered by a polymer).

NOTE | The present document does not apply to insulators with coatings, due to the variety) of coating$ to be
considgred. This may be reconsidered at the next revision of this technical specification;, after gaining more
knowlefige and experience and a better definition of the coating characteristics and requirements.

The approach for d.c. insulator design and selection with respect to pollution given in this part
is different to that used for a.c. The key differences are:

e A [simplified approach is presented which is intended forvpreliminary design. However,
ce under d.c. pollution build-up and its effects can beymore severe than under a.¢., the
final design should be based as much as possible ofiva direct pollution severity medsured
unlder d.c. for the site being studied. Equally direct'evaluation of the insulators selecfed by

e Two approaches are considered to estimate pollution severity: one using prior d.¢. site
erity experience, the other using sitevseverity measurements on a.c. or unenefgised
ingsulators;

e Carrection of site severity for specific parameters that have an influence under d.c| (e.g.
pdllution uniformity ratio, effect’ of diameter on pollution accumulation, NSDD) are
considered;

e Difrect transfer from corrected site pollution severity to necessary USCD without any yise of
digcrete site severity classes (as made in IEC 60815 Parts 2 and 3);

e R¢gcognition is made,of the improved performance of Hydrophobicity Transfer Maierials
(HITM) as a practical solution for many designs, notably at UHV, while taking into agcount
pdtential hydrophobicity loss;

portance~0f the influence of altitude;

tinct'diameter correction for flashover performance.

Although'there is some positive experience with validation by testing of traditional glags and
porcelain insulators, the full translation of such test results to service conditions is still under
consideration. Any such experience is mainly lacking for composite insulators, since an
agreed standardised testing procedure is not yet available. The problem is accentuated to
porcelain/glass as well composite technology by the continuing rise in system voltages where
over-design may result in unrealistic insulator lengths or heights. Hence for this first edition
the verification of a chosen insulator solution by testing is entirely subject to agreement.

For polymeric, notably HTM, the pollution withstand may not be the only necessary design
information. The design stress should be selected not only to avoid flashover, but also to
assure a limited ageing of the insulators in service. This item is however out of the scope of
the present specification.

Applications with controlled indoor environment are not included in the scope of this
document.
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SELECTION AND DIMENSIONING OF HIGH-VOLTAGE
INSULATORS INTENDED FOR USE IN POLLUTED CONDITIONS -

Part 4: Insulators for d.c. systems

1

This gart o , Which I1s a Technical Speciication, 1s applicable as first approach for

the d¢termination of the required d.c. Unified Specific Creepage Distance for insulaterg with

respeft to pollution. To avoid excessive over or under design, existing operatiop,'expefience

should be compared and eventually additional appropriate tests may be \performe¢d by

agreement between supplier and customer.

It is applicable to:

e Glass and porcelain insulators;

e Cgmposite and hybrid insulators with an HTM or non-HTM housing.

This part of IEC 60815 gives specific guidelines and principles to arrive at an infprmed

judgement on the probable behaviour of a given insulatorin*Certain pollution environmenis.

The sfructure and approach of this part of IEC 60845%are similar to those explained in Rart 1,

but adapted for the specific issues encountered with polluted HV d.c. insulation.

The ajm of this Technical Specification is to ‘give the user simplified means to:

o Identify issues specific to d.c. applications that can affect the choice and design process;

e Dgtermine the equivalent d.c. Site Pollution Severity (SPS) from measurements, corfecting
fon electrostatic effects, diameter,pollution distribution and composition;

e Dagtermine the referencesUSCD for different candidate insulating solutions, taking into
account materials, dimensions and risk factors;

o E\aluate the suitability*of different insulator profiles;

e Discuss the appropriate methods to verify the performance of the selected insulatprs, if
refuired;

This gimplified_process is intended to be used when comparable operational experienceg from

existing d,e.\system is incomplete or not available.

The s |||p=;f;cd dco;yn appluauh |||;3ht rest-n-a—solutionthatexceedsthe phya;ual eorrsiraints

of the project. More refined approaches for such cases, e.g. using a statistical approach, are
given in the CIGRE d.c. guidelines [1]. In extreme cases, e.g. for exceptionally severe site
conditions, alternative solutions such as changing the line route, relocation of converter
stations or using an indoor d.c. yard may need to be considered.

2 N

ormative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.
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IEC TS 61245, Artificial pollution tests on high-voltage ceramic and glass insulators to be
used on d.c. systems

IEC TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 1: Definitions, information and general principles

IEC TS 60815-2, Selection and dimensioning of high-voltage insulators intended for use in
polluted conditions — Part 2: Ceramic and glass insulators for a.c. systems

IEC TS 60815-3, Selection and dimensioning of high-voltage insulators intended for use in
polluted conditions — Part 3: Polymer insulators for a.c. systems

IEC TS 62073, Guidance on the measurement of hydrophobicity of insulator surfaces

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given”in IEC 60050-471:2007
and the following apply.

ISO apd IEC maintain terminological databases for use iny,'standardization at the following
addrepses:

e |E[ Electropedia: available at http://www.electropedia.org/

e ISP Online browsing platform: available at http://www.iso.org/obp

3.11
Unifigd Specific Creepage Distance
usc

creeppge distance of an insulator divided by the maximum operating voltage acrogs the
insulator. It is generally expressed in"mm/kV

Note 1 to entry: For d.c. the maximun? operating voltage is the d.c. system voltage as defined in IEC 60071}-5.
3.1.2

Referpnce d.c. Unified Specific Creepage Distance

RUSQDdc

value |of Unified Specific Creepage Distance for a d.c. system at a pollution site determined
from ESDD and\N'SDD values corrected for NSDD, CUR, etc. according to this documen

Note 1 [to entry;® This is generally expressed in mm/kV.

3.1.3
Contamination Uniformity Ratio

CUR

ratio of the pollution deposit density on the lower surface of insulators to that of the upper
surface

Note 1 to entry: Referred to as Pollution Uniformity Ratio (PUR) in some countries.

Note 2 to entry: This is referred to as Contamination Uniformity Ratio in some countries.

3.1.4

Hydrophobicity Transfer Material

HTM

polymer materials which exhibit hydrophobicity and the capability to transfer hydrophobicity to
the layer of pollution


http://www.iso.org/obp
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Note 1

3.2
CF
ESDD
HTM

to entry: Further information on HTM is given in Annex A.

Abbreviated terms
Creepage Factor
Equivalent Salt Deposit Density
Hydrophobicity Transfer Material

NSDD Non Soluble Deposit Density

SDD
SES
SPS

Salt Deposit Density
Site Equivalent Salinity
Site Pollution Severity

USCO
RUSC
CUR

RUSC

4 P

4.1
The o

e Ddg
ayv
fo
60

. CO
(li

e CO

At th
applic

Then,

deltails.
Therefore, using IEC TS 60815-1:

Unified Specific Creepage Distance

D Reference Unified Specific Creepage Distance
Pollution (Contamination) Uniformity Ratio

Ddc Reference d.c. Unified Specific Creepage Distance

rinciples

General

verall process of insulation selection and dimensioning can.-be summarised as follo

ailable knowledge, time and resources as recommended in IEC TS 60815-1. The
lowing steps concern the simplified, determiqistic approach as described in I
815-1; if the statistical approach is chosen,\please refer to IEC TS 60815-1 f

e, post, bushing, etc.);

llection of the necessary environmental data, notably site pollution severity.

s stage, a preliminary choice of possible candidate insulators suitable fg
ations and environment may be made.

using this docament for:

e d

e dgterminatien of the reference d.c. USCD (RUSCD);

e correction of the RUSCD for each candidate insulator;

terminatian.of the d.c. site severity by application of correction factors;

WS

termination of the appropriate approach (deterministie, statistical etc.) as a funcfion of

FC TS
pr full

llection of the necessary input data; notably system voltage, insulation applicatiop type

r the

° r\ cldna tha ne~fila ~Nora s At Aro -
C Icormrg—tC oo pararnttCtCro;

e Ve

rification.

It is to be noted that in the following the USCD and the correction factors are based on a
median behaviour derived from widely spread results (see [1]1). Despite this, when the
process is benchmarked against service experience the results are consistent enough to give

useful

orientation to identify a range of preliminary solutions (see [1]).

1 Numbers in square brackets refer to the bibliography.
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4.2 Overall design process

The overall design process is shown in the flowcharts in Figures 1 and 2. From these
flowcharts it can be seen that the creepage distance is only selected after multiple steps to
correct site pollution measurements for the factors which can influence d.c. performance and
which often have a more pronounced effect under d.c. than for a.c. The design process is
complicated by several factors:

e d.c. energised insulators exhibit a greatly different pollution accumulation behaviour
compared to a.c. and un-energised insulators due to electrostatic effects, this
accumulation is affected by wind, particle size etc.;

° c nosition of the nollution (low solubilitv or slow.dissaolvinag salts):
Lad Lad \ J J Al

o effect of the amount of non-soluble deposit;

e CUR “Contamination Uniformity Ratio”;

o effect of diameter on pollution accumulation;

e ngn-uniformity of the pollution layer along or around the insulator;
o effect of diameter on pollution performance;

o effect of insulator material on pollution performance.

Thesq points are described in more detail in Figures 1 and 2.

Measurements from d.c. test site/ Measurements from a.c. installations
station or existing nearby or similar or on non-energised insulators as per
installations — See 6.1 IEC 60815-1 — See 6.1
ESDDgy, Correct for d.c. pollution accumulation
NSDDa (Correct for electrostatic attraction,
CURa / taking into account climatic data:
Pollution compositiona wind, rain) — See 6.2
a Should be measured l
ESDDgy,
NSDDP
CURP

Pollution compositiona

b Preferably measured or
else use default valdes

| Corregt for chemical composition of the
L pollution layer (type of salt) — See 6.3 I

Correct for NSDDto a reference vatue of
0,1 mg/cm2 — See 6.4

]
/ d.c. site severity /

Continued into Figure 2

IEC

Figure 1 — Overall design process for d.c. insulation -
determination of d.c. Site Pollution Severity
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/ d.c. site severity /

For each candidate insulating solution a  This process is followed separately
(Candidates 1..n)a for each of the identified candidates

L]

Check profile parameters
— See 10

!

Correct for the non-uniformity of the
pollution layer (CUR) — See 6.5

Y

Correct severity for effect of diameter
on pollution accumulation — See 6.6

Y

Statistical data correction Number of events
- See 6.7 Number of insulators

Y

Reference d.c.
severity — See 7

Preliminary estimation of the
Reference USCDy, for the candidate
type and material — See 8

Y

Correct RUSCD, for the effect of
diameter and altitude oo flashover
— See 9

L]

/ Required USCDg, /

Design verification
— See 11

IEC

Figure 2 — Overall design process for d.c. insulation —

determination of the required USCD . for candidate insulating solutions

5 Materials

Polymer materials which exhibit hydrophobicity and the capability to transfer hydrophobicity to
the layer of pollution are referred to in this Technical Specification as hydrophobicity transfer
materials (HTM). Materials which do not exhibit hydrophobicity transfer are referred to as non-
HTM. Hydrophobicity may be lost in certain conditions (see IEC TS 60815-3:2008, notably
Clause 5), either temporarily or in some cases permanently. IEC TS 62073 provides guidance
on the measurement of wettability of insulator surfaces (see Annex A).

Some other technologies exist that are intended to improve the pollution performance of
porcelain or glass insulators under pollution, for example, semi-conducting glaze and
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hydrophobic coatings. At present it is not possible to give specific information on the durability
of the improvement given by such technologies. The application of this document to such
technologies is therefore entirely subject to agreement.

More information on the aspects of different insulating materials under HV d.c. is given in [1].

6 Site severity determination

6.1 Input data

The sie-severitv—determinationts—based-on different nossihla sources of information (or ered
Spe—-seveHty—aeterhatoRis—oasea—-eh—aitetreht+pesSsSinte—Souirces—e—thterhatoR— o4

in incfeasing confidence):

e THe SPS, determined according to IEC TS 60815-1, using the standard glass or porgelain
reference insulator;

e Similar data from un-energised or a.c. energised insulators of other-types than the
reference insulator, measured over a sufficiently long period (e.g. at least one year);

e Similar data from d.c. energised insulators, measured over a sufficiently long period (e.g.
at|least two years for sites with K, factor >1,2, unless experienee allows this period|to be
refduced e.g. for sites with K, factor 1,1).

The necessary data is:

e Cllmatic data;

e THe ESDD and NSDD from the SPS, or the SESS from one of the above sources (in the
caise of Type A pollution the ESDD and NSDD, shall be measured separately on uppgr and
loyer shed surfaces);

e THe diameter of the candidate insulator and of the reference or monitor insulator if
applicable.

NOTE | The terms ESDD and NSDD refer to_average values (ESDD, .
(i.e. Top and Bottom combined), see Annex«C-of IEC TS 60815-1:2008.

, NSDD_ ) over the total measured purface

6.2 |d.c. pollution accumulation correction: Kp

d.c. gnergised insulators, may accumulate more pollution than do a.c. energised ofl non-
energ|sed insulators, dug:to the permanent static electric field surrounding d.c. insulator$. The
ratio ¢f d.c. to a.c. agcumulated pollution (KID factor) varies from one site to another and|is the
result| of a complex jinteraction of a number of parameters. It is therefore not possiple to
accurgtely predjct'this ratio.

The fgllowing-guidance is given with regards to the choice of K, (see [1] for more details):

e K I=\}Mfor measurements made on d.c. energised insulators for a sufficiently long time in
situ;

s K, is typically 1,1, with a range of 1 to 1,2 in areas where maximum site severities
conditions are reached in short time following specific events. Typical cases are those
where the wind speed is the dominant factor that determines the amount of pollution
carried in the air or areas where high wind speeds prevail. A typical example is Type B
pollution close to the sea;

s K, is typically 1,6, with a range of 1,3 to 1,9 in areas where the maximum site severities
conditions are reached in times of the order of a few months. These areas may be
characterised by pollution either of type A or B (e.g. at some distance from the coast or
from pollution sources associated with human activity) with moderate wind conditions;

e K, is typically 2,5 with a range of 2 to 3 in areas with a pollution process increasing slowly
in time (e.g. showing an increasing trend in a 1-2 year period), e.g. areas with Type A
pollution, characterised by human activity such as mining, industry, roads etc., with
generally mild wind conditions.
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It should be noted that K, can be higher than the values given above when the site location is
characterised with extended dry periods and can be lower when there is frequent natural
cleaning events such as rain. Table 1 summarises and extends the information above.

Table 1 — Typical ranges of Ky according to climatic conditions

Average/Normal Wind
Event Frequency
High Moderate Low Dead calm
Frequent rain 1 1 1 1
Typical:
1.1
Short furation extreme events R N 1,1 1,2 1,3
ange:
1t01,2
Typical:
Build-{ip over months 1,3 Rao 1,9 3
ange:
1,3t01,9
Typical:
. 2,5
Build-yip over years 2 2,25 Range: 3
2to3
Typidal:
Long dry periods 3
(< 20 mm rain/month for more than 6 months) 25 2R 3 Range:
>3

In view of the large range of possible values for K> it is highly recommended to determine the
d.c. s|te pollution severity by measurements made on d.c. energised insulators, for as fong a
period as possible and including any seasons. likely to result in higher accumulation, in|order

to get|a more precise estimation of the d.cs-ESDD.

6.3 [Chemical composition-of-the pollution layer (Type A pollution)

p M3y be affected by insulator orientation either reducing or increasing self-cleaning effects.

It is known that the presence of slow-dissolving or low solubility salts in the natural pollution
layer can reduce the severity of the pollution with respect to sodium equivalent salts.| Also
studigs have been made’on the effect of a proportion of calcium salts in the pollution laygr.

If volpme conductivity measurements made during site severity evaluation according to
IEC TS 60815-1:2008, Annex C, show a distinct tendency to increase with time, then thig is an
indication that slow-dissolving or low solubility salts are present. In such cases, it is advised
and then to refer ]o the

to stydy’ the exact chemical composition of the pollution layer,
information given in [1] and [2].

6.4 Correcting for NSDD (Type A pollution)

The correction for all insulator types is:

NSDD\%3°
Knsop = (NSDDO)

Where NSDD, is 0,1 mg/cm? and NSDD > 0,02 mg/cm?2.

Further details on the influence of NSDD can be found in [1].
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6.5 Correcting for CUR (Type A pollution, cap and pin insulators)

CUR is the ratio of the Type A pollution deposit density (see IEC TS 60815-1) on the lower
surface of insulators to that of the upper surface. This can also be expressed as the inverse,
where it is called T/B (Top/Bottom Ratio).

Since CUR for open profiles is usually limited to low values, this correction is generally only
applied to measurements from cap and pin insulators. Measurements from other insulators
with complex or deep under-rib profiles may also require correction, but at present there is
insufficient data on the necessary correction.

The njeasured overall ESDD (non-uniform) shall be corrected to an equivalent ESDD {uhiform
pollutfon) using:

Keun = (B2 C00) o 1~ 0 xt0gao ()|
cUR = \06 + CUR 710810\ R

Further details on the influence of pollution uniformity can be found in [1];

6.6 |Effect of diameter on the pollution accumulation K
This [orrection is applied when measurements from cap“and pin or smaller dijmeter

insulators are being used to determine the equivalent pollution severity for larger digmeter
insulators.

The fgllowing correction, starting from an average diameter of 250 mm, is proposed for dtation
insulators, housings, etc.:

D -0,32

5= (5,)

Where Dy = 250 mm or the average diameter of the insulator used for the site sgverity
measiirement.

No cofrection is necessary. for suspension or line post insulators.

NOTE | Average diametet calculation is shown in IEC TS 60815-2 and — 3.

If the gite severity-measurements are made on an insulator of same diameter as the canglidate
insulator, then K4 = 1.

FurthTr details on the influence of diameter on pollution accumulation can be found in [1].

6.7 Correction for the number of similar insulators in parallel: K

In order to take into account the increased risk of flashover due to having many similar
insulators in parallel, a correction is applied as follows:

e Many insulators in parallel (e.g. transmission line sections with more than 100 strings,
assumed to be polluted to the same degree and submitted to the same environmental

event):
Ks=1,4.
Kg =1

e Few insulators in parallel (e.g. station apparatus):


https://iecnorm.com/api/?name=ceb3d7740980a913f3b0e5730e285281

IEC TS 60815-4:2016 © IEC 2016 -15 -

This correction only covers the increased risk of flashover due to many objects being
submitted to the same stress (i.e. all the insulators in the same pollution environment). It does
not cover the reduction of flashover voltage that can arise from the proximity of insulator
strings in multiple string sets.

Correction is valid for sites with a moderate number of critical wetting events, e.g. 10 per

year. For higher numbers of events a further correction may be necessary. Further details can
be found in [1].

7 Determination of the reference d.c. site severity

For type A pollution, the average ESDD (ESDD,,,) from the SPS is corrected to the refgrence
d.c. ESDD (ESDDy,) by:

ESDDY = ESDDgye * K, * Kyspp * Kour * Kg* K
For Type B pollution, the SES is corrected to the reference d.c. SES by
SESq4c|= SES x K¢ x K4

K, is [not applicable to SES as the influence of electrostatic field is negligible for Type B
pollution.
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8 Determination of the reference d.c. USCD
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Figure 3b — Pollution type B

Figure 3 — RUSCD4. as a function of d.c. site pollution severity

Also taking account of laboratory information, the following equations (as illustrated in Figures
3a and 3b are proposed:

For Type A pollution:

e Non-HTM materials: RUSCDy, = 110 x ESDDy4,0-33
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e HTM materials: RUSCDgy, = 65 x ESDDy;0-25

For Type B pollution:

e Non-HTM materials: RUSCDy, = 15 x SESy,0-33
e HTM materials: RUSCDy, = 15 x SESy.0:25

The above equations are considered as sufficient for preliminary design. However it has to be
observed that both service and experimental results are rather spread, depending significantly
on insulator characteristics, see [1].

NOTE

Tk £ £ i R
1=

9 C

9.1

In ord

' dari i Lo | HN A
rreSe-eguatoRsS—are—tervearom—TererenteMSurators—aS—aeSerioea e

orrection of the RUSCD for each candidate insulator

Correction for the effect of diameter on pollution withstand performance Cy

er to correct for the effect of diameter on the pollution withstand\performance

candigate insulators, a factor Cy is applied to the RUSCDy.. This ‘is done for non

mater

whers

For H

whers

als according to:

D
Cg = ()%
Do

Dy= 250 mm and D is the average diameter in“mm.

M materials in conditions with potential pattial loss of hydrophobicity:
_( D a7
Gy —(DO )

Dy= 250 mm and D is the average diameter in mm.

And for HTM materials in conditions with no potential partial loss of hydrophobicity:

Cd =1
Figurg

NOTE
typical

4 shows these corrections.

Quantifieation of HTM effect is still under consideration of CIGRE SC D1 and therefore the use
reference curves in Figure 4 is subject to agreement.

For m

bf the
-HTM

of the

pre‘information on the source of this correction see [1]
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Figure 4 — Correction for the effect of diameter
on d.c. pollution withstand performance

For dijameters smaller than 250 mm, the corréction factor C4 may be lower than 1 (subject to

agree

9.2

Ind.c

NOTE

Until the CIGRE results are available, the proposed correction (based on IEC 60071-1) i$:

Wheré

ment) [1].

Correction for altitude C,

it may become necessary to correct the RUSCD for altitude by the factor C,.

This subject is currently:sunder study by CIGRE D1.44.

he heiah = a evelin-metres- he ant desian-n ice—in-ind /isto

&

use H — 1 000 instead of H in the above formula and to only apply the correction above

1000

Since

m.

the altitude correction may depend on insulator characteristics and pollution severity it

is applied on a per candidate basis. Until further information is available, a value of 0,35 is
suggested for n.

This correction is also used to correct test results obtained at high altitude to their sea-level

value

9.3

The required USCD (USCD

Determination of the required USCD for each candidate

req) for each candidate is determined as follows:
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10 C

10.1

USCDyeq = RUSCD x Cy % Cy

hecking the profile parameters

General

Profile parameters are important for avoiding rain bridging, preventing local short circuiting
between sheds, aiding self-cleaning, avoiding pollution “traps” and controlling local electric

field s

Study
notab

This ¢

exper
prese
conso
creep
paran

An op
select

e Cqd
pr
e Fi

e \dg
m¢

tress.

rofthe effect of profite parameters under o.c. 1T has Teveared that Some param

y Creepage Factor, can have a far greater effect than under a.c.

lidated and long field experience (see also the case of insulators with extremel

eter are given, along with limits if these are known.

the most appropriate profile:

pfile;
nd an alternative profile or insulator technelogy;

rify the performance of the profile by-'appropriate comparative testing (e.g. or
brit comparison with other profiles).

eters,

lause follows the philosophy of IEC 60815-2 and -3. However, in these\two technical
specifications for a.c., the information was supported by a significant fieldvyand labo
ence, which is much less for d.c. case of this document. It is to be“clarified that the
Nt information is a picture of the insulators currently used,(without a sufficient

ratory

high

age factors). In the following the typical values currently used{in-practice for each profile

timal profile can be influenced by too many parameters, so the following can be used to

nsult data from service or test station experience to confirm the performance pf the

ler of

NOTE | The figures in the Subclauses 10.1,40 10.7 are intended solely to illustrate the dimensional pargmeters

used tq determine profile parameters. They*are not intended to represent optimum shed shapes.

10.2 [Alternating sheds defined by shed overhang
The classification of a profile as being alternating or not is Hased
on difference in shed overhang measured from the insulator ffrunk
to the tips of the largest and smallest sheds.

. P1 s Shed overhang alone is not an important parameter, as long ds the
shed angle is not essentially flat (< 5°), or excessive (> 35°)| The
parameter is useful for defining uniform shed diameter prpfiles

P2 compared to alternating shed diameter profiles. However larger
values of difference in shed overhang may be beneficial for vdrtical

& insulators in ice, snow and heavy rain conditions.

IEC Not applicable to cap and pin insulators or multi-shed pin
insulators.
Parameter Glass and Porcelain Composite & Hybrid Composite & Hybrid
Insulators Insulators, Insulators
non-HTM HTM
Overhang Non-alternating: Non-alternating: Non-alternating:
PPy, <20 mm p4-p, <15 mm PPy <15 mm
Alternating: Alternating: Alternating:
P4-p, 2 20 mm P4-p, 2 15 mm p4-p, 2 15 mm
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Spacing versus shed overhang is ratio of the
vertical distance between two similar points of
successive sheds of the same diameter (spacing)
and the maximum shed overhang.

This parameter, as well as those described in

40 4 40 L ol HZSWI-N 193 haod +
at Horve—SHee—to Shed

IEC

Unifdrm sheds

IEC

Alternating sheds

P Q 40 6
Craas S 10T, 109 aitd 10705

spacing and are important for the avoidange of
“shorting out” creepage distance bridged |by a
shed-to-shed arc especially under . heavy| rain
conditions.

Not applicable to cap and pinninasulators or ulti-
shed pin insulators.

Parafeter Glass and Porcelain Composite & Hybrid Composite & Hybrigd
Insulators Insulatorsy Insulators
non<HTM HTM
slp Usually 2 1 Usually = 1 Usually = 0,80
Generally never below 0,9 Generally never Generally never
below 0,85 below 0,70
10.4 |Minimum distance between:sheds

IEC

c is the minimum distance between adjacent
sheds of the same diameter, measured by
drawing a perpendicular line from the IgQwest
point of rim of the upper shed to the next[shed
below of the same diameter.

IEC

Uniform sheds

%

e

‘\.
P
c “—
]
|
I
|

SV RN

Y,

IEC

Alternating sheds

l.VﬁIIl'IIIUIII dl'bidllbc l'Jb'th'b'Il bI‘lb'U’b ib orre bf the
more important characteristics for insulator
profile evaluation. Shed-to-shed arcing for small
shed spacing can negate any effort to improve
performance by adding creepage distance.

Not applicable to cap and pin insulators or pin
insulators.
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Parameter Glass and Porcelain Composite & Hybrid Composite & Hybrid
Insulators Insulators, non-HTM Insulators
HTM
c Typical minimum: 60 mm Typical minimum: 45 mm

(70 mm for insulators with underribs) Rarely less than 40 mm

Rarely less than 60 mm For average diameters
>250 mm rarely less

than 55 mm*

*NOTE Only for surge arresters, positive service records with ¢ = 46 mm and average diameters of up to 310

available

mm ar,
10.5 [Creepage distance versus clearance
; d is the straight air distance between twdg
— points on the insulating part or between g
= point on the insulating part and another ¢n a
metal part.
! is thepart of the creepage distance
measured between the above two points
I/dis'the highest ratio found on any sectipn,
IEC o for'example on the underside of a cap and
) pin insulator.
Plain sheds
—— Creepage distance versus clearance |is a
m more localised check of the risk of brigging
L o by arcs when dry bands or uneven
d24 1231 hydrophobicity occur. It is also importgnt in
! ds ————< avoiding localised pollution build-up in |deep
/ ,| and narrow sections of the profile.
d - 74
IEC &
IEC
Cap and pin Alternating sheds
Parameter Glass and Porcelain Composite & Hybrid Composite & Hybrid
Insulators Insulators, Insulators
non-HTM HTM
I/d Typical maximum: 4 Usually in accordance with IEC
TS 60815-3
Rarely more than 4,5
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10.6 Shed angle

For rounded sheds, a is measured at the mid-point.

water run-off.

Not applicable to pin insulators.

Open profiles allow for more efficient natural washing of insulator
surfaces, provided the shed angle is not so low as to impede excess

IEC
Pafameter Glass and Porcelain Composite & Hybrid Composite & Hybrjd
Insulators Insulators, Insulators
non-HTM HTM

Typically 0° to 25°
o Rarely more than 30°

For horizontal insulators with a<30°, the typical maximum js 20°

10.7 |[Creepage factor

The cfeepage factor CF is equal to //S where:

[ s the total creepage distance of the insulator<unit,

S isfthe arcing distance of the insulator unit;

For cap and pin insulators CF is determined for a string of 5 insulators or more.

CF is|a global check of the overall density of creepage distance. If the requirements in| 10.3,
10.4 gnd 10.5 are met, the creepage factor requirement is usually automatically respectqd.

CF vglues encountered in.d.c. are often higher than those used for a.c. The main reaspn for
this ig| that in general, a-Righer creepage distance is needed in a given insulator length |n d.c.
Nevertheless, it is important to bear in mind that greatly increasing CF can have a null of even
negat|ve effect ontperformance and may even lead to local stress concentration that may be

damaging for some'materials.

Rarely greater than 4,0 Rarely greater than 4,6

Parameter: Glass and Porcelain Composite & Hybrid Composite & Hybr|d
Insulators Insulators, Insulators
non-HTM HTM
CF Cap & pin typically below 3,4 |Line insulators typically below | Typically below 4,5

4,5

Rarely greater than 3,75 ’ Rarely greater than 4,8
Rarely greater than 4,8

Posts, long rods and hollow Post and hollow cores

cores typically below 3,5 typically below 4,4
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11 Design verification

11.1 General

A final step in the design procedure is to perform a detailed evaluation of the insulation
design, including any mitigation measures, to verify compliance with the required performance
criterion. CIGRE indicates that one of the following approaches is generally followed [1]:

e by operating experience; or by

e |aboratory testing.

11.2 rOperatingexperience

This Ipproach can be used if service experience from existing d.c. installations™in gimilar
i

condifions utilising similar insulators is available — extrapolation of results is feasibld. The
design is acceptable if the deduced performance conforms to the set requirements.

11.3 |Laboratory testing

Depending on agreement between the manufacturer and the usen, laboratory testing or
existing test results may be utilised as part of the design verification“process.

e Fdr non-HTM insulators this may take the form of either’a specific test simulajing a
specific environment or a standard test according~to the existing standard, i.e.
IEC TS 61245. The pertinence of the results of such<testing is questionable, as laboratory
tests can never fully replicate service conditions [1;\Clause 7].

e Fgr HTM insulators current knowledge on the correlation between d.c. laboratory tes{s and
sefvice performance is limited. IEC and CIGRE-are working to remedy this situation.

If testjng is nevertheless required, then caréful attention shall be paid to the determinafion of
the tgst parameters, notably the applied-Jpollution severity, which shall be agreed in |detail
between the user and manufacturer.
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Annex A
(informative)

Hydrophobicity

Qualitative flashover behaviour
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Figure'‘A.1 — Dependency of specific flashover voltage over
conductivity of an electrolyte (parameter: wettability of surface)

A.1 shows the qualitative flashover behaviour in dependence on the conductivity
plyte-for a hydrophobic (e.g. silicone rubber) (Graph 1) and a hydrophilic (e.g.
ain)(Graph 2) surface. Hydrophobic surfaces form a discrete droplet layer und

Electrolyte conductivity (log k)
IEQ

of the
pglass,
r wet

condifions which leads to a suppression of the leakage current compared to hydrgphilic

surfaces. This results in a significant lower dependence of the conductivity of the electrolyte
on the flashover voltage which is expressed by a significant lower decrease of Graph 1 (so
called pollution flashover exponent of 0,01...0.1) compared to Graph 2 (pollution flashover
exponent of 0,25). If irreversible damage or deterioration occurs (e.g. by tracking), the
specific flashover voltage can fall below the values characteristic for a film layer state. The
figure shows the impact of the dynamic behaviour of hydrophobicity. It comprises the:

co
.

nditions (water droplet corona),

retention of hydrophobicity against certain stresses like partial discharges under wet

recovery of hydrophobicity after a resting period, and

transfer of hydrophobicity into polluted surfaces.

A reduction of hydrophobicity will cause a reduction of the specific flashover voltage towards
the film layer state. Recovery as well as transfer can raise the specific flashover voltage again
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to the initial hydrophobic state. In this figure it is shown on principle without considering any
time effects.

For this document it is assumed that a polymeric insulating material which has the ability to
transfer hydrophobicity into an accumulated pollution layer is expected to have the ability for
recovery after a reduction or loss of hydrophobicity. Therefore, the appellation “HTM”
represents the dynamic hydrophobicity properties altogether. Examples of polymeric non-HTM
are Epoxy resins, EPDM, EVA as well as glass and porcelain. Service proven as HTM,
silicone rubber are recognised for, however the individual recipe including kind and treatment
of fillers can play a vital role for the HTM dynamics.

The [Modetr—description appites the a.c. and d.c. _appiications and—wit—be moved to
IEC TS 60815-1 during the next maintenance.
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